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Foreword 

Transportation is a vital element in local, regional, and national economic development. 
Transportation provides access to land and communication . Although there are many factors 
that determine whether specific lands will be developed, the ultimate foundation of any 
development is transportation. Transportation facilities provide the means for transporting 
raw materials to manufacturers and finished products to markets. They provide personal 
conveyance and communication and movement of the many service functions necessary within 
a society. That transportation is a vital element of any society has never been in question. 

The primary difficulty for transportation planners is isolating the economic consequences 
of transportation investments and comparing them with the consequences of all other public 
and private investments. Another major problem is to establish causative relationships between 
specific transportation investments and subsequent economic events. 

The impacts of introducing transportation where there was no previous access are relatively 
easy to establish . The impacts of marginal increases or decreases in transportation services 
are difficult to measure at the project, regional, or national level, because there are so many 
other factors simultaneously at work that affect economic development. 

The United States is faced with an ever-increasing demand for use of transportation services. 
The transportation infrastructure is wearing out faster than it can be replaced or new facilities 
can be constructed. Those responsible for transportation development are concerned that 
the public is not aware of transportation needs or the effects of resources that are insufficient 
to maintain existing services or respond to increasing demand. They are, therefore, looking 
for a way to clearly establish a causative relationship between transportation and subsequent 
economic development. Transportation developers hope that establishing such a relationship 
will persuade the public and government decision makers to provide funds for maintaining 
and upgrading the transportation infrastructure. 

The papers in this Record are the proceedings of an international conference on trans
portation and economic development that was held in Williamsburg, Virginia, in November 
1989. The conference examined the interrelationships between investments in all modes of 
transportation and economic development. The conference examined the impacts of trans
portation on productivity and economic factors that improve the well-being of the community 
or region. The primary focus of the conference was on evaluating methods and modeling 
techniques and on examining economic impacts of modal transportation investments through 
a series of case studies. 

The papers presented in this Record concern the following issues: (a) economic impact 
methodologies, (b) modeling impacts of transportation investments, ( c) economic impacts of 
modal investments, ( d) rural and agricultural impacts of transportation investments, ( e) case 
studies of modal investment impacts, and (f) planning issues in transportation investments 
for economic enhancement. An overview of the methodology and a conference summary 
conclude these proceedings. 

vii 



SECTION 1 

Economic Impact Methodology 
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Putting Transportation and Economic 
Development into Perspective 

DAVID J. fORKENBROCK 

Economic devcl pment occurs when the income and product gen
erated within an area increa e. Government policies can promote 
economic development by helping an area increase the returns 
from using resource there. They do this by providing . er ices 
that produce benefit in exce. of their costs. Transp rtarion . r
vices generate benefit by se.rving a. an economic tool u. ed in 
transporting g ods and people. The benefit of transporta tion 
iiwestment are ·trictly related to reductions in tra nsporta tion 
cost . These investments foster economic development by increasing 
net 1 cal income through cost reduction that exceed the co t of 
such investments. A series of important issue sh uld be wken 
into account wh n examining th extent to which a transporta tion 
investmell! cmitribmes to economic deve lopment. The issu 
include the scale of the impact area r be considered because 
ome activi ty wi ll move from one loca tion 10 another. because of 

uncertainties in funire economic circumstances, and for social 
objectives. For example . policy trade-off must be made between 
maximizing overa ll economic development with a state and as_ist
ing a le s-promising but needy are<t. Six paradigm illu ·tr:u e the 
types cl'r trade-offs that decision muker face when using Iran -
portation investment ro foster I cal economic development. 
Finally, a ·erie. of decision screens are presented to provide a 
practical ba i for applying the principles discu c.:d. 

As the U.S. economy undergoes a significant restructuring 
and the fortunes of various locations within the country rise 
and fall , increased attention is being placed on local and regional 
economic development. Transportation infrastructure is one 
of the principal policy levers that state and local governments 
can use to increase their attractiveness to business investors. 
The reason is simple- better accessibility to materials and 
markets contributes to a competitive advantage. 

In order to place the relationship between transportation 
investments and economic development in perspective, cer
tain economic principles related to public investment are pre
sented as a means for stimulating private-sector activity. These 
principles can apply a sound conceptual base to the problem 
of how transportation investments can best be used to foster 
economic development at state and local levels. Emphasis is 
placed on strategies for state governments because most high
way investment decisions related to economic development 
are made at these levels . A series of points is provided for 
consideration during the examination of possible investments. 
Approaches are formulated that will help those faced with 
deciding whether and how much to invest in a transportation 
facility and who should pay what portion of the costs. 

Public Policy Ce nter , University of Iowa , 227 S. Quadrangle, Iowa 
City , Iowa 52242. 

EFFICIENT INVESTMENTS 

Before considering the relationship between highway invest
ment and economic development , establishing a working def
inition of economic development is useful. Economic devel
opment occurs when the income and products genera ted with in 
an area increa e. lo.creased pr duction requires that either 
more resources (land , labor , materials, and capital) be used 
or that existing resources be used more productively. 

Economic Development Process 

As individuals and businesses decide where to use the resources 
they own , they also determine the pace of a state's economic 
development or growth. Resource owners base location deci
sions on their perceptions of the amount and certainty of the 
monetary income that their resources will earn in each loca
tion. They usually choose the location where they expect their 
resources to earn the highest income. But location decisions 
are not determined by monetary return alone. They also depend 
on environmental amenities or, more broadly , nonmonetary 
quality-of-life considerations. Because public-sector decisions 
and policies influence both the monetary and nonmonetary 
costs and benefits associated with each potential location, they 
also influence private-sector location decisions. 

The question of where to use a resource does not arise 
unless the resource is mobile (not fixed in location). Owners 
of mobile resources can choose where such resources will be 
used. Land and most natural resources are immobile. Owners 
of farmland , for example, cannot move their resource to another 
state in response to a greater demand for land. Labor and 
capital are mobile, although location adjustments may take 
time, as demonstrated by the migration of people over the 
past few decades from the rust belt states to those in the sun 
belt. During the 1970s and early 1980s, the Mid-Atlantic and 
Great Lakes states lost 3.6 million people through migration . 
In contrast, the Southeast , excluding Florida , gained 2. 9 
million people . 

Owners of mobile capital tend to locate where they expect 
the returns to their capital to be greatest, unless there are 
significant differences among potential locations in the cer
tainty of returns. (The general economic and political envi
ronment in which businesses operate is likely to be similar in 
the various states. It is therefore plausible that differences in 
the certainty of returns to capital have little influence on 
where U .S. businesses choose to locate. ) Owners of mobile 
capital tend to locate where the present value of the expected 
net return on their capital is greatest. In calculating this expected 
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value, they consider wage rates, taxes, public services, and 
transportation cost . Quality of life may also be important 
because plant locations are often chosen by managers who 
will be living and working at the site . 

Similarly, workers locate where they perceive the returns 
from employment to be greatest. These returns are both mon
etary and nonmonetary and include after-tax wages, public 
services, and environmental amenities. The wages that w rk
ers demand iu a parlicular state depend in part on the taxes 
and public services in the area . Therefore, the factors that 
make an area an attractive place to live and work also make 
it attractive to prospective businesses, because these factors 
affect wages. An area's attractiveness to workers is an 
important dimension of its business climate. 

It i often aid that investment creates jobs and that private 
inve tment must be stimulated ro provide job for a growing 
labor f rce. It i more correct to say that the nati nwide 
demand for goods and services creates both jobs and invest
ment opportunities. As the owners of mobile capital and labor 
respond to this demand, they create jobs in a particular area 
by deciding to use their resources in that location. 

Government's Role in Economic Development 

Gcverr:ment influences a state's econon1ic devc:lopmc:nt by 
affecting the tat ' attractiveness a a place for employment 
of mobile capital and labor rc.ource and by affecting resource 
pr ductivity . Government can promote dev lopm ent by 
in rea ing the perceived returns from employing mobil cap
ital and lab r in an area or by imp.roving the certainty of those 
returns. Most commonly, a state government affects the state's 
business climate. 

mong the ki::y pti ns for promoting devel pment through 
public policy is incrca. ing the value of pul.>lic St!rvices, includ
ing transportation services, relative to taxes on mobile resources. 
A state or local gov rnment can try to accomplish this goa l 
by conducting its activiLies in an efficient manner. There are 
two general conditions for efficiency. The first is that gov
ernment provide only those services that generate benefits in 
excess of their costs (foregone private goods), in which case 
the area's residents would be willing to pay for the services 
if they could be sold by government. Meeting this condition 
requires that government eliminate services whose benefits 
fall short of their costs. Such action may well reduce the level 
of public services, but the service reduction would be more 
than compensated by reduced taxation . The second condition 
is that government minimize the costs of those services it 
chooses tu provide, regardless of whether the services meet 
the first condition. Consolidation of county governments to 
reduce costs and taxes is an example of an action that might 
meet both conditions. 

For a variety fr asons, an area is limited in its a ility to 
increase employment and incomes. First, national and inter
national market forces as well as public policies primarily 
determine rhe economic environment within which state and 
local governments and businesses operate; they can do rela
tively little to affect that environment. Second, businesses and 
individuals have strong incentives to make the best use of the 
resources under their control, and they tend to do so. For 
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government to improve on these private decisions is difficult , 
yet that is exactly what it must attempt in its economic devel
opment activities. Government must identify instances in which 
the market activities of individuals and businesses fail to make 
the best possible use of scarce economic resources and then 
take actions that result in a net improvement. Third, identi
fying inefficiencies in the delivery of public services that can 
be eliminated to reduce the tax burden on mobile resources 
is difficult. Finally, fairness limits any redistribution of 
government costs from mobile to immobile resources. 

Infrastructure Investment 

Decisions to build a new infrastructure facility or replace an 
existing one should be guided by the efficiency criterion. In 
other words, an infrastructure investment should be made 
when those who will directly or indirectly use the services 
provided by the facility are willing to pay the cost of its con
struction, operation, and maintenance. If users are not willing 
to pay these costs, they are implying that the value of the 
services provided by the facility is less than its costs. Hence, 
resources used to provide the facility would generate more 
value in alternative uses. 

The consequences of not following the efficiency criterion 
when making infrastructure decisions can be severe. Under
building infrastructure-that is, not providing services for 
which users would be willing to pay the full costs-can inhibit 
economic development. Problems arising from underbuilding 
include the costs a ociated with traffic con estion and longer
than-necessary travel times caused by substandard roads. 

Overbuilt infrastructure can also deter growth. Facilities 
constructed at an earlier time often do not match current or 
future needs . Shifts in population and business activity, as 
well as changes in technology and demand, frequently render 
infrastructure economically or technologically obsolete. 
Maintaining facilities for which demand has fallen entails real 
costs that must be borne by infrastructure users (often, users 
of other facilities) or by taxpayers. The result is a loss of the 
fairness of cost-occasioned financing and an increase in the 
overall cost of doing business in the area. In fact, excess 
infrastructure costs function as a tax on economic activity and 
are therefore a barrier to economic development. To reduce 
this barrier, portions of overbuilt systems can be closed or 
allowed to decline to a lower level of service. With either 
action, the supply of infrastructure can be adjusted to meet 
the actual level of demand. 

In summary, public policies intended to positively influence 
an area's economic development seek either to increase the 
perceived returns from mobile resources or to improve the 
certainty of these returns. For a government to markedly assist 
economic development, it must use its resources fficienlly. 
Investing in transportation facilities only when the benefits 
would exceed the costs can improve the prospects for area 
devel pment through public action . A trade-off of efficiency 
for other policy objectives, including equity, should only be 
made after an explicit public decision about whether and to 
what extent overall economic growth should be diminished 
to promote the other objectives. 
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TRANSPORTATION INVESTMENT AND 
ECONOMIC DEVELOPMENT 

Transportation is best thought of as a tool used to transport 
goods and people from one place to another. Investments in 
highways or other facilities generate benefits only to the extent 
that they lower transportation costs . (Highways can be con
sidered to be intermediate goods used in the production of 
final goods.) Reductions in transportation costs may be real
ized in numerous ways, including decreased travel time, 
increased safety, decreased fuel and other operating costs, 
and reduced noise or air pollution. But in the final analysis, 
all benefits of a road, and therefore the justification for build
ing it, flow from using it for transportation. Road investments 
should be made only when they lower transportation costs 
(broadly defined to include safety and environmental impacts) 
enough to warrant their investment costs (including the 
present value of future maintenance and operation costs) . 

Basic Investment Principles 

There are two fundamental types of transportation invest
ments: new facilities and marginal improvements to existing 
facilities. Most future investments are likely to be of the latter 
variety because some level of transportation service exists 
almost everywhere . The underlying principles of transporta
tion investment analysis are equally appropriate and valid in 
both circumstances . In practical terms, the difference is that 
in the case of investments to upgrade facilities , an incremental 
benefit-cost analysis is appropriate (the existing facility is a 
sunk cost). The key issue is whether the additional investment 
will lead to increases in benefits that exceed the relevant costs. 

Highway benefits may accrue not only to individuals and 
businesses who use the highway . Lower transportation costs 
may be passed on to consumers as lower prices for consumer 
goods, to workers as higher wages , or to owners of businesses 
as higher net income. Thus, individuals may benefit from a 
highway without traveling on it , for example, when travel on 
the highway by others increases the income they derive from 
their resources or when such travel increases the purchasing 
power of that income (by reducing the prices paid for 
commodities). 

Although all highway benefits are derived from lower trans
portation costs, they can also be represented as increases in 
the real incomes of individuals in their roles as consumers 
and producers. (Real income includes the value of environ
mental amenities, safety , and other goods that are not ordi
narily traded in the marketplace. Therefore, real income is 
not simply the purchasing power of monetary income gen
erated by transactions.) Highway benefits can be considered 
increases in real income regardless of how they are initially 
realized and regardless of the extent to which they are passed 
on to consumers and resource owners who do not directly use 
the highway. Furthermore, increases in real income may in 
some cases be capitalized into asset values; for example, the 
value of land at a particular location may increase when road 
transportation to the location is improved. It is important 
when estimating highway benefits not to double count by 
including both the transportation cost savings and the increases 
in real income and asset values that these cost savings induce. 

5 

The increases in income that individuals receive as pro
ducers and the increases in the purchasing power of that income 
that they enjoy as consumers are the basis of their willingness 
to pay the costs of highway investments. This use of the term 
"willingness to pay" presumes that a person would be willing 
to pay up to the full amount of the increase in real income 
that a highway investment would generate rather than have 
the investment not take place. Of course, the person would 
prefer to pay less than the full amount. If the costs of the 
highway improvement are lower than the real income gains 
that it generates , then the improvement has the potential for 
benefiting some or all of the population and is therefore said 
to be economically efficient. 

Building or improving a stretch of road may reduce the 
benefits derived from existing highways. Therefore, a proj
ect's benefit to an entire state usually cannot be determined 
by looking only at how the project affects transportation costs 
for those using the highway and the value of property along 
it. For example , upgrading an existing highway to four Janes 
may lead some businesses to locate along the upgraded high
way. But this relocation does not mean that the project increases 
business activity in the state as a whole if the businesses would 
have located at sites on an existing four-lane road. Instead, 
the project in this case simply diverts activity from already 
available sites to the new sites . That is, a project cannot be 
credited with bringing new economic activity to the state if 
the sites on the upgraded highway are essentially duplicates 
of unused sites on existing four-l ane roads. In this case, there 
is no shortage of sites for commercial and industrial busi
nesses, and there is no economic development justification 
for the project. Although the project increases income and 
property values for owners of property along the upgraded 
road, it does so at the expense of owners of property along 
existing roads. Furthermore, in addition to transferring income 
and wealth from one group of property owners to another, 
the project generates a net loss for the state unless its benefits 
exceed its cost. If the project 's benefits, measured by people 's 
willingness to pay for the safer and faster travel that it pro
vides, exceed its costs, then the project satisfies the efficiency 
criterion and promotes development (broadly defined as 
increasing the real income generated within the state) . Once 
again, there is no need to appeal to a separate economic 
development justification for the project . 

Impact Area 

A transportation investment contributes to economic devel
opment if it significantly reduces transportation costs, thereby 
improving the net return on mobile resources in the area. By 
helping to produce a better return than would be realized at 
competing locations , the investment helps attract mobile 
resources. If the impact area of interest is a rather narrow 
corridor along the facility, those benefiting significantly may 
be able to compensate those negatively affected and still enjoy 
net gains. From the perspective of the corridor, the project 
will then be efficient. 

If state funds are used to finance the transportation 
improvement, the impact area of interest is the entire state. 
In this case the project will be efficient only if the state res
idents as a whole experience benefits that exceed their costs. 
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If any of the economic activity attracted to the corridor is 
shifted from other sites within the state, that activity cannot 
be viewed as new economic development but rather as a trans
fe r from one place to another (more properly , from one grou p 
of people to anotber). This simple fact is widely appreciated~ 
and states typically do not credit in-state relocatio'ns as 
benefits from a particular project. 

However, many states attempt to recruit businesses from 
locations in other states. From the narrow perspective of the 
gaining state, this recruitment constitutes an increase in prod
uct generated and, hence, economic development. But from 
a national perspective, no new economic growth is likely to 
occur from the transfer. (It may be that the new location is 
conducive to increased productivity on the part of the busi
ness . In this case the net benefit of the transfer is this pro
ductivity increase minus the costs of the move.) Any public 
investments to encourage a move are a net loss to the nation 
as a whole unless other users of the new facilities benefit 
sufficiently to warrant the cost. From a national perspective, 
states working to draw industry away from one another do 
little, if anything, to foster national growth. 

If transportation investments intended to foster economic 
development in a particular area do not promote national 
growth , the only rationale for federal funding is income redis
tribution. In this instance , two tests must be passed. First, 
income level. in the benefiti1 g area shuui<l be comparativeiy 
low. Second , the project should be efficient. If it is not, the 
low-income area w uld be better off with a cash subsidy equal 
to the benefits of the transportation investment, as would the 
federal government, because the subsidy would be less than 
the cost of the investment. 

If for political reasons transportation investments are made 
in the guise of promoting area economic development , the 
nation becomes less well off if these investments are not effi
cient . from a national viewpuinl, lhen, inefficient investments 
have the opposite effect than their supposed intent. 

Uncertain Future 

Perhaps the most vexing issue in transportation investment 
analysi. is unc rtainty about future conditions , including 
demand for the facility. A thorough benefiL-CO t anal sis 
depend. on ac urate c timate · ffuture demand f rt he tran -
portation facility. However, previous long-range forecasts have 
been inaccurate enough to raise doubts about the probability 
that great accuracy will be achieved in the future . 

Given an uncertain future, should society err on the side 
of overbuilding transportation facilities or un lhe side of fore
going potentially valuable improvements when their efficiency 
cannot be absolutely ensured? This question is especially ger
maue in less populated areas, where the long-term economic 
future is particularly unclear. One useful way of viewing the 
is ue is to apply the ana logy of portfolio management. In other 
words, there is room for a certain level of calculated risk as 
long as Lhe overall trategy i ufficiently prudent. 

A di stinction must be drawn betwe n highly ·peculative 
investment. based on an assumption that mobi le r ourcc 
will foll ow a road regardless of its placement . and m re pru
dent inve tments . Analyzing the likelihood of attracting the 
other factor f production (capital , labor . and 111a1cri c1Js) 
necessary to enable growth is a good place to begin . 
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Competition and Duplication 

As stated earlier , transportation investments can contribute 
to economic development only when they generate sufficient 
benefits to offset their costs . Truly duplicative facilities com
pete for traffic ; they are less likely to be efficient unless the 
demand level for each is high . But are there conditions when 
competition between public facilities can actually contribute 
to cost-effective service? 

Consider the example of competing ports along a coastline. 
The ports function much like private businesses in that the 
cost and quality of service greatly affect the choices made by 
the operators of vessels. Because of competition, the ports 
have an incentive to operate in a cost-effective manner. If a 
port cannot attract vessels because of poor management or a 
competitive disadvantage, it may not be able to continue oper
ating. The more efficient ports will prevail and will strive to 
remain competitive. 

In this example, some degree of duplication probably leads 
to a higher overall level of service than would exist without 
competition. A more difficult example might be two com
peting rail lines, each of which serves a series of businesses 
and receives a subsidy. Public decision makers could judge one 
line to be superior and end the subsidy to the other, creating 
hardship for those affected . Or, if both lines are efficient 
(benefits exceed costs), they could both be maintained . Main
taining only the most efficient facility is not always good pol
icy ; the costs and benefits of maintaining, downgrading, or 
closing other facilities deserve careful attention. 

Efficient Investment Versus Other Objectives 

An area can promote economic development by undertaking 
highway inve tlll t:11ls that are econ mically efficient. It is unclear 
whether the objective of economic development is also served 
by making investments that cannot be considered efficient but 
are intended to satisfy some other criterion. Such investments 
have opposing effects on the area's economic growth and 
development. 

On the positive side , the investment probably would lower 
transportation costs involved in carrying out production in the 
area, which would favor economic growth. But the investment 
would also mean higher taxes and fees , which might increase 
the cost of doing business in the state and discourage growth. 
Owners of mobile resources (labor and capital) would have 
an incentive to find a more attractive post-tax return else
where . If an area fails to attract and retain mobile resources, 
economic development is impossible. 

An alternative criterion to economic efficiency for guiding 
highway investments is that of income redistribution. fnvest
ments in highways and roads are used to influence the pattern 
of investment across regions or within a particular region. In 
other words, a redistributive policy would be aimed at place 
prosperity rather than people prosperity. Resources would be 
invested not to maximize the welfare of society as a whole 
but , rather , that of a designated place . 

Some analysts are skeptical about using highway invest
ments to foster economic development in lagging areas, con
tending that the relative lack of development in areas with 
weak or stagnant economies is much less likely to be due to 
inadequate transportation than to a shortage of factors such 
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as labor, location, and agglomeration economies (lower costs 
caused by an aggregation of activities) . If highway investment 
in a declining area would cost more than the value of the 
resulting benefits, it would be inefficient even if the objective 
were to aid the area. That is , deploying the resources to 
benefit residents of the declining area in other ways would 
be more cost effective. For example , a block grant cash trans
fer to these residents would benefit them more than the same 
dollar amount invested in an inefficient highway. If the high
way does not carry particularly high traffic volumes or is not 
able to reduce costs significantly, the benefits to area resi
dents, both users and nonusers, will not be great. 

APPLYING THE PRINCIPLES: SIX PARADIGMS 

The previous discussion defines the general conditions under 
which transportation investments may foster economic devel
opment in substate areas. To further clarify these conditions 
and to relate them to specific circumstances likely to be 
encountered by planners and policy makers, six paradigms 
were developed. The paradigms illustrate a variety of situa
tions that frequently confront policy makers when assessing 
the potential effects of a highway project on an area's 
economic development. Similar reasoning applies to other 
modes . 

Sixth City 

Consider a circumstance in which a community aggressively 
pursues an out-of-state company that intends to build a new 
plant. In its negotiations with the company, the community 
finds that a major issue is the inadequacy of a road connected 
to an Interstate highway. The community requests funds from 
the state department of transportation (DOT) to build a 
connecting road. 

The state DOT determines that five similar communities 
within the state also have the necessary attributes. However, 
these five communities would not require the connecting road 
because adequate access already exists to an Interstate high
way. Should the state DOT fund the project even though the 
road would be duplicative with a number of existing roads? 

New facilities that serve the same function as existing ones 
are inefficient because no additional incremental benefits to 
society result. However, a sizable capital cost must be defrayed. 
The example illustrates, of course, that local communities are 
usually the applicants in state highway programs related to 
economic development. It would be difficult politically to 
redirect the company from the community that is trying to 
recruit it to another that already has the needed connecting 
road. Programs that promote competition among communi
ties within a state for economic activity are likely to fund 
projects that are duplicative and, from a state perspective, 
inefficient. 

Gold Mine 

A second paradigm relates to a situation in which a business 
owns a parcel of land with a unique potential for economic 
development. For example, the parcel could be adjacent to 
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a beautiful lake, making it an opportune site for a tourist 
facility, or it could be endowed with a special natural resource 
(e.g., oil or ore) . The business owning the parcel determines 
that the present value of the income stream of the parcel, net 
of taxes and expenses, is about $10 million . 

To recover this $10 million, however , a road would need 
to be built-at a cost of $2 million. Few others than the 
business would use the road, although it could be built as a 
public road . Without government assistance, the rational choice 
would be for the business to build the road; a net inc me of 
$8 million is far better than earning nothing without the nec
essary access. Instead, however, the business requests that 
the state DOT build the road, arguing that jobs would be 
created, the local economy diversified , and taxes paid. 

Several key points are at issue , one of which is whether 
government should subsidize the development of immobile 
resources. As previously discussed, immobile resources can
not be transferred to another location where demand might 
be greater; hence, incentives to develop them are unneeded. 
If developing a site is not economical for the private sector, 
pub.lie-sector ubsidies are unlikely to be efficient. on
ver ely , if the site ha a unique re ource that bi in demand, 
as in this example no public subsidy is needed or warrant d. 

Devoting public funds to enhance the private return on the 
profitable site amounts to a transfer from taxpayers to the 
owners of the business. Unless a transfer can be defended on 
the grounds that the business produces a good that benefits 
society to a greater extent than is reflected by the marke t 
the transfer is ineffici ent . As such , it increa es the tax burden 
on other businesses and households, which is deleterious to 
economic development. 

A highway investment program ·hould not d vote its 
resources to building a road whose benefits are mainly increased 
profits to owners of immobile resources , especially if the 
benefits would accrue to a small number of people. 

Raise the Ante 

The third paradigm relates to the practice that has emerged 
whereby state and local governments wage bidding wars with 
their counterparts elsewhere to attract desirable businesses. 
Consider a situation in which a community seeks to attract a 
light industrial plant that is nonpolluting and would employ 
several hundred workers. Such an activity would be coveted 
by nearly all communities. 

In order to improve its prospects for attracting the plant, 
the community requests that the state DOT substantially 
upgrade a public highway serving the proposed plant site. The 
community also requests job training funds from another state 
agency and offers a local property tax abatement. Lacking a 
coordinated or single-point funding approach, the total value 
of these incentives could be sizable. 

More important is that the incentive package could well be 
inefficient if its total value exceeds the present value of the 
wealth enhancement brought about by the plant. An assess
ment should be carried out that considers distributional 
impacts-the effects on area households and businesses. The 
assessment should take into account the extent to which jobs 
would be created by the plant, as opposed to shifted there 
from other locations. If jobs are merely shifted, society does 
not gain, and the incentives amount to a net cost that actually 
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worsens overall economic development prospects regionally 
or nationally. 

The total ante offered should not be whatever it takes to 
attract the business but, rather, only that which is not greater 
than the economic benefits of having the plant. 

Spread It Out 

The fourth paradigm pertains to a desire for state government 
to help spread out economic development. Specifically, the 
state DOT is asked to do what it can to build highways that 
better serve less prosperous areas. The hope is that improved 
accessibility will lead to the attraction of economic activity 
and will balance development across the state. 

Most states have significant geographical variations in pros
perity. One or a few urban areas often dominate the state's 
economy. Scale economies (larger plants, office complexes, 
and the like), agglomeration economies (shared capabilities , 
such as law firms and printing services), and superior locations 
(explaining the urban area's initial settlement and growth) 
give certain urban areas competitive advantages in attracting 
mobile resources. 

The return on mobile resources such as labor and capital 
is superior in certain growing urban areas, so these resources 
congreg~te there _ Because the greater density of economic 
activity already present in more viable urban areas and the 
growth taking place in them leads to escalating traffic vol
umes, road investments in these urban areas tend to be more 
efficient than typically is the case in more remote rural areas 
or urban areas experiencing decline . If other key factors of 
production do not exist and are unlikely to be attracted to 
depressed areas , building improved transportation facilities is 
unlikely to contribute much to economic development. 

The state DOT faces a critical public-policy dilemma as an 
agency charged with promoting the public welfare . Through 
its highway investments, it can either work to maximize over
all state economic growth and development through efficient 
investments or it can seek to spread out development. The 
latter often means foregoing more efficient investments, thereby 
reducing the aggregate economic development potential for 
the state . In simple terms, trying to spread out development 
will diminish statewide growth. The state's residents , overall, 
will be less well off if resources are spread out as a policy 
objective. 

Open Up the Amazon 

A paradigm somewhat related to the previous one pertains 
to a policy objective to make less-well-served parts of the 
state more accessible. Unlike the previous paradigm, how
ever, the objective is not to raise the incomes of depressed 
areas, per se, but to foster growth in undeveloped areas. By 
its nature, the practice of providing access to these areas is 
speculative. It could bring about new opportunities, or it could 
result in serious inefficiencies. 

The effects of railroads on opening up the West during the 
late 1800s are legendary. Can the same be true of highways 
today? Almost 30 years ago , analysts first argued that further 
major investments would not greatly influence the spatial pat
tern of private investment. Recent industrial location surveys 
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have led to the conclusion that education , unionization, phys
ical amenities, business climate, energy, and tax rates define 
a region's developmental prospects to a much greater extent 
than do highways. 

Rarely will the high construction costs of adding new regional 
highways to the nation 's highway system be justified on effi
ciency grounds, even in less-developed areas. Because a suf
ficient number of developable sites remain, providing highway 
access to others is unlikely to advance economic development . 
Arguments of place prosperity and geographic redistribution, 
and not efficiency, must form the basis for highway 
investments under these circumstances. 

The Carnival 

The final paradigm is concerned with "foot-loose busi
nesses" -those for whom the transaction costs of relocating 
are low. Foot-loose businesses tend to make minimal invest
ments in immobile facilities; they are more likely to lease 
buildings and less likely to purchase bulky machines . Tf only 
slightly more favorable economic circumstances avail them
selves at another location, foot-loose businesses will likely de
part. Over time, such businesses are analogous to a carnival; 
they move from place to place. 

Care should be taken when 1-i-1aking a pe1111auenl improve
ment in the area's road system to attract a foot-loose business . 
Reasonable certainty should exist that an equally beneficial 
activity will occupy the facility if the business leaves . Failing 
this , investments in fixed transportation facilities should be 
deferred until objective forecasts portend efficiency-ensuring 
traffic volumes. 

One useful indicator of commitment by the business is the 
level of capital expenditures . If the ratio of private capital ex
penditures on a facility to be se1 veu l>y a roau investment com
pares favorably with the cost of the road, a stronger argument 
can be made for a public-sector expenditure. Thus , private
seclur capital expenditure should be an important element in 
analyses of potential local road investments, especially if the 
expenditure is long lived and fixed to the site. 

Implications of the Paradigms 

The six paradigms apply the central points presented earlier 
to a series of real-world circumstances likely to be encoun
tered by planners and policy makers. The paradigms convey 
a stern message , that many pitfalls exist when seeking to 
stimulate state or local economic development by investing 
in highways. In the end, the wisdom of such investments 
depends on how they fare when the efficiency criterion is 
applied. In other words, will the investment lead to a net 
economic gain to society? The surest way to an efficient invest
ment is to concentrate on the benefits for users of the highway 
and those who stand to gain through reduced transportation 
costs. 

Is there room for speculative investments under any cir
cumstances? The answer clearly depends on the certainty and 
size of the investment's potential payoff. Careful forecasts of 
future travel demand are a critical element in gauging the 
probable efficiency of an investment in a new or significantly 
upgraded facility . 



Forkenbrock 

STATE-LEVEL HIGHWAY INVESTMENT 
PROGRAMS 

One of the more common elements in state and local gov
ernment efforts to stimulate economic development is the 
investment in roads and highways. At present, 24 states have 
special programs to provide funds for such investments. A 
recent survey of the 50 states indicated that when specific 
criteria are applied to evaluate proposed projects, they tend 
to include the following: number of jobs projected to be cre
ated, cost per job, and the amount of capital investment per 
state program dollar. Several problems are examined using 
these measures, and an alternative strategy is offered on the 
basis of the efficiency-based concepts presented earlier. 

Number of Jobs Projected 

This criterion is based on the correct idea that a public invest
ment in a road should facilitate the more effective use of 
resources, in this case labor. Presumably, additional jobs imply 
more aggregate spending and a generally stronger economy. 
The difficulty with this measure is that employment increases 
on the part of the business being assisted may not result in a 
net increase in total state employment. It is difficult to ascer
tain how many of the projected jobs will be new and how 
many will simply be transferred from another location within 
the same state. Moreover, if the jobs are low paying, they 
may not lead to increased income within the state, especially 
when the need for public assistance is considered. In short, 
using this measure as an investment criterion cannot ensure 
efficient projects. 

Cost per Job 

By itself, this measure reveals little about the effectiveness of 
a state highway investment program. Even if it is assumed 
that all of the jobs are new to the state, determining a rea
sonable amount to pay for a new job is difficult. Unfortu
nately, the data needed to make this determination are unat
tainable. The per-job average increase in income generated 
by the project could be estimated, but the associated costs 
cannot be accurately measured. Furthermore, to determine 
the extent of economic development (increases in state resi
dents' wealth) per job would be nearly impossible. Finally, 
because jobs are not of equal value, it is difficult to scale the 
value of a particular job in a specific circumstance. 

Private Investment 

To gauge the efficacy of a road investment intended to foster 
economic development, this criterion uses the ratio of private 
capital invested at the site to the public cost of the road. On 
the one hand, a high ratio implies that the carnival paradigm 
is avoided because a commitment is being made. Yet, as in 
the paradigm of the gold mine, being sure that the private 
investment would not have occurred anyway is exceedingly 
difficult. Furthermore, like the number of jobs, this measure 
is an indicator of economic activity at the site, not of net gains 
in such activity within the state. 
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Decision Screens: An Alternative Approach 

During the research, a series of evaluation screens was devel
oped. As shown in Figure 1, these screens are an operational 
approach to applying the road investment concepts discussed 
earlier. As presented, the screens apply to the rather typical 
circumstance in which a firm requests assistance from the state 
DOT either directly or through the community in which it 
intends to locate. Proposed investment projects can be eval
uated by applying the screens sequentially. A project passing 
through all five screens will likely be efficient and help foster 
economic development. A brief explanation of each screen 
follows: 

1. Does the firm have to operate within this particular state 
because of the product Of service it is selling? For example, 
a retail store responds to demand; if sufficient demand exists, 
retail stores will appear without government incentives. Thus, 
if the answer to this question is yes, no public investment is 
warranted. 

2. Is there a cost advantage for the firm at this site compared 
with other sites within the state? If other sites within the state 
are equivalent to the improved site from the firm's 
perspective, the investment is not warranted on efficiency 
grounds. 

3. Is the project cost-effective? In other words, are road 
improvements the least expensive way to give to the firm the 
level of benefits necessary to attract it to the state? For exam
ple, a cash subsidy well less than the cost of the road may be 
of equal value to the firm. 

4. Is there an out-of-state site that provides a cost or prof
itability advantage over the best available site in the state if 
the road investment is not undertaken? The state can only 
benefit from funding a road investment project to help attract 
a firm if the project actually changes the firm's location deci
sion. A firm could be asked to specify the location of the 
better site and explain why that location is preferred. 

5. Are the benefits of the project concentrated? A proj
ect that benefits only a small number of people but whose 
costs are shouldered by many is not desirable unless aiding 
these particular beneficiaries is a distributional policy 
objective. 

These five screens attempt to make the basic concepts dis
cussed earlier operational. Certain data and measurement 
problems remain, but the evaluation screens suggested can 
help identify efficient projects, even if further simplification 
becomes necessary. The key point is that longer-term eco
nomic development is best served by systematically evaluating 
project costs and benefits, not by being caught up in argu
ments about the benefits of "image-building" roads, for exam
ple. If a project cannot be justified on the basis of efficiency, 
a careful assessment should be made of the extent to which 
it contributes to the attainment of other policy objectives. 

CONCLUSIONS 

The relationship between transportation investments and local 
economic development is subtle and difficult to measure accu
rately. Estimating the probable developmental impacts of a 
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c-oncenifai:ed? 

Gold Mine 

No 

Yes No 

Road Project Likely to 
Promote 

Economic Development 

Build But Not 
to Increase Overall 

Economic Development 

FIGURE 1 Application of decision screens. 

proposed investment (a new facility or an upgrade) is as dif
ficult as examining the actual effects of an existing facility. In 
part, the complexity stems from the significant effects on the 
economic fortunes of cities and regions by external forces 
beyond the control of state and local policy makers. 

Despite great uncertainty about future conditions, and hence 
the value of transportation facilities, certain guiding principles 
c:m he applied. Fundamentally, the ability of a transportation 
facility to contribute to economic development is solely de
pendent on the traffic it carries. Reduced transportation costs 
help make the area served by the facility attractive to 
businesses. 

Good transportation facilities are not enough to ensure that 
economic development will occur. The area must be able to 
attract the necessary factors of production, labor, capital, and 
materials. Without such factors, even a good transportation 
facility will accomplish little, as evidenced by the miles of 
Interstate highways that run through many rural areas. 

Investing in transportation facilities whose benefits exceed 
their costs is critical to make an area attractive for develop
ment. Failing to invest in what could be efficient facilities will 
retard growth as surely as investing in those that are not 
efficient. However, estimating the long-term benefits of a 
facility is not an easy task. Neither is determining when facil
ities are likely to compete in an efficiency-enhancing manner 
rather than robbing each 0Lhe1 uf their reason for existence. 

Particularly vexing are the competing roles of efficiency and 
other social objectives. Specifically, a state could invest in (or 
continue to operate) facilities that are not efficient, according 
to the traffic carried. Although doing so may improve an 
area's accessibility and even its development potential, it will 
also require a subsidy from other, more efficient facilities or 
from taxpayers in general. The result is higher user fees or 
taxes than otherwise would be the case, which is deleterious 
to economic development. The policy trade-offs are complex 
but should be treated explicitly. 
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The six paradigms are intended to illustrate variations of 
these policy trade-offs. They show the attention to develop
mental objectives that must underlie investment decisions. To 
help guide the evaluation of projects, a series of five decision 
screens was submitted (see Figure 1). The screens shed further 
light on considerations that can guide state-level transporta
tion investment decisions and transform the principles dis
cussed into investment guidelines. 

The relationship between transportation investments and 
economic development is complex. The surest way to foster 
economic development through transportation investments is 
to focus on cost savings to users and consumers. Improve-
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ments that yield transportation cost savings in excess of the 
costs they impose lead to real increases in income-the essence 
of economic development. 
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Role of Transportation in Manufacturers' 
Satisfaction with Locations 

DAVID T. HARTGEN, ALFRED W. STUART, WAYNE A. WALCOTT, AND 

]AMES W. CLAY 

A study is currently under way in North Carolina to examine the 
complex relation hip between rran portation investments and sat
isfaction of manufacturing firm. with location. The study is part 
of a c ntinuing analysi by the University of orth arolina at 
Charlotte to develop the linkage between tTan portation and eco
nomic <level pment. The LOO counties of Nonh Carolina were 
cla ·sified according to transporta tion access, economic structure, 
manufacturing composition , and socioeconomic charncteri tics. 
A dnrn et c nsisting of more than 400 variables wa. analyzed 
using actor analy i and cluster analysis to develop the cla ifi· 
cations. Th counties were then grouped into ix clusters. Using 
thi cluster tructurc, a urvey of abou t 1,000 manufacturing firm 
in North arolina i being conducted using an extensive mail 
questionnaire. Manufacturers have been asked to de cribe their 
perceptions of the importance of rransporrntion S)'Stems and other 
facto rs in bringing in materials, shipping out product ·, and pro
viding acces · to labor markets. The e data will bt! correlated with 
information on highway investments, location of the firm with 
respect to the highway system, and other tran portatio.n access 
mea ures. Models such as factor analysis, discriminant analysis, 
and canonical modeling will be used to determine the relative 
importance of trnnsportation against other socioeconomic and 
fiscal variable in determining manufacturer satisfaction . 111en, 
policy analysis o variou .. transportation funding strategies will 
be used to determine the effects uf i11v1.:st111cnl. Findings will be 
used co help rank tran portation ·ystem investments intended to 
strengthen the state's industrial base. 

The approaching completion of the Interstate system marks 
the end of an era in U.S. economic development and trans
portation investment. After approximately 35 years and more 
than $100 billion, the 44,000-mi system is largely complete. 
During its development, the system has contributed to a trans
formation of the U.S. economy from one based largely on 
separate regions with significant intraregional economies to 
one based on highly interdependent regions connected by a 
vast network of transportation services. At this megascale, 
the Interstate system has not only facilitated the transfor
mation of the U.S. economy but has propelled it forward in 
many positive ways. The Interstate system has returned its 
investment manyfold through economic growth, gr~;iter national 
interconnectedness, and higher quality of life. Perhaps no 
other governmental investment in U.S. history has had so 
great a relative effect on the nation's economy. 

What else can be done? How should future transportation 
dollars be spent? These are simple questions with complex 
answers. In spite of a general understanding of the impact of 
the Interstate system, knowledge of the relative effects of 
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specific transportation investments on economic development 
is surprisingly limited. Current transportation economic anal
ysis focuses almost entirely on the quantification of user ben
efits, that is, benefits derived from savings in travel time, 
reductions in operating costs and accidents, and other quan
tifiable effects on users of transportation systems. Modern 
transportation economics is based on the evaluation of such 
benefits. Nonuser benefits (including second-order positive 
and negative effects on adjacent land owners, increases in 
land values, additional increases in economic activity that 
result in greater tax dollar flows, improvements in competitive 
position, and improvements in the quality of life) are not only 
generally not quantified but are often ignored as inconse
quential or dismissed as irrelevant to transportation decisions. 
Methodology for determining such effects is not extensively 
developed. 

More recently, broader views of transportation evaluation 
have included assessments of the effects on economic devel
opment, but in an essentially nonquantifiable or quasiquan
tifiable way. That is, estimates of the number of units affected 
or the resulting change in accessibility (for example, the num
ber of jobs within 30 min of a downtown area) have often 
been added to the users' dimension. Because of the difficulties 
of incorporating such elements in a clnllar-ba:ed fa hion. they 
have usually been treated separate from m re easily quanti
fiable measures such as travel time, operating costs, and 
accidents. 

Economic development reacts to transportation invest
ments, but the reaction varies by industry type, preexisting 
local conditions, geograr hy , site characteristics, demograph· 
ics, and previous investments in transportation and other ele
ments of the infra tructure. This study wa intended to pro· 
vide an understanding of these complex relationships, including 
issues such as the following: 

1. For a given transportation proposal, what are its first
and second-order economic benefits or effects? 

2. How important is transportation, relative to other fac
tors, in determining the price of goods, in making siting deci
sions, in acceleration or deceleration of urban gr wth, in pro
viding labor acce sibility, and in moving materials r products? 

3. If a given amount of money is spent on a statewide or 
regional transportation program, what will be the economic 
effect? 

4. How can current companies be retained, and new ones 
attracted, through additional transportation investments? 

Transportation analysts have found it difficult to answer 
such questions in satisfactory terms. Often, specific first-order 
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effects on construction jobs cannot be estimated, and second
and third-order effects become impossible to assess without 
using high-level assumptions such as regional economic mul
tipliers. The result is a less-than-satisfactory state-of-the-art 
in an area that is continuing to generate considerable interest. 

LITERATURE REVIEW 

Economic development has long been recognized as an impor
tant rationale for transportation investment, but the nature 
of the relationship remains unclear. At the national level, 
TRB (1) identified the following as critical research needs: 
(a) transportation and the U.S. competitive position world
wide and (b) transportation and economic development. 
NCHRP recently issued a request for proposal to determine 
the nature of this linkage. The Eno Foundation (2) assessed 
the relative importance of transportation to a healthy econ
omy. The recent call for a system of Highways of National 
Significance (3) is one effort to propose a national corridor
level system of about 150,000 mi . 

At the regional level, Toft and Stough ( 4) developed a shift
share model of the U.S. economy that showed economic shifts 
in transportation sector employment from the Old North to 
the Old South and West. Sullivan (5) analyzed the effects of 
transportation investments in the Pacific Northwest Coastal 
region . The Appalachian Regional Commission (6) justified 
the Appalachian Development Highway System on improve
ments in access leading to better delivery of services and 
attractiveness to industry. 

At the state and local level, recent strategic plans for trans
portation (7-10) have recognized the importance of trans
portation access to economic growth. Many states have devel
oped and are implementing corridor plans for upgrading selected 
highways to four-lane or Interstate standards. Wilson et al. 
(JI) surveyed industrial firms in the maritime region of Can
ada to examine the relationship between transportation public 
expenditures and economic development stimulation. They 
used a local factor preference index model to analyze the im
portance of transportation and other factors in attracting indus
try to siting locations. Larson (12) found that the Interstate 
system is critical to Pennsylvania's economic growth. Lebo 
and Adams (13) developed an industrial- and commercial
access transportation network to accelerate Pennsylvania's 
economic development. Moon (14) found that the effect of 
65 nonmetropolitan interchanges in Kentucky on local eco
nomics was large, even creating interchange villages on iso
lated land . Sinha et al. (15) reviewed the role of transportation 
on the northwest Indiana economy. Poole and Cribbins (16) 
developed a benefits matrix model for evaluating transpor
tation proposals in North Carolina. Also in North Carolina, 
Clay et al. (17) developed a straightforward linear relationship 
between job growth and highway investment, by county type. 
Although the study found that each $5,796 in investments was 
correlated with one job increase, the authors recognized the 
inherent complexity of the relationship being studied. In nearby 
Georgia, Floyd and Melvin (unpublished data) found that the 
most important factor in giving a region a competitive edge 
in economic development is a superior transportation system. 
They projected that over half of all the growth in Georgia up 
to the year 2000 will occur in and close to Atlanta, because 
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the state's current non-Interstate multilane system is inade
quate compare I with those of other southea. t rn states and 
considering desired growth rates. Also in eorgia, Maggied 
(unpublished data) investigated the relationship between mo
bility and poverty and concluded that Georgia counties could 
be clustered by different levels of mobility and economic 
deprivation. 

Not all the studies show positive results . In a review of 
Interstate system effects on minority communities, Steptoe 
and Thornton (18) found that the presence of an Interstate 
system did not attract new businesses in minority communi
ties. Eagle and Stephanedes (19) concluded that the effects 
of highway investment on the economy do not lead to long
term jobs, except in counties that are already economic cen
ters. Even more pessimistically, Briggs (20) concluded that 
the presence of an Interstate system alone did not ensure 
development, particularly for manufacturing and wholesaling 
industries. He concluded that the Interstate's role seems to 
have been to increase accessibility levels throughout the 
country. 

The importance of transportation to advanced-technology 
firms was reviewed by Hummon et al. (21) . They found that 
Standard Industrial Classification (SIC) code variables repre
senting industry type did not predict transportation prefer
ence, which was better predicted by type of firm, age of tech
nology, and firm size. The study focused on advanced 
technology firms in Pennsylvania . It was concluded that trans
portation access is a necessary, but not sufficient, condition 
for locating and generating successful business at a given site . 
Paaswell (22) surveyed Illinois companies to identify the 
strengths and weaknesses for growth industries. In various 
input-output models, e.g., Liew and Liew (23), transportation 
investments affect the economy but in different ways for dif
ferent sectors. Toft and Mahmassani (24) concluded that high
technology industries possess spatial and production attributes 
that require different transportation services. 

The methodology of these studies varies widely. Constantin 
(25) suggested a functional logistics-based method, noting that 
the functional approach gives a better overall perspective on 
the role of transportation in small towns and rural areas. 
Varaprasad and Cordey-Hayes (26) developed an integrated 
set of 10 differential equations to describe London's popu
lation dispersal into two concentric rings. Twark et al. (27) 
used a system of simultaneous equations calibrated by two
stage least squares to predict economic development at 93 
Pennsylvania Interstate interchanges. The model system used 
15 exogenous and 25 endogenous variables . Maggied used 
factor analysis of county-level variables. Clay et al. (17), on 
the other hand, used straightforward trend statistics and 
simple correlation ratios. 

MODEL STRUCTURE 

To facilitate this study, the University of North Carolina at 
Charlotte (UNCC) team is working under the general guid
ance of several conceptual models of firm location and invest
ment. These include a county-level economic model, a firm 
performance model, and a location life-cycle model. 

Figure 1 shows how county-level economic structure influ
ences firm activities. Firms are viewed as the decision-making 
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FIGURE 1 County-level manufacturing model. 

unit embedded in a physical and socioeconomic county envi
ronment. Using labor, land, money, and other resources and 
raw materials shipped in from outside, firms generate wages 
and payrolls through the production of useful products and 
services. The transportation system provides the accessibility 
by which firms attract and hold employees and move the 
factors of production from the site to the marketplace through 
the manufacturer. This high-level view follows traditional eco
nomic thinking and relates the key elements of the firm's 
euvironment to its output products. 

Firm performance (Figure 2) is viewed as the product of 
interactions among the firm's internal activities, wages, taxes, 
labor, the transportation system, characteristics of the firm's 
specific location, and actions of its competition. In this model, 
transportation access operates as a lens that mollifies or accen
tuates the effectiveness of the firm's ability to interact with 
its labor force, its markets, and its production system. 

The firm's siting-decision process is viewed as a temporal 
series approximating a long-term life cycle (Figure 3). The 
firm's satisfaction with its current location and situation is 

Labor Force Raw Materials Markets 
I / 

....... , ' >" 
Location -· - ---- Firm Activities---- B_ottom 

-~ -~ \ Line 
,./ '\ Site 

Taxes Competition 

FIGURE 2 Firm performance. 

hypothesized to be highest immediately after a move. After 
an interim honeymoon period, factors such as competition, 
aging facilities, price changes, labor, and supply problems 
generate a number of difficulties associated with the location, 
which deteriorates the satisfaction level. Eventually, these 
problems initiate a reevaluation process in which the firm 
consciously decides to assess its location in some formal way. 
A review of alternatives then generates a decision to stay put, 
move, or otherwise change its locational situation. In North 
Carolina, many firms have been operating at the same loca
tions for up to 100 years; nevertheless, changes in labor, raw 
materials, markets, and competition can render the location 
less competitive now than when the siting decision was made. 
It might be expected therefore that companies expressing var
ious levels of satisfaction with their current locations could 
be expected to be in various stages of their siting-decision life 
cycle. The issue is how firms currently view their location in 
light of changed circumstances. 

The location of a factory is a major capital allocation deci
sion. Once made., the factory is immobile until the investment 
can be amortized (in 20 to 30 years), unless it is sold. Thus 
location decisions take on geographic inertia-a resistance to 
relocation. A company may be unhappy with a location but 
financially unable to relocate for some time. The study survey 
will reveal this latent relocation potential, along with reasons 
for dissatisfaction that might be addressed by state policy 
changes. This emphasis on location satisfaction of existing 
manufacturers-as opposed to original location decision 
making-makes this study unique. 

ACTION 

MOVE ~ 

HONEYMOO ALTS 

PROBLEMS RE-EVAL 

DATA 

Time 

FIGURE 3 Location decision life-cycle. 
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STUDY STRUCTURE 

A particularly interesting aspect of the relationship between 
economic development and transportation is the relationship 
between transportation access and the location satisfaction of 
manufacturers. Several aspects related to this process are 
addressed: 

• What perceptions do manufacturers have of transporta
tion access, and how are these current perceptions related to 
their previous siting decisions? 

• What policies could be suggested to improve satisfaction 
with transportation systems, and how would such policies attract 
new firms or hold current ones? 

• What other factors influence manufacturing firm satis
faction with location, and how are these factors different in 
rural and urban areas and rapidly growing versus slowly 
growing communities? 

Earlier assessments found that North Carolina's crucial 
manufacturing base was undergoing change that threatened 
the viability of rural economies in particular. With about 30 
percent of its workforce still in factories, the state is heavily 
industrialized. More uniquely, this industry is concentrated 
not just in cities; a large part is dispersed throughout small 
towns and rural areas. The more dispersed factories are largely 
in labor-intensive industries, especially textiles and apparel, 
which are vulnerable to offshore competition. Urban areas 
have experienced dramatic growth in nonmanufacturing, but 
the more specialized rural economies have not shared pro
portionately in these gains. Thus, North Carolina is seeking 
ways to retain and strengthen its manufacturing base, partic
ularly in rural counties . Because manufacturing is viewed as 
the key to economic stability in these areas , the manufacturing 
sector of the economy is emphasized. 

The study is divided into the following analytical tasks . 

TABLE 1 OVERVIEW OF COUNTY-LEVEL DATA 

Classification 
Labor force 
Unemployment 
Employment 

Number of Vari nblcs 

Manufacturing Employment 

19 
14 
8 

99 
92 

Education 
Crime 
Health 
Income 
Population 
Population density 
County size 
Poverty 
Misc. 
Transportation-mileage 

-financing 
-intercity 

18 
4 
8 

13 
50 
6 
4 

10 
11 
43 
17 
27 
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Classification of Counties 

An economic and transportation-access classification of coun
ties, necessary for survey sampling and analytical work, was 
developed. Previous works have shown that groupings such 
as rural or urban and metropolitan or nonmetropolitan are 
too simplistic for analytical purposes. Further, some terms, 
such as "rural," engender emotional responses that interfere 
with objective analysis. The 100 counties in North Carolina 
are being classified along socioeconomic, employment mix, 
manufacturing structure, and transportation dimensions. A 
large data set consisting of over 414 variables has been devel
oped describing characteristics of the labor force, transpor
tation access by various modes, and socioeconomic indicators. 
Sources of this information include census publications, mate
rials from state and federal agencies, and private organiza
tions. For many data items, information is available for several 
points in time , which will enable trend statistics to be devel
oped. Table 1 presents the variables used in the classification. 
At the completion of this step, the four separate classifications 
will be merged into one that reflects the characteristics of 
each scheme. 

Survey of Manufacturers 

A representative sample of about 2,000 North Carolina man
ufacturing establishments will be drawn from the total of about 
6,800 manufacturers in the state, in anticipation of receiving 
about 1,000 returns . The survey sample will be a stratified 
random sample using county classification structure and man
ufacturing industry type . Manufacturers will receive a six-page 
questionnaire focusing on their perceptions of transportation 
and other factors relating to their satisfaction with their cur
rent location . 

Dcscriotion 

State, regional, FIPS groups 
Labor/force 1980-1987 
Unemployment rates 1980-1987 
Employment by sector/yeaI 
Wages, Employment & Establishments in 

SIC codes 20-39 
Population at educational levels and institutions 
Crime and prisons 
Doctors, nurses, beds, rates 
Per-capita income 
Population by age group 1970-2000 
Density 1980-2000 
Arca measure 
AFDC etc. statistics 
Tourism, sales, companies 
Miles by system, yr., width 
Expenditures by system 1973-1985 
Access to train, bus, air, port, interstate 
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Analysis 

Analytical work will involve a number of straightforward 
methodologies. Descriptive statistics will be prepared both 
for manufacturers and counties, describing their current eco
nomic structure and overall linkages with respect to trans
portation. Clustering methods are being used to classify coun
ties and develop profiles matching county characteristics with 
industry characteristics. Correlations will be developed between 
transportation investment and perceptions of the quality of 
transportation service. Classification procedures such as 
Automatic Interaction Detector (AID), CLUSTER, and dis
criminant analysis are being used to identify the characteristics 
of firms that express very high and very low satisfaction levels 
with transportation facilities and network investment. 

Policy Model 

The study team will develop a policy model relating trans
portation investments to firm employment and siting-decision 
satisfaction. It is expected that the model will contain a num
ber of simultaneous equations that will be embedded in a 
spreadsheet for forecasting purposes. Numerous policies, such 
as those being considered by the North Carolina legislature 
involving transportation investments for a proposed $8.6 bii
lion highway program, could be evaluated for their effect on 
employment and economic development. 

PRELIMINARY RESULTS 

As of July 1989, study results were available only for county 
classification. The following results relate primarily to the 
classificaliou slrudure. 

County Classifications 

The county classifications effort has focused on three major 
activities: 

1. Descriptive statistics, 
2. Factor analysis to identify key variables describing the 

differences in county structure, and 
3. Cluster analysis of counties on the basis of these key 

variables. 

Preliminary results of the assessment are as follows. 

Trends and Statistics 

North Carolina's economic development patterns are not uni
form. Rather, overall economic growth has been concentrated 
primarily in major metropolitan counti , with additional strong 
growth concentrated in surrounding fringe counties. Overall 
employment trends in North Carolina (Figure 4) show essen
tially flat employment in manufacturing and a decline in agri
culture with a significant increase in nonmanufacturing 
employment. hange in population have been most rapid in 
urban core countie and their urrounding envi ronmellt, as 
well as in recreation and retirement counties (Figure 5). 
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FIGURE 4 Employment trends in North Carolina. 

Employment 

Initial revi w of the employment portion of the data el sug
gested that employment in North arolina can be repre ented 
by 11 variables, which were collected from data upplied by 
the Bureau of Economic Analysis (BEA) for 1986. fter 
factor analysis was performed on this set of variables, seven 
were chosen as explaining the most variation between the 
counties. The 11 variables initially chosen are listed below. 

• CVILEMP (STALOC + FEDCIV): state, local, and 
federal employees, excluding military. 

•FIRE: finance, insurance, and real estate employees. 
• BMFG: manufacturing employees. 
• AGSMIN : agriculture and mining employees. 
• CONST: construction employees. 
•FARM: farming employees. 
• HSLETRD: employees in wholesale trade. 
•MILITARY: military employment. 
• SERV86: services employment. 
• TRAVEX86: travel expenditures, in thousands of 

dollars. 
• BTOTEM86: total employment. 

After the clusters were formed, a classification scheme of 
six groups of counties was chosen. The results of this classi
fication are shown in Figure 6. The six groups include man
ufacturing, services, mixed manufacturing, farm, govern
ment, and military. Although the model developed for the 
employment section was fairly decisive, it did not explain 
much of the variation among the 100 counties in North Car
olina. Of the total variation in these seven variables, 25 per
cent was explained by the six-cluster model. Forty-three per
cent of the counties had enough of a manufacturing emphasis 
to be clustered around th manufacturing dimension. Only 
the large urban counties and those with a large military pop-
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FIGURE 5 Percent change in population by county, 1980-1987. 
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FIGURE 6 Employment focus by county, 1986. 

ulation were well-defined groups, the remainder having a 
variety of employment types. 

Several variables had little impact on defining the clusters. 
Among these are agriculture and mining, construction, trans
portation and utility, and wholesale trade employment. The 
factor loadings were rather weak: any variable that had a 
coefficient above 0.50 was considered acceptable for inclusion 
in the cluster analysis. Therefore, it would be incorrect to say 

17 

mile• 

that wholesale tradt ctoes not have an impact on the employ
ment structure of the state; rather, these activities are spread 
thinly throughout the state. 

Manufacturing 

The manufacturing portion of the data consisted of 25 vari
ables, each representing a part of the manufacturing employ-
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ment in North Carolina. These data were compiled by the 
Employment Security Commission. Each variable represents 
one, or a portion of one, complete two-digit SIC category. 
In some instances, the SIC category was subdivided to sharpen 
differences within the category. For example, SIC 21 was 
broken into two categories, with cigarettes and tobacco in one 
and tobacco stemming in the other. Several sites were made 
at the three-digit level. 

ln the case of manufacturing, simply choosing variables that 
ranked high and running them through a cluster analysis was 
not feasible because this method was not able to break apart 
a large, diversified cluster of counties . Instead, a cluster model 
was performed on the basis of six factors, with each factor 
having special characteristics. For example, one factor was 
labeled "Office, Computing, and Accounting Machines," and 
another was called "Agricultural Chemicals/ Apparel." When 
these six factors were used as a basis for a clustering algorithm, 
the pattern of clusters shown in Figure 7 resulted. 

Fifty-five counties were left as a diversified cluster; that is, 
they did not cluster strongly around any single variable. Some 
tendencies toward the Tobacco Stemming/Miscellaneous Plas
tics group are evident, but the associations are weak. A plot 
of the factors showed that the clustering was weakly orga
nized , with the diversified cluster (Cluster 1) mixed in with 
the remaining clusters (Clusters 2 through 5). This plot indi
cates the iack of strength of the model for forming dusters, 
especially for this group. The counties in the Diversified Prod
ucts category are spread throughout the state, with the major
ity lying in the middle of North Carolina and two arcs extend
ing through the coastal plains region all the way to the coast. 

The cluster model developed for manufacturing is weak. 
The total amount of variance explained by the model is only 
12 percent. Any plot of these clusters shows a high degree of 
intermixing. The categories should be interpreted as a general 

D Textiles, Apparel, Furniture 

l'S.'51 Food and Apparel 

k::@M Transportation/Wood Products/ Apparel 

fa Electronics, Electrical Equipment, Computers 

- Paper Mills 

Source: Employment Security Commission Data 

FIGURE 7 Manufacturing rypes of counties, 1987. 
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classification, or a focus , of the manufacturing employment 
structure of the counties in North Carolina. 

Socioeconomic 

From the data base, 24 variables were chosen to represent 
the socioeconomic characteristics of the counties. These var
iables include county population, population characteristics , 
and health aspects. Many of them were calculated from the 
more general variables found in the data base. 

These variables were used in a factor analysis to determine 
which were the most important in determining the overall 
socioeconomic status of the counties. The factor analyses were 
performed with four, five, and six factors. The analysis that 
used four factors was found to be inconclusive; however , the 
analyses using five and six factors foi· ,,.,'. ·2 and 14 variables, 
respectively, to be pertinent for furJ;·~r analysis. These var
iables were then used in a cluster ana1/.'~ "· ·11 group the similar 
counties . Four major clusters of counfo;\ were identified as 
follows: 

•Cluster 1 (Distressed Rural) (very low)-These 34 coun
ties have generally low-level health variables, percentage of 
persons age 16 to 64, and size variables (population, density, 
and empioyment), as well as low employment figures and low 
personal incomes. They also tend to have a high percentage 
of nonwhites, a high percentage of families receiving aid for 
dependent children (AFDC), and a high unemployment rate. 
They are located primarily in the eastern part of the state (see 
Figure 8). 

• Cluster 2 (Mountain and Coastal Fringes) (low)-These 
39 counties have the lowest percentage of nonwhites and the 
lowest percentage of families receiving AFDC. They also have 
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FIGURE 8 Socioeconomic status of counties. 

the highest percentage of older persons and a fairly high 
unemployment rate. They have low health figures, size var
iables, and personal income, but not as low as Cluster 1. 

•Cluster 3 (Small Metropolitan and Suburban) (high)
This cluster of 21 counties does not have any highest or lowest 
variables. These counties have fairly low numbers of persons 
aged 65 and over and a low unemployment rate. The rest of 
the variables are moderately high. 

• Cluster 4 (Affluent Metropolitan) (very high)-This clus
ter is comprised of six counties: Mecklenburg, Guilford, For
syth, Orange, Durham, and Wake. These counties have the 
highest health figures, percentage of population age 16 to 64, 
size variables, and personal income. They also have a fairly 
high percentage of nonwhites and families receiving AFDC. 
They have the lowest percentage of persons age 65 and over 
and the lowest unemployment rate. 

Clusters 2 and 3 are much more similar to each other than 
are Clusters 1 and 2 or Clusters 3 and 4. Clusters 1 and 4 are 
the extremes of the variables and are very heterogeneous. 
Clusters 2 and 3 are in the middle statistically and are more 
homogeneous than the other clusters. 

Transportation Variables 

To develop a classification of counties on the basis of trans
portation variables, a list of about 90 transportation-related 
items was developed for each county . These include trans
portation access (distance and service levels) for each mode 
of travel; transportation expenditures by highway type; acces
sibility to Interstates, four-lane roads, and other roads; paved 
road miles; and roadway widths. This information was divided 
into three types, which were analyzed separately. The three 
types included the following: 

•Internal (within-county) access, 
•External (outside-county) access, and 
•Fiscal (in-county) investment. 
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Internal Access Factor analysis of the internal access data 
set yielded a group of eight variables found to be important 
in county clustering. These variables described system size 
and urban-ness, system condition and quality, and traffic and 
system density. The eight variables include the following: 

• Percentage of secondary roads; 
•Percentage of urban roads; 
• Percentage of primary roads; 
•Total miles of road with more than four lanes; 
• Interstate status (number of Interstates, number of Inter-

state exits); 
•Percentage of narrow roads (lane widths <12 ft); 
• Percentage of paved roads; and 
•Total miles on the state highway system. 

Cluster structuring of the counties on these eight variables 
yielded the five-cluster grouping shown in Figure 9. These 
clusters can be characterized as follows: 

• Poor internal access, 26 counties (Cluster 1) 
-Small system (approximately 570 mi) 
-Very few four-lane roads, no Interstate 
- High percentage of rural and secondary roads (72 

percent) 
-Medium percentage of narrow roads (57 percent) but 

high percentage of paved roads (78 percent) 
-Prototype counties: Martin, Pamlico, and Jones 

•Fair internal access, 25 counties (Cluster 4) 
-Medium-small system (approximately 580 mi) 
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FIGURE 9 Internal access by county clusters. 

-Contains at least one Interstate and some four-lane 
mileage 

-High percentage of rural and secondary roads (80 
percent) 

-Low percentage of narrow roads (44 percent) and 
medium percentage of paved roads (62 percent) 

-Prototype counties: Cherokee, Watauga, and Macon 
• Good internal access, 38 counties (Cluster 2) 

-Large system (approximately 930 mi) 
-Contains at least one Interstate and some four-lane 

mileage 
-High percentage of urban roads (5 percent) and high 

percentage of paved roads (82 percent) 
-Prototype counties: Wayne, Stanly, and Duplin 

• Excellent internal access, 10 counties (Cluster 3) 
-Very large system (approximately 1,120 mi) 
-Large number of four-lane miles and Interstates 
-Very high percentage of urban roads (15 percent) and 

high percentage of paved roads (85 percent) 
-Prototype counties: Guilford, Durham, and Mecklen

burg 
• Special case-Dare County has a small spinal system, 

but a high percentage of urban roads through Manteo and 
Kitty Hawk. 

Ten counties in North Carolina have excellent internal 
accessibility, and 38 have good systems. As Figure 9 shows, 
the counties with good systems are generally located in the 
Piedmont region, where the four major Interstates in North 
Carolina are located. The groups with fair or poor systems 
are located in the mountains and coastal regions. 

External Access External access to a county is considered 
to be important in attracting manufacturing and other busi-
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nesscs because adequate access to production needs and inar
kets is critical to a firm 's viability. Straightforward definitions 
of access were used : 

• Highways 
-Number of Interstate miles, number of exits, and close

ness to town center 
-Number of four-lane miles of road 
-Number of federal-aid Interstate miles 

•Air 
-Distance to major and minor hub airports 
-Number of annual operations at hubs 
-Number of enplanements at hubs 
- Distance to general aviation airports 
- Travel time to major hub 

• Train 
- Distance to passenger train station 
-Number of train arrivals and departures 

• Bus 
-Distance to bus station 
-County with rural or city bus system 

•Port 
- Distance to port city 

Unfortunately, data on rail freight access were not readily 
available. 

Extensive factor and cluster analysis of these variables yielded 
a highly separated set of clusters based on six variables: 

• Miles of Interstate open to the public, 
• Total four-lane miles of rua<l, 
•Travel time to Interstate, 
• Travel time to major airport, 
• Distance to bus station, and 
• Distance to train station. 
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Figure 10 shows the cluster structure. The 100 counties are 
grouped as follows: 

•Very low external access, 9 counties 
-No Interstate, average 1 V2 hr to nearest Interstate, 
-Average 7 mi of four-lane road, 
-Average 2V4 hr to major hub airport, 
-Average 94 mi to train, and 
-Average 36 mi to bus. 

• Low external access, 30 counties 
-Little or no Interstate, average 74 min to an Interstate; 
-Average 16 mi of four-lane road; 
-Average 2 hr to major hub airport; 
-Average 55 mi to train; and 
-Contains or close to bus service. 

• Moderate external access, 29 counties 
-Little or no Interstate, average 30 min to an Interstate; 
-Average 20 mi of four-lane road; 
-Average 60 min to major hub airport; 
-Average 41 mi to train; and 
-Contains or close to bus service. 

• High external access, 26 counties 
-Average 23 mi of Interstate, 
-Average 48 mi of four-lane road, 
-Average 48 min to major hub airport, 
-Average 35 mi to train , and 
-Contains bus service. 

•Very high external access, 6 counties 
-Average 30 mi of federal-aid Interstate open, 
-Contains average 153 mi of four-lane road, and 
-Contains train station and bus service . 

The analytical structure of the data shows that the top two 
groups, containing 32 counties, are more similar to each other 
than to the other three groups. 

Transportation Investment Fiscal investment is a vital part 
of the transportation overview of each county. The more money 
a county receives in highway aid , the better the county's trans-

VERY IDGH ACCESSIBILITY 

HIGH ACCESSIBILITY 

ij~\\[ MOD ERA TE ACCESSIBILITY 

LOW ACCESSIBILITY 

VERY LOW ACCESSIBILITY 

FIGURE 10 External accessibility of counties. 
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portation system. The fiscal picture for each county was devel
oped from North Carolina Department of Transportation 
(NCDOT) statistics and investments from the period 1973-
1985. Data included the following: 

• Secondary expenditures per mile, 
•Urban expenditures per mile, 
• Primary expenditures per mile, 
• Total expenditures per mile , 
• Interstate expenditures, 
• Secondary expenditures per capita, 
• Urban expenditures per capita, 
• Primary expenditures per capita, 
• Total expenditures per capita, and 
•Total expenditures from 1973 to 1985. 

Of the 25 variables analyzed, a surprisingly small number 
(four) were sufficient to explain county expenditure patterns. 
These are as follows: 

•Total Interstate expenditures, 1973-1985; 
•Urban system expenditures per mile, 1973-1985; 
•Primary system expenditures per capita, 1973-1985; and 
•Secondary system expenditures per capita, 1973-1985. 

The resulting five-cluster structure is described as follows : 

• Low urban mileage and high urban expense rate, 6 
counties (Cluster 5) 

-No Interstate expenditures; 
-$216,000/mi urban expenditures; 
-$400/capita, primary expenditures; 
-$300/capita, secondary expenditures; and 
-Prototype counties Watauga and Pasquotank. 

• Primary system focus, 6 counties (Cluster 4) 
- No Interstate expenditures; 
-$48,000/mi urban expenditures; 
-$2,400/capita, primary expenditures ; 
-$380/capita, secondary expenditures; and 
- Prototype counties Madison and Dare. 
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•Various needs, 59 counties (Cluster 1) 
-$6 million Interstate expenditures; 
-$36,000/mi urban expenditures; 
-$250/capita, primary expenditures; 
-$130/capita, secondary expenditures; and 
-Prototype counties Chatham, Lee, and Catawba. 

•Primary and secondary focus, 20 counties (Cluster 2) 
-$1.5 million Interstate expenditures; 
-$13,000/mi urban expenditures; 
-$630/capita, primary expenditures; 
-$325/capita, secondary expenditures; and 
-Prototype counties Gates, Carteret, and Caswell. 

•Interstate focus, 6 counties (Cluster 3) 
-$84 million average for Interstate expenditures; 
-$55,000/mi urban expenditures; 
-$360/capita, primary expenditures; 
-$125/capita, secondary expenditures; and 
-Prototype counties Mecklenburg and Wake. 

Survey of Manufacturers 

The survey of manufacturers is currently being piloted. The 
sampling plan for manufacturing firms will be based on county 
and industry group (see Table 2). In each of the cells of the 
table, the universe of firms (N1) with a universe of employers 
(E) will be developed from the North Carolina Department 
of Industry and Commerce data tapes. From each cell, a 
sample size (fz1) with an associated employment (e) will be 
estimated to ensure statistical reliability and balance. Samples 
will then be inflated by a factor of 2.5 to account for non
response. The actual returns in each cell (n1) with employment 
e will then be factored to represent North Carolina 
manufacturing employment and total firms. That is, 

E 
Factoremploymen1 = -

e 

for each cell. About 800 to 1,000 returns are anticipated . 

Policy Analysis 

Key items related to policies the state might undertake to 
improve access to counties or to increase manufacturers' sat
isfaction with sites are identified. As an example, consider a 

TABLE 2 SAMPLING PLAN FOR MANUFACTURERS 
SURVEY 

Industry Group 

County 2 3 

1 
2 Universe N1 E 

Sample n1 e 
3 Actual n1 e 
4 
5 

4 
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proposal to build a 150-mi loop around Charlotte, about 30 
to 40 mi out. Such a loop would make several of the counties 
more accessible by increasing their four-lane road mileage. 
A preliminary estimate of changes in mileage, and resulting 
changes in cluster grouping, are presented in Table 3. 

The outer-outer belt would radically increase the accessi
bility of Lincoln County (moving it from Spot 3 up to Spot 
19 in Ch1stP.r 1), Cabarrus County (moving it from the bottom 
in Cluster 2 to Spot 45 in Cluster 1), and Stanly County 
(moving it from Spot 15 to Spot 25 in Cluster 1) . Iredell 
County would jump from Cluster 2 to Cluster 5, joining five 
other metropolitan counties as the most accessible in the state. 

POLICY IMPLICATIONS AND CONCLUSIONS 

The study has already yielded a number of important policy 
findings, which may be of use in other efforts. 

First, except perhaps in the smallest of states, a homoge
neous state economic structure or transportation-access struc
ture does not exist. Therefore, policies related to these factors 
should be capable of being targeted at the county, subcounty, 
and perhaps the corridor level. States must recognize that 
individual counties will have different needs for transpor
tation access. Different transportation investments in various 
regions of the state will yield different results. The conclusion 
argues for a county or regional approach to transportation
investment assessment. In such a context, regional economic 
models at the state level are not likely to be particularly 
successful. 

Second, although it is possible to develop and manipulate 
extensive analytical tools during the analysis of transportation 
and economic development, these tools are not necessary for 
most studies. The authors' analytical work in recent studies 
has been relatively straightforward and has focused almost 
entirely on the use of aggregate relative trend statistics by 
county. The use of analytical tools such as factor and cluster 
analysis may aid the investigation but are certainly not essen
tial. Thorough study planning and straightforward, descriptive 
analysis results can yield a great deal of valuable information. 

Third , perhaps not surprisingly, transportation access was 
found to be a nonprimary variable in overall siting decisions. 
An affirmative location decision will not occur in the absence 
of good accessibility , but, conversely, the presence of a good 
highway is not apt to be a decisive factor. The transportation 
systems in many states are extensively developed and provide 
good access to distant markets by high-level Interstate sys
tems. As noted earlier, the virtual completion of the Interstate 

TABLE 3 EFFECT OF CHARLOTTE LOOP ON COUNTY 
ACCESSIBILITY 

Without Outer-Outer Belt With Outer-Outer Belt 

Four-Lane Four-Lane 
County Roads (mi) Cluster Position Roads (mi) Cluster Position 

Cleveland 48.20 1 38 63.20 1 40 
Lincoln 20.58 1 3 30.58 1 19 
Iredell 66.94 2 23 77.94 5 5 
Cabarrus 39.81 2 1 52.81 l 45 
Stanly 14.31 1 15 26.31 1 25 
Union 28.40 1 26 59.40 35 
Gaston 68.43 2 9 75.43 2 4 
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system has made good highway accessibility a reality for many 
previously less well served areas. Although the most rapid 
economic growth is likely to continue in those regions that 
are the most accessible, increasing the accessibility of other 
regions will not necessarily accelerate their growth. Further
more, the most accessible regions also have infrastructure, 
markets, labor supply, and other assets to attract economic 
growth. At the site scale, transportation access is critical to 
a firm 's success; in the aggregate, at a county or state level, 
it has a less discernible impact. 
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Comprehensive Framework for Highway 
Economic Impact Assessment: Methods 
and Results 

SAMUEL N. SES KIN 

A framework for assc ing economic impact f highway improve
ments that is comprehensive in scope, diver e i11 method logy, 
and u eful both for ranki ng needed improvement and in making 
inve tment decisions is presented. urrent user benefit a ses -
ment technique · are expanded by adding an as. c ment of regional 
economic benefit . These benefits are measured in term. of change 
in bu ·ines cost-, both in absolute terms, and in relation to cost 
experienced by area r regions not affected by the proposed 
improvement. Changes i11 bu ine costs incrca e the pr ducrivity 
of affected bu ine ·e , allowing them to expand markets and 
market hare, increase profits , or otherwi.s enhance their com
petitive po iiion. Regional economic benefits include opportu
nities for business expansion, business attraction, and tourism 
development. Business expansion benefits include the indirect 
and induced effects of user benefit (travel time saving . pernling 
cost changes, and safety benefit ) . Business attraction benefit 
include the effects of the highway investment on the 1ype and 
quantity of new economic activity that may occur in th affected 
region as a re ult of the highway. This assessment typically include 
the development of several scenarios, on the basis of varying 
levels of effort and initiative by local economic developers. Tour
ism benerits include change in expenditure resulting fr m new 
tourist 1ravel pattern . Three ca,e studies are pre. entcd ill us
trnting th.c application of the framework t i11te1 - amJ iulrnurban 
highway projects in Wisconsin, Massachusetts, and Indiana. The 
case tudics suggest that the framework captures regi nal benefit 
the valu of which is equal to 50 t 150 percent of 11 ·er b ne.fit 
alone . Regional benefits are sensitive to the leve l of improvement 
of 1he affected link , and to the implem ntarion of related public 
policie . 

The scarcity of funds at the federal, state, and local levels in 
the United States for the construction or improvement of 
highways has led to the need to improve techniques to mea
sure the benefits of improvements to highway infrastructure 
and to apply these techniques more systematically and more 
rigorously. Although techniques of benefit-cost assessment 
for infrastructure have been refined systematically for decades 
by economists in this country and abroad, they have 
been applied more typically to investment decisions in 
less-developed countries than they have in Lhe United States. 

Three imperatives exist in today's world of highway invest
ment decision making. The first imperative is for an accurate 
and comprehensive framework for benefit assessments. Tra
ditional user benefits, as described in the 1977 AASHTO Red 
Book (1), do not account for the full set of economic benefits 
associated with highway improvement. At the same time, 
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some attempts to correct for this underestimation have gen
erated benefit assessments that are too generous. Overesti
mation has occurred both because of overestimation of values 
of certain benefits and because of double counting of others. 
The challenge to the academic and professional communities 
has been to expand the framework for measuring benefits of 
highway investments in a legitimate and responsible manner. 

The second challenge has been to integrate several benefit 
assessment methods into a single framework. Each of the 
methods currently used to measure one or another aspect of 
benefits has its advantages and disadvantages. Through selec
tive appiication oi these methods to the benefit types most 
well suited to them, a benefit assessment system has been 
created, the value of which is symbolically greater than the 
sum of its parts. 

The third imperative is for a benefit assessment system the 
results of which are both understandable and useful. In order 
for such results to occur, the benefit system must be intuitively 
as well as theoretically correct. It must sort out invest
ment alternatives and rank them unambiguously on both an 
absolute and a relative basis. 

A benefit assessment framework, which passes these three 
tests, will be presented in detail in the sections that follow. 
The proposed benefit assessment framework integrates the 
traditional user benefit framework together with a second 
series of techniques measuring benefits received by the larger 
economic region through which a highway passes and whose 
economy it affects (Figure 1). 

The current user benefit framework, shown in Figure 1, is 
well understood. Benefits to the larger region(s) served by 
the highway have received less attention, but are equally 
important. It is this set of regional economic benefits which 
is the principal subject of this paper. 

The methods used to measure these benefits are still evolv
ing, in response to client comments and other research find
ings. The accounting framework presented, however, has 
remained in place in all the studies discussed. Application of 
this framework is illustrated by three case studies. Last, the 
principal findings are highlighted . 

USER BENEFITS 

Travel Time 

Following the traditional framework, user benefits are assessed 
in the form of travel time savings, changes in operating costs, 
and reductions in accidents and fatalities. Travel time savings 
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User Benefits 

• Travel Time 

• Operating Costs 

• Safety 

Regional Benefits 

• Business Expansion 

• Business attraction 

• Tourism 

FIGURE 1 Highway benefit 
assessment framework. 

are measured by the use of a travel demand forecasting model 
that estimates future demand not only for the facility proposed 
for construction or improvement, but also for all other links 
in the regional highway network of which it is a part. 

A transportation network model (TRANPLAN) forecasts 
traffic demand and trip distribution. Because the TRAN
PLAN model assigns each trip to a route that minimizes travel 
time and produces estimates of both vehicle-hours and vehicle
miles traveled on each link in the highway system, its output 
can easily be used to calculate the value of travel time savings 
from highway improvements. 

In two of the three studies, a value of time of $7.00/hr for 
a passenger vehicle was used. In the third study, value of time 
was based on 60 percent of the average hourly earnings of 
the driver of the vehicle and 40 percent of the hourly earnings 
of each passenger. Use of this method would result in the 
effective value of time per vehicle of $10.41/hr (2). 

These studies depart from the traditional methods for travel 
time savings calculations in the treatment of benefits for com
mercial vehicles. Rather than follow the traditional approach 
of valuing commercial vehicle time at a fixed rate, it was 
recognized that savings in travel times for commercial vehicles 
change the cost of doing business for the owners of those 
vehicles relative to other businesses not making use of the 
highway improvements. If the driver of a truck saves 1 hr by 
making use of the highway improvement, then the value of 
that travel time saved is an actual savings of dollars for the 
business involved, rather than an imputed savings as is the 
case with passenger vehicles. In recognition of this fact, the 
direct benefits for business vehicles were segregated and their 
impacts examined more comprehensively. 

Operating Costs 

The second component of the traditional user benefit analysis 
is a calculation of changes in vehicle operating costs associated 
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with changes either in travel speeds or operating conditions. 
To measure how increased highway travel speeds, reductions 
in stops and stop lights, and traffic congestion affect the 
operating speed of today's vehicle fleet, several methods 
were used. 

The first method used information developed by FHW A 
on vehicle operating costs as a function of average travel 
speed. These statistics, shown in Figures 2 and 3, make clear 
that higher automobile and truck operating speeds in excess 
of approximately 30 to 40 mph result in reduced vehicle effi
ciency and increased operating costs. 

On the other hand , there is ample literature documenting 
the savings that result from a reduction in acceleration and 
deceleration at signalized intersections. The methods also make 
use of these data by calculating the dollar value of savings in 
vehicle operating costs. These savings include a reduction in 
waiting or idling time at stops as well. For convenience, all 
of these savings are identified as savings in vehicle operating 
costs, rather than travel time savings, although idling time at 
signalized intersections clearly can be measured in the form 
of travel time savings. 

Depending on the characteristics of the proposed highway 
improvements, benefits of reduced acceleration, deceleration, 
and idling time may offset the disbenefits associated with 
higher vehicle operating speeds and generate a net benefit 
under this heading. Alternatively, on roads principally free 
of signalized intersections, changes in vehicle operating costs 
as a result of improving a given link may result in higher 
operating speeds, which generate net disbenefits to highway 
users. 

In this context, the benefit assessment model responded to 
conflicting forces that affected vehicle operating costs and 
generated results that estimated the dollar value of the 
benefits or disbenefits associated with those changes. 

Safety 

The third category of user benefits is safety benefits. The 
benefit assessment framework included a determination of 
the effects of highway improvements on accidents, injuries, 
and fatalities not only on the link improved but also on the 
entire regional network. This calculation was a result of the 
application of a matrix of accident rates used for the forecast 
of vehicle-miles traveled generated by the traffic model. Each 
link in the model was assigned a series accident rate that was 
a function of the link's characteristics. These characteristics 
included the number of lanes, whether the link was urban or 
rural, the range of volumes forecast for it, and the degree of 
access control. 

Thus; if a given link was improved from uncontrolled to 
fully controlled access, widened from two to four lanes, and 
experienced a 25 percent increase in traffic volumes, the model 
identified the appropriate accident rate on the basis of empir
ical data developed by the FHW A and then calculated the 
number of accidents, injuries, and fatalities that could be 
expected on that particular link in any particular year. If the 
link itself was not subject to any improvements, but merely 
experienced a change in traffic volume as a result of an 
improvement made elsewhere, the associated effect on traf
fic safety was still calculated and included in the benefit 
assessment. 
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FIGURE 3 Automobile operating costs per 1,000 mi of travel: four-lane highways for 1988. 

Safety benefit assessment methods are well developed today, 
but the approach just described has several unique aspects, 
one of which is its ability to model the effects of a transpor
tation improvement on traffic safety in an entire region , rather 
than merely on the affected link. This results from integrating 
the transportation network model into the overall benefit 
assessment framework. 

The framework also used willingness-to-pay studies com
pleted in recent years by researchers at the Urban Institute . 
This research, underwritten by the FHWA, is a substantial 
advance in benefit assessment methods associated with the 
valuation of accidents, injuries, and fatalities. The effect of 
its use is to increase the dollar value of benefits associated 
with reductions in traffic incidents. This increased dollar value 
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reflects broader measures of the true societal benefits asso
ciated with accident and injury reductions. Whatever the merit 
of the willingness-to-pay concept, the framework uses both 
these higher values for accidents, injuries, and fatalities, and 
the more traditional values calculated annually by the National 
Safety Council in different studies. 

REGIONAL ECONOMIC BENEFITS 

Today, concern is growing in the United States about eco
nomic competitiveness and the ways in which U.S. businesses 
are not competitive with other businesses globally. When 
transportation improvements result in reduced costs to busi
nesses, businesses can be said to receive a competitive advan
tage that equates with increased profits, access to new mar
kets, and generally a more competitive new product than was 
previously the case. A benefit assessment model that does 
not take into account the effects of these changes in relative 
and absolute costs ignores an important component of the 
complex and dynamic society and economy. 

The rapidly growing interest in the issue of highway benefit
cost analysis is evidence of a widespread belief that improve
ments to transportation infrastructure have benefits that go 
beyond those attributable to highway users for the brief period 
of time in which they are actually traveling on the proposed 
highway improvement. There are two reasons to believe that 
this widespread belief is valid and correct. 

First, that changes in transportation infrastructure can affect 
the cost of doing business has been amply documented. These 
effects are both absolute and relative. In the absolute sense, 
they can be measured in the form of dollar benefits to busi
nesses resulting from reduced vehicle travel time, changes in 
operating costs, and safety benefits. In a relative sense, these 
same benefits can be measured in the form of advantages 
conferred on users of the new highway relative to those busi
nesses or business regions beyond the reach of the highway 
improvement. 

Benefit Type 

UserSenefjt 

Travel Time 

Operating Costs 

Safety 

8.Hlacul.l E"a11omh~ le.neats 

Business Expansion 

Business Attraction 

Tourism 

Transp. 
Network 
Model 

• 
• 
• 
• 

FIGURE 4 Principal analytic techniques. 
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The second reason for believing that traditional benefit 
assessment techniques are imperfect and incomplete is their 
failure to recognize the way in which a change in transpor
tation infrastructure changes not only the actual highway map, 
but also the perceptual map that plays such an important role 
in personal as well as business decisions. Research on bu iness 
development and business attracti n programs nationally has 
disclosed substantial anecdotal evidence of the ways in which 
a new highway can change or affect business locational deci
sions. In addition, published survey results of locational deci
sion makers have confirmed this conclusion. 

Although this point can be overstated, the upgrading in the 
functional classification of an interurban highway can change 
U1e prospects for business attracti n in th affe ted metro
politan areas i.n a way that may not b directly related to 
change in travel time. The effect of the ·e changes in a regi n' · 
perceptual map will be more fully di cu · cd in terms of their 
effects both on busine · attraction and on tourism activities. 

Together, issues of relative cost and local or regional per
cepci ns nece sitate the development of method to a es 
impact-; of highway improvements on the larger economi 
regions througb which the improvement. pas and who e fea
tures they affect. Such progress would require the develop
ment of new benefit categories, which are called regional 
economic benefits and include three types: business expansion, 
business attraction, and tourism benefits (Figure 4). 

Business Expansion 

The first category of regional economic benefits is an assess
ment of the full economic benefits associated with business 
expansion resulting from highway improvements. Business 
expansion impact assessment quantifies not only the direct, 
but also the indirect and induced effects of all types of user 
benefit savings to area businesses. 

Determining the full value of business user benefits for a 
region's economy requires familiarity not only with national 

Economic 
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statistics on transportation demand elasticity and modal pref
erence by industry groups but al o with the web of origins 
and destinations of goods shipped to and from businesses 
within the region affected by the transportation improvement. 
In order to obtain origin and d tinati n data •. urveying area 
businesse and indu try group and inquiring directly about 
the travel patterns of their tleet is usually n cessary. Thi 
information includes the trnvel pntte.rns f vehicles not only 
owned or leased by the companies interviewed, but also of 
vehicles paid to pick up and deliver products. 

evernl techniques that have been u ed to ather these 
data typically involve respon es to a written que tionnaire 
asking businesses to record the movement of all vehicles to 
and from their loading docks for 1 week. Exact origins and 
destinations are c ded and entered into a data base that is 
used to generate an origin and destination matrix for the 
region as a whole for each of its key industries. Use of this 
matrix enables the refinement of a traffic forecast for com
mercial vehicles and the calculation of commercial travel time 
savings in the most precise manner possible . 

With a t:alculation of busiJ1ess vehicle miles of travel (VMT) 
and vehicle hours of travel VHT) in hand , a regional ec -
nomic model was u ed to determine their value more com
prehensively. The model takes as inputs the values of all user 
benefits attributable to the highway improvement and cal
culates their indirect and induced impacts on the regional 
economy by modeling the effects of recapturing the dollars 
that otherwise would be lost to longer trips, more accidents 
and injuries, and changes in vehicle operating costs. The model 
quantifies the value of the direct, indirect, and induced effects 
of business user benefits. 

Thus for example, if a business saves $1,000 per year in 
travel time, calculated at a value of $15.00/hr for each vehicle
hour saved, those dollars are assumed to reenter the regional 
economy as I wer co t of doing business and in turn may 
result in increa ed profit for busines ·es, increased wages for 
employee increa ed employment, ancl in .r a ed market share. 
Savings for businesses repre ent real d liars saved by the 
region's residents and entrepreneurs, rath~r than a reduction 
in opportunity cost experienced by motorists traveling in pas
senger vehi ·I -. Furthermore, these dollar savings for area 
bu inesses have multiplier effect . 

Regional Economic Models, Inc. (REMI) developed the 
economic simulation model used in the studies and is specif
ically designed for individual counties or aggregations of coun
ties. The model goes beyond input-output accounting by 
including information on a large number of economic factors 
and their re lationship to regional or industry-specific growth 
and decline. These factor include relative wage rates 
and labor productivity utility co l , tax rates. capital costs, 
occupational mix, input costs, and transportation costs. 
Altogether, 1,312 variables can be adjusted in the model. 

The model includes historic data from 1967 to the pre ent 
that i. 1 ed t determine how a county's or r gion ' · growth 
has and will compare with national foreca ts developed by 
the U.S. Bureau of ·conomic Analy is. Another advantage 
of the REM! model is it~ full per ·onal computer compatibility 
and also it ideal de ·ign for p Ii y simulati ns. Other regi nal 
economic models may be available with these same advan
tages. 

In summary, business expansion benefit assessment con
sists, first, of a determination of the magnitude of a marginal 
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change in commercial vehicle hours and miles traveled. This 
information is the output from a transport network model 
from which changes in travel time for commercial vehicles are 
determined on the basis of the di tribution of actual rigins 
and destinations of area busines travel. A regional economic 
model is then used to determine the indirect and induced 
effects of business travel time savings. In addition, the model 
is used to quantify Lhe indirect and indm:t:d effect of change 
in operating cost and of direct safety benefits to commercial 
vehicles (Figure 5). The result is a more comprehensive assess
ment of the value of user benefits to businesses than has been 
possible with traditional user benefit assessment techniques. 

Business Attraction 

A second set of broad regional economic benefits that result 
from tran ponarion improvements is changes in the types of 
businesse and rates at which they are attracted t the region. 
Bu ine s attraction is defined as the selection of a I cation 
for new investment and employment by a company not pre
viously represented within the region. It is a clas. ification for 
the role that regional relative cost factors play in the growth 
of employment and income. 

Transportation access is '.vide!y ackncv.'1edged as being an 
important influence in site selection. Tran p rtation access 
along with the following factors influence the site selection 
process: 

•Labor, 
• Sites, 
• Utilities, 
• Quality of life, 
• Business climate, 
•Capital , and 
•Transportation. 

The role of these factors in site selection decisions varies not 
only by industry but also by facility type . These factors would 
be weighted differently for the location of a headquarters 
facility than for a branch plant. 

Although factors affecting business location decisions are 
complex, sufficient empirical work has been done both to 
document the importance of transportation as a contributor 
to lo ation decisions and to make possible the development 
of a framework and process for assessing effects of a specific 
transportation improvement on the prospects for business 
attraction. Failure to include and quantify lhe value of these 
business attraction benefits as part of a highway impact assess
ment would result in an unnecessary underestimation of the 
benefits associated with a project. 

An assessment of potential business attraction benefits 
involves weighing qualitative and quantitative data. The first 
step in the assessment process is the identification of appro
priate target industries and sectors. A diverse series of data 
collection techniques are used for this purpose. Quantitative 
techniques include a review of the measures of concentration 
of industries, such as shift-share analysis, and an assessment 
of relative cost faced by industries within the region , including 
wage rates, utility rates, and capital costs. A review of historic 
patterns and rates of employment growth provides an impor
tant perspective. Finally, a review of available data on recent 
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FIGURE 5 Business expansion analytic framework . 

plant expansions and relocations would suggest which 
industries are sensitive to local and regional advantages. 

Familiarity with national data on industry growth and loca
tion is also necessary. Interviews with local economic devel
opment practitioners are an important source of information 
and feedback about preliminary conclusions concerning 
appropriate target industries. Local practitioners are also a 
source of existing studies on the region and its economy, 
including target industry studies prepared for local economic 
development groups and Chambers of Commerce. 

An assessment of potential business attraction benefits would 
also include a review of the strengths and weaknesses of indi
vidual communities and counties within the regional economy 
to determine the degree to which changes in transportation 
infrastructure and costs could induce economic growth. 

These diverse activities all play a role in the business 
attraction assessment, which is essentially a four-step pro
cess. As shown in Figure 6, the process consists first of the 
development of an appropriate target industry list followed 
by a determination of the transportation sensitivity of those 
sectors on the target list. This review includes hard, quanti
tative data, such as transportation elasticity measures, as well 
as more qualitative data , such as the degree to which non
transportation-related problems are likely to act as constraints 
in economic growth. 

In fact, to emphasize the role that non-transportation-related 
factors play in the prospects for economic growth and business 
attraction, several scenarios are usually developed for busi
ness attraction benefits. These business attraction scenarios 
are the third step in the assessment process. One scenario is 
developed assuming a continuation of existing economic 
development activities. Another scenario is developed assum
ing implementation of some set of policies, programs, or activ
ities that are felt necessary to induce a higher level of eco
nomic growth. These activities may include job training 
programs, marketing or planning efforts, special community 
loan fi.inds, or other political and economic activities that are 
part of a comprehensive economic development strategy. 

Having estimated one or more levels of potential business 
attraction, the final step of the business attraction assessment 
is modeling the indirect and induced effects of a certain num
ber of direct new jobs using the regional economic model 
previously discussed. 

Tourism 

The third component of a regional benefit assessment is 
assessing the potential growth in tourism as a result of the 
transportation improvement. Although the composition of the 
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FIGURE 6 Business attraction analytic framework. 

tourism industry is well known, and its relationships to other 
sectors of a regional economy are clearly established, the 
prospect for touri m growth mu t be a ses ed only b review
ing the specific local mix of louri m activitie. and the p t ntial 
for growth in tourism from the highway impro cment in 
question. 

Becau ·e touri m has become such an important part of 
many local conomic strategies and demand for its produce is 
a unique result of the relationship between local attractions 
and characteristics and those of competing areas and attrac
tions, distinctive methods for assessing tourism potential have 
been developed. 

This assessment begins with a collection of existing tourism 
vi ilor origins and destination ·. Patterns of origination are 
eva luated on a county-by-county basi whenever possible. The 
object of the as essm nt i to determine existing and historic 
patterns of tourism and busine travel to identify those direc
li ns of origin that have traditionally provided the largest 
number of visitors to the study area. 

In addition, the potential for development of new desti
nations and touri m attraction with.in the study area is as:essed, 
focusing principally on potential f r new destinations for per
sonal or family, rather tha11 busines , trnvel. 

A final component of the data collection proces is btain
ing touri m expenditure data. These data typicall y are avail
able through regional or state tourism promo1j n gr up .. With 
information on vi itor rigins and desti nations, visitor expen
diture , and an assessment of the potential for growth and 
local attractions a demand forecas t i prepar d for loca l 
tourism activities. 
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This foreca t can b driven by a gravity model that predicts 
the potential for gTowth in per onal travel from a spccifi 
direction as a function of changes in travel time. Thus given 
that ity A, 10 mi north of the study area. yields JO visitors 
per l .000 p pulation , wherea · ity B, 50 mi away, yield 30 
visitors per l ,000, the degree to which tran porration improve
ment in a northward direction would increa · the likely k:vel 
of visitRtion from City A was measured as the deer a c in 
travel time from that city to the study area. These calculations 
are refined to reflect knowledge of the pull of competing 
attraction~ elsewhere to the north. 

The tourism demand forecast, coupled with the available 
data on tourism expenditures, allows for the calculation of 
the economic impact of increases in tourism activities and visi
tation as a result of transportation improvements. This eco
nomic impact is expressed in term of direct expenditures and 
indirect and induced expenditures, again through the use of 
the regional econ mic model (s e Figure 7). 

Tourism impact assessment includes an explicit assessment 
of the degree to which increa in tourism activity in the 
study area would be at the expense of touri m activity el -
where. The object of this a essmenl i. to en ·ur that increa. e 
in tourism activity being measured are, in fact, net rather than 
gross increases. The regional economic model can be de igned 
with a zone corresponding to the balance of tate r balance 
of region, and changes in employment in this zone can 
be quantified and deducted from the effects otherwise 
attributable to the improvement being studied. 

CASE STUDIES 

Of the several studies and reports that have made use of all 
or part of the economic imp::ict· frnmew rk ju t di cu ed. 
three projects meri t special attention. One . tudy, com pl ted 
for the Wi.con in Departmellt of Transportation between t9 '7 
and 1989, involved the economic development benefits of a 
combination of east-west highway corridors between Green 
Bay, Wis., and the Minneapoli. -St. Paul, Minn., metropolitan 
area. A second study was completed in l 989 for the Ma a
chusetts Executive Office of Transportation and Construction 
on the economic effects of the reconstruction of the central 
artery in Boston, Mass ., and the construction of a third harbor 
tunnel between Bo ton and Logan International Airport. The 
third case tudy, conducted between 1988 and 1989, assessed 
tbe benefits of four alternative highway improvement pack
ages in southwest Indiana, principally between Indianapolis 
and the city of Evansvi lle. 

Northern Wisconsin 

In Wisconsin, the costs and benefits of constructing a four-lane, 
200-mi highway between Green Bay and the Mi1 1 eapolis
St. Paul area were examined. The study evaluated four alter
native levels of improvements for State Highway 29 (SH-29) 
and US-45; a follow-on report evaluated similar alternatives 
for SH-29 and US-10. 

This project was distinguished by a number of features. 
First was an emphasis on ways of attracting tourism devel
opment from the Minneapolis area to northern Wisconsin . 
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FIGURE 7 Tourism analytic framework. 

Second was an emphasis on examining benefits and costs a s · 
ciated with different Level · of highway improvements, ranging 
from a mixture of two- and four-lane at-grade highway 
segments to a fu ll freeway configura tion. 

The Wiscon in Department of Tran portation was com
mitted to constructing improvements in the corridor and funds 
were available for the project. The question for the consult
ants was to assess the magnitude of the benefits associated 
with the alternatives and to determine the appropriate level 
of improvement . 

For thi project nonu e r bene fits were roughly equal in 
magnitude to traditional use r benefit (Figure 8). Of pa rticular 
ignificance wa the potential for a ttracting new busine ·e in 

food products, wood products. trucking and distribution , and 
hea lth care in addition to substantially enhancing touri m 
development. 

A combination of freeway and expressway improvements 
on SH-29 and US-10 emerged as the most beneficial improve-
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ment package . Benefits from this package were greater than 
tho e using SH-29 and US-45 (the alte rnative rout e) . Fur
thermore, benefits from the freeway and expressway com
bination exceeded those that could be obtained from all
freeway construction . Although benefits were as. ociated w.ith 
a freeway route the re turn on the incremental investment 
required for con tructing the freeway was less than the re turn 
available from the wnstruction of a combination of freeway 
and expressway improvements. Accordingly, the all-freeway 
alternative was not selected. 

Eastern Massachusetts 

In Massachusetts, economic effects were assessed for the 
planned construction of an underground central artery free
way (I-93) to dowmown Bo ton and a new tunnel under Bo -
ton Harbor extending the Ma sachu ett Turnpike (1-90) to 
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FIGURE 8 Ratio of benefits to costs for SH-29 and US-45 in Wisconsin. 
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Logan International Airport. The cos1 of the improvement 
package was estimated at $4.4 billion. As parl of Lhe 
environmental impact analysis, the economic effects of th 
project on the City of Boston and the broader five-county 
metropolitan area were evaluated. 

Long-term effects of building ver ·us not building the project 
were evaluated by using a transportation network model to 
estimate differences in commuter and commercial travel time 
saving . In addition tht dfect!; of the project on tourism, 
conventioneering, and retail ac tivities were al o evaluated. 

The study examined effects during and after construction. 
During con tructi n, a modest decrea e hi economic activity 
was forecast along with a shift of retailing activity away from 
downtown Boston. In addition the loss f some convention 
bu iness was seen for the downtown area. Alter construction, 
the benefit included a reduction in commuting time and 
trucking costs thereby encouraging th expansion of existing 
regional bu incsses. Reduced congestjon to downtown wa 
measured in terms of its effects on labor market access and 
labor costs particularly for white ollar employment. he 
tudy concluded that con tructing the projec1 would help achiev 

the forecast level of growth for the regional economy by 
removing a key barrier limjting the prospects for d wntown 
employment growth. Similarly, the existence of the new free
way and toll tunnel would encourage continued growth of 
tourism and convention business that would h e the.rwise 
been constrained by downtown congestion. 

A formal ben fit-co t analy i was not conducted as a part 
of this study. The re ult. indicate, however, that the project 
would yield a net present-value benefit-cost ratio in execs f 
U1rec to one. U ·er benefits (excluding safety enefi l for the 
year 2010 were e timated to be $500 million out of a total of 
$2 billion in user and regional econ mk benefits for that year. 

Tl u , for Lhi major inlraurban highway reconstruction pro
grnm a substantial cream uf benefits wer identified rhat 
wou.ld nor occm without the proposed improv ments. L ng
term growth prospects for downtown Bost a depend on pro
viding travtil m;cess for all mode of tran porlation including 
highway . Thi study quantified the amount of growth in th 
form of jobs and incom that were at risk for this project if 
it were not completed. 

Southwest Indiana 

In lndiana, economic benefits were studied for highway 
impr vements between th state capital . Indianapolis, and 
major cities in the s uthwe tem part of the Slate. Two alter
natives were studied for highway improvements between Indi
anapoli and Evansville the southwest region's large 1 city. 
One was the c nstructio.n of a new controllcd-acce · highwa 
ab ut 135 mi long. The other consisted of a package of 
improvements to existing two-lane roads that included 
upgrading to a mixture of controlled-access and expressway 
segmen1s. In two parallel corridors, the economic effects of 
selective improvements were also studied. The e impr ve
ments included upgrading existing two-lane roads to uper 
two-lane and f ur-lane facilities. 

For each corridor, four to six alternatives were initially 
examined, from which one alternative was proposed for a fu ll-
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scale ana!ysi . A screening process was developed to sort out 
the relative advantage of these numerous alternatives in a 
cost-effec1ive manner. The ere ning proc1: ·s involved a qual
itative assessment of everal cl zen economic d ve!opmcnt 
and engineering criteria and a weighing of the relative ranking 
of each preliminary alternative for each of the criteria. 

De pite the emphasis given to economic d elopm nt con
siderations in I his study. the results were surpri ing. !though 
all four alternatives generated sub tantial economic benefit 
and in one case the present value of the benefit stream exceeded 
the present value of project costs, resulting in a benefit-cost 
ratio of 1.23, levels of overall ben fit relative to cost were, 
as a group, considered too low to warrant a recommendation 
to construct. 

The magnitude of the regional economic benefits for all 
four alrernatives equaled or exceeded the magnitude of the 
traditional user benefits. Forecast levels of busine ' attraction 
benefits were substantia l for all of lhe alignment . The ben
efit for exi ting business were also sub tantial , though when 
mea ured in terms of contributions to regional cmpl ymen1 
they constitut cl a mailer ·hare of overall benefits than 1h ir 
dollar value would suggest. This effect occurs because the 
benefit. for exi ting businesses of improvements in transpor
tation accrue principally in rhe form of increased profit rather 
than in expanded sales and employmen1. Last , tourism ben
efits, although of relatively small importance in the context 
of the 18 counties . tu died, were a dominant source of pot ntial 
bendil lO veral counties within the sLudy area. These coun
ties ranged from urban with a large regional conv ntion 
center, to rural, with a variety of scenic and recreational 
attractions. 

KEY FINDINGS 

Viewed together, the three case studies suggested several 
conclusions. 

1. In each case described, the application of a more com
prehensive framework for the a e menl f benefits gener
ated a stream of benefit whos value was approximately 50 
to 150 percent of what would have been identified olely by 
reference to traditional user benefits. For Mas achusett , u er 
benefit were of such substantial value that the project war
ranted construction on th basis of them a lone. For Wisconsin, 
an analysis of user benefits alone was not ufficient to justify 
con !ruction , but when combined with regional cono.mic ben
efi t , they made a compelling ca ·e for the proposed improve
me11t package. For Indiana, although the inclusion f eco
nomic benefits clearly increased the value of the overall benefit 
stream, the ratios of benefits to cosl were still not sufficiently 
large to warrant a recommendation for construction. 

In all cases, the enhanced benefit stream was measured 
without a.ny double counting thr ugh adherence to a rigorou 
framework for both regional benefit and highway u er ben
efits. Th fundamental principle behind the d velopment of 
thi framework was that highways hange the und rlying set 
of economic conditions that affect the prospecrs r econ mic 
growth and busines development. Th e changes in lucl 
changes in relative bu ines cosl's which result from more 
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efficient transportation systems, and changes in the perceived 
attractiveness of a particular location or region as a business 
address. These perceptual changes, though a less important 
contributor to economic growth and a less tangible one, con
tribute greatly to the potential for economic growth in an 
economy driven by a highly competitive site selection process 
in which communities and states vie with one another to attract 
expanding companies. 

More significant , changes in the relative cost of doing busi
ness in a region fundamentally change the prospects for busi
ness growth, tourism attraction, and overall business attrac
tion. These changes in relative costs reflect an improvement 
in the overall efficiency not only for the regional economy, 
but also for the national economy, because of national sales 
of the region's products and services. 

The system described here for the measurement of regional 
economic benefits was designed explicitly to avoid any double 
counting. For example, the economic value of travel time 
savings for passenger automobiles was carefully segregated 
from the economic impacts of travel time savings for busi
nesses and their vehicle fleet. Business travel time savings 
have different effects and were accounted for in a separate 
manner . 

2. A second conclusion drawn from the research was that 
both user benefits and regional economic benefits are sensitive 
to the levels of improvement that might occur on the region's 
highway system. Just as user benefits increase when a highway 
is improved from two to four lanes, or when travel speeds 
are improved from 50 to 55 or 65 mph, regional economic 
benefits increase as well. 

Research in Indiana disclosed the existence of a set of regional 
economic benefits that can accrue to a medium-sized met
ropolitan area solely from the construction of an interregional 
highway to Interstate standards. There is clear evidence that 
corporations considering a multistate or national environment 
for an expansion site can and will overlook a city or region 
that lacks an Interstate highway connection, or a controlled
access road of similar quality leading to or from the markets 
of interest to them. Interviews with site location decision mak
ers and local economic developers suggest that certain facil
ities will be sited not only on the basis of a quantitative trans
portation factor, such as travel time to or from other points, 
but also on the basis of a more qualitative assessment of the 
characteristics of highways leading to and from the region in 
question . 

For someone responsible for siting a major distribution 
facility, that St. Louis or Indianapolis is 3 hr away may not 
matter as much as that those 3 hr would be consumed traveling 
on an Interstate rather than a state or U .S. highway. Similarly , 
managers of convention facilities and major resorts affirm that 
the absence of Interstate access precludes bookings from 
certain companies and tour operators . 

Every city may not need , deserve , or be able to benefit 
sufficiently from an Interstate highway. However, the eco
nomic development benefits of transportation improve
ments are not solely a function of changes in travel time as 
traditionally included in a user benefit assessment. 

3. Regardless of whether the particular highways studied 
were recommended for construction, the levels of benefits 
projected to occur seem to fall within a somewhat narrow 
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range. In Wisconsin, Massachusetts, and Indiana, the research 
showed that significant inter- or intraregional improvements 
can increase regional income and employment by amounts in 
the range of 0 to 3 percent (in present-value terms) for about 
20 years following completion of construction. 

This finding has both technical merit and intuitive appeal. 
Although the benefits to a particular community or portion 
of a region may be greater than this 0 to 3 percent range, the 
overall level of regional benefits seems consistently to fall into 
this range. 

The regions analyzed have populations ranging from 500,000 
to 3 million. They are, in other words, medium-to-large eco
nomic regions. That a strategic highway improvement gen
erates benefits of this magnitude suggests not only that wild 
claims of proponents are exaggerated and should be dis
counted but also that claims by pessimists that high
way improvements have no value should receive the same 
treatment. 

Although the change of 0 to 3 percent seems like a small 
number, the dollar value of such changes is not at all trivial. 
The benefits from the improvements previously described 
ranged in constant, discounted dollars from several hundred 
million to over 2 billion over a 20-year period. In two of the 
three cases studied, this benefit stream was sufficient to rec
ommend spending large sums on improvements to a region's 
highway infrastructure. Given the vast scale of trade that 
occurs in major metropolitan areas , small changes can mean 
substantial improvements in the standard of living of 
thousands of its residents. 

4. In order to measure benefits reliably and objectively, 
quantitative and qualitative data must be gathered. Quanti
tative data include information from input-output models, 
tables on regional economies across the nation, and those 
from full use of structural econometric models and econo
metric forecasts. These data also include using results from 
econometric models as input to traffic forecasting models. 

In addition, qualitative data play an important role in the 
benefit assessment process. This role includes making full use 
of local expert knowledge of economic development practi
tioners, bankers, business owners, and others. Their knowl
edge of markets, labor conditions, recent business location 
and expansion decisions, perceptions about the local business 
climate, and insights into the trends or problems facing key 
local employers or industries are indispensable for determin
ing the prospects for business attraction or expansion that 
might result from a transportation improvement. 

5. Because the prospects for business growth resulting from 
highway improvements are a function of changes in relative 
costs and perceptions about locational advantage, any eco
nomic model that cannot determine the magnitude of these 
cost changes or the meaning of these changed perceptions will 
be insufficient to assess the prospects for economic growth 
and change. 

For example, a static input-output model such as the Regional 
Industrial Multiplier System (RIMS), which presents a static 
understanding of a region's economy expressed in the form 
of regional purchase coefficients, will be of little use by itself 
in determining how any particular business, industry, or set 
of industries will become more or less profitable, more or less 
competitive, or larger or smaller in size as a result of changes 
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in transportation costs. Those transportation costs have to 
be quantified in other ways and explicitly included in the 
modeling process. 

Furthermore, a static input-output model cannot simulate 
alone the ways in which economic changes unfold over time . 
The substitutions of capital for labor and the changes in the 
cost of labor that result from economic growth in a particular 
labor market are beyond the reach of an input-output mod
eling system. Only a model that explicitly includes recent 
wages and unemployment rates can take these changes into 
consideration. 

In calculating regional economic benefits from highway 
improvements, choosing a set of techniques that can identify 
all economic benefits is essential. A static input-output model 
such as RIMS theoretically and empirically appears to under
estimate the magnitude of the economic benefits associated 
with highway improvements because by itself the model fails 
to take into account the effects of changes in relative costs. 

From experience, the REMI modeling system avoids these 
serious pitfalls. When used with other techniques including 
input-output analysis, REMI produces a more realistic and 
comprehensive economic benefit assessment. 

6. Economic benefits in general and regional economic ben
efits in particular resulting from highway improvements are 
not part of a zero-sum game. 

Numerous criticisms of economic impact studies focus on 
their frequent overstatement of benefits. Overstatements are 
a result of many judgments and factors, one being a tendency 
to define and measure economic effects only within a narrow 
geographic area while ignoring possible adverse economic 
effects in adjacent jurisdictions. Thus, a highway in Indiana 
might attract business to that state at the expense of devel
opment in Kentucky or Illinois. 

All economic studies define the boundaries of the economic 
impact assessment area. Beyond the boundaries of this impact 
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area are impacts that are not being measured that may be 
positive or negative in nature. 

The conclusion that highways can and frequently do gen
erate substantial net economic benefits is based not on an 
arbitrary or self-serving geographic boundary , but rather on 
the fact that highways are inherently a productivity tool both 
for businesses and for citizens. Reductions in travel time, 
easier and safer access to new markets, and new locations for 
business activity all represent ways in which businesses and 
individuals can be more productive in deployment of their 
time, vehicles, products, and services. 

Thus, highway investments clearly represent a means to 
increase the size of the economic pie rather than redistribute 
tiny slices of it. Obviously, there remain questions about the 
distribution of the pie, regardless of its size. But there can be 
little doubt that highways can make the pie bigger. 

7. Last, although the economic framework presented is uni
versally applicable to highway economic impact studies, the 
methods used to quantify the value of key variables must 
continue to be refined. The use of other modeling systems, 
such as variable or dynamic input-output models, should be 
examined. Techniques to better estimate the more qualitative 
dimensions of business attraction estimation should be devel
oped. Through these and other means, the task of measuring 
highway economic effects can continue to be refined, with 
benefits to public officials, taxpayers, and businesses. 
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Methodology for Assessing Local Land 
Use Impacts of Highways 

IRA HIRSCHMAN AND MICHAEL HENDERSON 

A method logy to pr ject and evaluate ihe pot nlial land use 
impacts of a propo ed limited-access highway extension in the 
Roche ter, New York , metmpolitan area i described . The anal
ysis, the re ult of a I-year consu ltant study for the New York 
State Urban Development orpora tion and local sponsors, exam
ined the potenti al impacts of li.nking the towns of Brockpon. and 
Albion , we t of Roche ter, to the Roche rer central business 
district (CBD) via an extension of Route 531. An im portant con
straint that affected the selection of assessment methodologies 
was the relatively mod t amount of time and re ource. avai lable 
for th ludy. Thi type or resource constraint. which was prob
ably the norm for planning studies, precluded 1he development 
of a grnnd land ·useJtran. portarion modeling effort in the style of 
the National Bureau of Economic Re earch rudy, Puget Sound. 
or Bay Area Simulation pioDeered several decades eaUer. It 
required instead the use of methodologie or models that would 
not req ui re enormous amounts of cl ;1 ta . time. or effort t cali
brate. The approach used to projecl potential residential location 
decisions was to develop a gravity model of re idential locarion. 
In general, gravity model , when applied 10 residential loca
tion . require calcu lation of accessibility index score for ubarea 
that arc then used to reallocarc a region-wide growth projection 
to the subareas. The key advantage of this approach was that it 
was ensi tive ro changes in travel time · between residential zones 
and major empl yment nodes. A qualitative appr ach was used 
to evaluate bu ines impacrs. The basic methodology involved a 
review of the c mpetitivc advantage or the area with and without 
the highway extension that incl uded surveys of busine · es inside 
an I ul ide th!! Brockport-Albion corridor. A separate region
wide marketing a1ialysis was performed to asses retail 
development po sil ilitie · in the Bro kport-Albion corridor. 

Western Monroe County and eastern Orleans County in upstate 
New York are economically linked to the city of Rochester, 
but lack adequate highway access to that urban center. Route 
31, which is the main roadway connecting Spencerport , 
Brockport, and Albion to Rochester (Figure 1), is a two-lane 
road that is used heavily and is often congested . In addition 
to commuters working in Rochester, students and employees 
at the State University of New York at Brockport are also 
major users of Route 31. Trucks headed to and from industries 
in western Monroe and eastern Orleans counties also add to 
the roadway congestion. 

The need for a new roadway in this area was recognized as 
long ago as the late 1960s and an expressway was included in 
transportation plans prepared in the 1960s and 1970s. In 1978, 
the Western Monroe County Transportation Study examined 
the expressway issue once again. A total of 26 transportation 
alternatives were evaluated for the area and a new expressway 
was recommended to connect I-490 with Washington Street 
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in the town of Ogden . However, an extension further west 
as far as Brockport could not be justified by the New York 
State Department of Transportation (NYSDOT), primarily 
because of projected traffic volumes. 

The first extension of Route 531 (as the new expressway 
was designated) was completed in 1986 for the 1-mi stretch 
between Elmgrove and Manitou Roads . The remainder of 
the state-approved Route 531 extension, from Manitou Road 
to Washington Street, is a high-priority project for the 
NYSDOT. In July 1988, money was appropriated in the state 
budget for final design of this extension. Construction of the 
roadway could begin as early as 1990. 

Extension of Route 531 beyond Washington Street may 
take several more years to be built, if it is built at all, because 
of the NYSDOT recommendation that the road could not be 
justified on the basis of projected traffic levels . Many local 
legislators, business people, interest groups, and individuals 
believe, however, that such a policy does not recognize the 
development situation in the Brockport-Albion corridor and 
ignores current and future economic conditions. At local urg
ing, the state legislature appropriated funds to the New York 
State Urban Development Corporation for a study to evaluate 
further westward extension of the highway-to the town 
of Brockport and possibly to Albion-from an economic 
development perspective. 

The Brockport-Albion Highway Economic Impacts Study 
was commissioned because, despite the NYSDOT's conclu
sion that the full roadway could not be justified by potential 
traffic levels on the basis of current conditions, the economic 
development that might occur once the roadway was con
structed might generate enough traffic to make the road nec
essary. Recent closings of two major manufacturing plants in 
Brockport added to the concern about local growth, job 
creation, and increased local tax base. 

RESIDENTIAL IMPACTS 

With the construction of the highway, the Brockport-Albion 
area would become, at least in one dimension, a more attrac
tive residential location because of improved access, i.e., 
reduced travel times to places of employment, recreation, and 
educational facilities. 

Several possible formal methodologies, identified in the 
planning literature, might have been used to identify and 
define this effect. One approach was to calibrate a statistical 
model, such as a multiple regression model, which relates 
changes in residential densities to changes in travel time , while 
holding other neighborhood characteristics constant. Calibra-
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FIGURE I Brockport-Albion highway economic impact study area. 

tion is made using an analog corrido r within the same reg1 n 
that expe1ienced a imilar highway improvement at an earlier 
date. This approach requires compilation of a substantial data 
base and time-consuming calibration of a prediction equation, 
including the appropriate model specification. 

A second and far simpler approach was to use one of several 
pos ible i rmulation of a gravity model. In general, gravity 
models , when applied to re idential I cation in a region , require 
calculations of acce-ssibility index core fo r subregions that 
are then used to reallocate projected region-wide growth to 
the subregions. Accessibility index scores are a function of 
composite-weighted travel times to the downtown core and 
to other major employment center in the region. ther fac
tors that affect reside ntial expan ion and density, such as 
avai labi lity of developable land. are also taken into account. 
From a formal demographic standpoint, the gravity model 
seeks to gauge the impacts of transportation access on rhe 
migration component of population change . 

In studies of this nature, where serious time and resource 
constraints prevail, the gravity model approach offered two 
major advantages. First, it did not require calibration of a 
tatistical model but instead required on ly one empirical 

parameter with a typical value that has been e tabli hed by 
previous tudies. Second it allowed the <malyst to relate change 
in travel time in a highway corridor to changes iJ1 populati n. 
Therefore , it wa th approach u. ed in the study. 

A review of th lite rature pointed to the Han. n formu
lation of the gravity model as the basic form to be used for 
the study (J ,2). The basic form of this model states that 

L;Ai 
Gi = G, -"--

2:L;A; 
;~1 

where 

(1) 

G; = population growth increment allocated to subregion 
j; 

G, = total growth projected for the region; 
L; = developable land in subregion; and 
A; = travel time to employment centers from subregion j. 

A basic assumption of the gravity model is that the overall 
regional population projection, generally an official county
level foreca t w uld remain constant. In effect the overall 
regional projection is treated as a stahle control total within 
which small area projections are allowed to vary . 

The value Ai is a composite weighted (inverse of) travel 
time between the subregion j and all subregions, where the 
weights are the number of jobs (employees) in each subregion. 
A typical f rmulation would be 

(2) 

where 

E; = employment in each subregion , 
T;; = the travel time between subregion j and the other 

subregion, and 
a exponential time-impedance parameter, usually equal 

to about 2.0 in most applications of this technique. 

The A; va1ue can be referred to as an accessibility index 
score. 

Of course, other factors in addition to accessibility and 
developable land capacity can influence the growth share, such 
as net natural increase , anticipated economic growth, land 
use controls, infrastructure , tax rates, and local public ser
vices. Thus, the basic gravity formulation of Equation 1 can 
be extended by substituting a product of causal factors that 
interacts with accessibility for the single vac;int lcind (L) factor: 

(3) 

Therefore, the baseline growth share for each subregion 
can be reformulated as follows: 

ViAi 
G, -"~-- (4) 

2: V;A. 
i=l 
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where Vj represents a product of attributes that interacts with 
accessibility and affects residential population. 

As a practical matter, application of the gravity model tech
nique, as formulated in Equation 4, requires that municipal
ities be regarded as the subareas. The analyst must then com
pute changes in each town's Aj score so that revised growth 
shares for each town can be derived and applied to the regional 
population projections. 

To apply the gravity model, it was not necessary to measure 
the individual elements of Vj explicitly for each town in the 
study area. Instead , it was reasoned that the Vj values could 
be computed on the basis of existing official town population 
projections because these projections could be assumed to 
already take into account the various factors of Vj that affect 
local population change. In particular, once baseline Ai values 
are calculated, it becomes possible to derive implicit values 
for Vi. Further , by separating out these Vi values it becomes 
possible to empirically compute changes in the A1 scor s with 
the highway extension while holding the Vi values constant . 
In effect, the procedure allows the analyst to run the gravity 
model by varying the accessibility scores while holding all 
other influences constant. 

For the study, a no-highway-improvement baseline was first 
established . This baseline was calibrated to correspond to the 
latest set of town population projections for the Rochester 
region prepared by the New York State Department of Envi
ronmental Conservation (NYSDEC) in 1985 for its Water 
Quality Management Plan. 

For the model, the Rochester region was defined as Monroe 
County plus a ring of surrounding towns in Orleans, Liv
ingston, Ontario, and Wayne counties. These towns were 
included because they are approximately the same distance 
(or less) from the Rochester CBD as the town of Albion. The 
modeling area was delineated in this way to fairly reflect the 
competition between suburban towns, which, under a highway
build scenario, would have roughly the same travel times to 
the CBD as does Albion. 

Because each town's baseline projected growth share was 
known from the NYSDEC town population projections (i.e., 
the ratio of the town's projected growth divided by total regional 
population growth) , the implicit value of Vj was computed 
for each town as a simple residual value after deriving the 
base line Ai accessibility index values. Ai values were derived 
for each town using employment data from the 1980-Census 
Urban Transportation Planning Package and zone-to-zone 
highway travel time data from the Rochester regional 
transportation model. 

To simplify the analysis, the measurement of travel times 
was limited to six selected employment concentrations thought 
to be the most important home-based work trip destinations 
in the metropolitan region, including the CBD. 

Next, the gravity model was rerun using revised Ai acces
sibility index scores for each town while holding the residual 
Vi values constant. The revised Ai score reflected expected 
reductions in travel times between town · in the Brockport
Albion corridor and the major employment zones because of 
the extension of Route 531. To the extent that growth shares 
for towns in the corridor increased as a result of the extension 
of the highway (and decreased elsewhere in the region), the 
model reallocated population from other areas within the region 
to the corridor. Differences in the baseline population pro-
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jection and the with-highway projection represented the 
changes in each town's population attributable to the highway 
extension. 

The results of the gravity model analysis presented in Table 
1 indicate the magnitude of the potential impacts of the high
way extension on population in the Brockport-Albion corri
dor. The table shows differences in projected populations with 
and without the highway in those towns in Monroe and Orle
ans counties that would enjoy significant improvements in 
travel access. Population projections are shown for the year 
2010. These impacts are also translated into changes in the 
number of households using an average household size factor 
of 2.86 for the Rochester area. Also shown in the table are 
changes in the Aj accessibility index scores. 

In total, the corridor was projected to experience a pop
ulation gain of about 3,870 residents as a result of the e)(ten
sion of Route 531 from Spencerport west to Brockport and 
then to Albion, or about 1,350 households. This increase is 
over and above the officially projected increase in corridor 
population of 7 ,950 residents between the years 1980 and 
2010. 

Several caveats regarding the results and application of the 
technique are warranted. First, increases in accessibility scores 
are not, in all cases, correlated with significant population 
increases. The town of Gaines , for example, would experience 
a 21 percent increase in its accessibility score indicating sig
nificant travel time improvements to key employment zones . 
However, the gravity model projected no increase in popu
lation as a result of these highway-related accessibility 
improvements. The gravity model assumes an interaction 
between accessibility and all other factors influencing popu
lation (as reflected in the residual Vi values). Therefore, towns 
such as Gaines and Clarkson, which are under the baseline, 
are projected to undergo slow or zero population growth and 
would remain slow-growth or no-growth towns even with the 
accessibility improvements. In effect, the gravity model assumes 
that locales with constrained residential growth would con
cinue to be constrained even with the highway extension. This 
characteristic of the gravity model may mean that the pop
ulation increases projected in these communities are too con
servative, particularly for communities such as Clarkson, and 
appear to be growing faster than official projections. 

Second, in reallocating population growth, the model assumes 
that only the residential choices of new households, either in
migrants to the Rochester region or newly formed households, 
would be affected by the highway. In the short run, this 
assumption was reasonable. However, over the long run , the 
highway's impacts could be expected to also extend to long
time residents in the region. Over time, established residents 
are also likely to move from one place to another within the 
region, with the number of intraregional migrants increasing 
over a longer period of time. Thus, a number of long-term 
area residents may also move to the Brockport-Albion cor
ridor from other locales as a result of improved accessibility 
in the corridor. In the short run, however, this level of migra
tion within the region should be somewhat small because 
most residents now living in the region are probably firmly 
established in their communities. 

Taken together, these caveats suggest that the residential 
impacts forecast by the gravity model may be understated, 
particularly in the long run. 
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BUSINESS IMPACTS .... N•;;;;~~ie~~O r 'U ! .,...,..,,N .,..., 
A literature review, conducted as part of this study, revealed 01= ii : virtually no methodologies available that could have predicted 

§a.: changes in industrial activity and employment for a small area 
s . such as the Brockport-Albion corridor as a result of improve-

' - ments in the performance of 1he transponation system. ... ... ~§~S~~§~0 

~ 
Although there were input-output (UO) models which may 

i .! have been adapted fo r purposes of projecting the e change -,-.., II for a region , they were not very useful for specific subarea • • - . such as that examined in this study. In addition, it was difficult iti~ 
~ 

' 
to make I/O models sensitive to changes in travel times. As - a result, a primarily qualitative approach was used in the 

i's ~~~~:e~~~~~ ~ 
Brockport-Albion study. 

~;J:?~~~cs~:;cs The basic methodology selected involved a survey of busi-
o"i'Z ---· nesses inside and outside the corridor and a review of the 
o::s-

competitive advantages of the area with and without the N~i 
3i~ highway extension. This methodology included a detailed 

evaluation of such factors as developable industrial land, 
..,N ... ~G..,N~,._N zoning regulations , transportation facilities , infrastructure • 2~~ s:~c; s:;; 

~;= 
• • e I I • I I I I I expansions, and available financial incentive programs. .-.-.-.-.-.-N.-.-,... 

.&: .. The objective was to determine the importance of the high-
"'. 0 ~ way extension to businesses and to determine what other teen 
~ factors would influence the decisions of companies to locate 

0 facilities in the corridor. Although the highway extension itself 8 !-iiii'"'-g""g""' N >- t0 N-GNll\,._Oo might have generated substantial economic development, there 
0:: • --"""-°'"''°o"' 
<t: :11- . ~:;§~gRici~~~ might have been other characteristics of the corridor that 
u.J oit~: could have positively or negatively impacted such decisions . >-- -- .. NN NN.-N.-...,..,. 

O.&:•O 
0:: N• ~ The business survey included personal interviews with local .cccn 
0 ... busine·s persons, elected official . industrial development µ... 3i 
;>-< officials, and plann ing agency per onnel. This urvey wa · sup-
0:: ig,....;::~o~~~~~ <t: N~..,o.~.-o.-,.,O. plernented by que tionnaire · mai led to busine ses in the 
~ !-. . .......... Brockport-Albion corridor and to businesses outside the 
::E ~i~:CC!~88:sre 
::::> ~=-9~ ,....,._,,..,..,. .-.-N corridor but within the Genesee-Finger Lakes region. 
(/) 2:·~ The purpose of this survey was to determine expansion (/) •c 
t> • plans for companies inside and outside the corridor, the 
<t: importance of the highway extension to local businesses, the i:i.. 

8~~8~§8~~~ 

F 
~ factors that companies considered important in facility loca-- N "' :s -# IC -# N N '() 
.....l i 

-# G II\ ,., N ,., ,., N tion decisions, and the possibilities that companies outside 
<t: -- !'Z: the corridor would consider locating facilities in the corridor I-z -· if the highway were built. 
u.J ooj Cl -· The surveys and interviews provided some valuable insights - 2-i~ (/) into the need for, and the probable effects of, a Route 531 u.J 

~goo~o~g~~ 

~ 
0:: expansion. A few conclusions were drawn from the results, 
0:: i -ag!C i II\~.- II\ N -0 

0 - -# ~..,.'() NNNN although they were mostly general in nature. Most were suf-
Cl "' .. ., . ficiently verifiable to be used as the basic assumptions for the - o.-0:: -i impact analysis, however: ~ 
0 ~ u 
z .-.-.-NNNNNNN 

•The Brockport-Albion area had several advantages for 
0 businesses, including lower land and building prices, and 
05 \. 
.....l .... availability of low-cost utilities. Improved access to the east 
<t: 2 was another major factor that could have attracted new ..:. 
0:: u businesses to the area. 
0 >- •Businesses in the corridor generated approximately 500 i:i.. 
~ >-... 
u .. ~~ truck trips per day. The capacity of the existing road system 
0 .... 
0:: • was believed by most of these companies to be adequate, but ... u 
~ 0 "' there were problems caused by traffic delays, weight and trailer ... 8i 
,...; 1.rss ::j. .. .. u size restrictions, and lower speed limits. 
1.1.l .a 5.: 
.....l 

i ..w- ...... 1 ! L: f i • Over 80 percent of the firms surveyed in the corridor had 
~ 

&..- &..-~ L. ... 

!!I j:!~; ~ii .. -N plans to expand in the next 5 years, either at their existing 
~ 0 ... &.l:SW -C&.1•W&.1<:1 "' .. location or at another site in the same general area. 
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•Almost half of the local companies rated the Route 531 
extension vital or very important to their business. One-third 
of these firms indicated the possibility of moving from the 
area if the road were not extended. 

• Only about one-third of the firms outside of the Brockport
Albion area, but still within the region, had plans to expand 
in the next 5 to 10 years. 

• Only 11 percent of these region-wide firms had ever con
sidered locating a facility in Brockport-Albion. 

• Only 12 percent of the regional firms would explore the 
possibility of locating a facility in Brockport-Albion if Route 
531 were extended there. 

On the basis of the interviews and surveys, the primary 
industrial benefit from the new highway would have been a 
strengthening of companies already in the corridor. These 
businesses would have been able to cut costs and compete 
more effectively, thereby permitting them to expand their 
local facilities. The highway would have also helped retain 
those firms that indicated the possibility of moving from the 
area if the highway were not built. 

Although the surveys suggested the possibility that firms 
outside the immediate area could have been attracted to the 
Brockport-Albion corridor because of the highway extension, 
it was considered a lesser probability. In fact , there were some 
indications from the interviews that executives of firms already 
in the region may have had a bias against the corridor, with 
few willing to even consider locating facilities there . One rea
son for this bias was the impression that the more desirable 
locations for executive homes were east and south of Roch
ester, which was a long commute to Brockport-Albion. Another 
reason was that the area was perceived as being industrial 
and blue collar. 

An additional finding was that although there may have 
been interest in the corridor by firms outside the region , the 
addition of the new highway alone was not enough to attract 
their attention. To affect their location decisions, firms from 
outside of the region would have had to perceive the Brockport
Albion corridor as having significant competitive advantages 
at the local level, including such elements as local financial 
incentives such as industrial development bonds and revolving 
loan funds, availability of relatively inexpensive space in well
situated industrial parks, cooperative zoning and planning 
boards, and adequate support services, especially basic util
ities and sewerage. These local competitive advantages were 
necessary to differentiate an area from its surrounding neigh
bors and became even more important when an area had an 
image problem to overcome. 

An evaluation of these business location factors was done 
to determine the potential attractiveness of the Brockport
Albion corridor for industry. Although it was found that the 
area had advantages for business development, it also had 
disadvantages or deficiencies that should be rectified before 
the completion of the highway extension. In addition, there 
were other improvements that should be implemented to com
plement the beneficial impacts of the highway . Some of the 
improvements found to be needed were additional local finan
cial incentives, zoning of industrial land near the highway, 
extension of water and sewer service to that property, 
improvements to north-south routes leading to the New York 
State Thruway, and upgrading of the local general aviation 
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airport. A local program to provide these additional amenities 
before the highway's opening would stimulate much more 
interest in the area from firms seeking to site new facilities. 

RETAIL DEVELOPMENT 

During the study, it became evident that the Brockport-Albion 
corridor contained relatively little major retail development 
(i.e., shopping centers serving a regional market area) when 
compared to other suburban parts of the Rochester metro
politan area. Becau e lack of adequate highway access to local 
retail centers c uld have been one factor contributing to 
this deficiency, a separate analysis was done to estimate the 
amount of new regionally oriented retail space that could be 
supported by the area and might be developed if a new 
highway were built. 

Firm predictions could not be reliably made regarding the 
amount or whether regionally oriented shopping centers would 
develop as a result of the highway extension. However, it was 
possible to make an order-of-magnitude estimate of the amount 
of such retail development that could occur. 

One reasonable approach of doing this, which was ulti
mately used in the study, was to use an analog corridor as a 
benchmark by relating the total amount of regional retail 
development to the population in the analog corridor and 
applying this information to the Brockport-Albion area. 

The Route 104 Webster Highway corridor northeast of 
Rochester was chosen for this comparison because it had many 
of the same characteristics that the Brockport-Albion corridor 
would have had with the Route 531 extension. Data from the 
1987 Shopping Center Directory (3) indicate that the Webster 
Highway corridor contained at least 2 million ft2 gross of 
regionally oriented retail shopping center space, compared to 
only about 0.4 million ft2 gross in the Brockport-Albion 
corridor. 

Further, the total resident population in the Webster Cor
ridor was about 72,500 people, which supported about 28 ft2 
gross of regionally oriented retail space per capita. In contrast, 
the Brockport-Albion market area would contain, in the year 
2010, a total population of about 78,000 (with the full highway 
extension to Albion). Thus, assuming that no additional regional 
shopping centers were developed in the Brockport-Albion 
corridor , its regional-retail space per capita ratio would be 
only 5.1. 

Although the Brockport-Albion corridor extended over a 
larger geographic area than the Webster Highway corridor, 
it was not unreasonable to assume that the Brockport-Albion 
corridor could support a substantial amount of new regional 
shopping center development. A modest doubling of the gross 
square feet per capita multiplier in the Brockport-Albion cor
ridor (from 5.1to10.2), for example, would have resulted in 
the development of an additional 400,000 ft2 gross of regional 
retail shopping center space in the study corridor. 

Although an untapped market was found to exist in the 
Brockport-Albion corridor, a highway interchange providing 
access from all parts of the area was a virtual necessity to 
realize the market potential. If the highway were built, an 
area near one of the interchanges would become an ideal site 
for a new shopping center. 
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SUMMARY AND CONCLUSION 

In this paper, methodologies were described that were used 
to forecast local economic impacts of a highway extension in 
the Rochester metropolitan area. In part, these methodolo
gies were selected because of relatively limited time and 
resources available to perform the study and because the anal
y ·i wa concerned with impacts on a small ge graphic ~cale. 
The e requir ments made data-intensive and time-con urning 
methodologie , such as econometric modeli ng of regional 
location decL ion impractical. In add ition , input-output anal
ysis was also rejected f r use in chis study because 110 model 
measure economic impacts at the regional rather than local 
level and are not directly responsive to changes in a travel 
time variable. 

Impacts on residential location decisions were forecast using 
a gravity model. This approach was elected for two reasons . 
First, this approach did not require new statistical calibration 
but instead relied on a previously calibrated mathematical 
parameter expressing the relationship between travel time and 
population change. Second, the gravity model is sensitive to 
travel time changes on a small-area scale. 

The gravity model projected population impacts that 
appeared reasonable in terms of the magnitude of the corridor
wide impact.. In particular the travel time saving that would 
havi:: n::sulted fro m extendh1g Route 531 was r lalively small
about 4 min on av rage, or a 12 percent travel Lime saving. 
Corre. pondingly, the overall increase in corridor p pulati 11 

wa. also projected by the gravity model t be modest, about 
5 percent. However, the model as applied had several limi
tations. 

First, the model may have understated the potential for 
growth resulting from improved highway access in areas that 
were otherwise projected to experience little or no growth 
without the highway improvement. This understatement 
resulted from the model's assuming an interaction between 
accessibility and other factors influencing population. When 
other factors were expected to fully constrain growth, the 
model effectively assumed that these constraints would over
ride the impact of improved accessibility, and the population 
would remain constant. 

Second, the model may have a lso underpredicted popula
tion growth in the co rridor becau ·e it con idered on ly tbe 
location decision of n wly formed hou ehold and in-migrant 
to the region. However overthe longrun , thel cat ion tecision 
of long-time residents could also have been affected. 

Third, the application of the model relied on an exponential 
travel time parameter, assumed to equal 2.0, that was derived 
in the late 1950s. This parameter may, in fact, be outdated 
because the dynamics of metropolitan population change in 
the United State. has changed on ·iderably since that time. 
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Metropolitan areas were the11 experien ing greater level of 
inter- and intraregional migration than i presently occurring 
in mo t U.S. cities. Indeed , the dynamism of metropolirnn 
gr wth during the 19 0 and early 1960 was partly fueled by 
the rapid development of the Tnter tate highway y t m as 
well as hjghway construction within metropolitan areas. Becau e 
m tropolitan populations are le s mobile n w it i · p - ·ible 
that the travel time parameter 11sc rl in the tudy may hav 
over tated the current impact of highway accessibility n 
hou. ehold location decisions. 

In order to evaluate the highway's impacts on business loca
tion decisions, a qualitative approach had to be used. The 
review of literature did not reveal any f rmal methodologies 
that could have been used to predict these impacts on a sub
regional level. Even if a quantitative approach could have 
been developed, however, surveys and interviews of business 
leaders should have been a complementary task, because other, 
non-travel-related i · ue ' cou ld have hacl major impacts on 
such busine ·s deci ion . A was shown in this study, such 
facto rs as financial incentives, additional infrastru ture 
improv ment ·, and, perhaps most important, a bia against 
the area c uld have c n iderable positive or negative impacc 
on indu ·trial development even if tran portation access were 
improved. 

In order to overcome or at least minimize the problems. a 
program of basic research is recommended n the relation hip 
between locati n decisions and transportation access. Perhap · 
rhe mo 1 vah1a le re earch would be to recalibrate rhe exp -
nential travel time parameter under c ntemporar conditions. 
Validation of new travel tim param ter · again. I a variety of 
actual highway developments w uld also improve the relia
bility of gravity model technique. Although to predict what 
these newer results might be is impossible, the hypothesis is 
that the travel time parameter would be less than 2.0. 

With greater commitment of research effort, more com
plete models of urban structure, including the impact of trans
portation system changes on long-term loc<ltional behavior of 
residences and business, could be developed under contem
porary conditions. By explicilly i olating the impact of facto 
beside ace i ility. a more fully specified multiple regression 
m de! would redu th underprcdiction biasc that arc n w 
present in the model. 
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Framework for Classifying and Evaluating 
Economic Impacts Caused by a 
Transportation Improvement 

MAX H. PERERA 

conomic principles involved in conducting benefit -co t analysis 
of a tran portation invc tment have been discu sed at length in 
the li terature, but there are fe w articl.es that provide a synthesis 
of the main components of the analysis and evaluation process. 
First, an attempt will be made to distinguish between transpor
tation user benefits and conomic impact's from a transportation 
improvement . Although some of the economic im1 acts are in tu
itively recognized they have 11 t b en clearly identified or com
pletely reco nized. As a result. the evaluation process ha been 
les · than complete. A y. tcm r r cla . . ifying the economic impacts 
and methods f mea uring these impact ar • sugge ted for di · 
cussion. Second, a framework for the evaluation of the improve
ment costs, transportation user benefits, and economic impacts 
from a transportation improvement is presented. 

Consideration of social , economic, and environmental factors 
has traditionally been part of the transportation plan evalu
ation and the environmental impact assessment process. 
Although the environmental and social impacts of a trans
portation improvement have been well recognized and clas
sified, not all the economic impacts have been identified in 
any systematic manner by their relative significance or mag
nitude. Often, transportation user benefits result from savings 
in travel time, in avoiding delays at railway crossings , in oper
ating a vehicle, and in avoiding accidents. These savings are 
mistakenly attributed as economic impacts. An array of meth
ods for determining user benefits of transportation projects 
is available, but how the different types of economic impacts 
are measured and evaluated in an integrated manner has not 
been demonstrated adequately in the literature. As back
ground information, a brief description of techniques cur
rently used is provided, and comments are offered on the 
limitations and problems generally associated with these 
techniques. 

Within a region, transportation is closely linked to eco
nomic activity. Consequently, economic development is linked 
with the transportation system and at times this relationship 
is almost symbiotic under a scenario of economic renewal. 
Continued development of these economic corridors is vital 
for maintaining the economic health of the state or province, 
but also poses special problems. The growth in employment 
and activity centers, housing, and associated traffic places a 
heavy burden on the transportation infrastructure. This growth 
creates demands for system expansion , degrades Provincial 
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highway mobility (i .e ., the through movement of traffic) , and 
imposes constraints on future developments. These burdens 
often cannot be met with existing or anticipated resources 
because traditional funding mechanisms for the much-needed 
transportation improvements appear to be inadequate. 

An assessment of the expected change in economic activity 
or its potential for growth within a selected economic corridor 
then becomes an important consideration in improving and 
expanding transportation services. Administrators, engineers, 
and planners are continually called on to make decisions relat
ing to investment choices for developing corridors. However, 
now, more than ever, they find themselves subjected to 
increasing pressure for justification of capital expenditures . 
These increasing demands come from the ever-growing lobby 
and interest groups who often hold conflicting objectives, 
from the public who feel the effects of inadequate infrastruc
ture needs, and from central agencies who must determine 
the priority of major capital expenditures on infrastructure 
needs (including transportation systems). As a result, deci
sions concerning capital investments for transportation cor
ridors are becoming increasingly complex as planners attempt 
to assess, weigh, and evaluate social, cultural, and environ
mental factors in addition to economic factors in determining 
a preferred investment strategy. On the basis of an analysis 
of total primary user benefits and costs, the traditional method 
by itself is considered inadequate when negotiating for 
funding of transportation improvements. 

OBJECTIVES 

The objectives are (a) to distinguish between transportation 
user benefits and economic impacts, (b) to present a system 
for the classification of the economic impacts caused by a 
transportation improvement , and ( c) to suggest a simple 
framework for evaluating the transportation benefits, costs, 
and economic impacts resulting from a transportation 
improvement, from the dual standpoint of relevancy and 
feasibility. Furthermore, some aspects of the reality and 
problems of economic evaluation are emphasized. 

f or ease of discussion and treatment , the subject is confined 
to the roadway mode. However, the analysis framework is 
equally applicable to other transportation modes as well . For 
purposes of discussion, the term "impact" is treated synon
ymously with "effect" and the term "improvement" refers to 
a transportation improvement. 
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TRANSPORTATION BENEFITS AND ECONOMIC 
IMPACTS 

Discussion of Benefits and Impacts 

A regional highway network basically serves a number of 
population centers, industries, and markets and consists of a 
number of roadway links providing both mobility and access. 
The addition of a single link to the existing highway network 
or an improvement to the network generates transportation 
user benefits (and disbenefits) from the day the improve
ment is first used, whereas economic impacts occur almost 
from the day construction begins. The total benefits and im
pacts that result from improving a single link of the network 
are never realized immediately. In other words, a stream of 
benefits flows over time, with the economic effects not fully 
felt in the region until production and marketing economies 
and cost savings resulting from the improvement are incor
porated into freight rates, pricing structures, and production 
levels. A subtle distinction therefore exists between transpor
tation user benefits and economic impacts of a transportation 
improvement. 

Transportation User Benefits 

The primary purpose of transportation capital expenditures 
is to provide new and improved transportation services to 
maintain quality of service. Transportation user benefits mea
sured in terms of time savings , savings from avoidance of 
delays at bridge or river crossings, vehicle operating cost sav
ings, and savings from accident reduction on transportation 
improvements are the primary effects of transportation 
improvements. These transportation user benefits are the main 
components of benefit-cost analysis, which provides a quan
titative assessment of the relative benefits of different alter
natives in terms of a common measure-namely, dollars. 
However, other benefits to users such as ride comfort, con
venience , and availability of emergency services cannot read
ily be reduced to dollar terms. Measures of effectiveness have 
been used to deal with benefits that are not easily quantified 
or reduced to dollar values. But, such usage is not common 
in highway engineering economic analysis. Procedures to mea
sure the value of user benefits are discussed under benefit-cost 
analysis. 

Economic Impacts 

Economic impacts measure the secondary effects of capital 
expenditures on the regional economy. They affect income, 
employment, and production and generate tax revenues and 
consume resources. In order to assess the overall economic 
impact, it is important to first identify and classify the individ
ual impacts. They are broadly categorized into the following 
three types: 

• Direct impacts are consequences of economic activities 
carried out on site in the construction and operation of an 
improvement. Employment of labor, purchasing of goods and 
services, and taxes paid are examples of activities that gen-
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erate direct impacts. The use of the improvement by vehicles 
is also a source of direct impacts. 

• Indirect impacts derive primarily from offsite economic 
activities associated with production of intermediate goods 
and services required for the construction and operation of 
the improvement. Some of these activities include services 
provided by aggregate, asphalt, steel, and concrete suppliers. 
These enterprises employ labor, purchase goods and services, 
and consume resources. The indirect impacts differ from direct 
impacts in that they originate entirely offsite. 

• Induced impacts are the multiplier effects of the direct 
and indirect impacts . As income expands because of direct 
and indirect effects, households increase their purchases of 
goods and services, thereby giving rise to still further changes 
in production and corresponding changes in the other impact 
variables. For example, most of the wages earned by the 
construction workers is spent in the region . Some of this 
spending becomes income to individuals who provide goods 
and services to the construction crews and also for local busi
nesses and their employees. As successive rounds of spending 
occur, additional income is generated . 

However , if the goods and services are imported to the 
region, the benefits to the region are reduced proportionately. 
An excellent discussion of caveats regarding the regional import 
component and other examples of the application of economic 
impacts is found in Butler and Kiernan (1). 

Therefore, total economic impacts are the sum of the direct, 
indirect, and induced impacts. 

In a study of economic development in smaller cities, Mal
izia (2) suggests that economic benefits might be distinguished 
between economic growth benefits (purely quantitative 
increases) and economic development benefits (qualitative 
increases, such as increases in the diversity of employment, 
which contributes to the stability of a local economy). This 
concept appears to have some relevance in the understanding 
of economic impacts. 

At this point, before the introduction to the classification 
and evaluation framework, the major tools and techniques 
available to the analyst for estimation of transportation ben
efits and economic impacts are reviewed. They are in no 
way exhaustive; NCHRP Synthesis of Highway Practice 142 
(3) contains an overview of highway economic analysis 
procedures. 

Analytical Techniques 

Some techniques available for determining the transportation 
benefits and economic impacts follow . 

Benefit-Cost Analysis 

The best known technique for measuring the efficient use of 
available resources is benefit-cost analysis , in which the 
benefit-cost ratio (BIC ratio) is examined . Benefit-cost anal
ysis, techniques for which have been comprehensively cov
ered in the literature ( 4), is an accounting of all benefits 
and costs for each alternative plan and a selecting of the alter
native that yields the most benefits per unit of cost. In prac-
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tice, complications arise because many of the effects of a 
transportation improvement cannot be measured easily. 

There are three principal methods of evaluating the effi
ciency of transportation investments. The first method exam
ines the ratio of the total benefits to total costs. In this method, 
the investment alternative with the highest BIC ratio provides 
the largest return per investment dollar. The second method 
examines the net benefits (or net present value) produced by 
each alternative. Total costs are subtracted from total benefits 
and the option with the largest net benefits is chosen as the 
best investment option. A third method is the incremental 
benefit-cost ratio, in which the costs and benefits of each 
alternative are compared with the cost and benefits of the 
next alternative, beginning with the least expensive option. 
As long as the resulting incremental' benefits exceed.the added 
cost, it is besl to invest in the next higher cost option (5). 

Associated with the benefit-cost analysis is present-value 
or present-worth analysis. A stream of benefits and costs occurs 
at different times during the life of the improvement. Because 
these yearly benefits change, discount rates must be applied 
to convert all ben fits and costs to a present value. As is the 
practice in many jurisdictions the appropriate discount rate 
to be applied i the average rate of return that can be expected 
on private investment before taxes and after inflation. This 
choice of discount rate i based on the fact that fund expended 
for a transportation improvement are not funds that would 
otherwise stand idle. The government obtains these funds 
from the private sector, either by taxation or borrowing, and 
if left in the private sector the funds would be used to generate 
a return as do other investments. When the funds are diverted 
to public use, the cost of the diversion is the return that 
otherwise would have been earned. This cost is considered to 
be the opportunity cost of capital. The results of the benefit
cost analysis may be sensitive to the discount rates used. Some 
of the computerized program packages available for the deter
mination of user benefits and costs are described in the 
following paragraphs. 

•Priority Planning System (PPS). In 1974, the Ontario 
Ministry of Transportation developed a computerized method 
for the systematic assessment of highway improvement prior
ities so that improvements could be implemented in such a 
way a · to optimize benefits to the general public (6). This 
method was considered state-of-the-art for a long time and 
was the subject of NCHRP Project 8-18, conducted by the 
Maryland Department of Transportali n. N HRP Report 
199 describes the PPS in detail (7). The fir t two stages of 
this computerized program can be used independently to 
estimate road user cost and hence the benefits to the users. 
PPS calculates three user benefits for each improvement 
alternative as follows: 

1. Travel time savings-change in user's travel time cost 
because of the improvements; 

2. Vehicle operating savings-change in road users' vehicle 
operating costs because of the improvement; and 

3. Accident savings-change in costs because of the 
improvement. They are divided into three types: fatal, per
sonal injury, and property damage accidents. 

Positive savings occurring because of the improvement (i .e ., 
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a reduced user cost after the improvement) are called benefits, 
whereas negative savings are called disbenefits. 

•The Highway User Benefit Assessment Model (HUBAM). 
HUBAM is a computer model similar to PPS, but unlike PPS, 
this model can include rehabilitation and upgrading projects 
(8). Now operational at Transport Canada, the model is cur
rently being used in the evaluation of new highway agreements 
with some of the provinces. 

Input-Output Analysis 

Input-output (I/O) analysis provide a framework within which 
indu trial linkages and the feedbacks between con umers and 
the pr ducing sector of the economy can be simulated. The 
approach involves modeling the economy in a set of linear 
equations that can be olved mathematically. The co ·t of the 
new construction or improvement is obtaine_d from the pre
construction cost estimates or from costs incurred on a com
parable project adjusted suitably to reflect the conditions of 
tJ1e project evaluated . The construction cost estimate and 
other project parameter form the input to an UO model, 
which in lurn generate the impacts of the construction 
activity. 

The Ontario Ministry of Transportation has developed an 
interactive computer model known as the Transportation Impact 
Model (TRIM) to calculate the economic impact of capital 
inve trnents in transportation infrastructure (9). TRIM is ba ed 
on the I/O model of the Ontario economy. 

The identification and classification of economic impacts 
are discussed in the following paragraphs. 

CLASSIFICATION OF ECONOMIC IMPACTS 

An efficient transportation network connecting business and 
industry with markets and suppliers is important to a region's 
continuing economic vitality. Improvements to the network 
help existing firms become more competitive and make the 
region more attractive for new business as well. 

The most important step in assessing the economic impact 
of an improvement is to ensure that all the issues have been 
identified for examination. The economic impacts of an 
improvement may be broken down as affecting the foilowing 
areas (10): 

• Business and industry, 
•Residential, 
• Tax revenues, 
•Regional and community, and 
• Resources. 

Other important aspects of impacts are that they vary in 
the degree of permanence (i.e., the effects can be temporary 
or permanent) and that they are considered either beneficial 
or detrimental. For this paper, temporary impacts are those 
that are short lived on a site-specific basis, often lasting only 
for the duration of construction. Impacts of a more lasting 
nature would then be categorized as being permanent. Using 
this definition, the relative importance of the different classes 
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can be established. Those impacts considered to be permanent 
and cla ·i_fied as producing direct, indirect, and induced effects 
would rank higher agai nst an impact classed as temporary and 
having only indirect effects. 

The following analysis attempts to understand and limit the 
boundaries for the categories within these five classes. This 
restriction is nece sary to avoid the double counting of impacts 
in the assessment stage. 

Business and Industry 

Economic activity in a corridor is the sum total of the activities 
occurring in each sector of the economy. All categories of 
bu iness activity may be affected by a transportation improve
ment l'hrough changes in the level of employm nt and income 
resulting from changes in accessibility, economic stimulus from 
construction, and acqui ition of land for the right-of-way. 
Negative effects from pollution and indirect effects in th 
economy can also result from an improvement. An improve
ment could also influence locationa l decisions of firms. The 
preponderance of industry impacts will vary depending on an 
industry' dependence on tran portalion. 

In order to develop a process of assessing the potential im
pacts, they may be grouped under the following subheadings: 

Effects of Facility Construction on Business 

Improvements in a corridor generally yield three types of 
economic impacts: 

1. Direct expenditures on labor and materials used on site 
for construction and recurring expenditures on labor and 
materials required for maintenance; 

2. Secondary effects induced by direct expenditures (i.e., 
they affect income, employment, and production inside and 
outside the state or province; generate tax revenues; and con
sume energy sources); and 

3. Possible temporary losses to firms in the vicinity of the 
construction area because of decreased accessibility. 

Right-of-way acquisition costs will be excluded from actual 
construction expenditures as they are handled as a separate 
item in the next subsection. Also, the economic activity induced 
by wages and sales is assumed to be contained within the 
region, and no leakage is considered. In practice, construction 
workers may come from outside the region and sales income 
may accrue to companies located outside the region as well. 

Effects of Right-of-Way Acquisition 

Expansion of the existing right-of-way by acquisition of addi
tional land could lead to the displacement of business estab
lishments in the corridor and have the following effects: 

1. Net loss of jobs and services should displaced busi
nesses choose to relocate outside the region or even to cease 
operations. 

2. Redistribution of jobs and services within the corridor 
or the region. 
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3. Loss of land required for the right-of-way. 

Further, businesses outside the right-of-way may suffer loss 
of customers if the right-of-way creates a barrier, such as in 
the case of a divided highway, that hinders access to and 
from them (11). This type of impact is more permanent in 
nature than the disruption caused by construction discussed 
previously. 

The number of jobs and income losses can be estimated for 
a route alignment. Estimates may be provided on the basis 
of employment and sales of establishments in the affected 
corridor. 

Effects on Business Growth 

Transportation investments often provide an impetus for busi
ness growth. This growth may occur in manufacturing, ser
vice wholesale, or retail sectors of the economy and may 
include the fo ll wing: 

1. Expanding existing businesses; 
2. Attracting new business or labor to the corridor; 
3. Deterring growth of other businesses and those that depend 

on remoteness (e.g., wilderness recreation amenities); 
4. Reducing the cost of moving goods a1id raw materials, 

which may enhance the comp titive position of existing 
businesses and thus encomag regional development and 
expansion (see 1); 

5. Servicing interregional traffic flows, which can encourage 
the development of travel-related businesses (see 1 and 2) ; and 

6. Redistributing traffic pattern which may depress eco
nomic development of areas where traffic is reduced (see 3). 

The direct impact lead tv iml irt:cl effcet o n the economy 
such a additional orders for materia ls and e 1uipment from 
other bu ine ses. For example, expan. ion of the ho pitality 
ind ustry leads to additional orders for liJlen , fresh and frozen 
foods, and a host of other supplies. Also, there are induced 
effects that result when new businesses hire more workers 
who then spend money on consumer products and services. 
The resulting overall impact on business will be reflected in 
terms of sales, income, employment, or other economic 
indicators, and these impacts are normally induced, after 
completion of the facility. 

Although there are several ways to evaluate these economic 
impacts (i.e., increase in income or wages) the simplest mea
sure is the addi tional disposable income resulting from the 
new jobs created by all the direct, indirect, and induced effects. 

Eff eels on Tourism and Recreation 

Where tourism or recreational activity is regarded as an 
important sector in the region's economy, a transportation 
improvement can have positive or negative effects on the 
indu ·try and requfres inclusion in any accounting of impacts. 

Improved acce ·sibility stimulates tourism and recreati n in 
much the same manner that it stimufates business growth. 
Highway improvements, especially expansion from two to 
four lanes, save travel time, reduce safety hazards, and make 
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travel more predictable to various tourist and recreational 
centers . Industry experts believe that the stimulus is propor
tional to the degree of change in accessibility that the improve
ment creates. Where improved accessibility makes travel safer, 
faster , and more enjoyable (especially to lake areas), the 
waterfront lots increase in value. 

An improvement can also have negative effects on the tour
ist industry of a region when a certain measure of remoteness 
is desired, such as for the operation of fly-in tourist resorts. 
Also, if accessibility to a tourist area is increased without 
regard to the supply of sufficient facilities , competition for 
limited tourist and recreational facilities could discourage 
tourists. Furthermore, a new alignment, which bypasses a 
recreation or tourist area, can divert potential users away from 
existing facilities, resulting in a reduction in facility usage . 

Increase in tourist spending will impact certain sectors of 
the economy directly whereas other sectors are unaffected . 
Visitors spending money in hotels, lodging facilities, gas sta
tions , restaurants , and grocery stores generate demand for 
agricultural products, petroleum, etc. The retail and service 
sectors generally experience the highest increase in sales and 
employment. Money spent by tourists circulates through the 
economy, creating indirect and induced economic impacts. 
Additional sales and employment result in other industries 
such as manufacturing, services, and transportation that 
supply goods and services to the hospitality and recreation 
industries because of direct spending. 

Techniques for assessing the incremental demand and the 
corresponding impacts of improved accessibility from an 
improvement should be undertaken by a recreational or tour
ism planner. Essentially, the assessment involves estimating 
highway use for greater visitation and spending patterns by 
trip categories, such as hotel or motel trips, camping, seasonal 
home visits, visits to friends and relatives, and day trips. Inter
views with owners and managers of hospitality , recreation, 
and tourism businesses would help to assess the potential 
future visitor spending. An important factor to be considered 
is the potential negative impacts of improvements increasing 
the attractiveness of other regions for study area residents. 

Effects on Agriculture 

In many rural or suburban areas, through which highways are 
located, agriculture is the dominant economic activity . 
Improvements from a two- to a four-lane facility , particularly, 
would enhance accessibility and mobility. 

A transportation improvement may affect agricultural activity 
as follows: 

1. Improved Accessibility to Markets to Increase Profita
bility. Improving accessibility may result in lower transpor
tation costs for moving produce and farm supplies, thus leav
ing more money in the hands of the farmers. Also , farmers 
may be able to shift to more valuable crops as a result of 
improved access. This conversion to higher-value crops can 
result in increased productivity. Furthermore, an entirely new 
corridor of travel could open new markets , thus enabling 
farmers to produce more agricultural commodities or more 
profitable ones. 

2. Encouraged Conversion of Agricultural Land to Other 
Uses . Improved accessibility in a corridor may increase 
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employment opportunities and the increased activity may result 
in pressures for conversion of agricultural lands to other "highest 
and best" uses such as residential, commercial, or industrial. 
The permanent loss of valuable farm land to urban devel
opment is of concern to most people, hence, the assessment 
of this impact is sufficiently important to warrant special atten
tion . It has been noted that interchange points are more 
susceptible to early development or zoning conversions. 

3. Change in Agricultural Productivity. Agricultural pro
ductivity of a region is estimated by the output of the region 
measured in terms of the quantity of commodities produced 
and the income generated. Shifts to more valuable crops increase 
productivity. However , transportation facility construction 
could also affect farm operations adversely because of siltation 
and altered drainage patterns and severance of farms by the 
right-of-way , not to mention the reduction of farmland from 
right-of-way acquisition. 

An assessment of the incremental productivity and the eco
nomic impacts of a transportation improvement on farm land 
can be made in consultation with an agricultural economist. 

Effects on Mining and Forestry 

In other rural or remote areas, highways provide access to 
mining and forest resources. Improvements result in lowering 
of transportation costs, thus enabling operators to remain 
competitive. An assessment of the incremental productivity 
and the economic impacts of an improvement on mining and 
forest resource industries is similar to that of agriculture. 

Residential 

Residential development (i.e., the construction of new dwell
ing units) is a function of economic growth and housing mar
ket variables such as immigration, employment , population 
growth, income changes, rate of household formation, 
decreased housing inventory through aging or demolition, and 
availability of building sites. The effects of a transportation 
improvement in this impact category may be as follows : 

• Induced or secondary effects of employment growth in 
the regional economy may also attract additional workers and 
families to a region , thus creating an additional demand for 
housing. 

• Reduced housing stock from right-of-way acquisition may 
cause relocation and replacement housing needs. 

Although the impacts are linked closely, the scope of the 
assessment here can be confined to the following effects. 

1. Replacement and Relocation Housing Needs. The right
of-way requirements and the associated residential relocation 
implications can be determined for each option considered. 
The reasonableness of the estimate should be discussed with 
realtors and others knowledgeable about housing and socio
economic conditions. At times, according to U.S. experience, 
families from minority groups experience difficulty in securing 
alternative accommodation. As a last resort, relocation hous-
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ing may have to be acquired or constructed to carry out any 
relocation program. 

2. Induced or Secondary Effect on Residential Construc
tion. In addition to causing residential relocation, a highway 
improvement may also affect residential construction by 
inducing the construction of new housing units. At the local 
level, lower-cost lands are made more attractive to developers 
and home buyers because of improved accessibility. However, 
at the regional level increased business activity generates addi
tional employment and population in the region, requiring 
additional housing. 

It is important to distinguish between induced residential 
construction from improved accessibility to some areas, and 
induced construction from positive overall growth in the econ
omy. The former mainly causes a redistribution of construc
tion activity within the region, whereas the latter results in 
a net increase, not necessarily limited to the local impact 
corridor. 

Tax Revenues 

Any expenditure, such as for a transportation improvement, 
generates tax revenues for the different levels of government. 
In Ontario, more than 35 pen;ent of the total cost of an 
improvement is recovered by government from personal taxes, 
indirect business tax, tariffs, and local property and business 
tax. From the TRIM model, the federal government collects 
the largest portion, about 18 percent of the investment cost, 
whereas the provincial government recovers about 12 percent 
and the local governments about 5 percent of the project cost. 
The magnitude of the capital returned to government has not 
been stressed sufficiently. 

Although lhe magnitude of the federal and provincial taxes 
recovered is much larger, their impacts are not Jocation
specific. The impact on the improvement area can be attrib
uted mainly to property and business taxes, which determine 
the level of public services and facilities provided to the 
community. 

Property Taxes 

Property taxes are the primary source of revenue for local 
governments, and their impacts can be divided into two areas: 

1. Loss of Tax Revenues from Acquisition of Private Prop
erty. Using local tax rolls, the assessed value and the annual 
tax for each parcel of land affected by acquisition can be 
determined. A computation to account for the extent of losses 
from the acquisition can then be made. 

2. Changes in Property Values and Tax Revenues. An 
improved highway may increase accessibility to an area and 
boost property values, by making properties more attractive 
for commercial, industrial, or high-density uses. On the other 
hand, undesirable environmental and safety effects may depress 
properly values. These market va lue changes for the land may 
be reflected in assessed values and, hence, the property taxes. 
The effect of these changes is long lasting. 
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Experience shows that the level of development induced 
by a new or reconstructed corridor is often greater than antic
ipated. Commercial and industrial growth yielding positive 
tax benefits is desired by local municipalities. 

In conducting the analysis, the changes in property value 
can be considered as follows: 

1. Changes in Value from Accessibility. In general, the 
inciease in property value resulting from improved accessi
bility can be further subdivided into two types: (a) increase 
in value from making the property more attractive or useful 
from reduced travel time, etc ., and (b) increase in value from 
making the property attractive for a more intensive purpose 
such as a shopping center or plaza. 

2. Decrease in Value from Environmental Effects. Esti
mates of the degree to which property values will decline from 
environmental effects are highly subjective. The important 
factor is people's perception of the situation. A study of a 
large subdivision in Toledo showed that lots adjoining a free
way sold at comparable prices to interior lots but more slowly. 
This occurred at a time when a majority of realtors in the 
area felt that property near the freeway would be of lower 
value (12). 

3. Changes in Value from Other Positive Effects . Occa
sionally, a highway improvement will provide benefits to adja
cent properties other than from improved accessibility . Ali 

example of this type of impact could involve a reduction in 
air pollution by providing for public transportation and by 
eliminating congested locations. 

The effect of a transportation improvement on property 
values should be estimated in consultation with realtors and 
appraisers who are knowledgeable about property values. 

Public Service Changes 

Impacts in the area of public services can be attributed to the 
following: 

•Changes in net public expenditures (i.e., new tax reve
nues less the cost of providing additional public facilities and 
services to accommodate the new growth). 

• Public expenditures for replacement of displaced public 
facilities. 

The analytical procedure of estimating public service require
ments associated with induced residential development could 
follow a three-step approach: 

1. Estimate public service requirements in relation to the 
estimate of the households and residential units resulting from 
incinr,ed development. 

2. Review capacities in existing facilities because they may 
have exce s capacity and be capable of accommodating 
addition;i l c1 rnand . 

3. Compare anticipated public service requirements and the 
capacities of present and planned facilities to reveal the addi
tional public services required lo service the incremental growth . 

Estimating the scale, timing, and location of induced devel
opment in an improvement corridor is no simple task. 
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Regional and Community Activity 

Transportation facilities, together with water, sewer, and other 
public utilities, are major determinants of urban development 
and economic growth. Transportation facilities also reinforce 
land use planning and economic development objectives in 
rural areas by providing access to agricultural lands, tourist 
attractions, and natural resources. An improvement can be 
expected to encourage economic growth of a region as well. 

Occasionally, an improvement that is required to provide 
mobility for regional travel could conflict with plans for a 
housing project or a public facility, such as a hospital or 
school. A highway agency could also be unaware that a build
ing in the demolition zone has been designated as a historic 
structure. Liaison with other planning agencies and early 
identification of such situations is required to avoid conflict. 

An improvement may affect a community 

• In terms of the general pattern of community growth; 
• In terms of public revenues and expenditure; 
• In terms of direct income; and 
• In terms of environmental conditions. 

These effects are somewhat interrelated and the assessment 
of impacts in this area can generally be reduced to two cat
egories by asking the following questions: 

1. How does the improvement relate to adjacent land uses? 
2. How will the induced development relate to the existing 

uses? 

In attempting to answer these questions, one realizes that the 
impacts under this activity relate to a broader context of eco
nomic and land use planning at the regional or province-wide 
scale. Unless the project has system-wide repercussions, con
sideration of impacts under this activity may not be warranted 
in the case of area-specific projects. 

Resources 

The construction and operation of a transportation improve
ment require the direct consumption of resources , thus cre
ating potential economic impacts on four broad resource types 
(i.e., land, labor, materials, and energy). 

The assessment of impacts on resources involves the 
determination of energy consumption associated with direct, 
indirect, and induced effects of the project. Standardized impact 
values available from 1/0 models of energy consumption for 
standard-unit projects can be used to estimate the effect of 
direct impacts. 

Appreciation of Land Values 

Transportation improvements enhance the desirability of 
locations within the catchment area of the improvement cor
ridor. This increased desirability stimulates the demand for 
land at those locations. Because the supply of land is fixed, 
increased demand leads to escalation of land rents, which in 
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turn results in higher land values. The increase in land values 
results from the reduction in transportation costs to users. 
Inclusion of this as an economic benefit leads to double count
ing the effects of transportation improvements (13). An aggre
gation of the estimated increase in land values of all parcels 
of land within the catchment area would yield an overall mea
sure of the value of an improvement to the community or 
society at large. 

Note of Caution 

When funds normally allocated for a capital construction pro
gram are involved that would generate economic benefits to 
the province or state as a whole, then it is inappropriate to 
attribute the economic impacts to the transportation improve
ment. 

Classification Summary 

A summary of the different categories of economic impacts 
is presented in Table 1. The foregoing discussion has indicated 
that the consequences of an improvement can be broadly 
categorized as direct, indirect, and induced, and that they 
vary in the degree of permanence. 

BASIC EVALUATION FRAMEWORK 

A basic framework integrating the different components of 
the evaluation process is shown in Figure 1. The framework 
consists of the following components. 

Set of Goals and Objectives 

The framework requires a clear statement of goals and objec
tives. Goals are generalized statements indicating the direc
tion in which society is to move. An objective, on the other 
hand, is a specific statement that is the outgrowth of a goal. 
Objectives are attainable and stated so that it is possible to 
measure the extent to which they have been attained. Some 
simplified examples of desirable state or provincial objectives 
for transportation in general could be 

• To provide transportation services for the mobility of 
people and goods; 

• To preserve the transportation system now and for the 
future; 

•To ensure safety, effectiveness, and environmental 
acceptability; 

• To ensure that the expectations of various stakeholders 
are reconciled; and 

•To promote economic growth. 

Associated with these objectives is the implicit understanding 
that they be achieved at reasonable cost. 

The degree to which the objectives are attained is defined 
by criteria. One particular type of criterion, known as a stan-
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TABLE 1 CLASSIFICATION SUMMARY-ECONOMIC IMPACTS 

Class Category 

Business & Facility 
Industry Construction 

R-0-W 
Acquisition 

Business 
Growth 

Tourism& 
Recreation 

Agriculture 

Mining & 
Forestry 

Residential Regional 
Economy 

Tax Property 
Revenues Taxes 

Public 
Service 
Needs 

Regional & Community 
Community Region 

Resources Land 
Materials & 
Labour 

Energy 

Effects 

Expenditure on labour and materials for 
construction 
Secondary effects induced by direct 
expenditures 
Losses to firms in the vicinity 

Loss of jobs and services due to relocation 
Redistribution of jobs and services within 
the corridor 
Loss of land 

Expansion of existing businesses 
Attract new businesses or labour 
Deter businesses that depend on remoteness 

Expansion of existing businesses 
Deter businesses that depend on remoteness 
Divert pot nti al business 

[ncrcase or decrease in productivity and 
profit 
Encourage conversion of land to other use 

Improved accessibility to markets 

Replacement & Relocation housing needs 
Attracts additional workers and families 

Loss of tax revenues due to acquisition 
Property value changes ;md associated 
tax revenues 

Require additional expenditure 

Changes to pattern of community growth 
Changes to public revenues and expenditure 
Gain or loss in direct incomes 
Environmental changes 

Covered under R-0-W acquisition 
Covered in effects of facility cons'truction 

Consumption associated with direct, 
indirect and induced effects 
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Direct Indirect 

x 

x 
x 

x 

x 
x 

x x 
x x 
x x 

x x 
x x 
x 

x 
x 
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x 
x 

x 

x 

x 
x 

x x 

Induced Temporary/ 

x 

x 
x 
x 

x 
x 

x 
x 

x 

x 

x 

Permanent 

T 

T 
TIP 
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T 
p 

p 
p 
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p 
p 
p 

T 
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p 

T 
p 

p 

p 

p 

? 
? 
? 
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dim!, defines the cutoff point above r beyond which perfor
mance is rejected (14). Irwin (15) clas ·ified criteria into ocial, 
economic physical fiscal, and aesthetic types. Absolute cri
teria could b applied to meet minimum standards in ·ocia l, 
physical , aad ae thetic areas to whi.ch dol lar values may not 
be readily applied . Having e liminated alternatives hat do not 
meet the minimum level, rdative criteri a could be applied in 
the economic and fiscal area t provide a ba. is for . electing 
the prefe:rred improvement thal produces tbe most benefi t. 
in relation to cost. Therefore, physical and aesthetic areas 
will be combined as environmental considerations. 

If need be, a relative ordering of the objectives could signify 
the importance attached to each objective. For example, a 
highway improvement necessary for the revitalization or sta
bilization of a disadvantaged or declining area could be selected 
even if the improvement is only marginally viable in terms of 
system productivity . 

Goals, objectives, and criteria will be highlighted for the 
purpose of assisting the decision makers to focus on the task 
when making the ultimate choice between feasible alternative 
improvements and are to be used more as reference devices. 
In the context of current knowledge pertaining to consensus 
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FIGURE 1 Evaluation framework. 

building, it is desirable that the objectives be agreed on as 
being the most relevant to decisions. Without consensus, a 
strategy is weakened from dissension among the stakeholders. 
The political process thus provides the forum for discussion 
and reconciliation of conflicting stakeholder interests. 

Transportation System 

The transportation system can be characterized in terms of 
its 

•Supply characteristics (capacity, operating costs, level-of
service, etc.); 

• Demand characteristics (land use, demand for travel, etc.); 
and 

•Performance characteristics (accident rate, vehicle-km of 
travel, etc.). 

The consequences that occur as a result of the activity asso
ciated with a transportation system can be categorized into 
three main impact areas, namely social, environmental, and 
economic. 

Public Perceptions 

Public perceptions involve stakeholder interest and partici
pation by the public with their perceptions of the transpor
tation system. Information for a public perceptions study can 
be collected from newspaper clippings or articles relating to 
transportation issues in the corridor of interest and by inter
viewing business persons and community leaders. Review of 
correspondence from the public might also provide useful 
insights. 

The Ministry of Transportation Ontario recently carried out 
a public opinion survey to determine the perceptions of Ontario 
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residents regarding the adequacy of highway transportation 
services from a general standpoint, but included an analysis 
of a few specific corridors as well. 

Monitoring Agencies 

Departments of transportation normally act as the monitoring 
agencies. The planning and control elements in these orga
nizations review the status of the existing system, assess sys
tem performance against the program objectives, consider 
public concerns, project future needs, and plan measures to 
correct existing or anticipated system deficiencies. 

Any major deviation between the system's performance 
and expectations would necessarily activate a response from 
the institutional component of the monitoring system. 

Political Process 

This is the most important component of the framework. 
However, its linkage with the other components of the system 
tends to be tenuous. An important consideration for planners 
and administrators to recognize is that the mechanics of the 
political process call for more emphasis on short-term issues 
at the expense of longer-term considerations. 

APPLICATION OF THE FRAMEWORK 

The selection of objectives and criteria applied to judge rel
ative priorities of the project or preferred improvements form 
the initial stage of the framework. As suggested by Irwin (15), 
absolute criteria satisfying minimum standards in the social 
and environmental impact areas are applied to select those 
projects to be tested for economic viability. The selection and 
definition of criteria form an important part of the public 
participation process. 
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Planners and analysts guided by the objectives and criteria 
set and review the supply, demand, and performance char
acteristics of the system within the study area. The application 
of economic analysis and the evaluation of viable options is 
the outcome of this stage. 

The results of the preceding evaluatory stage are then made 
public, and feedback obtained regarding public perceptions 
and satisfaction is used to improve the project selection proc 
ess further. Where possible and feasible, conflicting stake
holder interests are resolved. 

The final stage of the entire process is the reconciliation of 
any residual conflicting stakeholder interests and the selection 
of the project for implementation, which is a political decision. 

The following subsections outline briefly the methodology 
involved in evaluating the economic impacts from a highway 
transportation improvement. 

Improvement Alternatives 

The typical highway improvement involves the expansion of 
an existing two-lane highway to four lanes. Generally, four 
improvement alternatives can be considered as follows: 

1. Status Quo, No-Build, or Do-Nothing Alternative. This 
alternative is nol an improvement in the strictest sense, but 
rather provides a benchmark against which to measure changes 
in costs and benefits of the other three basic improvement 
alternatives in the following discussion. This alternative 
represents the costs incurred to provide normal maintenance 
to keep the improvement in a satisfactory condition. 

2. Combination 2-Lane-4-Lane Alternative. Four-lane 
sections are proposed only where required to accommodate 
increased traffic volumes. This capacity improvement would 
be effectiw throughout the life cycle of the facility according 
to the transportation agency's normal highway improvement 
plans. 

3. Freeway-Expressway Alternative. This alternative expands 
the existing two-lane highway by adding two additional lanes 
to provide for a four-Jane divided highway basically on the 
existing alignment. The expressway design allows some at
grade intersections (i.e., direct access only at major arterial 
urban roads) rather than requiring access to the highway through 
expensive interchanges. 

4. Freeway Alternative . This alternative consists of a full 
four-lane divided highway designed to the highest standard. 
A higher speed limit than the freeway-expressway alternative 
is allowed. In order to maintain a constant speed limit, much 
of the facility may be required to be built on a new alignment 
with bypasses around communities and access to the highway 
via interchanges. 

Variations of these basic alternatives can be considered 
as well. The evaluation process consists of the estimation and 
comparative assessment of improvement costs, user benefits, 
and economic impacts for each of the preceding options con
sidered within the transportation system for the entire study 
period. 

Improvement Costs 

Improvement costs relating to each study alternative can be 
determined by using unit cost estimates. Such cost would 
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include construction, rehabilitation, and maintenance expen
ditures. Because some of these costs vary from one-time costs 
(construction) to costs incurred more than once (rehabilita
tion) to annual costs (maintenance), the cost stream over the 
study period for each alternative is discounted to current dol
lars. This allows a comparison of relative costs for each alter
native. 

Potential User Benefits and Economic Impacts 

In order to select the best investment strategy, comparing the 
improvement costs of each alternative with its potential ben
efits and impacts is necessary. 

Using models of travel behavior, the existing and future 
traffic (for the system as is) in the study corridor can be 
estimated. Computer assignment programs are then used to 
simulate new traffic and travel patterns for each of the 
improvement alternatives. With each successive level of 
improvement, the corridor may attract more users from other 
routes. These traffic volumes become the basis for the esti
mation of user benefits and economic impacts over the entire 
study period. 

The transportation user benefits for the three improvement 
alternatives, in relation to the do-nothing alternative, can then 
be determined using existing computer packages such as PPS, 
HUBAM, etc. In this context, the current NCHRP Project 
7-12, Microcomputer Evaluation of Highway User Benefit, 
should prove to be an invaluable tool for the analyst. 

The estimation of the economic impacts for the three 
improvement alternatives form an integral part of the total 
benefit package. In a previous section, an attempt was made 
to identify and classify the different economic impacts, and 
methods of estimating the magnitude of these impacts were 
suggested. The future user benefit and economic impact stream 
is discounted to their equivalent present value as is the 
improvement cost. The freeway alternative would provide the 
greatest economic impact because the expressway and com
bination alternatives are less attractive for industry because 
of increased travel times, reduced travel ranges, and a general 
perception that any highway with less than freeway standards 
provides a less safe and relaxing travel environment. 

The suggested methodology for some impacts is not entirely 
satisfactory because of the interaction between impact cate
gories. It is suspected that there is some leakage and the 
author perceives that this could be an area for further research. 
As indicated by Table 1, business growth, recreation and 
tourism, facility construction, and property tax, in that order, 
appear to be important impact categories. Estimation of im
pacts in these areas would account for the greater part of all 
economic impacts. 

A matrix of improvement costs, user benefits, and eco
nomic impacts for the improvement alternatives considered 
for a hypothetical case are presented in Table 2. 

Evaluation of Improvement Alternatives 

A benefit-cost analysis may then be carried out to determine 
if the benefits (both user benefits and economic impacts) 
resulting from an accelerated construction program exceed 
costs, and if so, which improvement alternative can be expected 
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TABLE 2 PRESENT VALUE OF COSTS, BENEFITS , AND IMPACTS (1988 DOLLARS IN MILLIONS) 

Combination Freeway· Freeway 
Two-lane • Four-lane Expre~ay 

Improvement Cost: 
Construction 300 
Maintenance 20 
Total Cost 

User Benefits: 
Travel Time Savings 500 
Vehicle Operating Savings 10 
Accident Savings 150 
Sub-total 

Economiclnlpacts: 
Facility Construction 420 
Business Growth,. 500 
Tourism & Recreation,. 1QQ 

Sub-total 

Total Benefits & Impacts 

Tax Revenues 90 

450 
~ 

320 

750 
-35 
200 

660 

630 
1200 
250 

1020 

1680 

135 

500 

915 

2080 

2995 

550 
70 

620 

900 
-125 
300 

1075 

770 
1500 
350 

2620 

3695 

165 
•Note: Figures shown above are hypothetical for purposes of illustration 

to provide the best return. Table 3 presents a summary of 
results. Some aspects of the benefit-cost analysis process were 
discussed under analytical techniques. 

The array of improvement costs , transportation user ben
efits, and economic impacts for improvement alternatives, 
together with the results of the benefit-cost analysis, may then 
be presented to the political decision makers and even to the 
public. Final decisions should, quite properly, be made at the 
political level , which involves debate and trade-offs between 
individuals and groups who hold conflicting views. 

The planners should ensure that all facts are made available 
and presented in a manner that is understandable in order 
that an informed political decision can be made. It would be 
a mistake to avoid the scrutiny of the political decision
making process by reducing the evaluation of alternatives to 
a numerical exercise. 

CONCLUSION 

The distinction between transportation user benefits and eco
nomic impacts has been explained. An understanding of the 
three types of impacts (i.e., direct , indirect, and induced) 

would assist in identifying economic impacts. Some economic 
impacts from a transportation improvement have been iden
tified in previous studies. Additional economic impacts, some 
of which appear to be significant , have been identified and 
arranged into generic groups. 

As an integral part of the classification of impacts, the 
effects of such impacts have been recognized. Some impacts 
can be placed in more than one class type , illustrating the 
complex nature of the impacts and their interrelationships . 
Also identified in the classification is the degree of perma
nence of the impacts. Naturally , impacts classed as permanent 
are considered more significant than temporary impacts. 

A ranking of the impact categories has not been assigned . 
However, from the tabulation of impact categories, business 
growth , recreation and tourism, and property tax appear 
to be significant categories on the basis of the degree of 
permanence and incidence of impact types. 

Methods of measuring the magnitude of some of the eco
nomic impacts are suggested. In view of the interrelationship 
between the different impact categories , further research is 
suggested in the area of assessment of their magnitude and 
method of aggregation. 

TABLE 3 BENEFIT-COST ANALYSIS (1988 DOLLARS IN MILLIONS) 

Combination Freeway· Freeway 
Two-lane • Four-lane Expressway 

Present Value of Benefits & Impacts (B) 1680 2995 3695 

Present Value of Costs (C) 320 500 620 

Net Present Value (B - C) 1360 2495 3075 

Benefit - Cost Ratio (B/C) 4.25 4.99 4.95 
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A simple framework for the evaluation of the improvement 
costs, transportation user benefits, and economic impacts 
associated with improvement alternatives is presented for dis
cussion. This framework requires that minimum standards be 
satisfied in the social and environmental impact areas before 
an alternative routing is included in the evaluation process. 
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Bottlenecks and Flexibility: Key Concepts 
for Identifying Economic Development 
Impacts of Transportation Services 

MICHAEL BELL AND ERAN FEITELSON 

Today, because of economic activity restructuring by function 
rather than sector, there is a need to reconsider the relationship 
between transportation and economic development. Most current 
analyses are static and do not consider capital stock in place, level 
and quality of service, and demand for transportation. Trans
portation services can be viewed as intermediate goods in the 
private production and consumption processes of firms and indi
viduals. As is the case with other intermediate goods, different 
industries will demand different types, levels , and qualities. When 
adequate services are not available in a timely manner, bottle
necks arise . Bottlenecks are not limited to congestion on urban 
highways during peak hours; therefore, policy responses to them 
are not limited to simply building more highways. From this per
spective, the transportation system can either aid or hinder public 
and private firms' production functions either directly or by com
plementing private inputs. Transportation networks also contrib
ute to the attractiveness of a region. An analysis of linkages 
between transportation and economic development under such 
circumstances would begin by identifying the role and potential 
of various sectors and functions in the economy. Next, the impor
tance of transportation services for the most important sectors 
and functions in the economy would have to be identified. This 
method would require a highly disaggregated analysis of the role 
of transportation services in the location of relevant industries 
and services that are now differentiated by function rather than 
by sector. Such an analysis can help identify situations where the 
lack of specific transportation services becomes a bottleneck to 
economic development. However, this analysis is a necessary first 
step toward a cost-effective policy for economic development, 
but is not sufficient for formulating or evaluating a transportation 
policy's contribution to economic development. To make this 
additional step, analyzing the attributes of both transportation 
services and prospective users is necessary . Specifically, the con
centration ratios of users and operators need to be considered, 
as well as their footlooseness. These flexibility considerations are 
important to reduce the risk of long-term public investments being 
made on the basis of an ephemeral conjunction of circumstances 
in the rapidly changing economic scene. 

In fiscal year 1987, federal, state, and local governments spent 
$66.2 billion on transportation investment, operation, and 
maintenance-about $272 for every man, woman, and child 
in the United States. (Transportation includes highways, streets, 
roads, bridges, waterways, airports, and airways.) Eighty per
cent of these funds were spent on the nation's network of 
highways, streets, roads, and bridges . However, spending for 
system improvement has fallen short of the need in high-

M. Bell, Institute for Policy Studies, The Johns Hopkins University, 
Baltimore, Md. 21218. E. Feitelson, Department of Geography 
and Environmental Engineering, The Johns Hopkins University, 
Baltimore, Md. 21218. 

growth urban and suburban areas and, as a result, congestion 
was a problem on nearly half of the nation's Interstate urban 
highway system. This concern led the National Council on 
Public Works Improvement to conclude that the nation's 
infrastructure is insufficient to meet the demand of future 
economic growth and development (J). 

Several studies suggest using standard or determined needs
based approaches or comprehensive planning approaches for 
addressing perceived transportation shortfalls (2 ,3). More 
recently, the National Council on Public Works Improvement 
(1) noted that the focus of such analysis should be on trans
portation services rather than engineering standards. Still, 
these approaches do not answer questions regarding ways to 
determine which transportation policies have the most effect 
on economic development and how transportation policies 
should be related to different types of economic development. 

In the current environment of limited fiscal resources, the 
important policy question is how federal, state, and local gov
ernment officials can use such limited resources effectively to 
provide the highest level and quality of transportation ser
vices . One element to consider in setting spending priorities 
to obtain maximum benefits from limited resources is the 
linkages between transportation and economic development. 

Historically, transportation has been a necessary ingredient 
in almost every aspect of economic development. Transpor
tation made possible ready access to resources, specialization 
of industry, commercialization of agriculture, and the rise of 
trade centers ( 4,5). The increasing ubiquity of transportation 
systems (particularly highways) in the United States 'ted sev
eral influential analysts to suggest that the importance of 
transportation for economic development was declining (6 ,7). 
Because the U.S. economy was based on industrial production 
at the time of these analyses, most focused on the relationships 
between transportation systems and industry. 

In recent years, the U.S. economy went through a series 
of crises and restructuring from such forces as technological 
change (sometimes termed the "information revolution") and 
increasing international competition and, as a result, many 
industries changed their production processes by substituting 
capital for labor as well as changing the location of their 
activities (8,9). Most of the job growth since 1970 has been 
in advanced services (primarily production services), educa
tion, and health (10,11). Both the service and industrial sec
tors of the economy were also affected by the shift in fed
eral expenditures from welfare to defense (12). The outcome 
was a restructuring to a new service-oriented, postindustrial 
economy and, thus, to a new economic geography (13,14). 
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Economic restructuring affects the demand and usage pat
terns of the transportation infrastructure (15) . These effects, 
combined with the aging of transportation facilities, lead to 
increased maintenance costs. Along with changes in the 
financing and administration of transportation services, they 
have led to growing concern regarding the ability to maintain 
the existing infrastructure and to finance needed capital 
improvements (1,15). Rec;i11se ch:mges in economic structure 
and geography affect both the demand for transportation ser
vices and the ability to maintain and to improve transportation 
infrastructure, there is a need today to reconsider the rela
tionship between transportation and economic development 
in the United States in the context of the emerging economic 
geography. 

Traditionally , analyses of linkages between transportation 
and economic development focus on the multiplier effect of 
transportation investments and the impact of such investments 
on accessibility and land values. Most of these analyses are 
static and do not consider capital stock in place, the level and 
quality of services being provided, and the demand for trans
portation services. Thus, existing empirical evidence quanti
fying the linkages between transportation and economic 
development is mostly derived from cross-sectional analyses, 
and results in findings that are mixed and inconclusive. Such 
inconclusive findings reflect, in part, a lack of consideration 
of differences between places and across sectors in the eco
nomic development effects of transportation (16) . As a result, 
current knowledge does not provide sufficient guidance for 
policy makers as to the type and location for transportation 
services needed to enhance their region's economic position. 
Today, there is no generally accepted framework for explain
ing why, where, and how various transportation services are 
linked to economic development in the context of the new 
postindustrial economy. 

First, some initial steps toward developing a framework will 
be discussed that would enable researchers and policy makers 
to analyze the possihle roles and potential of various trans
portation services for economic development in different set
tings within the new economy. Next, the importance of the 
private-goods nature of transportation services will be explored 
from the perspective of the individual firm. Last , a first step 
will be taken toward the formulation of a conceptual frame
work for analyzing linkages between the demand for trans
portation services and economic development from a policy 
maker's (federal , state, or local) perspective by reviewing 
economic restructuring and identifying its implication for 
transportation demand. In this context, two central concepts 
will be introduced for such a framework: bottlenecks and 
flexibility. 

THE CHANGING FACE OF THE ECONOMY-A 
REVIEW 

The economic restructuring taking place in the United States 
in recent years can be described by four transformations 
occurring concurrently , as follows: 

1. Changes in intrafirm production processes; 
2. Changes in the structure of the industrial sector (includ

ing both institutional structure and types of products being 
produced); 
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3. Shifts in the location of various economic activities; and 
4. The increasing importance of the service sector in the 

economy. 

All of these transformations are driven to some extent by the 
revolution in information technology and each has implica
tions for the future demand for transportation services 
(13 ,17,18) . 

Changes in Nature of Production Processes 

Since the industrial revolution, the primary direction of change 
in production processes has been toward mass production. 
Underlying this trend was a stable demand for undiffer
entiated products, resulting in the epitome of standardized 
production processes, the Ford-type assembly line. 

However, in recent years there has been increasing eco
nomic uncertainty because of volatile energy prices and flex
ible exchange and interest rates combined with increasing 
international competition, much of it from countries with lower 
wages but high technological capabilities . This uncertainty has 
led to a need for differentiated production that would allow 
differences in products in response to changing preferences 
of various market segments (19) . Many firms have adopted 
new techniques that allow rapid adaptation of production to 
changes in demand through the production of various goods 
on the same production line. These new techniques require, 
in addition to multiuse machines , complex task programming, 
higher skills , ability to receive diverse inputs just in time , and 
close relationships with markets . 

In a recent study of the changing economy and its impli
cations for future infrastructure use, the U.S. Department of 
Commerce observed that (20, p. 3.7) 

The computer integrated flexible manufacturing system will 
break the hold ·that the search for economies of scale has had 
on manufacturing up to now. Big scale, single purpose , long 
production run plants will be a thing of the past. 

The Commerce report continues by arguing that because of 
these new computer-integrated flexible manufacturing sys
tems, production would become much more of a local matter 
with plants being able to make a batch of differentiated prod
ucts almost on demand. These manufacturing centers would 
have the capability of manufacturing nearly an infinite variety 
of classes of products. Major cities would tend to become 
ringed by companies operating these computer-integrated 
flexible manufacturing systems. 

Changes in Industrial Structure 

The economic dislocations of the 1970s and early 1980s that 
were characterized by large layoffs of workers in basic indus
tries can be viewed, in part, as the manifestation of a double 
transformation of the industrial sector (8). First, the institu
tional structure of the sector evolved from industrial firms to 
multinational corporations that often control a large number 
of spatially dispersed manufacturing and nonmanufacturing 
operations. 

The emergence of these multinational corporations has con
tributed to the growing integration of the U.S. and world 
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economies, resulting in increased interdependence. Over the 
last 30 years, real merchandise imports into the United States 
have increased from about 3 percent of gross national product 
to over 11 percent, whereas merchandise exports have increased 
from about 3.5 to 6.5 percent. In such an interdependent 
world, international trade would influence the structure of U.S. 
industry through the remainder of this century as domestic firms 
respond to the challenges of the international marketplace. 
Thus, international trade would influence the future demand 
for domestic infrastructure services, including transportation. 

Second, the composition of the industrial sector changed. 
New industries emerged as a result of the development of 
new information technologies at the same time that many 
basic industries in the United States declined. In contrast to 
the basic industries on which the U.S. economy was based 
for the last century, the new industries are characterized by 
the knowledge-intensity of their products and have research 
and development (R&D) as a major input in their production 
processes. 

These industries, best characterized by the semiconductor, 
biotechnology, and computer industries, often have a bifur
cated labor force that includes a large percentage of highly 
skilled engineers and researchers, as well as unskilled assem
bly workers (21,22). Firm location decisions for these indus
tries must be sensitive to the availability of housing for both 
segments of the labor force. Any mismatch between the loca
tion of housing and employment would add stress on the 
demand for transportation services, as has been evident in 
Silicon Valley (22). 

In many cases, the physical inputs and outputs of these 
sectors are small, yet highly valuable . As documented by the 
U.S. Department of Commerce (20), contracting sectors in 
the nation's economy tend to be relatively material-intensive 
and require large amounts of physical inputs to produce large 
amounts of physical outputs. On the other hand, the expand
ing industries tend to be less material-intensive. The report 
concludes that as a result of these differences, " .. . there is 
evidence supporting the notion that future economic growth 
will require less in the way of transportation of heavy indus
trial raw materials per unit of output" (20, p. 127). This 
shift from heavier inputs and outputs to lighter, high-value 
products has important implications for the relative use of 
competing transportation modes in the future. 

Changes in Location of Economic Activities 

Because of advances in telecommunications and computers , 
firms have been able to spatially separate different parts of 
their production processes (9,13,18). Thus, management, R&D, 
and various production phases can each be located at the best 
places for that function. For example, specialized production 
services could be located near management headquarters, 
whereas other services could be located elsewhere. This dif
ferentiation is increasingly taking on international dimensions 
and is not limited to industry but is just as pertinent for ser
vices as well. Th~ result of the intrasectoral spatial dif
ferentiation of functions has been that places increasingly 
specialize in function, rather than in sector (10,23). 

Before restructuring, regions were differentiated by the 
dominant sector driving their growth. For example, Detroit 
was dominated by the automobile industry whereas Pittsburgh 
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was the center of steel production. In each region, the most 
important source of jobs was the production within the dom
inant sector. Today, certain areas specialize and compete 
over production, whereas others specialize in management or 
R&D. Molotch and Logan (24), for example, identify five 
types of U.S. cities that are today differentiated by their role 
in the nation's economy-headquarter cities, innovation cen
ters, module production places, migration entreports, and 
retirement centers. 

Because of this trend toward multilocational and multina
tional firms, the amount of economic activity involving intra
firm transactions has increased. Market mechanisms are thus 
supplanted by intrafirm bureaucracies located in a few met
ropolitan centers, the headquarter cities. These bureaucracies 
require a large number of specialized producer services that 
agglomerate around them (10). One activity that increases 
the attraction of major financial centers for the location of 
corporate headquarters is the manipulation of corporate stock, 
sometimes to merge firms (whether in a friendly or unfriendly 
manner). This increasing paper entrepreneurialism identified 
by Reich (25) requires much face-to-face interaction. 

R&D has a number of geographic patterns (26). Some R&D 
activity is directly related to corporate decision making and 
tends to locate near other production services in the head
quarter city, whereas in other cases R&D may be linked directly 
to plant operations. The pure type of R&D, at the top of the 
product cycle, is often footloose so that agglomeration ben
efits from universities, public research institutions (military 
as well as civilian), and other private R&D units may be very 
important in its location (21,22). 

Most places lack special qualities that would make them 
attractive for headquarters, R&D, or retirement centers so 
they compete for routine production tasks. These tasks are 
not limited to manufacturing because government and private 
services have many routinized functions requiring information 
processing. 

Yet, as Saxenian (22) shows for the semiconductor industry, 
there is also a hierarchy of routine production tasks. Some 
require higher levels of skill than others and have different 
impacts on their environments. Thus, better-suited places may 
attract more desirable production activities, whereas less
endowed places may attract functions not desired elsewhere 
(such as waste handling). Generally, the lower the production 
function in terms of skills, the greater the importance of cost 
in determining locational desirability. For this reason, many 
of the most routinized low-skill functions have been shifted 
to low-cost developing countries. 

In addition to the changes in national location patterns of 
economic activities, the intraregional location patterns of var
ious activities have shifted. In particular, many activities not 
requiring extensive face-to-face contacts shifted to the suburbs 
or ex-urban locations. Thus, much of the differentiation of 
functions described at the national level is also reflected at 
the regional level. Although management functions remain 
in the central business district as well as associated services 
(such as financial and legal services), R&D and produc
tion functions, as well as routinized services (such as data 
processing) decentralize. Furthermore, some processes 
decentralize to the employee's home, resulting in so-called 
"telecommuting." 

The demand for transportation services will be affected by 
these shifts, as different production activities would require 
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a different type, level, and quality of transportation service . 
Also, as economic activities become less tied to central cities, 
traditional transportation networks that serve downtown areas 
become less adequate . 

Rise of the Service Economy 

Most of the jobs created since 1970 have been in the ser
vice sector (10,11). Two reasons for the increase in producer 
services previously discussed were the need to manipulate 
corporate stock and the growing complexity of managing 
multilocational and multinational firms. A third reason 
is the increasing importance of functions such as marketing, 
product development, and finance in the new international 
competitive environment. 

Services changed not only in terms of employment levels 
but also in terms of the nature of the services and the ways 
they are provided. For example, many routinized functions 
have been automated such as many routine bank transactions 
and most data processing. Services also became more spe
cialized by focusing on the needs of specific market seg
ments , much like the industrial sector. These changes in the 
nature of the service sector had important implications for 
the labor and locational requirements of various service func
tions . The exact nature of these implications, however, is 
highly sensitive to the exact type, or combination, of services 
provided (27) . 

From a national perspective, other types of services, such 
as retailing and distributive services (transportation, com
munication, wholesaling, and utilities) did not grow as fast as 
the rest of the economy. In certain areas, however, where 
tourism or retirements have become a major component of 
the local economic base, such services have grown dramati
cally. The locational and labor needs of these services are 
naturally different from those of producer or nonprofit (edu
cation, health, and government) services. Specifically , these 
services require a large unskilled or semiskilled labor force 
at the place of service provision. 

TRANSPORTATION IMPLICATIONS OF 
ECONOMIC RESTRUCTURING 

Because of the spatial differentiation of economic activity by 
function rather than sector and other structural changes taking 
place within the U.S. economy , locational considerations have 
become increasingly important in understanding economic 
development patterns. Thus, the transportation implications 
of economic restructuring also have to be analyzed within the 
context of locational considerations by economic functions 
rather than by sectors. 

In this view, public and private transportation investments , 
including expenditures on operation and maintenance, inter
act to produce transportation services, i.e., mobility. The level 
and quality of service is a function of both the condition and 
use of the capital stock in place and the flow of new invest
ment and operation and maintenance expenditures . These 
transportation services become intermediate goods in the 
private production and consumption processes of firms and 
individuals. 
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As is the case with other intermediate goods, different 
industries will demand different types, levels , and qualities of 
transportation services (28). When adequate services for any 
particular industry or firm are not available in a timely man
ner, bottlenecks arise. Bottlenecks are not limited to conges
tion on urban highways during peak hours; therefore, policy 
responses to them are not limited to simply building more 
highways. 

From this perspective, transportation systems relate to eco
nomic development in two ways. First, they serve as an input 
in public and private firms' production functions either aiding 
production directly or complementing private inputs, thereby 
making them more productive. Similarly, transportation sys
tems provide services that are inputs into private consumption 
and recreation activities . Second, transportation networks 
contribute to making a region relatively more attractive, thereby 
encouraging the location of firms and families. 

The major concern for location of production activities, 
especially in the latter parts of the product cycle, is cost min
imization. Cost minimization has two implications for trans
portation demand. First, the system has to provide good 
accessibility for the labor force. A congested transportation 
system may drive some production activities away by increas
ing labor cost as was demonstrated in the case of the semi
conductor industry in Silicon Valley . As housing prices in the 
northern part of the valley soared, w·orkers in productiott 
processes had to commute longer distances , resulting in traffic 
congestion . Eventually , most production functions left the 
area to reduce labor costs (22), a portion of which can be 
accounted for by commuting time. 

Second, a transportation system has to provide low-cost 
movement of inputs and outputs. Because of changes in pro
duction processes that eliminated most inventories , deliveries 
are required on a timely basis. That is, all inputs and outputs 
have to move in and out of a production facility jusl al Lhe 
time they are needed or completed. The total cost of trans
portation for production is thus a function of both the direct 
pecuniary cusl and the timeliness of shipments. 

At a time of intermodal freight transportation and overnight 
deliveries, small differences in transportation services may 
have important implications for the relative attractiveness of 
a place for the location of a particular type of production 
facility. For example, many high-technology industries have 
small, high-value products that make air freight transportation 
increasingly important (29) . As a result , over time, there may 
need to be a reallocation of resources away from highways, 
which currently receive about 80 percent of governmental 
expenditures on transportation, to airports and airways. 

Many studies indicate that a major consideration in the 
location of R&D facilities is the availability of a highly skilled , 
research-oriented labor force (17). The location of R&D facil
ities would thus be a function of the locational preferences of 
such a labor force (21) . Although there is still much to be 
learned about their locational preferences, several studies 
indicate that access to other researchers and research centers, 
as well as quality-of-life considerations, play an important role 
in the preferences of this group. The transportation system must 
make a region attractive for such manpower by permitting access 
to other research institutions, primarily by air (29) . In addition , 
the transportation system has to allow a high level of living 
usually through good access to services in an environmentally 
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sensitive manner. This characteristic accounts for the some
what peculiar transportation preferences of high-technology 
industries reported in the literature (28). 

A headquarter city functions as a locus of control over 
widespread operations and a center for interaction between 
firms (both face-to-face and remote). These cities require 
go d air transp rtation and telecommunication for both con
trol purposes and interactions between top executive (18). 
For headquarter cities, employee access appears to be a minor 
consideration in central management locational decisions 
resulting in highly congested cities' retaining their national 
and world economic position (30) . 

So far, the previous discussion focused on production activ
ities associated with industrial firms; however, much of the 
current economy is oriented toward the service sectors. Most 
growing firms in the service sectors, including finance, real 
estate, business, and professional services, are relatively con
centrated in central cities with many of their employees com
muting from the suburbs (11). The main pull of central cities 
for such firms seems to be agglomeration economies (31). 
Yet, there is little empirical research regarding locational con
siderations of various service activities (both sectors and func
tions within sectors) and until such research is undertaken, 
the role of transportation in this increasingly important sector 
cannot be analyzed systematically. 

In addition, the previous discussion outlining an approach 
for analyzing the implications of economic restructuring on 
the role of transportation in economic development was focused 
on the local or regional level. Clearly, the accumulation of 
these implications has ramifications at the national level. For 
example, the increase in demand for air transportation from 
production R&D and headquarter functions, noted by Toft 
and Mahmassani (29), may partly explain differences between 
the problems facing the air transportation system (congestion) 
and the maritime system (excess supply) . 

A highly differentiated analysis of the demand for trans
portation services by various agents and functions in the econ
omy is needed. Such an analysis must consider the role of 
transportation services in the private production and con
sumption process. However, because of the large number of 
existing and potential functions and economic agents in a 
region, there is a need for a framework identifying which 
analyses should be undertaken and which of the possible 
improvements may be most beneficial. 

BOTTLENECKS AND FLEXIBILITY 

In order to identify situations where transportation services 
are important from an economic development perspective , a 
determination is made on when and where transportation 
services impinge on the location of economic activities. One 
condition impinging on economic activity occurs when the 
demand for a certain transportation service outstrips the sup
ply of that service for a specific place or region, type of activ
ity , or time period. This condition is a bottleneck and would 
be evident by the transportation service having a high shadow 
price in the location considerations of a specific economic 
activity. 

The concept of bottlenecks is not new. Transportation has 
long been an enabling, but insufficient, factor for economic 
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development ( 4, 7). The historical contribution of transpor
tation to economic development essentially has been the 
removal of bottlenecks by providing access and alleviating 
congestion, thus allowing the economy to maximize its com
parative advantages. In the past, however, such bottlenecks 
were seen as static and solely in the context of industrial 
development or resource utilization. Thus, once accessibility 
for freight had been assured and improved the bottleneck was 
seen as alleviated. 

Today, in the context of economic restructuring such a view 
is untenable because bottlenecks are constantly emerging and 
changing as a function of changes in the economy. Further
more, different places competing for different types of eco· 
nomic development face different types of bottlenecks. Thus, 
the notion of bottlenecks changes when they are viewed in 
the context of different types of transportation services being 
provided at different levels and qualities to different sectors. 

The nature of bottlenecks would be a function of the eco
nomic activity in question. For example, in the case of pro
duction processes, relatively low levels of road congestion, 
freight backups, or unreliability of deliveries (in terms of time
liness) may prove to be important bottlenecks. In areas com
peting for R&D facilities, the lack of appropriate air travel 
·ervices or the prei nee of high levels of transportation-related 
pollution or environmentally insensitive development may prove 
to be bottlenecks. Similar factors may be bottlenecks also for 
the development of tourist services. 

Identifying bottlenecks would require detailed surveys of 
the locational considerations of various activities (both indus
trial and services) such as those conducted by Hummon et al. 
(28) for high-technology industries. However, such surveys 
would also have to be differentiated by functions within sec
tors because the major problem in bottlenecks identification 
may be which activities (sectors and functions) to survey. 
Addressing this problem may require a preliminary analysis 
identifying the potential sectors and functions that may locate 
in the area. Such an analysis would have to take into ac
count the larger regional, national , and global restructuring 
processes. The relationships leading to the identification 
of bottlenecks are shown in Figure 1. 

The realization that the economy is constantly changing, in 
what seems to be an accelerating pace, leads to a second 
concept that should be an integral part of any framework for 
analyzing the role of transportation services in the emerging 
highly dynamic economy. That concept of flexibility has two 
facets. 

First , because demand for transportation services changes 
continually, but in manners sometimes difficult to predict, 
transportation services have to adapt. Thus, the first facet of 
flexibility is the ability of an element in a transportation sys
tem to adapt to changing types and levels of demand. The 
lower the cost of changing the attributes of service provided 
(in terms of volume, schedule, commodities, and needed inputs) 
the more flexible is that element in the system. In an evalu
ation of various policy options, the ability of investments to 
adapt to changing economic conditions should be included. 

One element affecting the fluctuations in demand for a 
service is the diversity of its users and operators. If the type 
and number of users or operators are highly concentrated, 
changes in demand patterns of users or operation decisions 
by operators may have major effects on demand for the trans-
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purtation service. Thus, the lower the concentration ratio of 
users and operators of a transportation service the greater its 
flexibility. 

Second, different economic actors have different levels of 
freedom in their locational decisions. Therefore, the second 
facet of flexibility is the ability of an economic activity to 
relocate (its locational elasticity of substitution). The lower 
the relocation cost for an economic activity, or the smaller 
the cost differential between alternative sites, the more flex
ible the activity is. This type of flexibility may have two dif
ferent implications for transportation policy formulation . If 
an economic i:1Ctivity is inflexible it may sustain high trans 
portation shadow prices before deciding to relocate . Even if 
the transportation services for the activity are not optimal, it 
may be reluctant to relocate , because of high relocation costs . 
In such cases, the use of public funds for transportation invest
ments to retain the economic activity may be unwarranted 
because the activity would remain in the area without the 
investment , or may be willing to participate in financing the 
transportation services it wants . 

On the other hand , when an economic activity is footloose, 
it has alternative sites at similar cost with low relocation costs, 

and therefore long-term, single-purpose transportation invest
ments for retaining or attracting such a foot! ose activity may 
be risky. By the time the investment is operati nal , the de ired 
activity may have located elsewhere. However, short-term, 
multipurpose, publicly financed transportation services may 
prove imp rtant for attracting or retaining such firms . 

This facet of the flexibility concept reemphasizes the impor
tance of careful analysis of the various sectors and functions 
that are considered desirable for economic development before 
committing public resources for transportation services intended 
to attract them. 

CONCLUSION 

Most studies of linkages between transportation and economic 
development focus on the effects of transportation facilities 
on employment, or on some indicators of economic produc
tivity . A first step toward an alternative approach would focus 
on transportation services as intermediary goods in produc
tion and consumption processes. Becau e of economic 
restructuring in the U.S. and global economies , production 
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and consumption processes are constantly changing over space 
and time. Thus, the role of various transportation services in 
the economy and their effect on economic development are 
constantly in flux. 

An analysis of the linkages between transportation services 
and economic development under such circumstances would 
begin by identifying the role and potential of various sectors 
and function in the economy (local, regional, or national). 
Next, the importance of transportation services for the most 
important sectors and functions in the economy would need 
to be identified. This method would require a highly disag
gregate analysis of the role of transportation services in the 
location of relevant industries and services, differentiated by 
function rather than by sector. 

Such an analysis can help identify situations where the lack 
of specific transportation services becomes a bottleneck to 
economic development. However, this analysis is a necessary 
first step toward a cost-effective policy for economic devel
opment but is not sufficient for formulating or evaluating 
transportation policy contributions to economic development. 

To make this additional step, analyzing the attributes of 
both transportation services and prospective users is neces
sary. Specifically, the concentration ratio of users and oper
ators needs to be considered, as well as their footlooseness. 
These flexibility considerations are important to reduce the 
risk of long-term public investments being made on the basis 
of an ephemeral conjunction of circumstances in the rapidly 
changing economic scene. The importance of such consider
ations is increasing because of the lower predictability of future 
economic forecasts for most specific sectors or agents caused 
by economic restructuring. 

Much work must be done before these ideas can be coa
lesced into a coherent operational framework. It is hoped that 
they may stimulate enough interest to begin the work needed 
to formulate and apply such a framework. 
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System Dynamics Modeling of 
Development Induced by Transportation 
Investment 

DONALD R. DREW 

A modeling paradigm for analyiing transportation-development 
interactions is de cribed. The new approach is ba ed on i olating 
underlying cau e of development deficiencies in a ystematic 
way identifying policie and infrastructure inve tment to deal 
with the cause , and then as essing the impacts of alternatives 
against specified goals. The system dymtmics methodology uses 
three a lterna tive form of the model: verbal (narrative descrip
tion) , visual (causal diagram) , and mathematical (set of equation 
derived from rhe cau al diagram) . The methodology is illustrated 
using three examples: (a) modeling urban sy. terns, (b) modeling 
regional and national economics, and (c) evaluating user and 
nonuser benefits . 

Reducing the tru cost of transport increa es the total amount 
of good and ervices available, ultimately increa ing the total 
real income of any society. Tools for estimating the effects of 
different transportation improvements within these contexts 
are only now being developed. These tools tend to fall into 
two classes: (a) models of national and regional economies 
with a component being the transportation system; and (b) 
traditional models of various aspects of the development pro
cess such as land use models, population models, location 
models, economic base models and input-output models that 
are linked either explicitly or implicitly to transportation. 

NEED FOR MODELING PARADIGM 

Although there are well-established professional activities 
associated with transportation problems (transportation plan
ning, transportation operations, and transportation econom
ics) and well-established profe sional activities associated with 
development problems (development planning, development 
economics, and development administration), the two classes 
of activities are usually linked subjectively. Moreover, the 
actual decision-making processes in each proceeds with nearly 
total isolation from ongoing planning activities. A new approach 
is needed for isolating underlying causes of development defi
ciencies in a systematic way, identifying policies and infra
structure investments to deal with the causes, and then 
assessing the impacts of alternatives against specified goals . 

The whole process starts with a basic restatement of values 
and goals. Values are those irreducible qualities on which 
individual and group preferences are based. The groups are 
defined as the users of transportation, the providers of trans-
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portation, and the society. Goals are desirable end-states toward 
which planning might be expected to lead. A problem exists 
when a goal is not being achieved. There may be two possible 
reasons for this failure: (a) the goal is unachievable and (b) 
the problem re ults from conflicting goals. There is oot much 
that can be done in the fir t ca e except to lower aspiratio.ns . 
In the second case, the problem may be described as an issue
a matter that is in dispute between two or more of the three 
groups involved (1). 

rn all there are three ways in which cau ality from a policy
controlled variable acts on a goal or uncontrolled variable: 
(a) the sign of the interaction (po ·itive or negative) (b) the 
trength of the interaction ( ·trong or weak) and (c) the time 

lag of the influence. Moreover because policy variable may 
act indirectly on several different goal · through causal sequences 
of intermediate variables, cross-impact analysis is best accom
plished using a digital computer. The ultimate result i one 
o[ creating cenarios- determining future impacts of contem
plated policie by setting logical sequences of event in 
·tep-by-step relationships (2), 

A ystem perspective of transportation development anal
ysi. requires consideration of software (policies) a well as 
hardware (technologies) , time as well a pace, and stra
tegic as well a tactical method . The principal requirement 
for viable strategic approache · to olving transportation
development problem i that the approaches be system-wide, 
causally ba ed , and policy-oriented, and permit the ·pecifi
cntion of alternative transportation-development concepts in 
sufficient detail to allow their implications and impacts to be 
examined. 

SYSTEM DYNAMICS APPROACH 

Transportation systems-particularly highways, ports, and 
airports-are essential to the efficient functioning of national 
economies throughout the world, but experts say that these 
systems will be increasingly burdened by ever-growing demand, 
limited supply, and increased congestion. Although trans
portation systems are particularly vital to national and regional 
economic productivity, no organized or well-developed body 
of knowledge exists regarding the effects of transportation 
infrastructure on development. Indeed, engineers and plan
ners dealing with transportation problems rarely work closely 
with their counterparts in economic development. 

The transportation-development relationship is essentially 
a two-way interactive process with results of the interaction 
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depending on the type of economy involved and on the level 
of development at which transport improvements are effected. 
Al a given level of developmem an area requires a certain 
level of transportation to maximize its potential. Thus, an 
optimum tran portation capacity correspond to any devel
opment level. Existence of unsati fied demand for transpor
tation may, over time, have seriou adverse effect on the 
economy: conversely. th re. ults of overcapitalization may be 
unpleasant if too much money is pent on tran portation in 
anticipation of demand that never materialize (3 4). 

A model of this proces · can be complex and can consist of 
hundreds of variables. Because of the necessary feedbllcks, 
determining the optimal transport system consi tent with a 
specific spatial structure of an area is, to say the least, elusive 
(5). 

Research is needed to develop a methodology for con
structing regional transportation-development models. Such 
a methodology wou ld start with verbal descriptions of per
ception of the proces . From these verbal descriptions key 
variables and their interactions would b identified and dis
played graphically in the form of cau al diagrams. Using th 
causal diagrams mathematical model, would be developed. 
Verbal de cription is important in explaining the reasoning 
leading to a proposed policy and !'he consequence f Lhat 
policy. Graphical display provides a gestalt for synth izing 
the contribution of expert and specialists. Mathematical 
model. provide an in 'lrumen1ali1y that can be ubject to 
manipulation and ensitivity analy ·is . By examining the en
sitivitie of hypothesized relationship. prioritie for data 
collection for model calibration can be established (6). 

Although experts may understand portions of the 
transporlation-economic development process, to synthesize 
these portions in a consistent manner without a formal t ch
nique is impo ible. The tran portation-development process 
is composed of large numb r f variables :.-panning many 
disciplines. These variables are causally related and clo e on 
them elve to form higher-order feedback loop'. Inputs are 
stochastic, relationships are nonlinear, and delays and noise 
are present in the information channels. All of these char
acteristics preclude predicting ' ystems behavior by partition
i11g the problem along disciplinary lines and then assembling 
the component olutions (7). 

THE MODELING PROCESS 

Policy makers, to guide national development effectively, must 
bring together a variety of mental model , translate them into 
a common language, and then determine simultaneously all 
their important implications. Therefore formal models with 
os umption stated e.,plicitly are required. Formal models are 
best expres ·ed in math matical equations for three rea on : 
(a) mathematics is precise and interdi ·ciplinary. (b) equati n 
can be manipulated in re ponsc Lo changing inpu1s and (c 
the mathematical notation permit processing by computer. 

For system dynamics meth dology , three alternative form" 
of the model of a system are used: verbal, visual, and math
ematical (8). The verbal description is a mental model of the 
y tern expressed in words . Visual descriptions arc diagram

matic and show cause-and-eff ct relati nships between many 
variables in a simple, concise manner. The vi ual model, or 
causal diagram, is then translated into a mathematical model 
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of system equations. All forms are equivalelll, with any one 
form merely serving as an aid to understanding for someone 
who does not comprehend the other forms. However, the 
verbal descrip1ioa doe not lend itself t f rmal analysis and 
the visual cau al diagram can only be analyzed qualitatively. 
Mathematical model · are by far the most precise and are the 
only representations of the system that permit quantitative 
analysis and the evaluation of nlternutivc solutions to a 
problem. 

Modeling procedure is sequential and iterative and starts 
with the verbal d cription of the major elements nece ary 
to represent relevant aspects of the . ystem_ Next is the pos
tulali n of the model' truclure and conceptualization of causal 
relationships between model parameters in the form of a causal 
diagram. From the causal diagram, ysl m equations may be 
written. In order to complete the mathematical model, the 
model 's param tcrs mus! be estimated. his tep includes 
placing numerical values on constants and the quantifi ation 
of causal as umptions. Th accuracy of the model can be 
evaluated through simulation. At each step, the model is 
exposed to criticism, revision, reexposure, etc ., in an iterative 
process that continue as long as it proves us fuJ (9). 

The p.ropo. ed methodology use all f the relevant param
eter cla ·e in system dynamic - level variable , rate varia
bles, auxiliary variables, supplementary variables, and con
stants. However, the methodology is different because the 
geometric shapes-rectangles, valves, circles, etc.-used in 
system dynamic diagram. are unneces ary . F r example. a 
level variable is always at the head and a rate variable i always 
at the tail of a ·olid arrow. igns on the olid arrow indicate 
if the rate is added to or subtracted from the level of the state 
variable. Whereas solid arrows denote physical flows , dashed 
arrows in the causal diagram define information flows from 
level variables to rates, or action, varia le . Any intermediate 
variable on the path from a level variable, or from an exog
enou input, to a rate variable i, called an auxiliary variable. 
Signs on da hed arrows have the following inrerprctation: a 
plu sign ( +) means that an increase in the parameter at the 
tail of !'he arrow will cau e an increa e in rhe variable at the 
head of the arrow; a minus sign ( - ) means that an increase 
in the parameter at the tail of the arrow will cause a decrease 
in the parameter at the head of the arrow. Exogenous inputs 
are easily identified on a causal diagram becaus they have 
no arrows leading to them, but have one or more dashed 
arrows emanating from them. Supplementary variables, in 
contra t, do not form part of the y tem itself but mere ly 
indicate its performance and, therefore , are ah ays identified 
hy heing at the head of a dashed arrow nnd having no arrows 
emanating from them . In summarizing the causal diagram
ming convention: (a) arrows describe the direction of cau ·ality 
between pnir of variables, (b) li 11i::s (suliu ur dashed) denote 
(phy ical or inf rmation) now , and (c) signs indicate the 
nature (direct or inverse) of the relationship between 
dependent-independent variable pairs. 

The methodology use the DYNAMO computer language 
a ociated with system dynamics. In differenc equation 
terminology any level variable L is expres ed as a function 
of rate variables 1~ 1 and the previous value of tbe level. 

n 

L;(t + dt) = L;(t) + (dt) 2:: Rj(t) 
j=l 

1 = 1, ... , m (l) 
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with R1 values assumed constant over the time interval from 
t to t + dt. The rate variables are in the form 

(2) 

where Ek are the set of exogenous inputs that affect variables 
R; directly, and A,; and Ak; are the impacts of auxiliary var
iables in the causal streams from the ith variable and kth 
exogenous input, respectively. Because exogenous inputs are 
known time functions or constants, if initial values of the level 
variables are known, all other variables can be computed from 
them for that time. Then, new values of the level variables 
for the next point in time can be found from Equation 1. 
DYNAMO uses a postscript notation for subscripts in which 
.K stands for the present time t, .J stands for past time 
t - dt, and .L stands for future time t + dt. As in all computer 
programming, upper-case letters are used. DT (dt) is called 
the solution interval, the time between successive computa
tions in the simulation. Because rate variables are assumed 
to be constant over DT, the double postscript is used, .JK 
for rates on the right side of an equation and .KL for rates 
on the left side. 

MODELING URBAN SYSTEMS 

Impacts of transportation on national development are usually 
focused on urban areas. Transportation is the bloodstream of 
the urban community because spatial interdependence is the 
rationale of the urban area. A given transportation system 
both influences the location of activities within the city and 
is itself influenced by the location of these activities, because 
each location pattern constitutes a set of trip demands that is 
responded to by investment and operating decisions within 
the transportation system. Unfortunately, despite this stra
tegic importance, the system may diverge from efficient resource 
use on a number of grounds-economies of scale, mixed 
public and private sector decision making, and lack of coor
dinated decision making for the affected metropolitan area 
and across different transportation modes. Before modeling 
the impact of transportation on regional or urban develop
ment, a model needs to be developed for the region or the 
urban area, whichever applies. 

Urban systems can be arbitrarily divided into two cate
gories: (a) those that are related to the urban socioeconomic 
structure such as social, industrial, and residential systems; 
and (b) those that serve the urban community (the urban 
technological systems) such as water supply, energy, trans
portation, and the environment. Basic knowledge of how the 
urban systems are formed and interact with each other pro
vides a basis for a better learning process and, thus, a better 
decision-making process. Because of interrelationships between 
urban systems, a sound solution to an urban problem can 
hardly be attained without knowing the possible effects on 
other systems. Lack of understanding of this causality in fore
casting usually leads to treatment of symptoms rather than 
causes. 

In a system as complex as a city, intuition has proven most 
unreliable in forecasting the probable consequences of well
meaning policies, simply because the human mind is incapable 
of dealing with a system containing so many variables. No 
wonder that urban policies, laws, and decisions have produced 
results different from those intended, ranging from partial 
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success to tragic failure. Predicting with confidence the long
term consequences of costly programs has been impossible. 
One of the main causes leading to the failure of many urban 
development programs is the inability to experiment with the 
designed policies. Usually, a policy is implemented on the 
basis of some informally estimated consequences and a few 
decades later the policy turns out wrong. Therefore, in a 
decision-making process, facts must be included, but facts 
about future events cannot be obtained. 

With present technology, one means of studying future events 
is through computer simulation, which is not only economical, 
but also is a powerful conceptual device that can increase the 
role of reason at the expense of rhetoric in determining effec
tive policies. Unlike intuition and common sense of informal 
mental models, computer simulation is comprehensive, unam
biguous , flexible, and subject to logical manipulation and test
ing. Flexibility of a system dynamics model is its least appre
ciated virtue. If there is disagreement about some aspect of 
causal structure or the strength of effects between variables 
of a problem, in a short time the model can be rerun and 
observations made of its behavior under each set of assump
tions. Often, the argument is trifling because the phenomenon 
of interest may be unchanged by the factor in disagreement. 

To illustrate the system dynamics approach to modeling 
transportation-development interactions, three examples will 
be presented. The first, METRO, is a model of a metropolitan 
area consisting of a central city and its suburbs. The model 
comprises seven sectors (city population, industry, housing, 
employment, land, suburban carrying capacities, and trans
portation) that will be described in the traditional system 
dynamics format: verbally, by causal diagrams, and by 
DYNAMO equations. 

First, the population sector of the central city is displayed 
in causal diagram form and in equation form (Figure 1). The 
level variable CP, for city population, is controlled by two 
types of rates: natural increase (births and deaths) and migra
tion in and out. Each of these four rates depends on the 
population and constant fractional rates of increase. How
ever, in-migration is also assumed to be influenced by an 
attractiveness multiplier . 

Next, Figure 2 shows the industry sector. Although many 
ways of measuring economic activity are available, industry 
is chosen as the level variable for this sector. Industries create 
more industries through industry construction. Amounts of 
additional economic activity are proportional to the present 
rate of economic activity. So, at every point in time, industry 
construction equals the number of industrial structures mul
tiplied by industry construction normal with the word "nor
mal" denoting the conditions under which construction occurs. 
Conditions within the urban area such as labor availability 
and land availability that encourage or discourage construc
tion (above or below the normal fraction, respectively) are 
handled by an industry construction multiplier. 

The housing sector, which is shown graphically and math
ematically in Figure 3, is handled in a manner similar to the 
industry sector, except that the basic structural unit is the 
dwelling instead of the industry. 

The employment sector relates the demographic (popula
tion) and economic (industry) sectors. Population determines 
the size of the labor force, that is, the demand for jobs. 
Industry creates jobs-the supply side of the interaction (see 
Figure 4). 
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FIGURE 1 Population sector: left, causal diagram; right, mathematical form (METRO model). 
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FIGURE 2 Industry sector: left, causal diagram; right, mathematical form. 

Figure 5 shows the land sector and the ways that industry 
and housing compete for land. Availability of land influences 
the expansion of industry and housing through the industry 
land multiplier (ILM) and dwelling land multiplier (DLM), 
respectively. 

These five sectors will be considered as a system with inter
actions within and between the sectors. Job availability mod
ulates migration into and out of the area through an attrac
tiveness multiplier. Availability of housing also influences 
housing construction because builders and developers cannot 
make a profit by building and marketing houses for which 
there is no demand. Population and industry structures are 

coupled through the ratio of labor force to jobs, population 
and housing through the ratio of households to housing, and 
industry structures and housing through values of the land 
fraction occupied. 

A city is not self-sufficient. The hypothetical city must reach 
out into the hinterland for water, food, clean air, energy, and 
raw materials. Physical systems that help an urban population 
cat, drink , breathe, sleep, work , and move about are engi
neering systems. These systems are lifelines; without them, 
modern cities could not exist . Transportation is a life support 
system that can be superimposed on previously modeled 
socioeconomic systems. 
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FIGURE 3 Housing sector: left, causal diagram; right, mathematical form. 
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FIGURE 4 Employment sector: left , causal diagram; right, mathematical form. 

If the availability of employment and housing is the prin
cipal determinant of in-migration to the hypothetical urban 
area, accessibility of suburban residences to central city work 
places (achieved through suburban expressways) accounts for 
the movement of people from the central city to the suburbs. 
The causal diagram and mathematical model for the suburban 
sector are shown in Figure 6 and for the transportation sector 
in Figure 7. 

The causal diagram for the entire METRO model is shown 
in Figure 8. Streams of causality can be followed from variable 

to variable through the sectors. The suburban population SP 
depends on the lane-miles of commuter expressways CE. Fig
ure 8 also gives the control statements for the model outputs, 
which are presented in Figures 9-12. 

Figures 9 and 10 show the standard or base run outputs of 
the model. Figures 11 and 12 are outputs of alternative scenar
ios based on parameter changes made to represent various 
development strategies. In these four figures, the abscissas 
are time corresponding to 100 years in the lifetime of the 
hypothetical metropolis. In Figure 10, the ordinate E expressed 
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FIGURE 5 Land sector: left, causal diagram; right, mathematical form. 
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FIGURE 6 Suburban sector: left, causal diagram; right, mathematical form. 

in lane-miles stands for commuter expre ways, and ranges 
from 0 to 1,000. In the other figures, there are two ordinate 
, cales: one for city population ( ) and suburban population 
( ) and the othe r for the unemployme nt rate ( U) . The scales 
for C and S run from 0 t 2,000 T (2 millio.n) per ns and the 
scale for U from - 0.05 to + 0.25 . Unemployment rate is 
defined in Equation 24 in Figure 4. 

By examining the computer outputs, the various strategies 
for reducing unemployme nt can be compared and the effects 
on population distribution between city and suburbs can be 
observed. Table 1 presents the effects of the strategies at 30 

years and Table 2 at 100 yellrs. The pllttern of behavior is 
similar in the five cases. The first 30 years are marked by 
rapid growth whereas the next 30 years are marked by a 
transition phase followed by an equilibrium phase . This pat
tern of growth is typical of the dynamics of the American 
metropolitan area over the past century. 

The four policies tested and reported in Figures 11 and 12 
can be described as follows : 

1. Industrial Development Policy-aims at reducing the 
shortage of jobs as unemployment increases by attracting new 
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FIGURE 7 Transportation sector: left, causal diagram; right, mathematical form. 
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FIGURE 8 METRO model: left, causal diagram; right, control statements. 

FIG. 9 

FIG. 10 

FIG. 11 

FIG. 11 

FIG. 12 

FIG. 12 



.. 
U:> 

~ .. •"! ·------
a • 
"' 

I 
~ .. .... , ... 
a• I ,,. 

IU 

I 
-.. u . ··-------· • • a 

_,,, I 

·NI •• a• I 
~ 

CITY 
u 

u 

u 

u ____ , _,. ____ _ 
u 

u 

u 

~IJBUl:t.l~AN f'OPULATION1~ : : 

I I I I 

t ~~~~~~~~~~~~~ .... ~~~~~M~ "'M~~~M..,M~~ .... MMW"IMMM ,,,.,, 
"'' "' ,. "' . .. .. "' ~ . .,, ........ 

""'"'"' M DO I-------I -------1 -------1 ------1 ------1 
" •G • • • • 
A. I • 0 0 e G D 
.,, "" ,. _. • a 
u 
~ TIME l't'~) 

FIGURE 9 Base Scenario 1. 



"' 
0 I-------• ----·----I - ----- I - -------I --------- • 
D 
01 

DI 

"' .... ----1 -w-----I-------I------- I-------- t 

··----D 

"'' 

... 

"' 

.. 

... 

, ... 
.:. 
I 

I ... 
I 

01-------
"' NI 

I ... ... 

... 
... 

... 

---- I-------> 

COMMUTCll. EXf'Jl..f~S'."AYS 

'------·- I--·---- j 

0 I ------1 -------I------·-- f ---- - ---I --- ·- - --I 0 • . • • 

• N 

FIGURE 10 Base Scenario 2. 

TIME \Y~) 

0 .. .. .. 



"1 C'•C , S,•S,UR•U 

~ .... .... 
.... = Q. = "' [ 
§ 
Q. 

:r g 
"' a=g· 
Q. .. 
~ .g 

~ 
~ 
~· 
'!' 

0 . 
-. OS 
.o-s-

ID~O . T 
. l 

UOO.T 
.175 

2000.T CS 
. 25 u 

-i 
~ 
l'Q 

~ 

1\ 
I :; 
I s 
I s 
I 5s 
I 
I zo .-
1 

I 

SS 
-s- -

SS 
s 
s 
s 
s 

c 
c 

c 

u 
u 

u 

40 . -
1 

~s - - - - - - - - - - - - - - - - -- - - - s 

I 

"l 
10 .-

100 .- - -

s 
s 
s 
s 
s 

l I -------l - - - - - - - - - - -- - s 
s 

,~ 
II\ 

~ 
:N 
~ 
> z 

~ c 

~ 
6 
% 

- ~ - - - c - - c 

u 
u 

c 
c 

c 
c 
c 

c 
u I c u c 

-u- - - - - - - - -c- - - - - - - - -u c 
u c 
u c 
u c 
u c u c 
u c 

U Cl 
u c I 

- - - - - - - - -u- c - - - - - - - - - - - - -
UC 
c 
c 

cu 
cu 

c u 
c u c u c u 

- - -ri--- -g-~ - -c u 
c u 

c u 
c u 
c u 
c u c u 

n 

~ 
~ 
~ .-

c u 
-c--u--

c 
z m 
~ 
"'Q 
r-

~ 
"' z 
-i 

cu 
cu 

ct'•c,s,•s,u•·u; 
0 . 

- .n 
SOO.T .ozs 1000. T 

.1 ~ 
0 z 

1500. T 
. 175 ~ 

HOO. T CS 
.HU 

.o-s- - - - - c u -
Is c 

s c 
I s 
I S I s\; s 
I s 

zo .- - - - -s- - - - - - - - - - - -

c 

- u -

c 
c 

c 
c 

c j 
I 
I c 
- - -c- - - - - - -

I :; 

I l 
I s 
I ~ 
I s 
I s 
I s 

I UC 

I ) 
I g 
I cc 

u 

-i ~o . - - - - - s - - - - - - - - - - - - - - - - - -
- I s 

- - -c- - -

I c{ ~ I l 
m I S 

~ 
s 
s 
s 
s 
s 

IC 
c 
c 

c'I 

u 

"' 

u 
u 

u 
u 
u 

u 
- - - - - - - - u - - -u 

u 
u 
u 
u 
u 
u 
u 
u 

'° · -s -- - -- - - - - - - - - - - c - - - - - - - - - - - - - - - - - - . - - - - u -

I ao .-
1 
I 
I 
I 
I 

I 

s 
s 
s 
s 
s 
s .. 
$ 
s 
s - - - - - - - - -s 
s 
s 
s 
s 
s 
s 
s 
s 

c I 

~ I 
c I 
.c I 

c I 
g I 

C I 
- - - - - -c- - - -

( I 
c I 
C I 

~ I 

u 

u 
u 
u 
u 
u 
u 
u 
u 

- - - - - - - -u- - -

u 
u 
u 
u 
u 

u 
u 

" u 

I 
100 . - s - - - - - - - - - - - - - c - - - - - - - - - - - - - - - - - - - - - - - - - u -

f!Lll mIOYJN H:JNV3S3N NO/.LV.LNOJSNVNL u 



::.1 

~ .... 
N 

f. .. ==.. 
~ 

'O 

~ 
5!. 

i 
~ 

~ 
8' a. 
~ = el 
~· 

CP•C,SP•S,UR•U 

o. 
-. 05 
. O- ':>- - - - - -

I :i 
I S 
I S 
I S 
l s 
I s 

I 
20 .-

1 
I 
I 
I 

I 

-. 
s 
s 
-s-
s 
s 
s 
s 
s 
s 
s 
s 
:i 

c u 
c 
c 

500.T 
.025 

c c I 
l 

u 

c 
c 

u 
u 

u 

c 

!000.T 
. l 

c 
- - -c- - - - c 

15DD. T 
.115 

cl 
c 

c 
cc 

c 
c 
c 

2000.T CS 
.Z5 U 

j <ou . s 
s 

u 
u 
u 

- - - - - - - - 1-
c 

c 
c 
c 
c 

~ 
m 
':<: 
.IQ ...... 

~ 
3:: 
"' ::z c 

'°· 

ID. 
I 

I 
I 

I 
I 
I 
I 

100.-

s 
s 
s 
s 
:; 
s 
s 
s 

- s s 
:i 
s 
s 
s 
s 
s 
s 
s 

- s 

d 
C/I 
c 
(j1 
c:. 
;;i 
GO 
> z: 

u 
u 
u 
u 
u 
u 
u 

- - - - - - - - - - - - - -u- -u 
u 
u 
u 
u 
u 
u 
u 
u 

- - - - - - - - - - - - - - -u- - - - - -u 
u 
u 
u 
u 
u 
u 
u 
u 

- - - - - - - - - - - - - - u - - - - - -

c: z 
"' ~ 
~ 
3:: 

c 
c 
c 

- -c-

c 
c 

c 
c 
c 
c 
c 
c 

_g_ - - - - -
c 

r:~ 
c 

('l c 

~ 
~ 
~ 
r 

- g - - - - - -

1000. T ~ ~ 500.T : l _ - ~ 
0 , . 025 - - - - - - - - - - >: _. o! c c u - - - -

1 

- ::.-t 

. Di~~ - ~ CC r. C ~fll 
1500. T 

.115 ?j 
0 z 

ZODO.T CS 
.25 u 

.• 0 c 

l z ' ' - ---
s ; I r. c -------- -7! ! -------- --< ' / )~ ----- - I cc -s-- -- --- I u u u c 

s u c 

$ c u I . ' ' ' . ' ' s~ I ---! -------/- ------\ ' --- --- ' ' ' --- ---- ' ' -·- - - ' ' 
' ' ' 5s c ., ~ 
' ' ' - - -s I c ___ -u- - - -' ' - - - - - - - ' ' - - - _,_ - - I ' l - - - - - - - - - - - - - 1 I ~ 
>- -- - - ' I ' 

' ' I ' ' < I ' 
' ' I ' 
s ! c I u - --· ' ' , ____ , __ _ 
s c ----- --, u ' - -<- - - - ' s I --------- IC II u ' ------ ' ' • --- I ' ' 

' I < ' 
' ' ' s c I u 

' ' ' - -- --' ' - - - _,_ - -s c - - - - -i -------------------c- - - - - - -

20 . -

I 
I 

I 
I •o .-
I 
I 

I 
I 
I 
I 

60 . -
I 

I 
I 
I 
I 
I 
I 
I 

ID • 
I 
l 
I 

I 
I 

I 
I 

I 00 . -



74 TRANSPnRTATION RESEA RCH RECORD 1274 

TABLE 1 COMPARISON OF SCENARIOS AT TIME T = 30 YEARS 

f!;!,ram~:t~Cli! El~§~ rum E2l1S<::l ;i. foJ.1soll: ' f2Usc:ii:: ~ f2il~x ~I 
ICN .10 .15 .10 .15 .10 
DCN .07 .07 .10 .07 .07 
ULD 66.7 66.7 66.7 33.3 66.7 
FFA 1.0 1.0 1. 0 1.0 0.5 

CP 1430T 1719T 1190T 1766T 1424T 
SP 212T 212T 212T 212T 147T 
UR 0.14 0.09 0.20 -.02 0.15 

TABLE 2 COMPARISON OF SCENARIOS AT TIME T = 100 YEARS 

f~Cli\ID!i::t!i:Cli! Base BYD fQliS<ll: 
ICN .10 .15 
DCN .07 .07 
ULD 66.7 66.7 
FFA 1.0 1.0 

CP 1026T 1295T 
SP 216T 216T 
UR 0.20 0.16 

industries, accomplished in the model by increasing industrial 
capacity initial value (ICN) . 

2. Housing Development Policy-represents a strategy (i .e., 
low-income housing programs of the 1960s) encouraging the 
construction of more housing, accomplished in the model by 
increasing dwelling construction initial value (DCN) (Figure 
3, Equation 13.1) . 

3. Mixed Development Policy-represents a combination 
of increasing ICN as in the industrial development scenario 
while reducing useful lifetime of dwellings (ULD) to remove 
slum housing . 

4. General Fund Policy-corresponds to using the highway 
fund for nonhighway purposes, a proposal that surfaces from 
time to time. Indeed, it has become commonplace to divert 
highway earning to transit subsidies. This policy is imple
mented through the parameter FF A in the model (Figure 7, 
Equation 34.2). 

On the basis of the unemployment rate as a measure of effec
tiveness, development alternatives can be ranked from best 
to worst in this hypothetical case as follows: Policy 3, Policy 
1, base policy, Policy 4, and Policy 2 (see Tables 1 and 2). 

MODELING REGIONAL AND NATIONAL 
ECONOMIES 

National development models should, ideally, be structured 
to accommodate three development orientations: (a) resource 
development, (b) regional development, and (c) sectoral 
development. Resource components include natural resources, 
land resources, water resources, and human resources (man
power). Regional development is organized on the basis of 
rural and urban. Sectors represented in the model are agri
culture, manufacturing, business, infrastructure, and govern
ment . Obviously, the three orientations overlap and are also 
tied together by two quantities most responsible for material 
growth: (a) population, including the effects of all economic 

l. fQliS<ll: 2 fQliS<ll: ;l foliS<:ll: ~ 
.10 .15 .10 
.10 .07 .07 

66.7 33.3 66.7 
1. 0 1. 0 0.5 

798T 1754T 1013T 
216T 216T 216T 
0.23 0.08 0.20 

and environmental factors that influence human birth , death, 
and migration rates; and (b) capital , including the means of 
producing industrial, service, and agricultural outputs. 

Many of the sectors of a national or regional model can 
be thought of as elements in a national account that is con
cerned with measuring aggregate product originating within 
some geographical area to provide a picture of economic 
performance. 

End results of economic activity are the production of goods 
and services and the distribution of those goods and services 
to members of society. The most comprehensive measure of 
national output is the gross national product (GNP), which 
is the value of all goods and services produced annually in 
the nation. Estimating GNP, however, is not merely adding 
up the value of all output because that would result in double 
counting. The value of any product is created by a large num
ber of different industries with each firm buying materials or 
supplies from other firms, processing or transporting them , 
and thus adding to their value. 

Four major components of GNP, each representing a final 
use of GNP, are consumption, investment, government pur
chases, and net exports. Investment refers to that portion of 
the final output that takes the form of additions to or replace
ments of capital. Government purchases of goods and services 
are a second component of GNP . In addition, government 
makes other expenditures in the form of transfer payments, 
which do not represent the purchase of output and conse
quently arc excluded from GNP. CuJJsumplion refers to the 
portion of national output that is devoted to meeting con
sumer wants. Net exports (exports minus imports of goods 
and services) are a final use of GNP and must be included in 
the total. Three of the four major components (consumption, 
investment, and government purchases) can be grouped under 
the heading of gross domestic product (GDP). The GNP, 
then, is the sum of the GDP plus net exports. 

For purposes of national income analysis, GNP statistics 
are subdivided into mutually exclusive, collectively exhaustive 
categories. The most commonly used scheme for subdivision 



Drew 

is based on the International Standard Industrial Clas
sification (ISIC). The nine major ISIC categories are as 
follows: 

Code Classification and Description 

1 Agriculture , hunting, forestry, and fishing 
2 Mining and quarrying 
3 Manufacturing 
4 Electricity, gas, and water 
5 Construction 
6 Wholesale and retail trade, restaurants, and hotels 
7 Transport, storage, and communication 
8 Financing, insurance, real estate, and business services 
9 Community, social, and personal services 

Each of the nine ISIC economic output divisions is associated 
with a particular capital stock. In a typical model, the agri
culture sector provides most of the output in the first ISIC 
division. Manufacturing capital stock provides the output in 
ISIC Divisions 2 and 3. Business capital in the model is asso
ciated with the activities listed under ISIC Divisions 6 and 8. 
The infrastructure sector, including transportation in the model, 
corresponds to ISIC Divisions 4 and 7, and the government 
services sector to ISIC Division 9. 

Transportation-development interactions in a regional and 
national context are shown in causal diagram form in Figure 
13. The causal processes tend to close on themselves forming 
feedback loops. Polarity of a feedback loop can be determined 
by counting the number of negative causal relationships-if 
odd, the loop is negative; if even, the loop is positive. Loop 
1 is the economic growth loop and, being positive, would 
generate exponential growth if unchecked. Loop 2 provides 
this check and is the constraint on economic growth that is 
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FIGURE 13 Transportation development interactions. 
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supplied by the environment. Loop 3 (GNP-FB-Til-TI
FIOT-FIOI-GNP) is the development loop induced by 
transportation investment and is positive. 

Economic development and developments induced by 
transportation investments have been combined into a single 
second-order (having two state variables, IC and TI) loop (Fig
ure 13, and simplified in Figure 14). This idealization of the 
transportation-development interaction is the transportation
development model. Analytical treatment of this model to 
obtain a solution is shown in Figure 15 with the following 
steps: (a) steady state analysis, (b) formation of the two first
order differential equations representing the two sectors, (c) 
formation of the second-order differential equation from the 
two first-order equations, (d) determination of the general 
solution to the second-order differential equations, and (e) 
evaluation of the constants in the general solution to obtain 
the final solutions of the two state variables IC and TI (Figure 
15). Because GNP can be found from IC, 

GNP, = IC,(1 - FIOI)/COR (3) 

and because GNP and TI are both functions of time t, it 
follows that GNP and TI are functions of each other. In Figure 
16, normalized versions of GNP and TI are plotted for various 
initial values of GNP0 and TI0 and for t = 10 years. Four 
cases are shown. Because the ratio GNP0 /GNP, is the same 
for the four cases, the effect of transportation infrastructure 
on economic growth can be seen. 

EVALUATION OF USER AND NONUSER 
BENEFITS 

Until recently, the long chain of impacts of infrastructure im
provements on socioeconomic systems could not be estimated 
except by contemplation, discussion, argument, and guesswork. 
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FIGURE 14 Transportation development model. 



76 

AT STCA1'Y ~TATt ~UILIDl:IUM. HIVE5TMf1JT IS 
eQt:AL TO "PfrRfCIATION IN DO™ StcTORS: 

IN1'U,TKIAL seCTOK TKAMSl"OltTATION SfCTOR 

ICle•ICDc 
Tle·TPM• ta> 

Tie• ICl>./TIIM 

Tlle•TI~ 
lCc• FCTT/I IT •T11) 
ICc•lTIP• llT)/FCTT 

Tiie Plf,.Cftl!NTIAL eQUATION:I IN TllC TWO 5C:CTO~' 
CAN ~e Clt'lle,,ep .-.,, FOLLOWS: 

1~1'U5TKIAL ,f'CTOR TRAN,f"OftTATIOM 5e<:TOI( 

dTl, 
-·Tflt·TID~ dt 

"'U'°'·IC.'XFCTT/JJT) 

TMf secoNP Orl:l)tt SY'STCM CAN ~~ Ret'K~l!NTn> 

BY A secoNl' ooesc PtrFerteMTIAL eal11.T10..i 
dtrc_ • UC.·tC .')( TPM,.FCTT) 
dt' e llT 

WITM wewe"AL SOLUTION 
143t -Wt' 

(IC.·1Cel•C1e +C,e 

wMeite 
w·J-=,,,,,,,..,...M.,... .. ""F""c""rr= 

llT 
C1• lt IC.-ICc)+ tTl0 • Tte)(,,,,.1/w))/Z 
~·l\JC,- IC.l-t TJ0 -TleHTPM/14)})/Z 

THe SOLUTION TO TJ.U: OTMfR sr.t.n VA~l,t.DLf 15 

(Tl tJC. -..it t•Tlel•(l.>ITl>M)lC,e -C~e ) (4) 

FIGURE 15 Analytical solution of transportation development 
model. 
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One way out of this prt:sent dilemma about transportation
development problems is to sketch an approach that combines 
the strengths of the human mind and the strengths of today's 
computers. For example, in Figure 17, Link 32 is a congested 
expressway, Link 21 is part of the Interstate system, and Node 
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A CLA<;,51C l'IW~LCM FACltJG STATf: HIGHWAY J)f:f'AllT
MENTS I~ Wl-lfTMffC TO A'PJ> LANf5 TO AN E-XISTING CON
Gf:STEl> MIGMWAY SC~ING TWO CITICS O~ 5UIL1' A NCW, 
MO~f 1'1~fCT MIGMWAY F>.CILITY BfTWffN lllf lWO 
LOCATIONS. TMf: ]}f-Cl510N TUr<:NS ON TMf: EVALUATION OF 
user.: ~ NON-lJSfR: DfNCFITS FO~ TMf 'TWO ALTEIUJATIVfS. 
COl-ISIJ)f:~ TMf HYf'O™fTICAL Al'f'LICATION OF TMI~ C.Et.IC!l:IC 
SITUATION l>fPICTED BfLOW. 
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FIGURE 17 Example: application of system dynamics to 
evaluate the effect of transportation on development. 

3 is an urban area with high unemployment. The solution 
being contemplated is to improve accessibility from Node 3 
to the regional hub, Node 1. Three alternatives have been 
identified. The decision will be based on the evaluation of 
user and nonuser benefits for the two improvement alterna
tives. However, existing methodologies do not permit objec
tive evaluation because they cannot measure socioeconomic 
impacts (such as a reduction in the unemployment rate in this 
example) that are the key to finding nonuser benefits. One 
approach is to use system dynamics (shown in Figures 18-
20). Steps in finding user benefits for all traffic, including 
induced and diverted traffic as well as through-traffic, include 
the following: 

1. Plot the demand function and the supply functions for 
the three alternatives (see Figure 18). 

2. Find the changes in annual user costs by finding the areas 
under the curves shown in Figure 18. 

3. Calculate the benefit-cost ratios for Alternatives 2 and 
3 using the well-known benefit-cost expression 

R-E 
BC= -- (1 - e-") 

er (4) 

where R is obtained from Step 2. 
Steps in finding nonuser benefits (in this case the unem

ployment rate for the urban area designated Node 3) includes 
the following: 
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FIGURE 18 Highway user cost-benefit relationships. 

1. Extend the chain of causality from the decision variable 
NUMBER OF LANES (NKL) to the measure of effectiveness 
UNEMPLOYMENT RATE (UR) (see Figure 19). 

2. Develop the mathematical model expressed in the 
DYNAMO language corresponding to the causal diagram in 
Step 1 (see Figure 20). 

For the initial conditions given in this hypothetical example, 
a population in Urban Area 3 of 240,000, and basic industrial 
capital of $10 billion (see Figure 20 for PN = 240000 and 
BICN = 1.0.E 10), the results for a 25-year horizon or planning 
year are presented in Table 3. Although the cost-benefit ratio 
for Alternative 2 is greater than that for Alternative 3, the 
unemployment rate has been reduced more for Alternative 
3. Thus, both user and nonuser benefits have been quantified 
as a first step to trading them off in reaching the final decision . 

In system dynamics, it must be understood that develop
ment systems contain causally related variables; every vari
able depends on every other variable. The causal diagram in 
Figure 19 shows that the system dynamics model for this exam
ple problem contains four sectors: a population sector , an 
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economic sector, an employment sector, and a transportation 
sector. Arrows and signs on the arrows describe causal 
hypotheses regarding pairs of variables. In the population 
sector, the state or level variable POPULATION (P) is affected 
by three rate variables: NET POPULATION GROWTH 
(NGP), IN MIGRATION (IM), and OUT MIGRATION 
(OM). The first two variables increase the state variable, 
whereas the third decreases it, explaining the signs on the 
arrows. Arrows are solid to denote accumulation or integra
tion, as opposed to information or feedback , flows, which use 
dashed arrows . The relationship for POPULATION can be 
expressed in the following integral equation : 

pl = P, _, + f I (NPGI + IM/ - OM,)dt 
r - 1 

(5) 

As a difference equation in DYNAMO language (as in Figure 
30), 

P.K = P.J + (DT)(NPG.JK+IM.JK-OM.JK) (6) 

A body of dynamic behavior and principles of structure is 
emerging that allows organizing and understanding the devel
opment process of a region or a whole nation. The basic 
building block is the feedback loop formed when two or more 
variables close on themselves. For example, a feedback loop 
is formed by PO PU LA TION and NET POPULATION 
GROWTH because the latter also depends on the former. 
System dynamics is a methodology especially conceived to 
deal with feedback. 

The entire transportation-induced development process is 
dominated by feedback because it features the synthesis of 
demand and supply functions. For the demand function, the 
transportation improvement required to accommodate a cer
tain socioeconomic load is sought . For the supply function, 
the level of service obtained for a certain transportation 
improvement must be known. Because higher levels of service 
attract socioeconomic activity , the feedback loop is closed. 

Within and between the development subsystems-popu
lation, economic, employment, and transportation in the 
example-the feedback continues. For example, in the eco
nomic sector in Figure 19 an increase in BASIC INDUSTRY 
CAPITAL increases BASIC INDUSTRY OUTPUT, which 
increases BASIC INDUSTRY PRODUCT, which increases 
BASIC INDUSTRY CAPITAL INVESTMENT, which adds 
to BASIC INDUSTRY CAPITAL, which increases BASIC 
INDUSTRY JOBS (in the employment sector), which adds 
to TOTAL NUMBER OF JOBS, which decreases UNEM
PLOYMENT RATE. An improved level of service , as mea
sured by decreased TRAVEL TIME, reduces the FRAC
TION OF INDUSTRIAL OUTPUT TO INPUTS, which 
increases BASIC INDUSTRY PRODUCT, which eventually 
reduces UNEMPLOYMENT RA TE. But an improved level 
of service leads to increases in LAND ZONED FOR RES
IDENTIAL in the suburbs, which increases urban area POP
ULATION , which increases LABOR FORCE and, there
fore, UNEMPLOYMENT RATE. Although simple, the 
example shows why transportation-induced development is 
not a panacea . There are two causal streams from the decision 
variable TRAVEL TIME to the measure of effectiveness , 
UNEMPLOYMENT RATE, that tend to cancel each other. 
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FIGURE 19 Model of highway user and nonuser benefits. 
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FIGURE 20 (continued on next page) 
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FIGURE 20 (continued) Estimation of population, 
transportation needs, and socioeconomic impact. 
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TABLE 3 TRANSPORTATION DEVELOPMENT EVALUATION METHODOLOGY RESULTS 
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In the mathematical model, parameter values have been cho
sen that support transport improvement to reduce unemploy
ment (see Figure 20). Obviously, the modeling of transportation
induced development in the real world is serious business. 
The advantage of the system dynamics approach is the absence 
of the restrictions inherent in the many methodologies. Thus, 
the dichotomy that exists in a strategy of transport move
ment becomes explicit and must not be obscured by modeling 
limitations. 
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Economic Development Impact of 
Airports: A Cross-Sectional Analysis of 
Consumer Surplus 

BAHAR B. NORRIS AND RICHARD GOLASZEWSKI 

Attributing the entire impact of an airport's operations to eco
nomic development would be overestimating the net economic 
benefits of an airport. A methodology is developed for using 
consumer surplus as a proxy measure of the net economic devel
opment benefits from the construction of a regional airport . This 
methodology involves partitioning the impact of an airport into 
two parts: (a) the impact from the purchases of air transportation 
services; and (b) the consumer surplus from a decline in air trans
portation prices subsequent to the construction of the facility . 
Using a combination of input-output analysis and airport-user 
surveys, a cross-sectional study was conducted on two airports , 
one in an island economy-\vith fe\v alternate means of trans
portation and no other airports-and the other in the Dallas
Fort Worth (DFW) area with an abundant supply of alternate 
airports and other modes of transportation. The transportation 
purcha e impact was larger in the DFW area than in the island 
economy ($5.26 billion compared to the island's $3.73 billion
or $1,571 and $612 per capita, respectively). The size of the 
consumer surplus for the DFW airport was much smaller because 
of the proliferation of other transportation modes and competing 
airports ($1.3 billion) . In the island economy, the consumer sur
plus was much larger ($11.03 billion), suggesting the importance 
of the availability of substitute modes and airports . The study 
emphasizes the importance of the industry mix, the diversity of 
the economy, the regional transportation infrastructure, and the 
full-employment status of the economy in determining the si:i:e 
of the impact. It also provides caveats on using stated preference 
methods in determining the value to the consumers of products 
that could be enjoyed as a free rider. 

Many economists and policy makers have applauded the ben
efits of government investments in large-scale public projects 
on the grounds that such projects generate public benefits 
over and above the costs of constructing them. The oppor
tunity cost of constructing such projects, the argument goes, 
would be lower for the public sector than if private-sector 
cost accounting were used. 

A methodology will be outlined for using consumer surplus 
as a proxy measure of the net economic development benefits 
from the 1.:onsl1 uction of a regional airport. This measure 
avoids double counting that would result if the entire upper 
and lower areas under the demand curve were attributed to 
the economic development impact. This methodology involves 
dividing the impact of an airport into two parts: (a) the impact 
from purchasing air transportation services, and (b) the con
sumer surplus accruing from a decline in air transportation 
prices following construction of the facility. 

B. B. Norris, Ketron, Inc., 350 Technology Dr., Malvern, Pa. 19355. 
R. Golaszewski, Gellman Research Associates, 115 West Avenue, 
Jenkintown, Pa. 19046. 

To identify factors determining the size of the impact, a 
cross-sectional comparison will be made of the economic impact 
of two airports, one in an island economy (with few alter
native means of transportation and no other airports) and the 
other in the Dallas-Ft. Worth (DFW) metroplex (with an 
abundant supply of alternative airports and other modes of 
transportation) . 

Although the size of the purchase impact closely relates to 
diversity of the economy, the size of the consumer surplus is 
a function of the accessibility of the region, its industrial mix, 
and the importance consumers attach to continuing operations 
of the airport. In the DFW metroplex where demand for air 
transportation was elastic and there were extensive input
output linkages within the economy, there were substantial 
output multipliers indicating the number of times each dollar 
spent rolls over within the region. Here, both the absolute 
and relative sizes of the transportation purchase impact were 
larger when compared with the island economy ($5 .26 billion 
compared to the island's $3 .73 billion for total impact; and 
$1,571 per capita compared to the island's $612 for per capita 
impact). In the same economies, because of differences in 
accessibility and industrial mix characteristics, the relative 
magnitudes of the consumer surplus were reversed. The DFW 
region showed a relatively small economic development impact 
($1.3 billion, or one-fourth of the purchase impact) , whereas 
the island economy showed a relatively large impact ($11.03 
billion) that was three times larger than the purchase impact. 

BACKGROUND 

Although the idea of using government investment as a tool 
of promoting economic development by no means started 
with Keynes, his treatment of the role of government in com
bating high unemployment gave the notion of benefits from 
eovernment expenclitures vivid urgency that is still present: 

Public works even of doubtful utility may pay for themselves 
over and over again at a time of severe unemployment, if 
only from the diminished cost of relief expenditure, provided 
that we can assume that a smaller proportion of income is 
saved where unemployment is greater; but they may become 
a more doubtful proposition as a state of full employment is 
approached (1). 

In the postdepression period when high unemployment was 
prevalent, development benefits from investments in infra
structure projects (e.g. , roads, public utilities, and mass trans-
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portation) were often used as the rationale for increasing the 
role of government in the construction of public projects. The 
first 25 years following World War II was a period of un
precedented federal government involvement in funding pub
lic works projects (infrastructure). Several new mass transit 
systems and the Interstate highway system were the most 
visible of these commitments. 

Beginning in the early 1970s, economic difficulties faced by 
all levels of government in the United States resulted in 
rethinking the role of government in the economic develop
ment of a region. With the increasing practice of privatization, 
the question of the economic development impact of infra
structure investment has not lost its relevance, but rather has 
reemerged with renewed force in the form of benefit fees, 
assessment districts, and joint ventures. 

The common thread running through the postwar activism 
of the federal government and the privatization trend of the 
past two decades has been the effort of quantifying the net 
external benefits that accrue from infrastructure investments. 
Developing a methodology for estimating net development 
benefits from these investment projects will gain increasing 
significance as state and local governments continue to juggle 
their increasingly scarce funds to complete as many projects 
as possible. 

STUDY OBJECTIVES 

The objective is to offer a methodology for dividing the eco
nomic impact of an airport so that the entire impact is not 
attributed to economic development. By dividing the total 
impact into purchase of air transportation service and con
sumer surplus, the latter can more appropriately be inter
preted as a measure of development impact. Much of the 
activity generated as part of the purchase impact is a transfer 
of resources within the economy and would not constitute a 
net gain to the region. 

The rationale behind attributing both development and pur
chase of service impacts is the notion of external economies. 
An airport, the argument goes, enhances the accessibility of 
a region and stimulates further economic development by 
opening up its consumer and labor markets and improving 
passenger and goods movement . The forces behind this surge 
of economic development are the agglomeration (or external) 
economies that generate cost savings for businesses located 
in proximity of the airport and also increase their productivity. 
Local governments , therefore, have an incentive to invest in 
projects such as airports because they can stimulate economic 
growth. 

Separating the impact of the purchase of air transportation 
services from the external benefits of the investments would 

•Avoid overestimating the development impact by refrain
ing from using a label for an array of resource transfers, and 

• Include only incremental benefits to the consumer. 

These benefits are measured as the consumers' willingness to 
pay for the nonmarket benefits of a more accessible region . 

Consumer surplus in this context was used instead of the 
amount business consumers of air transportation would be 
willing to pay over and above the market rates rather than 

83 

go without air transportation. In this sense, a measurement 
was made of the increment to the regional welfare function 
that is not reflected in the market value of goods and services 
purchased for airport operations. 

A second factor is the derived-demand nature of consumer 
demand for air transportation. Although the size of the trans
portation purchase impact is a function of the complexity of 
the economy and the region's size, the size of the development 
impact is a function of the derived demand for air transpor
tation in the region and the prevailing level of unemployment. 
Construction of an airport would lower the price of an input 
rather than the price of a final product. As the price of air 
transportation declines, the production levels for firms locat
ing in commuting range of the airport increase and the 
economy of the region grows because of the following factors: 

• More firms substitute the now cheaper air transportation 
for other modes; 

• Firms producing products with a higher income elastic 
demand grow at a more rapid rate now that the price of one 
of their inputs has declined; and 

• Regions with abundant supplies of labor-either from 
unemployment or high levels of immigration-and capital, 
enjoy a further boost in the growth that was earlier fueled by 
the drop in the price of air transportation. 

The interplay of these three factors ultimately determines 
the size of the development impact of an airport. 

THEORETICAL UNDERPINNINGS 

Regional economics has assessed the role of transportation 
improvements in economic development by integrating spatial 
and gravity models of geographers with the theory of least
cost production. Isard's (2) formulations, for instance, main
tain that transportation improvements, by removing barriers 
to the efficient movement of goods and people, maximize the 
profits for firms and thereby stimulate further growth. 

A related and somewhat supply-oriented school of thought, 
represented by central place theory, focuses on the interre
lationships between a firm's location within a system of cities 
and its production costs. In higher-order cities, the array of 
services and amenities available to firms reduces production 
costs, thereby stimulating growth. These cost savings accrue 
from the establishment of an efficient system of market areas 
that minimizes transport costs and maximizes profits by pro
viding easy access to inputs, abundant labor supply, and a 
smooth movement of the final output. 

Much of these cost savings (or agglomeration economies) 
are not internal to the firm or its production technology, but 
rather are external and a result of more efficient movements 
of input and output between intermediate and end users . 
Hoover (3) distinguished between two types of agglomeration 
economies: (a) localization economies that depend on the size 
of an industry that is centralized in a single location; and (b) 
urbanization economies that depend on the size of the city 
and the amenities it offers in terms of more efficient input 
and output linkages . According to Hoover, economic devel
opment gains result from the firms' comparative advantage 
in market access, adequate supply of labor and materials, and 
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low costs of transportation and production. The interplay of 
these market and supply forces 

• Attracts new firms to the region; 
• Increases demand for the products of existing firms; and 
• Increases production in general as firms substitute the 

now cheaper air transportation as an input in their production 
process and produces more of the now cheaper final product 
as well. 

EMPIRICAL EVIDENCE 

Empirical quantification of the relationship between investing 
in public infrastructure and economic development has been 
sparse. Eberts ( 4) tried to quantify gains in regional produc
tivity from a given increase in investment by establishing a 
moderate and positive link between specific infrastructure 
investments and gains in productivity. Eberts considered pub
lic infrastructure an input, together with labor and private 
capital, in a citywide manufacturing production function and 
estimated that a doubling of public infrastructure would lead 
to a 4 percent increase in manufacturing output in a sample 
of 38 metropolitan areas. This increase translates to an elas
ticity of 0.04, i.e., for each 1 percent additional investment 
in infiastructurc, regional productivity grows by 0.04 percent. 
This rise in productivity is analogous to a slight shift in the 
regional supply curve subsequent to a lowering of the price 
of an input. 

The overwhelming empirical evidence on the size of the 
development impact relates to the industrial mix of the region. 
Numerous studies have indicated that the location of high
technology and research and development (R&D) firms shows 
a strong and positive association with the presence of airports. 
In a survey of firms' locational decisions, proximity to an 
airport was cited as one of the top five factors for high
technology firms. A similar panel study found access to air 
transportation as one of the top six fadurs in the locational 
choice of R&D firms (5). 

Additional evidence of the positive correlation between the 
presence of an airport and the growth of high-technology firms 
is provided by a study of biotechnology firms that found prox
imity to airports and major research centers to be of major 
significance (6). On the other hand, Anjomani et al. (7) sug
gested that although the presence of an airport in a county 
showed a positive and significant correlation with manufac
turing growth for some four-digit Standard Industrial Code 
(SIC) sectors, airports showed negative and significant 
relationships with growth in other sectors. 

Although the overall relationship between transportation 
improvements and economic development is not strong, 
sector-specific relationships are pronounced. For instance, in 
a study of metropolitan areas with a high level of air service, 
only when the type of the industry sector is controlled is 
employment growth positively affected by a high level of air 
service (8). A study of new airports in Ohio similarly illus
trated that when all industry sectors were combined and the 
overall employment growth was observed, no positive cor
relation was found between the presence of an airport and 
employment growth (9). 

In addition to these findings on the influence of industrial 
mix, a survey of firms in Pennsylvania showed that advanced-
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technology firms were more likely than other manufacturing 
firms to cite proximity to an airport as a locational factor (10) . 
The survey further showed that an average of 8.5 percent of 
the products and services of advanced-technology firms were 
transported by air, whereas only 1.1 percent of the products 
and services of all other firms were shipped by this mode. 

DATA COLLECTION AND METHODOLOGY 

Two types of surveys were conducted to ascertain and divide 
the economic impacts of two regional airports, one the Dallas
Ft. Worth International Airport and the other a major inter
national airport in an island economy. The first type of survey 
measured the transportation purchase impact of the airports 
by measuring the final demand impact of the airport generated 
as a result of the purchase of air transportation services; whereas 
the second type measured the economic development impact 
by estimating the consumer surplus of the nonaviation firms 
in the region. 

FINAL DEMAND IMPACT OF AIR 
TR.A~.JSPORTATIOI""~ PURCHASE 

The air transportation purchase impact of the two airports 
was measured by estimating the final demand-net of inter
mediate inputs-of the firms directly connected with airport 
operations. To estimate final demand, data were collected 
from all on-airport firms and a sample of off-airport firms . 
On-airport firms included 

• Passenger ;iirlines, 
•Cargo airlines, 
•Airline suppliers, 
• Airport concessions, and 
• Airport board and government agencies. 

Off-airport firms that were sampled and their impact 
extrapolated included 

•Hotels, 
• Travel agencies, 
•Airline headquarters and ticket offices, 
• Car rentals , and 
• Ground transportation agencies. 

Expenditures, budgets, revenues, and employment gener
ated in each airport in 1987 were thoroughly inventoried 
and entered into a data base. Capital budgets were not in
cluded in the expenditures to ensure that only the flow of 
expenditures in the study year were included in the impact. 

The transportation purchase impact of an airport can be 
illustrated as the rectangle under the demand curve that is 
the product of P (unit price of air transportation service) and 
Q (quantity of final air transportation-related goods and ser
vices produced net of intermediate goods). Figures 1 and 2 
show the position of the transportation purchase impact rel
ative to the consumer surplus impact. For the DFW airport, 
the size of the rectangle was $5.2 billion, whereas for the 
island economy airport the impact was $3 .73 billion. In per 
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FIGURE 1 Air transportation impact for DFW airport. 
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FIGURE 2 Air transportation impact for island airport. 

capita terms, this amounted to $1,570 for each resident of the 
DFW region and $612 for each resident of the island. The 
overall purchase impact consisted of the primary (direct, 
first round of air transportation-related expenditures) and 
secondary (induced-multiplier effect) impacts as follows: 

1. Primary Impact. The primary final demand impact for 
each airport was estimated using the method of National Income 
Accounting. All airport-rela!ed (direct on-airport and off
airport) expenditure flows (net of intermediate purchases) 
were measured as the primary impact in the sense that they 

included only the first round of expenditures attributed to the 
airport (Figure 3 shows the two economies in their primary 
impact). 

2. Secondary Impact. Input-output multipliers (using the 
RIMS II model generated by the Bureau of Economic Anal
ysis) were used to estimate the induced and indirect impacts. 
Induced impacts result from the rippling effect through the 
economy of the first round of expenditures (multiplier effect), 
whereas indirect impacts result from increased expenditures 
in all other nonaviation sectors of the economy (Figure 3 
shows the sizes of the secondary impact in the two economies). 
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FIGURE 3 Transportation purchase impact: primary and secondary impacts. 

CONSUMER SURPLUS MEASURE OF ECONOMIC 
DEVELOPMENT IMPACT 

As a proxy for the economic development impact, a measure 
of consumer surplus was estimated. A combination of survey 
methods and econometric modeling was used to measure the 
value that nonaviation firms in the region received from each 
airport net of the value generated from the production of air 
transportation services. 

In the sample survey of nonaviation firms (with sampling 
ratios ranging between 12 and 17 percent), the firms were 
asked to estimate the percentage of their airport dependency 
(i.e., revenues that would be foregone without the airport in 
question). In order to ascertain the magnitude of the depen
dency, a composite dependency index was developed that 
consisted of the following responses to hypothetical questions 
about what the firms would do in the event the airport ceased 
to exist: 

•Whether or not the firm would relocate; 
• Whether or not the firm's operating costs would increase; 

and 
• Whether or not any percentage of the firm's revenues 

would be lost. 

Figure 4 shows the percentage distribution of the responses 
of the firms in the two economies for these questions. The 
magnitude of the development impact and the firms' degree 
of airport dependency were estimated by using regression 

models. The models estimated final demand and the extent 
of airport dependency by assuming a linear or logarithmic 
relationship between the dependent variables and responses to 
such explanatory variables as employment size, the firm's in
dustry category, the firm's product mix, and the probabilities 
of relocation or financial losses. 

Figures 1 and 2 show the size of development impact for 
the two airports under study. For the DFW region, the devel
opment impact was estimated at $1.3 billion, approximately 
one-fourth the size of the purchase impact. For the island 
economy, the development impact was $11.03 billion, or three 
times as large as the purchase impact. In per capita terms, 
each resident of the DFW region was willing to pay an addi
tional $371 rather than go without the airport. In the island, 
each resident was willing to pay as much as $1,807 rather than 
go without the airport. 

ANALYSIS AND CONCLUSION 

To summarize, the findings of the two surveys corroborated 
the hypotheses as follows: 

•The size of the consumer surplus for the DFW airport 
was small relative to the overall economic impact, whereas 
for the island economy the economic development impact was 
three times as large as the overall impact. Transportation 
supply characteristics thus strongly influenced the degree of 
airport dependency of firms, suggesting that the greater the 
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FIGURE 4 Consumer surplus impact: DFW and island airport comparisons. 

threat of supply constraints (as in the case of the island) the 
larger the degree of airport dependency and consumer 
benefit. 

• Substitution of air transportation as an input in produc
tion function was done freely by a large number of firms in 
both study areas. In both regions, the operations of the airport 
contributed to the overall economic growth. 

•Availability of substitute transportation modes and com
peting airports both emerged as a significant factor in the 
degree of airport dependency and therefore the size of the 
consumer surplus. The size of the consumer surplus for the 
DFW airport, both in absolute terms and relative to the size 
of the transportation purchase impact, was small because of 
the proliferation of other transportation modes (especially 
trucking and rail) and competing airports. 

• The size of the consumer surplus for the island airport 
was larger both in absolute terms and relative to the purchase 
impact. The strong $11.03 billion impact resulted from the 
dearth of surface and rail transportation facilities, as well as 
the monopolistic control of air transportation services by the 
single airport on the island. 

• Firms producing products with a large price elasticity of 
demand (e.g., high value-added, advanced technology prod
ucts, or financing and professional services) were more likely 
to expand production in response to a decline in the price of 
air transportation. Both in DFW and on the island, firms in 
these business categories expressed the highest degree of 
dependency on the airport. 

• Elastic supplies of labor, capital, and other inputs allowed 
the expansion of production prompted by the lowering of 
prices. 

• Transportation supply constraints contributed to the degree 
of airport dependency and the size of the consumer surplus. 
For the island, where prospects of capacity constraints were 
greater, the consumer surplus was proportionately larger. 

• The net benefit measure of the consumer surplus should 
be interpreted as an incremental value rather than a total. In 
this sense, the larger the range of transportation services avail
able in the region, the less the incremental benefits that con
sumers perceive. Furthermore, including only the incremental 
gains in the consumer surplus rather than the total triangle 
avoids inflating the benefits attributed to the airport. 

• The relatively small size of the consumer surplus for 
Dallas is consistent with the public goods nature of the proj
ect and the free rider dilemma. For the island economy, how
ever, the fears of capacity constraint prompted many firms 
surveyed to move toward the upper bounds of their estimated 
dependency. 

A multitude of factors influence the size of net external 
benefits from an airport. A naive view, which attributes the 
entire impact to economic development, ignores that much 
of the impact often consists of transferred resources, and that 
such an attribution is justified only in the presence of high 
unemployment rates. The consumer surplus measurement 
shows that this component of the impact is rather small partly 
because of the flaws in the method of stated preferences used 
in consumer surveys. Consumers tend not to reveal their true 
preferences because they have the option to be a free rider 
and enjoy the external benefits of an airport without attaching 
a dollar value to it. More important, however, the small size 
of the impact for the DFW area resulted from the saturation 
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of metropolitan economies with transportation services and 
the near full-employment status of many urban labor markets 
in the past decade. 
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Hybrid Approach to Estimating Economic 
Impacts Using the f{egional Input-Output 
Modeling System (RIMS II) 

RICHARD M. BEEMILLER 

~ hybri~ approach for e. timating economic inpacts uses survey 
mfo~mat1on on the direct output effect in conjunction with 
Regional l nput~Output Modeling System (RIMS II) multipliers. 
The approach 1 demon trmed using hypothetical direct coeffi
cient. and mu ltipliers. The increased accuracy of the approach is 
then a . e: ed by comparing survey and n n urvey impacts e ·ti 
~ated ~or two states. As an example, the hybrid RIMS II approach 
IS applied ~o the. in:1p.acts of a General Electric plant in the 
Charlottesv1lle, V1rg1ma, Metropolitan Statistical Area. 

Effective planning for public- and private-sector projects at 
the state and local levels requires systematic analysis of the 
economic impacts of these projects on affected regions. This 
analysis, in turn, must take into account interindustry rela
tionships within regions because these relationships largely 
?etermine regional responses to project changes. Regional 
mput-output (I-0) models , which reflect such relationships, 
are a useful tool for regional economic impact analysis. 

Most regional I-0 models use an accounting framework 
called an I-0 table, which shows inputs purchased and outputs 
sold for each industry. Direct requirements coefficients, which 
show the inputs of goods and services required to produce 
$1.00 of output , can be estimated from an I-0 table and are 
the basis for deriving I-0 multipliers. I-0 multipliers show 
the regional economic impact that would result from a $1.00 
change in the output delivered to final demand (i.e., to ulti
~ate ~urchasers, such as consumers outside the region) by a 
given mdustry. Comprehensive discussions of I-0 multipliers 
are provided by Miernyk (J), Miller and Blair (2), Richardson 
(3), and Schaffer (4). 

1-0 tables have previously been constructed by surveying 
regional firms to determine their inputs and outputs. How
ever, time and cost are major obstacles . For example, Glick
man (5) notes that approximately $250,000 was expended over 
a 5-year period for the collection and processing of data in a 
1958 1-0 study of 500 industries conducted in Philadelphia. 

The time and cost disadvantages of survey-based models 
?ave been largely overcome by nonsurvey models, which typ
ically use duect requirements coefficients for the nation as a 
basis for estimating industry relationships in a region. How
ever, comparisons of nonsurvey and survey models have gen
erally indicated that the advantages of nonsurvey models are 

Regional Economic Analysis Division, Bureau of Economic Analysis, 
U.S. Department of Commerce, 1401 KSt ., N. W. Washington D.C. 
20230. , ' 

gained at the expense of a loss in multiplier accuracy. This 
result has spawned a well-documented debate over the rela
tive costs and benefits of the two approaches. A discussion of 
selected nonsurvey models is provided by Brucker et al. ( 6) . 

In the mid-1970s, the Bureau of Economic Analysis (BEA) 
developed a nonsurvey method known as RIMS (Regional 
Industrial Multiplier System) for estimating regional 1-0 mul
tipliers, that was based on the work of Garnick (7) and Drake 
(8). More recently, BEA completed an enhancement of RIMS 
known as RIMS II (Regional Input-Output Modeling System) 
(9,10) . In RIMS II, direct requirements coefficients are derived 
mainly from two data sources: (a) BEA's national I-0 table 
which shows the input and output structure of more than 500 
U.S. industries, and (b) BEA's four-digit Standard Industrial 
Classification (SIC) county wage-and-salary data, which can 
be used to adjust the national direct requirements coefficients 
to show a region's industrial structure and trading patterns 
(11,12) . Regional multipliers for industrial output, earnings, 
and employment are then estimated on the basis of the adjusted 
coefficients. 

Comparisons of RIMS II multipliers with those derived 
from survey I-0 tables have shown that the multipliers are 
similar for a number of industries, whereas for others there 
are differences that may be considered unacceptable. (The 
accuracy of a nonsurvey technique is typically judged by com
paring the estimated I-0 relationships with those in a survey 
table . However, the survey data are themselves estimates of 
the true I-0 relationships in the economy. Because measure
ment errors may be associated both with survey and nonsur
vey estimates, to ascribe the entire difference to nonsurvey 
estimation errors is incorrect.) 

Stevens (13) and others have found that the effect of a 
multip!ier e~ror on an estimated impact can be mitigated by 
gathenng pnmary data on the direct (first-round) effects asso
ciated with the initial impact . These data are then used with 
I-0 multipliers to estimate the additional, or indirect, effects. 

A hybrid RIMS II approach is evaluated. Primary data on 
the direct effects are used in conjunction with RIMS II mul
tipliers to estimate economic impacts. [A discussion of several 
hybrid approaches is provided by Richardson (14) .] The hybrid 
approach is demonstrated using hypothetical direct coeffi
cients and multipliers. The increased accuracy of the hybrid 
~pproach is ~hen assessed by comparing survey and nonsurvey 
impacts estimated for Texas and Washington . Finally , an 
application of the hybrid RIMS II approach is described . 
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HYBRID APPROACH FOR ESTIMATING 
ECONOMIC IMPACTS 

As previously explained, regional I-0 multipliers are derived 
from direct requirements coeffi cients , which show the inputs 
of goods and services required from the region's industries to 
produce $1.00 of output. The coefficient do not necessari ly 
reflect the tota l input r quirement ; rather, they re flect the 
inputs supplied by industries in the regi n. Input requiremenl's 
not supplied locall y are imported from out ide the region. 
Table 1 presents direcl requi rement co fficie nt, for a hypo
thetical region having three industries , including hou eholds. 
lRegional 1-0 multiplie rs account more fu lly for the regional 
economic repercussions of project expenditur if households 
are included as an industry (1-4) .] As shown in Table 1, to 
produce $1.00 of output , Inclu try J requires 6 cents of inputs 
from regional firms in the ame industry, 12 cents from regional 
firm in Industry 2, and 18 cent fr m regional hou. eholds. 

Gross output multipliers for a region are derived on the 
basis of direct coefficients. [In technical terms, gross output 
multipli.ers are calculated by taking the difference between 
an identity matrix and the direct requirement matrix and 
from thi computing a transpo eel inverse matrix (/). I om
pared with direct rcquil'Clllcuts coeffi cients, gross output mul
tipliers account mor fu lly for the regional economic reper
cussions of producing $1.00 of output. For example , they 
reflect (a) the initial $1.00 of fin al demand for the output f 
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a given industry , (b) direct requirement efficient , and (c) 
indi rect requireme nts coeffi cie nts . Indirect requirements 
coefficients for a given industry in a region reflect th regi nal 
production required b th to produce the industry 's direct 
requirements and to meet the increased consumer demand 
generated by payme nt - to h u eh Ids for their labor inputs . 
Earnings and employment mull iplie rs, in turn, can be derived 
from gross output multiplier . Re pectively. they re fl ect the 
h us hold earnings paid and the number of job provided . 
b th directly and indirectly to deliver $1.00's worth of output 
to fin al demand. 

Table 2 presents earnings multipliers for the industries from 
Table 1. The earnings multipliers are calculated by multiplying 
gross output multiplie rs by industry- pecific ra ti of ea rnings 
to gross output (9). As shown in Table 2, for Industry 1 t 
deliver $1.00 of output to final demand. regi.onal fi rm must 
pay 20 cents of earnings to households employed in the same 
industry 3.7 cent t households employed in Industry 2, and 
l.5 cent of earnings to househ Id employee . For Industry 
1 the total earning impact i. 25.2 cents per 1.00 of utput 
delivered to fina l demand . T herefore, the total earnings impact 
(direct plu indirect impact) associated with a fin al demand 
change in Industry 1 can be estimated by multiplying the 
change in fina l demand by 25 .2 cents. 

Alternatively th indirect portion of the total earnings impact 
for the industr ies in Ta le I can be e timat cl by treating th 
direct requirements as fi na l demand change and applying 

TABLE 1 INDUSTRY-BY-INDUSTRY DIRECT REQUIREMENTS 
FOR A HYPOTHETICAL REGION 

Purchasing industry 

2 Households 

1. . .......... .. 0.06 0.15 0.08 

2 . . ... .. ..... .. .12 .02 . IO 

Households .... . .18 .23 .06 

NOTE.--Each entry represents the input required directly from 
the row industry for each dollar of output of the column 
industry. 

TABLE 2 INDUSTRY-BY-INDUSTRY EARNINGS MULTIPLIERS 
FOR A HYPOTHETICAL REGION 

Purchasing industry 

2 Households 

1. . . . . . ....... . .. .. 0.200 0.035 0.021 

2 ....... . . ... . ..... .037 .247 .029 

Households . . . ... . . . .015 .018 .067 

Total . . ......... .252 . 300 . 117 

NOTE.-- Each entry represents the earnings paid, directly and 
indirectly, to the households employed by the row industry for 
each dollar of output delivered to final demand by the column 
industry . 
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them to the appropriate earnings multipliers. Similarly, the 
indirect impact on output (employment) of an additional $1.00 
of output delivered to final demand can be estimated by treat
ing the direct requirements as final demand changes and 
applying them to the appropriate output (employment) 
multipliers. 

As previously noted, Table l indicates that the direct 
requirements of Industry 1 per $1.00 of output are 6 cents 
from other firms in Industry 1, 12 cents from Industry 2, and 
18 cents from households . The indirect earnings impact that 
results from these output changes is estimated by multiplying 
the direct requirements by the respective column of earnings 
multipliers presented in Table 2. For example, entries in the 
first column of Table 2 are multiplied by the element in the 
first row and first column of Table 1 (6 cents). Entries in the 
second column of Table 2 are multiplied by the element in 
the second row and first column of Table 1 (12 cents), and 
entries in the third column of Table 2 are multiplied by the 
element in the third row and first column of Table 1 (18 cents). 
The results of these multiplications are presented in Table 3. 

The total earnings impact is the total indirect impact of 7.2 
cents from Table 3 (the sum of entries in Column 4) plus the 
direct earnings impact in Industry 1 of 18 cents (from the 
household row of Table 1). Again, this sum is 25.2 cents . 

As described , the two approaches yield the same result; 
either can be used to estimate the total impact that results 
from a final demand change. [A generalized proof that the 
two approaches yield the same result is provided by Miller 
and Blair (2) .] Using the first approach, the total impact is 
estimated by multiplying the change in final demand by the 
appropriate column of multipliers. In the second approach, 
the indirect impact is estimated by multiplying the direct impacts 
that result from the final demand change by the appropriate 
column of multipliers. The indirect impact is then added to 
the direct impact to obtain the total impact. In effect, the 
multipliers are used to estimate the indirect impact of sec
ondary, or derived, final demand. The direct impacts can 
often be obtained through a survey of the initially affected 
industry, requiring only that the indirect impact be estimated 
using nonsurvey techniques. 

As discussed in the following section, a combination of 
survey and nonsurvey techniques is likely to reduce error in 
estimating impacts because a large share of the total impact 
is the direct impact; as mentioned, these data are obtainable 
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through surveys and are presumably more reliable than 
nonsurvey data . 

A COMPARISON OF THE RIMS II HYBRID AND 
NONSURVEY APPROACHES 

The accuracy of the two approaches is evaluated here by using 
each to estimate the earnings impacts for the states of Texas 
and Washington. The estimated impacts are compared with 
the earnings impacts estimated by the respective survey-based 
state models (15,16). 

The total earnings impacts are estimated for each state using 
the RIMS II nonsurvey approach to measure the direct and 
indirect impacts; these results are then expressed as ratios of 
the total earnings impacts derived from the survey-based state 
models. Figure 1 shows the distribution of the ratios estimated 
for 52 industrial sectors in Washington State. As shown, 34 
percent of the RIMS II estimates differ by 10 percent or less 
from the survey-based estimates, and 44 percent differ by 
more than 20 percent . Similar results for Texas are shown in 
Figure 2, in which the distribution of ratios calculated for 139 
industrial sectors is shown. Figure 2 shows that 38 percent of 
the RIMS II estimates differ by 10 percent or less from the 
survey-based estimates, and 32 percent differ by more than 
20 percent. 

For both states, the industries with the largest differences 
are quite dissimilar, making it difficult to characterize them . 
For example, the four Washington industries with differences 
greater than 50 percent are forestry; petroleum refining; motor 
vehicles; and finance , insurance, and real estate . In addition, 
a comparison of differences, by industry, between states is 
complicated by the different levels of industry aggregation 
used for each state. 

Figures 3 and 4 show the distribution of ratios using the 
RIMS II hybrid approach. Information on the direct require
ments is simulated using the direct requirements coefficients 
from survey 1-0 tables for the two states . The coefficients are 
used as final demand changes and multiplied by RIMS II 
earnings multipliers to estimate the indirect impacts . These 
ratios cluster around 1.00, with 88 percent of the multiplier 
estimates differing by 10 percent or less from the survey-based 
estimates for Washington (see Figure 3) and 68 percent dif
fering by 10 percent or less from the estimates for Texas (see 
Figure 4) . 

TABLE 3 INDUSTRY-BY-INDUSTRY INDIRECT EARNINGS IMPACTS 
FOR A HYPOTHETICAL REGION 

Purchasing industry 

2 Households Total 

1 .. . .... .. .. . .... .. . 0.012 0.004 0.004 0 .020 

2 .... .. ... .... .. . ... . 002 .030 . 005 .037 

Hou seholds .. . . .. . . . . . 001 . 002 . 012 . 015 

Total .. . .. . .. .... . 015 .036 .021 .072 

NOTE . - - Each entry represents the earnings paid, indirectly, to 
the households employed by the row industry for each dollar of 
output delivered to final demand by industry I . 
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This comparison indicates that the accuracy of impact esti
mates can be significantly improved by surveying the initially 
impacted industry for direct impacts. However, the distribu
tions shown in Figures 3 and 4 are based on detailed knowl
edge of the direct impacts. For Washington, the inputs from 
52 industrial sectors are known, and, for Texas, 139 are known. 

Because such extensive surveys are costly, whether the same 
level of accuracy can be achieved with less information and, 
consequently, at a reduced cost is of interest. This possibility 
is examined for each industry by a cumulative replacement 
of RIMS II direct coefficients, in descending order beginning 
with the industry's largest input coefficient, with the corre-
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sponding survey-based coefficients. [Research indicates that 
the largest coefficients have the largest effects on multipliers 
(17).] Following each repl;1cement , the new combination of 
RIMS II and survey-based coefficients is used as a final demand 
column and multiplied by the RIMS II earnings multipliers . 
The resulting earnings impacts are then compared with the 
survey-based estimates. The change in the mean and standard 
deviation of the ratios as the number of replaced RIMS II 
coefficients increases is shown for Washington and Texas in 

Figures 5 and 6, respectively . Figure 5 shows that, for Wash
ington, the mean approaches unity as the number of replaced 
coefficients increases from 0 to 15 and remains relatively con
stant thereafter. Figure 6 shows that, for Texas, the mean is 
slightly closer to unity when there is no replacement than 
when all RIMS II coefficients are replaced. For both states, 
as indicated by the standard deviation, the ratio for any given 
industry at a low level of replacement is likely to be consid
erably above or below the mean; however, the individual 
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observations become more clustered about the mean as the 
number of replaced coefficients increases. The largest decline 
in the standard deviation occurs for both states when the 
largest RIMS II coefficient-for most industries, the house
hold row coefficient-is replaced. This result is analogous to 
surveying the industry in which the initia l final demand change 
occur to determine the change in payrolls (the direct earn ings 
impact) and using RIM II toe timate the indirect earn ing. 
impact . Figures 5 and 6 show that the tandard deviati n of 
the ratio remains relat ive ly constant after an average f 20 
to 30 percent of the coefficients in each industry have been 
replaced . 

service inputs. (The employment data associated with the 
payrolls should be collected if employment impacts are being 
estimated.) 

AN APPLICATION OF THE RIMS II HYBRID 
APPROACH 

The preceding analysi ind icate that th accuracy of impact 
estimate is likely to be significantly impr ved by surveying 
the initia lly impacted indu try to det rmine the direct requ.ire
menl and usi ng RLM lI (or otheJ nonsurvey apprnache ) 
to estimate the indirect requirements. When estimating earn
ings impacts survey information should at lea l be collected 
on payroUs; accuracy is likely tO be furt her improved if infor
mation is also collected on th , most important material and 

The hybrid RIMS II approach was used by the Center for 
Public ervice (formerly Tayloe Murphy Institute) at the Uni
versity of Virginia to analyze the impacts of a General Electric 
(GE) plant on the Charlottesville, Virginia, Metropolitan ta
tistical Area. A portion of that study's results is repro luced 
to demonstrate the estimation of earnings impacts using sur
vey data on th direct requirements and RIM II multipliers. 
The same procedure can be u ed to estimate the impacts of 
constructing and operating transportation facilities. 

GE provid d information on tbe direct requireme nt · pur
chased locally for 22 of the 39 industrial ectors presented in 
Table 4 (18). (RIMS II can provide tw series of tables of 

TABLE 4 EARNINGS IMPACTS IN THE CHARLOTIESVILLE, VIRGINIA, MSA (/8) 

Local 
direct 

Indust ry 
expenditures 

(thousands) 

Agriculture . ................ . ... . ...... . . 
Forestry and fishery products .. . .... . ... . 
Coal mining . . .... .. . . . ..... ... .. . ... .. . . . 
Crude petroleum and natural gas . ..... . .. . 
Miscellaneous mining .. .. ... ... .. . ...... . . 
New construction . . . . ... ... .. ... .. .... . . . . 
Maintenance and repair construction .. . .. . 
Food and kindred products and tobacco .. . . 
Textile mill products ...... .. ... .. ..... .. 
Apparel . .. ... . ..... ... . ..... .. . .... ... .. . 
Paper and allied products . . ... . ... . . .. . . . 
Printing and publishing .... .. ... . .... .. . . 
Chemicals and petroleum refining .... . . . . . 
Rubber and leather products ...... .. .. .. . . 
Lumber and wood products and furniture .. . 
Stone, clay, and glass products .. .. . . .. . . 
Primary metal industries .. .. .. .. ..... . .. . 
Fabricated metal products . . ..... .. ... .. . . 
Machinery , except electrical . . ...... . .. . . 
Electric and electronic equipment . .. . . . . . 
Motor vehicles and equipment .. .. .. ... .. . . 
Transportation equipment , except 

motor vehicles .. .. ... .............. .. . . 
Instruments and related products . . .. .... . 
Miscellaneous manufacturi ng industries .. . 
Transportation ... . .. ... .... . ... . ....... . . 
Communication . . .. . ....... ... ....... . ... . . 
Elect r ic, gas, water , and sanitary 

services ..... . . . .. .. .... ... .. . . . ...... . 
Whole sale trade . . . . ..... ... .......... . .. . 
Retail trade ... .... . ... . . .. . ..... . .... . . . 
Finance . .. . .. . . ... .. .. .... ... . .... ..... . . 
Insurance ... . ...... . ... .. ..... .. . ... ... . . 
Real estate .... . ..... . . . ... . .... .. ... ... . 
Hotels and lodging places and amusements. 
Personal services . . . .... . . ........ . . .. . . . 
Business services ... . .. . ... . .... . .... .. . . 
Eating and drinking places . . ........ .. . . . 
Health services .... .. . ... .. ...... . .... .. . 
Miscellaneous se rvice s .... . . . .... . .. . ... . 
Househo 1 ds .. . .. ..... . .. . . . . . .. . ......... . 

Total . . ... .. ..... ... .. ... .. .. ....... . 

$ go .o 
0 
0 
0 

. l 
0 

213.8 
0 
0 
0 

25 . l 
4.6 

66.8 
0 

128.2 
1.4 

.2 
4.3 

23.6 
731 .8 

0 

0 
0 

59 . 1 
187 .0 
546 .4 

129.l 
0 
0 
0 
0 

68.4 
26 .9 
0 

832.5 
0 

2397.6 
117 .4 

38800 .0 
44454.3 

RIMS II Earnings 
earnings impacts 

multipliers (thousands) 

0.2581 
.2013 

0 
.1651 
.3712 
.4743 
.5721 
. 2424 
.2544 
.4168 
. 2512 
.3804 
.2167 

0 
.3839 
.3068 

0 
.3121 
.3134 
. 4888 

0 

0 
. 4515 
.3882 
.6215 
. 3473 

.1637 

.5062 

.5980 

.4226 

.4310 

.1007 

.4472 

.5717 

.6706 

.4045 

.6689 

.6123 
1. 2116 

$ 23 .2 
0 
0 
0 
0 
0 

122 .3 
0 
0 
0 
6.3 
1. 7 

14 . 5 
0 

49 .2 
.4 

0 
1. 3 
7.4 

357.7 
0 

0 
0 

22 .9 
116 . 2 
189 .8 

21.1 
0 
0 
0 
0 
6.9 

12 .0 
0 

558.3 
0 

1603 .8 
71. 9 

47010 . l 
50197.1 
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1-0 multipliers: one for the 39 industry aggregates presented 
in Table 4 and tJ1e other for 531 indu trie. . Loca l expendi
tures of $44.5 million are approxima.tely 28.5 percent of GE' 
total expenditures (not shown), whereas the direct coefficients 
estimated with RIMS II indicate that 53 percent of the total 
expenditures ar local. Becau RIMS II over . timates pur
clla es from wi1bia the region (and, cons quently, underes
timate purchases from outside the region), the impact will 
be overe timatcd if a change in Ll1e output deliv~n:<l tt> final 
demand by GE is multiplied by RIMS II multipliers using the 
nonsurvey approach. For example, when an estimate of such 
a change is multiplied by the RIM II earnings multiplie r for 
the industry that includes G the total earning. impact i 
stimated 10 be 82.7 miJJion . (The gro output a sociated 

with the expenditures in Table 4 is estimated to be $ L 71.6 
million, which is then multiplied by 0.4821-the RIMS II 
earning multiplier for th e lectric and electronic equipment 
industry- to e ·ti mate the earnings impa t f $82. 7 mi Iii n.) 
However, the impact enor is reduced by treating the GE 
expenditures as changes in final demand <1nd multiplying them 
by the appr priate indLL ·try-specific RIM · ll multipliers ( ee 
Table 4). ln thi ca e, th t tal earnings impact is $50.2 mil
lion. Essentially , the ame impact would have been estimated 
if information were collected on only five industrial sectors 
(households , health services, business services, electric and 
electronic equ ipment, and communications), supporting the 
contention that information need be collected only on the 
most important input . 

SUMMARY 

A hybrid apprm1ch to ~ ima ting ec n mic impacts wu ' 
described. This approach uses survey information on Lbe direct 
output effect in conjunction with RIMS II multipliers. It was 
demon !rated that impacts can be estimated when the direct 
output effects of a change in final demand are themselves 
used as changes in final demand and applied to I-0 multipliers 
to estimate the indirect effects. A comparison was made between 
the impact estimates that result when the direct output e ff cts 
applied to RIMS II earnings multipliers are (a) ba ed on 
survey information or (b) estimated by RIMS II. The com
parison indicated that the accuracy of the impact estimates 
can be significantly improved when the hybrid approach is 
used and , further , that . urvey in formation need onl y be co l· 
lected on the most importam input ·. The hybrid approach 
was demonstrated by estimating the earning! impacts asso
ciated with the op ratjon of a - plant in harlottc ville. 
Virginia. 
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Using Risk Assessment for Aviation 
Demand and Economic Impact Forecasting 
in the Minneapolis-St. Paul Region 

MATTHEW F. HARDISON, RICHARD R. MUDGE, AND DAVID LEWIS 

The process of risk assessment wa applied t.o a i rpor~ · ~rmcgic 
planning ror analysi of the adequa y of the M1nncapoli · t. Paul 
Int ernational Airport. Thre steps were used to forecast demnnd: 
(a) development f, tructurc and logic 1110.dcl; (_b devel pment 
of initial input <1ssumption ; and (c) Forecasting. nsk analy. 1 , and 
publi · expo. ure. T he findings are presemed in te rms of op.ern
tional result · that define 1he probability of meeting unconsrrarned 
demand under each of three proposed deve lopment scenarios. 
Th pern tional data are translated into implied economic 
benefits to the region . 

Apog e Research and it. pa rlncr , James F. I tickling Man
ag ment ' nsultants, were asked to develop a propo ed 
approach to evaluating Lhe adequacy of th Minn ap Ii -
St. Paul (MSP) Interm1tional Airport . The existing forecasts, 
deve loped for the airport master plan, were correct en ugh, 
but the implication we re unclear. Th planners for the Met
ropolitan C un ii of the Twin ities wer faced with the rea l 
ri . k tha l th e forecas t might be wrong. Consequentl y the 
planner needed a process that, in addit ion to projecting rowth 
in demand, could interpret the forecasts in light of the eco
nomic consequences of alternative airport development 
scenarios. 

A reque. t carne to Apogee Resea rch , Inc. , in the fo rm of 
a serie of questions, th m st fundam ental being, Are the 
foreca. t results correct? Rela ted que, tions included (a) What 
are the sensitivities of the forecast to changes in the underlying 
assumptions? and (b) What do each of the development alter
natives imply for long-term development in the region? As a 
practical matter, any technical evalua tion a lso had to bring 
together the diverse and divi ive groups invol ed in airport 
planning if Lhe pr ce s were Lo pro e ·ucce sful. 

Simply reviewing the existing forecast would add no new 
information and was unlikely to create the c n ensus that 
would be necessary for long-term investment decision making. 
Thus, Apogee began by asking a new question : What is the 
risk that the forecast will be wrong? 

If the forecast were framed in terms of the probabilities of 
meeting demand under selected airport development (i.e., 
capacity) scenarios, the impact (economic or financial) of dif
ferent decisions on the region could be evaluated. However, 
to do so would imply the simulation of a wide variety of inputs 

M. F. Hardison and R. R. Mudge, Apogee Research, Inc., 4350 East 
West Highway, Suite 600, Bethesda, Md. 20814. D. Lewis, James F. 
Hickling Management Consultants, Ltd., 350 Sparks St., Ottawa, 
Ontario, Canada K1R758. 

for the entire planning horizon-in this case through the 
yea r 2018. 

The process selected to carry out the simulation \ a risk 
a se sm nt. The risk assessment framework , customized for 
use in aviation strategic planning, would simultaneously eval
uate the potential variability in the forecast inputs and 
therefore the potential variability in the outputs. 

RISK ASSESSMENT 

Forecasts are often used to make major long-term investment 
decisions, as they should be . However, forecasts are generally 
wrong. Although a forecast may, for example , correctly pick 
the direction of change (i .e., growth or decline), the magni
tude of the actual change is often far different from that 
forecast. 

For example , two key parts of the technical portion of an 
airport analysis-the expected amount of air traffic and the 
future capacity of the airport-require long-term forecasts of 
economic, social, technical, and political factors. In most long
term planning efforts, these forces are rolled into a single 
discrete forecast or a set of discrete forecasts . Each of these 
forecasts results from a series of explicit and implicit decisions 
about the many variables that influence the forecast. Some 
may be highly unlikely, such as explosive traffic growth with 
no capacity improvements . Although this traditional meth
odology of probable or expected outcome helps focus the 
decision-making process, it provides no guidance regarding 
the likelihood of a given outcome , thereby leaving the com
munity and its elected decision makers with an incomplete 
view of the future. 

Hence, forecasts themselves often become a major focus 
of local debate. Those in favor of a given solution will, of 
necessity, rely on projections in justifying their proposed 
approach . However, those in disagreement with the· forecasts 
will offer resistance, leading to a protracted debate among 
experts . Moreover, those opposed to the approach for other 
reasons (such as its implications for the pattern of economic 
development) will also focus on the projections , knowing full 
well that virtually every important assumption underlying a 
projection will, to some extent, be wrong. In this way, oppo
nents of a given investment can pose a serious and effective 
threat to the planning process by creating plausible scenarios 
that differ from those underlying official projections . 

Should decision makers and planners ignore forecasts? Of 
course not. Public participation and debate over forecasts is 
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natural and productive, and h uld b e ncouraged . .But how 
can forecasts be developed and presented in a way that defu c · 
the unproductive acrimony and manipulation that so fte n 
plague for ca t-r lated planning efforts? Reliance on high and 
low ca es ha. prove n t be of little value in this regard becau. e 
they Like the p int-e. timt1te forecast , indica te nothing about 
th relative like lihood of any given outcome. Pe rhap even 
wor e, they are usually developed by a urning a ll variable 
change in the same din:ction-a11 outcome that is ju t a 
unlikely a a ll a sumption being accurate . 

Probability provide a way around the limi ta tion · of the 
discrete poini-e timate forecasts by de cribing the confidence, 
or odd that an expected utc me will actually materiali:te . 
To understand how probability aids deci ion making. consider 
a simple example. Before the advent of powerful compute r , 
weather forcea ter w uld simply assert their mean expec
tations: ' We do not expect min today.'' The deci i n n 
whether or not t hold a pi nic would be asy . Now the same 
forecast incorporate the probability for ea h cau. a l factor in 
the determination of rain , and the foreca ter ann unces, "There 
is o 25 perc nt hance of rain by midafternoon ." A more 
rea oned decisi n regarding the picnic i. now possible . If the 
event involve costly logi tics for hundreds of people, a rain 
date might well b ann unced . In th pa t , provision for ri k 
was nol possible , and many dollar - not to mention goodwill 
and temper - were lost. 

A similar process-one that would integrate probabili ty 
with the existing for casting methodology- would clearly assi t 
in resolving many of the key questions posed by Unneapoli. 
in particular , and lh s rai ed during airport strategic plan
ning in general. The approach adopted for the Minneapolis
St. Paul analysis termed " ri k assessment," i ba ·ed n risk 
analy i techniques strongly grounded in sta tistica l theo ry. By 

uan1ifyi11g th ri ·k f a h f the k~y inputs to a foreca t, 
ri k assessme nt a llows explicit recognitiou of those fact r. tha t 
are only implied in traditional e ·ti mate . lnstead of the p int
estimate results generated by mo t air tr·tffic forecas ts, for 
example, the proces yield a probability Ii tribulion around 
each key utput that more accurately portrar potential vari
ability ov r time. A such this tool allow · flexibility in policy 
development by documenting the trade-offs of differ nt level · 
of service and the ability to plan for a full ra nge of outcome ·. 

DEVELOPING THE FORECAST 

Foreca ting demand is the critical first step in the strategic 
planning process because forecasts serve as the basis for all 
strategic planning deci i n : determining the expected ade
quacy and long vity of tJ1e current facilities, the cost of devel
opment alternatives, the implicit quality of service the region 
provides , irnu the potential economic benefits of the alterna
tives. MSP International Airport already had point-estimate 
demand forecasts in place. These forecasts were used as the 
basis for modeling, bolh to pr vide consistenc wiLh e ·isting 
result (the expected values ()f the forecasts would approxi
mate the point-estimate foreca ts of the ex i ting foreca ts 
an.d to ensure that the underlying demand model did not it e lf 
become the po.int of debate. This was accomplished in three 
steps: 

• Development of a structure and logic model: 
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•Devel pment of initial input assumption": and 
•Forecasting , risk analysis, and public exposure . 

Development of Structure and Logic Model 

The fir ! step was to become thor ughly familiar with the 
methodology of th · existing analyse., including forecast demand 
and capacity estimates. This tep was not mere ly a review. 
but involved tb developme nt of detailed st ructure and I gic 
diagrams f r the entire forecasting proces. and f r each cat
egory of traffic (such as air carrier , air freight , and general 
aviation). In this effo rt, maximum use was made of the fore
cast framework developed for the region's master plan to 
ensure direct comparability of results. 

Figure J hows a structure and logi diagram of the fore
casting process for ai r carrier lraffic that wa · d elop d for 
MSP International Airport. Similar diagrams were devel ped 
for !he remaining ca tegories f traffic. The purpo e of th c 
diagram. was threefold : 

•To documcn1 precisely how th different assumpti n of 
the exi ting forecast are combined to produce forecast of 
each of the key input variables (a nnual and for variou. Limes 
of day and year) for each category of traffic; 

• To obtain agr ement from the client and interest gro ups 
that the process wa. properly under tood and ·pecified {the 
·tructrne and logic diagrams then became the l>a i for alg -
ri thms pr grammed into the risk analy. i sof1ware)· and 

•To present th forecasting procedure in a way that the 
public and intere ted parties could unde rstand . 

The process shown in Figure 1 identifies both the econo
metric and the accounting (or nonstochastic) and judgmencal 
aspect. of the forecasting process. The econometric relation
ships were fully exposed, along with ancillary assumptions, 
in the subsequent step. 

Development of Initial Input Assumptions 

Once lhe e sential data require ment we re in place . all input 
a sumption to the risk assessment process had to be deve l
oped . In the case of forecast of demand and fin ancial fea
sibility, these a umpti ns inducted specific demographic and 
economic variable for the region that were in turn used to 
develop the activity forecasts. 

Baseline input assumptions (e.g. p pulati n empl yment , 
far elasticity and various aircraft variable ) were established 
by drawing from the airport maste r plan (for consi tency) . 
The ri k analy ·i approach requires that a prohll hility distribu
tion be a tt ached to each input a sumption. tali ·tica l ana lysis 
and judgmental fact r were u ed to as ign the initial prob
ability distributions. However , to facilitate c · mmuni1 y and 
outsid exp rt involvement. expert panel were a eml>led 
that were respon ·ible- aft r a briefing on the technical approach 
and participanl respon ibilities- for confinnjng or adju Ling 
the initia l di. tributions, a· necessary. The proces. bad two 
key benefits: 

•Th e groups or individuals with a sp cial interest (such 
as airline, business, or c mmunity leader ) were part of the 
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proce of developing as umpti ns and thus were involved 
before actual Lraffic forecasts were developed (thereby e lim
inating a great deal f unr st over the results la te r on)· and 

•The process facilitated the application of full -scale ri ·k 
analysis by identifying the estimated probabilities associated 
with all inputs. 

Forecasting, Risk Analysis, and Public Exposure 

Once the input as umption and ranges were developed , com
puter software tran lated the range into f nnal probability 
di tributions (called probability density function. ). With these 
in place , the computer software used the forecasting meth
odol gy (based on the structure and logic fl w. programmed 
into the software) to genera te traffic forecasts. The foreca t · 
were developed using Monte Carlo simulation, in which the 
computer calculates each f r cast an unlimited number of 
time (generally 1,000) by sampling randomly fr m the var
iou · probability distributions. Thu . in tead f a point esti
mate of traffi for each forecast year , rhi · process generated 
a probabi lity distribution (see Figure 2) . 

The mean f the distriburion often corre ponds closely t 
the point estimate that the traditi<lnal proces would yield. 
This relationship i important LO understi;inding the inter
action betwe n the traditional foreca ting technique and ri k 
analysis. 

Once this point in the analysis was reached , ctwnges in the 
underlying assumptions had little effect on fundamental results. 

' ~ = f(A,B,C,D) 
I 

(Net Capacity) 

Gtf P 

c 

D 

FIGURE 2 Monte Carlo simulation: a way to combine 
probabilities. 
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·or example, an 85 percent probability f exceeding a given 
number of operation might change t an 80 p rcent I roba
bility with a fairly large chang i.n key as. umption . Thi 
approach a llows those parties with a ·pecial interest in the 
re ults ( uch a a community or regional planning 'lgency) to 
quickly put int c ntext the ignificance o( debate ver the 
effect of change in the model inputs. ln this way. special 
panels or workshop held to di cu. th · findings defused 
potentially unproducti e debate and gave th forecasts the 
credibility needed 10 support the . ub ·equen t planning 
proce . 

FINDINGS 

Forecast results are presented in two ways. First. operational 
re ult are provid d that define the probability of meeting 
unc n trained demand under each of three proposed d el
oprnent "Cenario . Second, the perational data are translatt:u 
into implied ec n mi benefits t the re ion . 

Operational Analysis 

Although there are different ways to measure the level of 
service, the approach used in this study was based on the 
probability of being able to meet expected future demand. A 
l w probability will result in a low quality of ·ervice. A high 
probability, however runs the ri k of overinvesting or 
building too oon if demand does not materialize. 

Traditional planning efforts implicitly assume only a 50 per
cent chance of meeting expected demand (or. conversdy , a 
50 percent chance of having ad quate capacity). Providin a 
higher level of assurance would imply a higher quality service 
to air travelers (fewer delays and shorter delays) but would 
al. o require higher co ·ts (financia l as well asp litical) anci he 
likely to increa e environm ntal a nd other negative effects on 
the surrounding community. 

Figure 3 combines the baseline forecasts with three capacity 
options contemplated at MSP International Airport: Strategy 
A, Strnlegy B, and Strategy C. The base case included only 
those capacity options already programmed. Strategy A 
included base case improvements plus a new north-south run
way. Strategy C comprised Strategy A and a third parallel. 

The results reflect not only each of the alternative runway 
layouts, but also the likelihood of future air traffic control 
irnprov men ts and the full range of variables that affect future 
demand. Figure uses expected instrument flight rules (IFR) 
capacity estimates for each option because the focus is on the 
year 2008; however, the difference hetwe.en these estimates 
and the visual flight rules (VFR) was small. 

Net capacity is shown along the bottom of the figure. Neg
ative numbers indicate a shortfall in capacity , whereas positive 
numbers show capacity in excess of the expected demand. 
The vertical scale indicates the probability that expede<l d rnand 
will be le. s than th capacity shown, that is, that che airp rt 
will b large enough. For xample. there is onl about a 5 
percent chance that the base case will provide adequate capac
ity in 2008. However, there is a 23 percent chance that Strat
egy A will be adequate and a more than 85 percent chance 
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FIGURE 3 Net capacity probabilities for MSP International Airport in year 2008. 

for Strategy B. By 2018, as presented in Table 1, the choices 
are more limited. In that year, Strategy A offers little chance 
of being able to meet expected demand, although Strategy B 
shows an almost 45 percent probability of meeting demand. 
The analysis further indicates that Strategy B represents close 
to the maximum operating capacity for the current site. 

These findings make clear the operational implications of 
each of three airport development strategies, and, as was 
suggested earlier, the question of the accuracy of the forecasts 
now needs no answer. However, from the planner's perspec
tive, a new question is raised: What are the costs and benefits 
of each of the alternatives? 

The technical analysis evaluated both engineering costs and 
direct, quantrnable benefits (such as fuel avings to the airlines 
a a result of improved capacity). Financially, tbis analysis 
demon trated that all capacity improvements would realize a 
high rate of return. 

Economic Benefits 

Airports often play a key role in attracting new business and 
in encouraging existing businesses to expand. Economic 
development was a motivating factor in the decision to build 
a new Dallas Airport in the early 1970s and in the current 
plans to build a new airport in Denver. However, strategic 
planners often make key investment decisions in the absence 
of any understanding of the potential economic benefits (or 
costs) of each alternative. Consequently, an analysis of the 

TABLE 1 PROBABILITY OF 
ADEQUATE CAPACITY IN 
MEETING PEAK-LOAD DEMAND 

Option 

Base case 
Strategy A 
Strategy B 

Year 

1998 

Percent 

10 
67 
92 

2008 

5 
18 
87 

2018 

1 
9 

40 

range of potential economic benefits associated with the 
development scenarios was prepared on the basis of the risk 
assessment results. The findings of the MSP International 
Airport analysis provided information on the range of benefits 
attributable to aviation under each growth or development 
scenario and made clear the value of committing to continued 
growth. 

Airport economic impacts are of two types: (a) direct impacts 
related to handling and servicing aircraft, passengers , and 
cargo, and (b) indirect impacts as these streams of activity 
move through the economy. The summary numbers presented 
in this section combine both types of impacts to emphasize the 
general findings-the range of potential impacts associated 
with airport developm nt scenarios. 

The potential r giona l ec nonuc gains (direct and indirect) 
that could be achieved from increasing capacity to meet expected 
demand are quite large (see Figure 4). It is estimated that 
MSP International Airport currently contributes more than 
$2 billion a year to the region's economy. On the basis of the 
airport economic impact model devel ped for the Minneap
olis Chamber of ommerce, the uncon ·trained forecast of 
enplanements and aircraft operations suggests that thi · impact 
could increase to about $3.5 billion over the next two decades. 

However, if a significant increase in capacity is not realized , 
the severe capacity constraints forecast for the base case 
development scenario imply annual losses of $1 billion or 
more by 2008-a loss of one-third. This estimate assumes 
that the overall level of activity through MSP International 
Airport will drop in line with the expected higher delays. In 
other words, rather than impose huge delays on air travelers, 
the airlines will shift activity to other airports by early in the 
next century. Clearly, even without significant capacity 
improvements at MSP International Airport, activity would 
still increase regional income and add new jobs. However, 
although the regional economy would not shrink if significant 
capacity additions were not made, future growth would be 
limited. 

In addition to the value of economic activity, an airport 
also brings new jobs. One that is capacity constrained, on the 
other hand, will limit growth below its potential. As dem-
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onstrated in Figure 5, for example, the change in service 
implied by increased delay can nly re ·ult in lost opporLU
nitie for growth. Here , the greater delays and diverted flights 
under the ba e cas result in a loss of thousand of job · in 
the region. 

These estimates are based on changes that either restrict 
capacity to well below current demand or allow capaci1y to 
grow roughly in .line with expected demand. Yet even the high 
end of the range of potential impact may understate the 
potential growth· by offering a higher level of ervice , an 
airport with exces capacity could act as a ' growt h p le. ' 

CONCLUSION 

The risk assessment process has been applied successfully in 
a variety of analy es. Until th Minneapolis analysis however , 
the only related application was an evaluation of the co ·ts 
and benefits of the nation's air trnffic control ·ystem. Siu e 
its introduction to airport strategic planning, the process has 
become accepted not simply a a means of identifying the 
implications of operational financiaJ and economi foreca t , 
but also as a particularly u eful tool for redirecting rhe debate 
away from the foreca ts and toward a decision. 

Did the proces. work in Minneapoli ? Before the analy ·i · 
began, the general decLc;ion taken from the airport ma ter 
plan had been that no decision was necessary- capaci ty was 
adequate. And it would have been for the next 5 to 1.0 years. 
However on relea e of th analy i , the Minne ta tat leg
islature mandated that a large tract of land being considered 
for sale be held until a decision could be made on how to 
meet the capacity needs of the region. At the same time, the 
Metropolitan Council of the Twin Cities began to explore 
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ex ten ive capacity additions at the exi ting ·ite a well as th 
possibility of a new airp rt. The ana lysis had taken the riginal 
forecasts and explicitly id ntified their strategic, Jong-term 
implications. A a r ull , the regional planning agency and 
pecial interest group together decided to pur ·ue addi tional 

economi opponuniti . ratl1cr than face regional opportunity 
co ts. The process had worked. 

Beyond these results, the process of preparing the analysi 
led to th· identification of new opportunities for the appli
cation of risk assessment. For example, the economic impact 
of each development . cenari depends on the baseline u ed 
and as umption pertaining to the redistribution f aircraft 
demand at capacity-constrained airport . The aoaly is pre-
ented h re focused on compari n with what w uld happen 

under the base case with a predefined set of changes in aircraft 
mix. However, the base case is itself a moving target, with 
the practical cap<1ci1y of the airport continually changing. In 
addition, faced with severe capacity constraints, th aircraft 
mix will likely either change as a result of fee (as wa · pro
posed at Boston recently). through restriction , or naturally 
(a often happe11s when pilots of genera l aviation air raft find 
capacity-constrained airp rt · less attractive). Recent work with 
Martin O' onnell A sociates , a firm specializing in aviation 
economic , point t the ability to define direct employment 
implication even 10 the level of aircraft mjx scenario . u h 
result would prove invaluable documentation for an informed 
and defensible decision on the priority to give different types 
of aircraft operation . . 

The proce s ha proven 10 be a practical. p lilically ensi ivc 
approach to strntegic planning and analysi . lts degree of 
preci ion ca n b tu ned t meet ·pecific . trategic planning 
ne ds becau e the focus i no longer on the foreca 1 •• but 
instead on the risks. 
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Transport in the Input-Output System 

ESRA BENNATHAN AND MARK JOHNSON 

The link between the tran ·port industry and other economic 
sectors or production or demand arc examined ror otc d'Ivoire. 
India, Mexico, Philippine , and the nited States , on the basis 
of recent input-output (1-0) tables of those countries. The extent 
to which the cost of transport ·crvicc i · affected I y the prices 
of other good and services that are required as inputs in tbc 
production f tran. pore i indicated. The ex tent of the effect of 
pri e iind pr ductivity of the labor <ind capital employed directly 
'by the industry are also indicated. ffecls of different tax system 
on the co t o.f transport service arc examined. Dependence of 
transport on incln~trii1l (internwdiat ) demand and on demand 
generated by private and government consumption, investment, 
and exports (final demand) and the extent to which the demand 
for tran p rt reacts 10 changes in aggregate output arc discussed. 
Further, rea listic example are used t demon !Tate the way. in 
' hich 1-0 tables can b u eel to predict input requirement. of 
the transport .industry and of the demand for its ou tput. TI1e 
precaution neces 'ary in such exercises and in intern, ti nal c 111-
parisons and the meaning of diffe rent concepts or the relative 
total size of a country's trnn ·port in lustry are di. cussed. ln add i
tion, the main featu1·e f 1-0 accounting and its relation to national 
income accounting are reviewed. U. ually national accounts arc 
constructed with the help of relations discovered in 1-0 accounts 
o that the same qualifications apply to inference drnwn from 

ei ther. Input-outpu t ace unts rnrely allempt to credit transport 
with tJ.1e outp ut of own-account (i.e. , self- pcrated) tran ·port 
np rat! n . Theref re, value ;:dt!e<l in tr:rnsp rt and total output 
of tran port are typically understatements of the ll'li' value f a 
country's total Iran. port llctivity. Further, the transport cost com
ponent of a transaction between two industries could be debited 
to either the buyer or the seller as a purchase from transpon. 
Diffc1t:111 conventions are followed in this matter and the differ
ences affect the apparent transport requirements of various 
industries. 

Structural analysis of industries in terms of their iJ1put-output 
(J-0) re lati n may seem rather an old-fashioned pursuit but 
so far it has not been done for the transport industries of 
developing countrie, . Input-output tables are u ·ed essentially 
for descriptive purposes and the small numb r of countries 
covered make this study a modest attempt in this direction. 
The links between transport and other sectors of the econ my 
are described as they appear from the 1-0 tables of five coun
tries: Cote d'Ivoire, India, Philippines, Mexico, and the United 
States. Figure 1 presents the underlying accountine, frnme
work of 1-0 analysis. Essentials of the method become clear 
by thinking of a closed economy without foreign trade and, 
moreover, one in which the output of an industry can be 
unambiguously identified with one well-defined commodity 
or service. 

The World Bank, 1818 H Street, N.W., Washington, D.C. 20433. 

TRANSPORT AS A USER OF RESOURCES 

Differences between the five countries in the share of inter
mediate inputs within the total value of transport output are 
partly explained by differences in prices, including the cost 
of labor per unit of output. 

As a broad generalization, the gross output of the transport 
industry is about 1.8 times the value added by transport. The 
share of value added (the value of labor and capital services 
employed directly by the industry) in the cost of total output 
i typically greater for the transport industry than for the 
average of all industries. A relatively light share of inter
mediate inputs in the cost of producing transport services 
tend Lo insulate transport from movements in the prices of 
traded good in the economy and thus from the effect of 
competitive forces or of technical progress acting on those 
prices. 

Transport is less sensitive than other industries to the cas
cading effect of turnover taxes. Users and the transport indus
try should therefore be less affected and benefit Jess than other 
industries from the trend towards value-added taxation. 

DEMAND FOR TRANSPORT 

The average . hare of transport cost in the total output value 
of industries i found to be close to 2 pP.rn~nt in all c untries. 
Although the average direct transport input coefficients of 
industries is similar, this is not true of the total coefficient, 
which represeilts the shares of different inputs r quired per 
unit dollar increase, in acb industry's sales to the final demand 
ector. In the case of the requi red transport inputs the total 

demand coefficients are significantly higher than the direc1 co
efficients that measure input requirements for the prevailing 
output levels. 

In order to sustain a unit increase of each indu try's sal . 
to final dem:111d trnnsport has to increase iti. output by more 
than the average industry. Demand for transport is thus 
more sensitive to a general increase (or decrease) in general 
production than the average indu try. 

INDICATORS OF THE RELATIVE SIZE OF 
TRANSPORT ACTIVITY 

Different measures of the relative size or importance of trans
port in th national econ my ar va lue ad led. gros output, 
fina l demand, ~nd the index of sen itivity to general output 
changes. Each mea -urc provide an answer to a differ nt 
question. 
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FIGURE 1 Accounting framework of 1-0 analysis. 

Matrix A at the upper left corner of the scheme (Figure 1) 
records the flows of intermediate goods and services traded 
between different production units, called industries. The 
scheme can be a commodity-by-commodity matrix ( commod
ity i as an input into commodity j). a commodity-by-in<lu try 
matrix (commodity i into th production of indu. try J). an 
industry by commodity matrix or an industry-by-industr 
matrix. ~mcentration here i on thi last type in which each 
industry has a row and a column arrayed in either direction 
in the same sequence. The crucial convention on dimension 
is that each industry distributes its output along its row to 
other producers within matrix A, and to final demand sectors 
F . In the absence of foreign trade, final demand consists essen
tially of private and_governmcnr consumption and investment. 

Industry ales are elements in the rows and columns record 
inputs for each induslry. Inputs consist of intermediate good 
and services (recorded in A) and of primary inputs. Primary 
inputs consist of the industry sown resources which contribute 
its value added (wage and gross profit ) and of indirect taxes 
that make up the difference between value to the producer 
and value to the buyer. 

In the absence of imports, row totals must equal column 
totals for each industry (in Q)-the value of an industry's 
sales (row ) equals the total value of its output (columns). 

The simplicity of this rudimentary cheme i destJOyed by 
the existence of foreign trad and by the heterogeneity of 
most industries ' output. Different 1-0 tables deal with imports 
in different ways and this affects the comparability of different 
tables across countries. The problem of heterogeneous output 
is relevant because many industries besides transport produce 
tran port services for their own accow11. 

Exports do not pre ent a prob! m becau e they are usually 
and simply treated as a final demand ector with a separate 
column into which ach industry (in an industry by industry 
scheme) contributes the value of its exports. f- owever, imports 
infi ltrate both the interindustry exchanges in matrix A (as 
intermediate goods and services) and the final demand ec
tor . Imports are subject lO very different treatment in dif
ferent I-0 table . A widely , but by no mean universally 

adopted, procedure is to split imports between (a) comparable 
(or competitive) imports-goods or services similar in nature 
to domestic production and (b) noncomparable (or noncom
petitive) imports . Noncomparable imports are then treated 
as a special industry with its own row (distributing to inter
mediate uses and final demand) but not corresponding col
umn. On the other hand, comparable imports are merged 
with the outputs of similar (comparable) domestic industries, 
which distribute their product, domestic or foreign, along 
their rows. However , this method is not generally used . In 
some tables noncomparable imports are classified as a primary 
input, whereas in others they are treated as an industry (i.e., 
left in matrix A of Figure 1). In still others, the distinction 
between the two classes of imports is not drawn or drawn on 
principles unlike those followed elsewhere . These differences 
limit the comparability of tables because it is sometimes not 
clear what method was followed. 

One further aspect of the treatment of imports in 1-0 tables 
is relevant to the connection between 1-0 and national 
accounting. In the method previously described, imports are 
treated as a sector (i.e ., a column) of final demand with neg
ative entries. Thus, imports are deducted from each industry's 
sale of its product and row totals are clear of imports . In the 
columns of the interindustry exchanges of matrix A, however, 
no deduction is made for imported inputs because column 
totals represent the total value of industry output, including 
the value of all inputs, imported or otherwise. Not all tables 
follow this scheme-some have no imports column in final 
demand (see Figure 2). Whether imports are deducted from 
total sales value, the presence of imports breaks the equality 
between row and column totals . Some industries buy more 
imports than they sell along with their own comparable 
product, whereas others distribute more imports than they 
absorb. 

1-0 ACCOUNTS AND NATIONAL ACCOUNTING 

In most national accounts the analysis of gross domestic prod
uct (GDP) is done according to its industrial origin. This 
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method uses a readily available statistic and the simplest mea
sure of the relative contribution of a sector to national product 
(though not a measure of total resources devoted to the pro
duction of that sector's output). In terms of accuracy or com
pleteness, however, this measure is subject to the same qual
ifications that are attached to 1-0 totals of industry output or 
value added-industrial origin analysis in the national accounts 
is typically based on the results of 1-0 accounts. 

In broadest terms, the relationship between 1-0 accounts 
and national accounts is 

GDP value added by industries 

final demand - imports 

The GDP of the national accounts is identical (in principle) 
to the total of value added in the 1-0 account. The industrial 
origin analysi is the same in each. Figure 2, which reflects 
U.S. methodology, demonstrates this relationship (J). 

THREE BASIC TABLES IN 1-0 ACCOUNTING 

1-0 accounting subjects data to essentially three different 
treatments, each giving rise to a basic table. 

Transactions Matrix 

This matrix of interindustry exchanges records the absolute 
va.lues of goods and services flowing between industrie. in the 
accounti_ng period (one year) . rt is bordered by the blocks for 
final demand , primary input and the two total (Figure 1). 
Sources of these data are censuses of production, the less 
common censuses of distribution, special studies, fiscal 
records, and special estimating efforts. 

Several major decisions have been made when constructing 
this table. First, the way in which industries, commodities, or 
producing units are aggregated affects the re ult and meaning 
of any analy is based on the table . In an indu try by industry 
scheme, changing the method of aggregation will change the 
gross output of industry just as would vertical integration of 
industrie (e.g., sugar refineries integrating with sugar plan
tations) . ft is quite common for Iran port to be aggregated 
(in 1-0 as well as national accounting) with warehou ing and 
frequently also with communication . The result i a lo s of 
information on transport throughout the (output) rows and 
the (input) columns of the aggregate industry. A nuisance of 
special significance ari es at the crossing of a row and column 
in the cell (the diagonal element) that records intraindustry 
transactions . The size of the entry in this cell is particularly 
sensitive to purely organizational features of an industry. For 
example, whether a railway contracts with independent road 
haulers or merges with them, payments arise in the former 
case and vanish in the latter. Because such features of an 
indu ·try , and changes in them do not have any necessary 
technological or economic meaning these entries may be 
removed at the row-and-column crossing from the table for 
purposes of analysi . This method wa used for the empirical 
part of this study. If warehousing and communication are 
combined with transport, however the contents of the diag
onal cell refer partly to the result of otherwise irrelevant orga-
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n.izational peculiaritie of the transport industry and partly to 
relevant exchanges between essentially different aclivitie · (e.g., 
road haulage under contract for the post office). 

Second, a decision has to be made on the treatment of an 
industry s econdary pr duct . lndu tries are normally defined 
by their produces but many firms produce a variety. including 
some that are the principal products of other industries. ke 
from gaswol'ks is the usual textbook example. But an equally 
importanr example is tbe production of tran port ·ervice by 
firms outside the transport indu try for their own-account 
transport. The general treatment of secondary production var
ies between 1-0 accounts of different countries. The recom
mended method is to define principal products for an industry 
then split off econdary products and redefine them together 
with the corresponding inputs for the indu ·try that has them 
for its principal product. But the principle differs between 
countries and the practice is likely to differ even more . Com
parability between dif(erent tables i. especially affected in the 
case of transport because the principle adopted in a country 
for the treatment of secondary production is not necessarily 
extended to own-account transport. United Kingdom statis
ticians seek to transfer own-account transport operations to 
the transp rt industry, where;1s the U .S. Commerce Depart
ment does not. In the empirical part of this study, the U.S. 
method prevails in the various tables. An immediate conse
qu nee of this omi sion is that the value added in transport 
and its gros output a recorded in die tables underestimate 
the total value of tran port activities in the natural not the 
organizati nal) sense of the word. Furthermore, the use of 
transport service by different industries will be underestimated 
whenever they operate own-account transport. 

Third, a decision has to be made about the prices at which 
transactions are valued: net indirect taxes (basic prices), pro
ducer price (including tax) , or at purchaser's prices (including 
taxe ·, trade , and transport profits). Most of the table 
examined use producer prices. 

Fourth, the treatment of transport costs in the sale or pur
chase price requires yet another decision. The principle most 
widely adopted and followed so far as feasible is to debit the 
cost of tran po.rt to the buyer of the product as a separate 
purcha e made fr 111 tran p rt (the f.o.b . method) . Thus. it 
is as urned that the co t transferred are solely tho e of tran. -
port purchased from the transport industry as defined in the 
I-0 classification. 

Direct Coefficient Matrix 

This matrix, derived from the transactions matrix, records in 
its columns the inputs that the industry receives from other 
industries, each expressed as a proportion of the receiving 
industry's gross output. These figures are the industry's direct 
input coefficients-its direct intermediat requirements per 
unit of its own gross production, in practice , per dollar of its 
gross output. 

Total Coefficient Matrix 

This matrix is constructed from the direct coefficient matrix 
by matrix inversion through solution of the simultaneous 
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equations underlying the I-0 account. The coefficients that 
result in any one indu try column expres rhe inputs from 
each sector per dollar of that industry's gross o utp1;1t for given 
fina l. demands and account for direct a well a indirect inputs 
(the fue l absorb d by transport to cany the fuel , etc.). 

USES AND BASIC ASSUMPTIONS 

I-0 analysis has developed significantly since Leontief (2 ,3) 
and has become a central tool in planning, forecasting, and 
many types of policy analysis. Its use in international com
parisons of the structure of production and the study of 
development was largely pioneered by Chenery ( 4,5). 

Use of I-0 accounting for any of these purposes, and even 
for the descriptive purpose of this study, is conditional on 
certain assumptions. Without these assumptions the coeffi
cients in the tables cannot be thought of as requirements and 
as requirements of specific inputs. The first, homogeneity of 
industry output, has to be accepted if the entries in I-0 tables 
are to be treated as technical coefficients rather than as coef
ficients thrown up by mere commercial arrangements or 
industrial organization. Second, the proportion of inputs to 
outputs is assumed lo be linear. Each input into a particular 
sector is assumed to vary in direct proportion with that sector's 
output. It is known that such strict proportionality charac
terizes only a limited class of production processes. The more 
usual assumption in economics is that inputs are substitutable 
(so that the unit cost of an output is a strictly concave function 
of the price of any one input). In addition, constant returns 
cannot be accepted as an empirically valid condition of pro
duction in general. It follows that the expected error in pro
jections of input requirements for a specified level of output, 
based on a given set of T-0 coefficients, will be greater the 
larger the specified change in final demands or the greater the 
possible change in relative prices . Major abuses ofI-0 analysis 
become possible when this caveat is ignored or forgotten. For 
example, a study in the 1970s using fixed I-0 coefficients 
obtained results with truly alarming consequences for U .S . 
production and employment from a 15 percent reduction of 
the output of the U .S. maritime industry. 

RELEVANT QUESTIONS FOR TRANSPORT IN 
THE ECONOMY 

In order to throw light on the role of transport in the econ
omy input-output data will be used to answer the following 
questions: 

1. What are the input requirements of transport, the sources 
of inputs, and the balance between intermediate in1rnls and 
primary inputs? The answers should point to some of the 
major determinants of the cost and efficiency of the activity 
and the imp'tCt of differ-'nt tax system" on tran-port; and 

2. What are the destinations of transport servic the sources 
of demand for transport , and the balance between interme
diate and final demand? The answers are relevant to the rel
ative degree of ensitivity of the demand for transport to 
variations in national output. 
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The establishment of these requirements will be attempted 
with the help of relatively simple tool of industrial structure 
analysis formulated mainly by Chenery (4,5) som 30 years 
ago. More sophisticated and complex experiment would be 
needed to explore the consequence for transport of tech
nological change or g neral economic growth. F r thi study, 
more data would be needed than are available in the tables 
for the five different countries. The countrie are heteroge
neous and although one strives t find rea,ons for differences 
among data of the different countries, such rationalizations 
have to be viewed with caution. 

CASE STUDIES 

Five sets of input-output tables were reviewed, one table for 
each country in the study . Information obtained from each 
T-0 table was based on the fo llowing: the y ar f r ·ference 
the definition of th ·ector, the share of transport in GDP 
(gro national product) from the national account , the num
ber of sectors distinguished in the interindustry matrix, the 
definition of the prices used for valuing the flows of inputs 
or outputs, and special features of the tables. For each case 
study country the I-0 table information was based on 

•United States (6-8) 
-Year: 1977. 
-Sector de finition: transport and warehousing. 
- DP share of transport and communicMions: 6.4 per-

cent at market prices. 
-Number of sectors distinguished: 85. 
- Va luation: at market prices (including tax on inputs). 
- Value added: includes taxes on sector output. 

• Phi lippin (9) 
-Year: 1974, updated to 1981. 
- Sector definition: distinguishes fi e transport subsec-

tors (busline other public pa, senger tsansport, land freight, 
wat r. a11d air). 

-GDP share of transport and communications: 5.4 per-
cent at market prices. 

-Number of sectors distinguished : 31. 
-Valuation: at market price including tax on inputs. 
-Value added: includes taxes on sector output. 
- pecial feature: the object of the table was the analysis 

of energy requirements . Energy (and fuels) and transport 
sectors were therefore analyzed in considerable detail. 
•India (10,11) 

- Year: 1968-1969 , updated to 1979-1980 prices. 
-Sector definition: distinguishes subsectors: rail, other. 
-GDP share of transport and communications: 6.1 per-

cent at fac tor cost. 
-Number of sectors distinguished: 89 . 
- Valuation: at factor cost; indirect taxes included in 

primary inputs (with value added). 
-Special features: high level of disaggregation of agri

cultural seclur. 
• Cote d'Ivoire (12) 

-Year: 1987. 
-Sector definition: transport and communications. 
-GDP share of transport and communications: 7.5 per-

cent at market prices. 
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-Number of sectors distinguished: 33. 
- Valuation: market prices, including taxes on inputs. 
-Value added: includes taxes on output. 

•Mexico (13) 
- Year: 1975 , transaction matrix updated to 1978 prices. 
-Sector definition: transport. 
-GDP share of transport and communications: 6.3 per-

cent at market prices. 
-Number of sectors distinguished: 72. 
-Valuation: basic prices (exclude taxes); indirect taxes 

included in primary inputs. 

For each case study country, the data used were noted for 
that country's heterogeneity in 

• Definition of the sector that included transport, 
• Relation of the time to which the underlying production 

data refer and the date of the prices applied to them , 
• Extent of disaggregation of the economy , and 
•Rule for valuing goods and services . 

In addition to these differences are the highly probable dif
ferences in the treatment of imports in the different tables . 

To improve comparability, the data were subjected to 
uniform treatment in two respects: 

1. Intrasectoral transactions (the diagonal cells of the inter
industry exchange table, at the crossing of the rows and 
columns for transport) were eliminated from the tables. 

2. When tables were identified noncomparable imports they 
were included in primary inputs with value added by the indus
try receiving these imports because two of the tables merged 
this class of imports with value added. In the case of Cote 
d'Ivoire , this procedure could not be followed because imports 
were not separated into comparable and noncomparable. Total 
imports , by industry, are given separately and when added 
into primary inputs were found to form an improbably large 
proportion of the sum. The alternative is to assign imports 
wholly to intermediate inputs and this was the course adopted. 
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TRANSPORT AS USER OF RESOURCES 

Two simple measures indicate the dependence of transport 
on intermediate inputs (and thus, by implication on primary 
inputs measured by the complement of the percentage share 
of intermediates). For convenience, intermediate inputs were 
named U and D: 

1. The proportion of direct intermediate inputs in the gross 
value of output by transport ( U) is computed from the direct 
input coefficients and was formulated by Chenery and Watan
abe (3) for purposes of comparative structural analysis of 
industry. It is known also as the backward linkage coefficient 
because it reflects the extent to which activity is a source of 
demand for the outputs of other activities (14) . 

2. The index of the power of dispersion (D) is computed 
from the total coefficient matrix as the ratio of the average 
of total input coefficients in the transport column (the pro
duction function of transport) to the average of all total input 
coefficients in the matrix. Therefore, it measures the relative 
input-dependence of transport allowing for all the circles of 
interindustry exchanges. If D > 1, transport is a relatively 
intensive user of intermediate inputs. If D = 0.5 , a dollar 
increase in the country's final demand generates only half as 
much additional demand for intermediate inputs for transport 
as for the country's average industry. 

Table 1 shows the U and D indexes for the transport sectors 
or subsectors identified in the tables . It also shows the index 
for each country's total industry (Column 2) and the weights 
(Column 1) signifying the relative importance of transport 
subsectors in the two countries (Philippines and India) for 
which no sector aggregate is available. 

THE LEVEL OF INTERMEDIATE INPUT SHARES 

If the average share of intermediate inputs in gross output 
value across all industries is considered first, a notable degree 

TABLE 1 INTERMEDIATE INPUT REQUIREMENTS FOR ALL INDUSTRY AND FOR TRANSPORT 

Weights: U-Share of Intermediate Inputs in Gross Output 

% of Value T ransport D-Relative 
Added by Total Depe ndence on 
Specified Sector All Industry Sector Subsector In termediate Inputs 

Country and Sector (1) (2) (3) (4) (5) 

United States, 1977 .4896 
Transport and warehousing 100 .3229 .8438 

Philippines, 1981 .5125 
Land freight 51 .4523 .9514 
Public transport 13 .5063 .9912 
Water 17 .5403 1.0612 
Air 13 .5084 1.0794 

India, 1979-1980 .4948 
Othe r than rail 77 .4650 1.0112 
Rail 23 .3602 .9245 

Cote d ' Ivoire, 1978 .4426' 
Transport and communications 100 .4525" 1.0406 

Mexico , 1978 .3733 
Transport 100 .2773 .9183 

'Imports are not separated into comparable and noncomparable (left wholly with intermediate inputs). 
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of similarity exi ts between countries with the exception of 
Mexico. Intermediate input shares in the first four countries 
are between 44 and 51 percent, about the level found in most 
industrial or industrializing economies. 

However, there is much less agreement between the shares 
of intermediate input in the transport sectors because the 
values for the United States and Mexico are well below those 
of the Philippines, India, and Cote d'Ivoire. 

ROLE OF RELATIVE PRICES 

Some part of the contra l noted previously can be explained 
by differences in relative prices and specifically, the relative 
prices of fuels and labor. Table 2 presents the fuel input 
coefficients of transport as recorded in the five countries with 
the prevailing prices for the main fuels. Two petroleum-rich 
countries stand out in terms of both low fuel input coefficients 
(per unit of transport output) and low domestic fuel prices, 
kept at the time of the I-0 table below world prices. If the 
fuel input coefficient for Mexico (0 .06063) i. doubled bring
ing it closer to the corresponding coefficients for the Philip· 
pines, India or the ote d'Ivoire, the share of intermediate 
inputs for the transport sector would increase from the 0.2773 
in Table 2, to 0.3373 . Mexico thus underestimates gross 
output from transport. 

The relative price of labor 1s more of a structural fact than 
the relative price of diesel fuel and the low share of inter
mediate inputs in the gross output of U. . tran port (Table 
l, Column 3) may be exp.lained io part by relatively high U .. 
labor co ts. A low hare of intermediate inputs implie a high 
share of primary input within which labor accounted for 67 
percent in the United States. Average share f labor in pri
mary inputs aero s all indu trie was only 59 percent. The 
labor cost element in the cost of U. . tran port i higher than 
in U.S. indu try in general and this should raise the hare of 
primary inputs and depress that of intermediate inputs in gross 
transport output. Thus, relatively high labor cost and low fuel 
prices should explain some (unknown) part of the compara
tively low shares of intermediate inputs in U.S. and Mexican 
transport products. The 1979 I-0 account of the United King
dom, a country with relatively high labor cost but ~ ith much 
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higher relative fuel prices, have a U-lndex value for transport 
of 0.53, close to values found for the Philippines, India, and 
Cote d'Ivoire (Table 1, Columns 3 and 4). On the other hand, 
the U nited Kingdom's U-index for all industry is practically 
the ame as that of the United States: 0.48 versus 0.49 
respectively. 

A NUMERICAL CONCLUSION: THE TYPICAL 
VALUE OF U 

On the basis of the previous discussion it can be concluded 
that the average share of intermediate inputs in the gross 
output of transport in developing countries is about 45 per
cent. It then follows that the gross output of transport is about 
1.8 times the value of the primary inputs into transport. If 
the noncomparable imports component of primary inputs is 
ignored (see Table 3), transport gross output would be about 
1.8 times the value added in transport, as ascertainable from 
national accounts. 

INTERMEDIATE INPUTS VERSUS PRIMARY 
INPUTS INTO TRANSPORT 

For the United States, the main transport subsectors of the 
Philippines India, and Mexico the share of intermediate inputs 
in the gross output value of tran port is below the national 
average of this share (Table 2, Columns 2-4). In these coun
tries, transport is intensive in primary inputs. The exception 
is Cote d'Ivoire where the U-index of tran ·port lies close to 
the average for all industries. 

Transport is largely classed as a nontraded good or service. 
In most countries, transport services are not in competition 
(actually or potentially) with imported services of the ame 
kind. Except in countries that serve as important transit routes 
to others, international trade in transport services is confined 
to air ands me shippjng services. Therefore, in general world 
levels of costs (or efficiency in producti n of tran port ·er
vices) exercise little constraint on the co ts and efficiency of 
national transport industries. Although dire t c mpelitive 
pressure from the outside is negligible there could still be 

TABLE 2 FUEL INPUT COEFFICIENTS FOR TRANSPORT AND FUEL PRICES (15) 

Fuel Input as 
Proportion of Price per Gallon in U.S. Cents 
Sector Gross 

Country and Sector Fuels Output Value Diesel Premium Gasoline 

Philippines, 1981 
Land freight Diesel, gasoline .199Vi 120.4 225.8 
Public transport Diesel, gasoline, .2591 

and other 
India, 1979-1980 

Other than rail Petroleum products .14111 72.0- ill.O 205-257 
Rail Coal, petrol products .09111 

Cote d'Ivoire , 1978 
Transport and communications Petroleum .12156 N.A. N.A. 

United States, 1977 
Transport and warehousing Diesel, petroleum 

refining, electricity .09014 54.3 71.9 
Mexico, 1978 

Transportation Petroleum refining .06063 11.0 67.0 
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TABLE 3 COMPOSITION OF PRIMARY INPUTS 

Payment to 
Labor Property-Type 

Income (% ) 
Noncomparable 
Imports (%) Country and Sector ( % ) 

United States, 1977 
Transport and warehousing 67 23 4 
All industry 59 

Philippines, 1981 
Transport and communications 40 
All industry 33 

Cote d'Ivoire, 1978 
Transport and communications 57 41 
All industry 33 

Mexico, 1978 
Transport 37 60 2 

NOTE: India 's I-0 accounts do not distinguish labor and property-type income in gross value 
added by industry. 
'Noncomparable imports cannot be distinguished for Cote d'Ivoire. Total imports were assigned 
as intermediate inputs. 

indirect external effects on domestic transport cost levels 
transmitted through the prices of traded goods required in 
the production of transport service. The relatively low share 
of such intermediate inputs (including imported intermediate 
goods) in the gross output value of transport reinforces the 
effect of an absence of importable substitutes for transport . 
The lack of importable substitutes helps to shelter the cost of 
domestic transport from international costs, prices, and changes 
in them that follow from technical progress and other pro
ductivity improvements. Even in open economies, therefore, 
the lower the value of the U-index the more will the relative 
cost of transport be governed by the levels of competition 
and efficiency within the industry and not least by wage costs 
per unit of output (Table 3). 

EFFECTS OF THE TAX SYSTEM 

Two classes of taxes on the production of goods and services 
are the cascading type-turnover taxes and value-added taxes. 
The distorting effect of the turnover tax is a major argument 
in favor of the value-added tax. Transport, however, tends 
to have a relatively gross output. Other things being equal, 
transport may be relatively favored by a cascading system and 
should in any case benefit less than other industry from the 
institution of a value-added tax system (16). 

TOTAL INPUT REQUIREMENT OF TRANSPORT 

Total input coefficients represent the input requirements in 
response to a unit change in final demand calculated through 
the sequence of rounds of inputs into inputs. Coefficients in 
any one column thus depend on all other coefficients in the 
table. Averaging these total coefficients in the transport col
umn and comparing the average with that of all total coeffi
cients in the matrix results in the D-index. Its values (Table 
1, Column 5) confirm what appeared from comparisons between 
the direct input coefficients for transport and all industry except 
in the case of India . For Cote d'Ivoire, India (nonrail trans
port), and the two lesser transport subsectors of the Philip
pines, the demand response of transport to a unit increase in 

general output is more intensive for intermediate inputs than 
for industry in general. In all other cases , the demand gen
erated by transport for the output of other activities is less 
than for industry as a whole in India. Therefore, the direct 
input coefficients are a less reliable base for predicting 
requirements than in the remaining four countries. 

TRANSPORT AS SUPPLIER OF SERVICES: 
TRANSPORT DEMAND 

Once again two summary measures are used to indicate the 
sectoral destination of transport output or sectoral sources of 
demand for transport services and the sensitivity of transport 
demand to changes in general output: 

1. The proportion of gross transport output going to other 
industries as intermediate services (W). This ratio is com
puted from the direct input coefficients and, like the index, 
was defined by Chenery and Watanabe (4) . It is also known 
as the forward linkage coefficient because it expresses the 
support that transport (or any given sector) supplies to 
other industries. A relatively high ratio denotes relative 
predominance of intermediate uses of transport services. 

2. The index of sensitivity (S) is the ratio of the average of 
the transport row entries to the average of all coefficients in 
the matrix. It indicates the relative importance of a sector as 
a supplier of intermediate inputs to other sectors, the com
parison being with the average of all industries. Therefore, it 
measures the dependence of transport on industrial demand 
for its output relative to that kind of dependence for the 
country's industry as a whole. When this index exceeds unity 
transport has to increase output relatively more than other 
sectors for a unit increase in final demand in every sector. 

TRANSPORT REQUIREMENTS: DEMAND FOR 
TRANSPORT 

The presumed omission of own-account transport from the 
transport account in the I-0 tables is likely to have more of 
a distorting effect on the reported structure of demand for 
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transport than on its input composition. Totals for lransport 
services sold (row totals) and for re ource requirements for 
transport (column totals) will be affect d to an equal degree. 
But there is less reason to expect differences in input struc
tures betw en professional and own-account transport than 
in the structure of demand (or de ·ti nation of output) for the 
two modes of operation. Own-account transport tends to be 
used to a greater exten! than professional transport for indus
trial purposes as intermediate service. The true W-index is 
thus likely to be underestimated in Table 4 (Columns 3 and 
4). The size of the necessary correction remains unknown. 

The demand structure of transport seems less likely to be 
a structural fact of the industry than its input structure. Trans
port in the United States and Mexico is presented in Table 4 
as depending more on final demand than does the industrial 
sector as a whole. In the transport sector of Cote d'Ivoire and 
the main transport subsectors of India and the Philippines 
transport services are intermediate go ds to a greater extent 
than industrial output in general. This does not hold for rail 
in India or for public tra n ·port, water, or a ir w111 ·p rt. In 
addition , water and air transport in the Philippine depend 
more than the average industry on ·ales to final d ·mnnd . 

DIRECT AND TOT AL TRANSPORT 
REQUIREMENTS 

Although the distribution of total transport output between 
intermediate use and final demand differs a good deal between 
the countries there is striking similarity in the average direct 
transport input coefficients of their industries (Table 5). These 
coefficients are sensitive to the varying degrees of aggregation 
in the different tables with the means of the direct coefficients 
clustering around 2 percent. In four of the five countries, the 
dispersion of coefficients around the mean is also quite sim
ilar. T herefore, the average impact of changes in transport 
prices on industrial costs seems to be broadly similar in the e 
different countries. Less uniformity exists in the total trans
port coefficients, which are highly sensitive to aggregation 
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differences. Predictions f future demand for transport on the 
ba is of direct input cocfficienrs will be biased downwards. 
Table 5 indicates that the errors will be significant . When all 
repe rcussion have been taken into account, the average 
transport input fficient is d ubled in three of the five coun
tries and raised by one-third in the other two. 

Table 5 also pre ent the average of direct tran p rt input 
coefficients for the group of most intensive users- producers 
most sensitive to changes in productivity and prices of the 
transport industry. Identifying rhi. group of main u. crs may 
be difficult but in term more readily known they are the 
indus tries on who e ac tivity and devel pment transport oper
ator depend mo t heavily. ln principle, the two group need 
not overlap either fully or pal'lially. Main us rs may be indus
tries with transport input coefficients well be! w the national 
average, but have a high total output value relative for the 
total interindustry sales of the transport industry. A main user 
who is not also a most intensive user will have a larger total 
output value than the least intensive among the most intensive 
users. This relationship is illustrated by comparing the five 
m ·t intensive u e rs of land freight tran port in the Philippine 
with the top (ive main users (Table 6). Us.ing comm dity 
pr clucing scl:lor-. three of five Philippine industries figure in 
either group. If trade is included in the 5 main users- an 
industry for which forecasts may be more difficult than for 
commodity sectors-the overlap shrinks to two in five. 
Excluding trade the two most important users of this major 
branch of Philippines transport, with a combined share of 40 
percent of transport services provided to intermediate users, 
are not among the most intensive users. However, in a com
parison with all industry all of the top 5 main users (whether 
trade is included or not) have transport coefficients above the 
general average. This result is the norm in the 4 I-0 tables 
I.hat permit the comparison of average direct tran p rt coef
ficients for all indu ·try and for the group of main u ers. For 
the practical purpose of determining required volumes of 
transport service, the average of imlustry coefficients is not 
usually relevant because coefficients for individual industries 
are expected to increase or decrease more than the average. 

TABLE 4 SHARE AND INTENSITY OF INTERMEDIATE DEMAND FOR THE OUTPUT OF ALL INDUSTRY AND OF 
TRANSPORT 

Weights: 
Value 
Added Proportion of Gross Output for Intermediate Relative 
by Use (W) Total Dependence 
Specified Transport on Demand for 
Sector Intermediate 

County and Sector (%) All Industry Sector Subsector Use (S) 

United States , 1977 .5619 
Tran port and warehousing 100 .5268 2.3029 

Philippim:s, 1981 .5969 
Land freight 51 .7280 1.1531 
Public transport 13 .0657 .5383 
Water 17 .6930 .7732 
Air 13 .0958 .5427 

India, 1979-1980 .5539 
Other than rail 77 .5833 2.7900 
Rail 23 .4648 1.1235 

Cote d'Ivoire, 1978 .4048 
Transport and communications 100 .4495 1.4035 

Mexico, 1978 .4276 
Transportation 100 .3263 2.0088 



Bennathan and Johnson 113 

TABLE 5 A VERA GE TRANSPORT REQUIREMENT PER UNIT DOLLARS OF OUTPUT 

Direct Requirements Total Requirement 

Mean 
Total Coefficient 

Country and Sector in I-0 Table (% ) 

United States, 1977 
Transport and warehousing 

Sectors 78 2.04 
Most intensive users 10 5.1 

Philippines, 1981 
Land freight transport 

Sectors 29 2.1 
Most intensive users 5 3.8 

India, 1979-1980 
Rail 

Sectors 88 0.6 
Other than rail 

Sectors 88 2.5 
Most intensive users 10 5.7 

Cote d'Ivoire , 1978 
Transport and communications 

Sectors 30 2.0 
Most intensive users 5 7.0 

Mexico, 1978 
Transportation 

Sectors 71 2.0 
Most intensive users 10 3.8 

NOTE : SD - Standard Deviation 
CV - Coefficient of Variation 

TABLE 6 COMPARISON OF USERS OF PHILIPPINES 
LAND FREIGHT TRANSPORT 

A A' B 

Five most intensive users 
Basic metals 5.2 7.3 4.8 
Paper, publishing 3.6 5.1 2.0 
Chemicals 3.6 5.1 5.0 
Forest, wood production 3.5 4.7 5.0 
Textiles 3.2 4.4 5.3 

Subtotal 22.1 
Top five main users 

Food products (1) 2.7 3.8 23 
Construction (2) 2.5 4.5 12 
Textiles (3) 3.2 4.4 5.3 
Forest, wood production (4) 3.6 4.7 5.0 
Basic metals (5) 5.2 7.3 4.8 

Subtotal (1-5) )(IT 

[Trade) (6) [2.4) [2.9) [17] 
Total (1-4, 6) rrr.1J 

NOTE: A - Direct transport input coefficient. 
A' - Total transport input coefficient. 
B - Share of total transport services delivered to industries. 

Averages are used for a quick characterization of the relative 
intensity of transport use by different producer groups (Table 
7). For this table, A and B have the same meaning as in Table 
6. The comparisons suggest that the main users of transport 
are transport-intensive industries relative to the average of 
the producing sector. Other things being equal, changes in 
the efficiency and unit price of transport (cost of the service 
to its user) should affect their costs and profits more than the 
effect on industry at large. Because transport-intensive indus
tries are the main source of demand for transport their reac
tion will, in turn, have a relatively strong effect on transport . 

Mean 
SD Coefficient SD 
(%) CV (%) (%) CV 

1.43 0.7 4.3 1.7 0.4 
1.51 0.3 7.3 l.3 0.2 

1.2 0.6 4.0 J.6 0.4 
0.8 0.2 5.3 1.2 0.2 

1.2 2.0 1.2 1.3 1.04 

1.8 0.73 4.7 2.6 0.56 
0.7 0.13 9.0 1.5 0.16 

3.4 1.7 3.3 3.5 1.06 
5.6 0.8 7.7 6.4 0.83 

1.2 0.6 2.9 1.4 0.5 
1.8 0.5 4.8 1.7 0.35 

TABLE 7 RELATIVE INTENSITY OF 
TRANSPORT USE BY DIFFERENT 
PRODUCER GROUPS 

A B 
Country (%) (%) 

United States 
All industry 2.04 
10 main users 4.01 40 
Omitting Trade 3.96 32 

India (excluding rail transport) 
All industry 2.5 
10 main users 4.0 47 
Omitting Trade 3.0 34 

Philippines (land freight) 
All industry 2.1 
5 main users 2.9 62.3 
Omitting Trade 3.4 50.1 

Cote d'Ivoire 
All industry 2.0 
5 main users 7.0 57 
Omitting Trade 5.2 18 

Trade and construction are in all cases among tne main users 
of transport. 

Sensitivity of Transport Demand to Changes m 
Production 

The index of sensitivity S shown in the final column of Table 
4 is computed using the rows of the total requirements table. 
Entries in the transport row of those tables show the pro
duction of transport services required, directly and indirect! y, 
per dollar of output delivered to final demand by the respec-
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tive lumn industrie . The index then compares the averag 
of these required trnn port inputs to other industrie. per 
dollar of additi nal final demand for their products) with the 
average of total input coefficients in the table. Therefore , it 
measures the average effect on transport of equal increases 
in sales to final demand by all sectors relative to the corre
sponding average demand effect on all sectors. (Because of 
the use of total coefficients, all intermediate demands for 
inputs to support such a final demand expansion are, of course, 
brought into consideration. 

The sensitivity index for the transport sectors of the United 
States, India, Cote d'Ivoire, and Mexico, and for the land
freight subsector of the Philippines, is always well above unity 
(Tabl 4) . Therefore, in terms of the index tran port is di. -
tinctly more sensitive to general output expansion than the 
average industry because it has to expand output by more 
than the av rage industry to support this type of output expan
sion. It is unlikely that final demand will ever expand in this 
particular fashion, by equal amounts for each industry's out
put. When the entire pattern of incremental ut:mun<ls i pec
ified (a standar I . tep in planning exercises) in sensitivity plan
ning exercises, the index seem a go d a measure a any 
other for determining the relative effect of general marginal 
output expansion on the demand for the output of specific 
sectors . The magnitudes of the transport sensitivity index 
reported in Table 4 are such that it may be concluded that 
relatively high output sensitivity of transport demand will hold 
even for moderately uneven distributions of increments to 
final demand. 

Size of the Transport Sector 

Different summary indicators of the total size of an industry 
are usually answers to different questions. Therefore, in con
sidering alternatives it is essential to be clear about the 
meaning of the indicator and the use to which it is to be put. 
Most uses require that the indicator permit logically valid 
comparisons with other aggregates. 

Value added by transport is usually the most available indi
cator because it is part of the standard presentation of national 
accounts. Value added is the sector's contribution to GDP or 
gross natiom1l product and can be expressed as a percentage 
of them. Like other indicators drawn from national tatistics, 
value added i safer to .u e for comparison. over time in the 
same country than for international comparisons. lnterpreting 
the difference between the percentages of value added from 
transport in C6te d Ivoire (9 .6 percent in 1978) and the United 
States (6.4 percent in 1977) is difficult because the sector 
definitions are different. For example, in Cote d'Ivoire the 
definition includes communications with transp rt whereas in 
the United State warehousing is included. Furthermore, in 
the former, value added is at fac tor c st and in the latter, at 
market prices. In addition, U.S. national accounts include the 
value added by trade or public administration and defense 
whereas thee areomiited in Cf>te d'Ivoire (or o it appears), 
yielding a smaller result. A mor general bjection to the 
value added mea ure is that in most countries it exclude the 
value added in own-account transport operations. This objec
tion is no le s valid for any other measure that does not include 
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a deliberate correction for this omission. Although the com
putation of value added by transport will be done with dif
ferent degrees of perfection in different countries. the concept 
is clear- the value (at local prices) of the annua l prodltCt is 
the gross of capital con umption bui net of all intermediate 
inputs (labor and capital) employed in what is defined as the 
transport industry. 

Because the industry's labor and capit;:il cio not produce 
transport services unaided by supplies from other industries, 
value added is not a measure of the total resources devoted 
to the production of transport service . Gross output may 
seem to be the right answer to this question because it is the 
sum of value added plus intermediate inputs in transport. For 
a given technology, industrial organization, and differential 
productivity gross output in transport is not quite twice value 
added. Unfortunately, gross output is useless as a measure of 
the relative size of the transport sector because it cannot be 
related to the other aggregates such as GDP, which is net of 
intermediate inputs, nor to a grand total of gross output , 
which involves double-counting (the gross output of petr -
leum refining al being partly counted in tbe gross output of 
transport, and so forth). Therefore, the concept has limited 
uses. Planners may u ·e it as the base from which to project 
or plan changes in the upply of transport to all uses . Because 
gross output measures industry turnover, it can be used in 
estimating the return to changes in turnover taxes. Also, the 
c mparative m vement over time of value added and gross 
output {tbe time path of the index) can serve as an indicator 
of differential productivity change. This use is safest done 
in the course of projecting because in ex post facto studies 
the problem of having to control for irr levant changes in 
industrial organization or statistical aggregation must be faced. 
For example, Lndia's seventh 5-year plan exp ts g ~ 

value added in transport to rise annually at 7 .1 percent and 
gross output value at 8 percent, between 1984-1985 and 
1989-1990 (17). 

None of these indices of the total size of the transport sector 
cover the country's transport activity exhau tively . Th gap 
consists of own-account , industrial and personal tran porr. 
Mo t input-output account known do not attempt to reclas-
ify the output and the corresponding inputs of industrial 

own-account transport operation to the tran port industry. 
The overall importance of thi omi ion (in term of the pr • 
portion of the country's total freight t-ran port cost excluded 
from the account of the transport industry) should be the 
larger. The smaller is the share of rail, water, and air in freight 
tran port. A rough calclllacion for the United tatcs suggests 
that the value added by persooal consumption expenditure 
(and government c nsumption) accounts for final demand. In 
developed countries the category of own-account transport 
operations constitutes ;:i si7.eable component of the transport 
output in the broadest sen e. In the United States, per onal 
consumption absorbs 26 percent of the total output of trans
port industry ervices. Even without government cop..sumption 
(partly also personal transport) personal consumption i thu 
more than half of that consumed by intermediate uses of 
transport (Table 8). But personal consumption expenditure 
on petroleum refinery products (used partly for other house
hold purposes) and automobile repairs amounts to almost 
twice as much as per onal expenditure on ervice bought 
from the tran port industry. In 1977, personal expenditure on 
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TABLE 8 PERSONAL CONSUMPTION OF TRANSPORT OUTPUT 

Delivered to 

Intermediate Users" Personal Government 
From Industry (all industry) Consumption Consumption 

United States (1977) 

Transport and Warehousing 
$ millions 58,805 33,210 7,194 
Percent 100 56 12 
Percent 100 

Petroleum Refining 
$millions 49,561 38,595 5,831 
Percent 100 78 12 
Percent 116 

Automobile Repair and Services 
$millions 16,997 25,437 775 
Percent 100 150 8 
Percent 77 

Motor Vehicles and Equipment 
$millions 38,896b 46,124 3,026 
Percent 100 119 8 

India 

Railways 
Rs millions 9,247 6,751 2,629 
Percent 100 73 28 

Other Transport 
Rs millions 45,513 23,527 5,390 
Percent 100 52 12 

Petroleum Products 
Rs millions 25,933 10,852 1,525 
Percent 100 42 6 

Motor Vehicles and Repair 
Rs millions 8,611 b 1,614 3,672 
Percent 100 19 43 

Motorcycles, Bicycles, and Repair 
Rs millions 2,890b 1,706 334 
Percent 100 59 12 

' Intra-industry transactions excluded. 
bValue of output delivered to industries plus delivery to Gross Fixed Investment. 

motor vehicles and equipment exceeded that of industry by 
almost one-fifth . For developing countries, ownership of the 
means of transport is less relevant. For example, in India 
(Table 8) the share of personal consumption in the total out
put of the transport industry (30 percent) and its share relative 
to that of intermediate industrial use are quite close to those 
in the United States. Personal expenditure on motor vehicles, 
motorcycles, bicycles, and repairs was only 28 percent of such 
purchases by classified industries. (Motorcycles and bicycles 
for intermediate use went to the other transport industry, 
which includes services by rickshaws of all kinds.) If govern
ment purchases are added the percentage rises but only to 64 
percent of the purchases by industries . These quantities, besides 
confirming who are the passengers , are a better representation 
of the total personal transport output in developing rather 
than in developed countries, but are in no sense a full 
representation. 

TRANSPORT AND ECONOMIC DEVELOPMENT: 
HYPOTHESES 

Data for only five countries, each representing just 1 year, 
are not a sufficient basis for generalizations , but some 
hypotheses nevertheless emerge from even this small sample 

that are relevant to transport in the development process and 
also have a bearing on policy formation . 

A Sheltered Industry 

Inland transport is normally sheltered from foreign compe
tition because professional transport depends less than the 
average industry upon intermediate inputs. Value added in 
transport accounts for a larger percentage of the value of 
transport services than is the case for other industries (Table 
1). Therefore, technical progress in other parts of the econ
omy will have a smaller effect on the cost of transport than 
it should have for the cost of the average industry. Sheltered 
by space and technology, transport efficiency and the control 
of costs and the level of prices depend critically on competition 
within the transport sector itself. 

Growth-Sensitive Industry 

Demand for transport as an intermediate input into produc
tion is sensitive, above the average for all industry, to vari
ations in national output (Table 4). Because this conclusion 
is derived from I-0 data, it is more likely to hold for small 
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rather lhan for l<1rge changes in national output (I-0 analysis 
generally assumes that industries have an infinite elasticity of 
supply), Nevertheles , it point · to a relative ly high risk of 
transport acting as a bottleneck and a brake on growth. 

A Wage-Intensive Industry 

If gross domestic product per capita serves as a proxy for the 
national wage level, the data tell us th at the share of value 
added in the value of national production tends to fall with 
the wage levels pre ·en ed in Table 9. The corresponding hare 
in the value of transport output in th sample is greater than 
the share for all industry and declines much more regularly 
with GDP per capita . The relatively high share of labor pay
ment in value added (Table 3) hint that the transport indu ·
try , in national term , i labor-intensi e. M re cautiously, 
transport is relatively wage-intensive and th refore ·en itive 
above average to wage increases in the course of development. 

Jn Poor Countries, A Producer's Good 

Data in Tab) 4 mu18 suggest that transport in p or countries 
i more of an intermediate product for use by other producer 
than is the output of the avt.:ragt: national industry. Going 
down the income scale, the hare of intermediate u e of trans
port output tends to grow relative to the corresponding share 
for all industry. Taxes that fall on all transport (such as fuel 
tax rnlh r tJian licens • fees that can distingui ·h truck. from 
cars) are therefore likely t interfere with the desirable object 
of productive efficien y, that is, the choices that producers 
would make in the absence of taxation . This interference 
seems to be stronger, the poorer the country. 

TART .E 9 SHARE OF VALUE ADDED IN GROSS OUTPUT 
FOR ALL INDUSTRY AND FOR TRANSPORT PER CAPITA 
GROSS DOMESTIC PRODUCT 

Share of Value Added in 

1987 GDP 
Gross Output 

Country ($U.S.) All Industry Transport 

United States 18,530 .51 . 68 
Mexico 1,830 .63 .66 
Cote d'Ivoire 740 .56 .55 
Philippines 590 .49 .53 
India 300 .50 .54 
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Highway Stock and Private-Sector 
Productivity 

KAzEM ATTARAN AND PHILIPPE AucLAIR 

The availability of a good transportation system i e sential to a 
growing, healthy economy. For chis reason , in developing econo· 
mies tran portation improvements are u ually among l'he first 
project undertaken to start the path toward economic devel
opment and pro perity. Tran portation facililie,~ connect markets 
and facilitate production and trade. Although the relationship 
becween transportation facilities and the well-being of the econ
omy or a country is intuitively obviou , little research bas been 
undertaken to mea ure this relation hip quantitatively. n attempt 
was made to demonstrate that variations in the existing stock of 
public highway have , to a large extent explained variations in 
the productivity of labor and capital in the private sector of the 
economy. For this purpose, two econometric regression models 
were constructed to separately mea ure the as ociation between 
the stock of highway and the productivities of (a) private- ector 
capital and (b) combined labor and capital . Tl\C regre ion models 
not only upport the contention that the highway tock has con
tributed to improved private-sector productivity but also that it 
has had a proportionately greater effect tJrnn Lhat of the non
highway infrastructure. A thi rd regre sion model in which the 
infrastructure was further disaggregated also suppons the ame 
conclusions. 

The availability of transportation facilities plays an essential 
role in the process of a nation's economic development from 
a state of underdevelopment. Usually, one of the first steps 
taken in the path of development is to link markets together 
by creating transportation facilities. Unfortunately, once mar
kets are linked, transportation facilities often are taken for 
granted-until severe inadequacies begin to emerge. As com
peting social needs bid for limited resources, nations tend to 
forget that, although factor supplies determine the initial level 
of economic output , their growth (or growth in their produc
tivity) determines later economic growth. The stimulation of 
such growth has been generally neglected in the United States, 
including California. 

The problem stems from the long-term nature of providing 
transportation infrastructure. Facilities are usually planned 
and constructed with a 20- to 30-year time horizon. The planned 
excess capacity often creates the illusion of indefinite ade
quacy . When this capacity is eventually exceeded by demand, 
realization of the finite nature of capacity occurs, sometimes 
at the considerable cost of stalled economic growth. 

Although the significance of the contribution of transpor
tation facilities (as well as other infrastructure) to the U .S. 

Economic Analysis Branch, Office of Management Planning, Division 
of Transportation Planning, California Department of Transportation, 
P.O . Box 942874, Sacramento, Calif. 94274-0001. 

economy is intuitively obvious , it has neither been easy to 
quantify nor has there been any urgency for researchers to 
do so. Until recently, no systematic research had been con
ducted to quantitatively link transportation facilities to the 
well-being of the economy. However, with national concern 
for the competitive position of the nation's economy and pro
ductivity, this linkage has become of increasing interest. 
Aschauer (1) has successfully modeled and quantified the 
contribution of public investment in infrastructure to eco
nomic productivity. (Productivity is defined as the value of 
goods and services, in constant dollars, produced per unit of 
input-e.g., labor or capital. Total factor productivity refers 
to output per unit of combined labor and capital.) 

Aschauer (1) associated the stock of the nation's total infra
structure with private-sector productivity. As a variation of 
that study, this analysis focused on the highway component 
of public infrastructure and attempted to isolate the effect of 
a slowdown in the growth rate of federal , state, and local 
highway stock on private-sector productivity. Cursory exam
ination of the data between 1950 and 1985 (compiled by the 
Bureau of Labor Statistics) revealed a striking correlation 
between the rate of growth in the stock of highway infrastruc
ture and the rate of growth in productivity . After normalizing 
the data to remove effects of time trends and business cycles, 
this close association became quite apparent (see Figure 1). 

In order to test the hypothesis that productivity in the pri
vate sector of the economy is strongly associated with the 
availability of highway stock, three econometric regression 
models were constructed. The purpose of the capital produc
tivity regression model was to examine the empirical rela
tionship between private-sector capital productivity and the 
total stock of state and federal highways. (Highway stock is 
defined here as the present value of the existing stock of 
highways, net of depreciation, and measured in constant 1982 
dollars .) 

The total factor productivity regression model was formu
lated to analyze the relationship between private-sector total 
input productivity and the total stock of highways. It was 
hypothesized that the growth rates in both productivity mea
sures could be explained to a large extent by variations in the 
existing stock of highways. In other words, the hypothesis 
contends that the stock of public highways has greatly influ
enced the growth in productivity of the private sector , which 
in turn has influenced the growth of the U.S . economy and 
the competitiveness of U.S. commodities in the international 
markets . 

The third regression model further disaggregated the stock 
of public infrastructure in order to evaluate the conclusions 
obtained from the first two models . 
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FIGURE 1 Productivity and highway stocks (growth trends). 

ECONOMETRIC MODELS 

The general form of the economy-wide production function 
is 

Y = Y(T, C, K, L, G, .. . ) (1) 

when: 

Y = private-sector output variable, 
T = physical time variable running on a discrete annual 

basis from 1950 through 1985, 
C = capacity utilization rate, 
K = private-sector capital input variable, 
L labor input variable, and 
G = total stock of public infrastructure variable. 

In E quation 1, all the variables have explicit cumulative 
time dependence although the independent time variable is 
omitted for simplicity in terminology. 

The discussion that follows is based on several sources 
(1-5). 

In order to analyze the relationship between the growth 
rate in the stock of highway infrastructure and private-sector 
capital productivity, a Cobb-Douglas production function was 
used. T his functional form precludes explicit modeling of the 
substitutability or complementarity of the inputs. That is, the 
elasticity of substitution is assumed to be unity. Future research 
on this topic will attempt to capture and quantify the inter
reia Lionship among all input by direcrly estimating the ela -
ticilie. of substitution . To thi end, m re gen ral production 
function uch a the constant elasticity f substi tu tion pro
duction func tion and the tnmslog production function could 
be used. 

In the analysis, a working hypothesis of constant returns to 
scale was used, meaning that total private output is generated 

by labor, private capital, and the total stock of public infra
structure in such a way that a doubling of output is achieved 
by doubling all three inputs simultaneously. Similarly, a simul
taneous increase of 1 percent in each of the inputs would lead 
to a 1 percent increase in private-sector output. 

The Cobb-Douglas production function over K, L , G is as 
follows: 

(2) 

where 

B = a constant; 
k = elasticity of private capital, i.e., the percent increase 

in output per unit percent increase in private capital; 
l = elasticity of labor, i.e., the percent increase in output 

per unit percent increase in labor; and 
g = elasticity of public infrastructure stock, i.e., the per

cent increase in output per unit percent increase in 
public infrastructure stock. 

As a result of the assumption of constant returns to scale, 

k+l+g=l (3) 

A statistical test performed to support the ;:iss11mption of 
constant returns to scale indicated that dming the sample 
period, the um of the estimat cl coefficient wa not signif
icantly different fro m 1. That is. the empirical evidence strongly 
suggested that a simultaneous increase of 1 percent in each 
of the inputs K, L, and G resulted, on the average, in a 1 
percent increase in real private-sector output Y. 

For this study, the stock of public infrastructure ( G) and 
its respective elasticity (g) were disaggregated. The various 
components were then directly incorporated in the economy
wide production function and analyzed to reach a conclusion 
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about the role that the stock of highways and streets has 
played in the growth of U.S. productivity. 

The total stock of public infrastructure was disaggregated 
into a highway component and a nonhighway component, as 
follows: 

G=H+N 

where 

H = total stock of highways and streets, and 
N = stock of nonhighway infrastructure . 

(4) 

The Cobb-Douglas production function therefore assumed 
the form 

(5) 

where h and n are the elasticities of highway and nonhighway 
stock , respectively . Because during the 36-year sample period 
the relative amount of highway and nonhighway stock remained 
almost constant (the ratio of highway to nonhighway stock 
ranged between 0.53 and 0.60), the elasticity for total public 
infrastructure could be decomposed into the sum of elasticities 
for highway and nonhighway infrastructure, i.e ., 

g = h + n (6) 

Again, as a result of the assumption of constant returns to 
scale, 

k+l+h+n=l (7) 

This relationship avoids direct estimation of all possible pro
duction function coefficients, which would lead to a problem 
of multicollinearity . That is , because movements in each input 
(private capital, public capital, and labor) are themselves 
strongly correlated over time, direct estimation would be 
unjustifiable . The technique of using the constant returns to 
scale assumption reduces the problem of multicollinearity , 
because one less parameter needs to be estimated. 

Adoption of a working hypothesis of constant returns 
to scale allowed the following log-linear variants of the 
production function to be deduced. 

Capital Productivity Regression Model 

Rewriting the specified Cobb-Douglas production function, 

Then 

y = BKCl - 1-h-n) UHhNn 

Dividing by K and collecting terms yields 

YIK = B(LIK)' (HIK)i' (NIK)" (8) 
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Taking the natural logarithm yields 

In (YIK) = In B + /In (L!K) 

+ h In (HIK) + n In (NIK) (9) 

This form of the private-sector productivity equation con
tained the functional dependence of the productivity function 
most suitable for estimating the parameters l , h, and n directly 
using the method of ordinary least squares (OLS). 

Before estimating the parameters/, h, and n, the remaining 
factors considered include the capacity utilization rate C of 
the manufacturing sector used to control for output data fluc
tuations caused by the influence of the business cycle. In 
addition at this point, because time series data were used (for 
1950 to 1985), the time variable T for changes not otherwise 
accounted for is included in the general specification of the 
model. 

These adjustments yield the following equation: 

In (YIK) = b + rT + /In (LIK) + h In (HIK) 

+ n In (NIK) + c In (C) + E 

where 

b =In B; 

(10) 

r = average growth rate of ratio of output to capital (cap
ital productivity) unexplained by other specified var
iables during the period of study [r = 8 In (YIK)!ST]; 

c = percentage change in the ratio of output to capital 
resulting from a 1 percent change in C; and 

E = error measure that is a surrogate for all other omitted 
variables, the joint influence of which is random and 
negligible in explaining the variation in the output. 

The parameters r, l, h, n, and c were numerically estimated 
by the OLS method. 

For the 36 years of historical data analyzed by the OLS 
procedure , this model yielded the following estimated log
linear private-sector capital productivity regression equation: 

In (YIK) = -10.9 + 0.0092T + 0.444 In (LIK) 

+ 0.226 In (HIK) + 0.163 In (NIK) 

+ 0.37 In ( C) (11) 

where 

R2 = 0.9819 

Standard error of the regression = 0.008674 

Durbin-Watson statistics = 1.547942 

The t-values corresponding to the six coefficients of Equation 
16 were -10.6, 3.78, 4.44, 3.85, 1.65, and 7.95. 

All but one of the t-statistics were statistically significant at 
the 1 percent level. The t-statistic for the nonhighway stock 
was significant at the 10 percent level but was close to the 
critical value of 1.69 for the 5 percent level. Therefore, each 
explanatory variable was significant in helping explain the 
variation in capital productivity. 
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Additionally, as the R.2 measure indicates, 98 percent of 
the variation in private-sector productivity could be explained 
by the combined effects of time, labor, private-sector capital, 
stock of highways, stock of nonhighway infrastructure, and 
capacity utilization rate. 

The Durbin-Watson (D-W) test for serial correlation was 
employed to address the concern that the effect of omitted 
variables E was significant or anything other than purely ran
dom. The sum of the effects of all omitted variables had to 
be purely random to preserve a meaningful interpretation of 
the specified model. Because 36 observations were made using 
five explanatory variables, the critical values for the D-W d
statistics at the 5 percent significance level were d1 = 1.175 
and d., = 1.799. Because the calculated sample D-W statistic 
was 1.559, it Jay in the zone of indecision. That is, at the 5 
percent significance level the question of whether any cor
relation existed among the residuals was inconclusive. On the 
other hand, it was relatively safe to reject the null hypothesis 
of autocorrelation at the 1 percent significance level because 
the critical values in this case were d1 = 0.988 and d., = 1.588. 
In summary, the specified functional form (see Equation 10) 
was close to explaining much of the variation of private-sector 
capital productivity. 

Its relatively high t-statistic showed the significance of the 
stock of highways and streets in explaining movements in 
private-sector output. 

As expected, the sum of the estimated highway and non
highway elasticities of 0.389 was close to the estimated elas
ticity of the total public infrastructure stock of 0.42 (a value 
derived using a separate model that did not disaggregate the 
components of total infrastructure) . 

In addition, even though the average ratio of the real value 
of highway stock to nonhighway stock was only 0.561 during 
the sample period, the ratio of elasticities of 0.226 for the 
highway component and 0.163 for the nonhighway component 
was 1.39. This comparison indicates that the nation's highway 
and street system has had a disproportionate effect on U.S. 
economic growth. In other words, for every 10 percent increase 
in the stock of highway and streets, private-sector output has 
grown by 2.26 percent; for every 10 percent increase in all 
other nonhighway public infrastructure stock, real private
sector output has grown by 1.63 percent. Within the model 
assumptions, these results indicated that the stock of highways 
and streets has had on the average 39 percent more influence 
on private-sector output than the stock of all other infrastruc
ture combined. 

Total Factor Productivity Regression Model 

In developing the extent to which the stock of highway infra
structure influences total factor productivity growth, the 
assumption uf constant returns to scale in the economywide 
production function was again used. 

Further assuming that each factor is paid according to its 
marginal product, the elasticities i, k, h, and n also represent 
the relative shares of total output from labor, capital, and 
highway and nonhighway public inputs. According to Euler's 
theorem, the production function of Equation 5 can be written 

BY BY BY BY 
Y = L- + K- + H- + N-

ol BK oH oN (12) 
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where 

L BY 
-·-= 
Y BL 

K BY 
k -·- == y BK 

H BY 
h -·-= 

y oH 

N BY 
-·- = n 
y oN 

Again, the general Cobb-Douglas form for Y yields the 
following equation in which the variables are accumulated 
functions of time: 

(13) 

where P is the combined total accumulated unit of private 
capital and labor and z is the corresponding elasticity with 
respect to the output. 

In constructing an expression for Pit was assumed that the 
rents from public service were appropriated by the private 
factors of production. In particular, it was assumed that the 
private-sector input shares were proportional to their true mar
ginal productivities. Thus, the labor share of real output was 

L ( oY) Y w0L = wt 

and the private capital share of real output was 

where w is the constant of proportionality. 
Because of the appropriation process, 

t + k + g = wk + wt 

and because of the assumption of constant returns to scale, 

wk + wt = 1 

As a result, the combined input variable can be written 

(14) 

and the production function becomes 

(15) 

Dividing by KwkL'"1 and rearranging terms yields 

Substituting, 

YIP= B(HIP)"(NIP)" 
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Taking logarithms, 

In (YIP) = In B + h In (HIP) + n In (NIP) (16) 

This functional form is again useful for estimating the 
parameters h and n using the OLS method. Again introducing 
the capacity utilization rate C and time Tfor the same reasons 
as before, the productivity function for combined labor and 
capital inputs becomes 

In (YIP) = b + rT + h In (HIP) 

+ n In (NIP) + c In (C) + E (17) 

When Equation 17 was estimated using the OLS method 
employing data obtained elsewhere (6-8), the following sam
ple regression equation was obtained: 

In (YIP) = -10.52 + 0.008T + 0.238 ln (HIP) 

+ 0.1341n(NIP) + 0.386ln(C) 

R.2 = 0.996 

D-W statistic = 1.535 

(18) 

The t-values corresponding to the five coefficients of Equation 
18 were -13.45, 16.1, 4.34, 1.6, and 14.2. 

Again, review of the !-statistics indicated that all specified 
explanatory variables, except 1he stock of nonhighway , were 
significant at the l percent level in explaining variations in 
total factor productivity. (The ·tock of nonhighways was again 
significant at a 10 percent level.) Furthermore, the combined 
effect of these variables explained about 99 perccm f the 
variation observed in total factor productivity (i.e., the var
iation in private-sector output per combined unit of labor and 
private-sector capital) during the sample period. 

The test for the possible existence of autocorrelation was 
again inconclusive at the 5 percent significance level. But, 
with four regressors and 36 observations, the critical values 
of the D-W d-statistics were d1 = 1.043 and d" = 1.513 at 
the 1 percent level of significance. With a calculated D-W 
statistic of 1.535, the result indicated no autocorrelation at 
this significance level. 

As expected , the results supported those obtained with 
the capital productivity model. Because this procedure involved 
estimating one less parameter, the estimated coefficients were 
more dependable. That is, as observed from the higher t
statistics, the possible problem of multicollinearity was 
ameliorated somewhat. 

Of particular significance, the estimated elasticity of the 
stock of highways and streets of 0.238 was consistent with the 
previous estimate. Also, the estimated elasticity for non high
way stock was 0.134, which again was close to the re ult 
obtained with the capital productivity model. 

Further Disaggregated Regression Model 

To further support the results obtained so far, the total 
public infrastructure stock was disaggregated in various ways 
to analyze the stability of the estimated coefficient of highways 
and streets. 
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For example, public infrastructure stock was disaggregated 
in the following way: 

G=H+M+S+O (19) 

where 

M = stock of mass transit and airport facilities as well as 
that of gas and electric facilities (the data for the four 
components of Mare not separately available); 

S = stock of sewers and water systems; and 
0 = all other infrastructure stock. 

The same methodology used in the capital productivity 
model was used to estimate all appropriate parameters of the 
economy-wide production function. Only one method of dis
aggregation yielded a significant model specification result: 

In (YIP) = B + rT + h In (HIP) + m In (MIP) 

+ q In (QIP) + c In (C) + E (20) 

where m is the elasticity of M with respect to output and q 
is the elasticity of a combination unit Q of 0 and S. 

When Equation 20 was estimated using the OLS method, 
the following results were obtained: 

In (YIP)= -10.17 + 0.009 * T + 0.242 *In (HIP) 

R2 = 0.996 

- 0.0221 *In (MIP) + 0.13477 *In (QIP) 

+ 0.386ln(C) 

D-W statistic = 1.626 

(21) 

The statistical t-values corresponding to the six coefficients of 
Equati n 21were13.1, 13.7, 4.45, -0.848, 1.77, and 14.4. 

Again the D-W test was used as a measure of specification 
error to determine whether the model construction was cor
rectly specified. With five regressors and 36 ob ervations, the 
lower bound (level of significance of 1 percent) was 0.988 and 
the upper bound was 1.588. The value obtained of 1.626 indi
cated that no autocorrelation or specification error existed at 
a 1 percent level of significance. 

The stock of highways and streets again revealed a large t
statistic. Also, the estimated elasticity for the stock of high
ways and streets of 0.242 did not deviate significantly from 
the previous estimates . 

From the re ulrs obtained in the three estimated regression 
equations (Equations 11, 18 and 21) , it c uld be reasonably 
concluded that che stock of highways an,d streets was ·ignif
icant in explaining variations in private-sector productivity. 
In addition, the estimated elasticity using the three model 
specifications proved to be stable (ranging between 0.226 and 
0.242). 

SUMMARY AND FINDINGS 

This study was conducted to test the hypothesis that produc
tivity in the private sector of the economy is strongly asso
ciated with the availability of highway stock. For this purpose, 
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two separate econometric models were constructed to try to 
explain this association in terms of the productivity both of 
capital inputs and of combined labor and capital inputs in the 
private sector. 

The results provide a preliminary support to the proposed 
hypothesis-i.e., variations in the availability of highway stock 
can, to a large extent, explain variations in the productivity 
of private-sector capital investments, as well as in the pro
ductivity of capital and labor combined. In other words, full 
economic benefits of investments in capital and labor in the 
private sector can be achieved when an adequate supply of 
public infrastructure in general, and highways in this partic
ular case, exists to go along with the private investment. Con
versely, a decline in the availability of highways would lead 
to a decline in the productivity of both labor and capital in 
the private sector. These findings were supported by signifi
cant statistical results of the models (over 98 percent explan
atory power). Some specific findings of the two sets of models 
included the following: 

• On average, for every 10 percent increase in the stock of 
highway infrastructure (adjusted for inflation), a correspond
ing increase of between 2.26 and 2.42 percent in real private
sector output was realized. 

•The results demonstrate that the stock of U.S. highways 
has had a proportionally greater effect on private-sector pro
ductivity than all other components of public infrastructure 
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combined. In other words, as observed from the data in the 
sample period, highways comprising only about one-third of 
the value of total public infrastructure in the United States 
have been responsible for well over one-half (between 57 and 
60 percent) of the gain in private-sector output attributable 
to public infrastructure. 

• Considering the strong association between the level of 
highway tock and productivity in th private ector. it might 
be argued lhat within the model assumpLions, inadequacies 
of highway facilities could lead co loss of economic production 
and productivity. 
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Airports and Economic Development: 
An Overview 

RONALD COOPER 

Airports and aviation make an imp nant contribution to local, 
tate and regional economies. A review o.f literature on the links 

between airport · and economic development indicate that air 
transport is u ually associated with significa111 portion of local 
bu iness. The influence on I cal and regional economic activi ty 
extends well beyond the airport site. The loce1tion of airport 
influences the ge graphic distribution of industries and can be a 
significant factor in the deci i ns of certain industri e.~ to locate 
in a specific state or region. Data indicate that access to air trans
port plays an increasingly important role in 1he ability of some 
high-technology industries, uch as computers am! electronic . to 
compete, and that the location of airport facilitic influences the 
locarion of these industries. Tourism industri.es hav also been 
shown to be sensitive to air travel access. 

That airport development acts as a catalyst for economic 
development, drawing industry and economic activity to an 
area like a magnet, is often claimed. Some examples seem to 
confirm this, others contradict it. Although some industries 
appear to require access to air transportation, airport devel
opment in itself does not guarantee the growth of such indus
tries. The impact an airport development project has on an 
area depends, to a large degree , on the particular economic 
conditions and characteristics of that area. Therefore, gen
eralizations about whether airports tend to lead economic 
development, limit it (when not constructed or expanded) , or 
merely follow it, are difficult to make. Better data and more 
comprehensive analysis of the issue are needed. The infor
mation currently available indicates that the impacts of air
ports on local and regional economies are significant but are 
not yet fully understood. 

Governors recognize that airports and aviation are an inte
gral part of economic development and that there is a need 
for more comprehensive research on their impacts. Compre
hensive analyses of airport development should be integrated 
into state economic development planning. An expanded state 
role could result in integrating the planning and development 
of airports and aviation with state economic development 
goals , to include responses to such airport and aviation prob
lems as (a) the potential capacity problem at many airports, 
(b) the discontinuation of air service to less populated areas, 
and ( c) the loss of public use general aviation airports. 

The following is an overview of the literature on the link 
between airports and their local, regional, or state economies. 

INTRODUCTION 

The literature that analyzes the relationship between airports 
and economic development covers a wide range of approaches 

National Governors ' Association, Center for Policy Research, 444 
N. Capitol Street, N.W., Washington, D.C. 20001. 

and concerns. The literature was reviewed by National Gov
ernors' Association (NGA) Center of Policy Research staff 
as part of the States and Air Transportation project funded 
by FAA. The library and computer search resources of public 
and private groups, such as the American Association of Air
port Executives and the FAA, were used in the review, which 
was completed in the last 4 months of 1988. 

Most studies of the link between airports and economic 
development focus on the effects of a particular airport on 
its local economic or natural environment. Some are more 
broadly focused, analyzing the link between aviation in gen
eral and economic growth at the regional , state, or national 
levels. Although some aviation studies assess the effects on 
an area's income and employment, others consider the impacts 
on particular industries only. Also , some studies focus on the 
total impact of an airport or of aviation in general, whereas 
others consider the effects of a change in airport capacity. 

Not all of this literature is relevant to states' concerns. It 
is most useful to governors for understanding the impact of 
a change in airport capacity on the state as a whole or on the 
economic regions of the state. Unfortunately, relatively little 
of the existing literature is aimed explicitly at the state level. 
As noted , most studies analyze the impacts of individual air
ports on their local economies, making generalizations diffi
cult. Each airport or airport expansion project involves a 
unique set of characteristics and circumstances because of its 
role in the regional aviation system, location, physical fea
tures , and other factors. Nevertheless, there appears to be a 
general consensus that an economic link does exist between 
airport development and economic development. How this 
link is conceived and analyzed depends on the particular focus 
and purpose of a study as well as the methodology it uses. 

This paper identifies the scope and limitations of the stan
dard literature, reviews several studies that go somewhat beyond 
the conventional approaches , and cites data that may be useful 
to further research. Information is reviewed that is, or could 
be, used to address state economic development issues, such 
as whether airport development draws industry into a state, 
or whether there tends to be a bias to the type of economic 
development encouraged by increased airport and aviation 
development. 

CONVENTIONAL APPROACHES 

Most of the literature that directly analyzes the effects of 
airport follows at least one of three general analytic approache : 
(a) economic impact, (b) financial feasibility , or (c) cost
benefit. Following i a ummary of rhese approaches de crib
ing their methodology , principal users, common findings, and 
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limitations. Selected examples are presented to illustrate each 
approach. 

Economic Impact 

1n terms ofshee r volume, conomic impact studies n airports 
and econ mic development dominate th · literature. [mpact 
·tudies typically measure the economic benefit to a locality 
or region that accrue as a result of the continued o r expanded 
operation f an airport. These studies follow a fairly ··rnndard 
format , viewing the total economic impact of an airport a · 
the um of three components: direct , indirect , and induced 
effects. 

Direct impacts are the consequences of the economic activ
ities occurring at the airport site . The suppliers of aviation
related services at the airport itself, such as the airlines, air
port concessions, airport management, ground transportation 
ervices, fixed-base operators, Rnd other tenants, spend their 

revenues 10 employ labor, purchase locally pr duced goods 
and services contract fo r airport con truction and Cl pital 
.improveme11ts , and pay tax . Data for direct impact esti
mates are generally collected through direct surveys. Ques
tionnaires or per ' nal int rviews are used to collect data on 
payroll , local purchases, tax revenues , and expenditures by 
tho 'e businesses using the airport . 

Indirect impacts are the consequences of economic activi
tie that are directly attributable 10 but ccur away rom , lhe 
airport ite. The. e impacts include service provided by travel 
agencies, taxi cabs, hotels, re ·taurants , and retail businesses 
to the users of the airport services (travelers). Data for indi
rect impact estimates are collected through surveys or esti
mated from data on direct expenditures. An example of indi
rect effects estimated from direct data was the use of a rule 
of thumb per capita e timate . replacing passenger surveys t 
gauge visitor ' hopping, dining and lodging pattern . The 
Aircraft Owners and Pil t Association and U.S . ham
ber of Commerce used such a method, on the basis of esti
mates of average length of stay , daily expenditure , aircraft 
occupancy rate, and number of planes arriving daily at an 
airport (J) . 

Jnduced impacts, or multiplier effects, are the changes in 
employment and income generated as the initial direct and 
indirect expenditures trigger a chain reaction of spending 
through the local economy . The sum of direct. and inclirecl 
impacts is called the primary impact. Induced effects , or re
spendin effects, are c<1lculated by a1 pl •ing economic mul
lipli r to the primary expenditures. Mullipliers measure the 
total increase in expenditures, within a defined area, per 
dollar of initial spending. 

M sr economic impact sllldie now use multipli ers e ti 
mated with input-output mod L . M<lny u e multipliers pro
duced by the Regi nal Input-Output Modeling y tem (RIM 
fl) model of the U.S. Dep<1rtment of omm rec' Bureau of 
Economic Analysi (BE A (2). RIMS II provides multipliers 
for specific counties or groups of counties and for 496 indus
trial sectors. BEA derives RIMS II multipliers from its National 
Input- utput Table f Tnduslrie , and its ounly Wage and 
Salary Data . From 1he e ·ource , an in put-output table 
retl.ecting the indu tr.iaJ tructure and interdependence of a 
county , region, or state can be developed . In general, the 
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larger the study area . the higher the multiplier. This rela
tionship follows because the larger the study area, the more 
self-sufficient the economy tends to be and the more likely 
that each dollar of income is spent on goods or service 
produced within the region . 

Therefore, the economic impact of an airport is measured 
by the cumulative flow of spending that originates at the air
port and eventually works its way throughout the local and 
regional ec nomy. tudies using this methodology usually arrive 
at a ingle dollar figure representing the total impact (or 
econ mic ignificance) of the airport. ll i · al ·o common to i~
pute the total employment impact on the basis of the flow of 
expenditures. 

Impact studies vary widely with regard to the detail and 
sophistication of the analysis . They also differ as to which of 
the primary effects are classified as direct and which are indi
rect. I-Iowev r they gen rally hare the view that the activity 
at an airport (i.e., pas e nge r activity and the handling of air 
cargo) generates four type · f impacts: 

1. Business revenue, 
2. Jobs , 
3. Personal income, and 
4. Taxes. 

These impacts are felt throughout five basic sectors of the 
economy (3) : 

1. Airline and airport services, 
2. Freight transportation , 
3. Passenger ground transportation , 
4. Contract construction and consulting, and 
5. Visitor industries. 

Finally, income multipliers are used to estimate the even
tual total effect (direct, indirect, and induced) on these five 
sectors, and the economy as a whole. 

E conomic impact analyses tend to produce large impact 
fi gures often in billions of dollars. For example, in recent 
years the total annual impacts of the Los Angeles LAX and 
New York Kennedy airports have been estimated to be $28.6 
billion and $13.6 billion, respectively (4,5). These estimates 
are for the total economic significance of airports, rather than 
the impact of a particular change in capacity or activity. Table 
1 presents example of airport and aviation impact estimates 
for several metropoJjtan area and tate . 

As can be seen from the data, tile multiplier · range from 
a high of almost 3 (LAX) to just under 2 (Omaha and Phil
ade lphia) . The total impact for AX, for example is about 
three times lhe um f direct and indirect impacts. To put 
the ·e figures in persp c1ivc , th total im.pa t estimate. fur tu~ 
New York- cw Je r ey metropolitan a rea and Vancouver , 
British olumbia , for examp.le accounted for over 3 percent 
of th economic activity of the impact area (3.5 percent for 
N.Y .-N.J. and 3.1 percent for Vancouver) (6) . 

Although the ·e lUdies (particula rly those that rely on 
extensive urveys) pro ide u eful informati non the types of 
job and indu tries that benefit from airp rt operation · and 
give a.n indication f the income-ge nerating effects, they ay 
littl e about how airports influence th type of conomi devel
opment that takes place around them. By assigning a total 
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TABLE 1 SAMPLE ECONOMIC IMPACT ESTIMATES 

(Note: Fiqures within direct and indirect columns may not 
be cqmparable due to differences in estimation methodologies.) 

Economic Impact ($ millions) 
Airport/ 

p:Lrecta Indirectb Induced9 Totald Area 

LAX 2,491 7,343 18,770 28,604 

NY/NJ n.a. n.a. n.a. 18,900 
Metro 
Area 

Baltimore/ 324 237 755 1,315 
Washington 
(BWI) 

Phila. 320 623 874 1,817 

Virginiae 818 947 2,635 4 , 400 

Omaha 56 58 78 191 

Stockton 13 13 26 52 
CA 

Illinoise 1,600 1,000 4,700 7,400 

Vancouver, 800 n.a . n.a. 1,400 
B.C. 

aoirect impact created by provision of airport services (on
site airport i ncome) . 

bindirect impac t created by use of air transportation services 
(off-site income). 

9 Induced: Multiplier effect resulting from direct and 
indirect. 

dTotals may not add due to rounding. 
eG.A. airports only. 

value to an airpor t, impact studies are measuring the total 
value (income) thar would be lost if the airport were t di -
appear everything el e remaining the same. Perhaps a more 
useful approach would be to ask how the area would have 
developed had the airport never been constructed. ln this 
case otller tl1ing would not of course have remained tbe 
same~alternative form of tran portation and land use might 
have developed and consequently other economic activities 
as well. 

Even more useful is the comparison of continual airport 
expansion or maintenance with alternative uses of revenues 
and resources. Public official have sometimes argued that 
the impact of developing specific airport land for retail , indus
trial, or residential use outweigh the economic benefit of 
continuing the operation of an airport. For example, in Crest
wood Illinois, where Howell Airport was put up for sale, 
Frank Gassmere, the director of village services, claimed 
that rhe prospect of $500 million worth of new building de el
opment plus ome 4,000 corresponding new jobs " o far 
outweighs the argument in favor of the airport as to be 
one-sided." 

Some impact studies have recognized the unrealistic nature 
of figures for totaJ impact. A 1986 a ·se sment of Vancouver 
International Airport (VIA), for example, calculated the t tal 

annual impact figure of $2.4 billion, but noted that "it is 
unrealistic to a sume VIA will disappear. ... As such, it 
would nor be [o·~ any value to quantify tbe total economic 
impact" (6). The VIA study therefore , offered . veral more 
plausible hypothetical alternatives and asked its survey re
spondents to de cribe the effects of a change in Lhe airport s 
role on their operation . The alternative cenarios included 
ilie sudd n elimination of all rransborder ( anada-United 
State ·) ervice, the sudden elimination of all international 
ervice and an immediate 20 percent verall in rea. e in activ

ity at VIA. T he estimated impacts f the first two cenario 
on economic output were $669 million and $1.2 billion, 
respectively. Thes figures were int rpreted a che economic 
contribut ion f the two ervices. The third scenario was not 
calculated because of inadequate survey responses. 

Analyzing such changes in airport and aviation activity, 
rather than the overall level of acti ity, can produce impact 
measures of events that may be more realistic, but the under
lying methodology is the same. There are a number of limi
tations of thi methodology that le en the credibility of ome 
impact ·tudies and may restrict it usefulness in analyzing the 
airport-economic development relationship . Mo t of these 
limitation. involve the partiaJ failure to measure the net impact 
of airport activity. As mentioned , these studies hou ld include 
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those activities that would not have occurred in the absence 
of the airport activity be ing assessed. They should also account 
for (net out) those act ivities that would have occurred without 
the airport activity but did not, as well as economic activities 
thal may have been forced to di onlin u !heir operation or 
leav !.he area because of the airport. That i. , th methodology 
tends to measure the airport's benefits only (income and 
employment gain. ), ign ring the potential displacement effect 
of airport act ivity (job. nnd income 1 t) . The expa 11siu11 uf 
an ail-port's air ca rgo ·ervi es f r example, might compete 
with and displace activities a . s ciated with the preexisting 
ground tran ·port services. 

A common limitation of economic impacr tudies is the 
problem of double counting which occurs in different ways. 
The mo, t ommon way is the calculation of the impact in 
terms of total expendi tures or total output rather than in terms 
of value added to the economy by the airpon act ivity. Tomi 
output figure. include the cos of good and ervice pur
chased from other firms . Value-added figure. are net of the e 
intermecLiate purcha es. The difference between the two 
approache can be significant. Th 1986 VIA study (6) esti
mated both. It reported a total utput impact of $2.4 billion 
and a value-added impact of $1.4 biJlion. 

Another form of double counting is sometimes found in the 
calcula tions of traveler (visitor) spending. Visitor p nding 
by airpo rt u. er i g n rally a large portion of the total prima ry 
expenditure . The multiplier i a pplied to total vi.sitar pe nd
ing to arrive at the total impact. However a more accurate 
estimate of the spending impact of air travelers would be 
based on tota l visitor spending minu the pending effects of 
those ai rp rt user· who left the area (7). Thi double counting 
was evidently pre ent in an econo mic impact study f the 
PhiladelphiH International Airport by Philadelphia (8) . 

The estimation of induced h11pacts is often criticized as 
involving double counting. U ·ing inappropriate or arbit.rnry 
multiplier , some st udies have exaggerated the total impact. 
Many d not cite their sotu·ces for the multiplier used . A 
mul!·iplie r of twc) is often regarded as a standard rul of thumb , 
but thi is genera lly tru nly for large regions where most of 
the respending effects are played out. mailer areas must rely 
more on imports from othe r areas and c nsequ ntly have 
smaller multiplier effect. (7) . 

The u e of multipliers that are developed a t th national 
lev I (reflecting the int~ri11uu ·try relations at that level) and th n 
disaggregated to the specific region , often do not accurately 
reflect lhe particular chara t ristic of that region. 

Socioecon mic and environmental effects (such as aircraft 
noise, a ir pollution, a ir safety, ground trafficc ngestion , land 
use mix , and loca tional advantage ), which ften have eco
nomic effects, are typically ignored in economic impact 
tudies. 

Perhap on reason conomic impa t studi1::s involve . uch 
limitation i that the ir purpo e i · ften m re political than 
amilyticaJ . The approach has often been used by proponents 
of aviation and airport d ve lopmcnt fo r promoti n, I ~ind pub
lic relati ns purpo es. The ' C studie becam wide pread whe n 
airport n i e and forced residential and busine s rel cation 
created public oppo irion to a irport expansion . One expe rt 
note that wi1hout trong economic a rgument. in favor of 
airport expan ions a potemially h stile public will n t be 
convinced thill the benefits may ulweigh the adverse impacts 
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(9). The purposes of the economic impact studies are three
fold: 

l. To provide a tool tbat enables airport management to 
assess the economic benefits accrued by the community it 
serves , 

2. To provide a document that can be used by local, elected 
official. and other to justify requests for financial and 
political upport, and 

3. To furnish an educational instrument with which to inform 
the public and deci ion makers in both government and the 
private sector about the tangible and intangible benefits of 
general aviation. 

Financial Feasibility 

One way for state and local governments to decide whether 
co11 ·1ruction of a new airport or cxpan ion of an exi ting ne 
i warranted i to determine whether the airport (or a co·t 
center\ ithin an a irp rt such a · at rminal or cargo area) will 
be self-fi nancing. The financial feasibility approach uses a 
benefit-cot melh dology but fo u. es on th cost of peration 
and revenues of the airport as a bu iness concern. Th aim 
of the analysis is to determine whether the investment is finan
cially sound, given expectations about the airp rt 's reve nues 
and costs and the cost of the initial investment. From the 
government's point of view, the pragmatic focus on cost recov
ery is justified, becau e th n t income generated by an airport 
is one measure of the value user place on airport ervice . 

The major components of airport revenues are air lin and 
concession fees cargo, and government tran ·'fers, primarily 
from the federal g vernment. A recent study showed that 
federal aid is a major component in the budgets of all public 
airport and concluded that uch aid is es ential to the pres
ervation mid expan i n f the airp rt ·ystem ' (JO). The por
tion of airport revenues that i derived from federal aid decrea es 
with the ·iie of the airport . At large hubs \defined as airports 
where commercial carriers enplane 1 percent or more of total 
U.S. enplanement ) , federal aid account for only 10.6 per
cent of revenues. Al nonhub reliever and general aviation air
ports, the federal government contributes over 50 percent of 
revenues. 

Government expenditures on air transportali n are larg ly 
covered by tax revenue · and other fees . At the federal level 
the largest revenue clement i the passenger ticket tax which 
accounted for about 70 percent of air transport-related rev
enues in 19 '7. A recent Department of T ransportation ·tudy 
bowed that the ratio of air tran. portation budget receipt · to 

outlays has been increasing over the pa t 10 year , at federal, 
tate, and local levels (11). In fact, of all the tran portation 

modes in the United States, air is the most user-financed . In 
1986, approximately 79 percent of the total government ex
penditures were covered by user revenues. This compares 
with 72 percent coverage for highways, 30 pe rcent for tran it , 
and 32 percent for water. Al the stale and local l vel alone , 
direct u r revenues co ered 77 percent of government exp n
ditures re lated t air Lransportation (as compared with 47 
percent for highways and 30 percent for transit). These cov
erage ratios for air Iran portation ar · expected to increase in 
the future, given recent i11crea e in user charges at the federal 
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and state levels, and federal budget proposals for increased 
user fees and decreased federal subsidies (JJ). 

Revenues from airline fees, which were 16.7 percent of 
revenues at large hubs in 1985 (10), were determined by the 
airport operator's rate-setting methodology for rental and 
landing fees and its debt financing structure. The financial 
feasibility approach is used as a tool on an ongoing basis to 
set a rate structure that will cover airport costs (12). 

The financial feasibility of the project is calculated using 
the standard benefit-cost ratio formula: 

[
RI - El R2 - E2 Rn - £"] 
(l + r) 1 + (1 + r)2 + · · · + (1 + r)" 

c 

where the expected revenues from the airport (R) minus the 
costs of operating and maintaining the airport (E) in each 
year are discounted by a factor of (r), generally set equal to 
the current market rate of interest. The sum of discounted 
net revenues is then divided by the initial costs of constructing 
the airport ( C). The discount rate used in this analysis should 
reflect the cost of capital faced by the airport operator under 
current market conditions. The advantage of using the mar
ket rate, which incorporates real interest, inflation, and 
risk, is that it affords comparison with any other potential 
investment. 

If this exercise yields a benefit-cost ratio less than 1, it 
usually indicates that the investment is not warranted , because 
the net income generated would fail to cover the initial con
struction costs and the cost of capital. However, before reject
ing the investment outright , a sensitivity analysis should be 
attempted to see if changes in the estimate of costs and 
revenues (e.g., assuming a different fee structure or a greater 
volume of air traffic) or the discount rate would make the 
ratio larger than 1. 

Even if the benefit-cost ratio remains below 1, the con
struction of the facility may still be undertaken if the indirect 
benefits it offers the community warrant its subsidization from 
government funds. In fact, the indirect economic benefits of 
the airport might generate revenues to cover the subsidy. For 
example, if the location of the new airport in a state results 
in a net increase in economic growth, the state may capture 
part of the costs of construction indirectly through increases 
in its general tax revenues . 

On the other hand, a project with a benefit-cost ratio greater 
than 1 might still be ruled out if other costs not measured by 
the financial feasibility approach are deemed to be too great. 

The major weakness of this analysis is that it does not 
consider the full range of costs and benefits of the airport 
project. ll doe not consider job creation or displacement and 
the broader ec nomic impact associated with airport devel
opment. As noted previously, these spread effect- have a 
direct bearing on indirect costs and revenues as ociated with 
the airport, and therefore have budgetary implications for the 
government financing the inve trn nt. 

In addition, the analysis does not include intangible effects 
of airports, or costs and benefits that are difficult to quantify. 
Many economic activitie provide incidental benefits to others 
for whom they are not specifically intended. Such benefits 
might include the value of time saved by airport users or the 
effects on property values close to the airport. Similarly, there 
are airport activities that indiscriminately impose costs on 
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others. An example might be the air and noise pollution that 
an airport brings. An activity generates externalities if it causes 
incidental benefits or costs to others, and those who generate 
the externalities do not provide or are not provided corre
sponding compensation. In the context of airport construc
tion, those who benefit from positive externalities are gen
erally disper ed throughout the community, whereas those 
who suffer from negative externalities con ·ist primarily of 
people who live near the airport. 

Benefit-Cost 

The traditional benefit-cost procedure involves measuring all 
the costs of providing a service (economic, social, and envi
ronmental) and all the benefits derived from the service, then 
valuing each of these in monetary terms discounted to a com
mon point in time. The difference in the value of costs and 
benefits, usually expressed as a ratio, is then used for policy 
decisions. If the ratio of benefits to costs is greater than 1, 
the proposed project is warranted. 

Benefit-cost analysis has not generally been used to eval
uate the economic ramifications of airport development . It 
appears to have been used primarily at the federal level to 
establish funding criteria. Benefit-cost analysis has been used 
regularly for example, by the FAA to lo k at pr posed air
po.rt ite improvements involving potential navigational 
aids (instrument landing systems) in relatively low-activity 
areas. According to FAA and others, in these cases the analysis 
was used to determine the minimum level of activity that 
warranted the expenditure necessary to install the system. 

Perhaps the most extensive benefit-cost analysis of airport 
development was performed by the U.K. Commission of the 
Third London Airport. The study compared four proposed 
sites for the location of a third London airport, attempting to 
measure and compare the economic and social costs and ben
efits of each location. However, the study's recommendation 
was not followed. The study determined that Cublington, a 
site close to London, would be the best site, but the Parlia
ment preferred Foulness, which was the site furthest from 
London with the worst benefit-cost ratio (13) . 

The limitations of the benefit-cost approach for analyzing 
multifaceted socioeconomic issues are well known. The meth
odology requires that the costs and benefits be quantifiable 
and comparable in monetary terms. In many cases, this val
uation is difficult to justify and appears arbitrary-such as 
placing a dollar value on passenger time or passenger life when 
estimating risk factors . 

IMPACTS OF AIRPORTS ON REGIONAL 
SOCIOECONOMIC DEVELOPMENT 

As states become more involved in aviation, it is important 
that the relationship between airports and economic devel
opment be well understood, and that the longer-term effects 
and dynamics be assessed. The issues from the states' per
spective are the following: Do airports help foster economic 
development? And if so, what kind of development is typically 
encouraged, how does this occur, and at what cost? These 
questions can be phrased more specifically. Do airports draw 
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indu try into a stat r region leading econ mic growtb, or 
do they tend to follow d velopmcm? Do they act a con
traints to growth (if they are not built or expand d)'? Ts there 

a bia to the type of economic development encouraged , 
auractecl, o.r upp rted by airport a11d aviation development? 

As tates consider increa ed involvement in aviation. the 
financing issue need to b addressed. What are the available 
sources and required level of financing and . wlrn t additional 
(associatc:d) expenc..lirurc and activities are requirec..l 10 exploit 
tbe fu ll economic potential of airport development? 

Although few ·tudies address these questions direc1l there 
are areas f the literature th a.t can offer insights into th e 
i sue . F llowing is a review of ·on.l.e of thi literature and 
data that could, in further research, be applied more directly 
to the previous questions. 

Determinants of Business Location 

In order to address the question of whether or not airports 
attract industry, it is useful to ask first what determines busi
ness location deci ions generally and how important access to 
air travel and transport is to those deci ·ion . . 

The part of industrial location literature that is most rele
vant is the body of empirical case studies of location factors. 
These studies att mpt to explain industrial location shifts by 
identifying the factors that influence business decisions to 
locate or relocate (14 - 16). Studie. g nerally h \ plant and 
industry location decisions on the ba i of a varie ty of criteria 
in luding 

1. Economic factors such as acces ·ibility of markets, raw 
materials, utilities, transportation, and labor; 

2. Institutional faclurs such as government characteristics 
and tax rates; 

3. Communi ty factors such as amenitie (cultural facilities. 
natural cnvironm n!) attitudes , and population . ize; 

4. Personal preferences 011 the part of the management and 
owners ; and 

5. Site factors such as land and buildings (17). 

Access to Air Transportation as a Location Factor 

Access to transportation , as we ll as the speed, convenience , 
dependabi li ty and frequency of service, i an important loca
l.ion criteria. For example, a re ea rch m moranclum by the 
Karras Department of Economic Devel pment found that a 
cross match be tween two industria l location urvey howed 
'efficient transportation facilities" to be among the nine m t 

important locational factors for more than 50 percent of the 
su1 vey respondents. The other factors included 

•Availability of energy and fuel , 
•Tax abatement and incentives, 
•Ample area for future expansion, 
•Availability of labor, 
• Accessibility to markets, 
• Proximity to materials , 
• Financing inducements, and 
•Availability of technical and professional workers (18). 
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Studies directly addressing the link between airports and 
economic development vary in their conclusions. Some stud
ie suggest that airports ac t a. magnets a tu·acting indu try 
and business, or that they aJe a neces ary c ndition for growth . 
The Aviation Advi ory Commission, for example , ha argued 
that "i t ha been factually stabli bed that few businesses are 
willing to build plants and other facilities in a community that 
has no airport" (19). The FAA has claimed tha t d cumented 
ca ·es how the existence of an a irport to bea controlling factor 
in the decisions of industries to move in or out o·f a community. 

Other studie however arg11e that unless there are the.r 
factors such as access to materials , an adequate labor supply, 
and the proper tax structure, a ir service will not induce new 
industry lo an area (Vittek , M. l.T. Flight Tr·1nsportation 
Laboratory). One study f three small airp rt in California 
(Baker field, Monterey and Redding) uggested that eco
nomic development tends to drive airport development , rather 
than vice versa. Thi tudy concludes that local a ir service in 
many small cities is conomically precariou - that "it depends 
on the presence of strong local demand which, in turn. requires 
a vigorous local economy. " H notes funher that this demamJ 
for local air service is less likely to develop if the locality is 
ne;i r a major hub airport (20). 

A report prepa red for the Appalachian Regional Com mi. -
··j n (21) note that the inform ·~iion concerning the airport' 
influence on industrial plant location deci ·ion · g nerally takes 
two forms: individual airport ca e studies and indu trial sur
veys. According to the report indu ·trial surveys show that 
a irports were listed as important by 20 to 30 percent of thos 
involved in the location decision-making process. 

In a survey of 3 0 ebra ka iridustrial plants the mo t 
important factor determining industrial locati.on decisions 
included quality, availability, cost of labor, and the existence 
of a right- to-work law in the state; highway transportation 
and proximity of markets; reliability of electrical service and 
availabil ity f natural gas· avai lability of sit ; and the fact 
that th peopl who ·tarted th plant lived in the area (22). 
A v1ation ervices were not rated e ·pecially imp rtant. The 
study found that air freight tran porta tion and air pa scnger 
transportation were, re pectively, 33rd and 36th in impor
tance among 43 factors. According to the study, ome firms 
wanted airport faci lities nea rby for fast hipment of raw 
materials and fini shed pro<i11 t . 

Air Travel and Transport Are More Important for 
Some Industries 

Although airport access does not tend to rank near the top 
of the list as a determining factor in the location decisions of 
bu ines in general, it is more important for some industries 
than for others. An important question for states to consider 
is whether there is a bias to the type of economic develop
ment encouraged, attracted, or supported by airport and avia
tion development. Such a bias might be discernable from 
data showing which industries depend most on air travel and 
transport. These data could identify those industries most 
influenced by access to air in their location decisions. 

An analysis of industry location by the Kansas Depart
ment of Economic Development (18) attempted to iden tify 
aviation-orient cl industries that would be a ttractive and 
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attracted to Kansas. The report cites data from another study 
that classified 83of143 industries as "aviation oriented" (23). 
The report then groups these 83 industries according to their 
locational goaJ · and state preferences. The report identified 
several industries that (a) do not require urban orientation, 
(b) are not primarily seeking cheap labor, and ( c) would con
sider relocating to Kansas. These were grain mill products, 
beverages, household appliances, and electric lighting and 
wiring equipment. 

Th is study reflects the types of efforts some states have 
made to asses · the development effect of greater airport and 
aviation development. It also reflects the lack of adequate 
data. The list of industries identified as aviation-oriented refers 
to industries economically associated with aviation. But this 
does not necessarily mean that these industries need or prefer 
to locate near airports. Survey data directly addressing this 
question are needed. 

A forthcoming study of the air cargo-air express service 
industry identifies the industries most dependent on this ser
vice (24). Ranked by shipment value , the top six industries 
are 

• Computers and computer equipment, 
•Radio and TV communications equipment, 
• Semiconductors and related devices, 
•Aerospace-vehicle equipment, 
•Aerospace-engines and parts, and 
• Electronic components. 

The study notes that "because of market requirements, 
competitive pressures, and highly interrelated production/dis
tribution pr ces , manufacturers are shipping greater pro
portions of the'ir outpu t by air at a continuing rate. The speed, 
reliability , and security of air cargo ervice are uffic.ient to 
command premium rates" (24). Small, high-tedmology man
ufactu ring plant. are the major u ers of air cargo and a:ir 
express ervices. The study also found that the average ize 
of shipment, by weight and value, had dropped between 198" 
and J 9 7. It concluded that air cargo and air ex pres ervice 
have been instrumental in facilitating new industrial distribu
tion systems (such as just-in-time inventory management) that 
require more frequent shipments of smaller average size. 

In 1984, a 64,000-ft2 cargo terminal was opened at the Nor
folk, Virginia, airport. In 1985, it was reported that economic 
agencies there indicate that "bringing in Federal Express will 
boost many businesses in the region" (25). 

A survey of firms in suburban Philadelphia found that access 
to Philadelph.ia International Airport i much more important 
to higb-techn,ology firm than non-high-technol gy firm (26). 

In some cases the touri m industry has been clo ely tied 
to airport development. A recent example of the importance 
of an airport development project to this industry is the expan
sion and initiation of commercial jet service to the Yampa 
Valley Regiona l Airport in Colorado. These changes, financed 
by both public and private source have been responsible for 
turn ing the local economy which had been depressed and 
uffering from the collapse of the coal indu try , toward growth 

based on the expanded use of the local ski resort. 
As is the case with high-technology industries, the available 

studies on tourism industries suggest a strong link between 
the development of these industries and access to air trans
portati n. But most of the informati n tends to be anecdotal 

131 

and generalizations are difficult. There is a clear need, there
fore, for improved data systems and broader analy i of the 
issue if state development policy makers are to be able to 
understand and anticipate the effects of airport development 
on state and local economies. 

CONCLUSIONS 

The literature that analyzes the relationship between airports 
and economic development covers a wide range of approaches 
and concerns. Although the literature is voluminous, little of 
it directly analyzes the airport and economic development 
relationship in a comprehensive way. Few studies look at the 
issue from the state perspective. Most agree, however, on one 
point-that airports do contribute significantly to, or at least 
influence, the economic activity beyond the airport site itself. 

Some general findings of the literature are as follows: 

• The location of airports influences the location and geo
graphic distribution of some industries, and can be a signifi
cant factor in the decisions of certain industries to locate in 
a given state or region . (Data indicate that access to air trans
port plays an increasingly important role in the competitive
ness of some high-technology industries). 

• The impact that an airport development project has on 
an area depends on the particular economic conditions and 
characteristics of that area. 

• There is a need for more comprehensive studies of the 
issue. Several data sources could be more fully explored, which 
could shed added light on the complex relationship between 
airports and economic development. 

How can this literature be used to address state economic 
development issues? As noted little of the exi ting literature 
peaks directly to the analytical needs of govern r ' offices 

a th y budget their states resource for economic develop
ment purpo e . Nevertheless many studies contain useful 
information and methodologies, and others identify sources 
of information that could be helpful. 

For example, even though the final dollar figure arrived at 
by most conv ntional economic impact tudies may not be 
appropriate r u eful to a comprehensive view of rhe airport
economi.c devel pment linkage the e studie · contain detailed 
information on the specific industries and enterprises directly 
and indirectly associated with airports. This type of infor
mation is a necessary ingredient in any comprehensive analysis 
of this issue. 

Similarly the methodologies u ed and cla · ificati ns devel
oped in the financial analy ·c of airport . hould be used by 
governors ffice wh n c otrasting airport development with 
other potential development investments. 

Finally, detailed informatio11 on the industrie that rely most 
heavi ly on air transport (i .. tJ1ose mo t likely to be attracted 
by improved air tran portation) and tho e that are apt t be 
displaced in the event of airport development hould be devel
oped a the basis for predicting the type f economic devel
opment that i likely t ccur a a re ult of enhanced air 
transp rt facilitie and capacities. This kind o.f inf rmation 
currently exists in a few specialized studies, but has not yet 
been collected and analyzed on a broad enough basis to yield 
reliable generalizations. 
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Alth ugh little f the exi ting literature directly unswec 
the questions governor · are asking about the relationship 
between air transportation and economic development, it do 
contain information, analytic approaches, and data bases that 
can be e·ffectively u. ed by state and regional analysts to ad lress 
the i:· ue within th broader framework f statewide and regional 
development goal . 
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Economic Impacts of Improving General 
Aviation Airports 

GLEN WEISBROD 

very rnre aiid many communities face the issue of sett ing prior
ities for inves1men1s in airport facilitie . This issue ha, received 
the most public attention regarding the regional economic impor
tance of investment in major new commercial airport facilities 
but relatively little attention ha b en given to the role f general 
aviation (GA) facilitic . A a result , the issue of investment prior
ities is particularly problematic for GA airp n facil ities because 
their contribution to local and tate economic is not well under
' t6od. The stnte and local economic impact of GA airports are 
defined and mea urcd , and the benefits of improvements to tho e 
airport are ass s ·ed . Genentl aviation today is briefly summa
rized, and the mea ureme111 of airport benefit is examined witJ1 
particular attention to the different approaches for economic impact 
analysis. Results are presented rrom a survey of bu inesses that 
use GA, which focused on the relative impormnce of GA for 
those businesses. A basic m del system for evaluating A ben
efi ts, developed for the Massachu ctts Aeronautics Commis ion , 
i pre ented . 

General Aviation (GA) refers to private aircraft that are not 
used for scheduled air ervlces (passenger or cargo) or for 
military uses. Typically GA aircraft are mall , propeller- or 
jet-powered airplan s or helicopter that may be owned by 
individuals or by corporntion . Air r ft a ailal.!le for charter 
services (air taxi) or flight training are included in the GA 
category as well. 

ontrary to the popular view , flying private planes is far 
from just a recreation:ll activ ity. Nati nally , accon.Jiug to <1 

survey by the Aircraft Owners and Pilot. As ociation, it is 
estimated tlrnl at least 26 percent of the GA fleet i op rated 
exclu ively for bu. ines and that 60 percent is used at lea r 
partly for business purposes. Other key findings from prior 
studies are as follows: 

•Nationally, an estimated 34,000 firms operate 68,000 
private aircraft. 

•Of th Fortune 500 list of largest publicly held U.S. 
corporati ns, 363 operate th ir wn busin.e s aircraft (/). 

• Busines turb prop and business jets in North America 
now number over 10,000, and are growing at a pace of over 
3 percent annua!Jy (2). 

• More tban two-thirds of all business aircraft trips make 
use of GA airports rather than commercial air terminal (J). 

Nationally , the importance of rnrporare access to GA air
ports is increasing as manufacturing and other corporations 
decentralize. As noted by one exe utiv : 

Cambridge Systematics, Inc., 222 Third Street, Cambridge, Mass. 
02142. 

In thi day and age, if you don't have a good all-weather 
airport, you ' re uh tantially jeopardizing your ability to grow 
and nttract business. The more we grow, the more of a problem 
it become ro u . The more reason we hn~1e to travel around 
(4). 

MEASUREMENT OF AVIATION BENEFITS 

GA facilities (and improvements to those facilities) can 
provide a range of potential benefits: 

• User Benefits. Provide lravel time and operating cost 
savings, as well as safety improvements, for travelers. 

• Econ mi Bene.fit . Promote bu iness expan ·ion and 
attraction by generating job , nd u ·iness income and by 
providing neces ary facilities to attract new bu inesses. 

User benefits of an airport or airport im1 rovement result in 
·ubsequent economic benefits for bu ines · expansion and 
attraction. 

User Benefits 

Transportation system efficiency impacts fr m tran portation 
projects are evaluated through u er benefit . For any given 
transportation improvement, the aggregate econ mic value 
of lime aving , vuL-of-pocket cost savings , and afety 
improvement for all trave'ler can be compared to current 
or ba e case condiLions. U r benefit a ociated with a proj
ect can then be compared to the c t involved and can a lso 
be u ed to compare the nel benefits of a lternative project 
and for ordering projects by priority in rntewide airport sy -
tern plan . Such a proce · is actively used by tbe late of 
Wisconsin in it statewide Airport Benefit Cost comput r sys
tem and al. in FAA' Airport Data Analysis microcomputer 
program. 

Application of benefit-cost analysis on the basis of trans
portation efficiency (user) impact i a respected approach 
used in project evaluation for highways and eaport a. well 
a aviation facilities. However it is increiisingly being rec
ognized tha t user benefits can understate the full economic 
benefit of a project particularly when the proposal i a 
new facility or expan ion fan existing facility that is moti
vaied by its potential role as a catalyst for local economic 
development. 

Economic Benefits 

Much confusion exists about how to measure economic impacts 
of GA airport facilities. In fact , different m asure are appro-



Weisbrod 

priate depending on the policy questions, which may include 
the following: 

• What is the value of an airport to the economy of its 
surrounding community or county area? 

•What are the economic benefits of improving an airport, 
compared to the costs involved? 

Role in the Economy 

Airport promotional literature often describes the airport's 
economic importance in terms of its involvement in many 
aspects of the local economy. Economic roles of an airport 
are determined by counting the value of sales, employment, 
and payroll of fixed-base operators, airport-related services, 
and all businesses that depend on or use the airport in some 
way or another. Thus, this method essentially gives credit by 
association and overstates the economic value of an airport 
by giving credit for all the business acti.vity that ever use the 
airport. Loca l airport prop ncmts like thi method because it 
can generate big numbers favoring airport improvements. 

Economic Contribution 

Economic contributions of an airport are measured by 
accounting for revenue received by businesses in the com
munity as a result of the airport activity and is generally a 
more sophisticated mea urement. Included arc not only 
spending at Lhe airport for landing and storage fees, fuel, and 
maintenance , but also spending at hotel'. r caurant , and 
retail stores by travelers visiting the community because of 
the airport. Economic contribution further includes indirect 
and induced spending flowing to other businesses in the com
munity as a result of the additional worker income and busi
ness orders. Economic contribution may be measured in terms 
of business sales, employment, and business activity gener
ated by construction of airport improvements. One adjust
ment that should be (but is not always) made is to distinguish 
the actual share of revenue that stays as income for residents 
of the community from the share of revenue that flows out 
to suppliers or manufacturers located elsewhere. 

Economic contribution does not count benefits for local 
businesses that depend on or use the airport except insofar 
as they spend money a.t the airport. If an airp rt improvement 
saves time and lowers cost for businesses or attracts new indus
try or tourism, no further benefit i · recognized un i s reflected 
in projections of local spendi11g. However, this measure also 
count · local spending generated by an airport project regard
less of whether it is newly generated air travel or merely travel 
shifted from a neighboring airport. For this reason, economic 
contribution may be used for summarizing the local economic 
impacts of an airport, but is not appropriate for ordering of 
statewide projects by priority. 

Net Economic Benefit 

Net economic benefits are measured as income to residents 
generated as a result of maintaining or improving an airport 
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compared to a base case of not maintaining or improving that 
airport. This benefit measure has three components: 

• Local income generated as a result of business expansion 
from increased direct user spending at the airport and in the 
community, as well as from indirect and induced business 
growth; 

•Local income generated as a result of additional jobs 
because of new business attraction made possible by the 
airport improvements; and 

•Additional value of user benefits (time and cost savings) 
associated with nonbusiness travel by local residents and 
existing visitors, who do not generate any increase in their 
spending because of those additional user benefits . 

For statewide evaluation, any local income benefits asso
ciated with trips shifted from other airports in the state are 
rightfully excluded as merely intrastate di tributional shifts. 
An inpul-output model would be used to identify and exclude 
that portion of spending that flows to out-of-state suppliers. 

ANALYSIS MODELS 

Mea uring economic benefits of GA airport projects i. a major 
accounting proce but a variety of microcomputer analysi 
tools are now emerging to aid the process. California's co
nomic Impact Model (5) provides a framev ork for a e sing 
local impacts by measuring economic contribution and poten
tial business attraction and includ s a uggested urvey of I ca l 
airport users to provide additional data. Wi. co1rin'. Airport 
Benefit-Cost Model (6) provides parallel accounting both of 
user benefit and of net economic benefits (compared to co t ) 
from local and statewide points of view and also includes 
default statewide averages for valuation of user and local 
pending benefits. The Ma achn eu Airport impact Model 

(7) provides a method for c timating change in airp rt busi
.ne s usage, economic contribution and busin ss attraction on 
the basis of characteristics f the airport improvements its 
service area population, and the area's economic profile. Results 
from a Massachusetts survey and an impact model built on 
the results will be the focus of the following discussion. 

SURVEY OF BUSINESS USERS OF GENERAL 
AVIATION FACILITIES 

The harde t part of evaluating econ mic impact of airport 
projects is not estimating the local spending that i generated, 
but rather assessing the additional impact f airp rt faciliti s 
on attracting new businesse. or keeping exi ting busine e. 
from leaving. Although many local and regional economic 
factor!; come into play, a basic under randing is needed of 
how different kinds of businesses currently depend on GA 
airport facilities for their exi tence, location , and expansion 
decision making. Such con iderations can be addressed by the 
following questions: 

• What kinds of businesses use GA? In what ways? 
How important is access to GA for those various types of 
businesses? 
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• What alternative options would be feasible for these busi
nesses if the GA access were not maintained? To what extent 
would businesses shrink, relocate, or close? 

• What ro le d e current GA access play in bu ·ine loca
tion and cxpan ion plan ? What role would future changes in 
GA acce · play in affecting futur business loca tion and 
expansion plans? 

• What types of improvements can be made LO airport facil
itie to enhance lmsin e.~s nse of GA? How can that support 
th econ mie .. of communities and the state? 

The e question help to addre the fundamenta l question 
of the regional econom ic con 'cquenccs of changes in 
the availability and quali ty f G airport foc il itics and 
services. 

In order to better understand these matters, a survey was 
conducted by Cambridge Systematics for the Massachusetts 
Aeronautics mmissi n (8) of bu ine se · owning or oper
ating GA aircraft. Mailback urveys (Figure 1 were ent to 
all ail-craft owner that were businc · c or who vo.luntarily 
reported use of their aircraft for busine purpose on their 
Ma ·. achu ·etts regi tration. Out of 31 0 registered owners in 
the state, approxi mately 1.000 aircraft owners fit the e criteria 
and received th survey. Exactly 250 completed surveys were 
r turned. Key finding are summarized in the following 
sections. 

Breadth of Business Use of General Aviation 

A wide variety of businesses own or u e A in Massachusetts , 
as shown in Figure 2. Services including consultant , lawyer , 
doctors and advertising firm made up the largest group and 
represented over 35 percent of surve.y re_pondents. Manu
facturing contributed another 19 percent of all business users 
and wa dominated by computer, e lectronics, and machin ry 
manufa tur r . An add itional 32 percent of the survey respon
dents were engaged in diver e industries such a wholesaling , 
retailjng, construction, utilities, agriculture, and fishing. Finally 
14 percent were engaged in educati nal . ervices or tran por
ration services (primarily Elight training or aircraft charter 
services). 

Firms using GA in Massachusetts were found to be of all 
size . Alth ugh 60 percent had under 25 employees, many 
manufacturing firm surveyed employ over 2,000 workers. 

Tbe survey showed that GA is used by busine se in many 
different ways. Rough ly 67 percent of the firm . aid they use 
GA (·o tran ·p rt ·taff visitors or clients. Receiving ·upplics 
and shipping products accounted for 6 percent of the use, 
whereas aerial su rveying accounted for 4 percent. Other use 
were flight training (3 percent), other miscellaneous business 
u es (4 percent), and nonbusiness use (16 percent). 

Not urprisingly, the way busine ·e - used GA dif~ red sig
nificantly by the type of business (see Table I). F r utiliti s, 
aerial surveyi ng and delivering of products were the nnjor 
uses of GA. Delivering product · and receiving supplies were 
also parti ularly important uses f r high-technology electronic 
equipment manufacturers, and for busincs es engaged in 
whole al.e trade. Aerial urveying wa found to be an impor
tant use for businesses engaged in agriculture, r al estate 
sales, and spotting schools of fish. 
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Importance of GA for Business 

Many methods exist to assess benefits businesses receive from 
GA but one method uses a minimum estimate of the pro
ductivity and cost-saving benefits for businesses. Such benefits 
are measured in terms of what firms are willing to spend on 
GA in terms of capital and operating costs. If the premise is 
accepted that businesses typically decide to spend money on 
aircraft only when the value for the firm exceeds the cost of 
acquisition and operation, then the annual level of spending 
on GA represents a minimum estimate of its true economic 
benefit to business. 

From the survey, average annual expenditures for GA air
craft was $11,000 of operating expenses plus another $13,000 
of annual capital costs. Given an averag~ business fleet of 1.7 
aircraft, total spending on GA averaged $40,000 per business. 

Businesses were asked how they would respond if their base 
airport were no longer available for their use (see Figure 3 
and Table 2). Overall , 66 percent of the firms reported that 
they would use the next closest airport or make fewer trips. 
Another 8 percent reported they would substitute another 
mode of transportation. Of particular concern, however, was 
the finding that 19 percent of the businesses reported they 
would relocate and 7 percent reported they would go out of 
business . Although the latter response may be an exaggera
tion of the true impact, it nevertheless highlighted the seri
ousness with which some businesses view their access to GA 
airport facilities. Also notable was that the incidence of reporting 
these impacts was highest (over 20 percent) for businesses 
engaged in agriculture, fishing, utilities, retail trade, finance, 
and real estate. Surveyed businesses that reported they would 
relocate or go out of business accounted for 8,050 employees 
and $2.2 billion in sales. If these survey results are taken at 
face value, then the total statewide impact o[ GA access is 
even higher because the survey accounted for just 25 percent 
of all businesses using GA in the state. 

Interestingly, these results are consistent with other survey 
questions that asked businesses about the relative imporlam;e 
of proximity to a GA airport in their original site selec
tion decision. Approximately 23 percent of the businesses 
considered it an essential factor. 

These survey findings are of interest because they high
lighted the importance of GA airport facilities for the location 
decisions of some businesses. However, the findings also left 
many questions unanswered: 

• Are stated intentions to relocate or close in respon to 
such a hypothetical situation a good prediction of actual 
behavior? 

•To what extent would businesses actually close or relocate 
in cases where GA airports were downgraded or closed? 

• If businesses were Lo relocate, would it be to another 
community within the same state? 

Businesses reporting they wouiJ not go out of business or 
move out of state were asked to estimate how much their 
sales volume would change and how much their transportation 
costs would change. Of the businesses that would not relocate 
or close, 40 percent reported they expected their sales volume 
to decrease with an e ·timated average loss in sales (including 
businesses that expected no dccrea e) of $1 million (15 per-



1. Whal Is your firm's primary product or 
service? 

2. What size Is your llrm? 
I. ~~-~-:-:] 

i9 - --- - -- Nurrber ol people 

$ Annual sales " -----
3. Do you ever use general aviation aircraft lor 

your business? 

,.,[)yes ,.,Ono 

If YES, 1lclp lo Ouesllon 4 and complete 
remainder of the survey, 

If NO, •n-r quesllon 3a and do nor 
complete the survey 

Pleasa be sure lo return lhe survey fonn. 
Thank you. 

3a. Have you ever conslderlKI using general 
evlallon for your business? 

.. ,[lyes ,,,[Jno llYES,whyhaveni 
you used ii? 

4. 11 your flrm'1 aircraft (Check as many as 
apply I 
• ,()business owned 
,.,oowned personally 
,.,Qleased 
... Ochartered 

H business owned, Is the aircraft 
•• o used excllsively by lhe business 
,o leased back to a FBO lrom a charter or 

renlal 
,o used tolntty wilh an olher business 

5. What lypefs) or alrcrall do you use? 

Make/Model I of Aircraft 
I __ 
1" 
1: 
I'.' 1: __ 

----- ..! I 
.. I I 

- ,J 
- ,,I 
- . .J 

Tolat In lleel 

FIGURE 1 Survey instrument. 

6. How much does your firm spend tor 

aircrall operating expenses 
per year . . . ...•. .. • •.. . $ __ 
(luel, maintenance & servicing) !1111 

aircrall capnal cosls per year. $ __ - - · _ .... 
(tease paymenls, equipmanl !6 

purchases,deprecialioo, ale) 

7. Whal percent ol your firm's total tran~poMallon 
cosls are spent on general aviation? 

- .... o/o 

8. In the future, does your llrm plan to 
(Check as many as apply) 

., , O increase lhe number ol aircraft owned 

.. ,c) decrease lhe nurrbcr ol aircraft owned 

., ,0 make no changes lo the fleet 
,. , n upgrade lhe lleel 

9. Estimate the TOTAL number ol HOURS PER 
YEAR that your alrcrall ls used lor BUSINESS 
purposes? 

hours 

10. Whal percent do these business trips represent 
or your alrcrall's TOTAL lrlpmaklng? 

i1 ___ --- - ·- - D/o 

11. Estimate the PERCENT of total aircraft use 
allrll>Utable 10 transponlng 

.. % stall/exerutlve lransport 
0/o visilors/clienl s 

. % supplierS/contradors 
% receiving supplies (incoming) 
% delivery ol products (outgoing) 

,. __ . . % aerial surveying 
u _ _ 0/o non-business use 

% other (specily) 

100% Tolal 

12. Where Is your firm's aircraft based? 

.,r J Massachusens : .... -+ Please specily 
airport name or code: 

,I I Conneelicul 
,I I New Hampshire 
,I I Vermont 
,I I Maine 
,I I olher stale (please specify) 

-1· ~-~~

...... " l 

-1~1 

13. Whal are the five primary •lrpons that you ny 
to In MASSACHUSETTS, and approximately 
how ollen do you go to each? 

Airpol1 Nam• or Code 

1. , -.. ----------~ 
~ 

"' a 

4. ~ •• ,...----------~ 

5. -----------

lol Timee 
Par Year 

.-.. -----
qr---
-... ---

14. When you were 11lectlng • the lor your 
business, how lmpoMant was proximity 
lo a general aviation alrpor17 

, .. ,l l nol a conslderatkm 
,1-J moderalely Important 
,r J very important 
..I I essenlial 

15a. Whal would be your responsa IF your BASE 
AIRPORT were no tongl!f' available lor your 
use? (Check as many as apply.) 

,., , 0 substnute other modes, e.g .. bus. trudl, rall 
'" ,Q use next closest airport (speclly) 

•••O make lewer trips 
, .. ,Q relocate business 

"' ,Q go oul ol business 
, .. ,Q olher (specry) _________ _ 

I Sb.How much do you think your buslnHll UtH 
would change? (Estimate PERCENT CHANGE.) 

,,.,[_)remain Iha same 

,,.--%higher 

m-- ,,. lower 

15c. Whal would you Hpect your firm's 
transpoMallon costs 10 be? 

.• .0 remain the same 

,., __ %higher 

... ---•1. lower 

16a. What would be your raspansa IF your most 
trequently used DESTINATION AIRPORT 
were no longer avallable tor your use? 
(Check as many as apply I 

,., ,() substitute other modes, e.g., bus, lruck, rall 
,,. , O use noxt closesl airport (spec~y) 

,.,o make fewer trips 
·~ ·O relocate business 
.,, ,() go oul ol business 

,,, ,() olher (specily) ------------

Ulb. How much do you think your bullnelll ulH 
would change? Estimate PERCENT CHANGE. 

,,.,0 remain Iha same 

,,,-- % higher 

..,--%lower 

Ulc. Whal would you expect your llnn'• 
transportation costs to be? 

,.,D remain the same 

,., __ %higher 

,.--%lower 

171. What 111118 m011 lmport1111nprovemen111181 
needs lo be made to general aviation llrports? 
(e.g., runway, navalds, HfVlceS provided, etc.) 

Kind of Improvement: - --------

Airport: ___________ _ 

17b. How would thll aHact your bll•lnu1? 

,.. __ % Increase In sales 

,.-- % decrease In business cosls 

Pie•• Ull lhe epeca below to elabol'lte on •ny ol 
your answers or to descrl>• an occ11lon on which 
your 1lrcraft played • mafor role In your business . 

, ... ,o 

II w1 have 1ny turther que1tlon1, may WI give you 
•call? All responses wlll be strtctly conflelenllal. 

Contad Person: ---------- 

Finn: 

Telephone: , ... o 
Thank you very much lor your tlma 1nd effort. 
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FIGURE 2 Business type of general aviation users. 

Adjust Flights 
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FIGURE 3 Responses to closing base airport. 

TABLE 1 PERCENT OF EACH TRIP PURPOSE BY INDUSTRY (8) 

Trans-
Trans- Trans- porting Other 
porting porting Suppliers Receiving Delivering Aerial Than 

Industry Staff Clients Contractors Supplies Products Surveying Business 

Agriculture 20 2 0 2 3 23 17 
Construction 58 11 4 1 6 8 7 
Miscellaneous manufacturing 70 16 4 0 3 0 8 
Machinery manufacturing 60 8 2 1 6 1 21 
ElectJ 011i1: ey uip111e11l manufa1:Luring 55 7 2 5 13 0 12 
Transportation services 34 30 8 0 1 6 9 
Utilities 23 8 7 2 17 24 9 
Wholesale trade 54 10 1 12 11 0 13 
Retail trade 71 4 0 2 0 0 13 
Finance 71 15 2 0 2 2 7 
Real estate 53 12 5 1 1 9 20 
Services 53 10 1 2 2 4 22 
Education 24 1 1 3 0 2 27 
Average 53 12 2 2 4 4 17 

TABLE 2 EXPECTED RESPONSE OF BUSINESSES LOSING BASE AIRPORT BY BUSINESS TYPE (8) 

RESPQNSES TO LOSlNG DESTINATION AXRPQBI 
SUBSTITUTE USE NEXT MAKE RELOCATE 

OTHER MODES OF CLOSEST FEWER BUSINESS 
BUSINESS TYl'E TRANSPORTATION AIRPORT TRIPS 

AGRICULTURE 0% 33% 0% 67% 
CONSTRUCTION 0 86 0 14 
MISC. MANUFACTURING 7 19 7 0 
MACHINERY MFG. 10 80 0 10 
ELECTRONIC EQUIP. MFG. 7 64 14 14 
TRANSPORTATION SERVICES 6 44 0 19 
UTILITIES 20 60 0 20 
WHOLESALE TRADE 8 67 8 8 
RETAIL TRADE 22 44 0 22 
FINANCE 0 73 0 27 
REAL ESTATE 10 58 0 32 
SERVICES 9 63 2 20 
EDUCATION 0 50 10 20 

Substitute Mode 
8% 

Closf! 
7% 

Flight 
Training 

0 
4 
0 
I 
2 
1 
0 
0 
0 
0 
0 
2 

41 
3 

Other 

33 
1 
0 
0 
6 

10 
10 
0 
9 
0 
0 
5 
0 
4 

GO OUT OF 
BUSINESS 

0% 
0 
1 
0 
0 

31 
0 
8 

11 
0 
0 
6 

20 
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cent). When asked about the effects on their transportation 
costs, over half reported that they expected their costs to 
increase with the average increase being 18 percent ($30,000). 

If these survey results are indicative of true impacts, then 
the results allow estimation of both the resulting change in 
business costs and the change in local business employment 
and sales. Alternatively, an economic simulation model of 
business competition (such as the REMI model) could be used 
to estimate how increases in GA-related transportation costs 
(compared to areas elsewhere) are likely to lead to decreases 
in local business activity. 

Both quality and availability of GA airport facilities also 
affect nonlocal businesses that use those facilities. In the sur
vey, businesses were also asked to report their expected 
response if their base airport were still available, but their 
most frequently used destination airport were no longer avail
able for use. Responses to this question differed from those 
of the previous question about the loss of base airport access . 
Fewer businesses reported they would relocate, close, or use 
the next closest airport. However, a significantly greater pro
portion of the businesses reported that they would substitute 
other modes of transportation or make fewer trips. Of those 
businesses that reported they would not go out of business, 
the expected impacts on sales and transportation costs were 
similar to the expected impact of the base airport closing. 

By combining the portion of business sales at risk of being 
lost because of a business closing, relocating, or sales con
tracting, a measure can be constructed for overall business 
sales vulnerability associated with the loss of base or primary 
destination airports. Results, presented in Table 3, show a 
wide variation in the portion of sales at risk. Overall, the 
average level of sales at risk of being lost was found to be 
approximately 40 percent of total business activity for the 
surveyed businesses. For a median-sized business, this is 
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equivalent to roughly $1 million of sales at risk although the 
average (mean) sales at risk is $30 million per business because 
of the existence of some large businesses in the survey. Either 
way, these figures for potentially lost sales dwarf 
the $40,000 average annual spending per business on general 
aviation costs. 

In any case, care must be taken to avoid double counting 
benefits. Benefits can be measured either in terms of the firm's 
estimate of its savings in cost of doing business (average of 
$1 million per business), or in terms of the firm's estimate of 
local business sales at stake (average of $1 to $30 million per 
business), or in terms of the business expenditures associated 
with aircraft use (average of $40,000 per business). Business 
expenditures for fuel, repair, storage, and fees in turn provide 
a major portion of the revenue of local fixed-base operators. 
To include this activity as an additional element of business 
benefit would, however , be double counting. 

PROCESS FRAMEWORK FOR ESTIMATING 
BUSINESS BENEFITS 

One process framework for estimating benefits is the Mas
sachusetts Airport Impact Model, which measures the eco
nomic benefit of GA airport projects as being the local worker 
income associated with that portion of business sales activity 
that depends on the continuation or improvement of a par
ticular airport. For example, airport projects that may affect 
business use of an airport (and hence business sales activity) 
include 

• Whether or not a runway is extended to accommodate 
corporate jets; 

TABLE 3 PORTION OF BUSINESS SALES AT RISK (8) 

SIC INDUSTRY 

1-9 AGRICULTURE 
10-14 MINING 
15-19 CONSTRUCTION 

20-34,37-39 MANUFACTURING 
35 MACHINERY MFG. 
36 ELECTRICAL MFG. 

40-47 TRANSPORTATION SERVICES 
48-49 UTILITIES 
50-51 WHOLESALE 
52-59 RETAIL 

60-64, 6 7 FINANCE 
65-66 REAL ESTATE 

70-81, 83-89 SERVICES 
821-823 OTHER EDUCATION 
824-829 FLIGHT TRAINING/EDUC. 

90-99 GOVERNMENT 

AVERAGE WEIGHTED BY NUMBER OF AIRCRAFT 

67% 
0% 

21% 
13% 
12% 
19% 
57% 
20% 
18% 
36% 
31% 
34% 
33% 

0% 
98% 

0% 

40.80% 

Note: These figures represent the percentage of total business sales 
accounted by companies that claim they would relocate or go out 
of business if their base or primary/destination airport were 
to close, plus the reported loss to other companies that would 
not relocate or go out of business. 
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• Whether or not operating hours are extended and lighting 
is installed to allow night flying; 

• Whether or not instrument landing systems or a crosswind 
runway is installed to allow operation in adverse weather 
conditions; 

• Whether or not jet fuel and full maintenance services are 
provided; and 

•Nature of user facilities and amenities. 

Each of these considerations has the potential to encourage 
or prevent future business use of an airport. 

The process of estimating business use of an airport, with 
and without improvements, is a multistep process. The key 
steps are discussed in the following paragraphs. 

Characteristics of Business Aircraft Ownership 

From the survey, aircraft ownership, average fleet size, and 
mix of aircraft types all differed by the type of business. Table 
4 presents these data in terms of the number and types of 
aircraft owned by businesses in each industry, expressed as a 
ratio per total statewide employment in that industry. As the 
economy of the state changes over time, employment in some 
industries will grow faster than in other industries and, as a 
result, the number of business aircraft and the mix of aircraft 
types will also change over time. 

Employment Profile and Forecast 

State and federal sources provide forecasts of stat ~wide 
employment growth (and decline) by industry (standard 
industrial classification groups) over the next decade aml 
beyond. These forecasts reflect expectations of growth and 
decline in various industries as a result of shifts in the national 
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economy, shifts to foreign manufacturing in some industries, 
and changing technology. 

Potential Based Aircraft 

Using the previous two steps together will allow estimates of 
the projected future number and mix of aircraft based in the 
slate. The estimated potential for each airport depends on 
the specific employer profile forecast for its service area . 

Limitations on Aircraft Use and Additional Achievable 
Use 

Business growth benefits from investments in GA airport 
facilities depend upon the adequacy of facilities provided and 
can be defined in terms of criteria such as 

•Critical Aircraft Type-limitations on the type of air
craft that can use the airport (related to runway length and 
pavement); 

•Lighting-limitations on use of the airport at night; 
•Instrument Navigational Aids-limitations on use of the 

airport during low-visibility or inclement weather conditions; 
and 

• Other Factors-availability of hangars and tie-downs, 
weather services , fuel, plowing in winter , restaurant , etc. 

Any airport project that increases the types of aircraft that 
can use the airport, or the time that the airport can be used, 
or the reliability for its usage, will encourage greater use of 
the airport and, hence, attract additional businesses and pro
mote economic growth. Existing characteristics of an airport 
(with respect to these criteria) can be used to identify the 
existence of factors now limiting its use by business . Actual 

TABLE 4 AIRCRAFT OWNED PER 1,000 TOTAL EMPLOYEES (8) 

SIC INDUSTRY SINGLE MULTI .JET HELI TOTAL 

1-9 AGRICULTURE 0.80 o.oo 0.00 0.00 0.00 
10-14 MINING 0.00 0.00 0.00 0 . 00 o.oo 
15-19 CONSTRUCTION 0.18 0.09 0.00 0 . 05 0 . 32 

20-34,37-39 MANUFACTURING 0.10 0.02 0.01 0 . 00 0 . 13 
35 MACHINERY MFG. 0.35 0.16 0.08 0 . 04 0 . 63 
36 ELECTRICAL MFG. 0.41 0 . 17 0.03 0 . 00 0.61 

40-47 TRANSPORTATION SERVICES 1. 87 0 . 62 0 . 05 0 . 10 2 . 64 
48 - 49 UTILITIES 0.16 0.16 0.00 0 . 08 0 . 41 
50-51 WHOLESALE 0 . 35 0 . 06 0.00 o.oo 0 . 41 
52-59 RETAIL 0.08 0.01 0.00 0 . 00 0 . 09 

60-64 , 67 FINANCE o. 32 0 . 09 0.00 0 . 03 0 . 44 
65-66 REAL ESTATE 2.31 1. 08 0 . 15 0.00 3.55 

70-81,83-89 S.b:RVICES 0.47 0 . 10 0.01 0 . 03 0 . 61 
821 - 823 OTHER EDUCATION 0.00 o.oo 0 . 00 0.00 o.oo 
824-829 FLIGHT TRAINING/EDUC. 34 . 02 1. 79 0.00 0 . 00 35 . 81 

90-99 GOVERNMENT 0.00 o.oo 0.00 0.00 
TOTAL o. 36 0 . 09 0 . 01 0.02 

Est i mated 1987 employment by industry from Mas sachusetts Division of 
Employment Security : Massachusetts Industrial Employment Projected 
Changes 1984-1995. 

Aircraft Owned per 1000 Total Employees is the ratio of the two above 
sets of figures. 

0.00 
0 . 48 



Weisbrod 

or hypothetical airport improvement projects can then be 
defined in terms of whether they address some or all of the 
factors now limiting that business use. 

Business User Growth Impacts 

It would be a clear oversimplification to credit a business 
startup, relocation, or expansion solely to the improvement 
of a nearby airport. Likewise, it would also be a clear over
simplification to blame a business failure, relocation, or con
traction solely to the reduction in facilities or services of a 
nearby airport. Although access to GA is certainly an impor
tant factor in business location decisions and business sales, 
it is not the only factor. Usually, a combination of airport 
facilities with other business costs and competitive factors 
(such as availability and cost of labor and raw materials, and 
the nature of market competition) work together to encourage 
or discourage business growth . Therefore, the most appro
priate ways to assess the effect of airports or changes in air
ports on business activity are in terms of the following mea
sures: 

•Associated Business Activity-additional business 
employment, payroll, and business sales generated by di
rect and indirect spending associated with the forecast of 
additional aircraft using the airport. 

•At-Risk Business-portion of current employment, pay
roll, and sales volume of businesses using the airport that is 
at risk of being lost when their GA needs are not met, or 
gained when their GA needs are met. 

CONCLUSION: USE OF THE FRAMEWORK FOR 
ESTIMATING BUSINESS BENEFITS 

In setting priorities for airport projects, a great many benefit 
and cost factors must be considered. Transportation efficiency 
benefits to users are one measurable factor. Additional impacts 
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on the economy because of potential business expansion and 
business attraction are other factors. There are, of course, 
other financial, environmental, and community impacts to be 
considered. 

In addition to the specific economic benefits of airports to 
businesses, there are the less quantifiable benefits of the pro
vision of access to the more remote regions of the state, the 
enhancement of mobility, and the ability to locate businesses 
where factors such as labor supply and resources are located. 
These quality-of-life aspects of GA airports make a more 
subtle, but nevertheless real, contribution to the quality of 
the business climate. 

Not all benefits of airport improvements can yet be quan
tified. Further work is necessary to establish the transferability 
of results from the Massachusetts survey to other states. Fur
ther work is also needed to better understand the process of 
business relocations and business transportation changes 
resulting from changes in GA airport facilities and ser
vices. Nevertheless, the framework outlined was designed to 
demonstrate how impacts on the economy could be 
addressed. 
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Economic Impacts of Transit on Cities 

ROANNE NEUWIRTH 

Justification for transi t inve. tment have included timulating 
community revita lization. creating jobs spurring economic devel
opment along a specific transit corrid r and maintaining and 
sustaining den e urban center.; that are becoming paralyzed by 
automobile congestion. However, opponen1 · of tran it inv st
ments argue that the actual economic effects of transit do not 
meet these claims and do not warr:mt the expenditure of public 
funds. Transit studie have provided mixed evi.dence of whether 
or 11ot the objectives are actually met by tran it. A review of the 
rransil literature wa conducted to examine the existing economic 
impact repons for rapid transit systems in the United tares and 
Canada. Sample ci ties were chosen for ca studie to test the 
varying opinions of policy makers , planners, busi ness people, and 
developers on the objectives of tran it investments and to deter
mine rh exte.nt the objectives were achieved .in each city. Four 
types of citie were sampled: Ider csiabli heel rail cities (Bo ton, 
Mas achuset\s); newer rail cities (Atlanta Georgia)· newer c.itie 
proposing rail transit (Dallas, Texas); and small r, bus-orient d 
cities (Har ford, onnec1icul) . For each city, the transit system's 
characteristics, goa ls a11d objectives, and impact on econom ic 
development were discu ed. Findings indicate 1hat trao ·it a sists 
other foctor in creating and di recting new development projects, 
provide crucial acces into highly conge tcd downtown con
tributes to quality of li fe that makes a city more attractive for 
economic development , and provides economic opportunity for 
transit-dependent populations in urban areas. 

One justification for transit investment has been its potential 
to provide a positive impact on the economic growth of cities. 
C laims for transit investment have included timulating com
munity revitalization, job creation, economic development 
along a specific corrid r, and maintaining and sustaining dense 
urban centers tbat are becoming paralyzed by au tomobile 
congesti n. Other benefits attributed to tran it include he lp
ing to reduce urban pollution levels and increa ing acce i
bility for the disadvantaged and elderly popularions in the 
cities. In this context , transit generally refers to rail transit, 
which requires major capital investment . 

Opponents of transit investment argue that the actual eco
nomic effects of transit do not meet these claims and are, in 
fact , less s ignificant and therefore don ! justify major expen
ditures of public funds. Opponents suggest that a lthough tran
sit may shift patterns of development within a region, it does 
not by itself bring additional economic benefits to the area 
economy in which it serves. 

In fact , studies done on the subj ect have presented mixed 
evidence of whether r not these objectives are actually mel 
by transit. The fo ll wing discu . i n i. the outcome of a 1988 
study conducted for UMT A and results will be presented of 

Cambridge Systematics, Inc., 222 Third Street, Cambridge, Mass. 
02142. 

new case studies on this issue to better clarify the objectiv s 
guiding transit planning and the implications for tran ·it 
investment. 

In order to obtain a fresh and in-depth look at the economic 
impacts of transit development , the UMTA study called for 
a two-pronged approach: a set of case studies and a literature 
review. This appr ach wa cho en to be t qualify potential 
economic impact of tran it by c mparing published findings 
with actual experience in four different cities. The resu lt 
provide conclusions on what transit can and cannot accom
pli h for a city's ec .n my that can then be used by deci ion 
makers and transit planners to make choices about their city's 
transit future . 

The literature review examined existing impact reports for 
rapid transit systems built in the United States and Canada. 
Methodologies were examined to determine the actual eco
nomic impacts that have resulted in cities with new rapid tran
sit facilities. In addition, the literature review examined the 
impact transit has had on achieving the major economic devel
opment objectives that are often presented as justification for 
transit investments . 

To complement the findings of existing literature, a ample 
of cities with differing level of tran it investment w;is ch ~ 

to test the varying opinions of policy makers, planners , busi
ness people, and developers on the objectives of transit and 
to determine the extent the objectives were achieved in each 
city . Four types of cities were sampled: older, established rail 
cities (Bo ton Massachusetts); newer rail ci ties (Atlanta, 
Georgia); newer citie proposing rai l transit (Dallas, Texas); 
and mailer, bus-oriented citie (Hartford . Cmrnecticut). In 
each city, a ample of policy make rs, busines lead rs , transit 
planners and academic observers wa in terviewed to deter
mine the current state of opinion on the value of public transit 
for cities . 

The following issues were examined for each case study 
city, all of which shed light on the true nature of the 
relationship between transit and economic development: 

• Objectives and values guiding transit decisions, 
• Effects of transit on the city or region, 
•Impacts of transit on cliffrrent groups and locations, 
• Impacts of transit on downtown development , 
•Relationship between transit and environmental quality, 

and 
• Relationship between transit and economic growth. 

Finally, a comparison of findings from both the case studies 
and literature review will be made to present relevant lessons 
for transit planners and other interested parties as to the value 
of transit to a city's economy. 
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LITERATURE REVIEW 

There is extensive research and literature exploring the eco
nomic impacts of transit on cities. Literature on the economic 
impacts of transit primarily examines the various methodol
ogies used by researchers to measure the extent to which 
transit has fulfilled its economic objectives. Of interest for 
this discussion were results of methodological studies in terms 
of how transit has lived up to its economic objectives. 

Studies attempting to measure the economic impacts of 
transit rely on a variety of methodologies. Among the most 
common indicators used to determine the extent of economic 
benefit are 

• Increase in property values adjacent to the transit line; 
• Increase in development projects (building permits, vis

ual inspection) along the transit line; and 
• Changes in business sales adjacent to the transit line. 

If these measures increase, then the transit line has brought 
a benefit to the economy. Inherent in these methodologies is 
the assumption that changes must be net increases, adding 
new development to the region. If transit merely shifts eco
nomic benefits from one part of the region to another, then 
the conclusion is that there is no economic benefit at all. 

Such a conclusion presents a problem in measuring the true 
nature of economic impacts that is illustrated by the differ
ences between how academic studies measure economic impacts 
and what objectives economic planners selected when plan
ning transit projects. For example, although the academic 
literature uses changes in property values to measure eco
nomic impacts of transit on a specific area, transit planners 
have not selected increasing property values as an objective 
for planning transit projects to encourage economic growth. 
Rather, their objectives include a broader desire to promote 
growth in distressed areas, to expand economic opportunity 
for the transit-dependent populations (i.e., elderly and poor), 
to allow more people to access the downtown for employment, 
among others. Examining property values along a rail line 
fails to measure broader issues of whether more people have 
job opportunities, and whether employment in the downtown 
is growing. 

Also problematic is the underlying assumption that net growth 
is an indicator of economic benefit to a region. In fact, distrib
utional shifts of development may be very desirable from a 
planning point-of-view. Some areas may be more appropriate 
for development than others, so encouraging a shift in activity 
may be beneficial to the city. Concentration of activity also 
creates benefits of its own, creating economies of land use 
and transportation that cannot occur when development is 
dispersed. 

Appropriate and accurate measures for the true economic 
impacts of transit will require further study. However, the 
difficulties that occur when using academic studies to make 
policy decisions would indicate that many issues must be 
examined when making the choice to build or expand tran
sit, including the broader economic planning objectives 
previously discussed. 

Although there are a range of potential economic devel
opment objectives for transit investment, generally they can 
be grouped into three major categories, as follows: 

143 

• Sustain and maintain dense development and growth in 
the downtown core, 

•Allocate land use and development, and 
• Create and stimulate economic growth and employment 

opportunities. 

Sustain and Maintain Density Development and 
Growth in the Downtown Core 

For some older U.S. cities and cities in which access is con
strained by geography, downtown access is becoming increas
ingly constrained by automobile and truck congestion on the 
network of downtown streets and highways leading into and 
out of downtown. Difficulties for employees, residents, and 
clients in accessing downtowns are increasing and are causing 
constraints on economic growth and threatening the loss of 
businesses from the urban core. In examples in the literature, 
transit investment has been seen as a positive factor for retain
ing or improving downtown access and as a significant con
tributor for maintaining and expanding downtown economies. 

For exampl~, New York City has been facing the potential 
loss of businesses because of difficulty in accessing the down
town core. New York's urban character was well established 
before the use of the automobile became commonplace, and 
consequently the city grew up transit-dependent. However , 
the advent of the automobile brought new highway and road
way systems to serve downtown but the established dense 
development patterns have hindered the construction of road
way systems that adequately serve downtown. As New York 
and other cities with similar downtowns continued to grow, 
congestion has reached critical levels and cities have histori
cally looked at transit investments as being necessary for 
maintaining access to the urban core. Transit improvements in 
these densely populated cities tend to attract larger ridership 
than new systems built in metropolitan areas characterized 
by low-density urban and suburban developments. 

In San Francisco, California, the Bay Area Rapid Transit 
District (BART) system was built to maintain access to a 
central business district to which access was limited by geo
graphic constraints because San Francisco is located on the 
tip of a peninsula. From the north and east, the city can only 
be accessed via bridge , whereas from the south access is con
strained by coastal mountains. Although extensive BART 
impact studies failed to provide significant evidence of related 
development occurring at stations outside downtown, the transit 
system provided the crucial link into downtown that has allowed 
more employees and others to access downtown activities. 

The previous discussion is not meant to convey the notion 
that congestion and access problems experienced by these 
cities have been solved because as each of these cities con
tinues to grow, access remains a significant problem. It is 
clear, however, that without continued investment in upgraded 
and new transit systems, the economies in these cities would 
be constrained by congestion . Continued growth would be 
jeopardized, possibly leading to the loss of businesses and 
employment. 

Allocate Land Use and Development 

Another major objective that policy makers hope to realize 
through transit investments is the control of land use and 
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development along specific corridors within a region. From 
a land use planning point-of-view, concentrating d vclopment 
at specific station areas or along specifi ' corridors may be 
desirable in order to prevent · I raw! and to retain the rural 
character of suburban areas not served by transit. Corridor 
dev lopm nt can also concentrate development and thereby 
decrea e the 11eed to use an automobile for every separate 
errand or shopping trip . 

One major bjectiv f the inve tmcnl in th Metro system 
in Washington , D. . , wa to upport a compact pattern of 
regional centers along major corridor radiating out from a 
strong downtown. Some evidence exists in the Washington 
metropolitan area that development has occurred at and ar und 
station areas, although it is not clear that the Metro corridors 
have yet or would in the future stimulate the level of corridor 
development that was anticipated. In addition, it must be 
made clear that the development , which has occurred at sta
tion sites and along Metro corridors, would undoubtedly have 
occurred elsewhere in the Washington metropolitan area. 

This reallocation of development is important because it 
means that the transit investment has not led to any net new 
economic gain for the area, but has simply reallocated land uses 
within the metropolitan area. Policy makers whose objective 
for a transit investment is to direct development along a pe
cific corridor must be careful to assess the actual value of this 
reallocation (with no net gain) against the significant capital 
expenditure required to build and operate transit systems. 

Create and Stimulate Economic Growth and 
Employment Opportunities 

A third objective ofte11 cited for investing in major new rapid 
transit projects or improvements is to create or stimulate growth 
in an urban area. 'J'his objective can be divided into two: (a) 
revitalize a depressed urban area, and (b) create a world-class 
city image that will help to attract people and businesses to 
an area. 

Several cities have invested in new rapid transit systems to 
try to stimulate economic revitalization. Buffalo, New York, 
based the fea ibility tudy for its new rapid transit system on 
the premise that the ystem would help stimulate new down
town development. which would bring new mployment and 
other opportunitie , thus helping to rcvitaJize a community 
that suffered from the decline of ba ic indu try in the r gion 
during the 1970s (Gordoo Thompson, Manager f Planning, 
Niagara Frontier Transit, telephone interview , April 1988). 
Pittsburgh. Pennsylvania , al ·o hoped 10 reverse an economic 
decline by mod rnizing rapid transit in that city. 

Both Pitt burgh and Buffalo inve ·ted inn ' W transit sy ·terns 
that have managed so far co claim only modest amounts of 
development in conjunction with the new 1ran it sy terns. A 
suxvey of developers in Buffalo conducted by the Niagara 
Frontier Tran. it Authority foun I tbat the transit system was 
considered a positive influence for $650 million of new devel
opment in the downtown. However , thi development wa 
also affected by other public policy deci ·i · n and pu lie 
investment. The major new dowmown development the Maine
Gene. see project i located at a tran it stop but w uld not 
have occurred without the expenditure of federal dollars to 
assemble and purchase the land for the project. 
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In Pittsburgh , planners and transit agency representatives 
have been unable to identify specifically any new downtown 
development attriburnble ICJ the trolley (although the tr lley 
may have had a minor p itive influen e on new downtown 
development that has occurred). However, there is evidence 
of a ma j r negative impact of the Pittsburgh trolley. Gimbel's 
department store, which had been directly located on the 
above-ground trolley line, went out of business. The store 
claims the fact that the underground transit system bypas ed 
the store is partially responsible for th store's lo · f busine . 
and eventual closure. 

Knight and Trygg (/) , in their comprehen ive study of lhe 
land u e impact of rapid transit concluded that major rapid 
Iran it inve tmenls played a key role in new development both 
in downtown areas near station and in uburban area·, but 
only when accompanied by other favorable conditions. Knight 
and Trygg (J) found that in Toront , Montreal and San Fran
cisco the new transit systems provided much-needed improve
ment in acce sibility to rhese downtowns, tlm stimulating 
downtown growth . However in the ·e cases and in the cases 
of many other downtown and suburban areas, many other 
factors were pre ent tha t combined with the transit impr ve
ments to make development possible. These factors included 
d mand for new office spaces or residential units, a healthy 
overall economy, timing of construction , availability of land , 
placement of the talion, land u e policies , and other public 
investments. As rec gnized both in the studies f BART in 
San Francisco and in Knight and Trygg's work (J), devel
opment around BART stations in downtown San Francisco 
occurred in large part becau e of pecific red velopment plan
ning effort undertaken for Market treet by the city. In addi
tion new zoning rdinanc encouraged development around 
the tation areas by ignifican tl increasing allowable floor 
area ratio for deve lopment within 700 ft of ·tati n and by 
providing density bonuse for buildings adjacent to downtown 
tran it stations. At downtown BART . tation, in akland, 
California , and a.t the Lake Merritt station si 1nificant public 
efforts lo as embJe land and invest in new development have 
been critical to new development around the station areas. It 
is certain that these areas would have realized much less devel
opment without significant participation from the public 
sector. 

Several cities have recently undertaken major new rapid 
lran ·it project with the bjective of creating world-class image 
for their city. Both Atla1ita and Dallas have identified the 
world-class city objective as a major stimulus for investing in 
a new transit s stem. Sacramento , a lif rnia , and Miami , 
Fl rida, both hoped to achieve world-class city talus with 
the.ir new transit systems. Decision maker in these ities believe 
that a modern rapid transit system is an integral part of pro
jecting an image of their cities a major, vital urh;in centers. 
If the world-class city image can be achieved, they believe 
that new business inve tm nt would p ur in. 

Although modern transit systems may be one characteristic 
of a world-class city, a new transit system has not shown that 
by itself it can project a world-class image for a city. A city 
must have a well-developed infrastructure including road sys
tems and air service, cultural attractions, a critical mass of 
existing major businesses, and other characteristics in order 
to qualify as world-class. To date, evidence in the literature 
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has not shown that cities that have built transit systems to 
attain world-class city status have attracted the related devel
opment and investment characteristic of a world-class city, 
simply because of the transit system. 

Summary of Literature Review Findings 

Although investments in transit systems sometimes show evi
dence of leading to new development and increased real estate 
prices and values around some station areas, these impacts 
are usually not evident unless other factors encouraging devel
opment are also present. Land use policies and public invest
ments supporting the development along with available land 
are all important to encouraging development in association 
with new transit development. In fact, a combination of all 
of these factors in addition to an investment in a transit system 
are unlikely to create sufficient economic growth in a depressed 
community. A strong economy complete with a demand for 
new space is the essential ingredient for stimulating new 
economic growth in depressed cities. 

However, transit investments have been more successful in 
alleviating congestion in urban areas that must develop mech
anisms for transporting commuters into and out of the down
town core. Systems such as the Massachusetts Bay Transit 
Authority (MBTA) in Boston and the Metropolitan Transit 
Authority (MTA) in New York attract large numbers of patrons 
working in downtown locations. However, in these areas, 
transit is one component of a larger solution to congestion. 
Transit investment , when coupled with other policies and pro
grams, can address the future of transportation congestion 
problems in these dense urban areas. 

CASE STUDIES 

Case studies in four U.S . cities-Atlanta, Boston, Dallas, 
and Hartford-examined in depth the issues surrounding the 
impact of public transit on the downtown economy. These 
studies focused on the broader objectives of transit planning 
and investment than those often examined in the literature. 
Cities were selected to represent different levels of transit 
investment and different types of transit systems. Case studies 
were conducted to determine what the public (planners, 
developers, business people, and politicians) expected from 
transit and why they felt it was important to the economy. 
Although the case studies did not provide definitive proof of 
the relationship between transit and economic development, 
they demonstrated the importance of transit in supporting the 
economic health and growth in the downtown core. These 
case studies also underlined the importance of public transit 
as providing access to employment opportunities for the elderly, 
handicapped, and poor, who are dependent on transit for their 
livelihood. This access is important for a city's future not only 
because transit is a public good, but also because a city's 
economy depends in part on the level of employment and 
income of its residents. 

Finally, the case studies investigated the importance of tran
sit in supporting higher densities in more congested urban 
areas. All of the case studies showed the role of transit in 
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bringing workers, shoppers, residents, and clients in and out 
of the downtown core. This role becomes crucial as parking 
reaches the crisis stage in many cities and as existing highways 
operate consistently over capacity. Transit is not the only 
solution, but remains a crucial tool in the future economic 
health of U.S. cities. Findings of the case studies revealed 
some insight into what transit contributes to the urban econ
omy as well as providing a broader , more comprehensive way 
of viewing transit impacts. 

Atlanta 

Transit System 

Atlanta, the Southeast's largest city, was chosen as a represen
tative newer city with an existing rail system, the Metropolitan 
Area Regional Transit Authority (MARTA) . 

MART A was conceived as part of Atlanta's ambitious plan 
to become a national and international center of commerce. 
Transit has always been part of the region's comprehensive 
regional planning effort and MART A was constructed with 
the philosophy that the system would reshape the region's devel
opment. To date, the system has not shown evidence of influ
encing development patterns throughout the entire metropoli
tan area. However, in areas of the city where all of the proper 
elements were in place to support economic development, in 
more recent years MARTA has allowed development of 
denser downtown projects. 

Transit Goals and Objectives 

Although the region and its units of government were pressing 
ahead with plans to expand the highway system, planners 
promoted transit as a complement to a good, strong freeway 
system. Transit was envisioned by the planners as strength
ening the emphasis on the central business district and reduc
ing suburban sprawl, which might otherwise result. Transit 
was also seen as a way to achieve the goal of reducing traffic 
congestion on the region 's highways and improving the mobil
ity for the region's transportation-dependent population. 
Business and civic interests saw public transit in general, and 
a rail transit system in particular, as part of their plan to place 
Atlanta among the nation's most prosperous cities and give 
the city international prominence. 

Transit and Economic Development 

One of the goals for MARTA was to stimulate widespread 
and planned regional growth; however , this goal was not 
achieved regionwide to the original desired level. This failure 
was largely a result of other factors such as the recession in 
the early 1980s, a decrease in federal funds for urban improve
ment projects outside of the rail system itself, and private 
sector disinterest in developing land near station sites, par
ticularly at stations outside of downtown. As a result , much 
land was left undeveloped . 
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However, recently Atlanta's economy has improved and a 
set of public policies designed to support development has 
been instituted. As a result, downtown Atlanta has experi
enced a scale of development and revitalization fulfilling many 
early desires for the MARTA system. Time was needed for 
all elements to fall into place, but transit finally contributed 
significantly to the support of economic development. 

Perceptions of transit as a solution for mobility prohlems 
and as an attractive and efficient way to travel are beginning 
to be used by developers of properties near some MARTA 
stations. Although many developments choose downtown 
because of the prestige of a downtown address, many are 
selecting sites near a MARTA station. In one important case, 
the North Park development, MARTA's proximity allowed 
an increase in the scale of the proposed development, making 
larger densities possible. In another, Lenox Park, the prox
imity of transit appears to have affected the mix of uses. In 
both cases, substantial increases in transit ridership are expected 
as a result of the project's presence. 

However, in both cases the deve10pments, although large, 
are only a fraction of the total amount of existing and planned 
development within the submarket areas. Within these areas, 
other development is taking place with less obvious ties to 
the transit system. It appears that transit affects development 
in the more marginal areas. Some areas, such as near some 
suburban stations, are not ready for development and no 
transit system will make something from nothing. On the 
other hand, some locations are so attractive, such as the pres
tigious downtown areas, that transit is not a driving factor in 
development decisions. It is the areas in between, where some 
elements are in place but some encouragement is needed, that 
transit can create the impetus for development. 

As the importance of MART A has grown in recent years, 
its future role in economic development will continue to grow 
in support of Atlanta's economic growth. MARTA has been 
cited as a factor of growing importance to locational decisions 
for two kinds of facilities. For operations centers, MART A 
is playing an increasingly important role as the transportation 
mode of choice for the clerical and technical work force 
employed there. 

Secondly, developers and observers believe that MARTA 
will play an increasingly important role in locational decisions 
for regional headquarters of major corporations. An impor
tant part of Atlanta's recent growth has resulted from deci
sions to locate such facilities in the region, given the increased 
ability to move workers to and from downtown and the air
port. With its new terminal within the airport itself, MARTA 
now offers 20-minute trips to downtown and midtown loca
tions. As long as office parks can be located within an hour's 
drive to Hartsfield International Airport, Atlanta will con
tinue to ;ittrnr.t regional sales and headquarters facilities. 
When available sites or levels of congestion make this 1-hour 
trip impossible, MARTA will make the difference in attrac
tiveness as a place to do business. 

Atlanta's emergence as a center of national and interna
tional importance was based on the recognition that auto 
dependence is self-limiting. Although the transit system has 
not generated the levels of development near station stops 
that were anticipated, the need to reduce congestion, trans
port a growing work force, and provide Atlanta with an inter-
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national image and competitive edge make the transit system 
a crucial part of the Atlanta economy. 

Boston 

Transit System 

Boston was selected as representative of older cities with 
an existing rail transit system. Boston is served by the 
Massachusetts Bay Transportation Authority (MBTA). 

One objective of transit system upgrades in Boston in recent 
years has been to improve access into the highly congested 
downtown . This objective has become particularly important 
since highway construction was put under a moratorium. As 
suburban highways become just as congested as downtown 
streets, moving people efficiently into and out of downtown 
will become more crucial to the regional economy. A specific 
economic objective of access to downtown is the ability to 
move the labor force in and out of the city. This movement 
was further exacerbated by a freeze on the number of parking 
spaces allowed in downtown Boston. Boston's office and retail 
economy is healthy and providing a sufficient labor force to 
serve the demand, which is important in sustaining the level 
of economic activity. A subset of the labor force is the lower 
income, transit-dependent population that relies on transit 
for its livelihood. Transit serves this group particularly well 
and provides a social good by providing access to employment 
opportunities. By the same token, the metropolitan Boston 
transit system also serves the non-transit-dependent popula
tion as both the subway and commuter rail systems have heavy 
park-and-ride ridership. 

A related objective of relieving automobile congestion by 
pubiic transit is to improve air quality. Boston has a serious 
pollution problem and one of the important values of transit 
to the area is to reduce the number of cars traveling to 
downtown and adding to the air pollution. 

Underlying all of these issues-pollution, congestion, 
access-is the issue of quality of life. In an older, transit
oriented city like Boston, maintaining a clean, useful, well
functioning rapid transit system becomes an integral part of 
keeping Boston a desirable place to live, which allows the 
economy to grow and prosper. 

Transit and Economic Development 

Transit's impact on economic development in Boston has been 
the subject of much debate. Generally, it has been accepted 
that transit and the economy are linked together but differing 
views exist on the nature of the relationship. 

For the few remaining parts of Boston not currently served 
by transit, linkage to the rest of the transit system is considered 
crucial for supporting new development with the resulting 
increased labor force and other activity that would take place. 
For example, in the Fort Point Channel area, the streets sim
ply cannot handle a large increase in worker, resident, and 
shopper traffic that would result from development. Fort Point 
Channel is pointed out by all observers and officials as the 
single most important example of the relationship between 
transit and economic development. 
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Transit provides access to employment, especially for tran
sit dependent populations. As one official observed, "The 
lack of transit puts a limit on finding employment. It is very 
important to have transit for opportunities for employment." 
This aspect of transit addresses the social good question by 
providing access to employment opportunities for a popula
tion dependent on transit for traveling to and from work. In 
this sense, public transit provides both a social good as well 
as an economic good. 

In summary, transit in Boston is linked with patterns of 
development, but does not control it. Planners and developers 
considering new projects in the city will need to ask the ques
tion: "How will people get there?" Access to downtown will 
continue to play a key role for Boston's workforce as conges
tion becomes more critical. Evidence of the importance of 
transit in this role can be seen in the growing commuter rail 
investment, which has responded to a large demand for bring
ing white-collar labor downtown. Ridership on the recently 
expanded commuter rail network has been higher than expected 
and has been mushrooming annually. In addition, throughout 
the construction period for the Central Artery-Third Harbor 
Tunnel Project, which will be taking place over the next 10 
years, a comfortable, easy-to-use means of accessing the city 
becomes even more paramount. 

As Boston's metropolitan area spreads further from the 
central core, the concept of regional transit becomes more 
important in maintaining the current level of growth. As is 
true in many cities, transit is ho longer simply a downtown 
issue. Transit also encouraged regional dispersal of originally 
downtown functions, such as back office operations and other 
businesses. For example, the extension of the Orange Line 
north to Malden and Charlestown and the Red Line south to 
Quincy and Braintree has supported new office and other 
construction in these areas . Downtown insurance companies 
and banking and finance firms have relocated many of their 
back office and clerical functions in these areas . Although 
relocation of back office functions is part of a general trend 
for many industries, the opening of new transit lines played 
a crucial role in the development of these areas. The role of 
transit systems must be viewed as a regional one, with com
muter rail playing as significant a role as the original subway 
section of the system. 

Dallas 

Transit System 

Dallas was selected as representative of a newer city consid
ering building a new transit system. Currently, downtown 
Dallas is served by bus service operated by Dallas Area Rapid 
Transit (DART). On June 5, 1988, Dallas-area voters defeated 
a referendum in which DART proposed bond financing for 
funding a $1.8-billion, 93-mi light-rail rapid transit system 
through a 1-cent sales tax. The defeat of the referendum 
means at least a temporary end to public rail transit in Dallas. 
However, DART has since regrouped to produce a new plan 
for transit in the city, although many of the suburban members 
of DART are questioning their future involvement in DART. 
In June 1989, DART released a new proposal for transit in 
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Dallas, which included a comprehensive package of 66 mi of 
light-rail, high-occupancy-vehicle (HOV) lanes, commuter rail, 
and bus service. The new package has been designed to solve 
current transit problems using a variety of transit alternatives 
designed to support Dallas' future economy. 

The defeat of the referendum to build a light-rail system 
makes Dallas an important case study for understanding tran
sit impacts on cities and the impact of various types of funding 
on transit. Dallas-area planners, developers, and most citizens 
have recently confronted the issue of why transit is important 
to Dallas and why Dallas does or does not want a transit 
sy tern. Unlike an older city where a system would already be 
in place, Dallas has the opportunity to examine the goals and 
objectives of building a new rapid transit line. The type of 
financing explored by DART, bond financing, is an alternative 
to the use of federal funds and raises issues of government 
funding policies for rapid transit. 

DART's first proposal for a 93-mi transit system was an 
arterial light-rail system planned to operate primarily during 
peak commuter hours and was to include 210 electrically pow
ered rail cars . One line would have extended south from 
downtown to Oak Cliff and to West Oak Cliff. A second line 
was planned to run underground along the North Central 
Expressway, surfacing near Mockingbird Lane and continuing 
above ground to Plano, with a spur traveling west to Car
rollton and Irvine. The arterial nature of the system provided 
a downtown orientation for rail service and would have served 
both residential areas surrounding downtown as well as 
activity centers outside the downtown. 

Another transit project that makes Dallas a good case study 
for studying transit impacts is a private sector trolley project 
underway adjacent to the central business district. A group 
of developers, property owners, and business people along 
McKinney Avenue joined together to design an antique trol
ley to run on McKinney Avenue, linking shopping, restau
rants, businesses, and a residential neighborhood. Out of a 
total cost of $6 million, a little over $2.5 million was obtained 
from UMT A grants with the balance of funds raised from 
private contributions and some city aid. Currently, the trolley 
is under construction and there is some interest to continue 
the trolley service to other parts of the city. 

Transit Goals and Objectives 

A prevailing view in downtown Dallas is that Dallas needs 
rapid transit to become a world-class city. Transit would make 
Dallas competitive with major national and world trade cen
ters such as New York, Boston, and Atlanta. As one official 
described it (informal communication), 

" World- lass ity" is a term that is u ·ed all over Dall11 and 
is n very typical term for a new city like Dallas which i tryin 
to achieve tatu as Bo ton has, that has all of the attributes 
of an urban place .. .. The people in Dallas believe that in 
order to achieve world class staLU . recognition , and so forth, 
they have to have a rail transit system. 

Apart from the competitive standpoint, a major objective 
of transit in Dallas is to assist in relieving traffic and mobility 
problems prevalent in and around downtown Dallas. The rap-
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idly burgeoning suburbs of Dallas, especially north of the 
central business district , have congested highways both into 
downtown and between various suburban activity centers. 
Traffic congestion in Dallas is a regional problem because of 
the disper cd nature of busine and retail activity centers 
throughout Dalla. councy. DART' proposed rail y. t m ought 
to re!i.eve regional traffic congestion wirh transit lines running 
into and out of downtown to c;:ise r.nmnrnting. However. the 
proposal did not include circumferential rail service to ease 
congestion between the regional activity centers. 

Increased mobility into central Dallas re ulting from public 
transit has value for two important re11 on . Transit allows 
the large working population to move into and out of down
town and serves the transit-dependent population which lives 
primarily to the south of the downtown area. To a lesser 
degree, rapid transit also increases mobility of visitors to the 
area who need to access areas nearby and adjacent to the 
central business district. 

Charles Anderson, Executive Director of DART, sum
marized the objectives for the rail transit system in an article 
in the Dallas Business Journal (2 ,p.8), as follows: 

•Reduction of congestion, 
• Reduction of labor-related transportation costs (as opposed 

to continued reliance on buses and cars), 
• Reduction of air pollution, and 
• Reduction of dependence on hydrocarbon fuels. 

One observer ummed up rail transit in Dallas in this way 
(informal commuDication), "Rail supporters say that DART 
would profoundly reshape the urban landscape , curbing 
unplanned suburban sprawl, reducing the community's reli
ance on automobiles and making DClll;:is a very different place 
at the dawn of the 21st century." 

Transit and Economic Development 

Planners and business people feel that rail transit is crucial to 
the continued health of the downtown economy. The down
town area is currently shrinking and many believe that rail 
transit is necessary to prevent further shrinkage. 

These oelief are tied to the two bjectives mentioned pre
viously- mobility of ·1 qualified workforce and a world-class 
city image. Mobility of a qualified workforce is crucial for the 
expansion of office and retail activity, which are both central 
to the Dallas economy, especially as projected growth in the 
region will make the regional road system unacceptably con
gested. This mobility is especially important in light of the 
competition from suburban office parks, where highway access 
is simple and land costs are much lower than in downtown 
Dallas. The objective of becoming a world-class city is also a 
factor in allowing for economic growth and future business 
attraction. Tn order to compete against major cities like Chi
cago, New York, and Boston for attracting and retaining top
notch businesses, Dallas feels it needs to have a rail transit 
system. However, the ability of rail transit to provide world
class city status has not been proven and whether this 
objective could be achieved is uncertain. 

Because the DART rail system was only proposed and not 
actually constructed, there is no concrete evidence that rail 
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transit is necessary to support economic growth. What is clear 
from Dallas policy makers and citizens is that increased mobil
ity within the city of Dallas is a crucial link to economic growth 
in the region. Rail transit is one possible component to this, 
as are HOV lanes , improved highway access, and other transit 
options. 

Hartford 

Transit System 

Hartford was chosen as a representative smaller city with a 
bus-only transit ystem. 

The Hartford region is served by a system of Interstate 
highways consisting principally of I-91, the major north-south 
Interstate through the Connecticut Valley and 1-84, which 
travels in a northeast-southwest direction, both currently under 
construction. 

Consistent with findings in the literature review, the bus 
system in l-larrford has not hown mu h evidence f directly 
causing or steering economic development. However, bus 
transit , in conjunction with other alternative such a. vanpools 
and arpools, is becoming more important in bringing the 
workforce into and out of Hartford, as congestion increases 
and the number of parking spaces decreases. 

Transit Goals and Objectives 

Hartford's transit system does not have many explicit eco
nomic development goals, apart from public service. Transit 
is seen by the city's transportation department as a comple
ment to its highway construction and operation efforts to help 
reduce congestion and support growth. Hartford's major 
employers have an interest in ensuring that congestion does 
not impede their operations because much of this congestion 
results from downtown-oriented trips by suburban residents 
at peak rush hours . The ·e employers h;:iv h en c operating 
for a decade in the developmen L and i mplemen tat ion of trans
portation system management measures . One goal of their 
efforts is a 20 percent reduction in single-occupancy vehicles 
with downtown destinations. Their hope is that such reduc
tions will make available sufficient space on the region's high
ways to accommodate employment growth now underway in 
Hartford and in the downtown in particular. 

Advocating the social and economic needs of Hartford's 
residents is of particular concern for the city. For many years, 
the city has viewed its role as an advocate for its residents, 
both because Hartford contains a disproportionate share of the 
region's poor and because decisions affecting transit service 
were not in their hands, but rather in those of the state. 

Planners, policy makers, and public and private decision 
makers bring different goals and objectives to the transit plan
ning process. All share a common hope that public transpor
tation and paratransit can contribute to reducing commuter 
time and to offering wider access for employment opportunity 
to innercity residents . 

Transit and Economic Development 

The absence of fixed-rail transit in the greater Hartford area 
casts the discussion about the relationship between transit and 
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economic development in a different light than that of the 
other case study cities. Hartford's rubber-tired transit system, 
which includes its extensive and growing paratransit ser
vice, has not shown the ability to influence private sector 
investment decisions. 

The connection between economic development and transit 
in Hartford is viewed in terms of its effects on people, both 
as workers and as area residents. This view includes the impact 
on the transit-dependent for whom transit is a source of eco
nomic opportunity. At another level, there exists employment 
opportunities in a large number of downtown firms without 
corresponding opportunities for parking. Many companies 
are unable to provide parking for all, and status and pay 
determine in some part whether parking is available. 

Economic viability of downtown Hartford and the success 
of several of its employers, including hospitals and other insti
tutions with a concentration of lower-wage jobs, depend on 
public transportation. Transit has become part of the solution 
to the transportation impacts of economic development in 
downtown Hartford. 

Although there is little evidence in Hartford that the bus 
system has influenced econumic development patterns or 
decisions, transit plays a role in supporting the city's economy 
by giving access to the city's workforce under circumstances 
of congestion and severe parking limitations. As the long
term plan for access to downtown Hartford takes shape, tran
sit will play a role in solving the problem of moving people 
into and out of an increasingly dense downtown core. 

CONCLUSION 

Although each of the case study cities has a different type and 
level of transit and is quite different geographically, historically, 
and socially, all of the case studies point to common elements 
concerning the value of public transit for the economy and 
the impact transit has on shaping economic development. 
These elements consist of the following general issues: 

• Transit is only one of several factors which must be in 
place to create and direct new development projects. The 
case studies, particularly Atlanta, support the findings of the 
literature review, that although transit is an important com
ponent in supporting development , it is not the single cause 
of new development. Other factors are just as important in 
bringing about economic growth, including the area economy, 
land use planning and policy, and availability of land, among 
others. However, when all factors are in place, transit pro
vides an important support for allowing large and more dense 
development and economic activity to occur in downtown. 

•Transit provides crucial access into highly congested 
downtown cores, which allows more people to access down-
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town for work, shopping, and other activities . The literature 
review found this to be particularly true in older cities such 
as Boston and New York and the case studies supported this 
position. Older and more densely developed cities such as· 
Boston rely heavily on rapid transit to support the downtown 
economy. But even newer cities, such as Dallas, have increas
ing regional mobility crises in which transit can provide part 
of an overall mobility strategy. Highways alone cannot pro
vide sufficient levels of free-flowing traffic to support further 
economic development and expansion in many downtown areas . 

• Transit contributes to the quality of life in urban areas, 
which makes a city more attractive for economic develop
ment. This contribution includes reduction of air pollution, 
reduction of traffic downtown, and assistance to the transit
dependent population for access to employment and other 
opportunities. All of the case studies underlined the impor
tance of transit for these types of issues. The role transit plays 
in providing economic opportunity for transit-dependent pop
ulations was noted in all four cities, whether the transit system 
was rail or bus. The other issues apply to rail transit and were 
factors particularly in Dallas and Boston. These issues are not 
central economic development issues , but they underscore the 
role of transit in long term viability of urban economies . The 
health of a metropolitan economy is only as strong as the 
population living in the city. Without transit, populations such 
as the elderly, the handicapped, and low-income residents 
have less access to employment, which lowers the potential 
earning power of a large sector of the city's population . 

What are the implications for the continued investment in 
transit? Additional study needs to be done to determine more 
appropriate ways of measuring impacts, as the literature to 
date has used the wrong measures in trying to determine the 
benefits created by transit. Although transit itself does not 
directly cause economic development, transit contributes in 
a significant way to the metropolitan economy in terms of 
quality of life and support for growth. It is also clear that with 
growth and congestion threatening to throttle most American 
cities, the future survival of downtown economies is tied to 
quality transit infrastructure. As the case studies have empha
sized , transit can be an important part of a metropolitan area's 
plan for maintaining the economy and allowing the natural 
progress of growth. 
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Framework for Analyzing the Impact of 
Fixed-Guideway Transit Projects on Land 
Use and Urban Development 

DONALD J. EMERSON 

An approach is presented for predicting t.he impacts of fixed
guideway tran it project on land use a.nd economic development. 
The Urban Mass Transit Admini 1ration developed this approach 
to help local agencie perform transit project planning studies, 
including alternatives analyse . The relati n ·hips between land 
use and tran portation are reviewed and technical methods for 
identifying land use impacts at the regional, corridor. and tarion 
area level. are described. The im1 ortance of . upportive land use 
policie ancl ways to evaluate the dcsirabiliiy of anticipated land 
u e impacts arc identified. 

For several years, the Urban Mass Transportation Adminis
tration (UMTA) has been developing procedural and tech
nical guidance for the conduct f tran it project planning tud
ies. UMTA's Procedures and Technical Method for Transit 
Project Planning (1) focuses on corridor studies for fixed
guideway transit systems (e.g., rapid rail, light rail, busways, 
and people movers), but much of its guidance can be applied 
as well to system-level guideway planning studies and to rail 
mouernizaiion and bus service planning. UMTA will update 
and refine the guidance as new issues arise and as different 
analytical techniques impart new knowledge. 

The section of UMT A's technical guidance on the analysis 
of land use and urban development impacts was revised earlier 
this year. UMTA had found that local tran it planning reports 
often predicted economic development would be promoted 
by a major transit investment, although this conclusion was 
seldom supported by sound technical analysis. The aim of the 
revised guidance is to suggest a scope and structure for the 
land use analysis, and this paper sets forth that framework. 
Local planners involved in transit planning and tl1ers engaged 
in other types of infrastructure planning may find the infor
mation useful. As part ofUMTA's continuing effort to refine 
the guidance, comments are welcome. 

The impact of a fixed-guideway transit investment on land 
use and urban development should be evaluated for at least 
four reasons, as follows: 

•Under the National Environmental Policy Act, federal 
agencies are required to consider the impacts of proposed 
proje ·ts and alternative courses of action. Tim requirement 
includes the con i.deration of impacts on land use and eco
nomic development. Many states have similar requirements. 

Office of Planning, UMTA, 400 7th Street, S.W., Washington, D.C. 
20590. 

• Cities often tout urban development benefits as a primary 
reason for considering a major investment in transit. In such 
cases, the magnitude of this benefit needs to be estimated to 
determine 1 hether the combined urban development and other 
benefits justify lhe costs and whether other strategies might 
produce the desi.recl benefits at les cost. 

• Projects that have urban development benefits can often 
be financed, at lea tin part through value-capture technique , 
or they may be built through public and private partnerships 
that rely on a project' development benefits. Preparing a 
credible e timate of these ben fits can be an e ential part f 
the financial planning work done for the project. The property 

wners most likely to benefit from increa ed property values 
hould be identified as part of this assessment. 

•Community groups may be concerned about how a proj
ect will affect neighborhoods along the line and at station 
areas . They may oppo ·e, for example a tran it project that 
might stimulate increa ed activity in quiet neighborh d or 
increase local traffi . An urban developnu.::nt impact analy is 
can help determine whether these concerns are valid and, if tJ1ey 
are, help bring about agreement on appropriate mitigation 
measures. 

LINKAGES BETWEEN LAND USE AND 
TRANSPORTATION 

Transportation access is one of several significant factors 
affecting the development of land. Any site slated for eco
nomic activity must be accessible to the labor and materials 
needed to develop a product and to a market for selling the 
product. At the national level, cities have sprung up in areas 
highly accessible to the national system of roadways, rail
roads, or waterways and at places where goods are transferred 
from one mode of travel to another (at ports for instance). 
The same holds true within cities. Historically, the central 
business district (CBD) has been the most accessible point iu 
any given region and thus has engendered the most devel
opment and the highest land values. More recently, highly 
accessible suburban locations, particularly at freeway inter
changes, have given rise to dense commercial and retail 
development. 

A 1987 survey (2) illustrates how important accessibility is 
to the chief executive officers (CEOs) of the country's largest 
corporations. Asked to rank five factors that can affect the 
location of office facilities, the CEOs put "easy access to 
domestic markets, customers, or clients" number one, with 
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37 percent of all CE Os deeming it "absolutely essential." 
Ranked fourth was "quality of life for employees," which 
included such factors as good public schools, enough streets 
and highways, affordable housing, and low crime. Executives 
of organizations involved in wholesale, retail, or manufac
turing operations similarly ranked seven factors affecting their 
location decisions. Top ranking went to "the availability of 
sites with existing water, sewage, and roads"; second was 
"access to domestic markets." "Easy access to raw materials" 
was ranked third and "quality of life for employees" fifth. 

Of course, accessibility is not the only factor that affects 
the amount and location of urban development (see Figure 
1). Nontransportation factors cited in the survey of CEOs 
include the climate that state and local governments create 
for business through tax policy and regulation; the cost and 
availability of housing and labor; the crime rate; the public 
schools, colleges, and universities; and cultural and recrea
tional facilities. Other nontransportation factors are the strength 
of the overall economy; the availability and cost of devel
opable land, capital financing, and managerial expertise; the 
attractiveness of a given site for development; and the avail
ability of other nearby land investments. Should some of these 
factors be judged to impede or preclude development, an 
increase in accessibility alone likely will not surmount them; 
such factors might be termed obstacles to development. 

Nevertheless, accessibility is undeniably important, and a 
major new transportation facility should measurably improve 
accessibility. (If it does not, the justification for the project 
would certainly be in question.) As travel time between points 
is reduced, forces are put in motion that can, over time, 
change the distribution of economic development. Transpor
tation facilities that significantly reduce travel time between 
an urban region and other parts of the country can eventually 
lead to new jobs and growth in that urban region. Likewise, 
facilities that change the relative accessibility of certain parts 
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FIGURE 1 Major factors influencing land use impact (3). 
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of an urban area can lead to a redistribution of growth within 
that region, alt hough the total amoun t of regional growth is 
unlikely to change. Urban ma s tran portation projects fall 
into this second category. 

Researchers have documented the land use changes that 
followed some major transit investments. Land Use Impacts of 
Rapid Transit: Implications of Recent Experience (3), published 
in 1977, found the following: 

• Major rapid transit improvements were important induce
ments for intensified development near stations both in CBDs 
and in outlying areas, although only when supported by other 
favorable forces. 

• Some major commuter rail improvements led to signifi
cantly intensified land use, but findings on light rail systems 
and busways were inconclusive. 

• No rapid transit improvements were proved to have led 
to net new urban economic or population growth. 

•The timing of land use impact appeared to be highly 
dependent on general economic conditions. 

• Local changes in land use policy facilitated the impact of 
transit improvements on land use. 

• The transit improvement itself often led to changes in 
land use policies. 

More recent experience tends to confirm these findings. 

IDENTIFYING LAND USE IMPACTS 

Land use impact assessments are made to predict the amount, 
type, and density of land development that each transit mode 
and alignment alternative would produce and to compare the 
results. To this end, the analyst must isolate the development 
that likely would be induced by a transit alternative from 
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development that would happen anyway. Once the induced 
development has been predicted, the analyst must then try to 
evaluate its desirability. Given the large number of factors 
that can influence economic development, as well as the dif
ficulties inherent in all economic forecasting , the most the 
analyst can hope to do is make an educated guess. This section 
describes a framework for analysis that should make the land 
use impact forecast more educated and less a conjecture . 

The framework can also be used to help identify joint devel
opment opportunities that may be created by one or more 
transit alternatives. Joint development-the linking of private 
real estate development to public transportation services and 
station facilities-can benefit the transit operator by increas
ing ridership on the transit system, providing revenue from 
the sale or lease of real estate and/or air rights , and reducing 
land acquisition and construction costs. 

In undertaking the land use impact assessment, it is impor
tant to 

•Rely on sound analysis-not wishful thinking-for pro
jecting market demand; 

• Ensure that the projected land use impacts are consistent 
with projected changes in accessibility; 

• Consider the need for supporting public and private actions; 
and 

• Recognize the difference between temporary and per
manent employment changes. 

Keep in mind, too, that interested parties need to be brought 
into the assessment process. Local governments should be 
consulted about development trends and adopted land use 
plans, policies, and ordinances. The business community can 
provide information on economic trends and the factors influ
encing the local economy. Local developers, in particular , can 
offer insights on regional growth and development and the 
potential impact of a new transportation facility; they may 
also be instrumental in bringing about public and private part
nerships to help huild the project. Community groups should 
also be asked for their views on development. 

Data on existing market and extramarket conditions and 
trends need to be plugged into the assessment. The identifi
cation of market conditions requires data on the direction and 
performance of the economy, broken down into regional , 
corridor, and subarea groupings, and should include the 
following: 

• Population data: number of individuals, household size, 
income, race, and age. 

• Land use data: uses and densities, including the location 
of activity centers , areas of growth and decline , availability 
and cost of developable land, rents, absorption and vacancy 
rates, building permits, and availability and cost of devel
opment capital. 

• Other economic data : employment and retail sales . 

Such information may be readily available, because those data 
are used for financial and transportation impact analyses. Extra
market conditions to be considered include the powers and 
policies of public agencies, the availability of public services, 
concentrations of low-income residents, traffic congestion, 
and land use controls. 
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The land use impact analysis for major transit projects should 
be performed on three levels: impact on the region as a whole, 
impact on the corridor, and impact on specific station areas. 
The three levels of analysis should produce results that are 
internally consistent. That is, the sum of the land use changes 
predicted at the local levels should equal the regional total. 
If land use impacts are an issue, UMTA urges local agencies 
to approach the analysis from both the "top down" and 
the "bottom up," and then to check the results lu ensure 
consistency. 

Impact on Regional Development 

Although no empirical evidence shows that urban mass trans
portation investments affect rate of development at the regional 
level, urban development is often touted as a reason for pur
suing major transit projects, particularly rail systems. Some 
local officials and civic boosters simply assume that transit 
brings new growth to an area . In such cases , the technical 
process may need to address regional development impact to 
help ensure that local decisions are not based on false hopes 
and dreams. Absent convincing evidence to the contrary, all 
UMT A-sponsored fixed-guideway planning studies assume that 
mass transit investments will have no net effect on the amount 
of regional development. 

Should urban area officials wish to pursue an assessment 
of regional development impact, one possible avenue is 
exploring before-and-after studies already compiled on cities 
with similar economic conditions and transportation prob
lems. A second approach consists of examining regional devel
opment trends and identifying the factors driving the local 
economy. In slow-growth areas, attention should be directed 
specifically to identifying the obstacles that may be slowing 
development. (For example: A local transit investment could 
improve regional growth if local traffic congestion is judged 
a significant obstacle to new development. Land use impact 
assessments should then address the efficacy with which each 
mode and alignment alternative relieves congestion . Traffic 
and travel time forecasts produced in the service and patron
age analysis can be useful indicators of potential impacts. 
Even if traffic congestion is an obstacle, however, a trans
portation improvement may not lead to increased growth and 
development unless other contributing factors, such as the 
health of the local economy, are also positive. 

Impact on Corridor Development 

Rather than increasing regional growth , transit investments 
are more likely to help redistribute the current level of that 
growth. In some cases, lransil pruje<.:ts serving a CBD may 
provide the added transportation capacity that is needed for 
additional growth in the downtown area . Transit projects that 
improve CBD access may also promote development along 
the line and help residential development dispersal in periph
eral areas . These effects are seen most often when the CBD 
and other areas have been harrwered, by inferior access , from 
growing as rapidly as other parts of the region. The methods 
for identifying land use impacts at the corridor level are similar 
to those already described for regional analyses. Empirical 
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evidence from before-and-after studies may be useful, along 
with information on development trends and obstacles in the 
corridor. 

At the corridor level, the analysis can begin to consider the 
types and densities of land use development that are apt to 
occur with various transit alternatives. Projected market 
absorption rates for office, retail, hotel, and residential uses 
should be set against historic rates to make sure that the 
forecast is reasonable. Forecasted development should also 
be compared with the supply of developable and redevelop
able land, taking into account local plans and ordinances that 
affect the use of this land. 

If corridor impacts are anticipated, the analysis should clearly 
indicate how much growth will come from other parts of the 
region. Decision makers need to keep in mind that corridor 
impacts tend to be a zero-sum game, that is, increased growth 
in one area means decreased growth in another; equity and 
other implications must be taken into account. 

Impact on Development Around Station Areas 

A fixed-guideway transit project is most likely to affect land 
use in areas immediately adjacent to stations. These areas 
experience the greatest increase in accessibility. Stations with 
high levels of walk access can also create new, pedestrian
targeted markets for retail development. Because of the link 
between development and accessibility, standard transpor
tation measures-changes in travel time to other points in 
the region and the number of walk-on riders, for example
can be used to compare each alternative's potential to induce 
land use changes. 

Each alternative's potential to induce station area 
development might be evaluated using the following 
measures: 

• Percentage of the region's population and employment 
within x min by transit. 

•Changes in transit and highway travel times, weighted by 
mode share . (For this purpose, the denominator of the logit 
model can serve as the analysis variable.) 

•Number of walk-on riders or, at the CBD level, the 
volume of transit arrivals. 

As at the corridor level, the station area impact analysis should 
try to identify obstacles to development-local economic con
ditions and land use policies, for example-and the availa
bility of developable sites. Should the necessary conditions 
for land use change appear to exist, a market analysis should 
be performed to determine the type and density of devel
opment most likely to occur. Sample pro formas should be 
prepared to test the viability of different development types 
and densities. 

Joint Development 

Joint development is an important tool that can be used to 
make transit part of an overall development strategy and to 
help finance the transit system as well. Joint development 
includes actions to encourage the implementation of desirable 
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land uses in and around station areas or in air rights over or 
under the transit facility. For example, high-density residen
tial developments at outlying stations may be desirable because 
they can lead to a higher transit share of work and shop trips 
to high-density employment and shopping areas (i .e . , the 
downtown area). On the other hand, dense office or com
mercial activities at outlying stations may hinder system use 
by increasing congestion and degrading access to the system. 

Sites where joint development is possible should normally 
be identified as part of the land use impact assessment . Spe
cific joint development proposals are not likely to be available 
at the project planning stage, but suitable land parcels can be 
identified using the approach described for station areas . Sam
ple pro formas can be prepared, and local and state laws and 
ordinances concerning joint development should be identified 
and local policies toward it ascertained. 

SUPPORTIVE POLICIES 

The development potential associated with each of the alter
natives can be greatly enhanced if supportive public policies 
are put in place. Such policies are usually not formally adopted 
until the preliminary engineering stage. Nevertheless, it may 
be helpful during corridor planning to identify and begin eval
uating, in concert with local jurisdictions, the kinds of land 
use policies that might be necessary to induce desired devel
opment. Where appropriate, forecasts of land use changes 
prepared in project planning should specify the extent to which 
the forecasts depend upon the adoption of new local policies. 

The local policies that should be considered include the 
following: 

• Local governments may amend local comprehensive plans 
and zoning to change permitted land uses and to allow higher 
densities in areas within walking distance of stations. They 
might also reduce parking requirements for office develop
ment near stations, or possibly establish a ceiling on the amount 
of parking allowed, thereby reducing development costs. 

• If the jurisdiction is already overzoned (or if variances 
are easily obtained), downzoning areas away from the stations 
may give the station area a competitive advantage in the mar
ket. One approach may be to transfer development rights 
from an area where lowered densities are desirable. 

• Public entities may promise to provide, in a timely man
ner, the necessary infrastructure (roads , water, sewer , etc .) 
and services needed to support increased development. 

• Desirable development may be promoted by making 
available suitable land parcels. This might include the sale or 
lease of excess land or air rights at below-market prices. 

• Other supportive public policies may include tax incen
tives and the assumption of some development risks. 

Many of these policies entail substantial public costs. If these 
policies are proposed, the costs should be calculated and 
compared with public benefits. 

ASSESSING THE IMPACTS OF LAND USE 
CHANGES 

Land use changes brought about by transit alternatives will 
in turn have their own impact. Issues that often arise include 
the consistency of anticipated land use changes with compre-
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hensive plans and zoning ordinances, and the effect this devel
opment might have on tax revenues and the cost of public 
services, transit system use , traffic, and parking. These issues 
often engender considerable local interest, and their analy
sis can become complex and time consuming. The analyst 
must keep in mind that the land use impact forecast is little 
more than an educated guess and be wary of devoting more 
consideration than is prudent to these issues. 

Consistency with Planning and Zoning 

The analysis should consider whether the anticipated devel
opment is consistent with adopted local comprehensive plans 
and zoning, which in turn could indicate whether the antici
pated development would likely be viewed as desirable by the 
affected community. The usual procedure is to ask local gov
ernments to review forecasts of land use impacts and compare 
them with adopted plans to determine consistency. Local gov
ernments should also be asked to identify any zoning changes 
necessary for the development and to assess the likelihood of 
approval of such changes. The land use impact forecast should 
take into account federal requirements designed to protect 
certain types of land from development. Federally protected 
lands include the habitat of endangered species, floodplains, 
and coastal zones. 

Impact on Services and Tax Base 

Induced development can increase the tax base of affected 
jurisdictions, but it may also increase the demand for public 
services such as schools and law enforcement. In most project 
planning studies, these impacts are not explicitly considered. 
However, if the fiscal impact of induced development is at 
issue, local governments are probably in the best position to 
estimate the added revenues and costs. Such estimates should 
wnsider the type of development expected to occur, the kinds 
of public services normally required for such development, 
and the possible need for new capital facilities to provide these 
services. 

Impact on Transit System Use 

Station area development can serve specific transportation 
objectives. First, increased economic activity, represented by 
commercial office, retail, convention center, and hotel devel
opments, specifically at the downtown end of the corridor, 
can improve ridership; this same development at outlying 
stations, however, often hinders access to transit by increasing 
congestion in the station area and creating greater co1updiliuu 
for parking. Medium- and high-density residential develop
ment, on the other hand, can increase ridership and farebox 
revenues at outlying stations. 

UMT A requires that a fixed total trip table be used for 
preparing ridership estimates. Transit ridership estimates always 
tend to be optimistic, and adding induced development, which 
is speculative, into the calculation makes results even more 
tenuous. Ridership estimates are therefore given less weight 
than other factors in the evaluation of alternatives. 
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Nevertheless, UMT A acknowledges that induced devel
opment, particularly around station areas, can lead to increased 
transit ridership, and some local agencies may wish to estimate 
the size of this effect. A sensitivity test is usually the way to 
proceed. 

Impact on Traffic and Parking 

The sensitivity test examining the effects of induced land use 
change on transit ridership will also identify the impact of this 
development on traffic and parking. Traffic and parking are 
most likely to be affected around stations, where development 
impacts are usually most apparent. The added traffic gener
ated by new development, when added to traffic destined 
for the transit station, can overload the local street system. 
In such cases, roadway capacity may need to be increased 
or travel demand managed, or both. 

EXPLORING VALUE-CAPTURE OPPORTUNITIES 

The analysis of land development impacts should lead to an 
explicit assessment of the potential for financing some of the 
transit investment alternatives through recapture of the value 
added by the investment to certain sites. This assessment 
should include a review of such public policy and implemen
tation options as joint development, station cost sharing by 
private developers and public agencies (urban renewal author
ities), benefit assessment districts, and tax increment financ
ing. The results of this assessment feed into an analysis of 
financing options for the project. 

In assessing the potential for capturing some of this added 
value, it is useful to distiuguish vaiue capture from joint devei
opment. Joint development refers to development occurring 
in conjunction with the transit improvement, and is usually 
designed to foster urban development in general, thereby 
enhancing transit ridership and increasing farebux recovery. 
The primary goal of value capture strategies is to return income 
to the transit property. Value capture can include joint devel
opment, such as air rights leases, station construction, or 
improvement by developers, but it can also include a broad 
range of activities designed to capture part of the value created 
by the transit investment. For example, assessments on prop
erty owners in station vicinities can capture some of the finan
cial benefits accruing to those whose buildings command higher 
rents and occupancy rates. Another approach is to dedicate 
to transit the increase in property taxes attributable to increased 
land values in the vicinity of the investment. 

Establishing a mechanism for benefit assessment to help 
pay for a transit investment is necessarily a political decision, 
based as much on negotiation as on technical analysis. But 
the technical process can provide critical information on the 
extent and magnitude of anticipated benefits. Given the dif
ficulty of forecasting changes in property values and rents, 
the technical information used in these decisions is often lim
ited to transportation benefits. Changes in travel time, pedes
trian volume, and other outputs of the travel forecasting pro
cess can be useful inputs to the benefit assessment. Forecasted 
reductions in automobile use, if translated into reduced park
ing requirements, can be regarded as a direct monetary benefit 
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to developers. Sample pro formas prepared as part of the land 
use impact analysis can also help reveal how much can be 
assessed without unduly affecting the economic viability of 
desirable development. 

CONCLUSION 

UMTA's revised guidance on land use impact assessment has 
been available for only a few months, but many of its concepts 
were incorporated in earlier fixed-guideway planning studies. 
In Miami, as part of the environmental impact statement for 
two extensions to the downtown people mover, the land use 
impact assessment was presented in accordance with this 
framework; although an in-depth analysis was not made, the 
framework offered a useful structure for presenting infor
mation to the public and local decision makers. In Milwaukee, 
a more detailed economic development analysis was per
formed for a proposed light-rail line. The framework is cur
rently being applied in Buffalo to a major study on economic 
development and value capture. The Buffalo study is explor
ing alternative public policy scenarios associated with a pos
sible extension to Buffalo's light-rail rapid transit line. 

The recommended framework provides a useful checklist 
of the topics that should be addressed in a land use impact 
assessment. It points out important, frequently overlooked 
relationships between the land use assessment and other tech
nical topics. The framework should help the analyst structure 
and perform an objective technical study, as well as present 
the results in a way that allows decision makers to make 
more informed choices among alternatives. The framework 

155 

does not advocate specific analysis techniques, nor does it ob
viate the need for more accurate land use forecasting tech
niques and better before-and-after data for completed transit 
projects. 
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Distributional Effects of State Highway 
Investment on Local and Regional 
Development 

YORGOS J. STEPHANEDES 

Previous tudie suggest that a mininrnl or remicted relationship 
exist between tran I ortation and economic development. on
clusions drawn from the e tudies result from three factors. fi r t, 
cbe . tudies considered the transportation-development relation-
bip at substantially different •eographical ·cale ranging from 

large- cale multi tate regional studies t mall land u ·e proj ct'. 
Second . at the subregional sca le most studies used tross·st..:c tional, 
correlational nnalysi ; however, this ryp of analysi· i unable 1 
determine the direction of the relationship between the two var
iables. Third , the studies paid too little attention to the long delays 
inherent' in tran portation-development interactions. A method 
that examine the . iiua tion in which tran ·poriation investment. 
eem to temporally precede change in the local economy was 

used in this study. It wa found for total employment' by u ing 
vector nucoregrc sions and causality test that highways encour
age long-term economic development in exce s o( the normal 
trend in Minnesota's regional centers and counties under the 
urban influence of the state. 

Where should a state spend money if it wants to positively 
influence its economy? A research team at the University of 
Minnesota recently studied this issue, looking at the effec
tiveness of highway funds in increasing economic develop
ment. Researchers examined the employment and income 
implications for counties in the upper midwestern region of 
the United States, with emphasis on localities and regions in 
Minnesota (J ,2). 

Most states in the upper Midwest are characterized by a 
geographically dispersed population, requiring investment of 
funds into transportation infrastructure. Despite federal aid, 
transportation investment is typically a major component of 
the state budget [in the United States, state spending for 
highways totaled $38 .2 billion in 1986, representing 9 percent 
of the budget, ranking third after education and welfare (U.S. 
Census Bureau)]; the U.S. Department of Transportation 
(DOT) bears responsibility for how these funds are spent. In 
addition, hoping that state policies are more effective than fed
eral ones, some states in the region have been assuming a 
gre;iter role in the design of economic development programs. 
Investment policies directed to improving the transportation 
infrastructure have played a key role in such programs. 

Within the United States, 36 states explicitly consider regional 
economic development as a justification for highway funding 
and as one factor that influences decisions about the highways 
in which to invest (3). In the upper Midwest, one of the most 
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ambitious programs is Revitalize Iowa's Sound Economy 
(RISE), which provides $27 million in annual funding dedi
cated to highway construction and improvement projects 
intended to foster economic development in Iowa over a 5-
year period (4). The consideration of regional development 
objectives in highway funding is valid, however, only if high
ways have a significant impact on regional development, that 
is, create jobs, increase income, and improve community 
welfare. There is disagreement as to whether, and in what 
contexts, this is the case. 

In Minnesota, government transportation-related policies 
play both an active and a passive role in regional economic 
development. Government is a passive player when it improves 
highways to support economies that are already improving. 
It has done ,this, often effectively, in regional centers, where 
it rewards development and, in turn, acts as a catalyst for 
more development by removing accessibility barriers and bot
tlenecks. Government becomes an active player when it 
improves highways in an attempt to stimulate development 
in local economies that are deteriorating. Such attempts usu
ally occur in rural areas but are not always effective. Improved 
roads tend to hurt the economies of rural areas in the long 
run if such areas are located near regional centers and if no 
other concurrent policy is instituted to encourage develop
ment. Far from regional centers, rural areas stand to benefit 
from improved roads if they can use them to improve the 
access of products (timber and farm products , for example) 
to markets and of tourists to the area. 

PREVIOUS FINDINGS 

The traditional view in the literature has been that the 
improvement of the transportation infrastructure is a neces
sary predecessor to economic development in a region. How
ever, as Sheppard suggests, in the last 10 to 15 years this view 
has come under heavy criticism from a number of directions 
(5). Empirical research in a number of countries provided a 
series of counterexamples that called this view into question . 
In particular, studies of transportation and economic devel
opment plans in the Soviet Union and China, as well as of 
the development of the railroads in the United States, showed 
that transportation can be concurrent with or a result of regional 
economic development rather than its predecessor. Similarly , 
research into the role of transportation in European and third 
world countries also uncovered many instances where the 
development of transportation into the interior exacerbated 
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rather than decreased economic development differentials 
between the major cities and rural regions. Furthermore, the 
complexities of the interdependencies between places in a well
integrated spatial economic system, such as in Minnesota, may 
mean that the effects of transportation improvements are hard 
to predict and not necessarily beneficial (5). 

For instance, in the Atlantic region of Canada, increased 
investment in the area's reasonably mature transportation 
infrastructure would attract few industries (6). Similar studies 
of the Ozark plateau of Arkansas found little correlation 
between highways and economic development (7). In cases 
in which a relationship was found, the effect was minimal [as 
in an analysis in the north of England (8)] or very restricted 
[in Connecticut, Pennsylvania, and elsewhere, it was deter
mined that counties with Interstate highways have an advan
tage over other counties with regard to population and 
employment growth but long-term effects were observed only 
in counties within 25 mi of a metropolitan area (J)]. It is 
generally acknowledged that there are few places in the United 
States where transportation infrastructure deficiencies per se 
strictly preclude economic activities (9). 

The inconclusive and occasionally contradictory conclu
sions on the relationship between transportation and eco
nomic development are the result of three major develop
ments. First, previous studies have considered this issue at 
substantially different geographical scales, ranging from large
scale multistate regional studies on one extreme to small urban 
land use projects on the other, and on the basis of a wide 
range of implicit assumptions. There is no reason to believe 
that the process works in the ame manner at all different 
scales (5). Second, at the subregional cale of analysis (i.e., 
county and multi county, up to state scale), which is of interest 
to us, most previous studies have used cross-sectional, correla
tional analysis, although such analysis is unable to determine 
the direction of relationship between two variables. 

Finally, previous studies have paid too little attention to the 
long delays that are inherent in the transportation-economy 
interactions. For instance, a substantial highway reconstruc
tion project may take 2 years to complete, and it may take 
another 3 years before regional industries fully realize benefits 
from the highway improvement by restructuring their trans
porlation operation. and increasing their competitiveness in 
their markets. lndLrect effects from these immediate benefits, 
such as expansion of headquarters and employee relocation, 
may happen over an additional 3 to 5 years. If a 1- or 2-year 
waiting period is added before an approved reconstruction 
project actually begins, the results of an investigation of the 
possible interactions may differ depending on the year-over 
a 10- to 12-year period-in which the analysis takes place. 
The time series analysis takes into account time-related effects 
such as these and, therefore, is more likely to increase the 
accuracy and consistency of the findings, and can come closer 
to distinguishing between cause and effect. 

In summary, in a well-integrated spatial economic system, 
the effects of transportation improvements are complex and 
hard to predict. The best way to empirically evaluate the 
possible effects of transportation investment on the economy 
would be to examine situations in which transportation invest
ment does seem to temporally precede changes in the local 
economy, and to determine whether, in which situations, and 
after what length of time that impact is likely to be positive, 
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neutral, or negative. This research direction was adopted by 
this project. 

DATA SOURCE 

Highway expenditure figures used in this study are based on 
data compiled by the Minnesota Department of Transpor
tation (DOT) as part of the annual project funding system. 
The data are broken down by county, for all 87 Minnesota 
counties for the years 1957 to 1982, and are limited to the 
state trunk highway system, which includes the major highway 
projects funded by the DOT. The employment data from 
County Business Patterns represent employment in the middle 
of March for the years 1964 to 1982. In particular, the analysis 
includes nine different levels of employment (£), by place of 
work, and eight different levels of income (Y), by place of 
residence, as follows: 

Manufacturing £, y 
Retail £,Y 
Service E,Y 
Transportation and E, y 

public utilities 
Construction E,Y 
Finance, insurance E 
and real estate 

Wholesale E 
Agricultural E 
Farm y 
Earnings by work y 
Total E, y 

First, effects reflecting the dominance of the size of a county, 
regional or national trends, inflation, and other effects that 
were common across several counties in a group were filtered 
out. Following a quasi-experimental approach, groups of 
counties were formed on the basis of county characteristics. 
Within a group, counties were expected to react more homo
geneously to highway changes and may be treated in a similar 
fashion for policy purposes. Previous research used a primitive 
classification based on intervals; for instance, a criterion was 
whether a county in a class included a city with a population 
of 28,000 or larger (10). In this project, the effectiveness of 
the classification is increased by forming groups on the basis 
of characteristics that better reflect the local features of coun
ties. In addition, characteristics are included that reflect the 
interaction between counties, recognizing that counties depend 
in part for their growth on their neighbors. 

In selecting the features for classifying the 87 Minnesota 
counties, the objective was to develop a set of not-too-data
hungry features sufficient for extracting the major county 
characteristics necessary for classification. In particular, fea
tures familiar to the transportation policy analyst that (a) 
could be easily quantified with existing data; (b) could cap
ture the socioeconomic, demographic, and accessibility dif
ferences across counties; and (c) were least correlated with 
each other were sought. To achieve this objective, formal 
feature extraction through pattern recognition was obtained 
from the Karhunen-Loeve expansion [principal component 
analysis (11)]. The standard feature extraction was modified to 
allow incorporation of input by experts, including several pol
icy makers, geographers, and government decision makers in 
Minnesota and some neighboring states. The resulting six most 
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important features, to be used for classifying the Minnesota 
counties, were as follows: 

1. Accessibility within a county, measured by percent county 
area covered by paved and unpaved roads; 

2. Accessibility between counties, measured by number of 
all roads crossing county border divided by county perimeter, 
no weight provided for number of lanes per road; 

3. PoJJulaliun Jensity; 
4. Population dominance, measured by average of popu

lation densities of adjacent counties. This feature can indicate 
the potential for increased travel between counties given 
improved accessibility; 

5. Average salary income per household; and 
6. Median age, which can indicate the potential for mobility 

as, for instance, of people within a certain age bracket who 
are expected to more easily travel across counties to find work 
if there is access. 

Alternative features could have been considered (e.g., travel 
time a an access indicat r between countie. ) , an I e ery fea
ture has certain strengths and \ eaknes ' . Simi larly, adding 
more features might have increm ntally improved th abili ty 
f the feature set to capture certain intricate details of a county 

eco.nomy . However , the list, representing the re ult f th 
feature extraction subject to the c 1l ·ensus of experts, can be 
adopted as a working set for county classification . 

The filtering wa. accomplished in several way . First. all 
variables of a county (such as county expenditures r employ
ment) were defi ned relative to the county gr up to which that 
county belong . Thi· definition :filters out exog nous events 
(such a infla tion, unemployment and fede ral fund ing) that 
may have simil:Hly affected a ll countie in the group. Second, 
ead1 variabie was redefined by subtracting the historical aver
age over the study p ri d (e.g., the time average over 26 
years) so that the data from a ll countie for all the year can 
be included in the analysis. Third , the dominance of large 
countie , (01 which the absolute variation of employment and 
highway expenditure would be greater than in small counties. 
wa filtered (>UL Although this filtering doe · not guarantee 
that all effects of outside factors were eliminated, it doc. 
ensure that the potential influence of the factors considered 
to be most important was substantially reduced. 

Following filtering time series anaJysi (vector autoregres
sions) of the data, nhanced with the employm nt of Grnnger
Sim cau ality tests (12-14), were p rformed. The tests can 
be an aid in inferring whether a directional influence b a 
variable (such a highway expenditures) on another ( uch as 
employment) also indicate that the first variable "causes" 
(i.e. consi tcntly precedes) the second. T be ure, cau ality 
analysi wa u eel with caution , becau e of its limitation (15 
16) . In particular, the literature and experience suggested 
that, in most ca es, the cau ality tes t wa verly trict occa
sionally indicating no cau ality although on would be expected 
from theoretical or empirical considerations. However, the 
test can document lack of causality reasonably well when two 
variables would be expected to be irrelevant. Knowing this , 
when causality was weak. increased emphasis was placed n 
con i tent vector autoregression re ult . verall, althou h the 
analysi. wa certainly imperfect it erred most likely on 1l1e 
con ervative side. In other words, there may exi t additio1ial 
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causalities between variables, that strict application of the 
tools-causality tests, direct examination of time series plot , 
and theoretical and empirical expectations-may have mi · ed. 

As the foregoing indicates, classifying the 87 counties in 
groups on the basis of their characteristics was an essential 
element of the filtering process. In addition, classification 
made the analysis of the results more meaningful because it 
all.owed focusing on each group f countie separately. rn 
pa11icular, because possible relationship betwe n highway ex
penditure and economic development would be likely to dif
fer acros groups a eparate relationship was developed and 
evaluated for ach group, thu making ea. ier the identification 
and understanding of possible impacts by group. 

Following classification, four county groups were identified 
(see Figure 1): 

1. Regional Centers. Counties in this group are character
ized by minimum age and maximum value in all other features 
relative to all clu. ter av rages. These include nine countie , 
that i the Twin itie greater metropolitan area and Olmsted 
County in the south, where the city of Rochester is located. 

2. Counties under Urban Influence. Medium value in all six 
features (28 counties). 

3. Agricultural Counties. Maximum age and low value in 
all other features (37 counties) . 

4. Natural Resource Counties. Minimum value in all 
features and medium age (13 counties). 

Although these classifications and the earlier one (10) have 
several common elements, they also differ in several imp r
tant ways. In particular, in the new classification the regional 
centers are not distributed throughout the state as before. 
Instead, they include the greater Twin Cities metropolitan 
area plus Olm ted county. Owing t th pre ence of two major 
employers in Roche. ter, the Ma Clinic and IBM, Olm red 
county has a high concentration of health and computer man
ufacturing services and substantial interaction wit11 the rest of 
the world via air. 

The Minneapolis-St. Paul me tr politan area has been 
described a a finance, insurance, ervice, and market center 
for the upper Midwest. However, with 10 percent of the nation's 
comput r manufacturing in Minnesota , the Twin ities' rep
utation in techno logi ally oriented service tem primarily 
[r m it involvement in omputers. Al o contributing to the 
technological reputat ion are the companies that have cor
porate headquarters in the area, tying it with San Francisco
Oakland for seventh place in the nation for the 500 largest 
U.S. industrial firms. One factor that may have contributed 
to the impre ·sive development of the service ec n my is the 
central location of the Twin Cities within the airline network . 
Benefiting from this factor, consumer. ervices h;ive also grown, 
especially l'ourism and health service . 

The rest of the counties that the earlier, population-based 
classification had identified as regional centers are now in 
the "under-urban-influence"group. Joining this group are 
all the counties in the southeast corner of the state . These 
counties are ch<1racterized by light manufacturing and form a 
outhea t-northwe t corridor f robust ec nomic activity. 

The counti that the previou cla sification had identified 
as rural are divided into two groups in agreement with the 
general character of their economy. Although Minnesota's 
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... Regional Centers 
~ Counties under Urban Influence 
c:::J Agricultural Counties 
!llJl Natural Resource -Based Counties 

, ............ 
l'f"'••• ... ,. 

FIGURE 1 Classification of Minnesota counties on the basis of demographic, economic, and locational 
variables. 

economy is diversified, the economy of these areas is spe
cialized. In particular, the north-northeast (natural resource 
counties) depends heavily upon timber, mining, and tourism, 
and the west part of the state (agricultural counties) depends 
on agriculture. Despite the continuing depletion of forests, 
manufacturing based on lumber products is strong. Although 
the lumber and wood products industry is evenly dispersed 
throughout the state, the majority of lumber is harvested in 
the northeast, where paper producers have also tended to 

locate (see Figure 2). For instance, in Carlton and Koochich
ing counties forestry accounts for 75 percent of the local econ
omy. Tourism services have highest concentration in north 
Minnesota (see Figure 3). Comparisons of specific economic 
sectors of Minnesota's economy to that of the United States 
as a whole are shown in Figure 4. 

Although this classification facilitates analysis, it does not 
fully address certain county peculiarities. For instance, St. 
Louis could be divided into three parts, each classified in a 
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Source: Nortft Cetltrai Forest Up1rnn1nt Sll\MJn 

FIGURE 2 Value of timber cut, 1975. 

different clu t r, if data for each par! were available. Further 
lay and Rock are ub tanrially innuenccd by the neigh

boring counties Cass (which include the city of Fargo) and 
Minnehaha ( i ux Fall.) in the Dakotas and, therefore , the 
Dakota counties c uld also be included in the analysi . Kitts n 
ha a strong C\gricul tural chara ter and . similar to ook i. 
strongly influenced by border movements; as a result, the 
presence of both coun tie in Group 4 may not be fully ju ·
ti:fied. lf such potential incon i ;rencies ar appropriately treated , 
the classification could lead to analytical re. ults of high r 
accuracy. 

RESULTS 

Influence of Transportation on Economic Development 

Regional Centers and Counties Under Urban Influence 

Regarding total employme1ll (i.e ., the . ummation of employ
ment for all seer rs f the economy) , the ector autoregres-
i n · and the causality test provide evidence that highway 

"cause" (i.e ., temporally precede in a ·y. t m; tic manner) 
long-term economic development in exec s of the normal trend 
in Minnesota's regional centers and counties under urban 
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influence. These counties include the economic centers of the 
state and, therefore, are most likely to have the economic 
activity that is necessary for ab rbing the highway improve
ment . Of the new jobs, a few are created in the 2nd year 
but mo ·1 ctr created in the period between the 5th and the 
10th year following the highway expenditures. The effect of 
a one-time increase f highway expenditures n total employ
ment for th regi nal center c unties i hown in Figure 5. 
This effect was significant al the 1 perc nt level by a cau ality 
te t. 

Although these findings are in agreement with the earlier 
re ·ult (10), they provide cerrnin add itional detail'>. For instance 
they indicate that , within the original regional center group 
of the earlier tudy the counties that are located outside the 
mMropolitan area [i.e. , St. Loui · (Du lu th), lay ( fo rhcad , 
Stearns (St. Cloud), Blue Eartb (Mankato) and Olm ted 
(Roche ter)] arc as likely to benefit from higbway investment 
as are the metropolitan area counties. 

Natural Resource Counties 

Improved highways generate income and employment in the 
natural resource counties and, in particular, in two sectors, 
service and retail. (Service employment is up to 33 percent 
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FIGURE 3 Hotel and motel receipts, 1978. 
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FIGURE 5 Regional center counties: impact of highway expenditures on total 
employment (percent above trend). 

of total employment in these counties, higher than a maximum 
of 26 percent in the other county group ) . Although th ·e 
effect. are in general agreement with Lhe literature, the service 
effect is also long term, which was not entirely expected. The 
long-term service effect indicates that the service sector in 
these counties is cager to provide more jobs to the econ my 
and il expansion can be hampered by the lack of good roads. 
To be sure, the density of the highway sy tern is lo\ . with 
only two major highways running through and out of the 
counties (Highway 62, crossing the northern edge of Lake 
and Cook, and Highway 29, running right out of the border 
of Marshall and Kittson). At the northern border with 
Canada, lakes and forests impede highway communication. 

All highway effects on the economy of these counties are 
po itive, indicating a potential for the appropriate use of high
way expenditures for economic development in this part of 
Minnesota. 

Retail Impacts 

Retail activity i · affected b highways in ev •ry group f coun
ties. Although highway con ·tructio.n in urban and regional 
centers can impede business the effect i st imulative in agri
cultural and natural resource cOlHllies. In rhe latt r counties, 
retai l activity represent · a large part of the I ca l economy
up to 31 percent of total employment, co1npared with a 
maximum of 25 percent in the remai ning counties. 

Figure 6 show the impact of a one-time 10 percent increa e 
in highway expenditures on retail employment in the natural 
resource counties. As Figure 6 indicates, following the increase 
in highway expenditures in the first year, retail employment 
al o increases. Although mo t f the employmen t increase 
occurs in lhe first 6 years the effect lasts appr ximately 10 
years. The dLLratio.n of th impact which i · ignificant at the 
l percent level by a cau al ity lest i as long as that in re-

gional centers {see Figure 5) and much longe r than that in 
the previously defined rural areas [3 years- see discu ion 
by Stephanedes and Eagle (JO)]. 

Further, the maximum impact occurs in tne second year, 
when the employment increase reaches a peak of 2.5 percent 
in response to the increase in highway expenditures. This 
compares with a peak of 0.2 percent in the sixth year for the 
case of the regional centers. The comparison indicates that 
the effect in natural-.resource-ba ed rural counties can be higher 
by an order of magnitude, in relative terms, than in regional 
centers . However, as the total employment in the latter is 
high, the absolute effect in terms of total nnmher of jobs in 
regional centers is greater. 

The finding of a positive retail effect is encouraging for 
policy makers advocating the potential for improvement in 
the economy of rural areas if the local highways are improved. 
The finding also indicates that such potential exists only in 
rural areas already having a strong resource base in place to 
take advantage of the highway improvements . 

Influence of Economic Development on Transportation 

Statewide 

The response of highway inve tment to higher total mploy
ment i immediate aud po. itive tatewid and , in particular. 
in the agricu ltural and natural resource c0untie ', indicating 
lhe eagerness of 1he ·tate government to aid any incr a ing 
economic activitie in Minne ·ota. In addition. the sensitivity 
of highway inve ·tment relative 10 change in employment is 
sub tan tial : an increase of jobs by a given percentage {-ay. 
10 percent) above the '!rend anracl an addicional inv lment 
statewide of almost double the size in percentage terms-18 
percent over 10 years; in other words, an extra 100 jobs would 
attract an extra $28,500. Following detailed accounting of this 
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FIGURE 6 Natural resource counties: impact of highway expenditures on retail 
employment (percent above trend). 

effect and the stated influence of highways on employment, 
at current funding levels and employment, it is estimated that 
approximately 1 of every 60 new jobs is created by Minnesota 
Department of Transportation state trunk highway funds. 

Government Active and Passive Roles 

In general, government reacts to economic improvements and 
does not seek to play an active role by stimulating a contract
ing economy. Natural resource counties (and farm-related 
activities in certain agricultural counties) are the major excep
tion. In these counties, government plays an active role, with 
a tendency to stimulate the local economy through highway 
expenditures when income drops. As the results of this anal
ysis indicate, such a policy appears to be effective in the 
natural resource, but not always in the agricultural, counties. 

The effectiveness of the active government role in the nat
ural resource counties indicates that the state policy makers 
appreciate the needs of the timber and tourist industries in 
the north-northeast part of the state and their potential benefit 
from road improvements. At the same time, the local industry 
is able to take advantage of the improvements. This regional 
relationship appears to have the ingredients for a success story. 

DISCUSSION OF RESULTS 

Following the evaluation of the time series results, a sensitivity 
techniq ue was used l determine whether there are indications 
that one or more coumies have been misclassified, thus influ
encing the interpretation of the findings. Kittson county, located 
at the northwest corner of the state, appears not to fit well 
with the rest of the counties in the natural resource group. 
Farm income in Kittson appears to substantially affect high
way decisions; yet, improved roads have no significant effect 

on the Kittson economy. In fact, without Kittson, the impact 
of highway investment on the counties in this group is greater 
than that found earlier. 

An additional finding was that Beltrami and Marshall were 
the principal representatives of this group, that is, they carried 
a major portion of the identified relationships between high
ways and the economy. Furthermore, except for the unwanted 
influence of Kittson (and, to lesser extents, Lake and Cook), 
all counties in this group contributed to these relationships, 
indicating the strength of the effect on the economy of these 
counties that use the better roads to improve access of timber 
and farm products to markets and access of tourists to the 
area. 

In an earlier study (JO), several of the natural resource 
counties had been classified under the "next-to-urban" or 
"next-to-regional center" heading. Findings from that study 
indicated that highways have a long-term negative impact on 
the economy of these counties, seemingly contradicting the 
current findings. However, the "next-to-urban" or "next-to
regional center" group had also included several of the coun
ties now called "agricultural." It can be inferred that the 
negative impact observed is limited to the agricultural coun
ties; improved highways in those counties draw business activ
ity away from them and into the regional centers in the long 
term. 

That improved highways tend to help the economy of regional 
centers and areas under urban influence and to hurt certain 
of their adjacent counties should not be surprising. In partic
ular, the adjacent counties tend to depend on these areas for 
the infrastructure necessary for development; better highways 
may allow agricultural county residents to conduct more of 
their economic activities in the nearby centers. Further, a 
comparison of the percentage of people working (66 percent) 
and living (47 percent) in the regional centers strongly suggests 
that highways are helping the residents of the adjacent 
counties to get to work as well as providing jobs for them. 
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The distributional nature of the effects is evident when 
anal}'l'Jng the diffe rent parts of the ·tate. In particular, although 
certain counties aJe likely to gain from improved roads, others 
are likely to lose; the statewide effect is not significant. More
over, the statewide effect is small in size: over 10 years, a 10 
percent' investment incr ase would lead to only a 0.01 percent 
increase in jobs statewide (or, an extra $1 million would create 
an average of only 5 to 8 new jobs statewide), most from the 
pending as ociated with constrnctinn of the highway. This 

finding i in agreement with conclusion. drawn from th~ geog
raphy liLernLure (5) indicating Urnt where the highway net· 
work i. go d and mo i erv ic s are widely availabl , any 
effect. of transportation improvement on . ervice are likely 
to be more dramatic in c mpetition between rvice location 
than on the overall disposition of consumer to purchase goods. 

The negligible econ mic effect of highway funding on a 
statewide basis indicates that, as long as Minnesota is viewed 
in isolation from its adjacent states, the potential for statewide 
economic gains could not be a valid argument on which to 
base decisions for increased highway funding in Minnesota. 
However, the findings suggest that highway investment can 
be used for shaping regional development policy within the 
state. Similarly, it can be argued that, if Minnesota is viewed 
in competition with the neighboring states in the upper Mid
west, transportation improvements in the state could result 
in economic gains. 

CONCLUSION 

Thi project conducted an analysis f the time-depende11t 
impacts between highway funding and economic d vel pment 
in counties and regions in Minnes ta . In particular. it exmn
ined the effects of highway funding nn local employment and 
income, and the influence of local economic changes on high
way funding. The find ing indicate that, in Mi.nnesota, gov
ernment plays both an active and a reactive (passive) role in 
regional economic development. 

Government is a reactive player when it improves highways 
to support economies that are already improving. It has done 
this, often effectively, in regional centers and counties under 
urban influence, where it rewards development and, in turn, 
acts as a catalyst for m re dewlopmcnl by removing acces
sibility barriers and bottleneck : Governm nt b comes an active 
player when it attempts to stimulate development in local 
economies that are deteriorating. Such att mpts usually occur 
in rural areas but are not always effective: improved roads 
tend to hurt the economies of rurnl areas in the lung rnn if 
such areas are located near regional. cent rs. Far from regional 
centers, rural areas stand to benefit from improved roads if 
they can use them to improve access of timber and farm 
products to markets, and access of tourists to the area. The 
effectiveness of transportation improvements in rural areas 
could increase if transportation policies were instituted in con
cert with other types of development policies, for a;;ample, 
policies that improve the business climate, labor force, and 
education in the area. 

Although highway funding can influence the economy of 
specific regions in the state, such as the regional centers, 
certain counties in the s9utheast, and the natural resource 
counties in the north, it has negligible economic effect on a 
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statewide basis if Minnesota is viewed in isolation from its 
adjacent states. However, the potential for statewide eco
nomic gains vis-a-vis the competing states in the upper Mid
west could justify increased highway funding in the state . The 
findings further indicate that highway investment can be used 
for shaping regional development policy in Minnesota . 
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Methodological Review of Analyses of 
Rural Transportation Impacts in 
Developing Countries 

PETER D. CooK AND CYNTHIA C. CooK 

Studies of rural transportation impacts have been carried out over 
the la t 20 year , with cmpha.is on th methodology and under
lying mode ls of causal re lationship . The historical equence f 
rural impacl method logie and ·the resea rch on rnral mobility 
and migration carried out in several counlrie during the l·ist 10 
year ar examined. Particular emphasi is placed on the Kenya 
Rural Access Road Program re ea rch , Southea t A ian Re e<1rch 
for SEATAC, and the Mexico Mobility Study. Present impact 
met·hodol gie · focu , too narrowly on agricultural effects. de pile 
early observations of wide-ranging impact . Tiley also fail to pre
dict the significant increase in 11onfarm traffic and related eco
nomic benefi ts that arc signaled by the relatively high value placed 
on travel time demonstrated in the behavior of many rural trav
elers. This value reflects the importance of nonfarm employment 
and the benefits of increased mobility and service accessibility, 
which are crucial to adequate impact evaluation. A causal model 
of impacts is descri ed, which defines the relationship between 
access change and rural socioeconomic development , including 
the role of intervening variable . Con lusion. are drawn con
cerning the types of models that appear most promising for future 
impact analysis. 

Ways are examined in which the analysis of rural transpor
tation impacts in developing countries have evolved over the 
last 20 years, with the objective of formulating a framework 
for impact analysis that covers the full range of expected 
primary and secondary effects. Although evaluators fre
quently acknowledge the wide range of transportation impacts 
in rural areas, quantitative analysis of these impacts has focused 
almost exclusively on direct, readily measurable economic 
effects. Surprisingly little attention has been paid to the mea
surement of multiplier effects and to the social distribution 
of economic costs and benefits. Current models demonstrate 
an imperfect understanding of the workings of the rural econ
omy, focusing on agricultural production and often exclusively 
on cash cropping. Little is known of the values placed by rural 
people on such intangible assets as time, energy, health, secu
rity, social interaction, and spiritual intercession . As a result, 
economic models for predicting the effects of rural transport 
investments have shown little explanatory power when con
fronted with the actual consequences of such investments . 
This does not mean that economic models are inherently wrong, 
but it does mean that the current models are not good repre
sentations of the processes that are actually going on in rural 
areas of the developing world . 

The economic and social consequences of transportation 

P. D. Cook, 2329 N. Jackson St., Arlington , Va. 22201. C. C. Cook, 
World Bank, Africa Region, Technical Department, Environmental 
Unit, Washington, D.C. 

improvements in a rural setting Rre complexly intertwined. It 
is this intricate blend of economic and ·ocial consequences 
that is the object of development. Development is defined 
herein as a process of increasing human welfare for a given 
population in a region or community through increasing eco
nomic and social activities. The concept of human welfare, 
as it is used here, refers to an aggregate of individual utilities 
(including producer and consumer surplus concepts) as defined 
in the work by Hicks (1), to include the values of material 
and nonmaterial goods or services received by all members 
of the population. 

Starting from this broad definition of the purpose for invest
ing in rural transportation improvements, the objective can 
be satisfied by a vari6ty of possible outcomes and combina
tions of outcomes with respect to particular utilities. These 
possibilitie include an increase in food supply, cash incom , 
access to consumption good access to services, security, ial 
interaction, and increased satisfaction of other human needs 
and desires, such as personal mobility. 

Ranganathan and Arunachalam (2) have summarized the 
results of the latest rural road research in India and pointed 
out that these recent studies, which have benefited from prior 
research, were still "not comprehensive enough to bring out 
tangible results." It is believed that this lack of tangible results 
can be attributed to the incomplete data bases used in the 
analyses, and to the lack of an explicit, clearly formulated 
model of development impact that can be systematically tested 
and refined as part of the international research agenda. 

The absence of an explicit model leads to the testing of 
simple, plausible, usually bivariate relationships that do not 
have the appropriate structure to reflect a complex devel
opment process . Thus, these tests frequently prove inconclu
sive. An explicit model is also needed to establish the causal 
linkages that cannot be inferred from a purely statistical 
analysis. 

Once models are developed to forecast all the impacts of 
accessibility change, including economic activity and mobility 
trip generation, it is necessary to estimate economic benefits 
in the second step of a two-step evaluation process. However, 
various approaches to benefit estimation may have to be used 
for different types of impacts. Producer surplus combined with 
consumer surplus (where price reductions are realized else
where in the society) may be the best measure of benefits for 
primary production increases, but consumer surplus, on the 
basis of a willingne ·s-to-pay measure, may be the be t e ti
mate of the net utility of mobility trips to the traveler. The 
estimation of these benefits is a topic that demands the 
attention of professionals in the economic impact field . 



168 

STUDIES OF MODELS RELATED TO RURAL 
TRANSPORTATION IMPACTS 

Much of the theoretical work on rurnl transportation impact 
has been carried out in the context f rural r ad improveruents 
designed to facilitat m tor vehi le traffic. Alth ugh there 
are other forms of rural transport, and most of the trnn 'P r
tation that takes place in rural areas does not occur on road 
(3), practically all of the public investme11t in rural transport 
has taken the form of rural road improvements. Conse
queully, lhe development of economic evaluatwn methodol
ogies has also focused on the costs and benefits of rural roads 
designed to accommodate motorized vehicle traITic. Many of 
the concepts involved would also apply to other types of rural 
transportation improvements (i.e., bicycle paths, cart tracks, 
improved vehicles, or river transport improvements). 

There have been many attempts to de cribc the impacts of 
rural roaus in the last quarter century. An early summary is 
found in the work by Owen (4) , which includes the follo' ing 
impacts: 

•Increased agricultural production, 
• Reduced costs of agricultural inputs, 
• Greater health service availability, 
•Greater availability of education, 
• Greater transport service availability, 
•Increased use of resources (fish, timber, etc.), 
• Increased trade, 
• Increased industrial economies of scale resulting in 

expansion, 
• Increased spatial price stability, 
•Greater facilities for communication (more post offices), 
• Increased intensity of agricultur , 
•Organizational change (more cooperatives), 
• More information in rural a reas leading to changes in 

attitudes and behavior (e.g., risk taking), 
• Reduction of illiteracy, and 
•Greater productivity in the medium to long run. 

Owen also exmnined the state of knowledge regarding the 
roles played by t-ransport, communication • and edu ation in 
the development process. He cited research in India, Turkey, 
South Korea, and Japan on the relation of communication to 
development. Owen also mentioned research in the United 
States, which h wed that l. bor force productivity over the 
long run i explained to a significant extent (25 percent) by 
education I vels and a further 20 percent by the adoption of 
new technologies. 

Owen noted that the impacts of rural roads were not uni
form from one area to the next, and that the Community 
Development Program, which had provided all-weather roads 
to many villages in India, was limited in some cases because 
"nther elements of productive farming were till absent" 4) . 
He also discu ·ed the potential r le f tran portation in rein
forcing growth poi·nts and market towns in India imd th 
potential role of these towns in stemming rural-urban 
migration to the larger cities. 

Although he examined the impacts of transport in a rela
tively systematic man ner, Owen did not develop an explicit 
model oI rural road impacts. fo left it to th!.! reader to s n
thesize the vaiious effects he reported into a framework for 
impact analysis. 

TRANSPORTATION RESEARCH RECORD 1274 

Early World Bank studies of rural roads applied the same 
user cost savings methodology commonly used to evaluate 
hjghway constructio11 (5). This methodology I roved adequate 
for the evaluation of projects designed to upgrade roa I already 
carrying significant am unt of traffic. However, it failed to 
capture the dynamic effects on the rural economy of road 
construction in areas previously without road access, and con
sequently without vehicle traffic (6). In an attempt to for
mulate a methodology to evaluate the economic contribution 
of new roads in rural areas, Carncmark ct al. (7) developed 
an approach based on the producer surplus that could be 
realized in areas of potenti~lly high agricultural production. 
An implicit a ' urnption of this methodology was that the cost 
savings resulting from road transport improvements would be 
fully passed on to farmers. This methodology was widely used 
to evaluate the first generation of World Bank-financed rural 
road projects. 

The arne mark method I gy i · based on the forecasting 
of benefit accruing LO generated traffic, re ·ulting from an 
increa in agricultural producti n which in turn re ult Crom 
trnnsport cost · decreasing below a certain threshold. hu ' , it 
reflects the benefits of a large expected increa e i.n agricul tural 
traffic. Benefits re ·ulting from an increa. e in th nonagricul
tural sha re of traffic are n t included in this model. or rhi 
rea n, ome pr ject eva luations combined agricultural value
addcd benefit for farm-related traffic and user co t savings 
for nonagricultural traffic. 

In most cases, actual existing shares of agricultural and 
nonagricultural traffic were not known. This sometimes led 
to tbe as umption that al l traffic was agricultural (equival nt 
to a suming a multiplier of ·1.0 for oonagricult.ural traffic) and 
that a large increa e in gen rated traffic w uld therefore be 
realized. However, no benefits were attributed to growth in 
personal travel, since a zero opportunity cost was attributed 
to travel time by rural people. This interpretation caused such 
models to inaccurately predict the traffic impacts of rural 
transport improvements. 

The model cmb ldied in the Carnemark methodology is 
based on a view of lh world where all goods ar tradeable, 
all market are r.ransparent, all prices are market clearing 
prices, and all other things are equal. Given the market con
ditions prevailing in rural areas of most developing countrie . 
it is not surpri ing that the projects where this methodology 
was applied gave mixed results. A measurable increase in 
production of cash crops and a consequent increase in human 
welfare could be observed in some place . In other places, 
marketed agricultura l producti n did not incrcas ·ignificantly 
fi r a number of different reasons. In . ome ca es government 
price controls or the monopsonistic practices of private traders 
meant that farmers received too small a share of the benefits 
of road improvements to have an incentive to invest in addi
tional pwuuclion. In other cases, unforeseen macroeconomic 
events, such as drought or a fall in the world price for 
cash crops, meant that additional production failed to yield 
economic benefits. 

Another model that dealt with the relation hip between 
accessibility and growth in agricultural production in a more 
sophi ' tictil'ed way than the rnernark model was developed 
by Liang (8). This . tudy analyzed a detailed .ind wide-ranging 
data base for prewar China. which allowed the auth r to 
examine the constraints of land, labor, and capital on the 
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production response to transport accessibility. Liang showed 
that Chinese farmers responded to the change in access by 
shifting out of foodgrains for local consumption and into the 
production of industrial and high value nonfood export crops, 
resulting in an increase in net farm income. This shift also 
generated increased demand for food crops produced in areas 
with less accessibility change. Liang used a Cobb-Douglas 
production function to estimate the relationship between total 
farm output and six types of inputs (labor, land, cropping 
intensity, irrigation, fertilizer, and farm assets), as follows: 

In Y* = In k + ~ a; In X; 

where 

Y* = expected farm output, 
k = calibration constant, 
a; = calibration constant for factor X;, and 

X; = factor of production. 

The factors of production were 

xi labor, 
X 2 cultivated land, 
X3 intensity of cultivation, 
X 4 irrigated land, 
X 5 nonirrigated land, 
x6 fertilizer applied, and 
X 7 value of farm buildings. 

(1) 

This function enabled Liang (8) to trace specific linkages 
between accessibility change and changes in farm inputs and 
to associate these changes with specific elasticities for each 
factor, reflecting the constraints on that factor in the rural 
economy. For example, Liang (8) noted that in the land
constrained rural economy of China, cropping intensity showed 
a more elastic response to access change than land itself 
(extension of land under crops) . This study is a good example 
of the use of simple but powerful econometric models to 
evaluate transportation impacts on the rural economy. 

Despite such responses as that described by Liang (8) for 
China, rural roads frequently failed to generate increased 
agricultural production, but often showed significant traffic 
increases attributable to transport of nonagricultural com
modities (e.g., fuel, firewood, and beverages) and rapid growth 
in personal mobility. Consequently, rural communities con
tinued to clamor for access improvements, and planners and 
politicians continued to invest in them because of a wide
spread view that rural roads were a necessary precondition 
for programs to improve human welfare in rural areas. Thus, 
second-generation rural road programs were often under
taken in the context of integrated rural development projects, 
as part of a package of services that were designed to meet 
basic human needs and generate increased production for 
local consumption. Roads programs were often the most suc
cessfully executed components of such projects. It was the 
success of the road components of the Special Rural Devel
opment Program in Kenya, for example, that led the Gov
ernment of Kenya to initiate its Rural Access Roads Program 
using a multicriteria approach to road selection (9). The mul
ticriteria approach to rural road selection was devised as a 
way of approximating the results that would be obtained by 
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a fully quantified analysis of both tangible and intangible costs 
and benefits. The ranking and weighting procedures involved 
in the application of multicriteria analysis incorporate value 
judgments that can be interpreted as proxies for a more pre
cise measurement of willingness-to-pay for certain kinds of 
consequences. While such approaches can only approximate 
the measurement of the utility associated with a potential road 
improvement, they considerably expand the predictive value 
of evaluation models at a relatively low cost for additional 
data collection. These approaches also provide a useful mech
anism for involving local groups in rural road decision making. 
Many governments and donors have adopted multicriteria 
approaches as the most efficient means for selecting rural road 
improvements. The World Bank accepts the use of a multi
criteria approach to establish a list of candidate roads, but 
insists on a full economic analysis in support of the final 
selection (10). 

Recently, however, the World Bank has shown renewed 
interest in the role of rural infrastructure, especially in relation 
to longer term agricultural development in Africa (11) . The 
premise of this research is that transportation facilitates mar
ket integration through improving the flow of information as 
well as goods and services. Under favorable macroeconomic 
conditions, it is believed that public investments in rural trans
portation improvements can have a high payoff in stimulating 
economic growth. The initial results of this research indicate 
that these benefits are not realized when there is inadequate 
road maintenance (12). 

In the early 1980s, evaluations of eight rural road projects 
were conducted, primarily intended to increase agricultural 
production (13). A comparative study of the results showed 
that new road construction had more of an effect on agricul
tural production than did road upgrading. The studies also 
showed that roads led to the proliferation of small shops and 
the expansion of rural markets. Roads improved access to 
health and education services but had relatively little impact 
on the expansion of such services. Interviews with benefici
aries indicated that rural people valued roads primarily for 
the access they provide to medical services, followed by travel 
to jobs, schools, recreational and social activities, and access 
to job opportunities. Increased agricultural incomes were less 
often perceived as a benefit. 

In Kenya, for example , it was found that the incomes of 
female-headed households in areas served by rural access roads 
improvements increased more sharply than the incomes of 
male-headed households (14). This anomaly was attributable 
to a sharp increase in nonfarm income remitted by absent 
males whose access to nonfarm employment opportunities 
was facilitated by the new roads. Production of cash crops 
(produced by men) in the road-influenced areas actually 
decreased, while production and sales of food crops, livestock, 
poultry, and dairy products (mainly produced by women) 
increased, and on-farm consumption of food crops declined 
in favor of increased consumption of purchased food . Clearly, 
the main effect of the roads was to further incorporate rural 
households into the cash economy, largely by facilitating mostly 
male participation in the nonfarm sector. 

A World Bank-financed survey of the impacts of rural road 
improvements in Bihar State, India, showed a shift over time 
toward employment in nonfarm occupations in the areas with 
improved roads, compared to control areas, which showed 
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an increase in agricultural employment (15). Few people com
muted to work outside the village, but those who did com
muted over a longer distance (20 km or more) in areas with 
improved roads, while the commuting distance was limited to 
10 to 14 km in control areas. Similarly, persons living and 
working away from home were likely to be living at a greater 
distance from the village when the village was served by an 
improved road . 

The survey also showed that more than half of all household 
trips were made by marginal farmers, students, and landless 
laborers . Only 10 percent of the traffic on the improved roads 
was accounted for by motor vehicles (including tractors, scoot
ers, and motorcycles), 60 percent by nonmotorized vehicles 
(oxcarts and bicycles), and 30 percent by pedestrian move
ments. However, the frequency of bus service doubled over 
2 years on the improved roads , and the volume of passenger 
traffic quadrupled over the same period. Passenger travel was 
primarily related to social purposes, followed by work-related 
trips, marketing, and service utilization . Use of social (health 
and education) and administrative services showed a greater 
response to road improvements than use of economic services 
(banks , veterinary centers, and cooperatives) . 

A model of another important subsystem of the rural impact 
process was developed to measure the multiplier effects of 
agricultural development (16) . The major contribution of this 
model to the understanding of the impact of rural roads on 
rural development is its emphasis on the relative importance 
of nonfarm income and activities in the incremental changes 
taking place in the rural economy. A second significant finding 
is that consumption, rather than production, linkages account 
for more than half of the agricultural multiplier effect on the 
rural economy . This result implies that other nonagricultural 
activities contribute a significant share (21 to 45 percent, 
depending on the country) of the total growth in economic 
activity in rural areas. 

A better understanding of the importance of nonfarm activ
ities in the rural economy would also highlight the role of 
rural centers, which are the location of much of the nonfarm 
activity (16). These rural centers serve two distinct functions: 
first, as collection and distribution centers for agricultural 
products and consumption goods, and second, as centers for 
nonfarm employment and concentrated markets for locally 
produced goods and services. Secondary roads, connecting 
rural centers to the national economy, and farm-to-market 
roads, connecting farms to rural centers, are critical to the 
effective functioning of these centers (17). 

STUDIES OF SERVICE AVAILABILITY, 
MOBILITY, AND MIGRATION 

A comparison of data from studies carried out in nine Indian 
states, under the sponsorship of the Indian Roads Congress, 
showed a linear relationship between road density and literacy 
rates (18). On the basis of a relatively small number of cases, 
road density was found to be closely related to postal ser
vices, while correlations with primary school and health cen
ter availability were weak, reflecting that such services are 
already more widespread in rural areas than are roads. These 
results were based on single-variable regression analyses using 
primarily cross-sectional data. 
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The SEAT AC study (19) showed that government officials, 
especially ones close to the servir.e-rmviding level, often cap
italize on improved accessibility first by providing mobile ser
vices, such as agricultural extension, mobile health units, and 
postal services. In addition , greater accessibility tends to attract 
more highly qualified professionals, such as teachers and doc
tors, to formerly isolated areas, as well as to ensure more 
reliable supplies and supervision . These factors are likely to 
encourage greater' service use, which in the long run may lead 
governments or communities to invest more in fixed facilities. 

However, the response of government services is only a 
small fraction of the total response of the community to acces
sibility change. A more significant change noted in the SEA
T AC study was the increased presence of traders and busi
nessmen in the formerly isolated communities. This increase 
coincided with the availability of more diverse and reliable 
goods in local markets, and more information about the out
side world, including the prices of cash crops, market oppor
tunities, new ways of doing things, new products to buy for 
both production and consumption uses, and travel and 
employment opportunities. 

The SEAT AC study also found a pattern of small scale 
migration into the study areas by commercial farmers, traders, 
and nonfarm entrepreneurs, and an increase in travel out of 
these areas by local residents, but no major rural-urban migra
tion effects because of accessibility change. The report cited 
the lack of certain push factors in the study areas , such as 
high population density, which might lead to a greater migra
tion response in other circumstances. Mobility was increased 
for rural inhabitants to locations outside the study areas for 
shopping, marketing, personal travel, and job seeking. Mobil
ity also increased for individuals from other locations coming 
into the study areas. 

Another way to evaluate the impacts of access change is to 
model its effects on the determinants of personal mobility in 
rural areas . Rahkonen et al. (20) studied personal mobility 
patterns in a rural area uf Mexico in relation to household 
and community access measures. The study found that more 
than half of all rural travel was employment related, and was 
principally determined by household socioeconomic status 
rather than by community access characteristics. In contrast, 
general purpose travel was more closely related to access 
characteristics and consequent transport costs. 

Throughout the area, farmers who had adequate land to 
feed their families and generate a marketable surplus felt Jess 
need to undertake work-related travel, whereas farmers with 
only marginal amounts of land found it necessary to work as 
wage laborers to make ends meet. The study showed the 
existence of a segmented labor market; workers in commu
nities with poor road access were constrained to take low
paying local farm employment opportunities, while workers 
in communities with good road access had options to work 
within a much wider area, including nonfarm employment 
(mostly construction) opportunities in rural and urban cen
ters. As a result of this less-constrained labor market, wages 
for farm labor were also higher in these communities . 

The study also found that communities without road service 
had more agricultural activity and less involvement in wage 
labor than communities close to a road. Smaller average farm 
sizes and higher proportions of landless households were found 
in the areas with road access to local and regional labor mar-
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kets. The survey data suggest that poorer households, as they 
are pushed off the land, tend to migrate toward communities 
with good road access to gain a broader range of employment 
opportunities. 

The Mexico study attempted to use factor analysis to develop 
an inductive model of rural mobility from data on a large 
number of interrelated variables. Four factors, explaining 90 
percent of the variance, could be characterized as (a) sub
sistence agriculture, (b) commercial agriculture, (c) land own
ership, and (d) livestock activity. The addition of two more 
factors, wage labor and household life cycle, explained 100 
percent of the variance. When household factor scores were 
calculated, the wage labor factor was the most important sin
gle determinant of work-related travel and the only factor 
positively associated with this behavior. However, the factor 
analysis approach tended to obscure the detailed relationships 
underlying personal mobility in the study area. 

In the context of Colombia, Udall (21) also explored the 
relationship between farm income, accessibility, and urban
rural migration. He found it necessary to define accessibility 
in two ways: first, in terms of distance to urban centers, and 
second, in terms of the frequency of bus service. 

In S - In M = In N 

In M = m0 + m 1 In E + m 2 In A 

+ m3 In (A2
) + m4 In DB 

+ m5 In DB + m6 In DC 

+ m 7 In DR + m8 In B 

+ m9 In C + m 10 In y 

In N = b0 + b1 In Z + b2 ln E 

where 

+ b3 In SH + b4 In F + b5 In MC 

+ b6 In LH + b7 In A + b8 In T 

+ b9 In DB + b10 In DC 

+ b11 In DR + b12 In B 

+ b 13 In y 

S = labor supply, 
M = migration rate, 
N = number of family members in the countryside, 
E = maximum level of education, 
A = age distribution of household, 

DB = distance from Bogota, 
DC = distance from nearest small city, 
DR = distance from nearest road, 

B = bus service frequency, 
IC = interaction of bus service and DC, 
y = per capita family consumption (income proxy), 
Z = cultivated land area, 

SH = sex of head of household, 
F = fertilizer use (dummy), 

MC = machinery use (dummy), 
LH = hired labor, and 

T = tenancy (dummy). 

(2) 

(3) 

(4) 

171 

This cross-sectional study showed that, contrary to the con
ventional wisdom, migration rates increased with distance from 
cities, but that the strength of this relationship declined with 
increasing frequency of bus service. That is, for people in 
remote areas, the value of access to urban job opportunities 
and amenities overrides the migration cost constraint, but that 
where frequent bus service is available, adequate access to 
these opportunities and amenities may be achieved at a lower 
cost than by migrating. 

This study confirms findings in the SEAT AC study and 
elsewhere that long-term migration is more likely to take 
place where transport options are limited, whereas improve
ment in rural transport services tends to encourage travel or 
short-term migration rather than a permanent change of 
residence. 

STUDIES OF TRANSPORT AND 
COMMUNICATIONS EFFECTS 

Since the 1960s, research has been carried out on the rela
tionship between transport and telecommunications ( 4). A 
certain degree of substitutability between these means of com
munication has been noted for information flows such as health, 
education, and economic news. However, the stronger rela
tionship found has been one of complementarity. For exam
ple, Owen ( 4) noted a greater number of radios present in 
areas of better road accessibility and, on the other hand, 
greater road travel to and from towns with more radios. It 
has also been found (20) that rural people would travel up to 
30 km to use rural public telephones, and that telephone 
contacts frequently resulted in additional personal travel, 
especially as telephone contacts were used to pass on critical 
information about family emergencies and job opportunities. 
Improved information flow reduced the uncertainty involved 
and therefore enhanced rural people's willingness to take trips 
in cases where there could be no substitute for physical 
transport (e.g., laborers traveling to distant job sites). 

The SEATAC study systematically traced the changes in 
information flow that followed transport improvements and 
their economic consequences for rural areas. For example, 
pepper planting spread rapidly in Sarawak because of increased 
knowledge of pepper planting technology, prices, and markets 
that flowed along the routes of increased transport accessi
bility. Expanded information flow also had social, political, 
and cultural implications, leading to more active participation 
by rural people in the decisions that affect their lives and an 
increased awareness of options other than traditional behav
ior. Learning about the opportunities offered in the wider 
world provided an additional incentive for more personal travel. 
The feedback effects of improved information flow, with 
resulting economic and social development multipliers, may 
prove far more significant in the long run than the direct 
economic effects of transport improvements. 

Organizational changes have also been noted as a response 
to transport improvements, such as the development of farm
ers' cooperatives in India ( 4). These organizational changes 
may reflect new information about the advantages of coop
erative organization, or the application of a known organi
zational technology to capture a share of the profits generated 
by reduced transport costs. The increase in traders visiting 
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rural areas with improved accessibility assures more compe
tition and changes the economic structure in ways that should 
lead to more economic efficiency in trade and lower prices 
for the rural residents as well as for the traders. Other changes 
in social organization will occur in the longer term for these 
communities, but it is difficult to separate the organizational 
response to transport changes from changes that are because 
of more general increases in the wealth and welfare of the 
community. 

Organizational changes can also occur on a regional or 
national scale. Such changes are often described in terms of 
market integration or nation-building. These are system-wide 
effects that result, in part, from changes in the transport sys
tem to increase accessibility. Such changes are considered 
desirable by national level planners because of the develop
ment feedback effects they imply. However, there are few 
research findings to support a quantitative estimate of these 
benefits, which are difficult to measure (11,22). 

ACCESSIBILITY MODELING ANU IMPACT 

The SEAT AC study formulated and tested a model of rural 
transportation impacts of different types of transportation 
improvements on income distribution and quality of life in 
rural areas of four Southeast Asian countries, within a com
mon conceptual framework. The major contributions of the 
SEAT AC study were 

1. To explicitly formulate a model of the impacts of rural 
transportation improvements, 

2. To relate the impacts of rural transportation improve
ments to accessibility change measures, 

3. To trace the impacts of the flow of information as well 
as of material goods and people, and 

4. To explicitly identify the roles of intervening variables 
in conditioning impact outcomes. 

Five types of accessibility were identified and defined by 
the authors in the SEATAC study as follows: 

1. Market access is the inverse of travel time from the prin
cipal market serving the village (farm) to the principal (regional) 
center outside the study area. 

2. Village access is the inverse of travel time from the village 
(farm) to the principal market. 

3. Trip access is defined as a combination of market access 
and village access, weighted by the average of short- and long
distance trips in the total (trip) sample . 

4. Service access is defined in terms of the frequency of 
visits to a village (farm) by extension services, health services, 
and traveling traders. 

5. Household access is the combination of trip access (access 
out) and service access (access in). 

Clearly these definitions focus on the farm household unit 
and were not designed to refer to an industrial unit handling 
bulk commodities. Different accessibility measures, such as cost 
or generalized cost, may be more appropriate for industrial 
shippers of bulk commodities that are not time sensitive. 

Changes in the rural economy were found to be related to 
changes in accessibility in different wavs, depending on the 
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type of accessibility that had changed. For example, a trans
port improvement that significantly reduced travel times 
between a rural center and the primary network was likely to 
result in increased availability of goods and services in the 
rural center, while a decrease in travel time between villages 
and rural towns was more likely to induce additional travel 
by village residents. 

Accessibility can be defineJ in cost terms as weii as rime . 
Liang's (8) work in China defined accessibility as the inverse 
of total transfer cost (transport plus handling) , relating to 
road, rail, and river transport. Clearly, transport cost change 
must be part of the impact model, but it does not have to be 
defined as accessibility. 

The recent attempts to model the effects of road availability 
on the provision of services have not been successful (23) . 
One reason for this lack of success may be the specification 
of the independent variable in terms of road density rather 
than in terms of accessibility change. There is no obvious link 
between road density and the reasons why officials would 
choose to locate service facilities in particular places. How
ever, it could be hypothesized that access change could trigger 
a response by government officials to take advantage of newly 
created opportunities. This is one example where substitution 
of a cross-sectional analysis for a longitudinal analysis without 
a theoretical model has weakened the explanatory power of 
regression results . 

A further problem with these studies is that government 
response to transportation change depends on a number of 
variables, not all of which an: directly related to accessibility. 
Decisions to invest in schools, post offices, and other services 
are made by civil servants who must consider a number of 
factors, including pressure from citizen groups and influential 
inhabitants of the area, as well as the availability of central 
and local funding. These noneconomic factors can create suf
ficient noise to prevent a simple bivariate regression model 
from producing statistically significant results . 

Some of the studies of rural transportation impact (23) refer 
to increased accessibility as if it were a positive impact by 
itself. This approach is taken from traditional urban transport 
analysis where accessibility is used as a proxy for other expected 
effects in a type of multicriteria approach to transport plan
ning. Although increased accessibility does have some intrin
sic value to rural residents (which can be thought of in terms 
of the option value associated with personal travel or emer
gency transportation), it is not very useful as an impact mea
sure unless it can be linked to changes in activities that can 
be more directly related to improved rural welfare. 

Accessibility modelers should also take into account that 
the impacts of transport improvements can have both negative 
and positive effects on different groups in the population. For 
example, the SEATAC study found that rural transport 
improvements in Sarawak gave local fishermen in some loca
tions new access to the Singapore market (19). This increased 
the amount of fish harvested and increased incomes for fish
ermen. However, it also increased the prices of local fish and 
made fish harder to obtain for the local population. Conse
quently, some households gained and some lost in terms of 
the net change in standard of living for the rural population. 
These distributional effects create additional problems for the 
measurement of costs and benefits associated with a change 
in transport accessibility. 
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FORMULATION OF AN IMPACT MODEL 

The impacts of rural transportation improvements can be seen 
as a result of the interaction of many factors as shown in 
Figures 1-3. These figures incorporate the relationships sug
gested by the research previously described, and illustrate the 
sequences of effects that are not presently shown by the sim
pler impact models used in recent quantitative research . Fig
ure 1 deals with short- and medium-term impacts related to 
changes in goods transportation that occur within 1 to 5 years 
of the change in access. Figure 2 shows the short- and medium
term changes related to personal travel, and Figure 3 traces 
longer-term indirect impacts resulting from the medium-term 
changes. 

.& Transport 
Conditions 

.& Transport 
Costs 

.& Transport 
Prices 

Trips to 
Market 
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The objective of these flow charts is to describe the causal 
linkages that are involved in each step of the impact process 
to assist researchers in the specification of causal models. The 
mediating variables that condition the magnitude of the impacts 
in each category are included. 

Short- and Medium-Term Goods Impacts 

Four changes directly due to rural transport improvements 
are shown as the starting point for goods-related impacts in 
Figure 1: (a) change in transport conditions, (b) change in 
transport costs, (c) change in regional accessibility, and (d) 
change in village accessibility. Changes in transport conditions 
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FIGURE 1 Short- to medium-term goods impacts. 
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FIGURE 2 Short- to medium-term mobility impacts. 

include such effects as the reduced roughness of a paved road 
compared to a gravel road. This type of change, combined 
with the time savings of transport on a paved surface, can 
lead to a decrease in damage and spoilage of goods and have 
a strong impact on the transport and marketing of perishable 
commodities such as meat, fish, milk and dairy products, eggs, 
fruits, and vegetables. These changes have a less-marked effect 
on the transport of nonperishable bulk commodities such as 
grains, tubers, bottled beverages, cement, fertilizer, petroleum 
products, and building materials. 

A decrease in transport cost is the most commonly used 
variable for evaluating the economic impact of rural rran port 
improvement . Thi decrease reflects cost savings accruing t 
transporters from decreased wear and tear on their vehicles 
and decreased use of transporters' travel time. Part of this 
cost saving, under competitive conditions, is passed through 

A Migration 

to shippers in the form of lower transport prices. Lower trans
port costs may also encourage an increase in the number of 
transport service providers (and vehicles available in rural 
centers), leading to more competitive conditions, which in 
turn affect the prices charged for these services. 

The decrease in prices charged by transporters leads to higher 
farmgate product prices and lower-cost farm inputs, which in 
turn lead to greater farm production. These relationships form 
the basis for the classical rural transport impact model. 

A similar line of reasoning applies to the effects of transport 
cost changes on other primary economic activities such as 
small-scale mining, fishing, gathering of forest products, and 
craft production from local raw materials, which are not shown 
explicitly in the flow chart, but are likely to occur in both 
agricultural and nonagricultural zones influenced by the trans
port improvement. The impacts of transport changes on these 
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FIGURE 3 Long-term impacts. 

activities can be treated in the same way as agricultural change, 
by assessing the effects on the production and marketing of 
these products. 

The induced changes in production patterns may decrease 
the output of some goods (e.g., subsistence crops) to increase 
the production of others (e.g., cash crops) as shown in Figure 
1. This will affect the pattern of on-farm consumption as well 
as cash income for the farm household . In principle , the net 
welfare of the household should be increased as a result of 
this change. In practice, however, the effect may be to increase 
the welfare of the household member who controls the cash 
flow, at the expense of other household members. Also , there 
are different effects on those households that are in a position 
to take advantage of the opportunities (e.g., progressive farm
ers or those with capital to invest), which leads to differences 
in the effects of these changes among household groups. 

A change in regional accessibility (defined as a reduction 
in the travel time between the market center within the pro
duction zone under study and the outside world-either a 
regional center or a junction on the primary transport net
work) is closely related to changes in the availability of outside 
goods and traders in the market center and the availability of 
transport services and vehicles from outside to the market 
center. The expanded availability of outside goods brought 
in by the traders and the increased market prices in a market 
center with a transport improvement lead to an increased 
number of trips from farm to market (both local and outside) 
and an increase in the consumption of inputs and intermediate 
goods and services from outside the rural area. Eventually, 
increased access also leads to the establishment of more social 
and economic support facilities in the market town, such as 
schools, health services, credit facilities, equipment suppliers , 
and equipment repair. These market towns may evolve in the 
direction of becoming rural centers, providing nonfarm em-

I 
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ployment opportunities in response to the demand generated 
by increased farm income . 

A change in village accessibility (defined here as a reduction 
in travel time from villages to a market center, or accessibility 
within the zone of study) is also related to a greater availability 
of traders who are attracted by a higher number of products 
in the market. The presence of more traders leads to better 
price information and access to better prices for marketed 
rural products , inputs or intermediate goods, and consump
tion goods. Improved village accessibility also leads to the 
increased presence of mobile service providers in the village, 
such as agricultural extension workers, who bring information 
to the village concerning prices, markets, and production tech
nology. This communications linkage facilitates the diversi
fication of local production and increases local demand for 
farm inputs and nonfarm products. Increased sales of nonfarm 
products lead to increased revenues and net income for 
nonfarm businesses, and a resulting increase in nonfarm 
consumption goods purchases (16) . 

Short- and Medium-Term Mobility Impacts 

In addition to the effects on local production and consumption 
of goods described in Figure 1, there are several personal 
mobility impacts related to the four types of transport changes, 
as shown in Figure 2. The change in transport conditions, 
which affects the comfort and convenience of travel as well 
as time savings and a greater availability of vehicles or trans
port services in the study zone, leads to a greater number of 
trips made by local residents. These trips may be made for 
economic reasons (marketing, credit , employment) or for social 
and cultural purposes (visiting family, trips to outside services, 
dealing with administrative matters) or both . 
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Changes in tran port costs usua ll y influence prices charged 
for transport services (bus and taxi services), and also affec1 
the cost of owning and operating a means of personal travel 
(motorcycle or bicycle). As with goods transport, better 
transport conditions , lower transport costs, and increased 
regi nal acce ibili ty lead t a greater availabili ty of pa · ·enger 
vehicles and tran pt)rt service , and this greater avai labi lity 
increa<>es competitive condi tion that in turn lead to more cost 
savings passed through to travelers. The resulting lower cost 
for trips leads to a greater number of trips for social and 
cultural purposes and a higher personal mobility as shown in 
Figure 2. 

Changes in village and regional accessibility both play a 
part in inducing change in rural travel patterns. To the extent 
that changes in accessibility resul t in increasing availabi lity of 
health and educational services in the rural center , they are 
more likely to induce village-to-rural center travel than rural 
center-to-outside center travel. However, an increased flow 
of information regarding goods, services, and activities avail
able in outside centers (partly as a re ult of increased trips 
from outside visitors), coupled with improved regional acces
sibility, may induce a certain amount of additional travel to 
outside centers, even in the absence of improved village acces
sibil ity. Simi larly, vi llage access improvements will have only 
a limi ted effecl on longer: distance travel if access of markets 
to outside centers is not adequate. However, the combination 
of improved village accessibility and improved market acces
sibility can have powerful effects on rural mobility and con
sequent changes in the rural economy, and somewhat lesser 
effects on rural migration. 

Rural people make trips for a variety of reasons and often 
combine several purposes in one trip. However, for the pur
poses of modeling, it is convenient to divide rural travel into 
two categories: work-related and other. Work-related trips 
include trips to buy farm input and sell farm product · trips 
seeking credit and other economic ser ices, job seeking trips, 
and trips for off-farm employment (hoth farm <tnd nonfarm). 
Other trips include trip to utilize health, education, or admin
istrative services, trips to visit or accompany family members 
or friends, and trips to participate in group activities of social 
or cultural significance. All of these trips generate welfare for 
the traveler and others (otherwise they would not be taken), 
even though it is difficult to quantify or attribute a value to 
these positive effects. 

Rural road studies using currently accepted approaches have 
consistently underestimated the magnitude of the personal 
mobility-related response to road improvements. This response 
seems to occur even when there is no significant increase in 
local incomes, which could account for the increased con
sumption of personal travel. The failure of current models to 
predict mobility impacts is primarily because these models fail 
to recognize the va lue of time to rural households, including 
the val ues they attach to time peot in activiti other than 
economic production and consumption. Significant time sav
ings, even when combined with increased financial outlay (as 
when one sbifls from walking to using a bus service) appear 
to induce major change. in travel b lrnvior n the part of rural 
people . 

Models of personal mobility are commonly applied in urban 
transportation analyses, but may need to be reformulated for 
application to the rural context. Many of these models are 
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data-demanding and therefore difficult to apply in a rural 
setting. However, one model that appears promising for this 
type of application is the unconstrained gravity model (some
times referred to as the direct demand function) described by 
Quandt (24). This model forecasts trip generation as a func
tion of accessibility and socioeconomic characteristics of the 
origin and destination areas, reducing the constants for which 
the model must be calibrated in a given case Lu a small num
ber. As far as is known, this model has never been applied 
in a sluuy of farm-level rural transport in developing coun
tries. This lack is probably for good reason, because the Mex
ico mobility study shows that work-related trips, which are 
the majority of trips, are not a simple function of accessibility 
measures. Other trip types, however, <tre closely related to 
accessibility. 

Long-Term Impacts 

' 
Building on the short- and medium-term impacts described 
herein are a number of longer-term impacts that may take 10 
years or more to appear. Some of these impacts are shown 
in Figure 3, which starts from the income, service utilization, 
and mobility impact outcomes already shown in Figures 1 and 
2. Effects, such as regional integration, greater productivity, 
and greater income bec<tuse of feedback or multiplier effects 
in the economy, are more diffused than the short-term impacts. 

These impacts are hard to measure in the normal time frame 
of rural impact studies. Because of their longer time frame, 
such impacts are also more difficult to separate statistically 
from the impacts of nontransport activities or changes. An 
attempt to deal with the long-term impacts of infrastructure 
on regional integration is provided elsewhere (22). However, 
this study does not distinguish between the effects of trans
portation and other types of economic infrastructure, and it 
estimates impacts at a higher level of aggregation than the 
models presented herein. 

ROLE OF MEDIA TING VARIABLES 

Mediating variables, including situational factors and socio
economic structures, are characteristics of the rural setting 
that act as constraints on the magnitude of the response of 
different rural areas to accessibility change. An outline of the 
mediating variables follows (19): 

A. Situ<ttional Factors 
1. Physical Characteristics 

a. Terrain 
b. Soils and geomorphology 
c. Hydrology 
d. Climate and rainfall 
e. Vegetation 

2. Population Characteristics 
a. Size and growth rates 
b. Density 
c. Age/sex structures 
d. Socioeconomic groups 
e. Ethnicity 
f. Religion 
g. Nationality 
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B . Socioeconomic Structures 
1. Economic Structure 

a. Land tenure 
b. Land use 
c. Investment in rural industries 
d. Patterns of employment 
e . Structure of transport service sector 
f. Pricing/marketing/storage systems 
g. Credit systems 
h. Tax policies and effects 

2. Social Structures 
a . Settlement patterns 
b. Patterns of association 
c. Formal organizations 
d. Educational levels 
e . Health levels 
f. Social control mechanisms 
g. Information levels 
h. Participation in planning 

For example, land tenure may limit the potential change 
in production patterns, and therefore limit the agricultural 
production response. Similarly, cultural conventions could limit 
the amount of personal travel possibly generated by access 
change for certain population groups. The structure of the 
transportation service sector may limit the proportion of the 
transport cost savings that is passed on to the users , thereby 
limiting the users' potential response to the change. Such 
mediating variables are important for predicting the differ
ences in responses between different rural areas, and the key 
constraints must be included in formulating a model to have 
adequate explanatory power from a statistical viewpoint . 

RECOMMENDED MODELS FOR FUTURE 
RESEARCH 

In order to gain accuracy and explanatory power , the types 
of impact models that should be used in future research in 
rural areas must have the following characteristics: 

• Ability to accept the most appropriate measures of acces
sibility for the impacts considered , 

• Ability to incorporate significant mediating variables or 
constraints, and 

• Statistical reliability in the coefficients or elasticities esti
mated by the model , as well as correct signs. 

Because of the variety of rural transport impacts described 
herein, it is clear that no single model is adequate to predict 
them all. Consequently, a combination of models may be the 
best approach with (a) primary production impacts forecast 
using a two stage Cobb-Douglas model and submodels of 
elasticity with respect to accessibility for each major activity 
(8), (b) local manufacturing and consumption forecast with a 
multiplier model (16) , (c) personal mobility predicted for work
related trips by using an employment predicting model (pos
sibly based on the farm and nonfarm activity models in (a) 
and (b)] and for non-work-related trips by using an uncon
strained gravity model (24) with different accessibility mea
sures for different trip types or distances, and (d) migration 
forecast by using simultaneous equations on the basis of labor 
supply and demand (21). 
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In the case of services, including education, health , agri
cultural extension , and communications, it appears that cur
rently used regression models may have less predictive power 
than a model based on the actual form al and informal agency 
rules of service provision relative to accessibility , combined 
with a model of accessibility change. This combination of 
models would be much more powerful in explaining the rather 
complex relationships diagrammed than simpler regression 
models that attempt to combine a variety of effects. 

In many cases , some basic research may be needed to deter
mine model characteristics ( uch as the Haggbla le multi
pliers), which can then be used by other researchers and plan
ners in broader applications to specfa~_planning areas. Simpler 
models may also be used in cases where the data are more 
suited to their use. These choices must be evaluated by the 
researchers in each specific case . 
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Relationships Between Social and 
Economic Development and Access to 
Rural Roads in Developing Countries 

Au MAZLUMOLHOSSEINI 

The relationship between the level of socioeconomic development 
and the level of transportation activity in rural areas is examined 
for developing countries. Because access to roads is the most 
essential element of a transportation system, the degree of acces
sibility of rural area i con idered a good indicator f the level 
of development of the transportation y tem. Degrees of access 
to rural road could be determined according to two ' imple cri
teria - proximity of the village to the neare t vehicle road and 
its distance to the nea rest town. Villages with identical cl gree 
of accessibility could be arranged in a group, forming access areas, 
reg rdle s f the geographical location f the component villages. 
Four access area categories may be created by the proper choice 
of distance intervals in the application of accessibility criteria. In 
the order of increasing accessibility, these four access areas may 
be described as hardly accessible, poorly accessible, fairly acces
sible, and easily accessible. Each access area would be assigned 
an access value proportional to some measurable transportation 
activity (e.g., the number of daily trips per hou ehold in that 
area). The concepts and data used were developed by surveyi ng 
households in the Philippines in 1983. The survey included 1,002 
households with a total of 5,228 individuals living in 25 different 
villages in five different municipalities of Cebu Island. Study var
iables obtained from survey responses were then divided into 
three groups: (a) major components of socioeconomic develop
ment including social security, education, income, home comfort, 
and housing standard; (b) those variables that determined the 
transportation pattern and ownership of the means of transport; 
and (c) those variable thm described the agricultural si tuation. 
Analysis of the study variables as functions of acce value revealed 
that the major elements of socioeconomic development varied 
sharply with a change in access value and were strongly associated 
with it. The analysis also found that both the income from the 
sale of cash crops and the efficiency of agricultural production 
increased considerably as access value increased. This relation
ship would indicate that transportation investments may succeed 
in generating development in other ectors. However, the degree 
of succes would depend on how efficiently the investment is 
coordinated with other measures to ensure use of the improved 
transportation facilities by local inhabitants. 

Developing countries are typically characterized by the sharp 
contrast between the relative concentration of wealth and 
economic power in urban areas and widespread poverty in 
rural communities. This phenomenon results in marked dif
ferences in all economic activities, and in particular, sharp 

Lund Institute of Technology, Department of Traffic Planning and 
Engineering, Box 118, S-22100, Lund, Sweden. 

differences may be observed in the transportation patterns of 
urban and rural areas. 

Although cars and buses constitute significant travel modes 
in urban areas , the travel modes in rural areas are limited to 
foot, animals, animal-driven carts, bicycles, and locally adapted 
motorized vehicles, mostly of paratransit type, which vary in 
number depending on proximity of the area to all-weather 
roads. Furthermore, a distinctive feature of transportation in 
rural areas is that person-trips seldom can be differentiated 
from the transport of goods. 

In most developing countries the majority of villages lack 
access to all-weather roads. Even for areas connected to the 
main road network by some secondary rural roads, the trans
portation system may function poorly because of the lack of 
appropriate vehicles, spare parts, vehicle repair shops, and 
road maintenance. 

TRANSPORTATION INVESTMENTS 

Given the fact that the existing state of transportation in rural 
areas of developing countries suffers from severe deficiencies, 
it might be easy to assume that in the past transportation 
might have been neglected by international and national 
development agencies. However, an examination of past rec
ords shows that this assumption is far from true. Figure 1 
shows that since the end of World War II , transportation 
investments have occupied a prominent place in the invest
ment policies of international aid organizations in developing 
countries. Nearly one-fourth of the loans made by the Inter
national Bank for Reconstruction and Development (IBRD) 
and one-fifth of the credits granted by the International 
Development Agency (IDA) have been specifically devoted 
to the transportation sector, with highways accounting for 45.6 
and 52 percent of IBRD and ID A transportation investments, 
respectively. 

Further evidence of the importance attached to transpor
tation not only by international aid agencies but also by the 
developing countries themselves is shown in Figure 2. This 
figure shows that the investment priorities of developing coun
tries in various public sectors may vary widely from country 
to country. However, the funds devoted to transportation 
constitute a considerable portion of the total public sector 
investments for all the countries involved. Thus, there has 
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l<'IGURE 1 IBRD and IDA cumulative lending operations in developing countries 
to June 1977. 
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FIGURE 2 Allocation of investment funds by developing countries to major public 
sectors. 

been a general awareness of the importance of improving the 
transportation system in developing countries (J). 

dealing with the economic aspects of rural road projects ( 4,5) 
as well as the planning aspects of transportation investments 
that consider the needs and problems of small farmers (6) . 
Despite the extensive efforts and investments in the trans
portation sector during the past decades , transportation in 
rural areas of developing countries is still in very pc·:)r shape 

Most of the earlier investments in road construction were 
concentrated on major roads . However, there has been a 
gradual change in policy toward favoring minor rural roads 
(2 ,3). With this trend have appeared numerous research papers 
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for a variety of reasons: (a) road length per capita in devel
oping countries is still far below the corresponding value for 
developed countries (7); (b) earlier investments after the end 
of World War II were mostly devoted to the construction of 
highways and major roads; and (c) past investments may have 
disregarded the actual on-farm transport needs of the poorer 
inhabitants in rural communities (8,9). Whatever the under
lying reasons for the state of transportation may be, much 
remains to be done to understand the nature of the prob
lems facing future investments in rural areas of developing 
countries. 

ALTERNATIVE METHODS OF STUDY 

The impact of transportation on social and economic devel
opment may be examined by either of two classical methods . 
In the first method, the changes brought about in the social 
and economic conditions of a certain region in a developing 
country are observed subsequent to the successful completion 
of a transportation investment. In the second method, areas 
characterized by sharp differences regarding the level of 
development of the transportation system within a given 
developing country are chosen, in which the existing social 
and economic conditions are observed and compared with 
each other. 

Each of these methods has its particular advantages and 
disadvantages. The first method is a direct approach to the 
problem. Because this method measures changes observed in 
the value of socioeconomic variables as a function of time, 
achieving reliable results requires that the initial state be thor
oughly defined , that is to say , the starting values of socio-
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economic variables must be known in advance before a trans
portation investment is implemented. This information would 
distinguish the influence of the transportation project from 
the impacts of other factors affecting the community simul
taneously. Furthermore, the study should span a sufficiently 
long period of time after the completion of the transportation 
project to assess the overall effect of the project. 

The second method is an indirect approach to the problem. 
Establishing a correlation between the level of development 
of the transportation system and the socioeconomic conditions 
would only determine the degree of association between trans
portation and socioeconomic development. Whether a planned 
transportation investment in a remote rural area of a devel
oping country would generate development in other socio
economic sectors would not have a unique answer. The out
come would depend on how efficiently the transportation 
investment was coordinated with other measures that would 
ensure reasonable use of the improved transportation facilities 
by local inhabitants. 

PRESENT APPROACH 

The present approach is based on the second method dis
cussed previously and uses data from a survey carried out in 
the Philippines in 1983 based on interviews at the household 
level. The survey comprised 1,002 households with a total of 
5,228 individuals living in 25 different villages in 5 different 
municipalities of Cebu Island. Figure 3 shows the location of 
Cebu Island in the Philippines as well as the study areas on 
the island . Households in each village were chosen at random 
whereas the villages were selected to provide a wide range of 

FIGURE 3 Location map: (left) Philippine Islands, (right) st:1dy area map for Cebu Island. 
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rural areas with varying degrees of access to rural roads. The 
households interviewed comprised about 10 percent of all 
households in the chosen villages and about 3 percent of all 
households in the actual municipalities. Questionnaires were 
designed to gather information from each household con
cerning family size, age, education, profession, income, home 
comfort facilities, housing standard, ownership of means of 
transport, travel pattern, and trade and agricultural activities. 

Because access to roads is the most essential element of a 
transportation system, the degree of accessibility of each vil
lage may be considered as a good measure of the level of 
development of the transportation system in that village. 
Therefore, an interval accessibility scale was constructed and 
the major components of socioeconomic development from 
the survey (social security, education, income, home comfort, 
housing standard, and other important study variables related 
to transportation and agriculture) were studied as functions 
of accessibility. 

The development of new concepts while analyzing the data 
led to the notion of a socioeconomic development (SED) map 
for developing countries consisting of an ordinary map of a 
given country on which individual villages are differentiated 
by their levels of social and economic development. The con
cept of SED maps actually evolved from the following ques
tion: knowing that social and economic conditions may vary 
considerably between rural and urban areas of a developing 
country, would it be possible to identify different levels of 
socioeconomic development between the villages in rural areas 
alone? SED maps would be meaningful only if the answer to 
this question turns out to be positive. Thus, a further objec
tive of this study was to develop a methodology for the 
determination of the SED map for a developing country. 

DEVELOPMENT OF ACCESSIBILITY CONCEPTS 

Access Value and Access An·a 

The degree of access to rural roads for each of the 25 villages 
was determined according to two simple criteria-the prox
imity of the village to the nearest vehicle road and its distance 
to the nearest town. Tht: crilt:ria at:tually used art: prt'.senled 
in Table 1. The notion of far from the road in Table 1 implies 
approximately more than 3 km from the road. The last column 
in this table denoted by access value defines the degree of 
accessibility and is an ordinal accessibility scale consisting of 
the values 1, 2, 3, and 4. Thus, villages may fall into either 
one of the four categories with regard to their degree of acces-
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sibility. Villages with the same access value may be thought 
of as being arranged in a group, forming a certain access area, 
regardless of the geographic position of the component vil
lages. Four access area categories were defined in which the 
order of increasing accessibility was described as hardly acces
sible, poorly accessible, fairly accessible, and easily accessible 
with access values of 1, 2, 3, and 4, respectively. The names 
of villages studied and conespomling at:t:t'.ss values and pop
ulation structure in various access areas are presented in Tables 
2 and 3. 

Association with Travel Intensity 

The relationship between the average number of daily trips 
per household and access value is shown in Figure 4. The 
nearly pt'.rfect correlation between travel intensity and access 
value is important because it implies that accessibility in rural 
areas of a developing country may be directly measured by 
travel intensity and that the ordinal accessibility scale con
structed could actually be considered as an interval scale, 
which means that it would be mathematically correct to trace 
the study variables as continuous functions of access value. 
Furthermore, access value would be exchangeable with travel 
intensity and the degree of access to rural roads would be 
measurable by the extent of transportation activity in rural 
areas. 

In all the diagrams that appear in the following discussion, 
the study variable is always shown 011 lhe vertical axis. 

MAJOR COMPONENTS OF SOCIOECONOMIC 
DEVELOPMENT 

Social Security 

Job and employment opportunities as a function of access 
value are shown in Figure 5 in which the major single income 
sources are differentiated . Excluding the zero-income group 
from calculations, the major income sources of dual type appear 
in Figure 6. An examination of Figures 5 and 6 reveals that 
social security expressed in terms of job and employment 
security is an increasing function of access value. First, this 
expression may be verified in Figure 5 by observing that the 
share of the zero-income group (a group with an uncertain 
income source and insecure job status) decreases rapidly with 
increasing access values and that the proportion of employees 
(a group with a secure and steady income source) rises sharply 

TABLE 1 CRITERIA FOR ASSIGNING ACCESS VALUES TO VILLAGES 

FIRST CRITERION SECOND CRITERION 

Distance to the nearest Location with regard to Access 
town the nearest motor vahic- Value 

le road 

Mora than 10 Kilometre• Far trom the road l 
5-10 Kilometres Far trom the road 2 
0-5 Kilometres Far trom the road 3 
More than 5 Kilometres Nearby the road J 
0-5 Kilometres Nearby the road 4 
Zaro distance (the major town itselt) 4 



TABLE 2 NAMES OF VILLAGES AND CORRESPONDING ACCESS 
VALUES AND NUMBER OF HOllSEHOLDS 

H ... of H ... of AclCHI Humber of Total Humber of 
Municipality VUla9e Value loUHholdl 

Interviewd 

Baluba 4 11 
H&nlJ-- 4 41 

lalUlban luanoy 3 51 
Laail& l 24 
li&1on9 2 22 
Duan9an l 37 

Timur an 4 24 
ManlJIJ& 4 24 

Timur an Putet 3 23 
Taainjao 3 56 
llonteal19r• 2 73 

llocJO 4 31 
Dakit 4 30 

BoCJo La , •• 3 34 
Gair an 3 52 
Odlot 2 41 

C&tllon 4 31 
Catmanda-an 4 53 

Cat.on Duy an 3 22 
cuun9a,-an 2 29 
ACJ•ovao l 51 

Coapo1t1la 4 u 
Coapo1tela Sitaca ' 56 

Cubayo9 3 67 
DaDdap· 2 35 

Total Ho of Ho1111hold1 in All riv• Kunicipaliti•• 

Ill Bo11Hhold1 included in th• 1urvey 
121 All ho1111hold1 in th• choaen vil~19e1 
131 All houaehold1 in the aunicipality 

Bo111ehold1 

Ill 121 Ill 

200 2763 1117 

200 2455 H2t 

202 3065 1305 

200 1491 lUl 

200 1193 3333 

1002 10976 31175 

TABLE 3 POPULATION STRUCTURE STUDIED IN VARIOUS ACCESS 
AREAS 

Ace••• Hou••hold• Inhabitanu Average Men Women Children 191 
Ar••• Interviewed Interviewed Family below 15 yeara 

Ho ' Ho ' Size ' ' ' 
l 192 19.2 991 19.0 5.16 28.8 30.5 40.8 

2 190 19.0 953 18.3 5.02 30.3 29.0 40.7 

3 256 25.5 1364 26.0 5.33 28.l 27.5 44.4 

4 364 36.3 1920 36.7 5.27 28.4 32.2 39.4 

Suaaary: 
Total 
.tudy 1002 100 5228 100 5.22 28.8 30.0 41. 2 

Relative ratios of travel intensity 
4 ~::..:..::..:.:...:..:....:-=..:.:..:.._:........:~~~~~~--'-~~~~~~~~---::;>'t 

• 
3 

2 

o ~~~~~~,..-~---,.--~---.-~~-.-~~--,-~~.-~~, 

0 2 

Access value 
3 

FIGURE 4 Travel intensity per household versus access value. 
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FIGURE 5 Percentage share of households by income source. 

~ Only one income 1ource 
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FIGURE 6 Percentage share of households by combination of income sources. 

as access value increases. Second, Figure 6 shows that the 
percentage share of households with a single income source 
(a group with secure job status) is an increasing function of 
access value, and that the percentage share of households 
with more than two income sources (a group with rather 
insecure and unsteady job status) is a decreasing function of 
access value . 

Main Profession 

Most of the local inhabitants lack well-defined single jobs. 
Nevertheless, there may be only one job that could be con
sidered as a citizen's main occupation. A picture of how the 
percentage share of both male and female inhabitants engaged 
in a certain profession may vary with access value is shown 
in Figure 7. This figure shows that with increasing access 
values, employment and study opportunities increase consid
erably for both men and women, whereas small-scale business 
activities, including farming for men and household work for 
both men and women, tend to decrease. The number of women 
doing household work is more than 10 times larger than their 
male counterparts in all access areas. 

Education 

For educational levels, by increasing access values the study 
variable falls rapidly for primary school education and rises 
sharply for completed high school and university level edu
cation (Figure 8). Incomplete high school education appears 
to be the borderline above which the proportion of higher
educated people sharply declines in less-accessible rural areas. 
This study shows that the average educational level in the 
Philippines is relatively high, whereby it could be expected 
that in most other developing countries, the borderline noted 
might fall far below the incomplete high school studies. 

Income 

All income components except farming tend to increase with 
increasing access value. In fact, total household income and 
income from employment are sharply increasing functions of 
access value (Figure 9). In calculating farming income, the 
value of home consumption of crops has been taken into ac
count, whereby the words farming benefit may replace farm
ing income. In addition, by increasing access value, the per-
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centage share of households falls very rapidly for farming 
benefit plus income from processing farm products (value
added production) and increases sharply for employment 
income (Figure 10). Components of income generated by run
ning a self-owned business (farming) and the manner in which 
the components vary with access value is shown in Figure 11 
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The percentage share of income from agriculture , fishery , and 
forestry together is a rapidly decreasing function of access 
value , whereas the share of income from all other trades 
counted together tends to increase sharply with increasing 
access value. For income distribution, Figure 12 shows that 
by increasing access value , the share of households in the 

Other income in
cluding pension 

Employment income 

Busine•s profit 

Farming benefit plus 
i ncome from val ue 
added production 

FIGURE 10 Percentage distribution of household income by income source. 
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lowest income group (below 1,500 pesos per household per 
year) declines rapidly and increases sharply for the highest 
income category (over 12,000 pesos per household per year). 

Housing 

The extent of home comfort facilities, water and electricity, 
and their variation with access value indicates that by increas
ing access value, the percentage share of households falls 
sharply for the lowest home comfort level (neither water nor 
electricity) and tends to rise for medium and high levels of 
home comfort, a tendency shown to vary greatly for house
holds enjoying the highest home comfort, both water and 
electricity (Figure 13). Housing standard, measured by the 
condition of the building's roof and structure, declines rapidly 
for the poorest housing standard-poor roof and poor struc
ture. For the medium housing standard there is no obvious 
trend in either direction, but for the highest housing stan
dard-fair roof and fair structure-there is a sharp increase 
(Figure 14). 
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TWO IMPORTANT SOCIOECONOMIC SECTORS 

Transportation 

Ownerships of cars, Jeepneys, trucks, motorcycles, bicycles, 
carts, and wagons are all increasing functions of access value, 
whereas ownership of animals as means of transport declines 
sharply as access value increases (Figure 15). A diagrammatic 
representation of the percentage share of trips carried out for 
various aims and purposes and its variation with access value 
is shown in Figure 16. The shares of work trips, business trips, 
and trips to school are all increasing functions of access value, 
particularly for work trips, which have a small share in the 
most remote villages and a larger share as accessibility improves. 
Figure 17 shows that with an increase in access value, the 
share of trips rises sharply when the mode is car or taxi, bus 
or Jeepney, trimobile, or motorcycle, as well as bicycle. In 
fact, the share of trips by public transport services including 
bus, Jeepney, and trimobile and the share of trips by motor
ized vehicles taken together are both sharply increasing func
tions of access value. When the transport mode is walk, the 
share of trips falls very conspicuously. 

4 

Both water and 
e lectricity 

Either wat e r or 
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Neith•r wat•r nor 
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FIGURE 13 Percentage share of households by home comfort standard. 
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FIGURE 14 Percentage share of households by housing standard. 

Fair roof and 
fair structure 

Fair roof and 
poor structure 
or vice versa 

Poor roof and 
structure 



lH 

i .. .. .. .. • 

I JI 

HI 

i .. .. 
; .. 
I 

-Yal-•• ~. 'l'n9U 

f'\ 
~ 

--..vu
•• Mimle 

........ ,. 
bl c:.n 

...... ., ... . 
fl CHU, .... . 

I 

FIGURE 15 Ownership of means of transport. 

"' 100 ...; 
0 

.<: 
Q) 
Ul 
;l 
0 

80 .<: 
H 
Q) 
0. 

Ul 
0. 60 

·.-l 
H 
.µ 

;:.., 
...; 
·n 40 
nS 

"' .... 
0 

.µ 20 a 
Q) 
u 
H 
(!) 
p.. 

I 2 ) 

Access Value 

FIGURE 16 Percentage distribution of trips by purpose. 

,, ... 
.8 ao • 
= .8 .. 
!. ' • "' ... .. .. 
>o 40 ... ... 
• ,, 
... 
0 2 .. 
c • ti .. 
,£ 

l 2 3 4 

Ace••• Value 

FIGURE 17 Percentage distribution of trips by mode. 

4 

.... 

_,..,.,,, 

....... ~u. • 
bl ~' ,,.. 

Other purposes 

Returning home 

Social or leisure 

To shops, 
ctiurch, etc 
To school 

Business trips 

Work trips 

Bicycle 

Trimobile, motorcycle 

B11•, Jeepney 



Mazlumolhosseini 

The importance of accessibility for the transport of goods 
by various modes is shown in Figure 18. Transactions are 
defined as business deals involving the sale or purchase of a 
commodity that requires to be transported from the market 
to where it is finally consumed. The figure clearly shows that 
the share of transactions for goods transported by motorized 
vehicles, taken all together, is a markedly increasing function 
of access value, whereas it declines sharply when the transport 
mode is walk, consisting of head-loading, shoulder-loading, 
and back-loading. The shares of transactions, both for busi
ness site markets and interregional markets, are increasing 
functions of access value (Figure 19). 

Agriculture 

Agriculture is an important source of subsistence in rural areas 
of developing countries. Even households whose main source 
of income is not farming may own a small plot on which they 
grow crops for home consumption. Among the 1,002 house
holds studied were 621 families who were concerned with 
agriculture in one way or another. The extent of farming 
activities is shown in Figure 20 by three categories of house
holds-no farming activity, producing only for home con
sumption, or producing both for home consumption and sale. 
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It may be seen that for no farming activity, the share of 
households is a sharply increasing function of access value, 
constituting a vanishingly small portion of inhabitants in the 
most remote villages and the vast majority of people in easily 
accessible areas . For the other two categories, the share of 
households turns out to be sharply falling functions of access 
value. 

Farm size and the percentage share of farmers surveyed 
actually owning a farm of various sizes is shown in Figure 21. 
The share of farms is an increasing function of access value 
both for the smallest farms not larger than 49 ares (about half 
a hectare) and for the largest farms exceeding 500 ares (5 
hectares). This relationship implies that both very small and 
very large farms are more numerous in more accessible areas 
with very small farms accounting for crops used only for home 
consumption and very large farms accounting mostly for cash 
crops. Average farm size, both for farmers who produce cash 
crops and for those who produce only for home consumption, 
is a decreasing function of access value in the first three access 
areas and in the last access area shows a substantial increase 
for farmers producing cash crops (Figure 22). 

Average annual farm income per household as function of 
access value is shown in Figure 23 for the three categories of 
farm households defined previously. The figure shows that 
the average annual farm income for households producing 
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FIGURE 18 Percentage distribution of trade transactions by mode. 
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cash crops is a continuously increasing function of access value, 
and in particular, it increases remarkably when the access 
value increases from 3 to 4. Dividing average farm income 
by average farm size for households producing cash crops 
would result in Figure 24, which shows that the efficiency of 
agricultural production increases considerably with an increase 
in access value. 

CONCLUSIONS 

Extension of the Results 

The results shown in the previous figures are based on data 
from the study of a sample survey of the population on Cebu 
Island. Households were chosen at random in the actual sur
vey and constituted around 10 percent of all households in 
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the villages studied. However, the survey raises the question 
of how far the results obtained from the Cebu study could be 
extended to rural areas in other developing countries with 
similar socioeconomic structure. This question is actually the 
classical inference problem of generalizing conclusions from 
samples to populations. 

Given the assumption that there are no definite relation
ships between the study variables and access value, a null 
hypothesis, then the knowledge of the sample ize and obser
vations of the actual re ult di played in the previous sections 
would lead to the conclusion that the null hypothesis would 
be highly improbable if this judgment were based on earlier 
experiences of statistical analy i of problem in valving . i mi lar 
sample sizes and . imilar relaLion hip . The null hypothe is 
was tested using the contingency table of modal split corre
sponding to Figure 17 and the con ting ncy table of the extent 
of farming activities corresponding to Figure 20. The appli
cation of a chi-square test of independence would lead to a 
significance level probability of approximately 10- 10 in both 
cases. In other words , despite the relationships observed in 
Figures 17 and 20, the chances of the null hypothesis being 
true are less than 1 in 1 billion. 

Impact of Transportation 

The results of the study disclosed that major components of 
socioeconomic development and selected study variables in 
two economically vital sectors, transportation and agriculture, 
of rural areas of developing countries are strongly associated 
with accessibility and may vary sharply with a change of access 
value. Determining whether investments in the transportation 
sector generate development in other socioeconomic fields 
would require a closer examination of the results obtained in 
the agricultural sector. 

Both the income obtained from the sale of cash crops and 
the efficiency of agricultural production are sharply increasing 
functions of access value. This relationship implies that an 
improvement of the existing transportation system would cre
ate a potentially new situation where all the local inhabitants, 
including poorer farmers, could gain advantage by selling their 
cash crops at higher prices and buying input products both 
cheaper and at the right time, assuming that everybody would 
have the possibility to use the newly created transportation 
facilities. Thus, optimal transportation investments in rural 
areas would take into account both the on-farm transportation 
needs involving shorter distances and the inability of poorer 
farmers to pay for the cost of transporting crops longer dis
tances to bigger markets. Coping with these two prob)'ems 
through a sound financial and management plan would lead 
to a gradual increase of the farmers' income. Consequently, 
farmers would be wealthier and more inclined to increase 
spending on the education of their children and on raising the 
living standard of their families. Farmers may even be able 
to buy better and more efficient vehicles for transporting their 
cash crops to other markets. 

Therefore, investments in the transportation sector may 
generate development in other socioeconomic fields pro
vided that additional effective measures are taken simulta
neously in order to ensure the proper use of the improved 
transportation system. 
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CONCEPT OF SOCIOECONOMIC 
DEVELOPMENT MAP 

A review of the results obtained reveals that the study vari
ables, which are positively correlated to socioeconomic devel
opment , such a social security education , and so forth, change 
teadily in the same direction a acce s value . Tbi relationship 

is hown in Figure 25 in which the level f advancement of 
favorable elements of socioeconomic development in the four 
access areas are assigned rank scores based on the results of 
the previous sections. The idea conveyed in Figure 25 leads 
to the conclu ion that for a given part of a developing country 
as small as Cebu Island, it may be po ible to identify different 
groups of villages denoted by SED zone with entirely dif
ferent levels of social and economic development and that the 
SED zones would coincide with access areas. This result is 

Transportation 
Activity 
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SE!D-Varlablee 

Direction of lncr•••lng accee1 velue 

Direction of lncroaafn'g development acore 

FIGURE 25 Rank scores of SED variables. 
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particularly striking because in a small island of the size of 
Cebu, the existence of SF.D zonP.s in rnral are.as cannot be 
explained by any ethnic reason, any unusual natural or social 
phenomenon, or any other extraordinary cause. SED zones 
in the order of increasing development level may be described 
as hardly developing , poorly developing, fairly developing , 
and ea ily developing with corresponding <level prnent scores 
uf 1, 2, 3, and 4, respectively. Development scores are anal
ogous to access values and have the similar function franking 
dev lopment levels as access values measure accessibility . 

The most useful application of SED zones may be in con
strudi11g SED map of developing countries. SED maps are 
simply an ordinary map of a coun try on which all individual 
villages are marked by their development scores. SED charts 
would alway con ist of a ED map plu an arbitrary number 
of other diagram conveying desired information in percent
age form about strategically important variables de cribing 
the ED zoo.es. Jn Figure 26 the ED chart i made up of 
th ED map of the villages included in the ·urvey plu two 
µiechans ($ D pie ). The first gi e the percentage di!'.I rihu
lion fall inhabitant tudied. and the · cond, the percentage 
distribution of those hou ehold · earning 111 re than 6,000 pe o 
per year (approximately the average income of the household 
studied) in the SED zones. SED pies for other variables are 
shown in Figure 27. 

SED maps may be us ful in planning and implementing 
investments in rural regions of developing countries because 
they pinpoint the neediest areas where greater investments 
arc needed. A desirable long-term inv stment strategy should 
lead to a situation where the development scores of 1 and 2 
would completely disappear from the SED map. Thus, the 
SED map and associated SED pies may also be used as val-
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FIGURE 26 A socioeconomic dcvclopmc111 cliart of the ·1udy villages 
in Cebu I land: (left) cbu Island (middle) population SED pie
pcrcenlagc di ·tribution or inhabitants by SEO zone, (rigltt) income 
SED pie-pe1·centage di. lribulion of household · earning more than 
average income by SEO zone. 
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uable tools for observing the extent of achievements of past 
investments in rural areas of developing countries. 
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Transportation Issues for Agroindustrial 
Project Preparation and Development 

OSCAR DE BUEN AND MANUEL LAPIEDRA 

Contributi?ns of transportation to economic development and, 
more spec1fically . to the agroindustrial sect0r in Mexico are pre
sented. The way in which transportation consideration should 
be linked to agroi11dus11ial project de ign and implemenrnti n to 
increase the probability of success of firms dealing with them is 
examined. The definition of ag.roindustry i presented along with 
~description of its basic characteristics in Mexico. A de cription 
1s offered of how tran. portation must be taken into account when 
preparing agroindust rial projects, as well a ome initial ideas on 
how transportation can contribute to improving firm perfor
mance . everal case studies are pres need that show different 
forms of linkage between transportation and agr industry and 
that concentrate on exploring the ways in which tran ·portation 
contributes to a project's success or failure . Some general con
clusions are offered together with a broad description of Mexico's 
agroindustrial development plans along with comments on l1ow 
transportation and pr duct logistics can be managed to increa e 
the plan's probability of success. 

Agroindustry can be defined as a series of processes that are 
applied to agricultural or forestry raw materials to transform 
them, including facilities in which raw materials are only 
superficially treated, as well as complex industrial plants in 
which elaborate consumer goods are produced. Agroindus
trial businesses process raw materials to transform them into 
products that are more valuable because the products (a) 
become edible or usable , (b) can be stored for longer time 
periods, (c) can be more easily transported, or (d) have greater 
nutritional value. Raw materials used by agroindustry are 
perishable , seasonal, of changing quality and quantity, and 
are of high cost in relation to the finished product. 

Classification of agroindustry depends on the type of eco
nomic activity or process used . The first criterion includes 
food and nonfood agroindustries. Food-related agroindustries 
include the meat, milk, beer, sugar, and coffee industries, 
whereas the nonfood industries include tobacco textiles shoes 
and paper. For the second criterion, proces~ type, ~groin~ 
dustries are either primary, intermediate , or final. Primary 
industries change the presentation of the raw materials with
out altering their form or quality. Intermediate and final 
industries change presentation, form, and quality ; however, 
final industries require additional materials for production, 
which are not necessarily agricultural, and the final products 
are destined for consumption . 

Agroindustries are important to developing countries for a 
number of reasons, including (a) their capabilities of trans
forming agricultural and forestry raw materials into consumer 
products, (b) their dominant position within the manufactur-

Mexican Institute of Transportation , Jurarez Sur 1 primer piso, Col. 
Gentro (76000), Queretaro Oro, Mexico. 

ing sector, (c) their significant export development potential , 
and ( d) their ample potential for creating jobs at decen
tralized locations, thereby positively influencing local eco
nomic development. In Mexico , agroindustry is important both 
economically and politically because it not only links primary 
sector production with the satisfaction of consumer needs, 
but also helps to mitigate rural poverty by allowing rural 
zones to retain a higher proportion of industrial value-added 
production. 

From an economic viewpoint, during the 1970s agroindustry 
contributed an average of 11 percent to gross domestic prod
uct and employed about 7 percent of Mexico's total work 
force. The industry's contribution to the manufacturing sector 
during that period was 45 percent of gross domestic product 
and 50 percent of that sector's employment. More recently, 
from 1982 to 1987, agroindustry accumulated a net positive 
trade balance of $5.27 billion , which represented about 10 
percent of the country's total balance of trade surplus. According 
to figures of the 1980 economic census , Mexico's total agroin
dustrial production was produced by 79,581 firms of which 
361 were responsible for 20.3 percent of the total. Of these, 
170 were controlled by foreign investors, 80 by the Mexican 
private sector with some foreign participation, and 111 owned 
by the public sector. The remaining 79,220 firms are private 
and use mostly Mexican capital. Of them, 499 employed 250 
or more workers and generated 20. 7 percent of total agroin
dustrial production. Another 796 firms employed between 100 
and 249 workers and contributed 8.5 percent of total pro
duction , whereas the remaining 77,925 are small firms, which 
employed less than 100 persons each and accounted for 50.5 
percent of production . In addition, 1.6 percent of the total 
number of firms (multinational corporations, large public firms , 
and private firms) account for 29.2 percent of total produc
tion . At the same time, the 77,925 small, private Mexican 
firms , many of them nongovernment social organizations , make 
small individual contributions but together account for about 
half the country's total production. These structural charac
teristics of Mexico's domestic agroindustry are reflected in 
the technological, organizational, and financi al means at the 
disposal of each firm . Although the major firms tend to be 
powerful and modern industrial groups, the small ones are 
traditional farmer associations and family businesses with 
little managerial sophistication. 

Mexican agroindustry's current problems include poor 
organization, lack of financing , a depressed domestic market, 
and inefficient marketing. Factors posing the most relevant 
obstacles to marketing processes include excessive partici
pation and influence of intermediaries, lack of storage facil
ities, insufficient financing for marketing operations, inade-
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quate criteria for providing government subsidies, and inad
equate transportation infrastructure and services. 

During the 1980s, Mexico's economic climate underwent 
profound changes. To overcome an economic crisis with no 
precedents during the modern history of the country, the 
government instituted an economic policy that included inno
vative measure with the potential for radically transforming 
a tivitit:s in all aspects of the country 's economic and com
mercial life. These measures included Mexico's entry into the 
General Agreement on Tariffs and Trade (GAIT), new reg
ulations for foreign investments, a smaller public sector through 
the sale of public firms, inceulivt:s Lu the private sector, dereg
ulation of federal road freight transportation, and other actions. 
These are examples of recent measures that have shaped a 
different economic environment for the country . Such mea
sures imply significant challenges and opportunities for domestic 
agroindustrial activities . The most relevant of these challenges 
relate to th inflow of foreign capital an.d to the need to rapidly 
increase competitivene sand productivity to retain domestic 
market shares. Opportunities have surged as a consequence 
of the political willingness to revitalize Mexican agriculture. 
The new policies have transformed agroindustrial activities 
into a rapidly growing segment of the economy that is capable 
of bringing foreign exchange into the country , creating new 
jobs, and promoting economic development in rural areas. 

PREPARATION OF AGROINDUSTRIAL 
PROJECTS 

Agroindustrial projects are prepared by firms and nongov
ernment social organizations frequently aided by financial 
agencies. The preparation process includes identifying , 
designing, implementing, and evaluating projects. According 
to Austin (1), preparing a project requires the analysis of 
three activities that are decisive for any project's success: 
procuring raw materials, processing raw materials, and mar
keting finished products. Raw material procurement is 1t:lt:
vant because of potentially significant implications for the 
quality and cost of the finished product and because of links 
with both agriculture and industry. Processing activities are 
the heart of agroindustrial transformations and involve tech
nological choice, plant location, inventory management, 
acquisitions and supplies, and process control and manage
ment. Finally, marketing moves agroindustrial products to 
markets within restrictions imposed by consumers and by the 
competition . 

In all of these phases the proper int gra tion of trnn por
tation is key to increasing the chances for a project's ucce ·s. 
In supplying raw materials to the plant, an effective perfor
mance by the transp rtatioo ystem is crucia l for meeting the 
requirements of U1 plant in term of quantity, qmility, cost, 
reliability and organization. Transp rtation ervice mu t be 
able to not only move the raw materials to the plant, but also 
minimize in-transit damage. and partial or total los es de. pite 
the highly peri ·hable and delicate nature of the raw mate rials. 
From an economic viewpoint , the origin and amount of trans
portation costs out of total production costs must be ade
quately identified in rder to reduce the likelihood of making 
decisions based on distorted information. 

For the agroindustry, time is one of the variables most 
directly affecting the supply system. Given crop seasonality 
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and raw material perishability, the supply system must be 
preci. e. If the trnnsportntion system i incapabl of raµidl 
moving raw materi al between fields and plants, or if storage 
facilitie · are lacking and flow between production and trans
formation cannot be regulated , then the pr bability of proj
ects failing will be high. Because establi hed rganizations, 
special interests , group attitudes, and power structures can 
potentially affect the performance of the project' s activitie , 
they have t be carefu ll analyzed to avoid implementing 
upply chemes that are likely to encounter opposition from 

any of the participating groups . 
Transportation consideration also may play an important 

role in agroind ustrial plant location deci ·ions. Relarion. hip 
between raw materials and markets, among other factor , are 
essential items for deciding where to locate a plant. Product 
type and characteristics may be decisive for locating the plant 
clo e to producli n and far from the market or vice-versa . 
Transportation infrastructure, transportation costs , and their 
likely evolution and incidence on product price will also be 
relevant for location decisions. 

During the marketing and distribution phase, tran p rta
tion operations play a role in defining the distribution sysrem's 
structure, functions, integration, and sales strategies, and 
therefore must be studied within that specific perspective. In 
addition, flow structures, availability of properly equipped 
trucks, distribution of power and control among the different 
actors, adopted sales strategy, and other activities heavily 
involve transportation and logistics operations that must be 
properly conceived and executed if the project is to succeed. 

In summary, transportation and more broadly the logistics 
supporting physical product flows are a necessary but not 
sufficient condition for ensuring an agroindustrial project's 
success. Even if all project tage are . tudied lo perfection , 
if tran portation is not . y tematically analyzed and pr p rly 
integrated into pr ject design then the probability of a project 
falling short of its tated objective · or not , .. aching them at 
all , will be high (2-5) . 

CASE STUDIES 

Case studies were taken from different regions and involve 
various products , including produce exports from Sinaloa, 
fruit exports from Michoacan, marketing forestry products 
in Chihuahua, lentil production and marketing in central 
Mexico, and milk distribution in central Mexico. 

Produce Exports from Sinaloa 

An agricultural association in the state of Sinaloa located in 
northwest Mexico annually exports around 650,000 to 700,000 
metric tons of produce to the United States. These exports 
generate foreign exchange earnings of about $400 million and 
include tomatoes, cucumbers, zucchinis, watermelons , and 
melon . Th export ·ea ·on ex i nds from November through 
May with peaks occurring duri ng February. Man.:h. and April. 
The products are sold in Nogale . . Arizona . to local br kers 
that market them in the United States. Sale · ar made thr ugh 
the association' agents in Nogales, whom nitor local market 
conditions and provide information to the farmers back in 
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Sinaloa about local prices and about convenient times for 
scheduling export shipments. Obviously, all products are sub
ject to strict sanitary mea. ures enforced by U.S. au thorities 
and to the buyer specifications conce rning product izc and 
quality. 

Sinai a's export-oriented farmers have developed highly 
capital-intensive and efficient operations with, in many cases , 
packaging plants located near the fields where the crops are 
concentrated , selected, cleaned, and package I and then hipp d 
to Nogales, on the border. The distance from Culiacan , the 
state capital and main agricultural center, to Nogales is about 
1,000 km (600 mi) , and both highway and railway transpor
tation are available. Under these conditions, the challenge 
for tran •p rtation in the marketing opentlions of the local 
agroindustry is great. From small packaging plant lisper ·ed 
throughout the coastal plai ns of the ·tale, perishable product. 
that are sea on ally grown must be moved l ,000 km to be sold 
at a price fixed by the buyer according to market conditions 
and to t'he quality and presentation of the product. In order 
to accomplish a successful commercial operat ion , transpor
tation services must be fast, reliable, refrigera ted, safe, and 
economical. 

Transportation services offered today to the local farmers 
that meet their quality requirements and allow them to inte
grate marketing chains, permitting sales in the strict but 
atcractive U.S . market, include trucks and piggy-back. Of the 
total exported tonnage, 70 perc nt g es by truck 01 a cost of 
approximately 2.2 million pe os per trip (about $1,000) . whereas 
the remaining 30 percent uses piggy-back ervic al a cost of 
1.3 million pesos ($560) if the trailer belongs to the railway 
or 0.9 million pesos ($380) if the trailer belongs to the farmer. 
Travel times are similar. 

Despite the relative backwardness of railway services in 
Mexico, their performance in this operation clearly illustrates 
significant potential for participating in nontraditional mar
kets. Railways, supported by a strong performance from their 
marketing agents and good coordination from their traffic 
departments, are able to offer integrated services to the farmer 
that include pickup by truck, using either the farmer 's own 
trailer or one supplied by the railway; ramp services to place 
the trailer on the rail platform; transportation from Sinaloa 
to Nogales; and border crossing services, for an additional 
$100. The railway uses refrigerated trailers and its announced 
delivery time is between 13 and 16 hr, which is reasonable 
for the farmer. 

Sinaloa's agroindustrial export project has been working 
successfully for more than 25 years. From the start a key 
element in ensuring feasibility was the ability to solve difficult 
transportation problems . For Mexico, the solutions intro
duced were pioneering in at least two fields: the implemen
tation of a highly successful, custom-designed piggy-back ser
vice , which even today is unparalleled in other regions of the 
country, and the use ofref1igerated trailers. Refrigerated trailers 
were started by the railways and later adopted by truckers. 

Melon Exports from Michoacan 

A regional farmers' association in the western part of Michoa
can in central Mexico affiliates about 5,000 producers of veg
etables and fruits, of which melons , watermelons , and cucum-
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bers are the most important . The association participates in 
exporting these products mostly to the United States but at 
below-potential levels because of difficulties in adequately 
handling and shipping the products with the regularity, 
timeliness, and quality levels expected by its clients. 

The region's melon is famous for its high quality, which is 
high enough to meet any market's requirements. However, 
the product deteriorates rapidly because of inadequate han
dling after harvesting. Melons are cut piece by piece and 
collected in a basket that is manually placed on a 3-ton truck 
that takes them to the packaging plant . Usually, the truck 
lacks refrigeration and any other protection for the product, 
despite travel distances of up to 30 km (18 mi) under 
temperatures that can reach 40°C (104°F). 

At the plant, the melons are manually unloaded onto a 
continuous band system where damaged pieces are separated 
and the others classified, according to size, into lots for export 
or domestic consumption. After each piece is selected it is 
cleaned, waxed, and packaged for final shipment. Exports are 
specially packaged and piled to await the arrival of trucks that 
will move them to their destinations . Loading operations are 
also manual and once the melons are loaded, one-half ton of 
ice per ton of product is added to the truck in order to avoid 
or reduce in-transit losses . Trucks have a typical capacity of 
15 to 18 tons. The shipments are then covered with a piece 
of cloth, and other than the ice, there is no temperature 
control during the trip . Even on those rare occasions when 
refrigerated trucks are available farmers have observed that 
the drivers do not use their refrigerating equipment, mostly 
because of ignorance. However, farmers do not consider the 
railway a good option, even though services are available, 
because of its excessive trip times and its lack of specialized, 
good-quality refrigerated cars . 

The region's annual melon crop is about 80,000 metric tons, 
which exits the region in about 3 months . During the season 
an average of 80 trucks are required per day, a demand that 
generates significant economic benefits for local truckers. In 
all, the region produces about 500,000 tons of various products 
throughout the year and therefore generates transportation 
demand that would make it attractive, at least in principle, 
to invest in transportation equipment to overcome current 
service shortages. 

In this case , difficulties in handling and transporting the 
product reduced otherwise feasible export opportunities . The 
main drawbacks related to the type of packaging, to product 
protection while in transit, to the recurrent lack of transport 
service supplies, and to the absence of quality control proc
esses that would ensure high confidence levels in dispatching 
shipments and complying with the delivery schedules set by 
clients. Despite these problems, it is likely that the main obsta
cle to increasing exports is that they have not been conceived 
as integrated agroindustrial projects, but rather as a marginal 
activity that is subject to each crop's annual results. 

Marketing Forestry Products in Chihuahua 

A state-owned firm specializing in forestry products in the 
northern state of Chihuahua will soon be transferred to local 
organizations involved in forestry. The firm produces two 
main product lines: raw materials for the cellulose, paper , 
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and pulp industries and rigid finished products for furniture 
and carpentry. More specificall , the items produced at the 
firm's five plants, which are located closer to the forests than 
to markets, are logs, three type of cellulosic products (logs, 
sawable, and piles), air-season -d awed limber, stoved sawed 
timber structural timber and furniture. The five plants are 
directly supplied from the forests that cover a significant 
portion of we tern hihuahua. 

One of the key elements for the financially viable operation 
of the firm as a private concern is tran ponation, because 
transportation costs account for a u.bstantial percentage of 
finished product costs. This is bccau ,e of the v lume and 
weight and cost relationship. of forest products, not on ly dur
ing th 'log extraction pha e, but also during the proce sing 
and marketing stages. Transportation costs represent on 
average, about 60 percent of forest product prices. Half the 
costs are incurred while moving logs from the forest to the 
processing planl, whereas the other half is expended during 
processing and marketing . The indu try traditi nally cited the 
lack of and deficiencies in the region's r ad infrastmcture as 
the major obstacle to increasing forest exploitation. but not 
because of ils incidence on costs but because of the phy ·ical 
re trictions it imposed on producrion. Today, however the 
recent changes in the economy's environment have increased 
the firm's sensitivity to transportation co IS and to greater 
international competition. Given the location of the fin11 's 
plants, the average distance traveled by the 1.6 million tons 
moved annually is 244.5 km. In 1985, available services were 
provided by a fleet of 2,250 two- Lo five-axle trucks capable 
of moving 8- and 16-ft logs. With these truck , it wa · estimated 
that there was a shortage of about 500 trucks per year. 

In this industry, the specific conditions under which trans
portation operations take place vary accordi ng to type of 
product, economic value, and market. Table 1 presents a 
ummary of each product s typical operating condition . The 

significance of transportation costs i high for nearly all prod
ucts , with the po. sible exception of furniture. For that reason, 
transportation is becoming a key element for de igning the 
most adequate strategy for cran ferring the firm to the pro
ducer organization. As a consequence and in contrast lo the 
previ us stages of the firm's development , transportation is 
being explicitly studied as a deci ive element for increasing 
the return on investm nt . 

Lentil Production and Marketing in Central Mexico 

A farmer organization in centrnl Mexico engaged in the pro
duction of lentil has been traditionally subj cted to the abuses 
of intermediaries that. control their product' marketing chan
nels . The. e intermediarie. penalized th prices paid to the 
producers and thus reduced the farmer 's inc me to their 
advantage. To avoid such problems, the farmers decided to 
construct a packaging plant and storage facilities, and to incor
porate their organization into the CONASUPO distribution 
sy tem, which the government operate to r gulate national 
food market . Once accompli ·hed, thi arrangement helped 
to increase farmer income by avoiding the intermediaries. 

Despite their apparent succes , th farmer organization's 
markeli·ng project would not have been [easible if Diconsa, 
another public ector enterprise belonging to the ONA-
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SUPO system, had not loaned the organization a fleet of four 
12-ton trucks for distribution and two smaller trucks for mov
ing the product from the field to the ·torage facility. Although 
the operation of the truck fleet a llow the farmer organization 
to accomplish it. goals by having greater c ntrol of their prod
uct s distribution activities it is an extremely expensive solu
tion made possible only because of the special circum tances 
in which the truck were made available to them - the fleet 
i unus d most of the time because of the seasona lity of pro
duction . However, lhi · project would undoubtedly have fa iled 
if the farmer organization had been unable to en ·ure the 
operation of its own transport fleet and their dependence upon 
the intermediaries would have persisted. 

Milk Distribution in Central Mexico 

Members of a farmer organization in central Mexico received 
financial aid to carry out a project to provide milk for families 
in their own community. Liconsa , a state-owned firm dealing 
with milk marketing and distributio'n at the national level, 
provided the aid through one of its broader programs that 
included technical assi lance. ln this ca ·e, money was used 
to purchase cows and to construct stables. 

This project turned ut to be uccessful and tarted pro
du ing quantities of milk that urpas ed the community's 
demand . Producers tried to sell their milk urplus at the 
cl e t urban c nter, a very small city , where they rapid! 
exhausted this market becau ·ere idents preferred pasteurized 
milk in tead of the nonpa. teurized product offered by the 
producers. Paced with an oversupply of milk , Lhe producers 
studied the convenience of in tailing a pasteurizing plant, but 
they o n found that it was not economically fea ible becau e 
of low production quantities. Another alternative propos d 
transforming the milk into chee e but it also was not feasible 
because of low production volumes . A final option consisted 
of building a refrigerated tank where milk could be stored 
before sending it to the market, but this option was canceled 
because transportation services suitable for the project s needs 
were unavailable. 

In all options, transportation was analyzed as an after
thought and in the end was identified as an obstacle to real
izing the project's full benefits. The failure to take a com
prehensive view of the available ption , including the role 
and contribution of tra nsportation in daily pe ration pre
vented this theoretically successful project from being highly 
ucce ful in practice. 

RELEVANCE OF TRANSPORTATION IN 
AGROINDUSTRIAL PROJECTS AND CASE 
STUDY ANALYSES 

Because transportation is a highly relevant element for the 
different phases of agroindu tri a l project development it i. 
absolu tely nece ·ary t analyze and design the role transpor
tation play in providing raw materials for the planr in defin
ing plant location , and in marketing and distributing fin i hed 
product . Despite such relevance, it i hypoth ized that tran -
portation issues have historically attracted little attention within 
the realm of agroindustries. This hypothesis undoubtedly var-



TABLE 1 TRANSPORTATION OPERATING CONDITIONS FOR FORESTRY PRODUCTS IN CHIHUAHUA (6) 

PRODUCT A.ND USE MARKET TRANSPORT SERVICE TRANSPORT COSTS 
CHARACTERISTICS 

Logs for basic sawed products and Local or regional sai.nills; ply- The trip from forest to sawmill is For an average distance of 25 km, $4-8 dollars 
plywood wood plants made on a two-axle truck owned by per ton; for 60 km, $16-28 per ton. 

the producer. 

Celtulosic log for cellulose, pulp Three plants Located in the The trip from forest to plant is Transport costs are 70X of FOB costs at the 
and paper production state; others at out-of-state made on two-axle trucks owned by sawmi ll, and 45X of costs at t he processing 

Locations the producer and acquired via plants. For a 45 km distance, costs are aboUt 
financial leasing arrangements. S12/ton. 

Piles and sawable products Local sawmills; mining industry The trip from forest to sawmill is Transport is the major cOll'p()nent of finished 
made on two-axle trucks owned by product costs. For a 40 km distance, costs vary 
the producer. between S10 and S16 per ton. 

Air-seasoned sawed tinber for vari- Regional and national. The trip from the sawmill to the The buyer arranges transport for his/her prod-
ous uses buyer's facilities is made by for- ucts and covers costs. 

hire, 15 to 35 ton trucks, by 25-45 
ton railway cars and by private 
trucks. 

Stoved sawed tinber for various uses Furniture and door factories. The trip from the sawmi l l to the The buyer arranges transport for his/her prod-
Carpenters and artisans. buyer's facilities is made by for 

hire, 15 to 35 ton t rucks. 
ucts and covers costs. 

Structural tinber National railways. Construction The trip from sai.nill to plant is About S8 per cubic meter. 
industry made on two-axle trucks owned by 

the producer. Rail is used occa-
sionally. 

Furniture Domestic and export Specialized services by moving About 5X of selling price, depending on each 
companies. case. 
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ies from case to case and according to each industry's specific 
circumstances, as will be seen. Within the research commu
ni1y, efforts dedicated to the simultancou. j inl . tudy of 
agr indu trial and transportation issues in Mexic nnd prob
ably in other devebping · untrie have been sparse and as 
a consequence there is much to learn and to study in future 
projects dedicated to this topic. 

Firm Size and Transportation Solutions 

The bro. d relationship between agr industry and 1ranspor
tation hides an en rmous heterogeneity of case that prevents 
general conclusion from being made. Thi heter geneity ri e · 
from existing differences among product types, proces. es in 
which rhey are used regions where they are grown or tran -
fonned, types of markets where they arc cornmercializeJ, 
and relevance of tran p nation in costs and operations. Such 
difference are large and lend to the need for preparing spe
cific studie for particular products and region · lhat can be 
expected tu reach pertinent conclusions. Despite these com
ments, it seems reasonable to di Linguish firm ace rding to 
size becau e siz is rele ant for approaching, ana lyzing, and 
solving agroindu. trial prob.lems. Large firms with va ! h~ch
nological, organizational, and financial means at their disposal 
have a radi ·ally different view of their pr blems than do small 
firms lacking technological sophistication, opportunities for 
negotiation, and financial resources. 

Prom the analysis of the case studies it cnn be afcly con
cluded that lar e firms invariably solve their tran p rtation 
problems, whereas the same cannot neces ariJy be i;aid of 
smaller firms. When users generate large traffic volumes with 
established flows and periodicities, their position vis-a-vis the 
transportation operator is favorabl not only in terms of hav
ing serv.ices avai lable, but also in negotiating rates and service 
attributes . T he case of agroindustrial export products from 
Sinaloa reveals that it i. even possible !o generate technolog
ical innovations in transµon , ~ud1 <• · using refrigerated trailers 
or introducing piggy-back ·ervices, which the operator may 
b~ willing to introduce if such actions allow him to capture a 
stable and lucrative market. 

Transportation in a More Competitive Environment 

A second point that can be extracted from the case studies is 
that tra11 portation was not a priority concern in the heavily 
regulated market which had prevailed in Mexican truck lrans
p rt until recently. In part, that was a result of not only the 
lack of alternatives available to the user, but also to the fact 
that the market was held captive by a few producers and 
transportation service providers that were insensitive to con
sumer need .. In the end con umers did n t have any otl1er 
ch ice but to pay for the cxce s co t r ulting from ineffi
ciencie . Under Mexico's abandoned regulatory system truck
ing ervice availability was ensured by establishing compul-
ory rates, by giving route authorizations to farmer or by 

negotiating agreements at national or r giona l levels to ensure 
that adeq uate capacity wa provided at points where crops 
required u·ansportation in large quantitie · f r short tim • period , 
especially if those crops were for ·ati fying ba ic needs. 
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Today, both agroindustrial and trucking firms have started 
to feel pressures from a more comp~titive environment. 
Agroindustries must endure higher levels of competition 
because of the country s liberal trade policie , whereas truck
ers no longer enjoy the protection of regulation. As a con-
equence, it i likely that both groups will start to eek higher 

efficiency level , t adopt innovati ns that allow them 10 xpand 
their tmu·kel share , and t comply with their clients" quantity 
and quality requirements. 

Transportation Cusl Contribution to Price 

The significance of transportation costs as a portion of a pr d
uct's final price is as varied as are the product ·. In some cases, 
such as produce exports, furniture, or melons, the incidence 
of transportation costs is low or of minor significance with 
respect to other problems, such as ensuring the avai lability 
of services. However, in other cases, uch as forestry products, 
transportation costs are the decisive component of tb prod
uct's final price. In general, the more basic the treatment that 
the raw material receives before being sold, the greater the 
significance of transportation costs in its price. When the inci
dence of transportation costs is low, the availability of a trans
portation system that can provide high-quality service becomes 
of paramount importance to the shipper. 

Logislics Support for Exports 

Availability of a good product is a necessary but not sufficient 
condition to launch successful export operations. As the case 
of melon exp rts shows, su cessfu l exporter must comply 
with their client quality a.nd price requirement . T accom
p.lish this the exporter must develop a comprehen ive project 
lhnt includ s all the details of the operation; otherwise, · xport 
would be imp ssiblt:. By im:urporating tran porta!i n in a 
more ample logic dealing with the handling of products, both 
transportation operators and hippers may discover new, 
interesting commercial opportunitie that may help them 
increase their firm ' economic returns. 

Establishing an agroindustry that is both serious and effi
cient cannot be accompli hcd without properly planning and 
de igning all activitie · involving the handling of product , 
particularly where export project · are concerned. For this 
reason, in order 1.0 maximize the contribution of agroi ndus
trial projects to national and regional econ mic dcvd pnu:nt , 
it i n cessary to design all the activitie ·belonging to product 
logistics before actually implementing !he project. Impr vi -
ing as the project progresses .is equivalent to condemning it 
to fai lure. 

Traditional Approach to Transport Problems in 
Agroindustry 

The analysis of the case studies shows that failure to consider 
transportation issues when preparing agroindustrial projects 
is an important limitation that affects and sometimes even 
cancels the feasibility of projects. In the past, a frequent atti
tude during agroindustrial project development appears to 
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have been that the solution of transportation problems was 
not an integral part of the project, but rather an additional 
activity that someone had to confront at some time. Such an 
approach prevented transportation from being actively incor
porated into product logistics as an activity that is capable of 
adding value to the agroindustrial product and of multiplying 
the potential benefits of the project. 

Private Truck Fleets 

One of the most frequent approaches in solving transportation 
problems in agroindustrial firms consists of forming and oper
ating private truck fleets that allow a timely solution of prob
lems without having to deal with public transportation pro
viders (7). Given crop seasonality and perishability, 
agroindustrial firms require timely and reliable transportation 
services to ensure deliveries that prevent the loss of product 
value. However, their tonnages are generally low and there
fore not particularly attractive to public service providers, who 
usually do not like the demand fluctuations derived from the 
seasonality of production. In such circumstances, public ser
vice providers typically react by either not offering services 
(also because roads are frequently bad) or by significantly 
increasing their rates. 

Confronted with such realities, agroindustrial managers find 
that private fleets are convenient for managing product flows 
according to their own needs, for reducing or eliminating 
uncertainties, and for attaining the availability, reliability, and 
service quality levels that they wish. However, such a solution 
has the drawback of perhaps requiring prohibitively high 
investments as well as needing to establish an internal orga
nization that is exclusively dedicated to the provision of trans
portation services and the maintenance of the fleet. Such an 
endeavor also has potentially far-reaching implications for the 
company's finances. 

Perspective for Transport Solutions 

The detailed analysis of the relationship between transpor
tation and agroindustry reveals complexities that are other
wise difficult to discover and thus can be ignored or attributed 
to other causes. Given the involvement of many different 
groups, each with its own interests and positions of power 
derived from their specific participation in different activities 
of the agroindustry, frequently many of these conflicts surface 
as transportation problems. As a consequence, focusing exclu
sively on the transportation part of the problem may prove 
to be inadequate for solving it because the problem may have 
other origins and require other approaches for finding a 
solution. 

Opportunities for Transportation Firms 

Another interesting conclusion derived from the case studies 
is that transporting agroindustrial products is full of oppor
tunities for transportation firms, and more broadly for logis-
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tics service providers, because there are multiple market niches 
defined by product type, region, or market characteristics that 
can be exploited through strategies that provide efficient, high
quality services and personalized attention to clients. 

CONCLUSIONS 

In general, the analyses of the case studies reveal that agroin
dustrial project preparation must devote more attention to 
transportation-related factors if project success is to be attained 
in a more open and competitive economy. 

Today, such an approach is particularly helpful because the 
Ministry of Agriculture and Water Resources is establishing 
the foundations for a strategic project for developing rural 
industries that will provide the framework for the future 
development of agroindustry in Mexico. The project includes 
six agroindustrial corridors located in different regions of the 
country that will be developed to promote agroindustrial pro
duction and to help increase exports. The basis for developing 
such agroindustrial corridors consists of exploiting regional 
advantages for domestic and export production, depending 
both on product types and external demands. Because exports 
will be an important objective of the project, transportation 
will be extremely important to reach the productivity and 
reliability levels that will be required in all project phases. In 
particular, options to improve physical product handling and 
to reduce transit losses, including the use of refrigerated vehi
cles and storage facilities, will have to receive priority if 
efficient transport chains are to be constructed. 

In the end, two things can be safely concluded from this 
study: first, transportation has to be properly regarded during 
agroindustrial project development because otherwise it has 
enough potential to disrupt project design and to reduce or 
eliminate its contribution to economic development. Second, 
detailed, industry- and product-specific studies are needed to 
better understand the agroindustrialist shipper's needs and to 
better shape the response that transportation services can 
provide. 
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Transaction Costs Approach for Estimating 
Development Benefits of Rural 
Feeder Roads 

QUAISER M. KHAN 

The most direct benefit from improved acces to market · i a 
decrea ·e in transaction costs, including transport and storage co ·ts. 
ln developing countries . all-weather road act a a catalyst that 
accel rates econ mic development by reducing transaction costs. 
A transaction cost model can explain most <>f the price variation 
between area with good acces and area · wirh bad access. There
fore , this type of model becomes a more powerful tool in ana
lyzing the impact of rural roads when compared with the standai:d 
transport cost differential approach . ln a study of mral r ad in 

Bangladesh, poor access was found t keep competitive agr.icul
tural products traders from entering market. . For example . with 
poor acces there is a relative ·hortage of buyer compared with 
the number of seller . However, in areas with good access rhe 
opposite i · true. If 'I.he traders did not perceive that acce. ibili!y 
wa a problem, then comp tJtion would increase until the price 
di{ erential would approach tran purl co c plus poilage . Tra
di tion, I tran port cost approach begin. with trnnsport. storage. 
and spoilage savings ihal are pa sed on to agricultural producers 
who respond to the higher pric sand profit. 'Thi approach tends 
t.o underestimate the benefits because the actual increase of pro· 
ducer prices is significantly higher. The transaction co t approach 
should be used to estimate agricultural benefit o new rural road 
because these models can distinguish between financial and eco
nomic price . The results of the Bnngladesh case study using the 
transaction co ts approach were much gremer than those 
predicted by the tran poll [1vi11g~ 1.11uc.kl. 

The process of economic development, apart from encour
aging growth in material income, is one that results in making 
more choices available to the population of a growing region . 
The key variable in increasing the range of options is increased 
mobility. Greater accessibility provides more freedom for its 
residents to choose how or where to earn their livelihood. 
For example, in an inaccessible area it is difficult to contem
plate commuting to better job opportunities (or to better 
markets for a producer). As options increase, better matching 
between jobs and skills (or between producers and markets) 
becomes possible and productivity increases . Increased pro
ductivity results in improved output and higher incomes. For 
producers, easier access to markets makes it possible to ini
tiate a production pattern more reflective of their comparative 
advantage. This reduction in autarky leads to increases in 
value added. 

The most direct benefit from improved accessibility comes 
in decreased transaction costs which include transport and 
storage costs. The broader range of benefits previously dis
cussed is to a large extent a result of reduced transaction costs . 

The World Bank, 1818 H Street , N.W., Washington, D.C. 20433. 

RURAL ROADS AS A CATALYST FOR LOCAL 
DEVELOPMENT 

Psychologist Alex Inkeles, wntmg about modernization in 
India, argues that the development of a state of mind acts as 
a catalyst for rapid development. Development of this modern 
mentality comes as a consequence of several factors. One of 
the most important is improvements in the quality of the 
transportation infrastructure. As in 19th century Europe, rail
way access was taken as a key point in entry to what was then 
called the modern age. In today's developing world, having 
regular bus service to the village is key in developing the 
mentality of modernization, which is a major event in the 
process of economic development. 

In addition, all-weather roads act as a catalyst that brings 
together various ingredients to accelerate economic devel
opment. This catalytic role is in addition to the road's direct 
contribution of reduced transaction costs . 

A TRANSACTION COSTS APPROACH TO THE 
IMPACT OF RURAL ROADS 

Transaction Cost Economics Applied to Rural Roads 

One of the findings of field work , which seems to contradict 
the logic of traditional thinking in transportation economics, 
is that price differentials between a market with bad access 
roads and a nearby market with good access roads were found 
to be significantly greater than transportation costs, even for 
relatively nonperishable goods such as rice. However, using 
the findings from the new field, transaction cost economics, 
the results are not so surprising. 

The recent rapid development of the economics of trans
action costs has revolutionized thinking in modern economics 
in the past few years, which has implications for the devel
opment of rural roads. A rather simplistic formulation of the 
transaction costs model with application to the impact of rural 
roads on prices is 

P = P* + T 

where 

P = price in markets with good road access, 
P* = price in markets with bad road access , and 

T = transaction costs . 

T = de + f(x,t) + g(x,t,d,p) 

(1) 

(2) 
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where 

d = distance to a market with good access, 
c = per-unit cost of transportation , 
x = perishability of the product, and 
t = transport time on lower-quality roads. 

Functions/ and g are in the first quadrant only (i .e ., they only 
take positive values). Both functions have positive first and 
second partial derivatives with respect to x, t, p, and d (i.e., 
they are increasing at accelerating rates with respect to all the 
variables). 

The function f represents product perishability, which will 
affect prices, whereas the function g represents entrepre
neurial premium accruing to those who move products from 
areas with bad access roads to areas with good access roads. 
The premium depends on travel time (which is a proxy for 
degree of badness of the road) as well as distance and degree 
of product perishability. 

This model explains most of the price variation between 
areas with good access and areas with bad access. Therefore, 
it is a much more powerful tool in analyzing the impact of 
rural roads than the standard transport cost differential 
approach. 

Components of Transaction Costs 

Table 1 presents the various components of transaction costs 
in Bangladesh. Entrepreneur return has been estimated as a 
residual. 

Transport Costs 

Transport costs traditionally have been the components focused 
on in most of the feasibility analyses of rural roads. However , 
this focus represents an incomplete approach to the problem . 
For this study, the rate used has been uniform, the cost of 
operating a bullock cart on 8 to 10 km of dirt road. Travel 
time for a bullock cart over this distance is about 8 hr. In 
comparison, the travel time for a truck would be less than 
Y2 hr. 

Storage and Perishability 

Storage and perishability factors are particularly critical for 
certain vegetables such as tomatoes. However, systematic data 
on such an important element were difficult to obtain. Yet, 
each harvest season's spoilage, caused by the lack of good 
transport, is an important feature of Bangladesh agriculture. 

In Table 1, the rates used were derived from discussions 
with food technologists and preservation specialists at research 
institutes and take into account the climate of the harvest 
season and also assume a 1-day travel time savings. For exam
ple, cauliflowers are harvested in the cool season and will last 
between 10 and 15 days without refrigeration before spoiling, 
whereas tomatoes are harvested at the beginning of the warm 
season and can spoil within 3 days. Potatoes are more robust 
and can last up to 1 month before being put in costly storage . 
Spinach and similar leafy vegetables are harvested all year 
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with their perishability highest in the rainy season and lowest 
in the cool season. For this study, the rate assumed is based 
on a seasonal average. Spoilage rates for cereals, pulses, and 
oilseeds are almost negligible. 

Entrepreneurial Overhead 

The key factor in entrepreneurial overhead is that bad access 
makes it more difficult for competitors to enter, and those 
willing to take the chance earn a premium profit. The mechan
ics are simple. In areas with poor access, there is a relative 
shortage of buyers compared with the numbers of sellers. It 
is traditionally a buyer's market. However, the situation is 
reversed in areas with good access . If buyers did not perceive 
that the accessibility of an area was a problem, then com
petition would increase until the price differential would 
approach transport costs plus spoilage. 

Beyond the opportunity costs of entrepreneurial time, 
entrepreneurial overhead consists of higher profit from lower 
competition, that is, an element of monopoly or excess profit. 
It also includes a risk premium that increases at an acceler
ating rate with the perishability of the product. For example, 
if for some reason the bad roads cause a 3-day delay for a 
bullock cart loaded with tomatoes, the whole load would spoil. 
However, the same 3-day delay for a load of rice leads to a 
negligible loss. 

Data on entrepreneurial overhead presented in Table l are 
estimated on the basis of residuals . Apart from product per
ishability, the data also vary with the market price of the 
product. Entrepreneurial overhead is never reduced to zero. 
As access improves, more entrepreneurs will enter the busi
ness and reduce the level of overhead until it approaches a 
limit close to the price of the entrepreneur's time. 

Entrepreneurial overhead includes two components , one 
of which is the cost of the entrepreneur's time and return to 
his or her management skills. The other component is a 
monopoly premium caused by less competition in areas with 
poorer access. In such areas, there are relatively more farmers 
with products to sell than traders who buy them. Conse
quently, farmers have less bargaining power, which allows the 
traders to earn a monopoly profit. In areas with better access, 
this monopoly profit is eliminated through competition among 
traders. 

IMPLICATIONS OF THE TRANSACTION COSTS 
MODEL FOR ANALYZING BENEFITS OF RURAL 
ROADS 

Traditional approaches of transport economics in estimating 
the agricultural value-added impact of rural roads begin with 
savings in transport, storage, and spoilage. These savings are 
passed on to the agricultural producers who respond to the 
higher prices and profitability. This result applies to area sur
plus products. Prices of products that are in deficit will actually 
be reduced because with improved access imports can more 
easily flow in from the outside. This study was conducted in 
the Greater Dinajpur region of Bangladesh, which is a surplus 
agricultural region. Most basic agriculture products are in 
surplus in the area and improved access will therefore increase 
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TABLE 1 COMPONENTS OF PRICE DIFFERENCES BETWEEN AREAS WITH GOOD 
ACCESS AND AREAS WITH POOR MX~F.SS-RANGLADESH TAKAS IN 1988 PRICES 

"onopoly 
"arket Colponents of TranHCtions Coats llarket Price Pre1i111 of 
Price ---------------------- Price Differences Traders in 

with Good Transport Storage Entrepreneur's 11ith Bad in Financial Areas 11ith 
Crop Access Chargu Spoilage Return Access Prices Bad Accm 

A. Cereals 
I .Rice 

- Alan High Yielding 5,500 100 6 395 5,000 500 197 
- Alan Local 5,500 100 6 395 5,000 500 197 
- Baro High Yielding 5,500 100 6 395 5,000 500 197 
• Baro Local 5,500 100 6 395 5,000 500 197 
- Aus High Yielding 5,000 100 5 395 4,500 500 198 
- ilia Local S,000 100 s 395 4,500 500 199 

2.llheat 6,000 100 6 394 S,500 500 197 
3.K11111 3,000 100 3 397 2,500 500 199 

B, Puleea 
l , llungbeana 19,000 100 10 482 17 ,400 600 2U 
2 .Bhckgr111 lS,000 100 IS 485 a,400 600 243 
3.Lentll 19,000 100 18 4112 17 ,400 600 m 
4.Chick Pea 12,000 100 12 499 11,400 600 m 

C. Oil Heda 
l.lluatard 10,000 100 10 490 9,400 600 245 
t .Groundnute 12,000 100 12 40B 11,400 600 m 

D .Vegetables 
1, Potato HYV 4,000 100 120 SBO 3,200 BOO 290 
7.Potato Local 4,500 100 135 565 3,700 BOO 283 
3.Brinjal 3,000 100 150 650 2,100 900 325 
U111lifl011er 5,000 100 500 BOO 3,600 1,400 400 
S.Cabbage 4,000 100 400 700 2,800 1,200 350 
6.Touto 3,000 100 900 1,000 1,000 2,000 500 
7 .Radish 2,000 100 60 590 1,250 750 295 
8.Spinach 2,000 100 600 800 500 1,500 400 

E.Splm 
I .Onions 10,000 100 BO 470 9,350 650 235 
2.Garlic 12 ,000 100 96 m 11,350 650 227 
3.Ginger 15,000 100 120 780 14,000 1,000 390 
4. T ul'l8ric 5,000 100 40 510 4,350 650 255 

tlotea: 
l. The 111rket prices are harYeat aeaean aueragea over three years. 
2.The apoil il!IB and storage loaa 11u eatieted in discu&alons 11ith food technologists 

at the Bangladeah Councll for Scientific and Industrial Research. 
3. The entrepreneurial pr111i1a is eati111ted aa the real dual of price difference excluding transport, 

atorage and spoilage coata. 

producer price and profitability. The transport costs approach 
tends to underestimate benefits because the actual increases 
of producer prices are significantly higher. Consequently, pro
ducer supply response is going to be much greater than pre
dicted by the existing model. Most economists would estimate 
supply responses as the product of the increase in profitability 
and the supply elasticity of the product. Thus, the greater 
price and profit increases , the higher the production response 

if supply elasticities remain unchanged. Therefore, the increase 
in agricultural value added will be underestimated by the 
traditional model. Postevaluation studies of rural roads in the 
developing world have indicated the actual development impact 
(increase in value added) to be significantly larger than expected 
in feasibility studies. This result is only true if there are no 
other constraints such as shortage of public transport or offi
cial policy constraints. The transaction costs approach should 
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be used to estimate agriculture benefits of new rural roads. 
Reports from field extension agents contacted noted that 
adoption of high-yielding varieties (HYV) tends to be higher 
along the roads and, in fact, varies with the quality of roads. 
According to Agricultural Extension Service officials in one 
upazilla (i.e . , county) 1-IYV adoption for Aman crop wa 80 
percent along good bitumen roads (allowing a 1-km-wide 
influence on each side), whereas it was 40 percent al ng bad 
herringbone brick roads. The overall adoption rate for the 
upazilla was only between 25 and 30 percent. 

The development impact is pronounced only for the first 
good road into an area and the transaction costs model should 
only be applied in those cases. In all other cases, the consumer 
surplus model should be used. 

This study demonstrates the comparative results from using 
both models on a rural road in Bangladesh. The results indi
cate that the transaction costs approach demonstrates 
significantly higher benefits than the transport costs savings 
approach. 

Financial Prices Versus Economic Prices 

Relative profitability is a measure of private returns to farm
ers. Analysis of relative profitability has to be carried out in 
financial prices. Changes in cropping pattern will be affected 
by private returns. However, the impact of this cropping change 
will have to be assessed in economic prices to provide a mea
sure of the return to society. The transaction costs models 
presented previously can be used to distinguish between 
financial and economic prices. 

Among the three components of price differences between 
accessible and less accessible areas in the transaction costs 
model, two-direct transport costs and loss because of prod
uct perishability-represent both financial and economic costs 
in their totality, that is, these are costs both to individuals 
and to society. On the other hand, entrepreneurial overhead 
contains three elements: value of the entrepreneur's time, a 
risk premium, and excess monopoly profits because of restricted 
entry into the market . Of these elements, only the last can 
be considered a genuine loss to society-an economic cost as 
well as a financial cost. Thus, the savings in economic prices 
with and without transport improvements will include trans
port cost savings, product loss savings because of perishability, 
and monopoly profit. 

Restated differently, the savings in economic prices because 
of improved access will be the savings in financial prices less 
the sum of the risk premium and the value of the entrepre
neur's time. Risk premium rises with difficulty of access and 
product perishability. Therefore, it is reasonable to postulate 
a directly proportional relationship between the elements. 
The value of the risk premium will be assessed to be half the 
residual of the entrepreneurial overhead. 

From the total savings estimated, the cost of extension ser
vices and the transport subsidy provided to fertilizer must be 
deducted. This deduction is calculated at 1 percent of the total 
costs per unit of land. This percentage is reasonably high in 
view of the fact that in the conversion to economic prices 
some items such as labor should be shadow-priced downward. 
The extra use of different inputs for the higher-yielding crops 
is already reflected in the production costs. 

Application of the Two Models to Estimate Increases 
in Value Added 
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The relative returns presented in Table 2 are in financial 
prices. Values in financial prices are important in determining 
the change in cropping pattern because that is a private deci
sion. For this study, an assessment of the relative profitability 
of different crops was done on the basis of budget data pro
vided by the agricultural research stations and in discussions 
with extension service officials. The greatest change occurred 
for tomatoes, cabbage, and cauliflower, whereas the lowest 
increase was for crops such as Kaun (a variety of millet). As 
a group, the least affected is pulses followed by oilseeds. 

Negative returns for spinach-type products is immaterial 
because without good transport such leafy vegetables are grown 
only for the farmer's own consumption. The highest returns, 
both in the traditional approach and transaction costs approach, 
tend to be for vegetables. However, the area planted with 
these crops and other high-profit crops such as pulses remains 
small for reasons previously discussed. Table 3 presents gross 
value per acre and per ton for different crops in economic 
prices. These data will be required to compute value added 
by the road improvement. 

Increases in profitability with improved access are shown 
as percentages in Table 2 for crops for both methods. Increases 
in profitability will indnce changes in agriculture production. 

The key factors, assumed- to underlie the cropping 
decision, are 

• Relative profitability in financial prices, 
•Easy and reliable supply of inputs, 
•Availability of extension services assistance to help over

come the aversion of small holders, and 
• Dietary constraints. 

Using the transaction costs model , relative profitability under
goes a sweeping change. Thus, farmers with a urplus to mar
ket (or with the potential to generate a surplus) make a switch 
to planting the more profitable crops (vegetables) while keep
ing in mind the variou dietary and cultural con traints . Die
tary preferences are important even to surplus farmers because 
the market demand would be significantly higher for the pre
ferred items and fear of market saturation would be limited. 
Profitability increases will induce a shift to more profitable 
but nontraditional crops such as vegetables or potatoes. Sur
plus farmers will respond to the changes in relative profita
bi lity by taking a two-pronged approach to hedge against risks. 
More inten. ive cultivation of traditional crops such as rice 
will occur. In addition, the farmers will 1lso plant the riskier, 
though much more profitable, nontraditional crops such as 
potatoes and vegetables. 

Relative profitability is not as important an issue in the 
view of subsistence and below-subsistence farmers because 
they do not have any surplus to market. Yet improved access 
does affect their production cost through cheaper and more 
readily available inputs. It becomes easier and less risky for 
them to undertake the planting of high-yielding crops. At the 
same time, the agricultural extension service is better able to 
service the more accessible farmers. The combination of these 
factors induces a shift in cropping patterns by subsistence, 
below-subsistence, and near-subsistence farmers. However, 
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TABLE 2 PROFITABILITY OF DIFFERENT CROPS WITH AND WITHOUT IMPROVED 
ACCESS-BANGLADESH TAKAS IN 1988 PRICES 

Expected Far1gate Profitablity per Ton Percent lncrene 
Pricea Good Acceaa ------------- in Profitability 

"arket ---------·------Average Production Coat Good Acceaa 111 th Good Access 
Price Excluding Including Yields ------------ ----------- -------

11ith Bad llo110pOly llonopoly per Coata/ Coste/ Bad Exe. Inc. Exe. Inc. 
Crop AcceH Pre1iu1 PmiU1 Acre Acn Ton AcceH PretlUI Pre1iU1 PretiUI Pr111i111 ---... -----------.--· .. ------·-- --------.. -----.:-..................... ______ . _________ .. _______ ._ 

A. Cereals 
!.Rice 

- Aun High Yielding S,000 S,106 S,303 1.8 3,644 2,024 2,976 3,091 3,279 3.5l 10.2% 
- Alan Local 5,000 5,106 5,303 0.5 2,024 4,048 952 1,058 1,255 u.a 31.8% 
- Boro High Yielding 5,000 5,106 5,303 2.0 4,858 7,429 2,571 2,677 2,974 4.ll 11.8% 
- Boro Local 5,000 5,106 5,303 o. 7 2,834 4,049 951 1,057 1,m 11.a 31.8% 
- Aus Local 4,500 4,605 4,803 0.4 1,215 3,038 1,463 l,568 1,765 7.2% 20.n 
- Aus High Yielding 4,500 4,605 4,803 1.2 3,239 2,699 1,801 1,906 2,103 5.8% 16.Bl 

Z.Wheat S,500 5,606 5,803 1.2 3,239 2,699 2,801 2,907 3,104 3.8% 10.8% 
3.Kaun 2,500 2,603 2,802 0.3 506 1,687 813 916 1,115 12.n 37 .1% 

B. Pulses 
Uungbeans 17 ,400 17,518 17, 759 0.4 486 1,215 16,185 16,303 16 ,544 o. 7% 2.2% 
2 .Blackgru 14,400 14 ,515 14,758 0.4 m 1,215 13,185 13,300 13,m 0.9% 2.n 
3 .Lentil 17,400 17 ,SIB 17 I 759 0.6 810 1,350 16,050 16,168 16 ,'t09 o.n 2.2% 
4.Chick Pea 11,400 11,512 II, 756 0.7 810 1,157 10,243 10,355 10,599 1.1% 3.5% 

C .Oilseeds 
Uustard 9,400 9,510 9,755 0.6 2,024 3,373 6,027 6,137 6,382 I.Bl 5.9% 
2. Groundnut& 11,400 11,512 11, 756 0.8 3,644 4,555 6,845 6,957 7 ,201 1.6% 5.2% 

D .Vegetables 
l .Potato High Yielding 3,200 3,420 3, 710 6 .1 8,907 1,460 1,740 1,960 2,250 12 .6% 29 .3% 
2, Potato Local 3,700 3,935 4,218 4.0 7,287 1,822 1,878 2,113 2,396 12.5% 27.6% 
3.Brinjal 2,100 2,350 2,675 4.0 4,049 1,012 1,088 1,338 l,663 23.0% 52.9% 
4.Cauliflower 3,600 4,200 4 ,600 8.1 10, 121 1,250 2,350 2,950 3,350 25.5% 42.5% 
5 .Cabbage 2,800 3,300 3,650 12.1 10,121 836 1,964 2,464 2,814 25.5% 43.3% 
6.To•ato 1,000 2,000 7,500 12.1 6,073 502 m 1,498 1,998 200.8% 301.lt 
7 .Radish 1,250 1,410 1, 705 8.1 4,049 500 750 910 1,205 21.3t 60.7% 
a.Spinach 500 1,200 1,600 2.0 2,m 1,012 (512) 188 588 36.?l llUl 

E .Spice& 
! .Onions 9,350 9,530 9, 765 4.0 3,239 810 8,540 B,720 8,955 2.U 4.9% 
2.Garlic 11,350 11,546 11, 773 3.2 2,834 886 10,464 10,660 10,887 1.9% 4.0% 
3.Ginger 14,000 14,220 14,610 6.1 4,049 664 13 ,336 13 ,556 13 ,946 1.6% U% 
4. Tuneric 4,350 4,490 4, 745 10.1 3,239 321 4,029 4,169 4,424 3.5% 9.Bt ------·-----------·-·-------.. ----·-----...... _.,. _________ ... ---·--------·-·--------·-- ... ___________ ... ____ 

Notes: 
1. The price excluding the 1onopoly pre1iU1 would be the price with ilproved acce&a using the tranaport 

econot lcs approach to esti1ating increases in agriculture value added. The price including the pre1iu1 
15 the one predicted by the transaction costs approach. The transactlo.n costs suggests that not only 
is the transport, storage and spoilage, cost saving transferred to the far.er but also all of the 
trader's 1onopoly pre1iU1 due to increased co1peti tion a1ong the1. 

most of the shift is expected to focus on expanded production series estimates are more appropriate for showing responses 
of staples. Therefore, in Bangladesh that shift is most likely over time. In addition, it may be difficult to estimate from 
to be marked by an increase in output of traditional crops, cross section data when real fa rmgate prices do not vary sig-
such as rice and potatoes, through more intensive methods nificantly. For this study, the estimates used were selected 
of production. from various existing estimates for Bangladesh and are based 

This supply response can be cxpres ed in a paramet r by on planning commission data. The elasticities are presented 
the price elasticity of supply. Price elasticities can be estimated in Table 4. On the basis of 1hese elasticities and the expected 
from either time series data or from cross section data. Time increases in prices, the expected percentage increase in pro-



TABLE 3 ECONOMIC RETURNS PER TON AND PER HECTARE FOR 
DIFFERENT CROPS-BANGLADESH TAKAS IN 1988 PRICES 

Pl'ocNction Coat& 
-------------~----------{laluo Added(GIJl'.l) 

AYerege Financial Price5 Eco1101ic Prices Econ01ic Prices 
Yleldt -----------·· ----------- ·-·-----------
per Costa/ Costa/ Coab/ Coat&/ GUA/ GVA/ 

Crop Acre Acre Ton Acre Ton Acre Ton 
- ·------·---·-------.. ---.. --.-------------------------·-
A. Careels 
l .Rice 

- Alan High Yielding 1.8 3,m 2,024 3,680 2,045 6,220 3,455 
- Alan Local 0.5 2,024 4,048 2,m 4,088 706 1,412 
- Baro High Yielding 2.0 4,858 2,429 4,907 2,453 6,093 3,047 
- Boro Local 0.7 2,834 4,049 2,862 4,089 9B8 1,411 
- Aus Local 0.4 1,215 3,038 1,227 3,068 773 1,932 
- Aus High Yielding 1.2 3,239 2,699 3,211 2,726 2,729 2,274 

2.Wheat 1.2 3,239 2,699 3,271 2,726 3,929 3,m 
3.Kaun 0.3 506 1,687 511 1,704 389 1,296 

8. Pulaes 
Uungbeana 0.4 486 1,215 491 1,227 6,709 16,773 
2.Blackgm 0.4 486 1,215 m 1,227 5,509 13, 713 
3 .Lentil 0.6 810 1,350 818 1,364 9,982 16,637 
4 .Chick Pea 0.7 810 1,157 818 1,169 7,582 10,831 

C .Oilseeds 
1.11ushrd 0.6 2,024 3,373 2,0H 3,407 3,956 6,593 
2. Groundnuts 0.8 3,m 4,555 3,680 4,601 5,920 7,399 

D .Vegetables 
I .Potato High Yielding 6.1 8,907 1,460 8,996 i,m 15,404 2,525 
2.Potato Local 4.0 7,287 1,922 7,360 1,840 10,640 2,660 
3.Brinjal 4.0 4,049 1,012 4,089 1,022 7,911 1,978 
4.Cauliflom 8.1 10,121 1,250 10,222 1,262 30,279 3,738 
S.Cabbage 12.1 10, 121 836 10 ,222 845 38,179 3,155 
6. To1ato 12' 1 6,073 502 6,134 507 30, 166 2,493 
7 .Radish 8.1 4,m 500 4,089 sos 12,111 1,495 
8.Spinach 2.0 2,m l ,012 2,~4 1,022 1,956 978 
9.Wlntsr Vegetable Colljlosite(l) 5.4 4,191 895 4,232 904 10,532 1,846 

£.Spices 
I.Onion& u 3,239 810 3,271 818 36,729 9,182 
2.Garlic 3.2 2,83• 886 2,862 894 35,538 11,106 
3 .Ginger 6.1 4,049 664 4,089 670 87 ,411 14,330 
4, Tureric 10.1 3,239 321 3,271 324 41 ,229 4,676 

_ .. ____ ....... - .--.... --- .. ---------------... --.................. --... -
Notes: 
l. The ca1po&i te winter vegetable is constructed froe croppine pattern& 

for the district aa found in the agriculture cen&ua. The cotposite is necessary 
because the zone of influence data ia eati1ated frot upazilla data which reports 
11i nter vegetables as one category. 

2.EcallOlic costs all011 for govern1ent overhead such as eMtenaion services, irrigation etc .. 
Econo1ic prices are national prices, 
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TABLE 4 EXPECTED INCREASE IN PRODUCTION OF 
DIFFERENT CROPS WITH IMPROVED ACCESS
BANGLAUHSH 'l'AKAS IN 1988 PRICES 

Percent I ncreaae Expected Increase 
in Profitability in Production 
with Good Accesa Price with Good Access 

-·-·-------·- Ela5ticity ____ .. -·-----
Exe . Inc . of Supply E~c. Inc. 

Crop Prniu1 Pre1iu1 Preliu1 Pre1iu1 
-·-----------·--·-----.... ----·------·-·----------·---·--·----·-·------
A. Cereals 
I .Rice 

- A111n High Yielding 3.5% 10.n 0.20 o.n 2.0t 
- fllan Local 11.U 31.Bl 0.20 2.2t 6.U 
- Baro High Yielding Ut 11.Bt 0.20 0.8% 2.4% 
- Baro Local 11.U 31.9l 0.20 2.2t 6.4t 
- Aus Local 7 .2% 20.?t 0.20 Ut 4.lt 
- Aue High Yielding 5.Bt 16.8% 0.20 1.2t 3.4t 

2.llheat 3.8% 10.8% 0.20 0.9% 2.2t 
3.Keun 12.n 37.n o.oo 0.0% O.Ol 

B. Pulses 
1."ungbeans o.n 2.2t 0.10 0.1% 0.2t 
2 .Blacker• 0.9t 2.7t 0' 10 o.u 0.3t 
3.Lentil o.n 2.2% 0.10 O.lt 0.2t 
4.Chick Pea 1.U 3.5t 0.10 o.u 0.3% 

C.Oilaeeds 
1."usterd l.Bt 5.9% 0.10 0.2t 0.6t 
2. Groundnuts 1.6t 5.2t 0.10 0.2% O.St 

D .Vegetables 
I .Potato High Yielding 12.6% Z9.3t 0.20 2.5% 5.9% 
2. Potato Local 12.5% 27.6t 0.20 2.5% 5.5t 
3.Brinjel 23.0% 52 .9t 0.30 6.9% 15.9% 
4.Cauliflllller 25.5t 42.St 0.30 7 .7t 12.Bt 
5.Cabbege 25.5% 43.3% 0.30 7.6% 13.0% 
6. T011to 200.Bl 301.U 0.30 60.2l 90.3% 
7 .Radish 21.3% 60 .7% 0.30 6.4% 19.2% 
a.Spinach 36.n 114.9% 0.30 11.0% 34.5% 

E.Spicea 
!.Onions z.u 4.9% 0.05 o.a 0.2% 
2.Gerlic 1.9l 4.0t o.os o.u o.n 
3.Ginger I.Gt Ul o.os o.u 0.2t 
4. Turaeric 3,Sl 9.Bt 0.05 0.2t 0.5t 
--.. ·----·---·----·-----·--------------.. --------·-------------
Hotes: 
1. The quantity responae la the product of the percent i ncreaae in 

profitability and tha price elasticity of 5upply. The elasticities 
are taken fro1 various atudiea and are on the conservative aide. 

duction can be estimated. The actual volume of increase depends 
on the present characteristics of the zone of influence. 

TESTING THE MODEL ON A SAMPLE ROAD 

The road chosen for this analysis is located in Thakurgaon 
district, which is located in the northwest part of Bangladesh, 
is 18 km long, and connects a growth center, Ramnahat, with 
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district headquarters. The area to be served by the road is an 
aerkultural surplus area, and road development would result 
in increased farmgate prices. However, if the area had been 
an agricultural deficit area, improved access would result in 
a decrease in the farmgate prices for which there is a shortfall. 
This decrease would be greater than the transport, storage 
and ·poilage costs alone because of increased competiti n 
am ng trader . 'onsurner surplus wou ld increa e signifi
cantly. But , at least for tho. e product in short suppl pro
ducer surplus would be either unaffected r fall. Development 
benefits e. timate. art mpt to rneasur th pr ducer urplu" 
The average distance to be traveled on the pr posed I' ad is 
as ·tuned to be about 9 km i.e., about half the length of the 
road) . Thi as umption is valid because the population is evenly 
di lributed along the length f the road. 

Basic zones of influence (ZOis) were defined as the area 
extending for 2 km on each side of the road. This assumption 
was made on the basis of a review of similar studies carried 
out in Bangladesh and other countries, which showed ZOis 
ranging from 2 to 6 km. The 2-km area is considered to be a 
conservative estimate, tending to somewhat understate the 
agricultural benefits of the proposed road improvements. For 
example, one study used a screening system with a zone of 3 
to 5 km on each side of the road (J). 

The basic ZOI was reduced in cases where the areas of 
influence of other roads, having standards equal to or better 
than the proposed improved road, overlapped with the ZOI 
of the Ramnahal-Thakurgaon road. Availability of railway 
and river transporta tion wa not considered as a factor reduc
ing the ZOI, because these are generally not competing modes 
of transport for primarily short-haul traffic carried by the 
feeder road. 

The ZOI of the Ramnahat-Thakurgaon road covers 14,170 
acres of land and serves a population of 40,589. The net land 
area is less than the gross cropped area because of multi
cropping. Its principal crop is Aman (or winter) rice. Next in 
importance is Aus (or ummer) nee followed by Kaun (a form 
of mi llet). About 750 acres are plant d with potatoes-both 
traditional varieties and high-yielding varieties. Almost 400 
acres are planted with winter vegetables (see Table 5). 

The m del was applied using the ZOI of the sample road 
previously discu s d. Dev lopment benefits estimated using 
the transaction co ts m del were much greater than those 
predicted by the development response to the transport sav
ings model. Considering that the level of traffic is low on most 
feeder roads before they are upgraded, the consumer surplus 
component of benefits would not be much. 

Total benefits obtain.ed using the more traditional approach 
fore timaring development benefits of the road w uld be too 
low to justify the road development given the construction 
costs in Bangladesh. However, using benefits from the 
transaction costs model, the road development would be jus
tified. 

The differences are tark. The · results are obtained usi.ng 
strict economic theory to upply resp nses. Generally, mo t 
feeder road fea ibility tudies don tu e uch, lrict appr ach 
with supply elasticitie. determining the production resp nse. 
Supply elasticities as ess development benefit by as uming a 
cropping pattern change in response to transport co ·ts savings. 
Benefits estimated (or rath r as urned) using this method come 
closer to the benefits using the transaction costs approach 
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TABLE 5 ESTIMATES OF INCREASES IN AGRICULTURAL VALUE ADDED ON 
SUBJECT ROAD-VALUES IN THOUSANDS OF BANGLADESH TAKAS IN 1988 
PRICES 

Cropping Pattern 
Before Road 
l1prove1ent 

Expected lncrene 
Expected Increase Production Pattern ill Value Added with 

in Production in Tons after Road Road I1Pro"'81ent 
with Good Access llflroYennt < 'OOOs Tekaa) 

Acres Output Exe .(!) Inc.(2) Exe.Cl) lnc.m Exc.(1) Inc.(2) 
Crop Planted in tona PretiUI Pre1iU1 Pretiu1 Pre1iu1 Preaiu1 Pre1iU1 

A. Cereals 
I.Rice 

- A.an High Yielding 
- A1an Local 
- Soro High Yielding 
- Soro Local 
- Aus Local 
- Aus High Yielding 

2.Kaun 

B.Vegetables 
l .Potato High Yielding 
2. Potato Local 
3 .Winter Vegetables 

4,352 
6,586 

304 
13 

2,087 
m 

1,767 

390 
388 
372 

7,834 
3,793 

608 
8 

835 
893 

530 

2,379 
1,552 
1,934 

o. 7% 
2.2% 
0.8% 
2.2% 
1.U 
1.2% 

0.0% 

2.5% 
2.5% 

12.5% 

Total Increases in Value Added With Road l1provmnt 

Length of Selected Road 18 kms 

Population in Zone of Influence 40,589 

2.0% 7,889 
6.U 3,366 
2.U 613 
6.4% 8 
4.1% SH 
3.4% 903 

0.0% 530 

5.9% 2,439 
5.5t 1,591 

26.5% 2,176 

Increase& in Value Added per Kilometer (in Thousands of Takes) 

Increases in Value Added per Person (in Takas) 

Notes: 
I .Excluding 1anopoly pre1iu1 refers to the case where the only increase 

in far1gate prices i5 the savings in transport, storage and spoilege 
costs due to road i1provet1ent. 

2 .Including the 1onopoly pre1iu1 refers to the case when the increase 
in faragate prices includes also the eli1inated 1onopoly pre1iU1 
received by traders due to greater co1petition in addition to those 
sevinga in tren6port, storage and spoilage costs. 

7,993 
3,502 

622 
8 

869 
923 

530 

2,518 
1,638 
2,446 

191 .9 
103.1 
15.2 
0.2 

23.2 
23.7 

o.o 

IS! .9 
103.3 
446.7 

27615.8 
494U 
1896.2 

11. 7 
1679.5 
2098.4 

687.0 

6359.! 
m5.7 
4515 .s 

1059.2 54164.3 

58.8 3009.l 

26 1,334 
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rather than the strict transport costs savings approach. How
ever, in order to reach that point the logic of economic analysis 
would have to be abandoned and the response would have to 
be assumed even though economic theory would indicate that 
the response depends on the proportionate change in prices 
and the underlyi ng price elasticitie . The as u med changes, 
although being closer to what actually happens , do imply price 
elasticities of supply several times grea1er than unity, thus 
violating most findi ngs tha.t the price elast icity of upply for 
food products tend to be ig.nificantly less than unity. 

development benefits that are not only assumed in such 
studies, but also are actually observed after the road is built. 

This study provides the lheoretical rational for the devel
opment benefits a sumed in most rural road feasibility studies . 
It bridges the gap between economic theory and the large 

CONCLUSIONS 

The transaction costs model provides a way to bridge the gap 
between what is observed in most cases during studies of rural 
feeder roads and what actually happens. Theory suggests that 
the benefits to producers are because of transport costs sav
ings. However applying that model strictly to the benefits 
estimated would be much less than actually observed or esti
mated in most postevaluation exercises. Price differences 
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between areas with good access and areas with poor access 
tend to he gre<1ter th<tn transport, storage, and spoilage costs. 
The transaction costs model starts from this reality and pro
vides a theoretical framework for estimating development 
benefits, which come much closer to the observed reality in 
postevaluation studies. 

Most economists working on road feasibility studies come 
closer to calculating the benefits estimated by the transaction 
costs model than those predicted by the model they are actually 
using. Economists assume the production response to trans
port costs savings. Their assumptions are closer to reality, but 
they imply underlying price elasticities of supply several times 
greater than unity. Most studies of supply price elasticities of 
agricultural products in developing countries tend to show 
these elasticities to be less than unity (in fact, even lower for 
the more common crops). 

The transaction costs model described eliminates such the
oretical absurdities. This model provides economists working 
on rural road feasibility studies with a theoretical framework 
for estimating the benefits that they have generally known to 
be closer to reality than those estimated by strictly using pres-
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ent theory. This framework enables these economists to depart 
from the need to assume the benefib aud Lu slay within the 
confines of economic theory . 
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Transportation and Economic 
Development in Botswana: 
A Case Study 

A. V. LIONJANGA AND v. RAMAN 

The transport sector in Botswana has played an important role 
in economic gr wth in the 23 years following independence. The 
cOllntry has been fortunate in di covering natural resources to 
finance economic d velopments, and sound policies have ensured 
that the transport sector grew at an affordable pace commensu
rate with demands for services. The system of national planning 
and project appraisals, major hi rorical developments in trnns
port, and policies that have evolved to encourngc future growth 
are highlighted. 

Botswana is a landlocked country in southern Africa sur
rounded by Namibia in the west and northwest, Zambia and 
Zimbabwe in the north and northeast , and the Republic of 
South Africa on its remaining borders. A map of the country 
is shown in Figure 1. The country has a relatively large area 
of 582,000 km2; however, the Kgalagari desert constitutes 75 
percent of the land mass and is largely uninhabitable. In 1986, 
Botswana's population was estimated at 1.13 million, but it 
is growing rapidly at 3.7 percent per year. The majority of 
the people live in settlements along a north-south axis in the 
east of the country, adjacent to the desert. In this population 
belt are four centers classified as urban areas of which the 
capital Gaborone is the largest, with a population of 
approximately 125,000 people. 

In 1966, Botswana had a pastoral and agricultural economy 
that was at subsistence levels. Per capita income was less than 
$100. Employment in the public sector was minimal, industrial 
activity was almost absent, and educational facilities were 
poor. An insignificant number of citizens had graduated from 
universities. Such was the degree of neglect that for decades 
before its independence the Bechuanaland Protectorate had 
been administered from outside its borders-from Mafikeng 
in the Republic of South Africa. 

The situation in the transportation sector was no different. 
A railway ran through the country and functioned as a link 
in the southern African rail network . The railway was used 
mainly by traffic between South Africa and the Rhodesias 
(Zimbabwe and Zambia) and the Belgian Congo (Zaire) . 
Airfields were few and air services were minimal. One statistic 
drastically illustrates the paucity in the transportation infra
structure and capabilities-there were only 12 km of tarred 
roads in the entire country at the time of independence 
in 1966. 

A. V. Lionjanga, Botswana Ministry of Works, Transport, and Commu
nication, Private Bag 0026, Gabarone, Botswana 358509. V. Raman , 
Botswana Ministry of Works, Transport , and Communication, Pri
vate Bag 007, Gabarone, Botswana 358509. 

Transportation projects were oriented toward meeting the 
commercial and political interests of their owners. Because 
all of the owners were foreigners, they had no incentive to 
develop transportation in Botswana to assist in the country's 
development. The country's geographical and economic sit
uation, dispersed population, poor transportation infrastruc
ture, and overwhelming dependence on neighboring states 
for transportation services made it imperative that Botswana 
develop the transport sector. Transportation was recognized 
as a service sector, that acted only as a catalyst and was rarely 
the prime mover of growth. Nevertheless, improvements in 
transportation were seen as prerequisites to stable population 
growth and balanced economic development. 

PLANNING IN BOTSWANA 

National Development Plans 

Botswana adopted comprehensive national development 
planning to meet the aspirations of its people because the 
demand for investments always exceeded the financi al and 
human resources available. Planning methods have been cho
sen that can establish priorities for directing the limited resources 
toward the most productive and efficient projects. Because 
Botswana has been a staunch proponent of democratic values, 
comprehensive consultations have been an essential feature 
of the process in evolving successive national development 
plans (NDPs), each running for 6 years. NDPs are first debated 
and approved by the nation's parliament, and later during a 
detailed midterm review of each plan a similar process of 
consultation and approval by the legislature is conducted. 
Consultation is a traditional practice used to make decisions 
on important issues affecting the community. One of the rea
sons behind the success of development planning in Botswana 
is that it reflects such norms of Botswana culture. 

NDPs are initiated by the government through a major 
macroeconomic review that examines the state of the econ
omy, potential impact of international and domestic devel
opments during the plan period, availability of critical resources, 
and constraints affecting growth. The review indicates the 
possible framework for the plan and also highlights major 
policy issues. Studies on each sector of the economy are also 
prepared and together with the macroeconomic review are 
considered within the government and by the public. Ministers 
and members of parliament frequently discuss NDPs with 
villagers at Kgotla meetings to ensure that their views on 
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projects are ascertained and incorporated into the plan . A 
consensus then emerges on a program of investments and 
projects. After the NDP is approved , annual implementation 
plans are developed to cover its lifetime. Planning is coor
dinated by the Ministry of Finance and Development Plan
ning, which sends officers to other ministries to assist in devel
oping their sectoral plans. Frequent consultations between 
planners and between more senior levels of permanent sec
retaries and ministers ensure that plans are evolved and imple
mented after considering all viewpoints and with the com
mitment of all people concerned. Botswana's guiding principles 
in planned development are 

• Rapid economic growth, 
• Social justice, 
•Economic independence, and 
• Sustained development. 

All development projects are formulated on these four prin
ciples and wherever possible also cater to the themes of job 
creation and rural development. 

Project Appraisals 

Projects and other economic activities are undertaken by Bot
swana that can be afforded and justified. Every project is 
subjected to rigorous economic analysis that considers all costs 
and benefits over the project's lifetime to ascertain its net 
present value and whether the internal rate of return is sat
isfactory. Such analyses include checks on the sensitivity of 
projects to variations in basic assumptions. The analyses indi
cate optimal choices between alternatives and permit different 
projects to be ranked when funds are insufficient and priorities 
have to be established. Normally, all quantifiable and non
quantifiable factors are addres ed includi ng social and envi
ronmental aspects where applicable. Projects also go through 
a cycle of studies to examine their feasibility, followed by a 
detailed design and an updated economic appraisal , and end
ing with a review after the project has been implemented. 
Considerable use is made of microcomputers at various stages 
of project analysis. 

Botswana receives financial assistance for projects from a 
wide spectrum of bilateral and multilateral agencies and always 
attempts to meet their technical investment criteria. Often, 
project appraisals by these agencies constitute a second view 
of projects. Botswana government officials try to prevent such 
reviews from unduly delaying project implementation, but 
these officials consider it better to invest wisely and correctly 
than to inadvertently commit errors by hurrying matters . An 
additional aspect of project implementation is the commit
ment of government funds for future operating, maintenance, 
and replacement costs. 

TRANSPORT DEVELOPMENTS SINCE 1966 

Within the framework of the NDPs, the government has always 
set aside at least 15 to 20 percent of annual investments for 
the transport sector, reflecting its importance in the overall 
economy. Further, in most years, transportation has received 
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more investments than any other sector in the national econ
omy with the proportion of total funds committed often 
exceeding the percentages mentioned. 

In the first two decades following independence, invest
ments in transportation mainly consisted of building infra
structure although the government did acquire a fleet of vehi
cles for its own operations. Of the three modes-rail, road, 
and air-government investments were not made in railways 
because the railway was owned by Rhodesia Railways Ltd . , 
a company based in Southern Rhodesia . However, Botswana 
did construct low-standard branch lines to Morupule and Selebi 
Phikwe in 1972 that made the establishment of a coal mine 
and nickel smelter feasible. Existing airfields were improved, 
but air transportation was not given priority in the early years. 
Therefore, the majority of projects undertaken were the 
construction of new roads. 

Government policy for developing the road infrastructure 
was aimed at striking a balance between major road con
struction and the improvement and upgrading of roads serving 
rural areas. The major thrust was centered on establishing an 
axial, paved road running through the populated eastern side 
of the country linking Botswana with its southern and north
ern neighbors and on building spurs from this road to settle
ments. International links with Zambia were strategically 
important in the difficult period of Rhodesia's unilateral dec
laration of independence. Following Zimbabwe's indepen
dence in 1980 and the formation of the Southern African 
Development Coordination Conference (Angola, Botswana, 
Lesotho, Malawi, Mozambique, Swaziland, Tanzania, Zam
bia , and Zimbabwe), paved road links with Zimbabwe and 
Zambia took on added importance in providing improved 
transportation routes to facilitate trade and as alternative routes 
in the event international sanctions were imposed against the 
Republic of South Africa resulting in a South African border 
closure. The result of this road building program was that 
Botswana's road network in mid-1989 had increased to 
approximately 2 400 km of paved and 2 200 km of engineered, 
gravel roads. 

Certain infrastructure projects were undertaken as essential 
components of developments in the mining sector such as the 
branch railway lines already discussed. In addition, two con
necting roads were built to appropriate standards from the 
eastern highway to the mining towns of Orapa and Jwaneng 
in 1970 and 1980, respectively. Without these transportation 
investments, the exploitation of minerals at these locations 
would have become more expensive and Jess profitable for 
the country. Continuing this trend, Botswana Railways (BR) 
is constructing a 175-km branch line from Francistown to Sua 
Pan that will assist in exporting about 700 000 metric tons of 
soda ash and salt each year. This railway line is expected to 
greatly assist in making BR profitable within 2 years. Although 
the justification for these specific roads and railways was the 
particular mining projects they served, there have been 
spinoffs to the economy from the completed infrastructure 
that were envisioned but not completely quantified during 
project appraisals. For example, the road to Jwaneng is the 
first stage of the link to the western settlement of Gantsi and 
thereafter to Namibia, a project now being studied. The branch 
railway for the nickel smelter at Sele bi Phikwe has encouraged 
other industrial activity and the development of the settlement 
as an urban center. 
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In 1974, the Botswana government decided to nationalize 
the railway to integrate it with the national mainstream to 
help in developmc11l uf lhe wuntry. However, the poltcy was 
difficult to implernenc without Rhodesia's whole-hearted 
agreement which was not fonhc ming. Other m re pre ing 
demands a lso got higher priority. The independence or Zim
babwe gave this pr ject a push and the takeover wa finally 
achieved in 1987. A a re ult, considerable investments have 
been made during the last 6 year on purcha ing the railway. 
rehabili tating tracks, establishing 1m1incenance faci lities , 
in tailing communications and train con tr I sy ·tem , procur
ing rolling cock and training employees. The g vernm nt 
takeover and expenditures together with the Sua Pan branch 
line has led to the creation of a sound rail transport sector in 
Bot wana. 

The end of tile second decade following independence a l o 
saw the establishment of a miljor in ternational a irp rt a t 
Gaborone (the ir. eretse Khama Airport open din 1984). 
As envi i nee!. the facility bas led to increased direct regional 
and intercontinental air links providing a boo t to tourism 
and business activities. In addition, the government decided 
toe tablish a national airline in the early 1980s. After a study 
and with some considerable deliberation , a decision was made 
to revamp national and regional air services by additional 
investments in Air Botswana. From 1987 to 1989, mainte
nance facilities were established and new planes purchased, 
which con iderably increased Botswana's civil aviation 
capabilities. 

TRANSPORTATION POLICY FRAMEWORK 

Need for Policies 

At every stage in the last two decades, transportation invest
ment were made that were required for either strategic or 
developme ntal reasons. Ti ming fo r the e project wa close ly 
coordinated with actual tran. portarion needs and availability 
of fund .. During lhis peri cl, thi;; leun financial siwation rein
forced a con e rvative, pragmatic approach to making invest
ments. Only recently has Botswana had considerable sur
pluses from the export of minerals. However, these accumulated 
rese rves are not being squandered, but are being carefully 
managed to be used to develop productive sectors that could 
generate future growth in the economy. 

The priority in the past two decades has been to establish 
infra.structure; in this the nation has been largely successful. 
Although considerable infra tructure has still to be devel
oped, the major, initial task m·c complete or under way . Now 
that all the tran port mode · have started developing and are 
under Bot wana's control co rdinated i11termodal policies 
are necessary to get the be. t ut of the exi ting infra ·tructure. 
A policy framework ha been evolved the primary objective 
of which is to enunciate principles that will provide appro
priate, safe, efficient, and cost-effectives rvices in t'h ·ector, 
so that transport c<tn aid the development proces in the coun
try . 

Government's Role in Infrastructure and Investment 

The government already plays a major role in the transp r
tation sector by virtue of its policy of as uming responsibility 
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for its infrastructure. With a few exceptions, all major invest
ments in infrastructure have been the government 's respon
sibility. The sparsely populated terrain, desert and topograph
ical conditions (flat land but high drainage requirements to 
deal with flash floods), as well as a shortage of good natural 
construction materials, combine to make the provision of 
infrastructure technically difficult in Botswana and expensive 
in per capita terms. For practical consideralio11s, it is sensible 
to continue with the existing policy on the provision of 
infrastructure. 

In the exceptional cases in which infrastructure is built by 
private organizations for public use, the standards of design 
and construction will need to be approved by the relevant 
government authority. Because vast sums have been spent on 
developing infrastructure, it would not be prudent to allow 
privately owned transportation infrastructure to be con
structed for private use, when existing transportation net
works could be more intensively used or expanded 
economically to accommodate additional traffic. 

The policy on further development of infrastructure will be 
to consider projects on the basis of economic justification with 
particular consideration of nonquantifiable strategic and social 
factors in individual cases. including environmental aspects. 
However, this approach must be tempered by the macro
economic resource scenario as reflected in the midterm review 
of the current NDP, in which the potential for significant 
growth in revenues from mineral developments must be con
sidered to have reached a plateau. This consideration and the 
nationwide shortage of skilled manpower are the limitations 
within which successive NDPs will set global priorities and 
indicate the resources available for individual sectors, including 
transportation. 

The mosaic of investment projects will also develop from 
the roles visualized for each transportation mode and the 
linkages between various modes. The modes themselves will 
have corporate plans (if they are corporations) or indicative 
pl:ins (if they are not) that should evolve through some degree 
uf market research and public consultation. Presently, it is 
considered unlikely that the railway infrastructure will be 
expanded after the Sua Pan branch line is completed. For 
roads, the government would like to eventually complete all 
the international links (particularly to Namibia) and connect 
the district centers with an all-weather, engineered (and pref
erably paved) network that will be supplemented by feeder 
roads of appropriate standards. (Two out of 10 district head
quarters do not have satisfactory access.) For civil aviation, 
a major airport is under construction at Kasane in the north 
to cater to tourists and to provide safe air access in that area. 
A flight information region is being established with a view 
to effectively control Botswana's airspace and to improve flight 
safety in the country . Incremental improvements to other 
major airfields will take place as justified by traffic volumes. 

Linkages that will be considered between the modes to 
decide on projects will be trade-offs between options (alter
native investments as well as other policy options) to get the 
best transport product mix within the context of available 
macroeconomic resources. For example, investments in road
rail container terminals could take some heavy-vehicle traffic 
off the roads, resulting in more intensive use of rail infra
structure and permitting the postponement of road recon
struction. Passenger transport subsidies are a policy option in 
some rural areas where there are problems of poor roads and 
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isolated villages. Similarly, there is justification for a modest 
rural air service that would limit vehicle movements on poor 
roads. 

Leaving aside the provision of infrastructure, government 
investment policies in transportation will vary in the different 
subsectors, depending on the characteristics of the mode, the 
government's share of activities in it, and the mix of policy 
instruments available in each case . 

TRANSPORTATION OPERATIONS AND 
REGULATION 

Botswana has a market-oriented economy because the gov
ernment generally views free-market activities as an efficient 
method of supplying goods and services to meet demands and 
as a creative outlet for entrepreneurs. 

The transport sectors of other developed free-market 
economies have reached their current state of development 
through a mixture of open-market activities and regulatory 
policies. No economies have been left free for any extended 
period of time to operate in an entirely laissez-faire manner. 
There are useful lessons to learn from this experience. Although 
the government appreciates the principle of competition in 
the market place to achieve efficiency in transportation ser
vices, it will need to intervene to avoid competition that is 
wasteful in resources. Sensible regulations will help nurture 
the transportation sector until it achieves a measure of growth 
and maturity and meets planning objectives. Because com
petition exists between modes and within some modes, the 
government will need to watch for destructive anticompetitive 
behavior. These approaches, which have evolved over the past 
two decades out of pragmatism and which are considered least 
wasteful of resources, are in between the extremes of laissez
faire policies and total state ownership. Because Botswana is 
a large country with a small population and limited resources, 
this is the sensible path to take. If pragmatism were to be 
replaced by extreme views in formulating policies in the sec
tor, inefficient and high-cost transportation services would 
result. 

Road Transport Operations and Regulations 

For road transportation, the government will continue to try 
to influence matters through appropriate regulatory and pro
motional policies, but will not enter directly as a participant 
except for transportation on its own account. It is desirable 
that a healthy, indigenous, road transportation industry develop 
in Botswana. This objective provides an economic sector for 
entrepreneurial activities and job opportunities for citizens as 
well as for the strategic reason of developing an important 
transportation capability in a landlocked country. One of the 
aims of regulation in this subsector is to provide the means 
by which such an industry can develop. Presently, offshoots 
of large transportation companies from neighboring states 
dominate road transportation in the country. In 1987, regu
latory measures were introduced to stem this flood and to 
begin the process by which domestic companies could develop 
and capture market shares. This process will be intensified 
through emphasizing citizen shareholding in the companies 
and the plans of these organizations to establish maintenance 

215 

facilities and bases in Botswana as factors to permit entry into 
the industry. 

Because road transportation in Botswana is closely tied to 
cross-border traffic (mainly imports) within the Southern 
African Customs Union, the serious difficulties faced by Bot
swanan companies in obtaining permits in the Republic of 
South Africa for hauling goods has been a significant deterrent 
to entrepreneurs. Botswana, Lesotho , and Swaziland have 
been jointly negotiating with the Republic of South Africa 
for several years for equality in cross-border traffic and equi
table arrangements to regulate this traffic. Recently, progress 
has been made on this matter. 

Besides encouraging local participation, regulations are also 
required for safety standards, protecting the existing infra
structure from damage, monitoring and gathering informa
tion, and for avoiding harmful or unfair competition in certain 
areas. Developed countries, after reaching appropriate stages 
of growth and maturity , have found regulatory environments 
in road transportation a hindrance to further growth. A qual
ity control approach is now the favored trend in such econo
mies. The Botswana government considers these trends will 
provide useful guidelines for developments in the distant future , 
but for some considerable time to come the areas discussed 
will need to be regulated. 

Road passenger transport will be regulated for safety aspects, 
frequencies of services, and prices charged to the public. There 
needs to be no discussion on the desirability of ensuring safe 
means of transportation for people who wish to travel by road. 
There are, however, views that prices and frequencies of ser
vices charged should be deregulated. The main differences 
between Botswana's situation and that of other countries, for 
which such deregulation has produced benefits, lie in the dis
persed population and low traffic levels prevalent in the coun
try. Regulation of timetables and tariffs is considered by the 
government an appropriate method of protecting the public 
on long-distance routes. However, within cities only maxi
mum tariff regulations are presently used. Consideration will 
be given to eventually establishing bands of fares within which 
operators could charge tariffs to encourage competition. The 
tariffs are being set using computer models of road operating 
costs after ascertaining actual conditions of seat occupancy 
on various routes. These are reviewed periodically. 

Transportation in the cities is presently provided by licensed 
taxis and minibuses. Because of the growth in city populations 
in the past decade, service improvements are desirable, 
including elements of time-tabled services on scheduled routes 
and the ability to call for taxi services from cab ranks. Appro
priate methods will be studied and implemented, starting with 
Gaborone, which has the largest problem. Improvements in 
city transport operations will also be facilitated by increases 
in road widths, divided lanes where appropriate, signaled 
crossings, lay-bys for public transport vehicles, lighting, and 
other changes. These improvements will evolve and be imple
mented gradually. Suitable methods will be considered to 
strengthen the abilities of urban authorities to deal with 
transportation matters. 

Rail Transport Operations 

For rail transport, BR is a hybrid commercial enterprise with 
the government having exclusive modal operating rights to 
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avoid wasteful competition within the sub cctor. However, 
BR doe not 1110 11 polize the secto r and ha to compete for 
traftic witb other mil routes outside Bot wana , with road 
transport and even with air services. The railway i expected 
to impr ve its services and market itself aggre sively to retain 
a proper hare of the avai lable traffic. In exceptional ca·es 
and on ly after careful consideration has been given to all 
factor , the government might rul that certain kind of traffic 
move only by rail. Presently, such instruction apply to mo t 
petroleum products because the government wanl~ to main
tain high levels of petroleum stocks, which make it 
uneconomic;il to use more expensive road transport. 

Marketing of rail services in Botswana was characterized 
by benign neglect in the period leading to the rai lway take
over. Reliability of train e1vices running block and unit train , 
better information to cu romers about their c nsignment • the 
ability to quote competitive tariffs and the need Lu ori nt the 
BR work force toward efficiency and profits are all facets of 
the expected improvements . In addition, BR must use two 
container terminals planned for Gaborone and Francistown 
as important aids in modernizing itself and reaching for new 
markets. 

Air Transport Operations and Regulations 

During the last four decades, civil aviation all over the world 
has been subjected to a regulatory framework controlled by 
individual states acting in concert through the International 
Civil Aviation Organization . As a means to share the market 
for international travel. the principle tha! ovcreign rate 
have the right to decide how tJ1 ir airspace should be exploited 
ha. been accepted. Wilen properly admini tered by civil avia
tion authoritie , this regulated environm nt ha .led ro the 
development and growth of air transport markets and safe air 
travel facilit ies. In many developed countries, a stage has been 
reached wher free-marke1 operations can now accelcrutc 
growth better than regulation, leaving civil aviation authori
ties the task to set and control quality and safety in services. 

In B tsw<lna, civil aviation is in a comparatively embryonic 
stage and the government has opted for a r gulat ry system 
to help the industry grow. The government desires that the 
regulatory framework be eclectic, take into account inter
national treuds in aviation, and aim to ensure the highest 
po ·ible. tandards of afety efficiency , regularity, security, 
and economic viability in air transportation . 

After several yea r of permitting relatively free e ntry into 
the air transport market the government did not ee positive 
results either in terms of c t·effective air ervice. provided 
to the community or in the form of local air trnnsport capa
bilities with a sociatecl local sk ill . Air Botswana the refore 
was created as a parastatal corporation and given the exclusive 
concession as the national air carrier for scheduled domestic 
and international traffic. The aim i to foster ord dy growth 
in air transport without excluding private nterpri e in the 
process. There are many area in which other operator can 
supplement scheduled services o long as they m et the 
technical regulations of the government. 

Because the government owns the national air carrier and 
also regulates the market , it is possible that conflicts of interest 
may occur. The guiding principle will be to give priority to 
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national interests, the interests of the traveling public, and 
tho e of Air Botsw;in;i-in that order. No concessions will 
be given on matters dealing with safety and, in any case, 
commercial considerations will move the airline toward high 
afety standard . It is the government's conviction that these 

monitoring arrangements can work in Botswana, as they have 
elsewhere. 

PRICING AND TAXATION IN TRANSPORT 

Dotswana is committed to the principle that economic activ
itie be undertaken only when they can be paid for. Further
more, users of services should pay for what is used and unless 
th.ere are clear benefit to tbe economy, financial sub idies 
houkl be avoided . Subsidie · must meet the test of high com

parative economic and social returns before they are in tituted 
becau e re ource spent on the subsidies in one sector could 
be used productively in another. 

User charges in each of the transportation subsectors will 
need to be set in a manner that covers marginal or avoidable 
costs at a minimum and to make a contribution toward meet
ing full costs wherever possible. The government's transpor
tation enterpri es \\(ill be expected to provide rea onable returns 
on the investment made witb their first target being to break 
even financially. The ma.r ket-o ri emed mixed-economy 
approaches for transportation previ u I discussed will allow 
reasonable competition between and within modes and also 
permit pricing mechanisms to operate. This environment is 
expected to encourage efficiency and to ensure that the sector 
pays its way. 

Profitability is particularly required in the context of devel
opments in the mining sector, which has been the main resource 
base for the economy ince independence. A previously dis
cussed, the growth of revenue from mining will start tapering 
off soon. Other productive sectors of the economy will have 
to off·et the u;vertuc lo ·s if Botswana is tO continue its devel
opment at a sustainable pace. In the past, government invested 
in the transportation infrastructure (mainly roads) and main
tained it without expecting a direct return in the form of 
revenues. Economic benefi t w re envisioned through increases 
in the efficiency of transportation operation or in higher 
levels of genernl economic activity resulting from the provi
sion of Lhe transportation services. Because of the pr spect 
of a reduced, or at best a static, re ource base, it is important 
that the tran porcation sector meet its cost . However it is 
unlikely that transportation can become a major contributor 
to state revenues because unlike other service sectors the 
volume of annual transactions (turnover) is often a fraction 
of total investments. Profit margins are low, and high levels 
of taxati n would inhibit appropriate growth in transportation 
services. 

Rail Pricing 

An important aspect of BR's competing effectively with others 
in the market is its ability to price its services correctly. Rail
ways have traditionally charged for th ir services on the prin
ciple of what the traffic can bear. Thi practice often led to 
large-scale cross subsidizations as well as the pricing of trans-
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portation services well below marginal costs of operations. 
BR's tariffs will be set at levels that will not be below marginal 
costs. Thereafter, market forces will decide to what extent 
customers can be charged to ensure that BR recovers all its 
costs and also provides a return on the investment made by 
the government. 

The government has decided that BR's full costs will include 
all operating expenditures, interest payments on loans, pro
vision for future replacement of assets in a sinking fund, and 
provision for pensions. Assets will be revalued periodically . 
In this way, the state will provide the initial funds for railway 
services and BR must structure itself financially toward main
taining the organization as a profitable concern. It is envi
sioned that after the initial refurbishment the government will 
not need to provide funds for replacement of assets. 

In its present form, BR is not required to pay taxes because 
it is a governmental department. Taxation would unneces
sarily increase the cost of transportation services and coupled 
with a relatively low traffic base and high annual fixed costs, 
BR would find it difficult to retain its market share. But once 
a degree of stability has been reached, profitability targets 
could be set for BR without driving away customers. As the 
sole shareholder, the government would be entitled to dividends 
from profits that may accrue. 

Road User Charges 

It is the aim of the government that expenditures on roads 
and road transportation facilities be recovered from road users. 
A number of options are avai~able to facilitate this, including 
toll roads, taxes on fuels, license and permit fees for freight 
and passenger public service vehicles, and customs and excise 
duties on vehicles and spare parts. 

Tolls would require the construction of plazas with a per
manent staff for collection and to allow rapid flows of traffic 
through gates. The public considers tolls an inconvenience 
unless they are associated with limited-access highways that 
allow higher average speeds. It will be many years before 
traffic levels in Botswana justify such highways, and tolls should 
not be implemented until then. Taxes on fuels are easy to 
administer and proportionate to distances traveled (fuel con
sumed), but are not proportionate to vehicle weights; heavier 
vehicles, which cause the most damage to roads, will not pay 
their proportionate share. Transit vehicles, which take little 
fuel in Botswana, will also not pay in proportion to their 
economic costs. Vehicle license and permit fees are not dif
ficult to collect and can be configured to impose proportion
ately higher levies on heavier vehicles. For example , flat-rate, 
time-based fees could act as an incentive to use vehicles more 
intensive! y. However, the government for the present will use 
customs duties, taxes on fuels, and vehicle license and permit 
fees to recover costs. 

The level of such fees must, at a minimum, meet the var
iable costs of road maintenance. The initial steps toward 
implementing this policy have been taken recently, and in the 
process legislation has been approved that differentiates 
between road traffic pertaining to Botswana (internal , imports, 
and exports) and transit traffic. Ultimately, the government 
will seek to recover fixed and variable costs of maintenance 
and the costs of replacing roads . Although the state will pro-
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vide the initial capital to build roads that are economically 
justified, road users should eventually pay for their mainte
nance and depreciation. This arrangement is also desirable 
because the roads' competitor, BR, is expected to provide for 
replacement of infrastructure as well as full maintenance costs 
and competition between the modes should take place in a 
balanced environment. At an early stage, the government will 
seek to ensure that transit traffic bears its full costs because 
with foreign companies dominating the industry the trans
portation of these goods adds very little to the economy of 
Botswana. 

Further reasons for taxes on fuels include the need to find 
additional sources of revenue, discourage the drain of foreign 
exchange on a commodity in short supply, and fund improve
ments in the road network from a safety viewpoint. But there 
are obvious limits to what can be raised from this source, and 
these levies will not be increased to the extent of deterring 
entry into the road transportation industry. Similar reasons 
underline duties imposed on equipment used in road trans
portation though under the terms of the Southern African 
Customs Union Agreement Botswana has limited fiscal dis
cretion and is being compensated for this loss by revenues 
from the common customs union pool. 

Pricing of Air Services 

In the airline industry, empty seats on a plane are a lost 
product. Therefore , Air Botswana will seek to fill marginal 
seat with concessional tickets that will assist in making the 
airline profitable and in creating a market at the same time. 
For normal business travelers , the fare should recover full 
costs plus a profit. Conditions will be attached to concessional 
fares to prevent sharp reductions in the number of full-fare
paying passengers and will not be pegged below marginal 
operating costs . Substantial increases in revenues have been 
achieved in the first few months of implementing this policy. 

Because the market segment of business travelers is largely 
inelastic to variations in price, attempts to generate profits in 
this segment could result in the tendency for the airline to 
charge very high full fares without seeking to reduce costs to 
become efficient. In monitoring this quasi-monopolistic sit
uation , the government has special responsibilities to seek 
reasonable levels of fares from Air Botswana before 
approving them. 

In addition , the government will seek methods of raising 
revenues to meet some of the costs of providing civil aviation 
infrastructure and services with the aim toward balancing 
operating and maintenance budgets. Civil aviation levies such 
as landing fees and charges for licenses and examinations must 
be in step with regional trend . ertain direct lcvie such as 
pa ·enger taxes have been con idercd and will be introduced 
at the appropriate time. Indirect levies such as taxes on avia
tion fuels and charges from rentals for kiosks, advertising 
space, and use of other airport facilities will also be consid
ered . However, for a long time, Bot wana will not achieve 
traffic levels in civil aviation that can generate sufficient rev
enues through taxes to finance the capital or replacement costs 
of infrastructure, and therefore the government will not seek 
to recover these costs . 
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TRAINING AND DECENTRALIZATION 

Tht! government is committed to raising the levels of skills in 
the country and to training citizens to run the economy. 
Decentralization of skills will lead to greater job opportunities 
for citizens, which is a desirable goal. A spectrum of educa
tional disciplines and skills is required by the transportation 
sector to achieve full decentralization p<irticularly in 
engineering, economics, accounting, and administration. 

Jn ilddition, training to improve skill levels must be con · 
sidered an intrinsic part of operations of any industrial enter
prise because this increases productivity and enhances safety. 
Organizations in the transportation sector are no exception. 
Training as a component of any activity in the sector has been, 
and will continue to be, emphasized by the government. For 
example, purchases of equipment must be accompanied by 
training, ilnd expatriate officers providing technical assistance 
will be expected to train counterparts. 

Because the transportation sector is a major user of tech
nical manpower at different levels it has an important role to 
play in formal engineering training. A uecade ago, the gov
ernment was the pioneer in training craftsmen and technicians 
in the automotive sector in relation to maintaining its own 
vehicle fleet. At higher levels, the sector has played a role in 
the formative stages of engineering courses in the country. In 
the future, transportation organizations will provide practical 
training for engineering students at institutions in Botswana 
and will continue to influence curriculum development to obtain 
the manpower most appropriate to meet the sector's needs. 

PROMOTIONAL POLICIES 

Owing to historical and geographical factors, at the time of 
independence Botswana inherited a transportation sector largely 
controlled by foreign interests. Therefore, the policy of the 
government has been to promote Botswana's participation in 
its own trnnsportation sector. What led to the evolution of 
this policy was not a mere sense of national pride but rather 
the need to integrate transportation with national develop
ment, transfer certain economic activities to Botswana that 
were undertaken elsewhere, and reduce the nation's total 
dependence on its neighbors. However, a paucity of resources 
and higher national priorities in other sectors have caused 
progress in this matter to be slower than desired. Additional 
measures need to be evolved to increase national participation 
in the sector in the coming years. 

Establishment of a framework within which it will be pos
sible for a Botswana road transportation industry to grow has 
been previously discussed. However, in addition, access to 
capital for the industry needs to be investigated. Although 
capital ought to be no easier for transporters to obtain than 
for entrepreneurs in other economic activities, the present 
conditions for borrowing funds are probably more stringent 
for transportation activities. Lack of skills at various levels in 
citizen road hauling firms is a major impediment to their 
growth. It is necessary to consider methods by which such 
firms can improve their capabilities, particularly at 
management levels. The government will encourage such 
activities. 

A particular service that the government wants to foster is 
essential transportation in rural areas. Several areas of the 
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country suffer from poor transportation facilities because of 
the existence of dispersed small villages served by poor-quality 
roads. Available traffic volumes and the passenger tariffs that 
can be charged prevent operators from offering viable ser
vices. Until the road network expands and replaces the sand 
tracks existing in the remote areas, operating costs cannot be 
reduced. If operators charge passengers more in rural areas 
to make up thei1 losst:s, lht! Vt!ry people who need support 
will be penalized further. This situation provides the rationale 
fur the rural bus subsidy scheme whereby operators who run 
weekly return and mail service to selected destinations will 
be subsidized for every bus-kilometer traveled, dept:mling on 
road conditions and seat occupancy for each route. The scheme 
has recently been reviewed and the subsidies will be 
periodically updated using computer models. 

It is also government policy to encourage citizen contractors 
in construction activities, including road construction and 
maintenance. Without compromising quality, financial guar
antee requirements are reduced for such firms and assistance 
will be provided to help them learn the skills of tendering, 
controlling projects, and monitoring costs. Certain activities 
are also reserved for citizen firms as an inducement for them 
to enter the field. 

A specific promotional policy in civil aviation is to develop 
rural air services. A nucleus of destinations will be connected 
in southern and western Botswana that are not properly served 
by other transportation modes. Essential scheduled services 
will be provided through subcontracted charters so that costs 
can be kept low and services can be withdrawn with minimal 
exposure if they are not well patronized. The services will 
feed into the existing Air Botswana network. 

INTERMODAL ISSUES 

Containers have introduced a new element in transportation 
making it possible to move goods curdy am! rapidly using 
several linked modes of tran portation with acceptable levels 
of total costs. Botswana has been largely left out of the ben
efits this revolution has produced mainly because container
handling facilities in the country are minimal, resulting in a 
forced dependence on the container-handling capabilities of 
neighboring states. As a corollary, road transportation is pre -
ently the main mode for mall customers to move container 
to their premises. Coupled with permit restrictions in the 
Republic of South Africa, this lack has resulted in the trans
portation of containers being dominated by foreign road haul
ers. The government seeks to change this situation and trans
fer a proportion of this activity to the Botswana economy. 
Containerization is al o perceived a a potential growth area 
in Botswana both for its oversea and regional trade and to 
facilitate modal transfers in the country between railheads 
and places like Maun to which the paved road network is 
expanding. The government has decided to construct two con
tainer terminals at Gaborone and Francistown that will be 
serviced by road and rail modes and will be common user 
facilities. These facilities will also provide Botswana with flex
ibility in routing its external trade in the event of problems 
with South African route . Additionally, these terminals will 
facilitate the introduction of through-bills of lading for Botswana 
cargoes by shipping lines. 
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As mentioned previously, the government does not intend 
to resort to regulation or taxation to encourage particular 
modal choices among transportation users. Exceptions to this 
principle will occur when economic considerations (and eco
logical ones in the future) clearly lead the government to a 
different modal choice than that made by a transportation 
user from a narrower perspective. Government will also inter
vene in the case of emergencies and where national interests 
are of overriding importance. 

For passenger transport, the government would like the 
different modes to supplement one another. The modes are 
not competing for traffic to destinations that are only con
nected by roads and do not have rail services or airports. But 
where the modes compete, market forces should decide the 
best product mix that should emerge on the basis of the pref
erence of travelers and their reaction to prices. Although 
agencies of the government currently set prices for the modes, 
the various services offered are meant for different target 
groups. The principle that tariffs should not be below mar-
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ginal costs will bring considerable efficiency into these 
arrangements. 

CONCLUSIONS 

The framework of policies and planning perspectives within 
which Botswana's transport sector has grown from a negligible 
size to a size at which it has considerable capabilities has been 
described. By using rational methods of developing this ser
vice sector according to demands, the future development of 
transportation in Botswana will continue to provide a catalytic 
effect on the country's economic development. 
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Economic Impacts of Aviation on North 
Central Texas 

JULIE K. P. DUNBAR 

The North Central Texas Council of Governments has evaluated 
economic impacts of the North Central Texas airport system , 
which includes more than 40 public-use airport . A representative 
ample of rbe e airport included 23 existi ng airp01ts and 4 new 

or proposed airport' . Direct, indirect, and induced economic 
impacts were e timated to determine the total economic impact 
of the 23 existing airports. The economic impact · of these airports 
on I' heir surrounding communities were determined , including the 
numbers of job auributablc to the airport . Foreca t were then 
developed of the economic benefits that might be expected from 
existing and proposed airports by the year 2010. 

The North Central Texas Council of Governments (NCTCOG) 
is the metropolitan planning organization for the Dallas-Fort 
Worth metropolitan area . The entire North Central Texas 
region consists of the 16 counties including and surrounding 
Dallas-Fort Worth, an area of approximately 12,800 mi2 with 
a 1988 population of 4.1 million. 

Since the early 1970s, NCTCOG has been responsible for 
the regional coordination and planning of the North Central 
Texas airport system, which includes more than 40 public-use 
airports. In an attempt to promote this airport system, 
NCTCOG prepared a ·tudy of the airports' economic impacts. 
The study was completed in December 1988. 

A representative . ub et of the North Central Texa airport 
system was evaluated. The economic impact of lhe Dallas
Fort Wortb Internati.onal Airport were determined in a sep
arate effort by the airport as part of a recent update to the 
airport' ma ter plan. Airports of similar ize are frequent ly 
the subject of economic impacl studie ·.The main purpose of 
the effort by NCTCOG was to measure tbe economic be11efit 
generated by the other airports in the North Central Texas 
region. There were five main objectives to the study: 

1. To quantify the annual economic impact of 23 existing 
airports in the North Central Texas region, 

2. To determine the extent to which the communities 
surrounding each airport benefit from the airport's activities, 

3. To determine the number of jobs attributable to each 
airport and estimate the number of individuals in the region 
whose jobs are directly or indirectly dependent on these 
airports , 

4. To estimate the probable economic impacts of four new 
or proposed airports, and 

5. To forecast the economic impact of the total of 27 
airports to the year 2010. 

North Central Texas Council of Governments, P.O. Drawer COG, 
Arlington, Tex. 76005-5888. 

Figure 1 shows the location of all of the airports included 
in the analysis. A wide variety of sizes and capabilities is 
represented. The airports range from Dallas Love Field, which 
has a substantial amount of air carrier activity as well as a full 
range of general aviation (GA) services, to small, privately 
owned airfields such as Bourland Field or Hicks Airfield. 
Seven of the 27 airports are privately owned , public-use air
ports. This variation in size and capability is one of the unique 
characteristics of the analysis and is indicated by Table 1, 
which presents the based aircraft and operations associated 
with each of the airports. 

The study took over 1 year to prepare and was monitored 
by NCTCOG's Air Transportation Technical Advisory Com
mittee (ATTAC). ATTAC's members represent all facets of 
aviation in the North Central Texas region, including munic
ipal airports, private airports, air carrier airports, airlines, the 
aviation industry, the U.S. Air Force, and FAA. ATTAC 
developed the study objectives and reviewed the process and 
results in accordance with those objectives. This type of com
mittee review structure helped eliminate many of the biases 
that are often suspected in studies of this nature. 

METHODOLOGY 

The basic methodology used to estimate the economic impacts 
of the airports is consistent with that advocated by FAA (1). 
The methodology is an impact approach, not a transportation 
benefits approach . In other words, it is not the efficiencies of 
air travel that are explored, but rather the contributions of 
these local airports in terms of jobs and dollars in the region's 
economy. 

Three different types of impact were estimated to determine 
the total economic impact for the 23 existing airports in the 
Dallas-Fort Worth region: 

• Direct impacts, 
• Indirect impacts , and 
• Induced impacts. 

Direct impacts typically occur at the airport and are the pro
vision of some type of aviation service. Indirect impacts most 
frequently occur at locations in the region that are away from 
the airport. Air passenger expenditures on entertainment and 
accommodations are examples of indirect impacts. This cat
egory also included the expenditures of large, aviation-related 
industries that were located on or near an airport but could 
not be considered completely airport dependent. These impacts 
were referred to as industrial development impacts and included 
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TABLE 1 BASED AIRCRAFf AND OPERATIONS FOR NORTH CENTRAL 
TEXAS AIRPORTS IN 1987 AND 2010 

ANNUAL .AIRl::lWT 
~AmCRAFT OPERATIONS 

AIRroRr 1987 2010 1987 2010 

Addison M.mi.cipal 750 966 169,250 241,500 
Aero camtry 90 146 40,360 65,000 
Alliance n/a 110 n/a 44,000 
Arl~ z.mi.cipal. 263 370 266,300 300,000 
Balrlan:i Field 83 108 16,500 27,000 
Cleburne M.mi.cipal 94 142 15,000 28,400 
carsicana M.mi.cipal 48 65 22,920 26,000 
Dallas North U3 169 61,500 67,600 
Denton M.micipal 135 247 115,500 140,000 
Goode 110 147 25,000 32,000 
Granbury M.mi.cipal 40 154 16,000 77,000 
Grand Prairie M.micipal 291 401 204,000 251,000 
Greenville Majors 36 56 77,000 90,000 
Hicks Airfield 91 130 U,500 20,000 
Lancaster z.mi.cipal 110 136 55,100 68,000 
IDV9 Field 494 622 226,225 301,000 
McKinney z.mi.cipal 81 300 63,800 135,000 
Maadlam Field 375 453 310,402 362,400 
Mineral WellS 45 59 20,400 23,600 
Narth Dallas Jetport n/& 50 n/a 12,500 
Northwest Regional 425 462 57,600 62,600 
Rlil H\D;an/ n/& 

Mesquite follnicipal 135 213 67,500 106,500 
Rsdbi.rd 185 236 148,000 188,800 
Rcckwall M.mi.cipal 90 153 51,000 76,500 
Sp:irics n/a 147 n/a 73,500 
Terrell J.mlicipal lU 142 52,930 71,000 
Waxaha.dlie Midlothian n/a 130 n/a 65,000 

'romL 4,206 6,314 2,094,787 2,955,900 

Data prepared for Ncrax; by Wilbur Smit.'l Associates. 
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a few non-aviation-related businesses that leased space at an 
airport. 

Induced impacts represent the multiplier effect of the direct 
and indirect impacts that results when direct and indirect impacts 
represent net increases in final demand. For example, assume 
an aircraft maintenance worker is paid $300 per week. 
Approximately $100 of thi salary goe toward his monthly 
apartment rent. The landlord of the apartment then takes $50 
of the $100 and hires a lawn care business to maintain the 
apartment grounds. The lawn care business then uses $20 of 
the $50 to pay a part-time employee, and so on. 

In this example, the initial $300 is considered a direct im
pact of the airport; the other transactions represent the mul
tiple impacts of the $300 on other sectors of the economy. In 
this study, the multiplier impacts were estimated using the 
Regional Input-Output Modeling System (RIMS-II), cali
brated for the 16-county North Central Texas region by the 
U.S. Department of Commerce (2). 

Figure 2 shows the relationship of the direct, indirect, and 
induced impacts and lists examples of each. 

SURVEY AND DATA COLLECTION EFFORT 

To produce reliable current-year (1987) impact estimates, an 
extensive amount of data was collected for the 23 existing 
airports. The following steps were performed to obtain the 
desired level of data. 

Airport Data Request Form 

An Airport Data Request form was mailed to the airport 
managers of the 23 airports. The form was sent with an intro-
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duction to the project to encourage cooperation. It included 
questions concerning the airport's activity levels, types of ser
vices, number of jobs, expenses and revenues, and types of 
related businesses (both on and off the airport). Questions 
concerning future development at the airport were also included 
to assist in the forecast phase of the study. A 100 percent 
response rate was obtained from these forms. 

Airport Visits 

Each airport was visited by a member of the study team to 
verify the information on the Airport Data Request form and 
to learn more about the economic viability of each facility. 

Participating Firms Survey 

A list of firms was developed from the Airport Data Request 
forms. The firms included either provided some type of avia
tion service, were a major user of the airport, or both. The 
study team attempted to conduct personal interviews with 
representatives of each targeted firm. When personal inter
views were not possible, the surveys were mailed and followed 
up by a telephone call. A 100 percent response rate was obtained 
at most of the airports. 

Field Work-Consistency Check 

To ensure consistency in the data collected by the various 
members of the study team, a checklist was developed listing 
the key items needed from each airport. These items ranged 
from tenant lists and fuel sales to the number of itinerant 

INDIRECT 
IMPACTS 
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(Typically off-Siie} 
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BY TYPE a' MPACTS 
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nllBtry Typaa That Benolit 
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IMPACTS 

DISTRIBUTION OF IMPACTS 
BY GEOGRAPHIC AREA 

Commmities Impacted 
Proximity to Altport 

AIRPORT ECONOMIC IMPACT TYPES 
FIGURE 2 Impact relationships (data prepared for NCTCOG by Wilbur Smith Associates). 
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operations. This checklist helped eliminate any potential bias 
introduced by having different team members gather the data. 

Air Passenger Surveys 

Because air passenger expenditures are a key component in 
the estimati n of indirect impacts air passenger urvcy were 
condu ted at three of the airports . Dallas Love Field was the 
on ly airp fl in the study tha t had air carrier activity; therefore , 
a survey of the air carrier pa enger · wa performed there . 
Two repre en tativc GA airport , Addi. on Municipal and 
Arli ngton Municipal were survey d toe ·1imate GA pa. en
ger expenditures. ft wa ' not possible to survey the GA pas-
engers at all of the airpon , o the information obtained from 

the surveys at the Addison and Arlington airports was applied 
to the others. 

ESTIMATION OF BASE-YEAR (1987) IMPACTS 

To obtain accurate and reasonable estimates of each airport's 
economic impact, the base-year data base needed to be exten
sive. One of the primary objectives for the study's results was 
to promote general aviation to the nonflying public. Because 
of the skepticism that exists with regard to the benefits of 
local airports, the base-year estimates needed to be based on 
reliable data. 

The direct, indirect, and induced impacts of each of the 23 
exist ing airports were determined fast ( ee Figure 2). The e 
impacts were then related to the surrounding communitjes. 
The jobs associated with each airport were determined as well. 
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Direct Impacts 

For the estimation of direct impacts, the survey data obtained 
from the participating firms were reviewed, and each firm or 
activity was identified as either "airport related" or "other." 
Those that were determined to be airport related were used 
in the direct impact calculation. The other firms were either 
on-site airport tenants whose businesses were not related to 
aviation or the airport, or large aviation industries that could 
not be entirely attributable to the airport. As explained pre
viously, these firms were included as indirect impacts under 
a special "industrial development" category. 

Once the distinction between aviation related and other 
firms had been made, the expenditures of the airports and all 
aviation-related firms were summarized by three categories: 
payroll, capital, and expenses. The payroll category repre
sented salaries paid to those individuals who work at the 
airport and live in the 16-county region. The capital category 
represented capital expenditures to recipients located within 
the region and often included payroll-type expenditures as 
well (to employers of construction firms, for example). The 
expenses category included payments for local utilities or goods 
and for local taxes. All of these expenditures are of economic 
benefit to the local 16-county region. Table 2 presents the 
direct impacts by category for each airport, with a regional 
total of $560.9 million for the base year. 

Indirect Impacts 

The indirect economic impacts of each of the 23 airports were 
divided into three categories: visitor expenditures, regional 

TABLE 2 DIRECT ECONOMIC IMPACTS FOR NORTH CENTRAL TEXAS AIRPORTS IN 1987 

OIREX:l' IMPACTS 
AIRroRl' Payroll capital EXpel'lses 'l'otal 

Addison MUni.cipal. $12,500,000 $3,580,000 $11,570,000 $27,650,000 
Aexc country $35,000 $5,000 $25,000 $65,000 
Arl.in;ton MUni.cipa.l $3,063,000 $4,299,000 $1,522,000 $8,884,000 
Bcurlan:i Field $130,000 $50,000 $43,400 $223,400 
Cleburne MUni.cipa.l $580,000 $478,000 $175,000 $1,233,000 
COrsicana MUni.cipa.l $206,000 $41,500 $1S6,800 $404,300 
llUlas North $235,000 $445,000 $365,000 $1,045,000 
Denton MUnicipal. $480,800 $271,400 $474,400 $1,226,600 
Goode $60,000 $50,000 $27,000 $137,000 
Granbury MUni.cipal $39,000 $25,000 $117,000 $181, 000 
Grand Prairie !Ulicipal $228,000 $895,000 $380,000 $1,503,000 
Greenville Majors $36,000 $10,000 $79,000 $12.5,000 
Hicks Airfield $432,000 $200,000 $100,000 $732,000 
Lancaster MUni.cipa.l $271,300 $281,700 $202,200 $755, 200 
Leve Field $223,810,000 $57,770,000 $186,350,000 $467,930 , 000 
McKinney MUni.cipal. $244,600 $45,000 $411,000 $700,600 
Mellc:ham Field $13,220,000 $6,170,000 $8,430,000 $27,820,000 
Mineral Wells $1,122,000 $76,500 $689,300 $1,887,800 
Northwest Regional $1,690,000 $250,000 $478,000 $2 , 418,000 
ihil Hud5orV' 

Memqu.ite !Ulicipal $612,000 $2,005,000 $981,000 $3,598,000 
Redbird $4,437,00.0 $4,041,000 $2,961,000 $11,439,000 
Rcckwall 1'Mli.cipal $182,000 $145,000 $160,200 $487,200 
Terrell MUni.cipal $137,000 $80,000 $239,400 $456,400 

TOrAL DIRErl' IMPAC1'S $263,750,700 $81,214,100 $21S,936,700 $560,901,500 

Data prepared for NCTCOG by Wilbur Smith Associates. 
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expenditure , and industrial development. Vi itor expendi
tmes represented money deposited in the local economy by 
visitors to the region who arrived via a pecific airport. Care 
was taken to ensure that only expenditures by people visiting 
the region were included . The air passenger survey data were 
used to estimate the number of visitors, the number of days 
and nights they spent in the region, and their individual level 
of expenditure . For those airpor ts where air passenger surveys 
were not conducted assumptions were drawn from the sur
veys at Addison Municipal and Arlington Municipal airports 
and applied to the other airports . Of the annual number of 
itinerant operations , 40 percent was assumed to be the number 
of aircraft at an airport that carry passengers, with an average 
of 40 percent of the visitors spending the night. The expendi
tures by overnight visi tors were estimated at an average of 
$76.10 per night per person, and the daily visitor expenditures 
were $21.18 per day per person. 

Regional expenditures represented transactions by re
giona l airport user . Th is category primari ly included pi lots 
and mechanics of firm that own ai-rcraft based a l a specific 
airport as well as the local taxes and dai ly cost of those air
craft. The specific local tax rates of each airport municipality 
were used. 

The industrial development category represented the regional 
value-added impact of each firm , as estimated from the sur
vey . The di tinction be tween aviation-related and other firms 
was maintained as described earlier. This category was included 
at the request of the local government representatives on 
A TI AC. Again , to convince the nonflying public of the impact 
their local airport might have, A TI AC believed it would be 
shortsighted not to quantify these impacts. Depending on the 
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audience, the inclusion of these impacts could either correct 
the underestimation of an airport's impact or overestimate the 
airport's impact. For this reason , the industrial development 
impacts were kept separate from the total indirect impact. 

For each airport, care was taken to avoid double counting. 
For example, if a corporation purchased fuel and aircraft parts 
from a fixed-based operator (FBO), the transaction was 
included as a direct impact for the FBO. The corporate expen
ditures were not counted. Table 3 presents the indirect impacts 
by category. The regional total for indirect impacts is $1,135 
million, with 68 percent included in the industrial development 
category. 

Induced Impacts 

RIMS- II multipliers were applied to the direct and indirect 
impacts to obtain the induced impacts, otherwise referred to 
as the "multiplier effect." The multiplier traces the flow of 
money through the region. The larger the region, generally 
speaking, the longer the money tends to remain in the region, 
resulting in a high average multiplier. Because of the size and 
economic viability of the North Central Texas region, an aver
age multiplier of 2.73 was determined. In other words, for 
every $1 spent on aviation, $1.73 is generated in the rest of 
the economy. The full set of multipliers provided by RIMS-
11 for the estimation of total impacts was used . The induced 
impact represented 62 percent of the overall regional impact 
for the base year. Table 4 presents the induced impacts for 
each of the 23 existing airports. 

TABLE 3 INDIRECT ECONOMIC IMPACTS FOR NORTH CENTRAL TEXAS AIRPORTS IN 1987 

INDimX:l' IMPJICl'S 

rmustri:al CIMll.cpmmt 
Visitor Raqicna.l Aviaticn 

AIRRJRl' Elcpen:litures Expenditures Ralat.ad otmr Tatal 

Acldison .lt.lnicipal $11,186,800 $21,527,200 $20,313,000 $53,027,00 
Aero country $65,100 $37,200 $102,30 
Arl~ IU'lici.pal $4,108,100 $503,300 $87,989,000 $125,000 $92,725,40 
Bwrlancl Field $225,700 $8!5,800 $311,50 
Cleb.lme .lt.lnici.pal $142,300 $293,500 $43S,80 
c:or.;icana MJnicipal. $320,900 $147,700 $468,60 
l::allas North $854,400 $83,700 $938,10 
Denten .lt.lnicipal $2,622,000 $263,500 $2,885,50 
Goode $102,500 $59,800 $W,30 
c;ranrury M.ln.icipal $259,400 $43,500 $302,90 
Grand Prairie IUliclpa.l. $2,743,700 $630,300 $136,117,000 $177,000 $139,668,00 
e>r.nville Majors $593 ,900 $76,700 $418,705,000 $419,375,60 
Hides Airfield $21,600 $31,300 $52,90 
I.ancaster MJnicipal. $767,500 $103,700 $2,082,000 $2,"3,20 
I.ave Field $241,247,000 $50,572,000 $2511,819,00 
MclC1nney IU'lici.pal $396,800 $151,900 $548,70 
Maadlam Field $10,480,700 $7,150,100 $17,630,80 
Mineral Wells $93,100 $83,700 $10,209,000 $10,385,80 
Northwest Reqi.onal $83,300 $231,100 $314,40 
Rill. Hudson,/ 

Mesquite M..mici.pal $1,898,900 $234,600 $2,133,!50 
Redb.ird $2,107,500 $727,300 $44,502,000 $47,336,80 
Rockwall Mmicipal $333,500 $104,400 $437,90 
Tenell Mmicipal $754,800 $143,200 $50,231,000 $51,129,00! 

rorAI. INDIRECT IMPACl'S $281,409,500 $83,285,500 $655,102,000 $115,348,000 $1,135,145,00 

Data prepared for NCTCOG by Wilbur Smith Associates. 
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TABLE 4 INDUCED ECONOMIC IMPACTS FOR 
NORTH CENTRAL TEXAS AIRPORTS IN 1987 

Addison M.micipal 
Aero Country 
Arl~ M.micipal 
BoUrlani Field 
Cleburne M.micipal 
Corsicana 1'lmicipal 
Dlilas North 
Denton M.micipal 
Goode 
Granbury M.micipal 
Grarxi Prairie M.micipal 
Greenville Majors 
Hicks Airfield 
Lancaster M.micipal 
IDve Field 
M=Kinney M.micipal 
Meacham Field 
Mineral Wells 
Northwest Regional 
lhll Hudson/ 

Mesquite 1'lmicipal 
Redbird 
Rockwall M.micipal 
Terrell M.micipal 

'IUrAI. mIXJCED lMPACl'S 

INil1CED 
IMPACl'S 

$93,549,000 
$1234,700 

$23,390,600 
$823 ,100 

$2,694, 200 
$1,341, 100 
$3,332,900 
$6,786,900 

$456, 700 
$753, 100 

$8,159,000 
$1 ,264,400 
$1,267, 100 
$2,707,600 

$1,241,955,000 
$1,919,700 

$72,360,200 
$3,154,400 
$4,243,600 

$9,970,500 
$24,005,200 
$1,525,900 
$2,131,600 

$1,508,026,500 

il'lta prepared for NCl'CXlG by Wilblr Smith 
Associates. 

ECONOMIC IMPACT (IN $MILLIONS) 

MEACHAM ARLINGTON GRAND ADDISON DALLAS 
FIELD MUNICIPAL PRAIRIE MUNICIPAL REDBIRD 

MUNICIPAL 

AIRPORTS 
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Surrounding Community Impacts 

It wa clear 1hal the impacts of the airport could be traced 
throughout the North Central Texas area . However to make 
the tudy more useful to the local atrpon · the direct and 
indirect impact were di ·aggregated to th c mmunitie near 
each airport usi ng the survey information n the employee ' 
residential locations and the places arriving pas eng r go 
when they leave each airport as well as the ge graphic I ca
tion of !he impacted firm . his information was nly an 
approximation of Lbe loca l community impacts, but it was 
very useful in relating the overa ll airport impact LO a loca l 
jurisdiction. Because o many of the airport in the Dal las
Fort Worth area are relatively clo e to each other th impact 
of many of th airports pilled over into rhe surrounding com
munities. Figure 3. how · an example of this spillover eft'ecr 
for everal or lh airport at the center of tbe Dallas- on 
Worth metropolitan area. 

Airport Employment Impact 

The economic impact or benefit of an airport can also be 
expr sed through Lhe jobs it creates. ometime the g neral 
public can relate betler t an expre sion of impact in term 
of jobs or employment than in term · f millio.ns of dollars. 
The direct , indirecl and induced job' were e Limated , with 
the industrial development job · reported s paratcly. T hee 
employment estimates were obtained from th urvey infor-

I 

JURISDICTION 

CJ DALLAS 

CJ DALLAS COUNTY 

mm GRAND PRAIRIE .. TARRANT COUNTY - ARLINGTON 

FIGURE 3 Airport impacts on local jurisdictions (data prepared for NCTCOG by Wilbur Smith Associates). 
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mation using the RIMS-II process. Table 5 presents these 
employment estimates for each airport. 

ESTIMATION OF FORECAST IMPACTS 

Another objective of the study was to estimate the level of 
economic benefit that might be expected from the airports by 
the year 2010. In general, the more activity an airport had, 
the greater the economic benefit. Future activity can be indi
cated by a combination of actual aviation activity in terms of 
based aircraft and operations or industrial development activ
ity. Industrial development was considered too difficult to 
forecast, so the future activity relates only to increases in 
based aircraft and operations. This assumption was conserva
tive but believed necessary to maintain the appropriate level 
of reliability . 

Forecasts of based aircraft, annual operations, and passen
ger enplanements (for the air carrier facility only) were gen
erated for the region and then allocated to the 27 airports 
included in the study (see Table 1). The four new airports 
were assumed to be in place by 2010 and the 23 existing 
airports were assumed to remain open. 

Relationships between aviation activity and economic impact 
were assumed, as presented in Table 6. The impact forecasts 
were then developed from these relationships, taking into 
account the productivity changes that would occur in some 
categories. Table 7 presents the forecast economic impacts 
for each airport excluding industrial development impacts. 
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PRESENTATION AND USE OF STUDY RESULTS 

For several years NCTCOG and the southwestern region of 
FAA have felt a strong need for the information provided by 
this study. As in many metropolitan area many of the local 
GA airports are fighting a con tant battle against encroaching 
development and neighborhood opposition. Economic impact 
information can be an important component in efforts to 
increase the awareness of the nonflying public regarding an 
airport's benefit on its surroundings. 

The study re ults can be used or interpreted in a variety of 
ways. Some of these are listed below: 

• Comparisons Between Airports. The economic impacts 
of the majority of the GA airports in the North Central Texas 
area can be directly compared because the impacts were devel
oped u ing the. ame methodology. Even if the absolute num
bers d veloped to show the impacts are disputed, the rela
tionship between airports still holds true. This compan1bility 
is especially useful in the Dallas-Fort Worth metropolitan 
area, where several airports often compete for tenants. 

• Identification of Potential Impact. Another use of these 
da ta is by airport owner who are contemplating development. 
For example if a runway extension is being con ·idered, the 
owner can gain insight regarding the magnitude of impact that 
might be expected by reviewing the economic impact of air
ports with similar characteristics. This capabil ity might be 
useful for l.ocal governments that are trying to convince 
their elected officials of the economic viability of such an 
improvement. 

TABLE 5 AIRPORT-RELATED EMPLOYMENT ESTIMATES FOR NORTH 
CENTRAL TEXAS AIRPORTS IN 1987 

AVIAT.Ial-"RELA'.IEl INillS'mIAL DEVEIDJMNl' Total 
AIRPORl' JOBS JOBS Jcbs 

Addison M.Jnicipal 1,676 220 1,896 
Aero countty 4 4 
Arlinqtcn 1'D.micipal 447 806 1,253 
BaJrland Field 15 15 
Cleburne MJnicipal 44 44 
carsi.c:ana MJrU.cipal 25 25 
Dallas North 69 69 
Denton MJnicipal 154 154 
Goode 7 7 
Granbury lt.lnicipal 13 13 
Grzmi Prairie MJnic:ipal 180 1,297 1,477 
Greenville Majors 29 3,900 J,929 
Hicks Airfield 24 24 
Lancaster 1'D.micipal 55 21 76 
Lava Field 24,243 24,243 
1'dinney MJnicipal 35 3!5 
Meacham Field 1,335 1,335 
Mimml weus 50 91 141 
NoJ:thwmt Reqia'lal 64 64 
Hlil. llld8cl\I 

*-IUite MJnicipal. 199 199 
Rd:>ird 417 613 1,030 
RccJa.!all !bU.cipal 27 27 
Tamil MJnicipal 45 743 788 

'romL JOBS 29,157 7,691 36,848 

Data prepared far NCl'CDG .by Will::Jur smith Associates. 



230 TRANSPORTATION RESEARCH RECORD 1274 

TABLE 6 AVIATION ACTIVITY-IMPACT RELATIONSHIP 

Direct Ilrplcts: 
Payroll 
capital 
Expenses 

In:lirect Impacts: 
Visitor Expenses 
Resident Expenses 
Corporate Aviation 

Aircraft operations 
Aircraft operations 
Aircraft operations 

Itinerant/Visitor Operations 
IllCa1 operations 
Based Aircraft 

Base Year Ratio 

t:Bta prepared for NCro:lG by Wilb.Ir Smith Associates. 

x 

x 

TABLE 7 FORECAST ECONOMIC IMPACTS FOR NORTH CENTRAL 
TEXAS AIRPORTS IN 1987 AND 2010 (EXCLUDING INDUSTRIAL 
DEVELOPMENT) 

ANNUAL AVIMION- REIATED 
EX:XHHIC IMPACl'S PERaNl' 

AIRRlRl' 1987 2010 mcm:A.SE 

Milson Municipal $153,913,000 $181,125,000 17.68% 
Aero Country $402,000 $649,000 61.44% 
Alliance n/a $27,100,000 n/a 
Arlin;Jtan Municipal $36,886,000 $40,500,000 9.8ot 
Bourlan:i Field $1,358,000 $2,017,000 48.53% 
Cleb.lrne Municipal $4,363,000 $7,599,000 74.17% 
carsicana Municipal $2,214,000 $2,671,000 20.64% 
CB!las North $5,316,000 $6,197,000 16.57% 
Denton M.Jnicipal $10,899,000 $14,700,000 34.87% 
Goode $756,000 $991,000 31.08% 
Granbury Municipal $1,237,000 $5,591,000 351.98% 
Gr.mi Prairie Municipal $13,036,000 $16,315,000 25.15% 
Greenville Majors $2,060,000 $2,595,000 25.97% 
Hicks Airfield $2,052,000 $3,100,000 51.07% 
Iancaster M.micipal $4,334,000 $6,291,000 45.15% 
I.ave Field $2,001,704,000 $2,478,620,000 23.83% 
1't::Kinney M.micipal $3,169,000 $9,450,000 198.20% 
Meacham Field $117,811,000 $137,535,000 16.74% 
Mineral Wells $5,219,000 $6,004,000 15.04% 
North l)Ulas Je~ n/a $7,700,000 n/a 
Northwest Regional $6,976,000 $7,322,000 4.96% 
Fhil Hudson/ n/ll 

Mesquite Municipal $15,702,000 $19,100,000 ~1.64% 
Redbird $38,279,000 $47,640,000 24.45% 
Roc:kwall M.micipal $2,451,000 $4,019,000 63.97% 
Spinks n/a $4,797,000 n/a 
Terrell Municipal $3,486,000 $5,043,000 44.66% 
Waxahachie Midlothian n/a $4,654,000 n/a 

'lurAL IMPAcr $2,433,623,000 $3,049,325,000 

CBta prepared for NCI'CDG by Will:lur Smith Asscx::iates. 

• Enhancement of Airport System oncept. Wi thin the 
Dalla -Fort Worth metropolitan area, many f the airports 
are close enough to each other that their impact overlap. 
The allocation of economic impact ro the commu nities sur
rounding each ai rport helps to quantify this overlap and 
demonstrate the interrelationship among the airports. 

are usually developed by an airport for itse lf. Although the 
input data u ed in this effort were mo tly provided by the 
individual airport operator , the data were reviewed and com
pared in an attempt to eliminate any reporting bias. The eco
nomic impacts reported for each airport wcr developed in a 
similar manner by an independent agency, res ult ing in data 
le likely to be accused of bia · toward sp cifi airports. • Independent Data Source. Economic impact estimates 
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To provide the survey results to the many different types 
of interested organizations, the data were summarized in 
several ways: 

• Final Report. The final report contained a complete dis
cussion of the methodology and results, including sections on 
each airport. 

• Fact Sheet. A fact sheet was developed for initial distribu
tion to the press. It included a summary of the total regional 
impacts and an indication of the types of information 
available. 

• Individual Airport Summary. A summary of individual 
airports was prepared to help local government staffs dem
onstrate an airport's significance to elected officials and 
organized airport opposition (i.e., neighborhood groups). 

• Visual Aids. A series of pie charts and graphs was devel
oped for use during presentations to various local govern
ments, ch.ambers of commerce, and group meetings to explain 
the process and disseminate the impact information . 

Information such as this is of no benefit if it is not properly 
distributed. It is equally important both to discuss the impacts 
themselves, in terms of jobs and dollars benefiting the local 
economy, and to explain how the information was obtained. 
A simplified explanation of the process often increases the 
likelihood that the information will be accepted as factual. 
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The timing of the release of the information is also impor
tant . When this study was conducted, the airports included 
in the analysis were primarily free of any controversy sur
rounding their continued operation. Therefore, the study was 
not undertaken in response to unusually strong airport oppo
sition or other similar crises. When such information is offered 
to the public simply as additional knowledge, rather than in 
response to a challenge or dispute , it is often much more 
widely accepted. This sort of information should be part of a 
regular data base for an airport or a system of airports so 
that, as conflicts arise, the data cannot be accused of being 
adjusted to meet a specific challenge . 
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Transportation Factors as Catalysts for 
International Trade Development, Case 
Study: East Boston, Massachusetts 

MARK R. FERRI 

This case study stems from an ongoing project to demonstrate 
that trade and economic development could be enhanced by 
transportation inve tment . The project was initiated by a private
sector foreign trade, d >vel pment, and management firm (the 
Consortium for lmernational Trade and investment) . T he cor
relation between transportation access and the viability or inter
national trade and inveslment activity is examined by focusing 
on a case study in East Boston, Massachusetts. With an intensified 
push for U.S. exports, several factors should be integrated into 
the private-public export investment strategy-urban goods 
movement, international transportation features, infrastructural 
capacity, and the entire export transportation network. To realize 
the necessary catalysts for such an export trade investment strat
egy, both the public and private sectors must be informed, 
educated, and mobilized to the urgency of the problem. reat
ing a multifaceted solution requires the input of transportation 
planners, econ mic development pcciali ts governmental enti
ties private ecmr concern , and the communities affected . uch 
an interactive coalition-building process is discussed and 
recommendations are provided. 

The origins of this case study can be traced to a fall 1986 
internal research memorandum of the Consortium for Inter
national Trade and Investment (CITI) that attempted to 
examine the relationship between urban transportation access 
and the viability of international trade and investment activity 
in Boston and the region. Using transportation access as a 
focus, CITI analyzed the public policy issues revolving around 
ground access problems at Logan Airport, including traffic, 
parking strain, congestion, disruption, and delay, and each 
issue's impact on Logan's continuing expansion, interplay 
between the airport and the seaport, and the airport's sur
rounding residential community. In addition, these factors' 
collective impact on the attractiveness of the Boston area as 
a haven for foreign trade activity and investment was exam
ined. An unfolding backdrop and impetus for the examination 
of these issues was the Third Harbor Tunnel-Central Artery 
transportation project. 

ISSUES 

The 1986 CITI memorandum set out as points for discussion 
a list of specific issues and broader themes, asking 

Consortium for International Trade and Investment, 294 Washington 
Street, Suite 304, Boston, Mass. 02108. 

• Whal were the adverse impacts of swollen ground access 
(park ing, gridlock, congestion and delay) on the airport ' 
and eap rt's connecting n ' t\ ork in terms f it ability to 
transport goods and passengers domestically and worldwide? 

• In what ways were neighborhood quality of life issues 
compromised by rhe presence of an expandi ng urban airp rt 

and h w c uld the opera tion al concern. of the facility be 
reconciled with or integrated within a Lra tegy that mutually 
bcncfitted fhe re idential livabi lity and stability concerns of 
the local community? 

• What impact would the Third Harbor Tunnel project have 
on potential export-related traffic conduits? 

• With knowledge that the level of foreign trade or free 
trade zone activity in Boston and the Massachusetts area was 
sluggish, to what extent could this be attributed to an export 
tran ·ponation network that had either failed to fully develop 
or was impeded in achieving its full potential? 

• In light of the seemingly prolonged overhaul of its major 
infrastructural and transportational con11e ·ti ns, how well is 
Boston poised to vie for its share of the world economy? 

In the context of this case study, CITI ought to address 
these issues and to demonstrate the proactive role of a private
sector-initiated public partnership intended to achieve both 
public and private objectives. Approaches used in the study 
included 

• Extensive field research and site visits, 
• Examination of the last two decades of transportation 

patterns-area planning studies and airport master plans, 
• Interviews with city and state public works engineers and 

transportation planners, 
• Hi \Orica! survey of both out-of-service and operational 

rail c rridors and related orridor land use patterns and issues, 
and 

• Inventory of compatible transportation megatrends. 

Moreover, during the course of this case study an attempt 
was made to formulate a broad-based coalition by conducting 
informational, developmental and c nceptual pres ntations 
to a cross section of public and privat actors including privat 
rail carriers, freight for~ arder , mulrimodal Iran p rtation 
firms hipping a ·sociations, trade group small busine. rep
resentatives, multinational corporations , communit groups , 
port operators, and elected officials at the local, state, and 
federal levels. 
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Seaport Versus Airport: Dynamics of Imbalance 

The Port of Boston has historically played a preeminent if 
not dominant role as the undisputed port of New England 
and major eastern seaport for domestic and international com
merce. Even today, its name conjures images of Yankee clip
per ships and trading vessels, a veritable mecca for merchants 
plying their trade . These distant images, however quaint and 
appealing, bear little semblance to today's realities. 

Such romantic notions quickly give way to sobering char
acterizations of Boston's port of the 1980s as a marginal 
seaport operation, or even as economically abandoned (1,2) . 

The Port of Boston can trace its relative decline to a struc
tural flaw reflected in Boston's economic base. Because of its 
traditional hunger for imports, Boston, from the mid-1980s, 
became the first port of call for shippers. However, shippers 
failed to unload the bulk of their cargo in Boston because 
sufficient exports were not available at the port. The shippers 
proceeded from Boston to other ports to unload their remain
ing cargo and take on exports, thus contributing directly to 
the ascendancy of the ports of New York, Baltimore, and 
Hampton Roads (3). 

Moreover, the Port of Boston's appeal was further dimin
ished by the drop during the last 50 years in freight companies 
operating in the New England area. Aside from the general 
inadequacy and overall poor condition of existing truck and 
rail access to the port area , a dearth of freight companies 
precluded the Port of Boston from participating in the double
stack container business (3). These factors, along with high 
terminal charges and the volatility of Jongshoremen's labor, 
further dampened Boston's already slow entrance into inter
modal transportation and containerization in the late 1960s 
and early 1970s. 

However , since its inception in the mid-1960s, containeri
zation did lead to a resurgence in the Port of Boston. The 
growth spurred by containerization has prompted the Mas
sachusetts Port Authority (Massport) to continue to invest in 
the modernization and upgrading of its box facilities. As a 
means of capitalizing on New England's regional growth, 
Mass port ordered its policy by priority of increasing container
handling capacity. The debate does not focus on the merits 
of containerization but instead on how rapidly Massport arrived 
at the decision to containerize its facilities and how effectively 
it deployed the resources and funds to do so. 

The argument is that Massport did not move fast enough 
to plan for the move toward containerization of ship cargo, 
and this Jack of aggressiveness caused the Port of Boston to 
Jose out on the full benefits of intermodalism. Furthermore, 
some critics have placed the blame on Massport's piecemeal 
approach to a Jong-range plan for the development of the 
seaport, its refusal to cooperate with other public agencies to 
develop a comprehensive and coordinated transportation 
package complementing all modes of transport , and its leth
argy in actively preparing and implementing such a plan. 
Massport has been roundly criticized by the shipping com
munity for its seeming overemphasis on Logan Airport 's 
development and expansion to the detriment and neglect of 
the Port of Boston. 

Interestingly, Massport's stand-alone approach has evoked 
praise from the business community for what it collectively 
regards as the authority's privately run efficiency and sense 
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of independent professionalism. However , Massport's sur
rounding communities construe this cavalier independence 
and Jack of interplay with other state and local planning agen
cies as naked arrogance and insensitivity toward quality-of
life issues, especially in East Boston, Logan Airport's partner 
of strained coexistence. East Boston views the automobile 
and truck congestion, the blighted port lands, and the spillover 
and encroachment of its residential streets by airport-related 
service industries as a direct result of Massport's maverick 
operating style in virtual isolation from the governmental 
transportation network. Massport concedes that its staff is 
predominantly psychologically oriented toward Logan Air
port and considers Logan and not the port as critical to the 
well-being of the city of Boston and the region. Thus, in a 
glaring paradox the 13th busiest airport overlooks one of the 
nation's least trafficked seaports (1-3). 

Prelude to Conflict: Massport and the East Boston 
Community 

Ironically, this perceived emphasis on Logan Airport and the 
attendant perceived insensitivity toward the East Boston com
munity became a pivotal obstacle to Massport's East Boston 
seaport expansion plans as well. Following its initial foray into 
the containerized cargo arena in the early 1970s, an indepen
dent engineering consulting firm predicted that Massport's 
existing facility would soon reach overcapacity and recom
mended a site from a narrowed list of alternatives to allow 
Massport to expand its containerized operations. 

Accepting this recommendation , Massport attempted to 
establish additional containerized facilities on a 52-acre sea
port parcel in East Boston owned by Massport and abutting 
the East Boston community. The engineering consulting team's 
study had selected this site because of its available land area, 
deep water ports, and local rail access. However, community 
antipathy toward Massport's Jack of consultative decision 
making had so embittered local residents and heightened fears 
of increased congestion and encroachment that East Boston 
mobilized to block the container terminal project. In effect, 
the abutting East Boston community's perception had become 
so galvanized against Massport 's roughshod approach to air
port expansion and its erosion of the community's quality of 
life that it was incapable of differentiating between airport 
and seaport development and saw only the callous hand of 
Massport. As such, Massport was forced to retreat to a Jess 
suitable port site at the former South Boston naval annex, a 
U.S. government-owned parcel, which for purposes of dis
bursement of surplus property , ultimately involved Massport's 
negotiation with federal, state, and local authorities in the 
mid-1970s. 

The Third Harbor Tunnel and the Future of Boston's 
Waterfront 

In its 1989 efforts to expand container capacity at this South 
Boston site and to reduce vehicular congestion and ameliorate 
access to this containerized port facility and the South Boston 
waterfront , the state incorporated a seaport access haul road 
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as a component of the Third Harbor Tunnel-Central Artery 
project. In fact, a survey of Massachusetts infrastructure needs 
for the 1990s specifies this seaport access haul road as an 
element of improved roadway design and as an integral link 
for the Third Harbor Tunnel. In sharp contrast, the East 
Boston pier area remains vacant and underdeveloped more 
than 15 years after the container facility siting was blocked. 
Moreover, access to its deepwater ports in the form of a 
corresponding access road to East Boston piers is conspicu
ously absent from the Third Harbor Tunnel-Central Artery 
project agenda despite the fact that such an access road could 
align directly with the proposed Third Harbor Tunnel roadway 
network (see Figure 1). 

However, the ongoing planning phases of the Third Harbor 
Tunnel-Central Artery project have forced a greater degree 
of integration of the agendas of city and state planning agen
cies as well as stimulating a renewed assessment of the overall 
transportation network for all modes. Thus, the requisite 
coordination demanded by the massive Third Harbor Tunnel
Central Artery project has become a focal point. In this access, 
infrastructural, and modal context, the East Boston pier site 
should be viewed for its maritime and foreign trade potential. 
Moreover, an ideal location because of its proximity to Logan 
Airport, the East Boston site represents a unique opportunity 
for Massport to reconcile its ongoing airport-seaport invest
ment rivalry while integrally satisfying the economic devel
opment and quality-of-life concerns of the East Boston 
community. 

Thus, this project case study will attempt to address the rela
tionship between foreign trade expansion and local neighbor
hood economic development using the foreign trade zone and 
enterprise zone concepts as mechanisms and transportation and 
infrastructure access factors as catalysts. 

SITE DESCRIPTION 

Ilecause it is considered an endangered resource by the ship
ping community, the 52-acre East Boston pier site represents 
the last reserve deepwater pier site on Boston Harbor with 
rail access (see Figure 2) . However, although rail access is 
available, the approximately 40-ft-wide , 1.8-mi stretch of for
mer Penn Central and now the East Boston section of Con
rail's Grand Junction corridor has been idle for almost 20 
years. Conrail maintains that should industrial commerce 
development become a reality on the East Boston piers then 
it would handle the freight service. Upgrading of this corridor 
would be necessary to provide truck and rail access to the 
pier area as an intermodal link between seaport and land 
distribution. 

An additional component of the project provides imme
diate access to Logan Airport. Currently, access to Logan 
exists only via the elevated East Boston expressway or by 
local residential streets. In addition to being circuitous and 
iime consuming, forays into the local community worsen 
congestion on already vehicle-swollen streets. The option to 
be presented provides immediate, 1-min access to Logan Air
port's designated air cargo center without retracing existing 
routes or impinging on the community. Furthermore, the 
anticipated mode of conveyance between the East Boston pier 
site and the airport roadway network will be a people-and-
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goods-mover shuttle system. Such technology completely 
eliminates the specter of vehicular congestion and hazardous 
emissions while accelerating the likelihood of the site as a 
multimodal transfer hub. 

Two abandoned tunnels stretching beneath four East Bos
ton residential streets have the capacity to create an under
ground airport-seaport conduit linking Logan Airport to the 
East Boston pier site if they are extended approximately 80 
to 100 ft. The two tunnels, former rail passageways for the 
narrow gauge line of the Boston, Revere Beach & Lynn Rail
road were constructed between 1875 and 1894. Although now 
both are sealed at the East Boston pier site, the tunnels remain 
structurally intact, dormant since the railway's dissolution and 
abandonment in 1940. Thus, with minor extension construc
tion the two tunnels-one ingress and one egress-could 
convey people and goods to and from Logan Airport and the 
East Boston pier site . Furthermore, construction of the tun
nels' extension would not disrupt a single residential dwelling. 
The path of eventual cut and cover tunnel construction is on 
vacant land that once supported a railroad bridge between 
the port and the preairport land area. Surfacing at Logan 
Airport, these two tunnels could conceivably align with the 
existing or proposed post-Third Harbor Tunnel airport 
roadway system. 

These two elements , the East Boston section of the Grand 
Junction Branch of the Conrail corridor and the rediscovered 
tunnels , could develop an intermodal transportation loop bor
dering and linking both the airport and the inner harbor port 
of East Boston (see Figure 3). In addition, this transportation 
loop would function as a cordon or buffer , redirecting port
related traffic away from local streets. This transportation 
network would also mesh with planned future airport access 
improvements and complement overall ground access. 
Improvements in the Conrail corridor and the tunnels would 
establish an intermodal truck and rail link to the seaport and 
a goods-and-people-mover system to the air cargo facility at 
Logan and the general airport terminal area while servicing 
the East Boston pier site. 

Transportation Corridor as a Development and 
Management Tool 

Thus, much more than a mere access loop to and from the 
East Boston seaport and airport via the Conrail right-of-way 
and the narrow gauge tunnels , this transportation access sys
tem serves as a focal point and catalyst for development. The 
transportation corridor concept is directly applicable to this 
project case study as a mechanism for transportation modal 
integration and as a tool for growth management. This project 
case study satisfies the basic criteria for the transportation 
corridor model by incorporating (a) the maximum right-of
way required to meet the transportation needs generated by 
the project population and employment growth throughout 
the life of the corridor plan and (b) all adjacent areas that 
are impacted by, and reasonably necessary to, accomplish the 
objectives established in the plan. 

As established, the project case study is sensitive to the 
quality-of-life and economic development concerns of the East 
Boston population. East Boston was recently rated one of the 
poorest communities in Massachusetts. In combination with 
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FIGURE 3 Conrail corridor-narrow gauge tunnels loop. 

gentrification of its neighborhoods, influx of unassimilated 
immigrants and transient new arrivals, flight of second- and 
third-generation residents to suburbia, and erosion of a sense 
of community, this growing disparity and lack of cohesiveness 
has left East Boston adrift and bankrupt of revitalization 
strategies and schemes for balanced urban development. 

As such, the potential multimodal connector in this study 
presents a perfect site for joint planning and development. In 
geographic and functional terms much more than a highway 
link, the transportation corridor is a broad conceptual tool. 
More than the area between two points used for the move
ment of people and goods, each corridor is the nexus for the 
state's major commercial, office, and industrial needs and is 
the site for high-density residential development. Thus, the 
transportation corridor could take the form of a canal, high
speed rail line, an airport with its major access routes , 
or any combination of existing or proposed transportation 
facilities ( 4). 

The transportation corridor project proposal in this way 
becomes the central focus for a regional growth management 
system by heightening the site's access to both the sea lanes 
and the air cargo center, integrating both the airport and the 
shipping community's best interests, and creating both a local 
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community economic development asset and a working 
harborfront with neighborhood access and amenities. 

If properly implemented, the transportation corridor con
cept as embodied in the project case study can achieve the 
following public purposes and objectives: (a) promote the 
development of multimodal transportation systems that inte
grate highways, air, mass transit, and other transportation 
modes; (b) promote a comprehensive transportation planning 
process that coordinates state, regional, and local transpor
tation plans; (c) act as a focus for joint public-private devel
opment at major interchanges or multimodal junctures to 
enhance the state's economic development activity including 
research, technology, office, commercial, and industrial site 
location to promote the expansion of employment and ensure 
the continued growth of the state's economy; and (d) assist 
in the construction of infrastructure, including state and local 
streets and highways through fees generated by the new 
developments that create the need for such infrastructure. 

It is obvious that our nation's infrastructure is declining at 
a rapid rate . In fact , Massachusetts alone predicts a trans
portation infrastructure obligation of over $6 billion over the 
next decade. However, the relationship between infrastruc
ture, intermodalism, and economic development has yet to 
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generate the sense of urgency required to muster bold, focused 
initiatives. 

Infrastructure, Intermodalism, and Urban Economic 
Development 

Although a special report by the National Governors Asso
ciation (5) on the state of infrastructure as a prerequisite for 
international competitiveness stopped short of indicating a 
direct relationship between infrastructure, productivity, and 
competitiveness, the Massachusetts Institute of Technology 
Commission on Industrial Productivity sees a direct link between 
investment in the macroeconomic environment and our nation's 
productive-performance capacity. The commission states that 
"Investment in the broadest sense is crucial for productivity 
. . . Investment is any use of current resources for the pur
poses of achieving a future return ... for example, the use 
of public resources to improve roads, airports, harbors, and 
the like" (6,p.35). Moreover, recent research posits a positive 
effect between infrastructure and economic development (6). 
The effect of capital investment as a catalyst for economic 
growth and transportation initiatives and interactive invest
ments as a function of economic growth and productivity has 
been displayed in the "virtuous circle" (7). 

Accepting the premise that the transportation sector is an 
infrastructure sector, the curve of intermodality is highlighted 
by the complexity of intermodalism among modes of tran. -
port, good and persons transported and pattern of transport 
and distribution (8). Thus, Massport's development of con
tainerization and attempts to improve the potential for dou
ble-stack freight handling are characteristic of the intermodal 
reach for economies of scale. There is a direct correlation 
between lower transportation costs and the expanded eco
nomic activity generated through allocation of resources in 
the domestic economy. Growth and efficiency also contribute 
to a heightened international competitive position. The rel
evance of this research to the project case study is to dem
onstrate the potential benefits between infrastructural 
improvements and enhanced economic development. 

Thus, the overt and more subtle benefits of intermodal 
transportation offer a range of economic opportunities espe
cially for reducing costs and improving the marketing and 
distribution of goods on a domestic and an international basis. 
Creating efficient infrastructural access is essential for 
realizing the described benefits (7,9). 

In the urban context of the project study, incidences of 
intermodal transfer are at their height. In the urban setting 
the link between infrastructure, an intermodally conducive 
network, and economic development is played out (10). The 
project case study seeks to reduce bottlenecks in urban goods 
movement by specifying solutions to the following problem 
areas for trucks and other vehicles: 

• Congestion of streets and sidewalks is because of on
street or over-sidewalk deliveries where off-street facilities 
are not available. Access via the Conrail corridor to the 
East Boston pier site would be restricted to truck and 
freight-hauling modes. 

• Adverse effects on residential neighborhoods are created 
when local streets are used for through-truck movements. For 
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the project case study, not even a single vehicle would encroach 
on local streets. Moreover, the entire access roadway will be 
suppressed subgrade to the extent possible and decked over 
as plaza areas in spots where the corridor directly abuts local 
residential housing units. The same holds true for the tunnels 
from the East Boston pier site to the air cargo terminal area . 
Several modes of tran port- wa lking shuttling, shipping, rail 
freight hauling, trucking, driving, and flying-ar all 
facilitated through thi operation. 

Urban Goods Movement and the Export 
Transportation Network 

The nexus between urban goods movement and economic 
development is not usually planned for and if included is 
generally less than effectively integrated. However, the bond 
is a mutually reinforcing one. The efficient trnn fer of go ds 
between modes (motor carrier to rail link, motor carrier to 
air freight link, and rail and road link to seaport) can, if well 
located and well designed, have a beneficial effect on those 
business establishments engaged in both domestic and inter
nationa l commerce that arc served by these transport facililie~ 
(10-12). 

Conversely, the collective results of goods movement inef
ficiencies and bottlenecks at all levels have negative impacts on 
productivity and growth. Such impediments include delays in 
shipments because of infrastructural repairs, time-consuming 
traffic delays and congestion, poor rail infrastructure, con
gested rail yards, dilapidated or obsolete port facilities, dete
riorated roads, inadequate access to distribution centers, and 
insufficient space for loading or unloading goods . These bot
tlenecks cut across transportation modes of trucking, rail freight, 
port operations, and air cargo. A strong relationship exists 
between the efficacy of goods movement, capacity of trans
portational and infrastructural access facilities and ability of 
business to compete and provide services domestically and 
internationally (10). In addition, transportation facilities and 
ease of goods distribution are both pivotal factors in business 
and industrial site location decisions and can be competitive 
marketable lools for communities' economic recruitment (12) . 

This research mirror factors and ituations encountered in 
achieving accessibility and compatibility at the East Boston 
pier site. Infrastructural improvements both on the right-of
way corridor and on the twin-tube tunnels will provide the 
trucking and freight service required to revive the seaport and 
to enhance the air cargo operation. 

Furthermore, airports, seaports, and other such transpor
tation facilities are now being recognized as strategic sites, 
not only to shape and target economic development , but also 
to increase the flow of goods movement throughout the inter
national economy. Such international transportation factors 
are the determinants of an effective export transportation 
network that can meet international freight movement 
requirements to service and handle a variety f foreign des
tinations multiple volumes weights, size , time sensitivities, 
and cost requirements , and that can achieve compatibility with 
both intermodal and multimodal transport connections (11). 

An adequate infrastructure undergirds the nation's trans
portation system and sustains the efficacy of the export trans
portation network. Investments in maintenance and expan-
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sion of reliable infrastructure depend on the involvement of 
all levels of government, a strong degree of intergovernmental 
cooperation, and substantial input from the private sector. 
However, the problem remains that exports and transporta
tion are not a conscious part of the public policy system design. 
The role of transportation in the export process receives low
est priority. Unfortunately, this fragmented, uncoordinated 
policy approach at the federal level is reenacted at the state 
and local levels. 

Private-public partnerships, coupled with a proactive pri
vate sector role, appear to loom as remedial mechanisms for 
joint planning and development. 

Joint Public-Private Partnerships 

Massport's East Boston pier site, bordering both the Conrail 
right-of-way and a convenient underground access to Logan 
Airport, serves as an ideal site for promoting successful joint 
public-private partnerships. Moreover, the existing high
density, working-class residential profile of East Boston com
plements multimodal transport's potential for meeting the 
needs of the community as well as the seaport and airport 
work environments. Perhaps most important, the balance in 
such a joint public-private partnership can be struck between 
community-enriching economic development and the mix of 
social and residential amenities such as open space. Such areas 
provide a respite from urban sprawl and dot the busy scene 
with oases of urban tranquility. 

Within the partnership, the public sector's role is broadened 
considerably from being solely a passive enforcer of codes 
and regulations to an initiator of potentially lucrative com
mercial development. The public sector would create a pack
age of incentives for the private sector developer to renew 
the dilapidated urban core. Thus, as Freilich ( 4) points out, 
the role of government has moved from that of regulator to 
that of genuine partner. The government's role in facilitating 
the actual process of development in the project case study 
is also significantly enlarged. Massport can dedicate the East 
Boston pier site area as an enterprise zone-foreign trade zone 
development. Moreover, Massport can structure a bundle of 
financing, zoning, and permitting incentives that would pro
vide the private sector developer with flexibility. Further
more, Massport can act as an actual clearinghouse to attract 
and channel federal funds and state matching monies. 

The traditional role of the private sector developer is also 
significantly altered within the joint public-private develop
ment process. Rather than assuming a contractor's role once 
the project has been designed by the public sector, the private 
sector developer is involved in the initial planning, designing, 
financing, and marketing of the project. The benefits accruing 
to the private developer are (a) reduction of land acquisition 
and site preparation costs; (b) opportunity to share expenses 
and risks with a public agency; (c) opportunities to capitalize 
on land use options created by the linkage to transportation 
facilities; (d) use of tax depreciation and credit allowances; 
(e) cooperation with the governing body in the determination 
of land uses, density, and processing; and (f) receipt of grant 
monies, tax-exempt financing, and sales and property tax 
abatement or exemption ( 4). 
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Foreign Trade Zones 

Up to this point in the project case study, the interactive and 
mutually reinforcing catalysts of urban goods movement, 
transportation access, and infrastructural improvements have 
been discussed in the context of a joint public-private process. 
These elements have formed the basis for integrated, coor
dinated site planning. The site mechanism or program concept 
that best uses the transportation, infrastructure, goods move
ment, and economic development aspects in both domestic 
and international terms is the foreign trade zone (FTZ). 

Put simply, an FTZ is a site within the United States des
ignated legislatively to be an area in international commerce. 
Within this enclave, foreign or domestic merchandise may 
enter without a formal customs duty and be manipulated or 
processed in several ways without incurring customs or gov
ernment excise taxes. If the goods leave the zone and are 
reexported, then no duty is paid. If the goods enter the United 
States, a duty is paid at the time of official entry into the 
United States. Thus, FTZs allow users the opportunity to 
defer customs duty on products or goods in the zone and 
realize significant duty and tax savings on processing or 
manufacturing of goods in the zone (13). 

The benefits of FTZs are many and varied. FTZs facilitate 
a firm's global marketing and logistics by providing more 
flexible linkages of inflows and outflows from country to coun
try. FTZs function as export chains allowing firms to reap the 
rewards of minimum production and distribution costs espe
cially on exported goods. By using an FTZ, firms can practice 
just-in-time marketing when products are stored within an 
FTZ until a market arises for that particular product . Firms 
could also use FTZs as an out-sourcing strategy to allow 
domestic producers lower tariffs on imported goods within a 
zone to remain competitive with overseas production and as 
havens for production sharing and comanufacturing (13,14). 

FTZs are also viewed as economic development assets in 
terms of job creation and capital investments and as engines 
of export growth and facilitators of increased international 
trade (15). In the United States, FTZs are magnets for attract
ing manufacturing and processing that might otherwise benefit 
overseas labor and for enhancing the value of port lands as 
well as parcels adjoining airports (16) . 

Even from this encapsulated and cursory inventory of the 
benefits of FTZs, it is plain to see how firms can gain in terms 
of transportation logistics, duty and production cost savings, 
and the increased flexibility of product introduction, mar
keting, storage, handling, and processing. Communities gain 
substantially by expanding indigenous employment, transfer
ring know-how and managerial expertise, attracting foreign 
and domestic investment, garnering exports, and revitalizing 
their cohesive fabric through local job creation and training. 

CONCLUSIONS AND RECOMMENDATIONS 

The strategic concept of an export transportation network in 
an airport or seaport's overall investment strategy has to be 
integrally associated with the components of goods movement 
and its reliance on transportation access and infrastructure 
needs and their inextricable tie to broader economic 
development. 
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The bridge between foreign trade development and com
munity betterment and shared economic ernp werment through 
jobs creation skill training, and other benefits mu t be actively 
constructed, articulated, and implemented in the context of 
a private-public partnership with the community as the core 
element . 

Local, state, and federal officials must be made conscious 
of and accountable to the export transportation network as 
more than a sub idiary to the domestic transportation system. 
Site and access p ints surrounding or adjacent to airports or 
seaports mu t be strategically viewed as much more than way 
stations or transfer point and more as transportation and 
goods-processing areas. 

For an urban goods movement and export transportation 
network to be realized public-private exp fl partnerships 
(transcending the city tatc and federal levels) must recog
nize the important role of international transportation factors 
and the indispensability of adequate infrastructure, and 

• Maintain an inventory of strategic parcels (i.e., seaports, 
airports, industrial and enterprise areas, intermodal trans
portation centers, etc.) for the purposes of potential inter
national trade development and view each such multipurpose 
transportation facility as an economic development resource, 
a strategic site for goods transfer, and a gateway to domestic 
and international markets; 

• Actively use strategic site selection and site management 
techniques to enhance international trade development 
opportunities; 

• Integrate transportation and infrastructure access factors 
and goods movement considerations into the planning, devel
opment, coordination, and strategic implementation of 
economic project initiatives; and, 

• Formulate public-private ventures that highlight the rela
tionship between international trade development and local 
community revitalization through jobs creation and skills 
training. 
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Rail Line Abandonment and Public 
Acquisition Impacts on Economic 
Development 

RICHARDS. TAYLOR, KENNETH L. CASAVANT, AND J. c. LENZI 

Railroads are not the dominant transportation mode they once 
were, but they still play a large role in freight movement and are 
the only practical means of transport for a variety of commodities. 
Railroads also comprise a principal component of a community's 
economic development infrastructure as rail service still ranks as 
a prime site selection criterion for many industries. As U.S. rail
roads continue to restructure and reduce the size of their physical 
plant in an effort to reduce costs, light-density branch lines will 
continue to be targets for abandonment. Effects of rail line aban
donment on both public and private costs in a region are eval
uated. Drags on economic development in the region caused by 
this structural change are identified. Specifically, methodology 
and results of a statewide examination of the rail freight system 
in the state of Washington are discussed. This procedure, devel
oped for use by the Washington Rail Development Commission, 
details the revenue and costs incurred for the existing Class I 
railroads on each branch line segment in the state. Then, for 
those segments where the railroads experience a revenue defi
ciency an analysis is presented on the public impacts of increased 
transportation costs to shippers and damage to roads of any deci
sion to abandon a line segment. The need and rationale of public 
acquisition to retain local rail service for economic development 
purposes are discussed. Low traffic levels and poor track con
ditions typical of light-density rail lines are not going to attract 
for-profit railroad operators, and thus many locales may have no 
choice but to acquire the lines to retain them. Examples of public 
ownerships in Washington State are provided. 

As U .S. railroads continue to restructure and reduce the size 
of their physical plants to reduce costs , light-density branch 
lines will continue to be targets for abandonment. Thus, many 
communities will continue to be faced with the loss of rail 
service . Public and private sector costs and infrastructure 
deterioration associated with rail line abandonments inhibit 
economic development. A methodology developed for use by 
the Washington State Rail Development Commission pro
vides a means to measure the impacts and associated costs. 
Preservation of rail service can translate into benefits for local 
and regional economic development, the extent of which is 
difficult to quantify. Both current and potential impacts are 
considered in the following discussions . 

The portion of the rail system discussed provides what has 
become labeled as local rail service. This label is appropriate 
as the concerns and impacts are indeed local. From a state 

R . S. Taylor , Wilbur Smith Associates , NCNB Tower, P.O. Box 92, 
Columbia, S.C. 29202. K. L. Casavant , Washington State University, 
Department of Agricultural Economics, Pullman, Wash. 99164-6210. 
J. C. Lenzi, Washington State Department of Transportation, 
Transportation Building, Olympia, Wash. 98504. 

perspective, transportation infrastructure requirements to retain 
or locate a business can be found in one part of the state or 
another, but the local community does not have the same 
selection expanse. Thus, at the local level, preserving and 
improving infrastructure becomes necessary. 

STATEWIDE LIGHT-DENSITY LINE 
EXAMINATION 

In 1987, the Washington State legislature created the Rail 
Development Commission to conduct a comprehensive exam
ination of rail freight and passenger service and to develop 
policy and recommendations for the state's future role and 
programs. The principal thrust of the rail freight effort was 
directed toward the state's branch or light-density line (LDL) 
system and consisted of a two-step approach: (a) a determi
nation of which components of the system were likely aban
donment candidates, and (b) an assessment of abandonment 
impacts. The Washington State rail system (see Figure 1) 
consists of some 3,500 route-mi, almost half of which are 
LDLs. The LDL mileage investigated comprised 37 lines 
totaling 1,462 mi owned by two Class I carriers. 

The Local Rail Service Assistance Act of 1978 and its pred
ecessors made federal funds available to states for enhancing 
the viability of LDLs or for mitigating the effects of aban
donment of such lines. Section 803(a) of the act stated, how
ever, that to be eligible for funds a state must have a rail plan 
that "includes ... a methodology for determining the ratio 
of benefits to costs of projects . . . " The Washington State 
Department of Transportation (WSDOT) has developed 
appropriate state rail plans, and incorporated in each plan is 
a methodology that has been accepted by the Federal Railroad 
Administration as meeting the requirements of Section 803(a). 
The general WSDOT benefit-cost methodology provided the 
basis for the analyses. Methodologies developed for the LDL 
system determinations did not involve detailed examinations 
because of data, time, and budget constraints, and because 
the purpose of this particular effort was to develop policy and 
responsive programs, a generalized approach was deemed 
acceptable. 

RAIL LINE REVENUES AND COSTS 

First, rail lines likely to be abandoned were identified by 
assessing attributable revenues and costs. Lines were analyzed 
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FIGURE 1 Washington State railroads-1987. 

using Interstate Commerce Commission (ICC) procedures for 
abandonment cases. Although the procedures contain both 
on- and off-branch elements, data, time, and hudget con
straints prohibited an assessment of off-branch costs. Thus, 
the procedures were modified as necessary and only on-branch 
elements were evaluated (1). 

Revenues 

Revenues attributable to each line were made available by 
one carrier and proportioned from the ICC waybill sample 
based on the number of cars provided by the other carrier . 
A similar disparity existed in carloadings. Three years of data 
were supplied by one, and 1 year by the other. An average 
volume for the 3 years was used in the former case. Estimates 
of on-branch revenues were made using a 25 percent division 
of each carrier's total revenue. 

Costs 

Line costs were computed according to ICC procedures as 
defined in Title 49, Code of Federal Regulations, Part 1152, 
for on-branch costs. On-branch cost elements cover train oper
ations as well as maintenance and ownership considerations and 
the following were used in the analyses: 

I 

' i ' ·~-1 i- ~ 
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~: Washingtcin State Department of T(anspartati.on 

•Maintenance of way and structures (normalized), 
•Maintenance of equipment, 
• Transportation, 
• Freight car costs, 
•Return on investment from locomotives, 
• Property taxes, 
• Return on value, and 
• Rehabilitation needs. 

Cost elements, with the exception of maintenance of way 
and structures, property taxes, return on value, and rehabil
itation, are largely a function of the level of service required 
to handle the traffic generated by the line. The other cost 
elements are a function of the line's length and physical 
characteristics. 

Service frequency and hours of operation were estimated 
for each line on the basis of its tiaffo.: chaial:lt::risLics. Service
related costs were computed using system-average unit costs 
for each of the Class I carriers and the service units estimated 
for each line. Length and physical characteristics were deter
mined from railroad track charts supplemented by limited 
field inspections. Right-of-way values and tax rates were 
obtained from local contacts and data from the Washington 
State Department of Revenues. 

For analysis and need assessment purposes, costs were viewed 
as comprising three principal components-operating, 
opportunity, and rehabilitation. 
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Operating costs were classified as those costs associated 
with line operations and maintenance, more specifically crew, 
fuel, train supplies, locomotives (servicing , maintenance, and 
depreciation), freight car costs , maintenance of way and struc
tures, and property taxes. These costs can be considered as 
out-of-pocket costs or the costs that have to be met to maintain 
day-to-day operations. 

Return on value or opportunity costs reflect those costs that 
can be attributed to retaining ownership of an LDL as opposed 
to liquidating its assets and investing the proceeds elsewhere. 
As such, return on value represents the opportunity foregone 
by retaining the investment in the line. This cost considers 
the value (i.e. , salvage or market value of the line's assets 
less the cost of removal and sale) of the assets of the line 
segment-right-of-way, track materials , and any other facil
ities. Estimates of the value of track materials and rights-of
way were made as previously discussed. A 14.5 percent rate 
of return, consistent with ICC determinations at the time, was 
applied to the value to derive an annual cost . 

In the case of a Class I branch line operation where the 
cost of the investment has been retired for many years, oppor
tunity costs can be viewed as paper costs as opposed to out
of-pocket costs . For example, if the LDL were being operated 
by a short line that recently acquired the line, these costs 
would most likely be real out-of-pocket costs in the form of 
debt service. 

Rehabilitation needs of the state's LDL system were con
sidered as a cost item for purposes of this analysis for the 
same reason opportunity costs were included-the line's 
operations should be earning enough to cover the associated 
costs. Rehabilitation costs are incurred when the physical con
dition of a line is substandard or not capable of handling traffic 
in the manner desired or required. 

Rehabilitation brings the line up to the standard desired 
when it is retained at that level through normalized mainte
nance . Thus, rehabilitation costs are usually one-time expen
ditures . In order to place the expenditures on an annual basis 
for purposes of this analysis, however, they were addressed 
as the amount required yearly to retire a loan equal to the 
needs over a 10-year period at a 10 percent interest rate. 

Needs estimates were prepared from railroad track charts , 
spot field inspection (where clarification was needed), and 
Washington State Utilities and Transportation Commission 
inspection file data. Data taken into consideration from sec
ondary sources consisted of the weight and age of rail, and 
timbering and surfacing dates. All rail weights less than 100 
lb were considered too light for modern day carloadings and 
were replaced with 100-lb material in preparing the estimates. 

Analysis Results 

When revenues and costs (including rehabilitation) were com
pared, 11 of the 37 lines evaluated (approximately one-fourth 
of the mileage) were estimated to cover all estimated costs, 
as presented in Table 1. Six other lines were estimated to 
generate revenues sufficient to cover all costs except reha
bilitation . These lines would then become candidates for out
side rehabilitation assistance . Similarly , the six lines, which 
failed to generate revenue adequate for return-on-value 
considerations, would become acquisition candidates. 
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Lines failing to cover even operating costs would require 
operating subsidies as well as other forms of assistance if rail 
service preservation were to be accomplished. However, these 
lines will most likely become abandonment candidates. 

Sensitivity 

Revenue-cost comparisons just discussed were also made using 
20 percent increases and decreases in costs to test the sensi
tivity of the analysis. The 20 percent increase resulted in one 
additional line estimated to have a loss, whereas the 20 per
cent decrease in costs resulted in two more lines showing an 
overall profit. Thus, it was concluded the analysis was not 
sensitive to the levels of change tested . Given the purpose of 
the analysis, to determine the order-of-magnitude needs of 
the state's LDL system, the analysis was deemed to be 
adequate for the purpose for which it was performed. 

IMPACTS OF RAIL LINE ABANDONMENT 

Impacts of abandonment vary in magnitude as well as users 
affected . Generally, benefits or losses are defined in terms of 
the net difference in conditions before and after an abandon
ment. These benefits include economic costs avoided or gains 
achieved by shippers, carriers, or the general public. When 
a line is abandoned, former rail users and the surrounding 
community may experience higher costs to move their product 
or to receive goods. Additionally, shippers, the community, 
and the general public may also experience employment , tax, 
highway, personal income, environment , energy, and other 
impacts . On the other hand, the abandoning railroad enjoys 
a benefit by reducing losses associated with the line and better 
utilization of the assets tied up on the line. A schematic of 
the potential impact framework is shown in Figure 2. This 
framework identifies the affected parties , possible actions by 
these parties, and the impacts of these actions. 

Case studies of actual abandonments and the resulting impacts 
have provided somewhat mixed results (2,3). In many cases, 
there appears to have been little adverse impact, but then 
again, in individual cases, the impacts have been severe enough 
to force business closures and relocations . The methodology 
adopted focused on the most probable and quantifiable impacts . 

Increased Cost of Transportation 

Impact on transportation costs is the most direct and often
discussed impact by all parties involved in abandonment anal
yses. In most cases, the alternative available to the rail user 
or community is the use of truck transport to another rail site, 
to barge transportation, or to or from the final destination or 
origin. Such movements entail , in two of the cases , trans
shipment or double-handling expenditures as well as trucking 
costs. 

Associated impacts concern the loss of quality of service 
(flexibility) caused by rail line abandonment. Seasonal move
ments over roads constrained by weight limits or closures 
could result in lost market opportunities . Further, the loss of 
the competitive environment surrounding rail and truck modes 
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TABLE 1 REVENUE-COST COMPARISON 
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BEVEHUE COVERS 
Operating, 
Opportunity 

Line No. 
Length 
(miles) 

Operating 
Costs 

Operating 

' Opportunity 
Costs 

' Rehabilitation 
Costs 

1 38 
2 ~3 

3 31 
4 98 
5 26 
6 48 
7 38 
8 26 
9 28 

10 7 
11 46 
12 82 
13 76 
14 109 
15 86 
16 9 
17 35 
18 42 
19 36 
20 19 
21 38 
22 35 
23 45 
24 17 
25 23 
26 11 
27 9 
28 137 
29 35 
30 5 
31 19 
32 57 
33 68 
34 2 
35 11 
36 56 
37 12 

TOTALS 
Lines 37 
Miles 1 , 463 

SOURCE: Wilbur Smith Associates 

has resulted in rate changes and has upset the negotiating 
balance between shipper and remaining carrier. In most 
instances of rail line abandonment, the total demand for trans
portation is quite inelastic (especially in rural agricultural areas) 
and the net price to producers simply decreases. 

Although grain is by far the principal rail traffic in eastern 
Washington, traffic in central and western Washington is more 
diverse. Wood products, principally finished lumber and chips, 
along with food products (much of which is dry milk , cheese , 
and other processed dairy products) are the dominant traffic 
that would be transshipped in the event of branch line aban
donments in these areas of the state. Many of the rail segments 
in western Washington depend heavily on one principal ship
per, usually a wood products or dairy manufacturing firm, for 
the traffic to recover expenses incurred on the line. 

• 
• 

• • 
• • 

• • • • • • • • 
II 

• • • • • • 
• 
• 

23 
848 

• 
• 

• 
• • 

• • • 
• • • 
• • • 
• • • 

17 
698 

Grain Transportation Costs 

• 
• • 

• 

• • 
• • 
• • • 

11 
364 

In eastern Washington, the cooperative grain elevator is a 
multiplant firm; its closest alternative facility with rail service 
will usually be charged the same rail rate. Thus, the additional 
costs comprise the costs to truck to the alternative elevator 
plus those of the alternative elevator throughput. 

A review of approximately 10 rail line analyses done earlier 
indicated a conservative average increase in transportation 
costs faced by grain elevator firms is around 10 cents per 
bushel (5 cents trucking and 5 cents handling). This cost is 
multiplied by the annual volume to be moved to identify total 
cost increases. This 10 cents average will be modified to reflect 
the competitive situation facing elevator firms in different 
parts of Washington. For example, elevators close to the river, 
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FIGURE 2 Potential impacts of branch line abandonment. 

such as many of those in Whitman County, would receive a 
smaller increase or have no impact from rail line abandonment 
because of a readily accessible and low-cost transportation 
alternative (truck or barge). A major study by the U.S. Gen
eral Accounting Office (GAO) (J) indicated an average increase 
in shipper cost of 19 percent, only slightly above the 10 cents 
average. 

Other Commodity Costs 

For other commodities (e.g. , forest products and milk prod
ucts), a similar comparison of the cost of trucking to alter
native rail stations and transloading was used to determine 
cost increases to shippers. Discussions with firms in Wash
ington shipping each product, supplemented by a review of 
recent studies, indicate the following cost impacts faced by 
shippers of these products is appropriate. Dairy products are 
moved in 80,000- to 85,000-lb movements (gross weight) 
throughout the year. These loads mean costs for trucking (at 
$1.20/mi) would be $0.06/ton-mi for a 20-ton payload with a 
transloading cost of $50 per truckload ($2.50/ton). 

For wood chips, the average load is 70,000 to 75,000 lb 
because in many cases the physical volume capacity of the 
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truck (cube) is reached before the weight limit. The average 
net payload then is about 17 tons, so the cost is $0.07/ton-mi 
with a $60/truckload (if a facility exists) to $120/truckload (if 
a facility has to be developed) transloading cost, or about 
$3.50/ton to $7.00/ton, respectively. Finished lumber often 
moves in loads of 95,000 to 100,000 lb, so trucking costs are 
$0.05/ton-mi with transloading costs of $4.00/ton (including 
crane investment, and driver and crane operator labor). These 
costs were then applied to each line segment on the basis of 
its commodities and trucking distances to the nearest alternate 
railhead. 

State and County Highway Impacts 

Another impact of rail line abandonment is damage to roads 
caused by the shift in traffic resulting in additional trucks on 
area roadways. Such traffic shifts cause increases in road 
maintenance and reconstruction costs and are costs borne by 
the public but resulting from private decisions. Several studies 
have provided estimates of impact of past rail line abandon
ment on county roads and state highways in Washington. 
Preliminary examination of impacts on state highways found 
rail line abandonment to be having only marginal effect in 
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general but was creating "pockets of potential problems"( 4). 
A subsequent examination of impacts on county roads found 
rail line abandonments between 1970 and 1987 had caused $5 
and $6 million of damage to roads in Lincoln and Spokane 
counties (see Figure 1), respectively, over the period, most 
of which occurred after 1980 (5). Total estimated funds needed 
to repair the roads was about $1.5 billion for the 10-county 
study area in eastern Washington (approximately $400 million 
related directly to rail line abandonment). Later work uefined 
the circumstances and costs more precisely. 

Pavement Life 

Pavement deterioration and the rate at which it occurs are 
affected by the environment, principally the moisture and 
freeze-thaw cycle that creates internal stresses that limit a 
pavement's life . Although the environment causes pavement 
deterioration, the process is accelerated by heavy traffic. 

Pavement life is directly affected by pavement design rel
ative to traffic patterns and loads. It is not just the maximum 
size of a load that is critical; the number of loads applied to 
the pavement is also important. Loads are evaluated using 
the common measures of Kips (1 Kip = 1,000 lh) and equiv
alent single axle loads (ESALs) (usually 1 ESAL = 18 Kips), 
such that all loads, both single and tandem (dual) axles, are 
expressed in the number of ESALs impact. 

Load weight impact depends on gross vehicle weight (GVW), 
per-axle weight, and the distance between axles (measured 
by the bridge formula). The general relationship between 
vehicle weight and damage is shown in Figure 3. Damage 
increases in a greater proportion than the increase in weight, 
thus overloaded trucks are especially tough on roads not 
designed for those loads. 

Impact Magnitude 

In reality, the loss of rail service usually adds only a relatively 
small number of trucks to the local road network on a daily 
basis. This incremental increase in truck traffic is normally 
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small in comparison to the existing truck traffic. However, in 
rural areas such impacts increase in magnitude. Rural roads 
are often built to lower design standards, are older in age, 
and were not built for today's heavier (often overloaded) 
trucks. 

The WSDOT Pavement Management System (PMS) has 
been used in numerous studies of road impacts over the past 
5 years. These analyses indicate an average annual impact of 
$4,400/mi of stare highway caused by abandonment of the 
different rail lines previously analyzed. Over the 20-year design 
life of the highway, the increased cost is $88,000/mi. This 
annualized cost of $4,400 serves, on average, as the basis for 
generation of impact estimates on state highways. Dividing 
these per-mile estimates by truck tonnage identified in each 
study allows a per ton-mile estimate to be developed. These 
estimates range from $0.01/ton-mi to $0.06/ton-mi with the 
average cost being $0.05/ton-mi. The range of impact occurs 
because of the differing environmental conditions (seasonal 
movement problems), pavement design , and traffic patterns 
(e .g., overloading of trucks) in each case study. For this anal
ysis, ton-mile costs were adjusted for each segment of potential 
abandoned rail line to reflect known conditions. 

County road impacts, based on a previous study and county 
engineer estimates, are more severe mainly because of poorer 
surfaces and lower design standards. A conservative estimate 
of $7 ,200/mi each year (including required bridge repair or 
reconstruction) is more representative of county road impacts. 
On a per ton-mile cost basis, the range of damage was $0 .02/ 
ton-mi to $0.09/ton-mi with an average of $0.075/ton-mi. This 
general estimate along with the state highway estimate was 
modified and applied to reflect known conditions. 

However, these costs do not include a major reconstruction 
caused by traffic levels above the design standards of differing 
road segments. Present estimates for new construction of 
highways average $1 million/mi for a two-lane road. 

Critique 

The state's Rail Development Commission road damage 
methodology was based on preliminary results of an ongoing 

- ---- Damage Function 

o~~~~~~~~~~~~~~~~~~~~~ 

0 
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FIGURE 3 Roadway damage and vehicle weight. 
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(at the time) evaluation by the Washington State Transpor
tation Center. More complete results now available (6) derived 
from four case studies reveal that no discernible increase in 
deterioration can be identified for highways adequately designed 
for truck traffic (most components of the state and federal 
system) unless significant truck volumes are involved. How
ever, local and county roads, often gravel or thin 2-in. bitu
minous treatment over a 4- to 5-in. base, can be severely 
damaged. This finding is shown in Figure 4 as the relationship 
between pavement quality and pavement life. The difference 
between the expected life of a given pavement quality and its 
new (and shorter) life resulting from increased loadings becomes 
greater as pavement quality decreases. 

The case studies also revealed that it was appropriate to 
include corroboration of the PMS findings by surveying 
WSDOT district and county engineering personnel. The hands
on knowledge available from these sources provided a more 
complete and specific picture of road impacts. 

Economic Development 

If increased transportation costs are the abandonment impact 
most frequently mentioned by rail users, then the loss of 
economic development potential is the most frequently men
tioned by local communities. The GAO study found in exam
ining impacts of railroad abandonment that "of most signif
icance was the perception . .. that their communities' abilities 
to attract new industry in the absence of rail service would 
be reduced" (3,p.50). 

However, GAO also points out that according to the ICC's 
Office of Public Assistance abandonment "protesters often 
inappropriately focus their rebuttals on the adverse commu
nity impact potentially posed by loss of rail service." They 
further advise that "testimony on potential impacts alone 
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will not provide a sufficient basis to deny the abandon
ment" (3,p.40). This view results from the Commission's atti
tude toward speculative developments and the costs (losses) 
a carrier would incur while waiting for them to materialize 
(if ever) . 

Location Considerations 

There is no doubt that rail service availability is a contributing 
factor in many industrial location decisions. In fact, in a survey 
of managers of newly located plants of Fortune 500 compa
nies, rail service was the most frequently mentioned "must" 
factor considered in final site selection (see Table 2) (7). 
However, conclusive proof that the presence of rail service 
will attract new industry in a given community is not possible 
because there are numerous other factors in the locational 
decision. 

Many industrial location requirements including developed 
infrastructure and community activities tilt the table toward 
developed areas and away from the rural portions of the 
country. Some major rail-traffic-generating industries such as 
pulpmills have an entirely different set of locational criteria. 
Thus , predicting specific needs is difficult when discussing the 
location of industry unless a particular prospect is being 
considered. 

Impact Measures 

Methodologies previously discussed provide a means of quan
tifying impacts on rail users and roadways. The same factors 
translate into economic growth impacts in terms of cancel
lation of business expansion plans or in extreme cases, busi
ness relocations or closures . Roadway impacts relate to infra
structure deterioration and diversion of public funds from 
development-oriented projects. 
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TABLE 2 CONSTRAINTS ON FINAL SITE SELECTION: FACTORS VIEWED AS 
A MUST BY ALL INDUSTRIES (7,p.150) 

Factor 

Rail service 

On expressway 

special provision of utilities 
(Water, sewage, gas) 

Rural area 

Environmental permits 

Within metropolitan area 

on water 

Available land/building 

Percent of Plant ·openings 
Citing at Least 1 Factor 

47 

42 

34 

27 

23 

21 

16 

8 

Transportation (airport, truck service) 3 

community financing, support 1 

Proximity to other division plant 1 

Minimum acreage 1 

Non-union site 1 

Note: Number of plants citing at least one factor 159 

Although not considered in the Washington State meth
odology per se (survey of 10 LDLs-four that had been aban
doned and six that were not- had mixed results) economic 
development impacts can be included in a statewide rail sys
tem examination. Although it is not possible to predict the 
relationship between the availability of rail service and 
impending economic developments, certain measures do exist 
that can provide valuable insights. 

Suitable industrial sites, especially developed sites, are basic 
to the whole development process and one measure of both 
the increased potential for the location of industry and a com
munity's commitment to encouraging economic development. 
Various organizations including state and local agencies and 
the railroads themselves maintain site files and can be a source 
of information on industrial site locations along each rail line. 

If there are no sites cataloged or being promoted, it should 
be determined if there are properties along a particular line 
that are suitablt! fur rail-oriented industrial location. Although 
there ar mean · of providing rail service for off-line industry 
(interrnodal or piggyback services), it is preferable for rail
dependent businesses, especially those with heavy traffic vol
umes, to locate on a rail line where a track can be constructed 
directly to the facility. Not only should the property be located 
adjacent to a line, but also because of gradient and curvature 
requirements that are more restrictive for railroad tracks than 
for roadway · the property sh uld be easily reached following 
the neces ary engineering parameters. 

In particular, unique sites (which meet the needs of indus
tries with rare or difficult requirements, or types of sites in 
short supply) and their locations should be noted and steps 
taken to protect them for future development. The level of 
general economic activity or past and present industrial pros
pect records can provide other clues as to the potential for 
rail-related development. Availability of natural resources is 
another measure that should be noted . All provide clues for 
the types of industry that might locate in a given locale, the 
probability of occurrence, and whether rail service might be 
a requirement. 

Rail Service Preservation-Impact Relationships 

The typical approach to determining the worthiness of rail
road branch line preservation efforts used in federal and state 
local rail service programs is to compare the costs of providing 
rail service with the impacts of losing it. The impacts become 
benefits, if avoided, and benefit-cost tools and methods 
are used. 

Compa.o·isons 

Because the statewide branch line evaluation was not per
formed in detail, a rigid benefit-cost approach was not used. 
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It was deemed sufficient for the purposes of the effort to 
compare the levels of service pre ervation costs and impacts. 
Annua l costs of operating maintaining, and owning the total 
LDL system analyzed were estimated to be $53.3 million. 
This figure equates to $5.9 million in exces of the yearly 
abandonment impact estimate of $47.4 million ($31.9 mill ion 
for transportation and $15.5 million in road damage). Elim
inating the 11 lines that were estimated to earn ufficient 
revenu.es to cover all costs and thus not to be in danger of 
becoming abandonment candidates and comparing the 
remaining 26 resulted in $38.6 million in annual costs versus 
$22.9 million in impacts. This widened gap between costs and 
impacts is indicative of the heavier traffic volumes associated 
with the profitable lines and lighter traffic of the unprofitable 
lines (thus, the reduced impacts). Rail service costs remain 
more in proportion to the number of lines because of the large 
amount of fixed costs compared to variable costs typically 
associated with light-density operations. 

Figure 5 shows the service-impact cost relationship for the 
remaining 26 lines (three rail lines not shown in the figure 
because they do not fit any of the cost scenarios used) . Impacts 
from abandonment of one of the lines exceed all costs asso
ciated with it . For another, the abandonment impacts exceed 
op rating plus return on value costs and the abandonment 
impact exceed operating costs for three other lines. Based 
on federal Local Rail Service Assistance Act guidelines, the 
first case would most likely be eligible for any type of assis
tance, whereas the second would be rehabilitation candidates 
and also candidates for acquisition and rehabilitation. 

Revenue Consideration 

If each LDL's revenue earning potential were taken into con
sideration and a comparison made (see Figure 5) of impacts 
and revenue deficiencies (revenue minus costs), the number 
of lines that would be classified as potential assistance can
didates increases roughly threefold. Three lines are estimated 
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to have impacts exceeding the total revenue shortfall; whereas 
the impacts on 12 other lines exceed the revenue deficiency 
for all costs except rehabilitation. The impacts on three 
additional lines exceed operating costs. 

PUBLIC OWNERSHIP 

As presented in Table 1, the analysis performed in Washing
ton State revealed that less than one-third of its LDLs (11 of 
37) were estimated to earn sufficient revenues to cover all 
existing and anticipated expenses. Thus, two-thirds of the 
number of LDLs representing 1,099 mi (3/4 of the total mile
age), would have little attraction for for-profit operators and 
could potentially become abandonment or public assistance 
candidates. Given the ICC's position on potential impacts, it 
is unlikely that future development potential will deter approval 
of line abandonments. Thus, public action (or action of some 
other nonprofit entity) would appear to be necessary to pre
serve service over the majority of the state's LDL system for 
economic development purposes. 

The National Experience 

Much has been written about the resurgence of local and 
regional railroads formed from lines that have been aban
doned or spun off by larger carriers. Between 1970 and 1987 
(November 1), almost 19 000 mi (8,p.7) of railroad had come 
under the domain of newly created hort-line (or local) and 
regional railroads. Of the total, 4,420 mi are owned by public 
entities and 829 mi are owned by the shippers served by the line 
as opposed to lines acquired as for-profit operations by private 
companies. Public acquisitions over the period were made on 
behalf of states (2,287 mi) and various local organizations 
(2,133 mi) such as cities, counties, port authorities, local 
improvement districts, industrial development corporations, 
and transit authorities (8,p.12). 

Costs less Revenues 

Impacts Exceed 

FIGURE 5 Impact cost summary. 
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Thus, public ownership accounts for almost one-quarter of 
the mileage taken over from larger railroads between 1970 
and 1987. When viewed in relation to only local mileage (11,430 
mi after eliminating regional railroads and all for-profit oper
ations), public acquisitions increase to 39 percent of the 
total . 

Washington State 

Public ownership of rail lines in the state of Washington is 
permissible under state statutes for port districts and county 
rail districts. Three such rail operations now exist . One is both 
owned and operated by a port district and the other two are 
owned by a port district and a county rail district , respectively , 
but are run under contract or lease by short-line operators . 
The three lines total 177 mi in length. 

Pend Oreille Valley Railroad 

The Pend Oreille Valley Railroad extends 61 mi between 
Newport and Metaline Falls in Pend Oreille County and came 
into existence hecause of financial troubles of the Milwaukee 
Road that led to a 1978 abandonment filing on the line. An 
assessmenl of abandonment impacts indicated l 70 jobs 
($2 ,358 000 in annual wages) would be lost in addition to 
increased transportation costs of $723,000 per year. The Pend 
Oreille Port District was formed to acquire the line when it 
became apparent that was the only way to preserve service . 
The line was initially leased to an outside operator, but the 
port district took over all operations in 1984. A new industry, 
the Ponderay Newsprint mpany , will begin operation this 
year and was attracted to the line through a joint state and 
local effort. Because rail service was a locational requiremenl, 
tl1is bu iness would have gone elsewhere had the line not been 
preserved . 

Lewis and Clark Railway 

The Lewis and Clark Railway operates over approximately 
30 mi of the former Chelatchie Prairie Railr ad acquired by 
Clark County in 1987. lark County purchased the line just 
before it was dismantled for the purpose of promoting industry 
in the northern part of the county. The railway (a short-line 
operator) is interested in developing business by recapturing 
and expanding traffic from both existing industries on the line 
as well as attracting new industries. The Columbia River Eco
nomic Development Council recognizes that rail service is an 
important tool in drawing industry and market sites along the 
railroad . However , the Council does not show preference to 
sites along the rnilroad in order to preserve its public sector 
neutrality and because it is also interested in developing high
technology industries (which typically do not use rail) as well 
as maintaining its traditional resource-based industries . In the 
latter vein, a new aggregate pit is to be developed on the 
railroad . 

Port of Royal Slope 

In 1980, an embargo of service by the Milwaukee Road of all 
lines west of Montana was the reason for the Port of Royal 
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Slope acquiring 25.6 mi of rail line in Grant and Adams coun
ties. Annual transportation cost increases if the line were 
abandoned were expected to total $582,000 with an additional 
loss of sales by on-line u ers of $2 1,800. Rail , er ice proved 
to be critical for one business that was handling local agri
cultural pr duct . The port district line is ope rated by a h rt· 
line railroad that owns and operates other lines in the area. 

Public Ownership Rationale 

Although public acquisition of a rail line often results as an 
act of last recourse, there are valid reasons for public 
ownership. 

Financial 

Rail line acquisition and , more often than not, rehabilitation 
can require a izeable amount of capital . Some new operation. 
have failed because they were und rcapitalized (8 p.22) . 
Commercial loan h<1ve genernlly been availabl for acquisi
tion of lines bur not to fund rehabilitation. One reason for 
thi j. because the railroad's asset are already encumbe red 
(debt repre ent between 75 and 90 percent of total capital 
for most newly form d m II rn ilroaus) (/I ,p.65) and the lender 
would have to assume greate r risks for additioirnl loans. Also, 
in the case of truly light-density lines most purchase prices 
equate to the net liquidated value and a lender can u ually 
recapture its funds in case of default. However , rehabilitation 
involves large quantities of labor and nonsalvage materials, 
which means the full cost of the effort cannot be recovered . 
Public acquisition (and rehabilitation) eliminates front-end 
capilai requirements for the operator and thus assists in 
eliminating one potential cause of failure. 

Stability 

Anothe r reason for public ownership, which is of primary 
importance for economic development purposes, relates to 
shipper perceptions. The location of new development on 
light-density lines has been viewed as a sizeable risk for some 
time given the past collapse of the northeastern and mid
weslern carriers and the current implementation of plant 
rationa lization programs by healthy railroads. Short-line 
operators , especially during the early days of the period men
tioned, were also viewed with skepticism as their tenure was 
questionable . However owner hip by a government entity 
alleviates many of lhese feats by promoting a perception of 
·tability for an indu ' trial prospect. 

CONCLUSIONS 

Economic development and rail e rvice currently have a dif
ferent relationship than the two experienced in the past. At 
one time , the existence of a railroad was essential to a com
munity's economic well being. This relationship is certainly 
no longer the case , but ev n so , the pre enc or lack of rail 
service can still have an impact on local economic develop
ment. Although the impacts cannot always be fully quantified, 
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part of the transportation infrastructure is lost with a corre
sponding loss of economic development potential, and local 
resources that could have been devoted to economic growth 
and development efforts are required to overcome 
abandonment impacts. 

Economic development has to be approached from the local 
level if local interests are to be protected. Given current trends 
in the railroad industry, continuation of local rail service pro
vided by a branch or LDL could prove to be a problem. Thus, 
it appears that more and more communities will have to become 
directly involved in local rail service preservation efforts once 
it is decided that rail service is important enough to the com
munity to warrant the necessary capital expenditures and 
continuing obligations. 

The analytical procedure applied in staff work for the Wash
ington Rail Development Commission for the purposes of 
determining rail needs and development of a responsive state 
rail program appears to work well in identifying potential 
problem lines and order-of-magnitude costs and benefits asso
ciated with rail line abandonment. The procedure allows the 
different entities to approach the problem with a better under
standing and quantification of the overall economics and costs 
to be avoided or benefits achieved. Costs involved also repre
sent a negative draw on resources that would be available for 
economic development. 

The comparison of railroad deficits (revenue minus costs) 
and private and public impacts that could result from aban
donment can be viewed as the amount shippers and county 
or state taxpayers might be willing to pay to avoid rail line 
abandonment and to preserve economic development oppor
tunities that the availability of rail service might promote. The 
decision process should also recognize that attracting the proper 
industry could eliminate deficit rail operations. Thus, it is 
incumbent on each area potentially impacted to carefully weigh 
the value of rail service in light of transportation needs of 
existing industry and those likely or desired to locate locally. 

The work performed for the Rail Development Commis
sion led to a finding that "the state, counties, local commu
nities, railroads, labor and shippers all benefit from contin
uation of rail service ... " and that rail lines that provide 
benefits "should be assisted through the joint efforts of the 
state, local jurisdictions, and the private sector" (12,p.10). 
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The Rail Development Commission also recommended fund
ing of the Essential Rail Assistance Account, already in the 
statutes but not funded, totaling $4.7 million in the 1989 to 
1991 biennium (12,p.15). In 1989, the Washington legislature 
subsequently approved appropriations of $2.3 million for dis
tribution to county rail and port districts for the purposes of 
acquiring, maintaining, or improving branch lines. 
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Role of Non-Interstate Highway 
Transportation in Enhancing Economic 
Development in Iowa 

ELIZABETH A. BAIRD AND MICHAEL A. LIPSMAN 

Over the pa t decade, the state of Iowa has moved toward estab
lishing a highway improvement programming proces that aucmpt 
to balance engineering and economic conside-rations. In 19 8 the 
tate legislature directed the 1.owa Department of Tran ·portation 

(JDOT) to designate a network of commercial and industrial 
highway . During it · 1989 session, the legi lature e rablished a 
clear mandate for IDOT to give this network the highest priority 
in programming future improvements. The re earcb wa initiated 
by IDOT Lo develop a methodology that could be used to factor 
economic development con idcrations into the programming of 
improvements for the network. 

Iowa, like a number of other states, has experienced two 
trends in the past decade. First, since the 1970s, Iowa's pri
mary highway system has accumulated a backlog of construc
tion needs because of inflation, a reduction in motor fuel tax 
revenues (a result of the improved fuel efficiency of the motor 
vehicle fleet), and reductions in the share of federal highway 
funds allocated to rural areas. Second, an agricultural reces
sion during the first half of the 1980s awakened business and 
government leaders to the need to diversify Iowa's economy. 

The first trend is characterized by the state's decreasing 
ability to reconstruct and modernize its primary highway sys
tem. As documented by Iowa's last Quadrennial Needs Study 
(1,p.2), completed in 1986, backlogged construction needs on 
the primary highway system had grown to almost $3.4 billion. 
Prospects for overcoming these backlogged needs are not good; 
after maintenance, pavement preservation, and bridge repair 
and replacement requirements have been funded, the Iowa 
Department of Transportation (IDOT) has been able to mod
ernize or replace only 40 to 50 mi of primary highway per 
year. At this rate, the state's 10,000-mi primary highway sys
tem can only be recapitalized every 200 years. 

Realizing that Iowa did not, and would not in the foresee
able future, have adequate resources to satisfy all of its high
way needs, in 1978 !DOT began developing a way to rate the 
primary highway system for improvement programming pur
poses. A four-level stratification of the state highway system 
was the result of this process, and it has been the basis for 
targeting funds to high-priority projects in Iowa since 
1979 (2). 

The second trend led to the emergence of economic devel
opment as a goal of the Iowa highway improvement program. 
The state's first effort in this regard, a program called Revi-

Iowa Department of Transportation, Office of Advance Planning, 
800 Lincoln Way, Ames, Iowa 50010. 

talize Iowa's Sound Economy (RISE), was established in 1985 
(3). The Iowa legislature funded RISE by increasing the state 
motor fuel tax by 2 cents/gal, whicb yields approximately $33 
million annually. Half of these funds are used to provide road 
improvements needed to attract new businesses to the state 
and to retain and support the expansion of existing businesses. 

Only county and city governments are eligible to apply for 
these RISE funds, and they must provide a match to the fund 
contribution. In this manner, state funds provide leverage for 
other sources of support for local economic development 
initiatives. 

The other half of the RISE fund is dedicated to regional 
development projects. These projects are intended to mod
ernize and increase the traffic-carrying capacity of state high
ways. Regional-development RISE funds are used for new 
construction or pavement reconstruction, not for 
preservation, bridge repair, or maintenance purpo es. 

The RISE program and the four-level highway° system plan 
represent the origin of the state's efforts to concentrate high
way improvement programming in order to maximize the ben
efits earned from road investments and to foster opportunities 
for the diversification and growth of Iowa's economy. During 
its 1988 session, the Iowa General Assembly took the next 
step when it directed IDOT to designate a network of com
mercial and industrial highways. In addition, during 1989 the 
Iowa legislature strengthened its commitment to the com
mercial and industrial network (CIN) by directing IDOT to 
make the improvement of this network its highest priority and 
to explicitly consider the promotion of economic development 
in the state. 

Research was initiated by !DOT to develop a methodology 
that could be used to factor economic development consid
erations into the programming of improvements for the CIN. 
Background is provided on the system currently used to pro
gram highway improvements in Iowa. The legislative mandate 
for creation of the CIN and the procedure used to designate 
this system are discussed. Existing research on economic 
development and transportation is discussed, and an expla
nation is given of the methodology being developed to analyze 
Iowa's economy as a basis for setting priorities for corridor 
improvements to support economic development. A prelim
inary statewide application of priority levels and guidelines 
for programming and scheduling projects is covered. Finally, 
a discussion is provided on research currently being con
ducted, a way to combine the methodology with standard 
highway improvement programming procedures, and alter-
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native procedures for incorporating equity considerations into 
the methodology. 

IOWA HIGHWAY IMPROVEMENT 
PROGRAMMING PROCESS 

Through the early 1970s, the main focus of the Iowa highway 
program was on new construction. As work on lhe Interstate 
system approached completion, the emphasis shifted toward 
preservation and rehabilitation. Before 1977, IDOT relied 
primarily on a LOO-point ufficiency rating system to annually 
analyze each portion of the primary road y tern and d velop 
a Ii t of potential projects. Thi rating system considers road
way safety, service level, structural adequacy, and geometrics. 
Any segment found to have a rating of 50 points or less is 
considered to be in critical need of improvement. 

However, as Iowa began to experience funding probl.ems 
during the 1970s, the State Transp rlation Commi sion decided 
to look for a way to ration highway investment dollars more 
effectively. In 1977, IDOT initiated a study that resulted in 
the stratificati n f the primary highway system into four 
level : A (Interstate), B (high-service-level principal arteri
als) C (low-service-level principal arterial ) , and D (non
pr.incipal arterials). Nineteen ervice cha racteri, tic.c;-such a 
population , retail sales, manufacturing employment, and access 
to airports, railroad terminals, motor carrier terminals, hos
pitals, and institutions of higher education-provided the basis 
for stratiiying the system . In this manner, Iowa began to 
incorporate economic development considerations into the 
process of programming highway improvements. 

Since 1979, sufficiency ratings in combination with the four
level sy tern map have provided the basis for identifying 
potential prim~iry higtn ay mod rnization and reconsll u~!ion 
projects. Thi combined method of evaluation has permitted 
IDOT to better focu resources toward the more heavily used 
portions of the state's primary highway system. Thi f cusing 
of resources is accomplished by scrting incrca ingly re tricLivc 
1.1[ficiency rati ng thresholds to qualify for f'unding, progres ing 

from the top to the boltom of the four- level hierarchy. 
Similarly, the eonsideratiOll of portion of the primary high

way y tern for preservation work , which involves safety 
improvement and re urfacing but only . mall changes in road
way geometrics , i based on both the f ur-leve l sy tern map 
and a 100-point pavement condition rating (PCR) ·ystem, 
which focuses exclu ively on roadway urface characteri ·tics. 
Again fonds are targeted toward the high end of the primary 
highway yst m by varying PCR thre holds o different por
tions of highway can quali fy for improvement. For example, 
for the B-Jevel ystem, a P R of 60 or less qualifies a p nion 
of highway for resurfacing; for th - and D-level ysterns, 
PCR · at or below 50 auJ 40, respectively , are required to be 
considered for pre ervation improvements . 

As a re ult , from 50 to 60 percent of non-Interstate primary 
highway investment has gon to the;: B-lcvcl ystem ince 1980, 
20 to 30 percent t the C-level system, and on ly 15 to 25 
percent to the D-level system . 

The formal programming of improvements begins in Jan
uary each year when the Office of Program Management and 
the Office of Advance Planning prepare a candidate list of 
projects using the process previously outlined . These candi-
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date projects are then submitted to IDOT's six district offices 
for review. The general public is given the opportunity to 
review slaff propo als, submit their owu project requests, 
and present their views to the State Transportation ommis
sion. This year-long review process culminates in December 
with the publication of a 5-year Transportation Improvement 
Program. 

Finally, in addition to attempting to make the most efficient 
use f highway program re ources state law require that 
primary road ervice be equalized in b th rural and municipal 
areas. Therefore a review of tile geographic distribution of 
highway system impr vement i made p riodically t a sess 
how different areas of the tate have fared. Thi analysis of 
service equity also uses highway ufficiency rating. which are 
compared by di trict and betwee n rural and municipal areas. 
Following these reviews, adjustment are often made to the 
highway improvement program to equalize service throughout 
the state. 

Therefore, over the past decade Iowa has moved toward 
establishing a highway improvement programming proce s 
that attempts to balance both engineering and economic con-
ideration . The recent action taken by the state legi lature 

in creating the ON repre ·ents the next evolutiomuy step in 
thi process of recognizing the economic role of highways. In 
the following ection, a discu ion is provided on the l gis
Jature ·s mandate to create the IN and on the ways that 
creation of this system can be expected t further change 
highway improvement programming in Iowa. 

LEGISLATIVE MANDATE AND DESIGNATION 
OF THE CIN 

ln 1988, as part of the appropriations bill for IDOT for FY 
1989, the state legislature directed the State Transportation 
Commission to "identify within the primary road system a 
network of commercial and industrial highways" (4). In the 
same legislation, IDOT was instructed to allocate a minimum 
of $30 million of primary road funds to the network each year, 
beginning with FY 1991. No statement of purpose, priority, 
or other direction for implementing the network was 
provided. 

During its 1989 session, the Iowa legislature affirmed its 
support for the CIN by establishing a clear mandate for IDOT 
to give this portion of the state primary highway system the 
highest priority in programming future improvements. This 
supplementary legislation (5) clearly states that the purpose 
for developing the CIN is "to enhance opportunities for the 
development and diversification of the state's economy." 
The 1989 legislation further states, "The purpose of this high
way network shall be to improve the flow of commerce; to 
make travel more convenient, safe, and efficient; and to better 
connect Iowa with regional, national, and international 
markets." 

The State Transportation Commission initially designated 
the CIN in June 1988 and made additions to the network in 
October 1989. The following criteria were used to designate 
the network: 

1. Service to Regional Growth Centers. The CIN includes 
linkages between 16 regional growth centers identified in Iowa 
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(mainly places with populations of more than 20,000 located 
in the center of 30-min to 1-hr commutersheds) and several 
major metropolitan markets outside Iowa. These outside mar
kets include Chicago, Minneapolis, St. Louis , Kansas City, 
Denver, and Milwaukee. 

2. Continuity. Continuity with routes considered to be major 
through routes by adjacent states was a criterion . 

3. Total Current Traffic. Generally, a minimum standard 
of 3,000 average daily traffic (ADT) was applied. 

4. Current Large-Truck Traffic. A minimum standard of 
250 tractor-trailer/semitrailers (TTSTs) per average day was 
applied. 

5. Area Coverage. Routes were added until nearly all loca
tions in Iowa were within 25 airline-mi (about 30 highway
mi) of a route. Qualifying routes in adjacent states (e.g ., 1-
90 in Minnesota) were included for analysis purposes. 

The resulting system includes 2,325 mi (23 .7 percent) 
of Iowa's 9,830-mi primary highway system, as shown in 
Figure 1. 

The 1989 legislation codified the criteria used to designate 
the network and restricted its size to no more than 2,500 mi. 
The legislation also gave IDOT special powers to permit it to 
complete improvement of the network in a timely manner. 
For example, the law gave IDOT the power to preserve right
of-way for the future development of CIN routes, a power 
the department is not generally afforded for other types of 
highway projects . 

Designation of the CIN is already affecting the program
ming of highway improvements in Iowa. Funds dedicated to 
this portion of the primary highway system are expected to 
far exceed the $30 million per year required by the state 
legi lature. Investment on the nelwo rk in 1990 alone is expected 
to approach $90 milli n (6). Furtherm re the tran portation 
component of Iowa' Futures Agenda , the . tale's strategic 
plan , calls for at least 40 percent of the annual highway 
improvement budget to be invested in the CIN. Also, IDOT 
is currently developing a new five-level highway hierarchy to 
replace the four-level cheme di cussed in the previous sec
tion. The major difference between the two hierarchies is the 
identification of the CIN as a separate level. 

The following section explains how funding priorities and 
the scheduling of improvements within the CIN will be further 
refined . The methodology described draws on central place 
theory and other well-establi ·hed methods of regional eco
nomic analysis. Because [owa does not have an operational 
network model or current origin-destination study, a more 
mathematical approach is not possible. The regional economic 
analy is methodology is designed t addre · economic devel
opment need while minimizing primary data research and 
u ing an economica l approach to tra.nsportation sy tem 
analysis . 

RESEARCH FINDINGS AND CASE STUDY OF 
ECONOMIC DEVELOPMENT ANALYSIS 
METHODOLOGY 

The most basic definition of state-level economic develop
ment is an increase in income and product generated within 
the state . Development occurs when productivity is increased 
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or when the state produces goods and services for export or 
as substitutes for goods that would otherwise be imported. 

However, economic development implies more than simply 
an increase in economic activity. Iowa's initial economic 
development plan noted , "How development occurs is as 
important as whether it occurs. The state might not, for exam
ple, wish to follow policies that attract only low-wage industry, 
even though doing so would increase total economic activity 
in the state" (7,p.3). 

The basic premise of a state-level economic development 
effort is that state government can influence the course of a 
state's economy to achieve specified development goals . In 
this context, transportation improvements are one of a num
ber of tools to help achieve these aims. The methodology 
proposed to guide improvements on the CIN is designed to 
support several generally accepted goals for Iowa (7,p .9). 
These include the following: 

• Increasing the income of Iowans by increasing production 
and employment in the state, 

• Diversifying the economic base to provide a stable foun
dation for long-term growth, 

• Retaining and expanding employment in sectors that are 
currently a significant part of Iowa 's economic base, and 

•Supporting the rural economy of Iowa . 

The assumptions made about the purpose of economic 
development and the relationship between transportation and 
economic development are key to devising an analysis meth
odology. The methodology proposed in this section is designed 
to be responsive to the findings of previous research on 
transportation and economic development . 

Review of Previous Research 

Early research on the relationship between highway trans
portation and economic development, which dates from the 
1960s, focused largely on economic and demographic changes 
occurring after the construction of a section of Interstate high
way. Research since 1980, on the other hand , has begun to 
explore the link between highway transportation and eco
nomic development, not simply economic change. However, 
little research has been done that identifies how best to target 
future transportation investment to encourage economic 
development . 

Clearly, major highway system changes promote change in 
local and regional economies; however, whether transporta
tion infrastructure investment causes long-term economic 
development remains in question . For example, in 1980 the 
National Council for Urban Economic Development could 
not identify any comprehensive study of the effects of high
ways on economic development activities (8,p.92). Further
more, the literature in this field is often contradictory. Never
theless, common themes do emerge. 

The following observations provide the basis for Iowa's 
efforts to incorporate economic development considerations 
into its planning and programming of future highway improve
ments. The first seven are based on a paper by Plazak (9) and 
supported by a variety of research , as noted . 
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Transportation Investment Alone Will Not Cause 
Development 

Experience, common sense, and previous research all show 
that transportation investment alone wi ll not cause conomic 
development to occur. Even massive highway investment in 
new freeways or expressways, for example, may only result 
in the relocation of existing business. 

Factors that enable economic growth to occur include tar
geting growth on the basis of re ources; local leadership. 
cooperation, and initiative; a well-thought-out and accepted 
strategic plan; available financing; adequate infrastructure ; 
a trained and high-quality work force ; and a suppol'live 
community and business environment. 

Highway Investment Is Permissive 

Investment in transportation, although unable to cause devel
opment, may permit otherwise impossible or unlikely projects 
to proceed. Highway deficiencies, such as narrow pavement, 
congested roadways, and embargoed bridges, may prove 
significant barriers to economic development. 

Bottom Line Is Lower Transportation Costs 

Highway user costs are mostly made up of vehicle operating 
costs (e .g., fuel, tires, oil, depreciation, maintenance, and 
repairs) and the value of travel time (e.g., truck driver wages). 
Pavement deterioration contributes to vehicle maintenance 
and fuel costs. [According to a 1984 study (IO), 37 percent of 
the pavement on Iowa's highways is 40 to 50 years old and 
an additional 2 percent is more than 59 years old.] Hence, 
rehabilitation and reconstruction to maintain high-quality 
highways may be one of the best investments for economic 
development. 

Relative Quality of Transportation System Is 
Important 

Businesses make location decisions on a comparative basis, 
so communities and regions with transportation systems sub
stantially poorer in quality than the norm may be placed at 
a serious competitive disadvantage. On the other hand, invest
ing large amounts of money in transportation to improve a 
system to a standard well above average may not yield a 
commensurate payoff. 

Proximity to raw materials and markets tends to be the 
major factor considered by heavy-manufacturing companies 
in making location decisions. This observation is supported 
by a variety of sources (11-13). Once the search has been 
narrowed down to a particular region , transportation access, 
services, and costs become major considerations. 

Road With Lowest Operating Cost Is Not Always 
Four-Lane 

Under conditions of low-to-moderate traffic, a good-quality 
two-lane road may result in operating costs and travel times 
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comparable to those of a four-lane highway. Four-lane limited
access highway improvements generally promote economic 
development only if access to markets and resources located 
outside the state is improved. Both underbuilt and overbuilt 
infrastructure can reduce a state's ability to serve business 
needs at a cost that helps them to be competitive. 

The Iowa Department of Economic Development (7,p.45) 
makes strong statements on this topic: 

While one might argue on the basis of equity that the state 
·hould upgrade roads c rving smaller communities thnl nrc nol 
near to metropolit an a reas (in an effort to foste r growth in 
those communities) , doing so probably would not significantly 
bolster the Iowa economy. In fact, the costs of upgrading 
would add to the overall cost of government in Iowa and, on 
that score, decrease the attractiveness of the state. Further
more , research has shown that upgrading two-lane primary 
roads to four lanes with limited access can actually render 
smaller, nonmetropolitan communities along the route worse 
off (14). Whert as a two-lane road may run thr ugh the com
munity , providing vi ibility to its business, a limited access 
highway is more likely to pass it by. 

Roggenburk and Mufti (15) concluded that the link to the 
Interstate system is critical for most industries for which the 
flow of materials and products is of significance. Also, Schwartz 
and Schwartz (16) found that the cost of transportation is far 
lower for industries located in cities linked to the Interstate 
highway system . Contradictory conclusions were presented 
by Briggs (/4,p.9-3), who found that Interstates were not 
clearly associated with manufacturing and wholesaling. 

Perceptions of Transportation System Quality May Be 
as Important as Actual Conditions 

User costs and levels of service provided by two-lane highways 
may be comparable to those of four-lane roads, yet regions 
without four-lane service may be viewed as somehow isolated 
or inferior. Lines on a map may influence development loca
tion decisions, placing communities without four-lane access 
at a relative disadvantage. 

Recent literature on the role of perceptions as a factor in 
business location decisions is scant. As noted by Bowersox 
(17), if the road was paved and in good condition, it was 
judged adequate. However, the sentiment that four-lane high
ways are critical for economic development to occur is still 
prevalent. This perception was confirmed by the Committee 
on Iowa's Future Growth (JO,p.43), which concluded, " ... 
we must also address the legitimate needs of those Iowa cities 
that are still not served by an expressway that connects the 
major markets inside and outside the state." 

Needs for Highway Transportation May Vary Greatly 
Among Industries 

For many industries, efficient truck transportation is vital. It 
is especially important for manufacturing industries, agricul
ture, and wholesale trade. For high-technology industries, 
quick access to air service and the ability to efficiently move 
employees to work each day appear to be more important 
concerns. 

This variance in transportation needs makes an analysis of 
the current and anticipated economic structure of a region 
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critical. The failure to anticipate significant technological or 
marketplace changes can have major consequences. The loca
tion or potential location of high-growth industries with 
highway transportation requirements should be considered. 

Economic Growth Will Primarily Occur in and near 
Urbanized Areas That Have Necessary Physical and 
Human Resources 

By focusing transportation improvements on regional eco
nomic centers with growth indicators, including cluster com
munities that share area resources, a state can use transpor
tation improvements to support those areas with economic 
growth potential. 

Increases in highway expenditures do not generally lead to 
increases in employment other than temporary increases dur
ing construction. However, in the counties that are economic 
centers of the state, highway expenditures have a positive 
long-term effect (18); that is, employment increases more than 
it would for the normal trend of economy (19). 

Greatest Economic Impact Will Result from Greater 
Access 

From a statewide perspective, the greatest economic impact 
will come from creating better access to regional and national 
markets, better access to raw materials, and better access to 
the regional labor force for companies that use state inputs 
and produce exports or import substitutes. 

Statistics show that every $40,000 in exports creates one 
job and that, for every job created by export industries, two 
a<l<litionai jobs are created in the economy. Transportation 
service provides important support for export-related 
business. 

Improving access to local markets, local services, and retail 
trade outlets is important but will have a lesser impact on 
economic growth from a statewide perspective. However, such 
improvements have potential for making a difference in the 
locations of local growth. 

Economic Location Theory 

Four general categories of location theory exist, each of which 
provides key concepts useful in developing a system of tar
geting transportation investment to support ec6nomic devel
opment. These categories include industrial location, central 
place, growth center, and diffusion theory. 

Industrial location theory was first proposed by German 
economist Alfred Weber in 1909. The theory seeks to explain 
factors in industrial location from the perspective of an indi
vidual firm. Key concepts include the desire to maximize prof
its (or minimize costs) and the economies provided through 
agglomeration. More detailed discussion of the factors involved 
in the location of industry is provided by Alexandersson (20) 
and Webber (21). 

Central place theory, initially developed by German the
orists Walter Christaller and August Losch in the mid-1930s, 
links the disciplines of geography and economics to explain 
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the location and features of smaller urban places that serve 
as central places for services and retail trade. This static theory 
postulates a hierarchy of central places located in a balanced, 
geometric fashion in order to serve the surrounding rural 
areas, or hinterlands. In general, central place functions will 
be service activities and will not include manufacturing that 
serves more distant markets and is unrelated to the needs of 
the rural region (22,p.20). 

Growth pole or growth center theory is the most recent 
addition to location theory, first proposed by French econ
omist Francois Perroux in the mid-1950s. Perroux concep
tualized development as essentially occurring around poles 
caused by economic forces that lead to the clustering of eco
nomic activities and growth and toward an imbalance between 
industries and geographic areas. Dynamic sectors provide the 
driving force in the development of growth poles, and Perroux 
stressed the importance of entrepreneurial innovation in this 
growth process. Perroux's original concept of growth poles 
can be characterized as abstract, dynamic, unbalanced, and 
occurring in the economic space rather than in geographic 
space. 

Diffusion theory maintains that growth occurs as a result 
of the filtering of innovations downward through the urban 
hierarchy and from the urban centers out to surrounding areas. 
The emergence of axes of high development between main 
urban areas is one channel of diffusion that is readily observ
able. In 1963, French economist Pottier contended that eco
nomic development normally tends to be propagated along 
the main transportation routes linking the most important 
industrial centers and that development therefore manifests 
itself in linear paths. His work serves to integrate theories of 
the effects of the transportation network with theories of urban 
hierarchies and geographic development poles (23). 

These theories can be linked together as building blocks in 
a planning methodology for choosing the locations of highway 
improvements that can best assist in reaching Iowa's devel
opment goals. Research in the early 1970s discussed the exis
tence of such bridging concepts, including the close relation
ship of economic growth poles and the city hierarchies of 
central places, and contended the theories could be regarded 
as complementary (23,p.179). Linking the key concepts
agglomeration, location dynamics, growth poles, diffusion, 
cost minimization, and service centers-provides a strong 
theoretical basis for planning efforts. 

Development of a Methodology 

To identify regional centers with potential for growth, Iowa's 
954 incorporated cities and 99 counties have been analyzed 
on the basis of existing economic size and change (24-27). 
The resulting city and county rankings are the basis for iden
tifying and ranking corridors in which transportation linkages 
can help Iowa achieve its overall development goals. 

City Analysis 

Two rankings of Iowa cities were developed to measure rel
ative economic importance (economic size) and change. Four 
factors were considered in these rankings: 



Baird and Lipsman 

1. Population, 
2. Community service level, 
3. Number of manufacturing firms, and 
4. Number of wholesale firms. 

Community service level was specifically developed to reflect 
the current status of a community as a central place within a 
region. The community service level is based on the services 
believed to be important to provide a physical foundation for 
economic development. A six-level hierarchy was developed 
to categorize the extent of service provided by each Iowa 
community, with Level 1 providing the highest level of service. 
Each higher level in the hierarchy meets not only the require
ments for that level but also the requirements for all previous 
levels. The requirements are as follows: 

• Level 1. Three of the following are required: 
-Scheduled air passenger service 
-Daily newspaper 
- Television station 
-Post-high-school educational facility 
- Public high school 

• Level 2. Three of the following are required: 
-Airport (with hard-surfaced runway, at least 4,000 ft 

long) 
-Radio station 
-Hospital 
-County seat 

• Level 3. Three of the following are required: 
-Public library 
-New-car dealer 
-Physician 
-Daily or weekly newspaper 

• Level 4. Two of the following are required: 
-Public or private high school 
-Bank 
- Funeral director 

• Level 5. Both of the following are required: 
- Post office 
-At least 10 retail businesses 

• Level 6. One of the following is required: 
- Post office 
- Less than 10 retail businesses 

To measure economic size, the four factors were ranked 
using the most recent information available. The four separate 
rankings were then combined to obtain a single ranking that 
measures relative economic size. 

To measure economic change, these same four rankings 
were considered along with rankings for change in population 
and change in number of manufacturing firms. Published 
information that could be used to measure change in the 
number of wholesale firms or in status as a community service 
center does not exist. 

A comprehensive community economic data base was com
piled during the analysis. The data base includes a wide variety 
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of factors that were not considered in developing the rankings 
but are available for informational or comparison purposes. 
Data are included on retail sales and change, growth centers 
identified by various studies, community planning and eco
nomic development efforts, bank loan and deposit rates, rail 
service, county seat status, median age, and whether the county 
contains or is adjacent to a metropolitan area. 

Existing community classification systems were considered 
in developing this method to evaluate economic size and change, 
including work by Borchert and Adams (24) and Berry (25), 
as well as a Bureau of Census scheme described by the 
Southern Iowa Council of Governments (28). 

County Analysis 

A similar method was used to measure economic size and 
economic change at the county level. Because a broader range 
of economic indicators is available at the county level, more 
factors were considered. A decision tree was then used to 
assign each county to a group showing its economic size and 
change status (see Figure 2). The following six factors were 
considered at the county level: 

1. Population, 
2. Total employment, 
3. Labor force, 
4. Retail sales, 
5. Manufacturing employment, and 
6. Wholesale employment. 

Four rankings were developed to answer the questions posed 
in the county decision tree. Rankings were made for manu-

A. ls coun:r•e \:"~r'? 

B. Is county above median in manufacturing or 
wholesale size? 

t \ 
Yes No 

i 

Above In 1-2 change categories? - 5 
Above in all 3 change categories?- 3 

C. Is county above median in "overall change"? 
~ \ Above in 0-1 change categories?- 5 

Yes No Above In mfg. & whlse. change?- 4 

i 
D. Is county above median in mfg. and/or whlse. 

ch~nge? \ 
t Above in only 2 "size" categories?-- 3 

Yes No Above in all 3 "size" categories?----- 2 

t 
1 

FIGURE 2 County decision tree. 
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facturing employment, wholesale employment, economic size, 
and economic change (which considered change in all six fac
tors). The ranking of economic size was based on the most 
recent data available (generally 1988 figures), and the ranking 
of economic change was based on the 1980 to 1988 period 
(except in the cases of manufacturing and wholesale 
employment, for which 1988 data were not yet available). 

As with communities, a wide variety of data was gathered 
that was not included in the decision-tree process but is avail
able for informational and comparison purposes. These data 
include the percentage of residents with a high-school degree, 
percentage with a college degree, amount of value added 
through manufacturing, amount of capital investment in man
ufacturing, and value of shipments. Additional research on 
the linkage between these factors and economic growth or 
change is needed because these factors may be useful in 
predicting the likely locations for growth. 

Combined City and County Analysis 

As previously discussed, this analysis of Iowa communities 
and counties reflects a variety of economic development themes. 
These themes include the importance of economic size and 
resources as a basis for economic development, the linkage 
between manufacturing and wholesaling and transportation, 
and the relationships among communities that serve as central 
places and centers of growth and their surrounding areas. 

Figure 3 shows the combined results of the city and county 
analysis in Iowa. The Iowa communities that are in the top 

COUNTY LEGEND 

FIGURE 3 Iowa CIN city and county economic analysis. 
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50 rankings of economic size are shown . The solid symbols 
indicate cities with a high rate of growth, whereas open sym
bols indicate cities with a lower rate of growth, or a decline 
in some cases. County groupings that result from applying the 
county decision tree are also shown. Only the results for those 
counties above the median rank in economic size are 
provided. 

Finally, highway improvement priorities were developed. 
These priorities reflect the principle that highway investment 
can best support economic development by creating improved 
linkages between centers with growth potential. The priorities 
established are presented in Table 1. 

Advantages and Disadvantages 

The methodology responds strongly to the legislative mandate 
to improve the flow of commerce and to better connect Iowa 
with regional, national, and international markets. In addi
tion, it provides a useful tool for describing local economies 
and providing information at a city and county level. It also 
provi<les a mechanism to encourage the maximum amount of 
regional economic development possible within the con
straints of Iowa's current economy. The technique incorpo
rates the concept of growth centers, while providing broader 
support for Iowa's rural economy. The technique is also 
adaptable to public input because it permits incorporation of 
other considerations and goals identified as important by local 
community and business leaders. 

0 W A 
COMM£RC 1il ANO IPO.!STAl!.L ~TWOP.lt 

Pruµor ed B1 
A IOWQ 0.PQf'lnl! l lH 

Wot Trontoor 1a 11on 
Phone l51SI 239-1669 
In Cuoperorlon wfHi 

Llnltco St.Jte5 
Deportment of Tronaportntlrm 

CITY LEGErlD 

Populat1on 

- D ,..tro!'Ol1ta" Ams 

• 0 20,00? - 50,000 

• 0 10,D'IO - 20,000 

e 0 less than 10 ,000 



Baird and Lipsman 263 

TABLE 1 DESCRIPTION OF PRIORITY LEVELS FOR CORRIDORS OF 
ECONOMIC IMPORTANCE 

Pr ior i ty 

1 

2 

3A 

Connect Place 

Connect metro areas 

Connect metro areas 

Connect large, growing 
communities in large, 
growing counties 

To Place 

To regional markets 

To each other 

To metro areas 

38 Connect large communities 
with city OR county 
growth 

To metro areas 

3C Connect mid-sized, 
growing corrvnunities in 
large, growing counties 

To metro areas 

3D Connect large communities 
without city or county 
growth 

To nearby metro areas 

4A Connect mid-sized 
communities with · city 
OR county growth 

To nearby metro areas 
and/or Interstate 

4B Connect smaller communities 
with city AND county 

To nearby metro areas 
and/or Interstate 

growth 

SA Connect smaller communities 
with city OR county 

To nearby metro area 
or Interstate 

SB 

growth 

Connect smaller and 
mid-sized communities 
without city or county 
growth 

To nearby metro area 
or Interstate 

NOTE : All remarnrnq portions of the Commercial and Indust r ial Network 
were assigned to a level based on the cur rent amount of traffic. 

One drawback that Iowa has largely overcome is the heavy 
emphasis on collection of secondary data in developing the 
rankings. A variety of problems was encountered in the 
collection of both city and county data. 

The need for consistent, comparable, and reliable data was 
perhaps foremost among the problems encountered. Sources 
of employment figures, for instance, include the U.S. Depart
ment of Commerce census data (every 10 years), the Eco
nomic Census data (every year ending in Years 2 and 7), the 
U.S. Department of Commerce County Business Patterns 
(annual), the Bureau of Economic Analysis data (gathered 
in Iowa through the state's Department of Employment Ser
vices), and the Bureau of Labor. Because employment data 
may be collected by place of work or residence; may be derived 
using statistical models; may or may not include self-employed, 
government, or farm workers; may contain different types of 
data breakdowns; and may experience periodic data collection 
and presentation changes, any reliable analysis of data must 
be performed with a thorough knowledge of the type of data 
being used and its limitations. These economic data problems 
present difficulties not only for economists but especially for 

transportation specialists, who may be considerably less famil
iar with government economic data. Data collection problems 
are insignificant, however, in comparison with the primary 
data collection needs required for more quantitative methods 
of analysis, such as developing a statewide transportation or 
economic model. 

PRIORITY CORRIDOR LEVELS: SELECTING 
AND SCHEDULING IMPROVEMENTS 

As previously discussed, the city and county analysis provides 
the basis for establishing priority corridors for improvement 
on the CIN. The priority levels outlined in Table 1 are pre
sented in further detail in Table 2. Figure 4 shows a map of 
these corridor improvement priorities. 

It is recommended that improvements be scheduled starting 
with the highest priority levels, radiating out from the larger 
Iowa cities. Within each level, the cities have been ordered 
by their ranking in economic size. This ordering is intended 
to be combined with cost-benefit analysis and considerations 
of regional equity in scheduling projects within a category. 



TABLE 2 PRIORITY CORRIDOR LEVELS FOR IOWA CIN IN OCTOBER 1989 

I 
I 

POP SERVICE CITY cm: COUBTY COUNTY 
DOT GROm um 1986 RAH: am: : SIU CHARGE COUITY 

DISTRICT COOITY Ill£ CITY IAU LEm (H) POP 11 mm 110 mm : UIK am Lim 

PilORITY 1: Comet lelropolilu areas lo iegioul hrhts 
I 
I 

Tier 1: lelro mas 1ith growth !top 50 in change) in growing counties [count7 Im! 1 or 21 I 
I 

I Polk Des loim I I 192, 060 2 1 : 2 IA 
6 Linn Cedar Rapids 2 I 108,370 I 2 : 3 IA 
6 Scott Damporl 2 I 98,750 3 3 : 16 ZA 
6 DRhaque Dubuque 2 I 59, 700 4 6 : 33 IA 
4 Pottmttuie Conti! Bluffs I I 56, 900 9 8 I 11 1A 
6 Jobson Ion CitJ 2 I 50,490 s 10 1 u 

Tier 2: letro areas 1ao1i1g citJ or c01DtJ growth, bat iol both 
3 loodburf Sim CilJ 4 1 T9,UO 187 45 u 
1 Black H11k later loo 2 1 T0,010 T T4 SA 

PRIORITY 2: Comet lelropo!it&n areas to each other 

PIIORITY 3': Comet laree, 1mi1g c01mitie1 ( ~ 20,000 popdation rm citJ ekuge h top 50) 
i1 large, gro1ing cmtie1 (IA aad 2AJ to 1elro areas 

2 Cerro Gordo lasoa CitJ 30, 200 14 7 9 13 u 
I Story Am H,460 6 11 10 IS 1A 
I lmbll lmkallto1n 26 ,OTO 10 12 13 IO IA 
5 hacatine lmatine 23,580 15 14 14 6 IA 
1 Polk llest Dee loines ·23' 790 11 15 1 2 IA 
6 Scott Betteudor[ 27 '930 12 16 3 16 1A 
6 Linn hr ion 20,m 13 18 2 3 IA 

I 

PRIORITY 38: Comet large counnities (~ 20,000 popalationl 1ith either citJ gro1th (top 501 I 
I 

OR. cou lJ growth {1 and 2) to aetro areas ' ' I 
I 

I Webster Port Dodge 21,070 16 9 : 12 81 SA 
S Dee loim Bur Jing ton 28, 000 203 9 : 9 22 2' 
2 Black Hawk Cedar Palls 33,200 8 13 : 4 T4 5A 

PRIORITY 3C: Connect 1id-siied, gmiug comrities (10,000 to 20,000 population and city growth in 
top SO) in large, growing counties (I, 2, or 3) to aetrc arm 
IOTE: All connections are addressed in previous lmls 

I Polk Urbandale 19,760 I 7 2'• ' ' I I 2 IA 
I Jasper Rew ton 14 ,800 21 23 : 16 2J 2A 
1 Polk Ankeny 16,730 19 25 l I 2 IA 
S Warren Indianola 11,6'0 24 31 : 37 • 3 

l'llOllTt !D: Comet luge co1mitie1 ( ~ 10,000 popdatio1) 1it~out citJ or coutJ gro1tk 
(citr clu1e ~lo• top 50; coutr lml of 5) to aearbr 1etro areu 

& Cli1to1 Cli1t01 30,080 188 14 11 u SA 
5 lapello Ottma 25 ,290 m lT 19 TT 5A 

TABLE 2 (continued on next page ) 



TABLE 2 (continued) 

POP SUV ICE CITY CITY co om COOITY 
DOT GROVTH LEVEL 1986 m1: UH: sm CIAIGI co om 

DI STRICT COOITY IAKE CITY IAKE um (1-6) POP I/ CRAIGE 1/0 CBAIGE RAH am um 

PRIORITY U: Comet 1id·si&ed comnities (10,000 to 20,000 population) 1ho1iag citJ 1ro1tk (top 50) 
OR coutJ gro1th (I, Z, or 3) to mrby 1etro area and/or Interstate 

3 Clay Spencer 10,970 18 19 33 T9 SB 
I Boone Boone U,190 Ill 23 32 38 3 

PRIORITY 48: Connect miler comnities ("5,000 to 10,000 population) 1ith citJ growth (top SO) 
m count7 grorth (I, 2, or 3) to mrbJ 1etro areas and/or latmtate 

5 Jeffmoa PairCield I I 9,STO 23 zz 40 28 3 
3 Carroll Carroll 2 z 9,450 Zl H zo ZT u 
S brion Pella 2 2 8,300 20 26 18 19 1A 
3 Buena Vista Bton Late 2 2 8,530 28 27 Zl zo u 
I Huilton lebster CitJ 2 z 8, 380 39 2T Z8 18 lB 
I Poweshiek Grim II 2 2 8,430 27 28 Z6 26 2B 
6 Jobson Coralville I s 9,310 Zl ZB T 1 u 
S lmJ lmt Plmut % 1 T ,200 31 19 ZT 1Z 11 
2 linmhiek Decorah ! 2 8,000 27 30 30 T 11 
4 Cm Atlantic 2 2 7 ,SOO 37 32 43 52 4 
3 P]JIOUth Le Im 2 1 T ,850 29 33 23 6 u 
2 Cerro Gordo Clear Lake City I 3 7 ,930 26 34 9 13 2A 
3 CmCord Denison 1 2 6, T90 32 40 31 41 lB 
1 Polk Altoona ! 4 6,470 30 45 1 z 1A 
I Story imda l 3 6,270 35 47 10 15 ZA 

3 Sioux Sion Center 2 3 4,360 36 so 17 Z8 1A 

" PRIORITY SA: Connect miler comnities ("5,000 to 10,000 population) with city growth (top 50) OR 
cont7 gro1th (I, 2, or 3) to mrby 1etro area or Interstate 

2 Floyd Char !es City I 2 8, 560 m 19 u 14 1B 
6 Jackson bquokela I 2 6,350 30 34 u 40 SB 
5 hshington llaehington I 2 6,820 45 35 35 S8 SB 
2 Brem Vmrly 2 2 8,200 25 36 29 52 58 
I Hardin Iowa Pal ls 2 2 5, 870 41 37 2( 83 58 
5 hrion Knonille 2 2 ! , 920 !8 38 18 19 lA 
4 Dal las Perry 2 i 6, 650 65 11 22 14 lA 
6 Buchanan Independence 2 2 6, 150 42 44 41 60 5B 
3 O'Brien Sheldon i 2 4, TIO 57 46 53 49 g 

6 Delmre lanchest~r 2 J 4, 860 .5( 4 7 46 34 IB 
4 Shelby Harlan 2 2 5, 130 50 48 5T 4T 9 
2 HU1boldl Hu1boldt 2 3 4,470 49 49 62 42 8 

TABLE 2 (continued on next page) 
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TABLE 2 (continued) 

I 

POP smm CITY CITY : COOITY coom 
DOT GROITB LEVEL 1986 IAH: l.lll:: sm CUIGE COOITY 

DISTRICT COOITY un cm UH mn (H) POP I/ CBAIGB l/Q tl&IGB : UH WI um 

PRIORITY §8: Comet nailer ud 1id·1hed comtilies (5,000 to 20,000 popdation) 1moat citJ or 
count1 gro1th to 1mb1 1etro area or I1tmtate I 

I 
I 
I 

5 Lee leokuk 4 2 13,0lO m 20 : 15 TB 5A 
5 lahash Oahloou 4 I 10,800 209 21 : 30 50 SB 
5 Lee Port ladison 4 2 U,360 m 21 : 15 TB 5A 
4 Onion Cm ton 3 1 T ,800 246 32 : 58 &6 9 
4 lontgomr Red Oak 3 2 6 ,250 m 3T : 55 61 9 
2 Parette Oeheia 4 2 6,840 m 38 : 25 86 SB 
2 lomtk Ugoaa 2 2 s,m 60 39 : 34 91 58 
5 lppanoose Centmille 4 2 s,m m 42 : 59 53 10 
4 Page nemdoah 4 2 s,m m 42 : 40 88 SB 
2 Emt Esthmille 3 1 6,m m 43 : 67 85 10 
3 Cherokee Ckerokee 4 2 6 ,280 m 44 : 52 64 T 

IOTE: All connections aot pmiouh migned me migned prioritJ based on cment traffic lmle: 
*West of Decorah (IA 150 and OS 18): red, level 5 
*Burl iagton to leohk (US 61): green, !ml 3 

!. POPULATIOI GKOITB LmL: 
l and 2: Shows population grorth during 1950-1986 

( 1 shows growth duriag both m0-1980 ud 1980-1986; 2 shows ovmll growth 
bnt decrease in one of the periods) 

3 and 4: Shows population decrease during 1950-1986 
(3 shows omall decrease bnt decrease in only one of the periods; 4 shm 
decrease during botb 19S0-1980 and 1980-1986) 

2. City growth was based on being ranked in the top 50 in city change. 
County grorth us based on being included in county levels 1, 2 or 3. 

Some improvements will be made to lower priority corri
dors early in the program. However, these will be limited to 
localized safety improvements and surface preservation 
projects. 

The type of improvement planned for a corridor will depend 
on the corridor priority level, design guidelines established 
for the CIN, projected traffic and percentage of trucks, public 
input, and sufficiency ratings. Departing from the traditional 
approach of programming improvements in small segments, 
improvements on the ClN will be undertaken on a corridor
wide basis. This change reflects the realization that the ben
efits of improvements will not occur until major links in the 
system are completed. Also, the rapid improvement of major 
portions of the network will enhance Iowa's image as a state 
dedicated to supporting economic growth and diversification. 

Decreasing travel time and travel costs will be main objec
tives in planning improvements in the CIN. The design guide
lines established for the CIN system generally exceed tradi
tional engineering standards . For instance , Priority 1 corridors 

may be considered for four-laning even if traffic levels do not 
currently warrant a four-lane improvement. Also, climbing 
and passing lanes will be more liberally used than on other 
two-lane primaries. 

Following is an explanation of the five major CIN corridor 
improvement priority levels. 

CIN Priority 1 Corridors 

Beginning with the highest-priority corridors, Figure 4 shows 
routes that connect metropolitan areas in Iowa with major 
midwestern business centers in surrounding states (Chicago, 
Minneapolis-St. Paul , Omaha, Kansas City, and St. Louis). 
Many of these Priority 1 corridors would provide connections 
of near-Interstate quality between Iowa metropolitan areas 
and major markets in surrounding states. For programming 
purposes, improvement of these routes would receive top 
priority because they would yield the greatest economic payoff 
for the state. 



FIGURE 4 Iowa CIN corridor improvement priorities. 
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CIN Priority 2 Corridors 

The second priority for improvement would include corridors 
connecting Iowa metropolitan areas. The two routes at this 
priority level, on the basis of current conditions, link Dubuque 
to Davenport and Sioux City to Waterloo. All other intrastate 
metropolitan area connections are already satisfied by the 
Interstate system or would be satisfied by the CIN Priority 1 
corridors. Priority 2 corridors pi ovidt:: opportunity for Iowa
based industry to develop branch facilities as well as an effi
cient network of local suppliers. For these reasons, the level 
of improvement made on Priority 2 corridors would be either 
to expressway or high-quality, two-lane standards. However, 
because major investment on these corridors would not be 
made until Priority 1 improvements were completed, their 
level of improvement would not be determined until later. 

This same programming philosophy applies to all lower 
priority levels because early improvements to the network 
may induce changes in traffic that would alter system needs. 
Also, because the improvement of Priority 2 corridors would 
not begin for a number of years, prudence dictates delaying 
the specification of design standards for these corridors. 

CIN Priority 3 Corridors (3A-3D) 

The third priority for improving the CIN would involve 
upgrading connections between large nonmetropolitan com
munities and both Iowa and out-of-state metropolitan areas. 
This would be accomplished by linking such cities as Ames, 
Burlington, Clinton, Marshalltown, Muscatine, and Ottumwa 
to previously designated corridors and the Interstates. All of 
these communities are important nonmetropolitan commer
cial centers, but not all can he ch;irncterized as growth centers. 
Some, such as Burlington, Clinton, and Ottumwa, experi
enced a significant decline in economic activity during the 
1980s. However, these communities remain dominant com
mercial centers within their areas of the state. Thus, CIN 
corridors serving these communities have been classified as 
Priority 3 corridors to provide a high level of highway service 
to communities most important to the state's rural economy 
and most likely to generate future growth in rural Iowa. 

CIN Priority 4 Corridors (4A-4B) 

The city and county analysis also shows relatively stable growth 
in portions of west central Iowa-the area bounded by I-29 
on the west, 1-35 on the east, I-80 on the south, and US-20 
on the north. The level of development and industrial diver
sification in this area is not as great as in east central Iowa, 
but the communities and surrounding counties show potenti;il 
for industrial growth. Therefore, the CIN corridors trans
versing this area have been classified as Priority 4. US-52 in 
northeast Iowa has also been assigned this priority. 

CIN Priority S Corridors (SA-SB) 

Priority 5 corridors serve communities that are smaller and 
have experienced more limited success in diversifying and 
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expanding their industrial base. Although some of the com
munities experienced growth between 1950 and 1986, the 
counties are still predominantly agricultural and have expe
rienced significant losses of population, particularly among 
the young adult age groups , which are necessary to attract 
new business. Therefore, portions of the CIN that traverse 
these areas would likely not be improved until the end of the 
planning period. Local efforts to develop the plans and resources 
needed to expand and strengthen the industrial economies of 
these communities could affect the priority placed on 
improving the CIN in these areas . 

Figure 4 represents a statewide application of the meth
odology outlined in the previous section. This methodology 
is one of the approaches being explored for establishing 
improvement priorities on the CIN, and the example given 
in this section is based on current information. If the meth
odology is adopted, a design-year analysis will be undertaken 
that will then be used to modify the system plan for the CIN. 

CONCLUSIONS 

Tht:: methodology described and applied in previous sections 
represents the initial phase of development of a system plan 
for Iowa's CIN. Issues remaining to be addressed include the 
following: 

• What types of highway transportation improvements do 
manufacturers, wholesalers, and distributors perceive as 
necessary to support their businesses? 

• Where are the principal suppliers, customers, and branch 
facilities of area manufacturers, wholesalers, and distribution 
centers located? 

• From how large an area do various Iowa businesses draw 
their work force? 

• How are industrial centers and residential communities 
linked in Iowa? 

• Where do area residents make different types of retail 
purchases? 

The results of research in this area, such as surveys and 
interviews, would be useful for selecting the types of corridor 
improvements. 

Several other areas may merit additional in-depth study. 
First, recent trends show that growth both in manufacturing 
and in wholesale employment is occurring in many of Iowa's 
poorest counties, on the basis of county economic size rank
ings. Even in some rich counties, employment growth is occur
ring outside the major center. Further research into the rea
sons for these trends, and whether or not area highway 
improvements are needed and cost-effective, is warranted. 

Second , the quality of jobs and life is a high priority on 
Iowa's economic development agenda. Although it is intended 
that iargeting resources at regional economic centers will help 
support this priority, the issue is not specifically addressed in 
the economic analysis. Further research into areas with high 
rankings in value added by manufacture, new capital expendi
tures, and educational attainment is merited, including exam
ination of per capita and change rankings. Evaluating whether 
area highway improvements are needed to support growth in 
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"pockets of quality" would complement the corridor priority 
analysis. 

Finally, the economic analysis of Iowa's communities and 
counties indicates that economic growth in the state has not 
been equitably distributed. Because population and economic 
activity are concentrated in the ea ·te rn half of the state. and 
becau. xi ·ting economic activity can be expected t trongly 
influence future development, any method of transportation 
investment that proposes to maximize the return on invest
ment dollars will likely result in future investments being 
geographically concentrated. 

Traditionally, I wa highway programs have addressed the 
issue of equi ty by trying to equalize highway quality, as mea
sured by annual ufficiency studies. IDOT is not required to 
follow this practice for the CIN. Nevertheles , to maintai n 
broad-based support for this system, it will likely be necessary 
to ensure that benefits of the program are spread throughout 
the state. 

The regional center analysis attempts to combine consid
erations of equity with the objective of maximizing benefits. 
This goal is accomplished by targeting highway improv ·ments 
to the most important regional centers in more economically 
disadvantaged areas of the state, generally communities with 
lower service levels or in areas showing a lack of growth. 
However, major highway investments should not be made in 
areas that lack the necessary infrastructure, raw materials, 
strategic planning, or other resources required to support 
manufacturing, wholesaling, or distribution facilities. 

Although the economic development benefits of highway 
improvements should be as broadly distributed as possible, 
such improvements cann t, by themselves, provide an eco
nomic lifeline for all of Iowa. Strategies aimed at supporting 
regional economic center encouraging cooperation between 
smaller communities, forming cluster communities to share 
complementary resources, and developing broader structures 
for educational and governmental support are necessary to 
spread economic benefits throughout the state. 
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Economic Impact of Wisconsin's 
Transportation Economic 
Assistance Program 

KENNETH J. LEONARD 

The Tran portation conomic Assistance TEA pr grum wa · 
creared in Wisconsin to help communilies and bu inessc.: pay for 
road. rail , harb r. r airport improvements needed for economic 
developmeni. The objectives of the progrnm were L 11 Uract 
employers ~ind to create more j b in Wiscon in . Using an appro
priation of $9 million , the state ha · funded up to 50 percent of 
the cosl of 18 tra n p rta tion improvements. T hese projects were 
expected to create over 2. 00 job. directly and nn estimated 2.800 
jobs indirectly . The annual increa e in wages paid because of 
those job over the next JO years amounts ro $106 million. The 
pre cnt va lue of the state . ales and income taxe paid over 10 
yea rs totaL $58 million. TEA applications arc evaltrn ted ·~gain ·t 
ad zen crirerii1 to delermin · the project eligibilit_ . The e criteria 
include tran portation costs imd benefit s, number o r jobs. value 
of increased wage , ra tio o cos1 ro the number ol' jobs, I cal 
funding. compatibilit y with 1her mmsp rtation in the ru·ea, tax 
benefits to the state and fin ancial soundne of the busines .. The 
economic impacts of TEA imJ)rovements invo lve both reductions 
in lrnnsportation cost becau e of the tran I rtation improvement 
and changes in the state's economy cau ed by the economic devel
opment project. Transporta tion co ts and bcnefil are mea. ured . 
in this ca 1:: by the Highway Inves tment Analys i · Pnckag . If the 
bcnetits . uch a reduced travel time, traffic accidents , and per
ating cost . exc ed the impro ement , nd mainrenance costs. the 
project i considered a good .inve. tment from a tran porrntion 
standpoint. The orher econ mic devel pment bend i1s are cal
culated u ing a moclel of the Wiscousin economy. T his model, 
developed by Regional conomic Development Ioclcl's, lnc. , 
mea ures change due to economic devel pmcnt projects. It mea-
ures net increases in employment employee wages, ·ale tmrn . 

and inc me taxes. If a project meet the e ligibility criteria, it is 
ranked competitivc l.y with othe r projecr and funded acco rding 
to its rank . 

The economic health of a region or state is dependent on the 
condition of the transportation system. Advocates of local 
and regional development commonly request funding for a 
transportation improvement because they feel it will create 
economic development. However, a transportation improve
ment will not necessarily create economic development . The 
transportation improvement mo:iy hP. needed for the devel
opment to occur, but it will not by itself create the devel
opment. Good transportation is necessary but not sufficient. 
Other factors. like a skilled labor force, utilities , raw mate
rials, and financing , must also be present. In addition , not 
enough transportation money is available at any governmental 
level to allow expenditures based largely on speculation . 

Bureau of Policy Planning and Analysis, Wisconsin Department of 
Transportation, P.O. Box 7913, Madison, Wis. 53707-7913. 

This situation motivated the establishment of Wisconsin's 
Transportation Economic Assistance (TEA) Program. Instead 
of responding to speculation, the program is designed to 
provide funds for transportation improvements tied to defi
nite economic development projects-projects that need a 
transportation improvement in order to occur. 

An important part of implementing the TEA program was 
the use of economic analysis techniques. These techniques 
have helped determine which projects were justified for 
improvement. 

TEA ADMINISTRATION 

TEA represents fast money from the state. The evaluation of 
an application normally takes only 6 to 8 weeks . Communities 
or businesses may use TEA money to help pay for road, rail, 
harbor, or airport work that they need to help attract an 
employer to Wisconsin. If a transportation improvement is 
needed for a business to locate or expand in the state, TEA 
funds can be made available. The overall objective of the 
TEA program is to create more jobs in the state of Wisconsin. 

The administration of a proposed TEA project involves 
many actors: the local unit of government, the business , a 
local development agency, state agencies (departments of 
transportation , development, and natural resources), the gov
ernor's office , an engineering consultant , and federal agencies 
like the E nvironmental Protection Agency and the Economic 
Development Administration (EDA). Within the Wisconsin 
Department of Transportation (WisDOT), the evaluation 
includes design, planning, real estate, environmental assess
ment , and construction staff. Coordination of all these actors 
requires special attention. 

Figure 1 is a detailed flow chart of the TEA project devel
opment process . A local unit of government or business must 
first make an application to WisDOT. WisDOT will screen 
the application , particular! y reviewing the cost of the improve
ment and the number of jobs that will be created. If the 
application passes the initial screening , the applicant is asked 
for additional information . 

EVALUATION 

On the basis of the additional information, WisDOT evaluates 
such issues as the job effects , wages paid to the employees, 
income and sales taxes generated , and capital improvements 
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FIGURE 1 TEA project development process. 
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committed. The financial soundness of the business is eval
uated, and the efficiency f 1he transportation improvement 
is calculated. Also, state offi cials make a number of vi ·its to 
the local agencies, the businesses, and the site. The following 
criteria are used in the evaluation of proposed TEA projects 
to determine eligibility: 

1. Whether the transpor1ation costs of the improvement 
are balanced by the tran ·portation benefits, 

2. The cost of the improvement, 
3. Ratio of the cost of the improvement to the number of 

jobs, 
4. The number of jobs that are increased or retained in 

the state, 
5. The amO'lmt of funds provided by the I cal government, 
6. Whether the improvement is compati.bl and comple

mentary to other tran -portati n in the a rea, 
7. Whether the improvement erves a local purpose, 
8. Whether the improvement will be in an area of high 

unempl yment or low-av rage income, 
9. Whether the project will contribute to the economic 

growth of the state and the well-being of the residents, 
10. Whether the business that w uld be helped i financially 

sound, and 
11. Whether the transportation improvement would have 

a significant negative impact on other businesses. 

The highe ·1 dollars/j b ratio for an approved TEA project 
has been slightly below $5,000/j b. This experience has led 
to the establishment of a rule that no projects with a ra tio 
greater than $5,000/job are approved. A cap of $1 million in 
TEA fun Is per pr ject was also et. Th e rulei are d igned 
to promote significan t overall employment gain. from the 
limited fund ava ilabl for th pr gram. T he rules are con
sis ent wilh those of other Wisconsm program that provide 
public funds for the training of employees in private 
businesses. 

TEA program funding is generally appr priate when th 
business d'velupmenl does not involve the tran fer of job 
Crom one part of the ·tate LO another and when the business 
development is not retail in nature. Retail businesses are not 
eligible for funding in this program, because Lhey are likely 
to involve the transfer of employees from one area or regi n 
of the state lO another. 

Other types of businesses that are excluded include whole
sale outlets, hotels and motels, eating and drinking establish
ments, and entertainment and recreation facilities. Private 
roads or buildings are not eligible. 

RANKING PROCESS 

Applications arc evalua ted three times during the year: .lune 
1 September 1 and December I . All applications and ttccom
panying additional information rhat are received by a gi en 
application d te are ranked competitively and funded accord
ing to their rank until tbe T A fu nds allocated for that period 
have been exhausted. After it bas been determined th, t a 
proposal me t all th eligibility crit ria , the fw1ding p1iority 
of a project i d !ermined by the followin criteria: improve
ment cost per job created, transportation cffici ncy improve· 
ments resulting from the project , th county unempl yment 
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rate at the location of the project, and geographic diversity. 
The greatest weight is given to the ratio of the transportation 
improvement cost to the direct jobs created. 

lf the project meets the valuation criteri. and rank · high 
enough to be funded , the Secretary of Wi DOT approv 
the project and Lhe Governor announc s it. im1lly l cal 
tare, and private workers implemen t the project. Figure 1 

show · in m re demi I all the project developme.nt steps, such 
as design work , right-of-way purcha ing, and environmental 
evaluations, which g on at the ame time as the econ mic 
evaluations. All of this leads to implementation. 

TEA SUCCESS 

The TEA program was appropriated $9 million in state funds 
during its first 2 years (FYs 1988 and 1989). Using this money, 
Wi DOT funded up to 50 p rcent of the costs of 18 trans
portation improvements. Th remainder of the expen. e was 
paid for with a combination f local governmen t and private 
funds or in-kind services. The I project. are li ted in Table 
1, whi.ch present the location of the project, type of project, 
kind of bu ·ines , cost of the project, and number of jobs 
created. 

These projects involved the commitment of $7 million in 
tat funds. As i ted by th TEA pr gram. they will create 

over 2 ,800 direct j bs and an estimated 2,800 indirect job . 
" Direct jobs" aJ"e those job created at the new business dev 1-
opment, and "indirect jobs" are created in the sectors of the 
economy that sell to the new business and its employees . TEA 
contribujed an average of $2.500 for every direct joh crc<11 ed 
through the program. 

As presented in Table 2, the annual incr a. e in wage · paid 
for those jobs over a 10-year analysi. p ri d amounts to $106 
million. The present value of the state sales and income taxes 
paid over the same analysis period totaled $58 million. 

The busines es created with the help of the TEA program 
accounted for $8- million of capital investments in the state. 
In general, TEA projects have had a capital investment of $5 
million per project. 

When the TEA concept was being debated by the legi la
ture 2 years ago, on concern was that the project. w ulcl all 
b in the more p pulatecl s uthern part of the stat , which 
includes Madison and Milwaukee. -igure 2 which map. the 
project locati n , how that thi has not b en the ca c. Only 
five project. have been appr ved in the Madi on and Mil
waukee metropolitan areas and surr uncling rc:gions. Many 
of the projects are in the northern pc1rt of the state. 

In addition t wide geoen1p hic distributi n , the project 
locations exhibit a wide distribution in population ize (Table 
3). The p pulations range fr m 4,000 in F'lorence 'ounty to 
350,000 in Dane ounty. even of the pmj ct up n rth arc 
in counties that averag less than 35,000 in population. 

The typical TEA project is an access road to a new industrial 
park in a small.- to medium-sized community. The larg rm t
rop litan area have I demand for TEA funding, becau e 
rheir tran p rtation ystems are already we ll developed. lso, 
many projects that are needed in or around the larger areas 
are too expensive for the TEA program. 



TABLE 1 APPROVED TEA PROJECTS, JULY 1989 
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Project N- Project Location Project Description Business Description 

TEA 
Grant 
Amot61t 

Direct 
Jobs 
Created 

Indirect 
Jobs 
Created 

a::::::.:.c-::a:.:::am:z.m&:.z:~;;:;;::;.;;;;:::::::::=:sz::;::;a;;;:;-..;cz::a.::=:::::az::-.::z:::;;.:::;;:;:::;:::::;:::::-::::::::&Z.1:=:&:z::.:;::===--===:::::::==::z::~:e::.z::::;:•:=::::: 

Lacrosse/ 
Gateway Industrial 
Park 

WISP ARK/Kenosha/ 
Pleasant Prairie 

Rice Lake/ 
Nichols·Honieshield 

Fort Atkinson/ 
Metal Container 

Florence/Pride 

City of 48,347 pop. 
in southwestern 
Wisconsin 

Town of 12,071 pop. 
in southeastern 
Wisconsin 

City of 7,691 pop. 
in northwestern 
Wisconsin 

City of 9,785 pop. 
in southcentral 
Wisconsin 

Town of 1,800 pop. 
in northeastern 
Wisconsin 

Winnebago (Oshkosh)/,City of 51,700 pop. 
EAA (Experimental in eastcentral 
Aircraft Assoc.) Wisconsin 

OUtag•ie 
(Appleton)/ 
Air Wisconsin 

Stoughton/ 
Stoughton Trailers 

Arcadia/ 
Ashley Furniture 
Co. I 

City of 62,924 pop. 
in eastcentral 
Wisconsin 

City of 8,456 pop. 
in southcentral 
Wisconsin 

City of 2,235 pop. 
in westcentral 
Wisconsin 

Prentice/Biewer II Ll.lli>er C~ny 
Village of 605 pop. 
in northcentral 
Wisconsin 

II 

Construct a route 
connecting industrial 
park to CTH B. 

Extend CTH Q from 
Lakeview Corporate Park 
to I ·94. 

Upgrade 970 feet of gravel 
road to urban-type road. 

Construct access road 
for industrial park. 

Build access roads into 
80 acre site (extra load 
bearing). 

laprove access roads to 
airport and convention 
grounds. 

Build hangar apron and 
strengthen 1,400' by 75' 
taxiway. 

Extend CTH N to industrial 
park. 

Build roads to iq>rove 
circulation near plant. 

Gateway Foods: wholesale 
grocery. Marigold Foods: 
dairy products. 

Utility developing an 
industrial park for a 
variety of industries. 

Building products manu
facturing and warehouse. 

Can manufacturer. 

Mood products. 

Convention and museum 
operator. 

Airline's 111&intenance 
facility. 

Truck trailer 
manufacturer. 

Furniture manufacturer. 

11,500,000 

12,500,000 

161,500 

185,000 

11n,ooo 

1162,500 
incentive 

15,000 

1375,000 

1280,000 

1265,000 

Upgrade a gravel 7600• road 'Sai.mill. I 1267,650 
and construct a 400 foot I 
access road. 
--------·---·-·-·------·----1--~---------·-----·-···-·I··----------

300 
(Gateway 
only) 

550 

43 

130 

150 

540 

1003 

36 

144 

19 

259 INot 
applicable 

300 345 

80 80 

125 105 

Bo I 43 .. 

----------1---------- -11 
TABLE 1 (continued on next page) 



TABLE 1 (continued) 

=========-=·====-=-zr::========:====-===~-==-======·=====:::::·:::i;::.z====--====-===--:.=:===-==::=::z:=======·--======:=:======== 

Project N11111e Project Location Project Description Business Description 

TEA 
Grant 
Amolalt 

Direct 
Jobs 
Created 

Indirect 
Jobs 
Created 

::·::: :;::::::==.t;::.-;:::::~==•·==·=·===::-::::1"--===.__:_:z:·: ·:::::sa=z::.:.::z::a:::=:.:1::-:z:::::::::::::iiiiz---•==:::.:::;:m:::::::::::;::::--::==::::::.:----==-~ 

Janesvl l le/ 
Lab Safety 

Barron/ 
Jerome Foods 

Sturgeon Bay/ 
Hatco Corp. 

City of 52,202 pop. 
in southcentral 
lilisconsin 

City of 2,899 pop. 
in northwestern 
lilisconsin 

City of 9,270 pop. 
in northeastern 
lilisconsin 

l111prove an arterial 
adjacent to the plant and 
warehouse. 

Relocate STH 25 to allow 
plant expansion. 

Build an access road. 

MIW.lfacturer and 
distributor of lnci.istrial 
safety ~ipnient. 

Food wholesaler. 

Designer and 111Bn.1facturer 
of food service 
~ipment. 

1138,000 165 I 95 

.., ________ ... __ 
· ········· 1· · ········· 

1264,611 150 61 
120 

retained 
·····--·····1 -- ---·····1· ·········· 

1116,000 60 44 

Bloomer/Bloomer 
Plastics, A·J 
lrdJstries 

City of 3,520 pop. 
in westcentral 
lilisconsin 

Build a 4000' access road in,Plastics and building 
an irdJstrial park. prociJc:ts. 

1260,300 I 45 
20 

retained 

55 

Arcadia/ 
Ashley Furniture 
Co. Ill 

Whitewater/ 
Trostel LTD. 

City of 2,235 pop. 
in westcentral 
lilisconsin 

City of 11,520 pop. 
in southeastern 
lilisconsin 

Rebuild access roads near 
plant expansion .. 

Build an access road. 

Ashland/Bretting 
Man.ifacturing 

Village of 8, 963 pop. ,liliden road and reconstruct 
In northcentral Intersection. 
lilisconsin 

Mellen/North COU'ltry,City of 1,034 pop. 
LUltler· and Superior in northcentral 
Kilns Wisconsin 

Build an access road and 
a rail spur in an 
lnclJstriat- park. 

SIJ:ltotals: 

Furniture 11&nufacturer. I 1125,000 

MBnJfacturer of precision! 165,810 
mlded r!J:lber camponents. 

Man.ifacturer of napkin 
folding .. chines. 

195,800 

33 

50 

35 

Luit>er •fl ls and kilns. 1218,61l I 40 

............ 1 ......... . 

16,957,783 2785 

27 

45 

68 

50 

2820 



TABLE 2 ECONOMIC IMPACT OF TEA PROJECTS 

In Mill ton of Dollars 
z::z•a:z:::u:z:as::::::=::.:.-:::azasa.a::szziz•sz.s:::z•~=====:= 

Private Annual 
Capital Increase 

Project ll8111e lnvestllent In Wages 

P.V. of 
10 Years 
Of Taxes 

s:z:zs:;.:r:s:a;aa::s:::::::::z:::z::::::::::sz:c:a:_:ss~s::::z=:::::=-zs 

Lacrosse/ 
Gateway Industrial 
Park 

12.45 $13.57 S7.91 

WISPARK/Kenosha/ I wnown I 133.15 I 119.33 
Pleasant Prairie 

Rice lake/ I 11.03 I 11.32 I S0.67 
Nichols-Homeshield 

Fort Atkinson/ I 130.00 I 15.32 I 13.00 
Metal Container 

Florence/Pride I 12.25 I 13.52 I S1.62 

Winnebago (Oshkosh)/' 10.00 I S6.2a j S3.14 
EAA (Experf11ental est. est. 
Aircraft Assoc.) 

OUtaglMlie I 17.35 I 113.70 I 17.96 
(Appleton)/ 
Air Wisconsin 

Stoughton/ I ~known I 12.35 I S1 .18 
Stoughton Trailers 

Arcadia/ I 12.10 I S6.97 I 13.35 
Ashley Furniture 
Co. I 

Prentice/Biewer I 117.00 I 14.25 I S1.97 
Lurber Coq>any 

----- ---- -1---····· ·· 

In Million of Dollars 
=============================s=======zz:s:z:z:::zss:::: 

Private Annual 
Capital Increase 

Project llame Investment In Wages 

P.V. of 
10 Years 
Of Taxes 

:::cz.:s;::sz:::s::::::s::a-z:c:•:-===-=====:::=:a::z::s:i::=.z:== 

Janesville/ 
Lab Safety 

------------ ---------
Barron/ 
Jerome Foods 

-------- ----------- --
Sturgeon Bay/ 
Hatco Corp. 

14.00 

................ -...... 
15.07 

........................... 
st. to 

13.41 S1.53 

---------- ---- ------
13.08 11.47 

---------- ----------
St.43 S0.65 

;l~;;;l~;·---- ·l· - --;2:~- 1--- -;;:~- 1--·-;o:~2-
Plastics, A-J 
Industries 

;;;~~~;-------- -- --- 1 ----;i:i~- 1 - -··;o:;2·1---·;o:~;-
Ashley Furniture 
Co. II 
--------------- ----- - ·--------- ---------- -----.......... 
Whhewater/ S2.10 lt.93 St. tO 
Trostel LTD. 

------- -------------- ................... ---------- ----------
Ashland/8rett1ng $2.90 $1.80 S1.05 
Manufacturing 

~~~l~~~;;h·~;,;;.;;;- l··-·;2:~~-1----;;:~~-1--- --~:76" 
Lurber and Superior 
Kilns 
·······-·····--------1 .......... 1-------········------

TOTAL 184.70 1106.21 157.96 
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• GRANT APPROVED 

FIGURE 2 TEA jobs in communities across Wisconsin. 

ECONOMIC EFFECTS 

The economic effects of these TEA-assisted transportation 
improvements involve reductions in transportation cost caused 
by the transportation improvement and changes in the state 
economy caused by the economic development project. 
Together, these benefits have more than justified the 
improvements. 

Transportation Effects 

For each transportation improvement requested as part of a 
TEA project, a justified transportation need must exist. A 
need is considered justified when the transportation benefits 
exceed the transportation costs. For projects that improve the 
capacity of existing highways or alter r gi nal traffic patterns, 
the Highway Investment Analysis Package ( I llAP) is used to 
estimate the value of the reduction in transportation costs. 

The HIAP is a computerized evaluation and investment 
programming model developed by FHWA to help state, 
regional, and local organizations effectively use limited high
way funds. HlAP analyzes alternative improvements to indi
vidual roadway sections and networks of sections. The model 
analyzes the economic and safety consequences of a wide 
range of highway improvements, including new construction, 
reconstruction, resurfacing, detours, hazardous areas, and 
railroad grade crossings. 
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HIAP may be used to evaluate and compare alternative 
improvemen ts to the same highwa sec!i nor to severa l high
way ections or to examine a pool of improvement, propo ell 
for a finite peri d within an area, and to prepare a pri ritized 
construction program. TI1e m del provides investment pro
gramming under c n ·traint that replicate the financial , polit
ical , and environmental requirements of public inve tment 
planning. 

A means for developing a tenta1jve inve. tment program, 
HIAP is best seen as a starting point for further discu . ion 
incorporating subjective or nonquantifiable considerations. 
It can, for example, be used to estimate economic benefits 
foregone by implementing investment programs struc
tured to addre s political considerations rather than simple 
co t-effectivem:ss. 

The minimum data required to operate the model consists 
of relatively basic existing and improved roadway cross
section information (number of lanes, lane width, type of 
median, type of access control, surface type, and type of area 
served by the road), at least two average daily traffic estimates 
for different years, and the capital cost of the improvement. 
The user may select HIAP default tables and calculations 
instead of manually calculating other data items. 

The HIAP computer package assigns dollar values to con
struction costs, maintenance costs, travel time, operating costs, 
and the cost of traffic accidents. If the b n fit ·, su h as reduced 
travel time, traffic accidents, and operating costs, exceed the 
improvement and maintenance costs, the project is considered 
a good investment. Even if other aspects of the project are 
questionable, a positive benefit-cost analysis may offset the 
other aspects. 

To perform the benefit-cost analysis, reliable travel fore
casts are needed. Locally generated forecasts are reviewed to 
make sure they are logical and reasonable. In some cases, the 
transportation improvement is to provide new access to an 
industrial park, and before-and-after traffic costs cannot be 
compared. In these ca es, the improvement is judged on the 
ba. is of how well it provide ·ervi e to a new development. 
In some case . the design of the acce i adju ted t n ure 
it is cost-effective. 

Rail projects submitted for TEA consideration ar typically 
rail spur project . They also receive a benefit· cost analy is. 
The c t of hipping by rail is compared to the cost of hipping 
by truck or ome c mbination f rail and truck. osts for 
each alternative are identified and plotted over time. This 
stream of costs is then discount d to a present value (the 
discount rate is 5 percent in real terms). The costs that are 
con idered include the amount charged to the hipper b the 
carrier , handling cost · that differ between alternatives, facility 
co t that differ between alternative ·, and loss and damage. 

Effect on State's Economy 

Changes in the economy caused by an economic development 
project are measured in terms of net increases in employment, 
employee wages, sales taxes, and income taxes. The economic 
development benefits are calculated using a model of the 
Wisconsin economy. This model, developed by Regional Eco
nomic Development Models, Inc. (REMI), takes into account 
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TABLE 3 COUNTY POPULATIONS OF TEA PROJECTS, 1988 ESTIMATE 

Coyntv Con!Dyn1tv County Pooylation 

La Crosse La Crosse 

Kenosha Kenosha/Town of 
Pleasant Prairie 

97,002 

123 , 127 

Barron 

Jefferson 

Florence 

Winnebago 

Outagamie 

Dane 

Trempealeau 

Price 

Rock 

Barron 

Door 

Chippewa 

Walworth 

Ashland 

Ashland 

Rice Lake 

Ft. Atkinson 

Florence 

Oshkosh 

Appleton 

Stoughton 

Arcadia 

Prentice 

Janesville 

Barron 

Sturgeon Bay 

Bloomer 

Whitewater 

Ashland 

Mellen 

40,968 

66,876 

4,387 

139,107 

137, 777 

346,591 

26,335 

16,125 

139,344 

40,968 

26,905 

54,220 

73,357 

16,848 

16,848 

Source Population Estimates: DOA, Demographic Services Center; 
Official Popylation Estimate For 1988 

the inputs and outputs that flow between bu inesses in Wis
consin and between Wisconsin businesses and those outside 
the state. 

The economic simulation is performed using information 
on direct employment, indirect employment, and income that 
is generated by the new businesses. The num ber of jobs by 
standard industrial classification code and the average hourly 
wage for those job. are used to determine the present value 
of the wages ov r a 10-year period. On the basis of that 
income, the state income and sales taxes that will be paid can 
be estimated. 

The REMI forecasting and simulation model and conjoined 
490-sector input-output model is a regional economic model 
with a rigid structure, calibrated specifically to a given region 
or state, so the underlying structure of the model is consistent 
from region to region, while lhe beha ior of Lhe model for 
one region differs from that of another r gion. This model is 
designed LO yield quantitative estimate. of indirect and direct 
effects of proposed policies as a change in any variable is 
transmitted through the entire web of economic linkage within 
the state. It comprises price-responsive demand and produc
tion functions around an input-output matrix. It includes input, 
output, and cost parameters for all ignificant industries in 
the state, as well as interindustry linkages. In this computable 

general equilibrium model, any given change is ·een to simul
taneously affect all product and labor markets, endogenously 
determining quantities and prices, as well as wages and 
employment for all occupati ns and indu tries in Wisconsin. 

The REMI model contain such el men as state interin
dustry structu re, consumer and gov rnment demand, capital 
. tock adju. tments, industrial location based on comparativ 
cost of doing business, derived demand for factors of pro
duction, labor supply, and income distribution. For example, 
in considering out-of-state exports, the model accounts not 
only for national and internati na l demand , but also compute 
the relative cost of Wisconsin (ver us other areas) as a location 
for production for each manufacturing and nonmanufacturing 
in du try . An increa. e in production costs for a Wi onsin 
industry relative to costs in the rest of the United States
such as a new state tax-will lead to a reduction in Wiscon
sin's national share of that industry. Production costs of indus
tries in the state include state taxes and property taxes, as 
well as the costs of intermediate goods and labor. 

Also included in the model are regional purchase coeffi
cients for each industry, reflecting the fact that a region is an 
open economy. Goods and services for production inpuc or 
for final demand will be brought into the state to the extent 
that regional comparative costs and product transportability 
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warrant. Input, output, and employment estimates reflect these 
leakages of purchases typical of an open economy. 

Generally, there are three major cau al links in the model: 
(a) demand and supply linkage , (b) c t linkage and ( ') 

age determination linkages. Demand and supply linkag 
link external demand for local output of a good with concom
itant levels of local production f that good output of inter
mediate good required for that producti n , regional b1comes 
t.hat affect local cor1 ·umer pending, changes in invc tmcnt 
pending, and changes in population (through migration) that 

affect governm nt spending. 
o t linkages link a region's wage cost. and nonlabor pro

duction co t: with the mix of productive factors used to pr -
duce a good with the total production c sts and consequently 
with th region share of ext raregional markets , local output, 
and local employment directly and inclirecOy invo lved in tJrnt 
output. 

Wage determination linkages are the web of interactions 
between em pl yment level by industry, occupati nal kill 
requirements by specific indu try and demand for specific 
occupations. These link int ract in turn with wage rates by 
occupation and wage rare levcL in specific in lu. trie . hanges 
in these wage cost elements als pr duce change in the pre-

iou ·ly described cost linkages. In additi n , increased 
mployment levels tend to increase population (tin ugh in

migration) thereby increa in labor upply and dampening 
the effect. on wage nu · fan increa eel demand for labor. 

Although the REMI model produces estimates of indirect 
jobs, they are not considered as strongly in the TEA evalu
ation as the direct jobs. For instance, the ratio of TEA cost 
per job only considers direct jobs. One reason for this is 

ecause it is difficu lt to determine exactly what portion of t he 
wage is spent outside the . rare , thereby producing indirect 
j bs in ot·he r st~te~~ average re!~t!cnships arc used in the 
estimates. 

Tbe TEA program concentraies n a. sisting ba ic activitie 
that produce goods and services sold beyond the tale's bor
d r.. The flow of income into the state from the paym nts 
a. ociated with it exp rt are the primary fuel that keeps the 
economy trong and growing. Th busine ses that are excluded 
are largely ones that involve the transfer of jobs from one 
part of the state to another. 

PROBLEMS 

Some problems have been encountered in administering the 
TEA program. One of the bigge t has been the short con
struction schedule desired by applicant. for the pr p ed eco
nomic development project and the transporrntion improve
ment. Sometimes, applications were received only weeks before 
the developer wanted to start constn1ctio11 uf the building 
and the improvement. U ually, no preliminary engineering 
had been done. As a re ult a few projects were delayed. In 

ther cases , the process could c short ned e nough lo get the 
project into the constn1ction schedule. 

ln five ca e the rights-of-way sti ll had t b acquired 
tak ing a number of months. In one a e the community had 
t acquire the real estate by condemnation. Also , two project 
required detailed Environment<1l Impact tatement · (EISs) . 
Luckily, they were already underway and took only a f w 
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additional months . The I for a recently received request 
will take 2 year to complete. 

Many times, businesses did not want to submit financial 
information because they were afraid a competitor would get 
the information. As proof of financial oundness, the TEA 
program requires 3 years of audited profit and I ss talements . 
Th state is not able to keep that financial information con
fidential. If someone asks to see the information , it has to be 
provided. This situation has become a real concern. In some 
cases, WisDOT has had to insist on eeing the financial infor
mation , because it cannot take the chance of investing in an 
unsound busines ·. 

WisDOT ha had trouble validating forecasts of new jobs 
and determining that those jobs would not occur without state 
TEA funding for the tran p rtation impr vement. As a result 
the locaJ government i a ked to ign a guarantee that the 
job will be created. ltthe job are not created , the applicant 
(local government) mu t pay back all or a p rtion of the grant. 

ome app.ticati.ons were so small in term · of th co t and 
size of the projecl that it hardly paid to take them through 
the process. Projects thal involve nly $10,000 to $20,000 are 
be. t constructed and (unded at the local leveJ . 

As mentioned earlier, many actors are involved in these 
projects. Therefore, some of the projects were difficult to 
coordinate. Also, the smaller communities often lacked ade
quate staff to help coordinate and implement projects. In 
some cases, regional planning commissions were able to assist 
the community. 

CASE STUDIES 

The following case studies of projects in Kenosha, Fort Atkin
son, Oshkosh, and Florence represent a good cross section 
of the TEA projects WisDOT has approved to date. The 
projects vary in kind of development, type of transportation 
improvement, number of jobs, size, and location. Figure 2 
shows the location of these sites. 

Lakeview Corporate Park in Kenosha 

Lakeview Corporate Park is a new ] ,200-acre indu ·trial park 
owned by WisPark, a subsidiary of Wi consin Electric Power 
Company, which serve outheastern Wi con in. Energy offi
cials e ti111a1e 1ha1 the park could provide 7 ,000 to 12,000 j bs 
in the next 7 to 15 years. 

The TEA project involved the construction of a 2-mi exten
sion of a county trunk highway. This four-lane divided road 
connects the new industrial park directly with Interstate 94 
between Milwaukee and Chicago. This link to the Inter tate 
is con idered vital to the development of the industrial park. 
Lakeview orporate Park is in the Pleasant Prairie township 
of Keno ha Coun ty. 

The -mi exten ion of ouaty Highway Q i projected to 
help the industrial park win as many as 800 new job in the 
next 3 years through businesses relocating to or xpanding in 
Keno ha ounty. The park is projected to create 1 323 indi
rect jobs- with bu inesses that sell to or buy from the new 
bu ine. , or benefit from the additional consumer spending. 
This development will increase earned wage by $254 miJlion 
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and sales and income tax revenue by $26 million over the 
next 8 years. 

Transportation efficiency benefits (reductions in travel time, 
vehicle operation, and accident costs) and avoided mainte
nance costs to alternative roads were higher than the costs. 
The benefit/cost ratio was 2.5, and the net present value was 
over $9 million. 

The total cost of this county road extension was $6.8 mil
lion. The TEA grant paid $2.5 million, Kenosha County paid 
$1.9 million, and $2.4 million came from WisPark (providing 
a good example of partnership between the public and private 
sectors). The local government and WisPark provided the 
state with a written guarantee that at least 580 jobs, new to 
Wisconsin , would be created in the park within 3 years from 
the time the roadway was opened. If the job requirement is 
not satisfied, reimbursement may be necessary. 

This joint economic development will be a boon to the state, 
especially in an area that has been losing employment and 
where unemployment rates have been running at twice the 
state average. Two large firms have already announced plans 
to build in Lakeview Corporate Park. Super Value will build 
a $53 million grocery distribution center that will add 700 jobs 
to the area over the next 5 years. Rust-Oleum Corporation , 
a major manufacturer of rust-preventive and moisture
resistant coatings, will build a $20 million plant and employ 
about 200 people. 

Metal Container Corporation in Fort Atkinson 

Metal Container Corporation, a wholly owned subsidiary of 
Anheuser-Busch Companies, Inc., has built a metal can man
ufacturing plant on the northern edge of the city of Fort 
Atkinson, in south-central Wisconsin . The 200,000-ft2 plant, 
representing a capital investment of $30 million , will make 
aluminum cans for a nearby Pepsi bottling plant, which is the 
largest soft-drink operation in the world. 

The transportation project is an access road extending 1,200 
ft east from Main Street through the industrial park to the 
Chicago & Northeastern Railroad. The street is 36 ft wide 
and has 7-in. nonreinforced concrete and curb and gutter. 
The total cost of the transportation improvement was $170,000, 
with WisDOT's share being $85,000. 

Anheuser-Busch Companies , Inc., considered 39 commu
nities before selecting Fort Atkinson. Transportation, includ
ing proximity to rail , was a key factor in the decision . Rail 
service is required for the inbound shipment of raw materials 
and the outbound shipment of scrap aluminum for recycling . 

TEA funds can help create substantial new employment in 
relatively small communities such as Fort Atkinson, which 
has a population of about 10,000. The new plant will create 
130 direct job and 144 indirect jobs . Thus, WisDOT will 
spend $650 in TEA fund for every direct job created. The 
new industry wi ll create $5.3 million a year in per ·onal income 
for citizens in the next 10 years . Income and sales taxes 
generated by the project should total $3 million over 10 years. 

Experimental Aircraft Association in Oshkosh 

The Experimental Aircraft Association (EAA), with over 
110,000 members , has the largest collection of private aircraft 
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in the world . Membership in EAA involves 725 chapters in 
90 different countries. It is based in Oshkosh, Wisconsin. 

Oshkosh is also the site of the EAA annual convention and 
fly-in at Wittman Field. The 2-week convention has grown 
steadily to current attendance of over 800 000 people and an 
economic impact of over $60 million in Wisconsin. Visitors 
from over 70 countries, including the Soviet Union, attended 
this year's fly-in. The attendance and the resulting economic 
impact are forecasted to continue to grow as long as public 
facilities to support the growth are constructed. 

The EAA employs 114 full-time and 36 part-time employ
ees. During the summer season, 100 additional part-time 
employees are added to the work force . During the 2-week 
convention period, over 1,000 local citizens are employed for 
various services. 

To alleviate congestion during the 2-week fly-in, EAA 
reque ted $162,500 in TEA funds to widen local streets from 
two to three lane ·, to rebuild two intersections, and to build 
new sidewalks. The widened roads would have the capacity 
to serve a greater number of vehicles per hour, and the new 
sidewalks would reduce pedestrian and vehicular conflicts . 
The benefits of the improvements include less delay because 
of reduced congestion and safer travel because of avoided 
accidents . 

If these transportation improvements were made, it was 
estimated that annual expenditures at the convention would 
increase from $65 to $81 million. Using the model of the 
state's economy, expenditures of $16 million on goods and ser
vices translate into 648 jobs. Because businesses buy goods 
and services from outside of Wisconsin, the expenditures 
represent 259 jobs for Wisconsin. 

This project is an example of successful, rapid provision . 
The project was completed in only 2 months, just in time for 
the 1988 fly-in. 

The TEA project was the second transportation project 
during the year designed to improve facilities for EAA. Fed
eral and state funds of $1.5 million were used to lengthen a 
runway and taxiways. The ability to augment and influence 
other projects and funding is another attribute of the TEA 
program. 

Pride Manufacturing Co. in Florence County 

Pride Manufacturing Co. has built a wood turnings plant and 
mill in the town of Florence in northeastern Wisconsin. The 
200,000-ftZ plant represents a capital investment of $2.5 mil
lion. Florence, an unincorporated town of about 1,800 people, 
was chosen over sites in Michigan, Minnesota, North Dakota , 
and Canada. 

Wisconsin was chosen because of its receptive business atti
tude (including the TEA program) and because it has the 
necessary raw material. The Florence area contains the white 
birch the firm needs to manufacture its over 400 different 
wood components, which include products varying from its 
original wooden cigar holder to golf tees and parts for toys, 
games crafts, and furniture . Pride said that the it wa 
appealing but that the Wi DOT grant made it all po ible. 

TE A fund provided $172,000 to help con truct a 24-ft
wide , 1,000-ft-long road providing access to the new plant. 
The new road provided employees and heavy trucks the access 
they needed. 
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Pride Manufacturing Co. will create 150 new jobs. The cost 
of T·A fund pr direcr j bis quite favorab le al $1,.147. 
Payments made by the direct job holders l other parti s in 
the regional economy wi ll in turn produce an ther 79 job . 
The R · Ml model e ·tim '1l s that p rsonal income in the tat 
will inc.re~ ·e $3,520,000 annually because f these jobs. The 
project will al o increase the tax base in th 'late. The present 
valu of all income and ale tax s generated by the project 
during the IO-year period is equal to $1 620,000. 

CONCLUSIONS 

The TEA program is a success. The program is meeting its 
bjective of securing more jobs for Wiscon ·in and has allowed 

the state to move more quickly to help communities attract 
new jobs. Wisconsin's ability to effect transportation improve-
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ments rapidly has many times been the key to creating new 
jobs and economic opportunities. 

Also the TEA program has been in. trume nrnl in acquiring 
additional funds for local communitic . The pr gram when 
used with local funds, has helped acquire additional fund. 
from otber agencie , uch a EDA. 

The TEA program represents more than ju t money. The 
program is a way or sending a positive m . sage from the state 
to private indu · try ; it shows that the tatc cnres abou t pri
vate business and can be responsible. The private sector 
appreciate that p ·itive attitude. 

TEA ha · demon trnted that local, state and federal gov
ernment can work a partners with the pri ate ector in fos
tering economic development. TEA' success has been ba ed 
on extensive cooperation between all parties. In Wisconsin, 
tate g vemment wants to be a strong partner in fostering 

economic d velopment. 
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Overview of Methodology 

DONALD R. DREW 

Major emphasis of this conference was the identification of models 
and_ m_e thodologies for organizing and u ing existing data for 
d~s1gnrng future dac.a c~llection effoJt · and for applying y tem
alt~ ana lysis and sc1ent1uc procedures 10 the under tanding of 
policy pro~lems and ~he making of public decisions rega rding 
transportation ystem 11nprovement and economic development . 

Transportation benefits accruing to road users in terms of 
time savings, cost savings, and savings from accident reduction 
are the primary effects of transportation improvements. These 
transportation user benefits, the main components of benefit
cost analysis, provide a quantitative assessment of the rela
tive benefits of different alternatives in a common monetary 
measure. 

Economic impacts measure the secondary effects of capital 
expenditures on the regional economy. The impacts affect 
income, employment , production, resource consumption, 
pollution generation, and tax revenues. These impacts may 
be classified broadly into three types: direct, indirect, and 
induced impacts. Direct impacts are consequences of eco
nomic activities carried out on the site during construction 
and operation. Indirect impacts derive primarily from off-site 
economic activities associated with the production of inter
mediate goods and services required for the construction 
and operation of the improvement. Induced impacts are the 
multiplier effects of the direct and indirect impacts. 

USER BENEFIT ANALYSIS 

Improvements to the transport system can change travel char
acteristics in terms of the amount of tripmaking, trip distribu
tion, time patterns, users, and cost or level of service of the 
trip. In addition, changes can occur in the capital, labor, and 
service requirements for designing, building, and operating 
the physical transport facilities and vehicles. 

A basic premise of economics is the intimate relationship 
between price and demand on the one hand, and price and 
supply on the other. Demand functions or demand curves are 
statements of the number of trips that will be made or pur
chased at different levels of overall trip price, for which the 
perceived price of travel is the total payment in expense, time, 
and_ effort that the traveler perceives or thinks about in making 
a tnp. 

On the one hand, it is necessary to know how the'unit price 
of travel will change as more and more tripmaking is made 
and as system design and operation are changed. On the other 
hand, it is necessary to know what price different volumes of 
tripmakers would be willing to pay for the trip in question. 

Department of Civil Engineering, Virginia Polytechnic Institute and 
State University, Blacksburg, Va. 24061. 

The interplay between these two relationships will permit 
determination of the actual use that a facility will experience 
and of the benefit or value accruing to its users. 

Once the equilibrium point or intersection between the 
supply and demand curves has been determined, the total 
system costs can be computed. This information is equally 
applicable to an improvement in an existing system, to the 
construction of an entirely new system, or to the comparison 
of consequences of different levels of improvement (J) . 

CURRENT APPROACHES TO IMPACT 
EVALUATION 

By far the largest number of transportation impact studies 
have been evaluations of highway projects. The most impor
tant distinction is between impacts on users and impacts on 
nonusers. With respect to the latter, considerations that have 
been emphasized in the literature are location and land use 
land values, and levels of economic activity. Changes in th~ 
uses of land served by a highway improvement are extensively 
documented in impact studies. The implicit theory behind 
most of these studies seems to be that the new economic 
activity in the vicinity of a highway improvement represents 
a net benefit for the region and that it is caused only by the 
highway improvement. 

No subject has received more attention in impact studies 
than land value changes induced by a new highway. From the 
way land value data are interpreted, the implicit theory seems 
to be that changes in the market price of land represent the 
capitalized value of the entire future stream of user benefits. 
But there is another important way in which benefits to users 
are transferred to nonusers that has been largely ignored in 
highway impact evaluation. A firm whose transportation costs 
decline will find that this user benefit is transferred internally 
in terms of increased profits if the benefit is not also received 
by the firm's competitors. In this case, the benefit is capital
ized into land value. However, if the firm's competitors also 
receive the benefits , the firm may be forced by competitive 
pressure to decrease its prices, passing on some or all of the 
benefits to the consumers of its production (2). 

Some studies attempt to measure the impact of a trans
portation change on such variables as retail sales, industrial 
investment and employment, and postal receipts, a more direct 
approach than analyzing land use data. However, at no place 
in impact studies does there appear to have been a rigorous 
examination of relationships between these variables and 
changes in community welfare. 

The research design that dominates impact studies is the 
before-and-after method. In its simplest form, this design may 
be regarded as two snapshots, one before a transportation 
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change and one after. Observations are made of the impact 
variables at the two times, and the difference that is detected 
between the values of each variable is considered the impact 
of the transportation change. 

Firms and households often take a long time to locate or 
relocate their establishments because of the time required for 
planning, administrative procedure, and construction. Hence, 
variables representing the impact on land use and location 
may not stabilize for some considerable time after the opening 
of the highway. However, it is clear that over a long period 
of time there will be many exogenous influences upon the 
variables being observed. In the simple before-and-after 
approach, the assumption is made that the change in a variable 
under observation is cau ·ed only by the tran portation change. 
This assumption is violated when the ob ervations are con
taminated by influences other than those attributable to the 
transportation improvement under study (3). 

THEORIES OF URBAN AND REGIONAL 
GROWTH 

Development is much more than simple growth because it 
involves changes in quality as well as quantity. However, in 
an economic context they can be assumed to be synonymous 
for many purposes, such as in studying transportation impacts. 
Consistent explanations of patterns of urban and regional 
growth are provided by economic theory. 

Techniques currently available for forecasting urban or 
regional growth make direct use of one or more facets of 
trade, location, or staple theories. Each available method 
assumes that the regions for which forecasts are required have 
already been defined, that good historical data are available, 
and that historical relationships will rnutinue to hold in the 
future. Most forecasting methods link regional fortunes to 
those of the nation and are predicated on the hypothesis that 
a solution to the basic economic problem of optimal area 
development is public and private investment al levels high 
enough to at least maintain the competitive position of the 
area's export industries and to provide for the growth of both 
export and local markets at a rate equal to or greater than 
the rate of increase in regional labor productivity ( 4). 

Long-run effects of transportation changes derive from their 
influence on locational decisions of firms, households, and 
other establishments. Variables that are held constant in the 
short run-job location, place of residence, retail, and indus
trial locations, for example-are allowed to vary in the long 
run. However, the state of understanding of these effects is 
poorly developed. No model represents the markt:L for urban 
land capable of any but the most primitive type of applica
tion , and no model, good or bad, seems to represent the 
dynamil:s of Lhe market-the rates at which relocation occurs 
and the factors influencing the rates. 

MEASUREMENT OF THE EFFECTS OF 
TRANSPORTATION CHANGES 

The treatment of the subject of impact measurement is divided 
into two parts: (a) sources of secondary data, and (b) survey 
procedures for gathering primary data. 

Much useful secondary data exists in various forms such as 
administrative data useu by government agencies at aii ievels 
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and common data as gathered, c mpiled, and published by 
the Bureau of Census and other government agencies. Sec
ondary data of interest include transportation variables, 
socioeconomic variables, land use variables, housing sector 
variables, and business sector variables. 

In addition to making use of existing data, obtaining pri
mary data involving the impacts of urban transportation change 
by means of sample surveys is often necessary. Because the 
principal application of the data will be to study changes in 
travel demand and locational decisions of the population, the 
major emphasis will be on surveys that obtain information 
from individuals in households or businesses with question
naires or similar instruments that can be self-administered or 
administered by an interviewer. Generally, such survey pro
vide the only hope of obtaining economic and behavioral data 
in a sufficiently disaggregated form to relate changes in these 
activities to possible specific causal changes in the environ
ment. Survey methods include household interviews, tele
phone interviews, mail questionnaires, rider surveys, and office 
interviews. 

MODELING IMPACTS OF TRANSPORTATION 
INVESTMENTS 

In order to evaluate appropriate methodologies for relating 
transportation and development, visualizing the process by 
which methodologies are used to develop models that can, in 
turn, be used for policy evaluation is helpful. A formal model 
is a synthetic representation of the modeler's mental concep
tion, whereas a methodology is the means by which that con
ception is transformed into the model. Methodologies provide 
the modeler with ready-made tools and constructs with which 
to create a model to allow the modeler to use the work of 
others instead of creating tools from scratch . Use of an accepted 
methodology makes it easier to perceive the structure and 
rnii.onale of a new model, but may lead to restrictive assump
tipn about the reference system. A methodology developed 
from repeated model-building efforts in a given field for a 
particular type of problem may not be applicable to other 
situations. 

A few of these methodologies and their innovators are as 
follows: linear programming-Dantzig, input-ouput (I-0) 
analysis-Leontief, econometric modeling-Tin bergen, land 
use analysis-Lowry, and system dynamics-Forrester (5) . 

Linear economics is the basis of two regional development 
methodologies: (a) I-0 analysis, and (b) linear programming. 
I-0 analysis pictures the economy as a set of interdependent 
industries and activities each of which requires the productive 
output of the others as input to its productive process . In the 
United Stutes, the Bureau of Labor Statistics begau publishing 
official I-0 tables in 1952. Many governments have used 
I-0 budgeting in preparing their 5-year plans (6). 

Whereas I-0 analysis postulates a single set of industry 
outputs (i.e., one feasible solution) as being uniquely deter
mined by a specified set of final demands, linear programming 
generally allows for any of a number of feasible solutions or 
combinations of activity levels to produce enough commod
ities to meet or surpass an indicated set of final demands (i.e . , 
satisfy a set of constraints). To help choose among the possible 
alternatives, an objective function typically a cost or benefit 
criterion, is provided that is expressed in terms of the decision 
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variables. Linear programming models have been developed 
to predict interregional commodity flows in many countries. 

A second field within economics, which fostered two 
approaches to regional development modeling, might be 
referred to as statistical economics or quantitative economics. 
Two methodologies that fall into this class are econometric 
modeling and microanalysis. An econometric model is, in 
practice, a set of simultaneous difference equations relating 
exogenous and endogenous variables. Econometric models of 
a national economy take major sectors of the economy, such 
as the business and household sectors, as their components 
and are highly aggregative. 

Microanalysis is a methodology for modeling a national 
economy that operates at a microunit level. Its primary com
ponent · are the deci ion units of which the economy is com
po ed: households, firms , labor union etc. The e decision 
units interact lhrough probability statements. A microanal
ytical model i moved forward in time by the process of Monte 

arlo simulation. The probability of an action is calculated 
and the computer is made to draw a random sample that is 
compared with the derived probability to determine whether 
or not the action is to take place and to what degree. 

A methodology specifically developed by Forrester of the 
Massachusetts Institute of Technology to analyze feedback 
systems is system dynamics. System dynamics is a way of 
analyzing the behavior of complex socioeconomic systems to 
show how organization and policy influence behavior. 

ECONOMIC BASE ANALYSIS 

Present theoretical and empirical findings all stress the impor
tance of export activity as a determining factor in economic 
growth. Any region within a specialized economy mu ·t import 
to survive-and , to pay for its imports, the region must in 
turn export to other regions. Thus, a basic sector of urban 
activity will be the production of goods and services for export. 
Another sector consists of output activity that, because of 
convenience and comparative cost, will always be local (e .g., 
retailing and repair services). If the city is in equilibrium with 
imports equaling exports and with local (residentiary) output 
just equaling demand, the question is, on which sector will 
the equilibrium most depend? Export activity will be the most 
important, especially in the short run, according to staple or 
export theory. Urban export activities essentially limit resi
dentiary activities unless these too become a part of the city's 
exporting base. Fluctuations in the levels of urban exports are 
a prime cause of changes in urban economic activity. Con
sequently, forecasts of urban economic activity may be based 
on multipliers that relate residentiary activities to exports . 

In economic base analysis, certain activities are classified 
as exogenous. These activities comprise the export industries 
whose fortunes are determined by forces outside the city or 
region. All other industries are classified as endogenous or 
residentiary . The fortunes of these industries are determined 
by internal forces that can be represented by a multiplier 
linking the export sector to total regional activity. This mul
tiplier is estimated by observing historical relationships between 
export activity and total regional activity . Then, given esti
mates of the future magnitude of export activity, application 
of the multiplier will yield a forecast of the total regional 
activity. 
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The inability of simple economic base, two-sector models 
to adequately depict the urban economic structure has been 
amply demonstrated. Therefore, in recent years most students 
of the urban economic base model have favored the multi
sector approach known as I-0 analysis . This method reveals 
the internal and external relationships of an urban economy 
in great detail. In this respect, 1-0 analysis overcomes many 
of the defects of the simpler methods, especially for purposes 
of short-run analysis. 

I-0 ANALYSIS 

First developed by Leontief in 1936, I-0 analysis is now one 
of the most typical approaches to the assessment of secondary 
impacts of public sector development projects and programs . 
The I-0 approach distinguishes itself from other methodol
ogies in that it is more disaggregated and expresses more 
interdependence between economic activities. Therefore, it 
more readily shows the behavior of an economic system 
explicitly and in detail at the national, regional, and local 
level in response to various economic development policies 
(7). 

However, because of their inability to express explicitly the 
feedback relationships between producers and the transpor
tation system resulting from an oversimplification of input 
coefficients and interregional trade flow coefficients, conven
tional I-0 models can hardly be used for projection purposes 
concerning the impacts of various transportation investments. 

In the mid-1970s, the Bureau of Economic Analysis (BEA) 
completed development of a nonsurvey method for estimating 
regional 1-0 multipliers known as the Regional Industrial 
Multiplier System (RIMS). More recently, BEA completed 
an enhancement of RIMS known as the Regional Input
Output Modeling System (RIMS-II). In RIMS-II, direct 
requirements coefficients are derived mainly from two data 
sources: (a) BEA's national 1-0 table, which shows the input 
and output structure of more than 500 U.S. industries, and 
(b) BEA's four-digit Standard Industrial Classification (SIC) 
of county wage-and-salary data, which can be used to adjust 
the national direct requirements coefficients to show a region's 
industrial structure and trading patterns. Regional multipliers 
for industrial output, earnings, and employment are then 
estimated on the basis of the adjusted coefficients. 

REGIONAL ECONOMIC MODELS 

In addition to the I-0 approach, economic models that include 
some transportation variables are spatial equilibrium analysis, 
production function models, regional econometric models, 
and regional projection models. 

Transportation investments influence the location of indus
tries, firms, and people , which in turn influence the cost of 
transportation of inputs of production. Thus, unlike most other 
economic models, transportation tools need to be unusually 
sensitive to spatial issues . Indeed, the following discussion 
largely concerns ways in which long-standing approaches can 
be adapted to problems with significant spatial variation. 

Spatial general equilibrium analysis divides an economy 
into several geographic regions. Market demand and supply 
equations are used to represent each region's behavior with 
a typical assumption that supply and demand functions are 
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linear. A major drawback of this type of model is the difficulty 
in estimating a demand and supply equation for each type of 
good because of the need for detai led data and the multipli
cation of the number of demand and supply equa1ions as the 
number of regions multiplies. Although most of these models 
date from the 1950s and 1960s, they have received some renewed 
interest . 

Production function i not the ideal form to investiga te in 
detail au economic impact of an infra ·tructure investment 
because it is best used for global analysis of the United States, 
of a state, or of an industry (specifically manufacturing). 

For any commodity, the production function is the relation
ship between the quantities of variou inputs used per period 
of time and the maximum quantity of commodity that can be 
produced with it. More specifically, the production function 
is a schedule (table, graph, or an equation) howing the max
imum output rate t1iat can be achieved from any ·pecifi ed set 
of usage rate of input given existing technology. 

Limiting the mponent of the producti n function to high
way investments and nonhighway investments ould be useful 
for investigating the efficiency of highway investments at the 
state level. An index could be developed and standardized to 
the average U.S. highway investment efficiency to detect under
or overinvesting in highways at the state level. Presumably, 
disaggregation of the capital stock for highways is feasib le and 
a measure of efficiency could be derived providing that the 
price of the disaggregated inputs and output are known (7). 

SYSTEM DYNAMICS MODELING 

Difficulties in solving the problem of the interrelatio11ships 
between regional development and transportation invest
ments arise because tlie prublem is rhe object of two different 
disciplines-development planning and transportation eco
nomics-using different languages. System dynamics meth
odology is used to bridge the gap between the two disciplines 
by establishing hain of causality frum variables within de i
sion makers' control (levels of investment , resource alloca
tions regulatory acti as, and taxing and pricing policie ) to 
oci.oeconomic deve lopment indicato (industrial growth, joh 

creation, unemployment , in- and out-migration raLes popu
lation , p<>pulation density land use intensity, a nd per capita 
inc me). 

A model of this process can be complex and can consist of 
hundreds of variables. Because of the necessary feedbacks, 
the determination of the optimal transportation system to 
maintain a de ·ired level of development can be. to say the 
lea t, elu ·ive. 

SUMMARY OF MODELING ECONOMIC 
IMPACTS 

All economic models are limited in their ability to duplicate 
the complex reality of a dynamic economy . Selection of an 
economic model depends on the type of uses for the results 
and on the details of information sought. The strength of 
economic models lies in their theoretical soundness, whereas 
their pitfalls result from a lack of empirical data needed 
to support every theoretical intricacy. As a result, applied 
economic models often are relatively unreliable in practice. 
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The effects of transportation investments can be divided 
into tlm::e parts: (a) a multiplier process generated by the 
initial pending n implementing the project, (b) a ·cries of 
changes in economic ·tructur and then in sectoraJ outputs or 
indirect e ffect attributabJe to the p rformance changes in the 
transportation system, and (c) changes in final demands or 
induced effects from income effects and population shifts. 
Direct effects are more or less defined by the economy 
and can be calculated by using conventional I-0 models. Al
though transportation is a prerequisite of economic growth, 
its significance as a catalyst may largely depend on the 
socioeconomic condition of the region concerned. 

Changes in the transportation system may take different 
forms ranging from changing transport costs (money and time) 
to transport amenities (convenience, comfort, fewer acci
dents, etc.). The changes may set in motion the whole econ
omy or have nly minor influence on it. depending on (a) 
production sensilivHy of the 'COnomy to transportation costs, 
(b) availabi li ty f markets and input factor and th p s ibility 
of usi ng substitute , (c) existence f ec nomie of seal and 
economies of agglomeration, and (d) local attitudes toward 
production expan ion. Relationships between those a pects 
of the economy and transportation savings should be pre
dicted and quantified and the po ibl change· in input coef
ficients and trnde !low coefficients cau ed by the invest
ment shou ld be estimated before using 1-0 analysis to pro
ject the indirect effects of the investment. At present, the 
computational burden seems to be formidable. 

In general, a transportation improvement reduce-s the spa
tial resistance between regions. Therefore, improvements help 
to open up the economy in the sense of more choices of 
substitution among factor inputs and product outputs. Trans
portation savings may be put to two uses . First, savings can 
be used to expand production capacity and market area and 
to reduce commodity prices. Under a competitive economy, 
this will create a new sy tern of input combinati ns, market 
shares , and equilibrium prices. Furthermore, the final demands 
in all regions will also be changed (income effects). Second , 
savings may be used to increase primary inputs that will not 
only shift the inputs from the transportation sector to primary 
sectors , but also induce more final demands (income effects). 
Inc m effects of the tran portation saving from nonbusiness 
travel should also be considered. 
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Conference Summary 

DONALD R. DREW 

The Conference on Transportation and Economic Develop
ment was divided into six plenary sessions. The first session 
contained papers on economic impact methodology. 

ECONOMIC IMPACT METHODOLOGY 

The total benefits and impacts that result from a transpor
tation improvement are never realized immediately. As Per
era pointed out, a subtle but important distinction exists between 
transportation user benefit and economic impacts of a trans
portation improvement. 

Hirschman and Henderson reported on a methodology used 
to project and evaluate the potential land use impacts of a 
proposed limited-access highway extension in the Rochester, 
New York, metropolitan area. The analysis examined the 
potential impacts of linking the towns of Brockport and Albion 
west of Rochester to the Rochester central business district 
via an extension of Route 531. It was decided that local land 
use impacts from improved highway access could be disag
gregated into 

1. Impacts on residential location decisions, plus associated 
impacts on locally based retail and service establishments that 
support residential development; and 

2. Impacts of business location decisions occurring as a result 
of three possible actions: expansion of existing businesses in 
the corridor; attraction of new businesses from entirely out
side the metropolitan region; and shifting of business to the 
corridor from other areas within the metropolitan region. 

The approach used to project potential residential location 
decisions was to develop a "gravity model" of residential 
location. In general, gravity models, when applied to resi
dential location, require calculation of "accessibility index 
scores" for subareas, which are then used to reallocate a 
regionwide growth projection to the subareas. The key advan
tage of this approach is that it is explicitly sensitive to changes 
in travel times between residential zones and major employ
ment nodes. 

A more qualitative approach was used to evaluate business 
impacts. The basic methodology involved a review of the 
competitive advantages of the area with and without the high
way extension. This was supplemented by a more detailed 
analysis of such factors as developable industrial land, avail
able financial incentive programs, and complementary trans
portation facilities. A separate regionwide marketing analysis 
was performed to assess retail development possibilities in the 
Brockport-Albion corridor. 

Department of Civil Engineering, Virginia Polytechnic Institute and 
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There is much to learn about the role of transportation 
investments in manufacturers' satisfaction with locations. 
Hartgen et al. reported on a study presently under way in 
North Carolina the goal of which is to better understand this 
complex relationship. With factor analysis and cluster anal
ysis, the 100 counties of North Carolina were classified accord
ing to transportation access, economic structure, manufac
turing composition, and socioeconomic characteristics . The 
100 counties were then grouped into six clusters. On the basis 
of this cluster structure, about 1,000 manufacturing firms in 
North Carolina were surveyed with an extensive mail ques
tionnaire. Manufacturers were requested to describe their 
perceptions of the importance of transportation systems and 
other factors in the import of materials, the export of prod
ucts, and the access to labor markets. These data will be 
correlated with information on highway investments, location 
of the firm with respect to the highway system, and other 
transportation access measures. Techniques such as factor 
analysis, discriminant analysis, and canonical modeling will 
be used to determine the relative importance of transportation 
versus other socioeconomic and fiscal variables in determining 
manufacturer satisfaction. Then policy analysis of various 
transportation funding strategies will be used to determine 
effects of investment. Findings will be used to help prioritize 
transportation systems investments that are intended to 
strengthen the state's industrial base. 

Most studies of linkages between transportation and eco
nomic development focus on the effects of transportation 
facilities on employment or on some indicators of economic 
productivity. Bell and Feitelson described an approach that 
focuses on transportation services as intermediary goods in 
the production and consumption processes. Because of eco
nomic restructuring in the United States and global econo
mies, production and consumption processes change con
stantly over space and time. Thus, the role of various 
transportation services in the economy and consequently their 
effects on economic development are constantly in flux. To 
analyze the linkages between transportation services and eco
nomic development in such circumstances requires that anal
ysis begin by identifying the role and potential of various 
sectors and functions in the economy (local, regional, or 
national). Then the importance of transportation services for 
the most important sectors and functions in the economy have 
to be identified. This requires highly disaggregate analyses of 
the role of transportation services in the location of the rel
evant industries and services differentiated by function rather 
than only by sector. 

Such an analysis can help identify situations where the lack 
of specific transportation services is a bottleneck for economic 
development. This analysis process is a necessary first step 
toward a cost-effective policy for economic development. 
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However, it is not sufficient for formulating or evaluating 
transportation policy contributions to economic development. 
For this additional step, it is necessary to analyze the attributes 
of both transportation services and prospective users. Spe
cifically, BelJ and Feitelson suggested that the concentration 
ratios of users and operators be considered, as well as how 
footloose they are. These flexibility considerations are impor
tant to reduce the risk that long-term public investments will 
be made on the basis of an ephemeral conjunction of circum
stances in the rapidly changing economic scene. 

MODELING IMPACTS OF TRANSPORTATION 
INVESTMENTS 

Beemiller described a hybrid approach to estimating eco
nomic impacts that uses survey information on the direct out
put effects in conjunction with RIMS II multipliers . He dem-

nstrated that impacts can be estimated when the direct output 
effect of a change in final demand are themselves used as 
changes in final demand and applied to I-0 multipliers to 
e timate the indirect effects. Ile then c mpared Lhe impact 
estimates that resul! when the direct utput effect applic:u 10 

RIMS II earnings multipliers are (a) based on urvey infor
mation and (b) estimated by RIMS II. The comparison indi
cated that the accuracy of the impact estimates can be sig
nificantly improved when the hybrid approach is used. In 
addition, the comparison indicated that survey information 
need only be collected on the most important in puts. The 
hybrid approach is demonstrated by estimating the earning 
impacts a so iated with the operation of a General E lectric 
Company plant in Charlottesville, Virginia. 

Bennathan and Johnson described the links between the 
transport industry and other economic sectors of production 
or demand in Cote d' Ivoire, Ind ia, Mexico, the Philippines, 
and the l'Jai ted States. Their ace unt was ba ed on recent 
input-output tables of those countries. 

Basic to all regional projection models are forecasts, which 
are relied on for making major long-term investment deci
sions. Hardison et al. framed aviation demand and economic 
impact forecasting in terms of the probabilities of meeting 
demand under selected development scenarios. The proces 
to carry out the simulation was risk assessment. The risk 
assessment framework, customized for use in aviation stra
tegic planning, would simultaneously evaluate the potential 
variability in the forecast input and therefore the potential 
variability in the outputs. Beyond the results, the process of 
preparing the analysis itself led the identification of new 
opportunities for the application ofrisk assessment. For exam
ple, the economic impact of each development scenario depends 
on the baseline used and assumptions r~rtaining to the redis
tribution of aircraft demand at capacity-constrained airporrs. 
The analysis presented focused on comparisons with what 
would happen under the base case with a predefined set of 
changes in aircraft mix. However, the base case is itself a 
moving target, with the practical capacity of the airport con
tinually changing. In addition, in the face of severe capacity 
constraint , it is likely that the aircraft mix would change 
either a a re ult of fees, through restrictions or naturally (as 
often happen when pilots f genera l aviati n aircraft find 
capacity-constrained airports less attractive). 
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In another air transportation oriented economic develop
ment study, orris and Golaszewski outlined a methodology 
for using consumer surplus as a proxy measure of the net 
economic development benefits from the construction of a 
regiona l airport. This methodology involves partitioning the 
impa t of an airport into two parts: (a) the impact due to the 
purchases of air transportation services and (b) the consumer 
surplus cine to a dedine in the prices subsequent to the con
struction of the facility. 

To identify the factors deter111ining the size of the impact, 
these authors made a cross-sectional comparison of the eco
nomic impact of two airports, one in an island economy
with very few alternative means of transportation and no other 
airports-and the other in the Dallas-Ft. Worth Metroplex 
with an abundant supply of alternative airports and other 
modes of transportation. 

The central thrust of the discussion was that although the 
size of the purchase impacl clo ely relates to diversity of the 
economy, the size of the consumer surplus is a function of 
the accessibility of the region, its industry mix, and the impor
tance that consumers attach to the continuing operations of 
the airport. To illustrate, in the Dallas-Ft. Worth Metroplex 
where demand for air tran portation is elastic and there are 
extensive input-output linkages within the economy, there are 
substantial output multipliers indicating the number of times 
each dollar spent rolls over within the region. Here, both the 
absolute and relative size of the transportation purchase impact 
were larger when compared with those for the island econ
omy. In the same two economies, because of the differences 
in accessibility and industry mix characteristics, the relative 
magnitudes of the consumer surplus were reversed. The 
Dallas-Ft. Worth region showed a relatively small economic 
development impact, whereas the island economy shmved a 
relatively large impact ($11.03 billion) , which was three times 
as large as the purchase impact. 

ECONOMIC IMPACTS OF 
MODAL INVESTMENTS 

The variation of results in studies of transport and develop
ment may be explained by differences in two main factors: 
(a) the creation of economic opportunity and (b) the response 
to economic opportunity. The first depends upon the quality 
and quantity of resources in the regions served, the actual 
change in tran p rt rates and service, a nd commodity price 
levels. The econd depends on an awareness of opportuni ly 
and what may be broadly defined as attitudes toward eco
nomic change. 

Attaran and Auclair tested the hypothesis that productivity 
in the private sector of the economy is strongly associated 
with the availability of highway sluck. Fur this purpose, two 
separate sets of economic models were constructed to try to 
explain this association in terms of productivity of both capital 
and combined labor and capital inputs in the private sector. 
The first model attempts to construct a relationship between 
private-sector capital productivity and the level of public infra
structure tock . The second model simulates the relation hip 
between total private-sector productivity and the level of pub
lic infrastructure . The results of the model confirm the pro
posed hypothesis, that variations in the availability of highway 
stock can , to a large extent, explain variations in the pro-
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ductivity of private-sector capital investments as well as that 
of capital and labor combined. In other words, full economic 
benefits of investments in capital and labor in the private 
sector can be achieved when an adequate supply of public 
infrastructure in general, and highways in particular , exist to 
go along with such private investment. Conversely, a decline 
in the availability of highways would lead to a decline in the 
productivity of both labor and capital in the private sector of 
the economy. These findings are strongly supported by highly 
significant statistical results of the two models (over 98 percent 
explanatory power). Given this strong correlation, where should 
a state highway investment be made to promote local and 
regional development? 

A research team at the University of Minnesota recently 
conducted a study on this issue, looking at the effectiveness 
of highway funds on economic development. Stephanedes 
described the research, in which employment and income 
implications for counties in the upper midwestern region of 
the United States, with emphasis on localities and regions in 
Minnesota, were studied using a time-series analysis. 

The finding that improved highways tend to help the econ
omy of urban areas and may hurt certain of their adjacent 
counties should not be surprising. In particular, counties adja
cent to urban areas tend to depend on these areas for the 
infrastructure necessary for development; better highways may 
allow agricultural county residents to conduct more of their 
economic activities in the nearby centers. Further, a com
parison of the proportion of those working in the regional 
centers (66 percent) and those living there (47 percent) strongly 
suggests that highways are helping the residents of the adja
cent counties to get to work as well as providing jobs for 
them. 

The distributional nature of the effects is evident when 
analyzing the different parts of the state. In particular, although 
certain counties are likely to gain from improved roads, others 
are likely to lose and the statewide effect is not significant. 
In addition, the statewide effect is very small in size; that is, 
over 10 years a 10 percent investment increase would lead to 
only a 0.0 percent increase in jobs statewide (otherwise stated, 
an extra $1 million would create an average of only five to 
eight new jobs statewide), most jobs due to the spending 
associated with the construction of the highway. Although 
highway funding can influence the economy of specific regions 
in the state, such as the regional centers; certain counties in 
the southeast; and the natural-resource counties in the north, 
it has negligible economic effect on a statewide basis. On the 
basis of these findings, it could be argued that the potential 
for statewide economic gains could not justify increased high
way funding in Minnesota. 

Airports and aviation make important contributions to local , 
state, and regional economies. A review of literature on the 
links between airports and economic development indicates 
that air transport is usually associated with significant portions 
of local business. Furthermore, the influence on local and 
regional economic activity extends well beyond the airport 
site itself. Also, the location of airports influences the geo
graphic distribution of industries and can be a significant fac
tor in the decisions of certain industries to locate in a given 
state or region. Data indicate that access to air transport plays 
an increasingly important role in the ability of some high
technology industries such as computers and electronics to 
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compete and that the location of airport facilities influences 
the location of these industries. Tourism has also been shown 
to be sensitive to air travel access. 

Weisbrod presented findings from two recent studies spe
cifically aimed at addressing these issues of economic benefit5 
of general aviation airports. The first project was the state oi 
Wisconsin's effort to develop and implement a computerized 
tool for assessing the economic benefits of airport improve
ments and prioritizing alternative airport investments . Known 
as the Airport Benefit-Cost (ABC) system, the evaluation 
tool provides a wide range of alternative measures of the 
economic impact of airport projects from the state's perspec
tive and from the local perspective. The second project was 
the Massachusetts Aeronautics Commission study of the rela
tionship of general aviation airport facilities to business attrac
tion and growth. Findings from a detailed survey of businesses 
using general aviation aircraft in Massachusetts provided a 
basis for documenting the role of general aviation aircraft in 
business location, expansion, and investment in the state. 
These relationships were then implemented in a personal com
puter analysis tool known as the Airport Impact Model (AIM). 
Findings from these two studies highlight the multifaceted 
ways in which improvements to general aviation facilities can 
affect local and state economies and demonstrate the need 
for more analysis to better measure such effects. 

For several years, the Urban Mass Transportation Admin
istration (UMT A) has been developing procedural and tech
nical guidance on the conduct of transit project planning stud
ies. The section of UMTA's technical guidance on the analysis 
of land use and urban development impacts was recently revised. 
UMT A had found that , although many local transit planning 
reports stated that a major transit investment would promote 
economic development, this conclusion often was not sup
ported by sound technical analysis. Emerson drew from 
UMTA's revised procedures. His framework may be of use 
not only to local planners involved in transit planning, but 
also to those engaged in other types of infrastructure planning. 
In it , he stated that the land use impact analysis for major 
transit projects should be performed on three levels : impacts 
on the region as a whole, impacts on the corridor, and impacts 
on specific station areas. The three levels of analysis should 
produce results that are internally consistent. That is , the sum 
of all of the land use changes predicted at the local level should 
add up to the regional total. Where land use impacts are an 
issue, UMTA urges local agencies to approach the analysis 
in both a "top down" and a "bottom up" manner and then 
to check the results to ensure consistency . In assessing the 
impacts of land use changes, Emerson, said, the following 
should be considered: (a) consistency with planning and zon
ing, (b) impacts on services and tax base, (c) impacts on transit 
system use, ( d) impacts on traffic and parking, and ( e) explor
ing value added to certain sides because of the investment. 

RURAL AND AGRICULTURAL IMPACTS OF 
TRANSPORTATION INVESTMENTS 

In the initial stages of economic growth, the introduction of 
modern transportation makes a wide variety of new economic 
opportunities available simultaneously and is therefore likely 
to promote growth; in the more advanced stages , transpor-
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tation is one of the many sectors in which productive invest
ment may be channeled, and the observed effects of initial 
transportation provision should not be falsely projected as 
likely results of modern transport elaboration. 

The economic and social consequences of transportation 
improvements in a rural setting in a developing country are 
intertwined in a complex fashion. It is this complex blend of 
economic and social consequences that is taken to be the 
objed of "development"-the process of increasing human 
welfare for a given population in a region or community through 
increasing economic and social activities. Cook and Cook 
examined the ways in which the analysis of rural transpor
tation impact in developing countries has evolved over the 
last 25 years, with the objective of formulating a framework 
for impact analysis that covers the full range of expected 
primary and secondary effects. Although evaluators fre
quently acknowledge the wide range of transportation impact 
in rural area , quantitative analysis of these impacts has focused 
almost exclusively on direct , readily measurable economic 
effects. Surprisingly little attention has been paid to the meas
urement of multiplier effects and to the social distribution of 
economic costs and benefits . Current models demonstrate a 
very imperfect understanding of the workings of the rural 
economy, focused as they are on agricultural production and 
often exclusively on cash cropping. 

In another study Mazlumolhosseini examined the corre
spondence between the level of advancement of major com
ponents of socioeconomic development and the level of trans
portation activity in rural areas of developing countries . Because 
access to roads is the most essential element of a transpor
tation system, the degree of accessibility of a certain rural 
area was considered in this study as a good indicator of the 
level of development of the transportation system. 

The deg1ee of access ro rural roads can be determined 
according to the joint consideration of two simple criteria: 
the proximity of the village to the nearest motor vehicle road 
and its distance to the nearest town. The villages with identical 
degrees of accessibility can be thought of as arranged in a 
group forming a certain access area, regardless of the geo
graphical location of the component villages. The creation of 
four such access areas may be considered as adequate through 
the proper choice of distance intervals in the application of 
stability criteria. In the order of increasing accessibility, these 
four access areas may be described as hardly accessible, poorly 
accessible, fairly accessible, and easily accessible. Each access 
area can be assigned an access value proportional to some 
measurable transportation activity, for example, the number 
of daily trips per household in that area. 

The concepts developed by Mazlumolhosseini in this study 
are illustrated by data provided through a large survey based 
on interviews at the household level carried out in the Phil
ippines in 1983. The survey included 1,002 households with 
5,228 individuals living in 25 different villages in 5 different 
municipalities on Cebu Island. The analysis of the study var
iables as fun tions of access value revealed that the major 
elements of ' cioeconomic development vary sharply wiLh a 
change of access value and are strongly associated with it. It 
was also found that both the income from sale of cash crops 
and the efficiency of agricultural production increase consid
erably as access value increases . This indicates that a trans
portation investment may have a good chance to succeed in 
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generating development in other sectors. However, the degree 
of success would depend on how efficiently the investment is 
coordinated with other measures that would ensure reason
able utilization of the improved transportation facilities by 
local inhabitants . 

All-weather roads act as a catalyst that brings together var
ious ingredients leading to accelerated economic develop
ment. Their catalytic role in addition to their direct contri
bution through reduced transaction costs was discus. ed by 
Khan. lt was found that the L ta! benefits obtained using the 
more traditional approach to estimating development benefits 
of the road would be to low t justify the road development 
given the construcrion co ·ts in Bangladesh. H wever using 
the b nefits from lransadions co t model the road devel
opment would be justified. 

The results of a first effort to highlight the contribution of 
transport to ec nomic developm nt in Mexico, specifically in 
the field of agroindustry, were presented by de Buen and 
Lapiedra. The purpo e of this work was to examine the way 
in which transport-related considerations should b linked to 
agroindustrial project design and implementation in order to 
increase the probability of success of the firms dealing with 
them. Two conclu. inns were drawn from this study. First, 
transport has to be properly regarded during agroindustrial 
project development because otherwi it has enough poten
tial to disrupt project de ign and to reduce or eliminate its 
contribution to economic development . Second, detailed 
industry and product-specific studies are needed to gain a 
better understanding of the agr industrialist shipper's needs 
to better shape the response that transportation services can 
provide. 

A review of the transport sector in Botswana is of interest 
because of the important role it has played in the growth of 
the economy in the 23 years following independence. Although 
the country has been fortunate in discovering natUral resources 
to finance economic developments, sound policies have ensured 
that the transport sector grew at an affordable pace com
mensurate with demands for services. Lionjanga and Raman 
highlighted the system of national planning and project 
apprai al , the major historical developments in tran port , 
and the fram ework of policies that has been evolved to 
encourage future growth. 

CASE STUDIES OF MODAL 
INVESTMENT IMPACTS 

In the first case study, presented by Dunbar, a representative 
subset of the North Central Texas airport system was eval
uated. The economic impacts on the Dallas-Ft. Worth Inter
national Airport were determined in a separate effort by the 
airport as part of a recent updat to the airport's master plan . 
Airports the size of the Dalla -Ft. Worth International Air
port are frequently subjects of economic impact studies. The 
main purpose of this effort by NCTCOG was to measure the 
economic benefits generated by the other airports in the North 
Central Texas region. The basic methodology used in this 
study is consistent with that advocated by the Federal Aviation 
Administration . It is important to distinguish that this is an 
"impact" approach, not a "transportation benefits" approach. 
In other words, the efficiencies of air travel are not explored, 
but the contributions of these local airports in terms of jobs 
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and dollars in the region's economy are. Three different types 
of impacts were estimated to determine the total economic 
impact for the 23 existing airports in the Dallas-Ft. Worth 
region: direct, indirect, and induced impacts. 

Direct impacts typically occur at the airport and usually 
involve the provision of some type of aviation service. Indirect 
impacts most frequently occur in the region removed from 
the airport. All passenger expenditures on entertainment and 
accommodations are most representative of indirect impacts. 
This study also included the expenditures of large aviation
related industries that might be located on or near an airport 
but could not be considered completely airport dependent. 
These impacts were referred to as industrial development im
pacts and were added to the indirect impact category. The in
dustrial development impacts also included a few nonaviation
related businesses that happened to lease space at an airport. 
Direct and indirect impacts represent net increases in final 
demand, whereas induced impacts represent what is called 
the multiplier effect of the direct and indirect impacts. In 
this study, the multiplier impacts were estimated with the 
Regional Input-Output Modeling System calibrated for the 
16-county North Central Texas region by the U.S. Depart
ment of Commerce. 

Airports, seaports, and transportation facilities are now 
being recognized as strategic sites, not only to shape and target 
economic development but also to increase the flow of goods 
throughout the international economy. Such international 
transportation factors, as described by Ferri, are the deter
minants of an effective export transportation network, one 
that can meet international freight movement requirements 
to service and handle a variety of foreign destinations and 
multiple volumes, weights, sizes, time-sensitivities, and cost 
requirements as well as to achieve compatibility with both 
intermodal and multimodal transport connections. An ade
quate infrastructure undergirds the interconnection of the 
nation's transportation system and sustains the efficacy of the 
export transportation network. The investment in mainte
nance and expansion of reliable infrastructure depends upon 
the involvement of all levels of government, a strong degree 
of intergovernmental cooperation, and substantial input from 
the private sector. Catalyzing such a coherent, coordinated 
strategy, as learned, requires overcoming a number of prob
lem areas: institutional, intermodal, and intergovernmental. 
Ferri described a case study stemming from an ongoing 
transportation-investment-trade-economic development proj
ect initiated by a private-sector foreign trade, development, 
and management firm. Ferri examined what, if any, corre
lation existed between urban transportational access and the 
viability of international trade and investment activity. With 
an intensified push for U.S. exports, several factors should 
be integrated into the export investment strategy: urban goods 
movement, international transportation features, infrastruc
tural capacity, and the entire export transportation process. 
To assemble the necessary catalyst for such an export trade 
investment strategy, both the private and public sectors must 
be informed, educated, and mobilized to the urgency of the 
problem. Creating a multifaceted solution requires the input 
of transportation planners, economic development specialists, 
governmental entities, private-sector concerns, and so on. 
The author discussed such an alternative, coalition-building 
process. 
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As U.S. railroads continue to restructure and reduce their 
physical plants in an effort to reduce costs, light-density branch 
lines continue to be targets of abandonment actions. Thus, 
many communities continue to be faced with loss of rail serv
ice. The public- and private-sector costs and infrastructure 
deterioration associated with rail line abandonments inhibit 
economic development. A methodology developed for the 
Washington State Rail Development Commission (RDC) that 
provides a means to measure the impacts and associated costs 
was discussed by Taylor et al. The case study involved what 
has become labeled as local rail service. This is appropriate, 
because the concerns and impacts are indeed local. From a 
state perspective, transportation infrastructure requirements 
to locate a business can usually be found in one part of the 
state or another, but the local community does not have the 
same selection expanse. Thus, at the local level it becomes 
necessary to preserve and improve what infrastructure ~xists. 

ST ATE PLANNING ISSUES IN 
TRANSPORTATION INVESTMENTS FOR 
ECONOMIC ENHANCEMENT 

The methods of analysis of economic impact associated with 
growth centers, functional economic centers, central places, 
and trade centers have been well documented. This "center" 
theory provides the basis for the economic analysis method
ology utilized by Baird and Lipsman. The agricultural reces
sion led to the emergence of economic development as a goal 
of the highway improvement program in Iowa. The state's 
first effort in this regard, the Revitalize Iowa's Sound Econ
omy (RISE) program, was established in 1985. The Iowa 
legislature funded the program by increasing the state motor 
fuel tax 2 cents per gallon, which yielded approximately $33 
million annually. Half of these funds were used to provide 
road improvements needed to attract new businesses to the 
state and to retain and support the expansion of existing busi
nesses. Baird and Lipsman described the research initiated 
by the Iowa Department of Transportation to develop a meth
odology that can be used to factor economic development 
considerations into the programming of improvements for the 
commercial and industrial network. 

Leonard reported on the Transportation Economic Assist
ance (TEA) program, which was created in Wisconsin to help 
communities and businesses pay for road, rail, harbor, or 
airport improvements needed for economic development. The 
objective of the program was to attract employers and to 
create more jobs for the state. The TEA applications were 
evaluated against a dozen criteria, including transportation 
costs and benefits, numbers of jobs, ratio of cost to the num
ber of jobs, local funding, compatibility with other transpor
tation in the area, and financial soundness of the business. 
The most important criteria have been the ratio of the trans
portation improvement cost to the number of direct jobs, 
transportation costs and benefits, value of increased wages, 
and the income and tax benefits to the state's economy. The 
economic impacts of TEA improvements involve both reduc
tions in transportation cost due to the transportation improve
ment and changes in the state's economy due to the economic 
development project. Transportation costs and benefits were 
measured, in this case, by the Highway Investment Analysis 
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Package (HIAP) . If the benefits, such as reduced travel time, 
reduced traffic accidents, and possibly reduced operating cost, 
exceed the improvement and maintenance costs, the project 
is considered a good investment from a transportation stand
point. The other economic development benefits were cal
culated using a model of the Wisconsin economy. This model, 
developed by Regional Economic Development Models, Inc. 
(REMI), measures changes due to economic development 
projects. It measures net increases in employment, employee 
wages, sales taxes, and income taxes. 

WHAT HA VE WE LEARNED? 

The relationship between transportation and development is 
a subject that has occupied a good deal of attention over many 
years in both advanced and less-developed countries. Policy 
concerns as well as political and analytical issues are increas
ingly driven by questions of economic development impacts 
at the regional level, program level, and for specific projects. 
As a result, efforts to analyze the link between transport 
investment and economic development must take a broader 
view both spatially and in 'the range of analytical tools used. 

Experience and research tend to support the following con
clusions: 

• Transportation investment alone will not result in devel
opment. 

• Transportation investment may remove barriers to devel
opment. 

• The bottom likne is lower transportation costs. 
= Businesses make decisions on a comparative basis, am.I 

accessibility to materials and market is a major consideration. 
• Both undercapacity and overcapacity of infrastructure can 

reduce a region's ability to serve industrial needs at a cost 
that helps them to be competitive. 

• Perceptions of ~ransportation system quality may be as 
important as actual conditions. 

• Transportation needs may vary greatly from industry to 
industry. 

• Economic growth will occur primarily in or near urban
ized areas that have in place the necessary physical and human 
resources. 

• A good transportation system is a necessary but not a 
sufficient condition for development. 
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The question at this conference was whether transportation 
can induce economic development and, if so, whether the 
causative relationships can be established and measured. 
Development, however, is one of those ambiguous concepts 
that means what the user wants it to mean . Transportation is 
"a growth shaper," but development is more than growth. If 
transportation's impact on development is to be measured so 
as to optimize investments, development must be quantified, 
and the role of transportation investment must be appor
tioned. 

The tie between future economic growth and improved 
productivity is clear. What is unclear is whether transportation 
improvement contributes more to increasing productivity than 
other investments (whether they are public or private). Ques
tions concerning cause and effect and how public capital stocks 
are incorporated as components of production are extremely 
relevant if transportation investment is to be used as an ele
ment of a fiscal policy for stimulating growth beyond the 
localized benefits of individual transportation projects. The 
frequently found correlation between the level of infrastruc
ture services and income does not really reveal much about 
whether there is a causative or merely a coincidental rela
tionship. 

After reviewing the methodologies and modeling that were 
presented at this conference, one must conclude that there is 
no single causal-based, policy-sensitive methodology appli
cable to all modes for all levels of analysis (national, regional , 
or project level). In considering the conclusions from the 
impact studies it is instructive to recall that even though an 
impressive amount of effort was spent on this type of research, 
the results were meager. 

The need for a causal-based methodology has been stressed 
over and over during this conference. Unquestionably, there 
is a relarionship between transportation and economic devel
opment. Transportation affects both product and service costs 
and provides opportunities to obtain needed materials and 
services and to deliver goods and services to markets at a 
competitive price. However, transportation, although a nec
essary element in the economic development equation, is only 
one of many elements. With the current state of knowledge, 
it is impossible for public policy makers to establish reliable, 
measurable, causative relationships between given levels of 
transportation investments and resulting economic develop
ment. This problem is further compounded by the current 
pattern of incremental change in the quality and level of trans
portation that is currently attracting most transportation 
investments in the developed countries. 


