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Private Sector Role in U.S. Toll Road 
Financing-Issues and Outlook 

ROBERT C. SCHAEVITZ 

Highway finance in the United States since 1790 has often 
reflected the relative strengths and attitude of the· public and 
private sectors at the time of construction. Presently, toll 
roads are enjoying a renaissance in the United States. Com
petfog economic pressure are creating a variety of approac.hes 
to financing tolJ highways, and several projects arc showing 
signs of privatized approaches to finance and management. 
These approaches are at once the result of the current atti
tudes toward project economics and the current mix of eco
nomic and fiscal forces at work on infrastructure finance. This 
paper analyzes apparent trends in the toll road industry 
through seven case studies to address several related ques
tions: Why bas U.S. toll road development increased in recent 
years? What are the conditions encouraging more private 
sector participation in toll roads? How can the private sector 
directly contribute to new toll roads? What role does the 
federal government toll road pilot program play? What is the 
outlook for more privatization of toll road projects? A princi
pal conclusion is that direct private sector participation in new 
toll roads is real and that ucl1 participation will continue. 
The extent of participation will be governed by the relative 
presence of growth pressure , the Jack of alternative facilities, 
and the prioriti1.ation of projects by regional and tate agen
cies. The federal pilot program may provide assistance to at 
least two proposed projects; however, it is a transition struc
ture and will not ignificantly influence private involvement 
either way. Also, with few exceptions, full privatization of toll 
roads will be limited. Most private interests will secure their 
objectives through selective participation in project develop
ment, financing, and construction oversight, leaving final own
ership and operation in public control. 

The methods used to finance U.S. highways for the past 
200 yr have consistently reflected the prevailing strengths 
and weaknesses of the public and private sectors at the 
time of construction, while also respecting underlying 
attitudes regarding the correct way to finance that partic
ular type of infrastructure. During that period, approaches 
to major intercity highway finance have ranged from (a) 
completely private toll companies with virtually no gov
ernment oversight to (b) the public agencies and authorities 
operating the vast majority of American roads today. 
Issues such as the fiscal resources of governments, the 
nature of travel demand, competing modes, and the state 
of governing law have all played a role in yielding partic
ular solutions for particular times. 

Parsons Brinckerhoff Quade & Douglas, Inc., 1331 Seventeenth 
Street, Suite 400, Denver, Colo. 80202. 

Presently, highway development in the United States is 
in a state of flux, whereby severe competing pressures 
among forces such as government budget deficits, infra
structure investment needs in the trillions of dollars, rapid 
suburban growth, and a shift in preference to private 
sector/user fee solutions for capital project finance are 
yielding a variety of financing approaches for both free 
highways and toll roads. To be more explicit, toll roads 
are now enjoying a renaissance in the United States-they 
are being studied, designed, and constructed at rates not 
seen since the 1940s and 1950s. Yet, while many of these 
projects are being implemented in a fashion similar to that 
used for the post-World War II turnpikes, there are also 
widely scattered signs of more public-private and priva
tized approaches-these reflecting, as will be shown, both 
prevailing economic theory and a mix of economic and 
fiscal forces at work on infrastructure finance. 

This paper will analyze apparent trends in the toll road 
industry, as well as the characteristics of several current 
toll road projects to seek answers (or reasonably informed 
opinions) to some interesting questions: Why has toll road 
development in the United States increased in recent 
years? Are private sector roles and responsibilities increas
ing in toll road development, and how do they relate to 
the federal government's encouragement of privatization 
and deregulation? What are some of the conditions con
ducive to increased private sector roles-particularly in 
capital finance-and how replicable are they in all 
projects? 

While the facts, issues, and conclusions presented herein 
are obviously driven in part by U.S. law and fiscal practice, 
many of the basic principles addressed have potential 
application elsewhere in the world. Indeed, privatized, toll
revenue-financed transportation facilities can be found in 
many locations on every continent. Differing legal and 
economic traditions notwithstanding, therefore, the con
straints and opportunities of an expanded private sector 
role in U.S. toll road development should find considerable 
relevance elsewhere. 

A SHORT HISTORY OF TOLL ROAD 
DEVELOPMENT IN THE UNITED STATES 

Toll roads have been a part of the transportation landscape 
in the United States since 1792, the year that construction 
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of the privately owned Philadelphia-to-Lancaster wagon 
road began. Public attitudes and public policy toward toll 
highways, however, have swung around three ba~ic 

positions: 

• Roads should be publicly financed and maintained 
(free). 

• Roads should be toll financed and privately managed. 
• Roads should be toll financed and managed by public 

corporations (authorities). 

The first era of toll roads lasted 30 yr, from 1800 to 
1830. During this period, the states lacked sufficient wealth 
to finance roads necessary for expansion from the eastern 
coastal areas. Drawing on British experiments, over 8,000 
mi of roads were successfully completed. Financing 
through tolls was felt to capture more fairly a return from 
long-distance interregional users and not to place the whole 
financing burden on local users. With the coming of the 
railroads in the mid- l 830s, many of these roads could not 
support themselves, and were abandoned. By and large, 
state and local governments did not assume responsibility 
for their maintenance, and so, with the exception oflimited 
segments maintained for local use, they fell into disuse 
and disappeared. 

Important lessons were learned during this period on 
the delegation of authority and responsibility to private 
companies engaged in providing necessary public services. 
In the future, granting of statutory authority to a private 
concern to own and operate a toll road would require that 
the collection of tolls be conditioned on the maintenance 
of minimum operating standards, control of vehicle loads 
and sizes, and coordination of route locations and access. 

During the mid-19th century, some toll road construc
tion continued, primarily to service shorter hauls not 
appropriate for rail lines or spurs. In this period, there was 
some experimentation with using a combination of private 
capital and public (bonded) debt. These early public-pri
vate partnerships were the result of the continuing inability 
of governments to finance the necessary roads and became 
models for modern revenue bond financing for roads. 

Through the remainder of the 19th century, only a very 
few toll roads were authorized and, as a result of the 
foregoing failures, many more protections were established 
for investors and users, including specific provisions for 
dissolution of the private corporations and transfer to 
public ownership. This was the era of free highways, where 
several factors contributed to the (temporary) extinction 
of the toll road: 

• Most trips were medium or short haul. 
• States had the wealth and tax base to fund roads from 

general revenue. 
• Tolls were perceived to be excessively inconvenient 

and costly to collect. 

During the period from I 860 to I 900, toll roads were 
actually bought up by states and local governments and 
converted to free use. This practice continued through. 
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I 940, during which local road management was replaced 
by state management. Besides the general elimination of 
toll facilities, this period also saw the creation of the first 
use/funding classification hierarchy, versions of which are 
still in use today. 

The modern toll road era began with the opening of the 
Pennsylvania Turnpike in 1940, to be followed in 20 yr 
by facilities in over 30 states totaling over 4,000 miles 
( 6,400 km). While accounting for only 0. I percent of all 
roads, these tollways often connected some of the country's 
largest population centers, resulting in very high traffic 
volumes and more than ample revenue collections. The 
states returned to the practice of constructing toll facilities 
in specific situations for several related reasons, some of 
which are still relevant today: 

• A large backlog of highway needs was confronting 
flattening or diminishing revenue yields from fuel and 
vehicle taxes. 

• Debt financing secured with fuel taxes was insufficient 
and not in line with the "pay as you go" philosophy 
associated with most state road programs. 

• Concern about burden equity shifted attitudes more 
to direct user fees, particularly where traffic levels could 
be self-supporting. 

• It was felt that greater control could be maintained 
over the entire design and construction process, leading to 
more economical standards, techniques, and materials and 
to an overall faster schedule of implementation. 

This modern toll road era was itself overtaken (but not 
eliminated) by the largest program of free roadway con
struction ever seen-the federal interstate highway sys
tem-begun in earnest with the Federal-Aid Highway Act 
of I 956. While toll road construction languished after the 
mid- l 960s, it began once more with the planning and 
construction of projects in the I 980s in Virginia, Florida, 
and Texas, to name but three states with the most ad
vanced projects. 

U.S. TOLL ROAD DEVELOPMENT IN THE 
1980s-ORIGINS AND ISSUES 

It can be reasonably concluded that road financing in the 
United States has responded over time to changes in a few 
key variables, which are still important today and go the 
major distance in explaining the range of proposed financ
ing and management structures currently observed. These 
variables are 

•Need 
-Level of demand 
-Character of demand (local vs. intercity) 
-Availability of competing modes 

• Availability of capital 
-Government (especially state, but also federal and 

local) 
-Private (secured loans; at-risk investments) 
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• Cost 
-Capital 
-Operations and maintenance 

In times when cost has outstripped the ability of govern
ment to finance roads directly, private toll-financed roads 
have appeared in response to market forces, and then 
disappeared as cheaper and/or more reliable alternatives 
have captured traffic (e.g., railroads). At other times, gov
ernment finances have been more than sufficient to fund 
networks of free roads to service intercity and local traffic. 
In addition, the nature of demand has been an important 
determinant of the type of financing-whether to fund 
projects carrying predominantly local traffic from general 
tax revenues or to impose tolls for facilities carrying a large 
share of intercity traffic. 

Concurrent with the resurgence of interest in infrastruc
ture needs of all types, a unique mix of conditions and 
attitudes have coincided in recent years to produce a new 
wave of toll road projects in the United States, similar to, 
but decidedly different from, the projects planned and 
built in the 1940s, 1950s, and 1960s. These conditions are 

• Declining revenue availability for all government pro
grams at all levels in response to pressures to hold taxes 
down. 

• The specific flattening (and possible future reduction) 
of federal government funding of interstate facilities fol
lowing a 30-yr period of unprecedented federal involve
ment in highways of all types. This flattening has the effect 
of adding responsibility to state and local governments at 
a time when they also are seeing unprecedented demands 
for infrastructure maintenance and noninfrastructure 
programs. 

• The increasing acceptance of market-driven, user-fee
financed facilities by the public and the implicit rejection 
of cross-subsidies inherent in any broadly based, tax-fi
nanced program. 

• The evolution of rural and urban transportation sys
tems from auto-preferred to auto-only environments, 
changing urban form and land-use patterns. 

This last item, representing a change from conditions 
existing as recently as the early 1960s, has changed toll 
road planning in at least two key ways: (a) toll roads are 
being conceived as reliever routes for other, free facilities, 
and (b) toll roads, in addition to limited access free high
ways, are being viewed as essential to unlocking extensive 
tracts of land for new development. 

Accompanying this renewed interest in toll roads is a 
new cost/demand environment, where escalation in capi
tal costs and O&M costs has outstripped growth in toll 
rates and revenue per trip. Where it was once possible to 
establish financial feasibility for a toll road with average 
daily traffic of only 20,000 vehicle trips, modern facilities 
can require as many as 100,000 daily vehicle trips and 
more before meeting debt service coverage and O&M 
costs. This effect is the combined result of public percep
tions of cost not keeping with reality and the presence of 
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many more competitive free highways. This relationship, 
in addition to limiting more toll roads to urban areas with 
high traffic volumes, is helping to motivate the search for 
extended revenue packages, new sources of debt security, 
and more direct private sector roles and responsibilities. 

It can be argued that the development of toll highways 
in the United States is in many cases mirroring the ex
panded use of public/private partnerships or privatization 
in other types of infrastructure development. (Note that 
the definitions of these two terms are similar, if not vir
tually indistinguishable. Privatization is often viewed as 
the act of increasing private sector investment, risk, and 
control; a public/private partnership is the result.) Reasons 
often given for merging public and private sector roles 
irn~lude the following: 

• Restrictions on direct government outlays and debt, 
• Access to new capital markets and collateral, 
• Shifting of risk to the private sector, 
• Cost reductions through tax benefits (really a shift in 

burden to the federal government) and labor contract 
flexibility, and 

• Acceleration of project schedules. 

It is the purpose of this paper to explore the nature of 
public-private relationships in financing and implement
ing toll highways. Several projects, described more fully in 
the following section, are being proposed as public-private 
ventures or as privately owned toll roads. This new activity 
in capital finance and project management raises several 
questions of potential interest to policy makers in the toll 
road industry: 

• What are the conditions and the stated reasons for 
exploring toll road financing through a more privatized 
structure? How applicable are these conditions to the full 
range of toll road projects? 

• What are specific ways in which the private sector can 
directly contribute to toll road financing? 

• What role will the federal government toll road pilot 
program play in moving needed projects along? ls it likely 
to become a permanent federal highway program element, 
and if so, what effect is it likely to have on private sector 
initiatives? 

• What can one speculate on the long-term outlook for 
greater private sector involvement in toll road financing, 
development, and management? 

Each of these questions is addressed following brief 
descriptions of several current U.S. toll road projects and 
a partially privatized approach in France. 

CURRENT TOLL ROAD DEVELOPMENT 
ACTIVITY-PRIVATE AND PUBLIC 

At this writing, there are at a minimum four toll road 
facilities under development or study in the United States 
involving significant private sector participation and/or 
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unusual capital funding structures. (Note that none of 
these is part of the federal toll road pilot program.) Brief 
summaries of these and other projects provide numerous 
insights into the policy questions raised in the preceding 
section. 

E-470 Roadway-Denver, Colorado 

The E-4 70 roadway is a proposed 48-mi half-beltway to 
serve the eastern half of the Denver metropolitan area. 
The roadway would link directly with another portion of 
the regional beltway (C-470) and would provide direcl 
access to Denver's proposed new airport interchange with 
the state highway system in six locations, and generally 
connect rapidly growing residential and commercial areas 
north, east, and south of Denver. 

The roadway is being developed by the E-470 Authority, 
a consortium of four local governments in concert with 
principal landowners and developers within the highway 
corridor who collectively control over 50 percent of the 
requir1::d right-of-way. Initial funding for studies has been 
provided by the public and private sectors, although in
terim funding is now available through arbitrage income 
from tax-exempt bonds held in escrow (a mechanism no 
longer available under current U.S. tax law). 

Toll revenue is intended to be the principal source for 
repayment of bond proceeds, though supplementary rev
enue sources are being defined, including development
related taxes and fees within a 3-mi corridor centered on 
the highway, and various tax mechanisms drawing on the 
tax base of the three counties involved in the project. 

Due to projected shortfalls in toll revenue in the early 
years of project operation, alternative arrangements for 
supplementary financing are being investigated including 
the commitment of private equity capital commercial 
letters and/or lines of credit, government infrastructure 
loans, and recycling of excess revenue above that needed 
for debt service on the initial bond issue. 

Dulles Toll Road Extension 

Studies are now underway for a 17-mi extension of the 
very successful Dulles Airport corridor toll road, first 
opened to revenue service in 1983. Development pressures 
along the existing corridor have led to studies of widening 
the initial four-lane roadway to six lanes, while develop
ment beyond the corridor to the north and west of Dulles 
Airport has resulted in a serious proposal to privately 
construct, own, and operate a four-lane extension. 

Dulles Airport is located approximately 26 mi west of 
Washington, D.C. The proposed extension would deviate 
from the existing toll road 1 or 2 mi from the airport 
terminal and proceed in a northerly and then westerly 
direction to the town of Leesburg, Virginia. Developers 
are now in the process of assembling large parcels in the 
area traversed by the proposed extension with an eye 
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toward future development. In addition to providing in
ternal circulation, the toll road would also provide access 
Lu Dulles Airport, Pairfax County, and Washington, D.C. 

The Dulles toll road extension is the object of a state
sponsored environmental impact study (now scheduled for 
completion sometime in 1988). At the same time, a finan
cial-engineering joint venture has been assembled to de
sign, build, own, and operate the toll road extension, 
subject to regulatory control by the state corporation com
mission and the Virginia DOT. Capital financing would 
be accomplished through privately placed borrowing, 
while right-of-way and some interchange costs would be 
provided by interested developers. The state of Virginia 
could benefit from this approach through the ability to 
concentrate its resources on pressing needs elsewhere. Leg
islative authorization for a privately owned toll road in 
Virginia has been enacted. Construction under a de
sign/build arrangement may begin as early as fall 1988 
and be completed within 3 yr. 

Orange County, California, Toll Corridors 

As a response to continuing development pressures in the 
southern and eastern areas of Orange County, California, 
major developers, the Orange County Transportation 
Commission (OCTC), and a special intergovernmental 
agency (TCA) are investigating the feasibility of building 
one or more proposed freeway facilities as toll roads. The 
three candidate corridors are referred to as the Eastern, 
Foothills, and San Joaquin; and each offers critical access 
to developing areas under the control of three or four 
major developers. 

All three corridors have been designated as federal toll 
road pilot projects under recently enacted U.S. govern
ment legislation, allowing for the first time a commingling 
of federal funds with toll-revenue-supported debt. Legis
lation to allow toll roads in California (heretofore prohib
ited) has now passed. At present, fees on new development 
are being collected and held in escrow pending implemen
tation of one or more of the toll road projects. Preliminary 
funding studies indicate that these development fees could 
support up to 45 percent of the capital needs of one toll 
road. Additional funding may come from federal govern
ment sources, private investors, or both. 

Bi-County Thruway-Pasco County, Florida 

A major developer is promoting the concept of a new 28-
mi toll highway linking 1-75 with the coastal town of 
Tarpon Springs, Florida, just north of the major metro
politan area of Tampa/St. Petersburg/Clearwater. The 
project would greatly improve access to large sections of 
Pasco County, which is now rural in nature but which is 
developing rapidly. The facility would also provide an 
alternative route to the Pinellas County cities of Clearwater 
and St. Petersburg by avoiding very congested sections of 
!-275 through Tampa. 
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This project is in the very earliest stages of conception, 
but the institutional and financing structures are already 
clear. Ownership and operation would remain public, most 
likely through an existing county expressway authority 
and the Florida DOT. Development and financing, how
ever, would rest largely in private hands, utilizing donated 
right-of-way and interchange costs; private, at-risk capital; 
and tolls. 

Preliminary feasibility studies for the project will include 
traffic forecasts, cost estimates, environment issues inves
tigations, and institutional/financing studies. The project 

- is dependent on the completion of at least two other 
expressway facilities in the region, and its implementation 
date is therefore uncertain. 

Harris County Toll Road Projects 

Harris County, Texas, is presently constructing two toll 
roads using essentially standard means of revenue-backed 
borrowing. For the two projects in question-the Hardy 
Toll Road and the West Belt Toll Road-the county has 
departed from the otherwise standard practice of relying 
solely on toll revenues by issuing tax-supported bonds to 
cover early project costs during design and construction. 
Additional toll-backed revenue bonds have been issued in 
several series and are being tapped as necessary to cover 
the completion costs of the two projects. It is intended 
(but not guaranteed) that toll revenues will cover the debt 
service on both series of bonds. 

The two Harris County toll road projects are being 
sponsored by the Harris County Toll Road Authority. The 
projects are not responsibilities of either the state of Texas, 
the city of Houston, or Harris County itself. Aside from 
the normal purchasers ofrated, tax-exempt debt (lenders), 
there is no private sector capital at risk in these projects. 

Sawgrass Expressway-Broward County, Florida 

The Sawgrass/Deerfield Expressway is a 23-mi project 
linking 1-75 with Florida's turnpike in Broward County, 
Florida, north and west of the city of Fort Lauderdale. At 
this writing, most of the project is open to traffic; however, 
the connection with 1-75 at the south end is still awaiting 
completion. The project is to function essentially as a 
bypass around Fort Lauderdale, providing significantly 
improved access to developing areas west of the city. 

The project was financed through the issuance of toll 
revenue bonds backed by 80 percent of the revenue from 
a county fuel tax and ultimately secured by the full faith 
and credit of the state of Florida. Further, the Florida DOT 
committed to complete the project using state resources 
in the event that project costs ultimately exceeded available 
bond proceeds. The Florida DOT will operate and main
tain the Sawgrass Expressway, receiving funds from tolls 
in excess of those required for debt service to cover its 
costs. The Broward County Expressway Authority will 
maintain ownership of the facility. 
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Private Concession Motorway System-France 

The concept for a private venture to finance, construct, 
and operate a national system of limited-access highways 
in France was developed in 1970. Under that concept, the 
French government gave broad power and discretion to 
several private consortia of banks, engineers, and contrac
tors to create and manage different portions of the system, 
subject to certain financial, design, and service require
ments. While a majority of the consortia has in fact failed 
as private, at-risk ventures (with direct control returned to 
the government), at least one venture continues in private 
hands. 

The motivation for the privatized approach to the sys
tem was the ability of the French national government to 
gain access to private capital and design/construction 
management without directly committing tax revenue. 
Also motivating this approach was the goal of centralizing 
control of the development of the system to coordinate 
more effectively design and construction of individual 
elements. 

The key elements of the public-private agreements are 
the following: 

• A concession is granted by the government for a 
period of time, after which control is returned to the 
government. The government has the right to repurchase 
control after 20 yr. 

• The consortium is responsible for all financing, design 
and construction, and operations. In return, it has all rights 
to revenue from tolls and leases of adjoining service areas. 

• Capital for the system is provided through 25 percent 
equity from the consortium and 75 percent government
guaranteed borrowing. The government agrees to loan 
funds to cover revenue shortfalls. 

• The government retains ownership. The private con
sortium is granted the power of eminent domain. 

• The government retains control over alignment, in
terchanges, permissible loadings, design speeds, etc. The 
consortium is required to coordinate designs with local 
authorities. 

• The consortium is allowed to modify implementation 
timetables to account for deviations in traffic levels. 

• Finally, the consortium is responsible for the mainte
nance of safe operations. 

This approach represents a highly privatized concept for 
capital project financing and implementation. It benefits 
somewhat from the relationships between the national and 
local governments in France, but elements of it are clearly 
applicable to the United States. 

ANALYSIS AND CONCLUSIONS 

Conditions Encouraging Direct Private Involvement in 
Toll Road Financing 

It has been shown that the recent increase in toll 
road projects in the United States has resulted from the 
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coincidence of growth pressures, cost increases, govern
ment tax and funding limitations, and a political shift 
toward user-fee financing. Many of these characteristics 
also help explain current interest in public-private part
nerships for infrastructure and full privatization of project 
delivery and services. 

It should be noted that any user-fee-financed project, 
whether public or private, involves the private sector as 
lender/investors. One key definition of public-private or 
privatized projects involves the degree of risk and the 
degree of control granted to private, for-profit entities. As 
a condition for assuming greater risk, the private sector 
will require greater control. Risk is present in all three 
project elements: (a) project cost, (b) project schedule, and 
(c) future traffic and toll revenue. All of these, then, can 
yield at least one basis for encouraging a greater private 
sector role. 

More direct private sector involvement in toll financing 
will almost always occur when one or both of the following 
conditions are present: 

• Landowner/developer interest in improved access 
• Limitation or nonavailability of state and local gov

ernment credit support. 

As a result of changes in the development process and 
cost-revenue relationships in the past 30 yr, the first four 
examples described in the preceding section all reveal the 
potential for new financing structures precisely because (a) 
they are driven in large part by developer interests and 
needs, and (b) they lack the credit backing of states and 
(in some cases) local governments. The two examples of 
traditional toll road financing (Harris County and Broward 
County) incorporate tax revenue bonds in one case and 
the full faith and credit backing of a state in the other. 

In addition to landowner/developer interest and the 
apparent lack of adequate credit support from state and 
local governments, the following conditions will be 
present, in varying combinations, as motivations for in
creased private sector roles in toll road financing and/or 
management: 

• Inadequate total traffic and toll revenue in early years 
of operation, 

• High degree of local access travel, 
• Perceived need for fast-track implementation (intense 

development pressure coupled with inadequate access 
capacity), 

• High degree of local consensus, 
• Very limited number of controlling landowners, and 
• Willingness of state to delegate or share planning 

control. 

In all four examples discussed, local travel and access 
constitute the major if not majority share of travel on the 
proposed facilities. Projects that are viewed as fundamen
tally intercity connectors or congestion relievers-such as 
the Harris County projects or most of the pilot program 
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projects-are generally better candidates for full public 
support. 

As evidenced by projects such as E-470, Dulles Airport 
Extension, and Pasco County, an unusually high degree of 
local political consensus is required, as well as assemblage 
of adjacent land ownership by a very limited number of 
parties. Associated with these two conditions is the will
ingness of the state to work closely with local government 
or to cede the majority of control to local government. 

A combination of (a) lack of government credit and 
support and (b) forecasts of inadequate traffic and revenue 
for the early years of a project will greatly increase the risk 
to passive lenders/investors. This situation, while typically 
leading to a failure of project feasibility and subsequent 
project abandonment, may instead lead to an intensified 
search for new classes of lenders/investors willing to un
dertake higher risks in return for greater financial gain. 

A final, but often critical, motivation for an increased 
private sector role is the presence of short development 
timetables and/or development restrictions based on ac
cess capacity. In short, development interests perceive that 
a privatized approach can deliver the project sooner. This 
perceplion is definitely a factor in the Denver, Dulles, and 
Pasco proposals. 

In the end, the progression from these conditions to 
public-private or privatized toll road financing must largely 
depend on the specific "chemistry" of the public and 
private sector leaders involved in a project. Examples 
abound where the public sector has responded rapidly to 
"win-win" proposals from private interests, while main
taining full control and normal risk levels throughout. 

Private Sector Roles in Capital Financing 

Common Approaches 

The private sector has become involved in financing new 
transportation infrastructure in recent years through a 
variety of mechanisms. The most frequently used mecha
nisms have been the following: 

• Dedication or discounted sale ofland for right-of-way, 
and 

• Voluntary participation in special taxing districts. 

Both of these mechanisms are applicable to toll road 
projects and are present in each of the four private projects 
described. It should be noted that special taxing districts 
can be broadly defined to include any of the following: 

• Developer impact fees. 
• Special assessment districts-one-time assessments on 

holders of real property perceived to be specially benefited 
by construction of a public improvement. (Can be fi
nanced using tax-exempt bonds.) 

• Special service or improvement districts-voluntary 
action by property owners to create a district to fund 
and/or operate a specific project or service. 
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All of these districts, whether imposed by government 
or voluntarily created, represent legally authorized actions 
of municipal subdivisions in states where they are permit
ted, and should be viewed as special taxes or fees applied 
to specific groups and areas. Property owners participating 
in these districts cannot be construed as having any capital 
at risk; thus, these mechanisms are among the most con
servative and limited examples of private sector involve
ment in infrastructure finance. 

Direct Contributions 

More unusual, but growing in acceptance, is the situation 
in which an individual developer or small group of devel
opers will contract directly with an implementing entity 
to finance the construction of a specific interchange or 
segment of highway. This approach appears to be most 
viable where the facility to be financed is an enhancement 
of a larger project. 

Private Partnership 

It is considered difficult to finance an entire $100+ million 
facility through contractual agreements with participating 
property owners. However, there is at least one example 
of a non-toll-highway project financed entirely through 
voluntary contributions by a group of six property owners. 
The Sun Valley Parkway, located northwest of Phoenix, 
Arizona, is being financed with tax-exempt debt, with 
repayment pledged from annual assessments on the six 
property owners, all agreed to voluntarily. 

Subordinated Loans 

The concept of pledging real property as collateral for 
otherwise unsecured loans is a true innovation which may 
see greater use in projects perceived as essential by devel
oper interests. It may be most applicable in situations 
where the entire cost of a toll road project cannot be borne 
through toll-backed debt financing. In that situation, a 
second, subordinated loan may be negotiated with lend
ers/investors who are willing to assume higher risk and a 
delay in repayment in exchange for greater rates of return. 
Further incentives might come from key benefiting prop
erty owners sharing a percentage of net proceeds from land 
sales or income from developed property-providing, in 
effect, an equity kicker to those lending in a subordinated 
position. 

Private Ownership/Operation 

A total approach to private sector involvement is the 
concept of private ownership and control of a toll facility, 
with capitalization provided at risk, secured only by tolls 
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and possible collateral arrangements with property owners. 
This approach shifts early operating risk to the private 
sector, but requires the standby assumption of risk by the 
public sector in the event of financial difficulty or insol
vency by the owner/operator. The Dulles Toll Road Ex
tension is planned as a private project controlled in this 
manner. The Cofiroute concession approach in France 
also represents one possible model for a more fully priva
tized toll road program in the United States. 

Role of the Federal Government Toll Road 
Pilot Program 

The recently reauthorized U.S. surface transportation pro
gram (HR 2) contains provisions allowing, for the first 
time, the use of federal highway funds in conjunction with 
toll-financed projects. It is indeed a pilot program, in that 
federal contributions are limited to 35 percent of the total 
cost of the project, and they may be applied to only eight 
projects in eight designated states. Since the program does 
not add funds to the federal allocation any state would 
normally receive, it is most beneficial to a state where the 
candidate toll road project is already given a high priority, 
and therefore provides for the release of at least some 
nontoll local revenues for other projects-provided that 
toll coverage is at least 45 percent of cost. In a situation 
where the pilot project is not currently programmed, use 
of federal funds for that project requires diversion of those 
funds from other projects. 

While predicting the future of U.S. federal government 
participation in toll roads must be pure speculation at this 
time, the high level of interest in the pilot program to date 
suggests that the program will be extended and enlarged 
during or before reauthorization of the highway program 
in 1991. To the extent that tolls are a new revenue source 
for state governments, their presence may free other scarce 
tax revenues for projects not eligible for federal matching 
funds or for maintenance. 

The likely effect of increased federal participation in toll 
roads on public-private partnerships and privatized proj
ects is exceedingly difficult to forecast. On the incentive 
side, the availability of federal funds may enhance the 
feasibility of projects not viable with toll revenue alone, 
and thereby increase the number of project opportunities 
for private sector involvement. By the nature of the reviews 
and approvals accompanying the use of federal funds, 
however, the focus of project management and control 
will necessarily shift more to the state level. This change, 
along with the significant amount of additional time re
quired to complete environmental and design reviews, will 
dilute the effectiveness of private financing and control in 
achieving the key goals of fast-track implementation and 
internally managed cost control. As a result of these con
flicting influences, it is possible to foresee the evolution of 
two separate streams of projects-one with state-federal 
management and one with local-private management. 
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Future Private Sector Involvement in Toll Road 
Financing 

A review of the factors influencing toll road development 
in the United States suggests a mixed outlook for private 
sector participation in the future. A toll road, by the very 
nature of its financing structure, can and should be viewed 
as a business, for which the benefits of the private sector
efficiency and innovation-should be tapped. Alterna
tively, a toll road is also a public service, with complex, 
interactive effects on multiple private entities and public 
resources, often involving numerous political jurisdictions 
governed under varying and sometimes conflicting values 
and goals. While the public will indeed benefit from max
imizing the efficiency and effectiveness of a given project, 
the public will also rely on guarantees of service (e.g., 
access to land) in the face of threats to a project's viability. 

After consideration of these complementary and con
flicting toll road attributes, one can broadly conclude that 
public-private partnerships are likely to remain a force in 
U.S. toll road development in selected situations, as large, 
statewide roadway capital programs will not always be 
responsive to small area transportation needs and desires. 
These partnerships, including the potential for fully pri
vatized operations, will work most effectively in develop
ing areas where traditional state roles of regional and 
interregional service are less applicable. Further, economic 
and budgetary pressw·es on all levels of government will 
complement local development forces and desires for local 
control to shift management and financial responsibility 
to the private sector. Toll roads will, in many cases, 
represent the only path for early relief of inadequate access 
and roadway capacity; private control of those projects 
may, in many cases, represent the best way of ensuring 
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timely project implementation through assumption of ad
ditional financing risk in exchange for management 
control. 

The likelihood of a significant private sector presence 
notwithstanding, there appears to be more limited poten
tial for a large number of truly private highways, such as 
the Dulles Toll Road or the Cofiroute system in France. 
Given the number and diversity of parties affected by a 
toll road project, there may be limited benefit to all parties 
(as a whole) from taking the final step of total private 
ownership and control, even though this structure may 
operate as equitably as a special purpose authority or 
nonprofit corporation. The issue of public-private partner
ship really applies to the process requirements of imple
mentation and operations management. Given that the 
private sector can apply capital and risk in ways not 
permitted the public sector, and that it can typically bypass 
many of the process requirements of the public sector in 
managing implementation and operations, the private sec
tor will, in most cases, be able to channel the majority of 
benefits to a project without the ultimate step of indepen
dent ownership and control. 

In summary, therefore, those planning new toll roads in 
the coming years should be alert to the potential benefits 
of private sector participation in project finance, imple
mentation management, and operations management. 
Economic, fiscal, and political conditions within the fore
seeable future should continue to support public-private 
approaches which, if structured properly, will benefit all 
project participants. 

Publication of this paper sponsored by Committee on Taxation, 
Finance, and Pricing. 
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Local Government Participation in Federal 
Aid Highway Programs: FAUS Experience 
and Future Prospects 

RONALD EASH AND ANDREW PLUMMER 

This paper deals with local government participation in the 
existing Federal Aid Urban System (FAUS) highway pro
gram. The role of local elected officials in programming FA US 
projects provides some guidance for a future highway program 
directed toward urban area highway needs. A description of 
the FAUS program in northeastern Illinois illustrates how 
local FAUS programs are generally administered in a major 
urban area. Data on FAUS programs in other large and small, 
growing and mature regions were gathered through a ques
tionnaire distributed to selected Metropolitan Planning Or
ganizations (MPOs). Responses provided by MPO staff and 
the authors' experience with the northeastern Illinois FAUS 
program are the basis for an evaluation of the FA US program. 
The evaluation includes a discussion of local FAUS program 
strengths and weaknesses and some recommendations for 
future federal legislation. 

There is general agreement that the next major legislation 
for federal transportation funding will significantly change 
the organization, administration, and funding levels of 
federal aid highway programs. The next Surface Transpor
tation Assistance Act will undoubtedly be far different 
from the act of 1987 (1), which made few changes on 
highway programs and continued program authorizations 
at near existing levels until 1991. Future legislation will 
have to consider that the largest single highway program, 
interstate construction, is expected to end by 1993. 

Local government officials are speculating about postin
terstate federal aid highway programs and anticipating 
effects on their highway improvement programs. Urban
ized area governments are particularly anxious due to 
growing traffic congestion on suburban and urban arterial 
streets. Recent attempts to eliminate or change the funding 
levels of the FAUS program have further added to local 
government uncertainty about future highway funding 
levels. 

It seems reasonable to expect a postinterstate federal aid 
highway program directed toward urbanized area highway 
needs. Determining the funding levels for an urban area 
highway program and the procedures for developing eli
gible projects and moving them to contract are perhaps 

Chicago Area Transportation Study, 300 West Adams Street, 
Chicago, Ill. 60606. 

the biggest challenges facing the drafters of the next federal 
transportation legislation. One question this legislation will 
have to resolve is the role of local elected officials in a 
future urban area federal aid highway program. 

This paper relates the experience of local officials with 
the programming of projects for the FA US program. A 
brief description of the programming of FA US projects in 
northeastern Illinois illustrates how the FAUS program 
generally functions in a major urban area. The program 
was evaluated through a questionnaire distributed to se
lected Metropolitan Planning Organizations (MPOs), 
which were asked to describe the FAUS program in their 
regions and to evaluate local FAUS project programming. 
Some implications for new urban area highway legislation 
are developed from the MPO responses and from the 
authors' experience with the northeastern Illinois FAUS 
program. 

FEDERAL AID URBAN SYSTEM 
PROGRAM 

The FAUS program is the newest of the four federal aid 
highway system programs; interstate, primary, and second
ary are the previous three federal aid system programs. 
The FAUS program was established by the 1970 Highway 
Act (2), but became a major highway program only after 
passage of the 1973 Highway Act (3), which significantly 
increased the mileage in the FAU system and the level of 
federal funding. FAUS routes and programmed projects 
for federal cost sharing are selected with input from local 
elected officials in an urbanized area. Though the states 
are required to sign off on FAUS routes and improve
ments, the FAUS program, due to the number of local 
governments in urban areas, has more local government 
involvement than do the other federal aid highway system 
programs. 

With its urban area focus and the involvement of local 
elected officials, the FAUS program was intended to ac
complish three objectives ( 4): 

• Obtain federal highway funds for highway needs not 
eligible for other federal funding participation, 
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• Provide for a more equitable allocation of federal aid 
highway funds between urban and rural areas, 

• Base priorities for a portion of federal aid highway 
funding on highway needs of local governments. 

ORGANIZATION OF THE FAUS PROGRAM IN 
NORTHEASTERN ILLINOIS 

In northeastern Illinois, local FAUS program input is 
obtained through 11 suburban councils of mayors orga
nizations, plus the city of Chicago. Mayors and their 
representatives are consulted through these 11 working 
councils, which are based on geographic and jurisdictional 
boundaries. A map of the council areas is shown in 
Figure 1. 

The FAUS program in northeastern Illinois is adminis
tered through the region's MPO, the Chicago Area Trans
portation Study (CATS), which also prepares the region's 
Transportation Improvement Program (TIP) (5). The ma
jor FA US program responsibilities of CA TS are to keep 
track of FAUS expenditures by each council and to advise 
the councils of the balances remaining in their FAUS 
accounts. The agency also assists in the paperwork required 
to get projects into the region's TIP and prepares reports 
containing summary statistics on the program's operation, 
types of FAUS projects programmed, and estimates of 
project and regional impacts. 

Each council receives planning funds for a subregional 
planner who coordinates activities among council mem
bers. The subregional planner represents his council in 
meetings with CA TS, the Illinois Department of Trans
portation (DOT), federal transportation agencies, and 

MC HENRY LAKE 
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FIGURE 1 Map of council areas. 
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other regional transportation providers. Some council staff 
also perform small technical studies for their councils. 

There is no real competition between councils for FA US 
funds. The 11 suburban councils and Chicago share FAUS 
funds based on population. Reallocation of suburban 
FAUS funds does take place, however, whenever a council 
is unable to program enough projects to use up its FAUS 
funds. The shifting of FAUS funds between suhurhan 
councils is supervised by an executive committee elected 
from council members and staffed by CA TS. 

SURVEY OF METROPOLITAN PLANNING 
ORGANIZATIONS 

A questionnaire was mailed to MPOs around the country. 
These agencies were asked to describe the selection and 
programming of FAUS projects in their region. Some of 
the questions were open ended to allow further explanation 
oflocal procedures followed in the FAUS program. At the 
conclusion of the questionnaire, respondents were asked 
to critique their local FAUS programming process and 
to suggest changes in federal requirements. Any avail
able documentation on their FAUS programs was also 
requested. 

As outlined in the federal transportation planning reg
ulations, the role of the MPO in a region's FAUS project 
programming is limited. The MPO has joint responsibility 
with providers of transportation services to prepare the 
TIP, which must include all FAUS-funded projects. A 
more direct relationship between MPOs and FAUS pro
grams is the required endorsement by the MPO of the 
TIP's annual element, the section of the TIP that identifies 
projects to be funded in the next fiscal year. Within the 
existing legislation, this is evidence that local elected offi
cials have been involved in selecting FAUS projects. 

But most MPOs participate to a much greater extent in 
the programming of FAUS projects than the role outlined 
by the federal requirements for transportation planning. 
The MPOs are the principal recipients of federal funds for 
transportation planning. They are usually well-established 
planning agencies, and often the only agency with the 
resources to administer the local FAUS program. Organi
zations of elected officials that select FAUS projects are 
frequently affiliated with an MPO or are part of an MPO's 
organization, such as the MPO's policy-making board. 

The MPO is a common denominator in the FAUS 
program from one region to another. Staff of MPOs are 
usually rlirectly involved in the FAUS program, or at least 
knowledgeable about local procedures, and are a logical 
group to survey for an evaluation of the FAUS program 
across regions. 

Selection of MPOs 

Questionnaires were sent to 32 MPOs, all members of the 
National Association of Regional Councils' (NARC) MPO 
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TABLE I METROPOLITAN PLANNING ORGANIZATIONS THAT RETURNED 
QUESTIONNAIRES 

Metropolitan Planning Organization 

Middle Rio Grande COG: Albuquerque, New Mexico 

North central Texas COG: Arlington (Dallas-Ft . worth) , Texas 

Atlanta. Regional Council: Atlanta. Georgia 

Mid-Ohio Regional Planning Commission: Columbus. Ohio 

Denver Regional COG: Denver. Colorado 

Southeast Michigan COG: Detroit, Michigan 

Capital Region COG: Hartford, Connecticut 

Hid-America Regional Council: Kansas City, Missouri 

METROPU\N: Little Rock. Arkansas 

southern California Association of Governments: 
Los Angeles, California 

Wilmington Metropolitan Area Planning Coordinating Council : 
Newark (Wilmington). Delaware 

Regional Planning Commission for Jefferson, Orleans. St. Bernard. 
and St. Tammany Parishes: New Orleans. Louisiana 

Southwestern Pennsylvania Regional Planning Commission: 
Pittsburgh. Pennsylvania 

MPO Provided 
FAUS Program 
Documentation 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Bi- State Metropolitan Planning Commission: Rock Island. Illinois Yes 

Sacramento Area Council of Governments: Sacramento, California 

East-West Gateway Coordinating Counc il: St. Louis . Missouri 

San Diego Association of Governments: San Diego, California Yes 

Pima Association of Governments: Tucson, Arizonia Yes 

II 

Transportation Advisory Committee. The 18 MPOs that 
returned completed questionnaires are listed in Table 1. 
Nine of these 18 MPOs also returned additional material 
describing FAUS project selection and programming for 
their regions. This documentation made it possible later 
to check answers on the questionnaire. 

cent) and mature areas (growth rates roughly between plus 
and minus 5 percent) (Table 3). 

The responding MPOs represented regions in a range of 
different sizes. The regions fall naturally into four popu
lation groups (Table 2), based on their 1985 metropolitan 
area populations ( 6). 

The 18 MPOs also are distributed geographically among 
growing urban areas in the west, south, and southwest, 
and mature areas in the east and midwest. Population 
growth rates from 1980 to 1985 were used to sort regions 
into high growth areas (growth rates greater than 10 per-

Questionnaire 

The questionnaire was addressed to the MPO representa
tive on the NARC MPO committee, who usually com
pleted the questionnaire. With two exceptions, the respon
dent had been employed by the MPO for more than 5 yr. 

The questionnaire's format was generally multiple 
choice or short answer. Space was provided for an expla
nation of local circumstances not matching and of the 
possible answers when the multiple choice format was 
used. This format was selected to make the questionnaire 
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TABLE 2 METROPOLITAN PLANNING 
ORGANIZATIONS-REGIONAL POPULATION 
Population 

Group 

I 

II 

III 

IV 

Metropolitan Area 

Mock island 

Albuquerque 

Little Rock 

Wilmington 

Tucson 

Hartford 

Sacramento 

Columbus 

New Orleans 

Kansas City 

Denver 

San Diego 

Pittsburgh 

St. Louis 

Atlanta 

Dallas-Ft. Worth 

Detroit 

Los Angeles 

1985 
Population 

31'7. 200 

464,300 

498,500 

544,000 

585.900 

1.035.000 

1. 258. 500 

1. 287. 600 

1. 324. 400 

1. 493. 900 

1,827.100 

2.132,700 

2,337.400 

2,412.400 

2.471.700 

3 ,511.600 

4. 581. 200 

12.738.200 

less tedious to fill out and to focus responses. Unfortu
nately, the resulting questionnaire was lengthy because it 
was necessary to describe the alternative choices for many 
of the questions in detail. 

The questionnaire included five subject areas: a profile 
of the MPO, origination of FAUS projects, characteristics 
ofF AUS funding, development ofF AUS project priorities, 
and local PAUS program evaluation. Within each of these 
sections, questions were asked in the form of an outline. 
Instructions, such as "select one of the following," were 
provided as needed. A copy of the questionnaire is in
cluded in the project report. 

The questionnaire was tested by distributing it in ad
vance to several members of the NARC MPO committee. 
Their comments were incorporated into a revised ques
tionnaire with some additional instructions and slight 
rewording of several questions. After the completed ques-
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tionnaires were received, the answers to multiple choice 
and yes/no questions were entered into a microcomputer 
file to simplify data manipulation. 

INVOLVEMENT OF LOCAL ELECTED 
OFFICIALS IN DEVELOPING 
FAUS PROJECTS 

The MPO staff person was asked to describe the relation
ship between the organizations of elected officials con
sulted for programming FAUS projects and the MPO. Of 
five possible organizations identified on the questionnaire, 
only three were selected: (a) a direct relationship between 
the MPO and elected officials, whereby the organization 
of elected officials is also the MPO policy board; (b) an 
autonomous organization of elected officials with the 
MPO as a liaison between elected officials and transpor
tation providers; and (c) assembly and endorsement by the 
MPO of the FAUS component of the TIP from lists of 
projects developed by an autonomous organization of 
elected officials. Table 4 presents these responses by size 
of region. 

In smaller urban areas, the number of elected officials 
is so small that they can all be contacted through one 
regional organization of local elected officials. Such orga
nizations normally number 10-20 members and tend to 
be organized as part of the MPO (Table 4). 

For large metropolitan areas, a single working organi
zation of elected officials for FAUS project development 
and endorsement is impractical due to the number oflocal 
governments. FAUS projects in the TIP are endorsed by 
the MPO policy board representing all local officials. Pol
icy board membership is determined through elections or 
systematic rotation of membership. FAUS projects are 
either developed by smaller groups of elected officials, by 
state and regional service providers, or jointly by elected 
officials and providers. 

Questionnaire responses indicated that local officials 
have an active role in FAUS project development. In only 
one instance did a returned questionnaire say that the 
principal role of local officials was to endorse projects 
originated by state or regional transportation providers. 
All others answered that local officials were either primar
ily responsible for FAUS project development or shared 
this responsibility with providers. 

Local elected officials in most regions have a dual role 
in the FAUS programming process. They originate FAUS 
projects and also endorse the list of FAUS projects in the 
TIP, which includes projects they have put forth as well as 
projects reflecting priorities of state and regional transpor
tation providers. This dual role was brought out by the 
fact that several questionnaires had multiple answers for 
the role of local officials in the process. Positive responses 
were given for endorsement of project lists by local elected 
officials and also for one of the choices indicating some 
responsibility on the part of local officials for initiating 
FA US projects. 
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TABLE 3 METROPOLITAN PLANNING ORGANIZATIONS
GROWING AND MATURE REGIONS 

Type Region Metropolitan Area 

Percent Change 
1980 to 1985 
Population 

Mature Detroit -3.6 

Pittsburgh - 3. s 

Rock Island - 2 . 0 

St. Louis 1.5 

Hartford 2. l 

Columbus 3.5 

Wilmington 4 . 0 

Kansas City 4.2 

Litt le Rock 5 .1 

New Orleans 5.4 

Growing Tucson 10.2 

Albuquerque 10.5 

Los Angeles 10.8 

Denver 12.9 

Sacramento 14.4 

San Diego 14.5 

Atlanta 15.6 

Dallas-Ft. Worth 19.8 

LOCAL FAUS MATCHING FUNDS 

The local match for federal FAUS funds is provided by 
municipalities, counties, and states. The local matching 
source generally refers to the unit of government that 
controls the disbursement of funds, not the unit of govern
ment that collects the funds. In Illinois, a portion of state
collected gas taxes is distributed to municipalities for their 
use. 

The bar graph in Figure 2 shows local matching fund 
sources for the different MPO population groups. Larger 
metropolitan areas depend more on state and county 
sources for their local FAUS match share than do smaller 
regions, where the local match is more likely to be munic
ipal funds. 

Figure 3 is a second bar graph showing the source of 
local FAUS matching funds for mature and growing re
gions. Municipalities in growing metropolitan areas tend 

to provide a larger share of the local match than do 
municipalities in mature regions. 

FAUS PROJECT PRIORITIES 

To program FAUS projects, there must be some procedure 
to select projects for the Transportation Improvement 
Program and some means within the TIP to advance 
projects from the multiple year element to the annual 
element. In most metropolitan areas, FAUS funds are 
allocated to subareas or project categories before priorities 
are determined. Fifteen MPOs reported that FAUS funds 
are first distributed to local governments within the region. 
In larger urban areas, the most frequent allocation was to 
counties. Other regions distributed FAUS funds to munic
ipalities over a certain population and to urban/urbanized 
areas. 
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TABLE 4 RELATIONSHIP BETWEEN METROPOLITAN PLANNING 
ORGANIZATIONS AND LOCAL ELECTED OFFICIALS 

Nwnber of Positive Answers 

Directly Autonomous- Autonomous-
MPO Population Group Related MPO Liaison MPO Minor Role 

Group I (smallest) 4 2 0 

Group II 4 0 

Group III 4 

Group IV (largest) _Q ~ ___! 

Total(g) 12 5 3 

a. Two MPOs responded with two answers. 
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FIGURE 2 Sources of local matching FAUS funds by size of region. 

Population is used to allocate funds in nearly all in
stances. The legislation itself prescribes a population-based 
allocation of FA US funds between the central city and 
suburbs. Distributing FAUS funds in this manner spreads 
funds around a region in a politically acceptable manner 
and reduces the importance of project priorities. 

Several other means of allocating FAUS funds were 
described on the questionnaires. Six MPOs said that FAUS 
funds were distributed to different categories of projects. 

Several regions set aside a percentage of their FAUS funds 
for transit. In one metropolitan area, FAUS funds are 
divided among different functional classes of highways. In 
all cases, however, the allocation is the result of a negoti
ated policy agreement rather than an objective measure of 
need. 

The questionnaire asked how projects are compared to 
set priorities. The bar chart in Figure 4 lists the number 
of positive responses for five different levels of project 
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evaluation and prioritizing: (a) purely subjective project 
priorities, (b) priorities for general FAUS project cate
gories, (c) priorities based on technical studies without 
explicit ranking of projects, (d) formal ranking of projects, 
and (e) other methods for prioritizing FAUS projects. 

No one form of FAUS project evaluation and prioritiz
ing is dominant. Most agencies marked more than one 
choice, and it seems safe to say that FAUS project priorities 
are commonly based on some combination of technical 
evaluation and other considerations. Two agencies com
mented that project readiness for contract letting is a major 
consideration. 

EVALUATION OF LOCAL FAUS PROGRAMS 

MPOs were asked to indicate problems in programming 
FAUS projects from a list of expected problems. None of 
the MPOs indicated that it was difficult to develop suitable 
projects for FAUS funding, and several contended that 
they had a backlog of available projects. Six respondents 
reported a shortage of local matching funds in their re
gions. Eight MPO staff members noted disputes among 
local officials or between local and state officials over 
project priorities. Satisfying federal program requirements 
was cited as a problem by five MPOs. 

Following is a summary of other identified problems in 
processing FAUS projects through local programs: 

• Local governments are responsible for advancing 
FAUS projects through a local program, but some have 

trouble following the procedures required to move FAUS 
projects to contract letting. 

• Design standards required by federal participation are 
excessive and unnecessarily increase project costs. 

• The staff in FHW A regional offices are inflexible in 
interpreting program procedures; for example, insisting on 
an exact federal-to-local funding split of 75:25 even when 
local governments are willing to increase their share to 
expedite projects. (This comment was made prior to the 
1987 act.) 

• It is difficult to reach a fair and politically acceptable 
allocation of FAUS funds in the region. 

• There is uncertainty in annual federal funding due to 
federal program obligations and possible sanctions on 
federal funds due to a region's failure to meet air quality 
standards. 

Strengths of Local FA US Programs 

One characteristic oflocal FAUS programs was repeatedly 
noted as a major program strength. Thirteen respondents 
said that coordination between local governments, the 
MPO, public transportation providers, and the state was a 
major program strength. There is a very positive local 
opinion that the FAUS programming process produces a 
coordinated regional program through the joint efforts of 
participants. One questionnaire contained the comment 
that the FAUS program "is the only example of regional 
capital improvement programming in our area." 

The technical process itself, the evaluation of projects 
and development of priorities, was identified as a strength 



16 TRANSPORTATION RESEARCH RECORD 1197 

LO 

9 

n 
• 8 n 
~ 
a 
p. 

7 n 
• iz: 

~ 6 
> 
"' 
n 5 
a 

0.. 

.... 4 
a 

" 3 • .Q 

E 
~ 2 
z 

SUBJECT IVE CATEGORY TECHNICAL RANKING OTHER 

IZZJ I (Small) 
Population Group 

ISSJ If ~ III ~ IV (Large) 

FIGURE 4 Type of FAUS project evaluation. 

on four questionnaires. Another MPO felt that the allo
cation formula used in its region to distribute funds be
tween major highway and local street improvements was 
an advantage. Two respondents concurred with the na
tional objectives for the program in identifying local pro
gram strengths. In these two instances, local government 
ability to obtain federal funds and the use of FAUS funds 
to rebuild badly deteriorated urban facilities that could not 
otherwise be funded were identified as program strengths. 

Weaknesses in Local FAUS Programs 

The absence of the program strengths noted above was 
often felt to be a local program weakness. For example, a 
weak technical process for evaluating and prioritizing proj
ects was reported as a weakness by two MPOs. Not sur
prisingly, six MPOs said that there was too little federal 
money. Several MPOs argued that the mileage in their 
region's FAUS highway system is not balanced with fund
ing levels. There are so many FAUS route miles with 
deficiencies that current FAUS spending produces negli
gible impacts when measured on a regional system-wide 
basis. One MPO stated that limited FAUS funds restricted 
their use for nonhighway improvements, such as small 
transit projects and ridesharing programs. 

Several regions said that problems meeting program 
requirements delayed contract letting. In some regions, 
delays in meeting program requirements have caused 
unobligated balances to accumulate in FAUS accounts. 
These unspent funds make it difficult to argue that the 

FAUS program is needed to meet immediate highway 
needs or that it is efficient in meeting program objectives. 
Past inflation in highway construction costs also greatly 
reduced the purchasing power of these unspent FAUS 
dollars. 

Three MPOs said a poor working relationship between 
local governments and the state transportation/highway 
department prevented their region from meeting program 
requirements. Project design revisions were also cited by 
one MPO as a reason for delays in processing FAUS 
projects. 

Local Recommendations 

The overwhelming suggestion for improving the program 
was to increase flexibility in the FAUS program require
ments and their administration by FHW A regional offices. 
Three MPOs felt that block grants for local transportation 
improvements would improve the situation. Other sugges
tions made by MPOs to increase program flexibility in
clude the following: 

• Reduce the federal project approval role. 
• Eliminate the requirement that FAUS funds be spent 

only on designated FAUS routes. 
• Reduce program paperwork. 
• Eliminate the required formula allocation between 

central city and suburbs. 
• Permit more local discretion on the part of regional 

FHW A offices in project design and processing. 
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• Allow an implementing agency to set local match 
above minimum level, when desired. 

IMPLICATIONS FOR FUTURE LEGISLATION 

In the following sections, some comments on the ques
tionnaire answers and their implications for future urban 
highway programs are drawn from the authors' experience 
with the northeastern Illinois FAUS program. 

Program Flexibility 

Most local officials favor increased program flexibility, but 
there is little agreement on how to bring this about. Ulti
mate flexibility would be provided by local transportation 
block grants, but local government officials in northeastern 
Illinois have reservations about the block grant concept. 
Many feel it was proposed as a means to reduce funds to 
urban areas; others are concerned about state administra
tion of a block grant program. Another unknown is 
whether transit projects would receive more or less funding 
through a block grant program. 

Several steps toward increased FAUS program flexibility 
were included in the 1987 legislation. A new program 
provision allows local governments to set the local match 
above the 25 percent figure in the legislation. The five
state demonstration block grant program for FAUS and 
secondary highways will answer many of the questions 
raised about this approach. 

Program Administrative Requirements 

Many of questionnaire responses regarding administrative 
requirements had a familiar ring to them. However, FAUS 
program requirements have become less burdensome in 
northeastern Illinois as the local FAUS program has ma
tured. Most importantly, the federal project approval time 
has been substantially reduced in this region over the past 
several years. 

Two developments have contributed to this reduction 
in approval time. First, most communities now hire a 
consultant to manage the implementation of the project, 
including the approval process. In the early local history 
of the program, FAUS projects would get lost in the 
changing priorities of a community. Municipal staff would 
find themselves working on other projects and later dis
cover that no progress had been made toward approval of 
their FAUS projects. A second factor was the initiation of 
meetings between communities and the FHW A by the 
local Illinois Department of Transportation office. The 
meetings have resulted in fewer delays, more flexibility in 
project design, and a greater willingness on the part of 
communities to use FAUS funds. 
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Ability of Local Governments to Participate 

In critiquinq local government participation in the FAUS 
program, it should be remembered that the FAUS program 
is modeled after the earlier highway system programs that 
emphasize state participation. By structuring the FAUS 
program along the lines of earlier federal aid highway 
system programs, the expectation is that local governments 
will perform some of the functions that states carry out in 
federal aid highway programs. 

The survey shows that some local governments cannot, 
nor are they inclined to, perform as states do in the other 
highway programs. State highway and transportation de
partments have been partners in major federal aid highway 
system programs for several decades and have a well
established bureaucracy in place to meet program require
ments. State staff have good working relationships with 
FHW A regional personnel and have accumulated special
ized knowledge of the federal aid highway programs as 
they have evolved. 

Specific FAUS Program Problems 

Two specific FAUS program problems cited on the ques
tionnaire have generally not been an issue in northeastern 
Illinois: designation of FAUS routes and central city
suburb allocation of FAUS funds. Designation of FAUS 
routes is a nonissue in northeastern Illinois for an unfor
tunate reason. Inappropriate additions to the region's 
FAUS network over the past several years have produced 
a regional FAU system that includes too much local street 
mileage without regional significance. When FAUS proj
ects are approved on local streets, the improvements re
quired by federal standards are excessive, given their 
traffic. The use of FAUS funds for local street improve
ments is concentrated in those communities least able to 
finance capital improvements. and it amounts to a very 
small portion of the total regional FA US program. 

The current allocation between the suburbs and the city 
of Chicago is 57:43. The city historically has carried a 
$10-20-million unobligated balance, while the suburban 
area has maintained a far smaller $1-3-million balance 
over the last 5 yr. Yet, there is little sentiment to eliminate 
the city-suburb allocation of funds based on population. 
This arrangement keeps volatile city-suburb issues from 
intruding on the FAUS program, and neither side is sure 
from year to year of its political ability to influence the 
allocation in its favor. 

Sharing of Program Responsibilities 

If local governments participate in a future federal highway 
program, they must also share in its maintenance. At the 
very least, local governments should document how local 
elected officials are involved in the selection of projects 
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and provide some minimal measures of the effectiveness 
of improvements built under the program. 

The questionnaire asked each MPO to return documen
tation on its local TIP or FAUS program with the com
pleted questionnaire. Half the responding MPOs returned 
some material, indicating that many regions have little 
or no documentation on the operation of their FAUS 
program. 

Process documentation is useful for a variety of reasons. 
It can be used to brief newly elected local officials on how 
the program operates or to promote the FAUS program 
among local governments to increase their participation. 
This documentation is a first step toward introducing 
changes in local program administration. It also provides 
evidence of local officials' participation if the local pro
gram's legality is challenged. 

Few regions appear to have measures of the impacts of 
FAUS projects other than their cost and the federal funds 
brought into the region. This lack of documentation on 
program impacts makes it all but impossible to demon
strate the benefits from FAUS projects or to compare the 
FAUS program with other federal aid highway programs. 
Project documentation does not have to be a detailed 
analysis of the benefits of each improvement, but need 
only include available data assembled during design and 
submission of the project for federal aid approval orga
nized in an accessible format. 

Project Priorities 

The survey indicated that no single form of evaluation and 
priority setting dominates local FAUS programs. The 
northeastern Illinois experience is that technical evaluation 
of FAUS projects has become prevalent as more eligible 
projects are developed. This region has gone from one 
council performing a technical project evaluation to vir
tually all councils using some formal project analysis in 
the last 3 yr. 

This situation is due to having more projects rea<ly for 
approval than available funds. Formal project evaluation 
has forced harsh decisions to delay ready projects until 
more worthy projects are funded. In most project evalua
tion schemes, smaller less-costly projects tend to rank 
higher, spreading FAUS dollars among more projects and 
communities. Marginal projects are less likely to be pro
posed, and the 5-yr program in the TIP is more realistic, 
making it easier to move projects to the annual element 
of the TIP. 
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CONTINUING LOCAL GOVERNMENT 
PARTICIPATION 

The arguments for participation by local officials in a 
forthcoming federal aid urban highway program are 
stronger today than they were when the FAUS legislation 
was first enacted. Although the degree and effectiveness of 
local officials' involvement in the FAUS program varies 
from region to region, the FAUS program has achieved a 
reasonable level of success in meeting its objective oflocal 
participation in the regional programming of federal aid 
highway improvements. Original concerns that the FAUS 
program would not function due to the parochial interests 
oflocal officials have proved by and large to be groundless. 

Increasing traffic congestion in urbanized areas is a 
national issue threatening the economic vitality of both 
growing and mature urban areas. Local officials' under
standing of local highway needs, combined with their 
ability to influence land development, seems a necessary 
input into any federally supported urban highway program 
directed toward alleviating urban congestion. 
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Cost-Effectiveness Methodology for 
Two-Way Left-Turn Lanes on 
Urban Four-Lane Roadways 

PATRICK T. McCov, JOHN L. BALLARD, DUANE S. EITEL, AND WALTER E. WITT 

Two-way left-turn lane (fWL TL) medians are commonly used 
to solve the safety and operational problems on four-lane 
undivided roadways caused by conflicts between through and 
left-turn traffic. Although the potential safety and operational 
effects of TWLTL medians are well recognized, there are no 
generally accepted guidelines that define the circumstances 
under which the costs of TWL TL medians are justified by the 
benefits they provide. The objectives of the research on which 
this paper was based were (a) to evaluate the safety and 
operational effects of TWL TL medians on urban four-lane 
roadways, (b) to develop a methodology for evaluating the 
cost-effectiveness of TWLTL medians, and (c) to use this 
methodology to develop guidelines for their co t-effoctive use. 
The cost-effectiveness methodology that was developed is 
presented in this paper. The formuhttion of the cost-effective
ness methodology was based on a benefit-cost analysis ap
proach. The benefit were the accident and operational cost 
savings provided by lWLTL medians. The costs were those 
of installing and maintaining the medians. A TWL TL evalu
ation form was designed to facilitate tbe implementation of 
the methodology. In addition, a sample problem illustrating 
the application of tJ1e methodology is presented. 

The two-way left-tum lane {TWLTL) is commonly used 
to solve the safety and operational problems that result 
from conflicts between through traffic and midblock left
turn movements on four-lane undivided roadways. Left 
turns from a four-lane undivided roadway are made from 
through traffic lanes, causing through vehicles in these 
lanes to change lanes or be delayed. But on a roadway 
with a TWL TL, the deceleration and storage of left-turn 
vehicles are removed from the through lanes. Thus, con
flicts between through and left-tum traffic are eliminated, 

P. T. McCoy, Department of Civil Engineering, University of 
Nebraska-Lincoln, W343 Nebraska Hall, Lincoln Nebr. 68588-
053 L J. L. Ballard, Department of Industrial and Management 
Systems Engineering, University of Nebraska-Lincoln, 175 Ne
braska Hall, Lincoln, Nebr. 68588-0518. D.S. Eitel and W. E. 
Witt, Roadway Design Division, Nebraska Department of Roads, 
P.O. Box 94759, Lincoln, Nebr. 68509-4759. 

and through vehicles can pass left-tum vehicles without 
changing lanes and without delay. 

Although the potential safety and operational effects of 
the TWL TL are recognized by highway engineers, there 
are no generally accepted guidelines that define the circum
stances under which the costs of providing TWLTL me
dians are justified. Numerous before and after studies of 
the safety effectiveness of the TWL TL have been con
ducted. However, empirical data pertinent to the assess
ment of the operational effectiveness of the TWLTL are 
lacking. Therefore previous attempts to develop guidelines 
for the use of the TWL TL have focused on the safety 
benefits and have not adequately accounted for the oper
ational effectiveness of the TWL TL. 

The overall objective of the research on which this paper 
was based was to develop guidelines for the use ofTWLTL 
medians on urban four-lane roadways that account for the 
operational as well as the safety effects of these medians. 
Specific objectives of the research were {a) to evaluate the 
safety and operational effectiveness of TWLTL medians 
on urban four-lane roadways, (b) to develop a methodol
ogy for evaluating the cost-effectiveness of the TWL TL, 
and (c) to apply thjs methodology to develop guidelines 
for the cost-effective use of TWLTL medians on urban 
four-lane roadways. The methodology and guidelines were 
developed to enable the identification of sections of urban 
four-lane undivided roadway on which the costs of provid
ing TWLTL medians are justified. 

Formulation of the cost-effectiveness methodology was 
based on a benefit-cost evaluation. The benefits were the 
accident and operational cost savings provided by TWLTL 
medians· the costs were those of installing and maintaining 
TWLTL medians. According to the methodology, if the 
benefits of a TWL TL exceed its costs the TWLTL is cost
effective. Otherwise, it is not cost-effective. 

The cost-effectiveness methodology is described in this 
paper. The step-by-step procedure and calculation form 
that were designed to facilitate the implementation of the 
methodology are presented. In addition, an example illus
trating the application of the methodology is provided. 
The guidelines developed and other findings of the research 
are presented elsewhere (J). 
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ACCIDENT COST SAVINGS 

Two procedures are used in the cost-effectiveness meth
odology to compute the accident cost saving provided by 
TWLTL medians: one method applies to proposed four
lane roadways that do not have accident histories; and the 
other, to existing four-lane undivided roadways that have 
accident histories. A description of both procedures fol
lows. 

Proposed Roadways 

An analysis of accidents on urban four-lane sections of the 
state highway system in Nebraska was conducted to deter
mine the safety effects ofTWLTL medians (1). As a result 
of this analysis, it was concluded that the accident reduc
tions (Table 1) and the accident severity (Table 2) for four
lane undivided roadways should be used in the cost-
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effectiveness methodology. The accident reductions (Table 
1) represent the number of accidents per mile that would 
not occur if an urban four-lane roadway with a TWL TL 
median were built instead of a four-lane undivided road
way. If the TWLTL were not included, these accidents 
would be expected to occur on the four-lane undivided 
roadway. 

The average cost of these accidents is computed by 
applying the unit accident severity costs to the accident 
severity for four-lane undivided roadways shown in Table 
2 as follows: 

AC= O.OOOlF + 0.265PJ + 0.734PDO (1) 

where 

AC= average cost of an accident on an urban four
lane undivided roadway ($/accident); 

F =average cost of a fatal accident ($/accident); 

TABLE 1 ANNUAL REDUCTION IN ACCIDENTS PER MILE 

Driveways Per Mile 

ADT ~45 50 ~55 

~ 8,000 0 0 0 

10,000 25 5 0 

12,000 50 30 5 

~14,000 75 55 30 

TABLE 2 ACCIDENT SEVERITY ON FOUR-LANE UNDIVIDED 
ROADWAYS 

Level Percentage 

of of 

Severity All Accidents 

Fatal 0.1 

Nonfatal Injury 26.5 

Property Damage Only 73.4 

100.0 
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PI= average cost of a nonfatal injury accident ($/ac
cident); and 

P DO = average cost of a property-damage-only accident 
($/accident). 

The 1986 unit accident costs used by the Nebraska 
Department of Roads are $220,000 per fatal accident; 
$9,300 per nonfatal injury accident; and $1,190 per prop
erty-damage-only accident. Substituting these costs in 
equation 1, the average cost of an accident on a four-lane 
undivided roadway is $3,560. 

Therefore, the annual accident cost savings provided by 
the installation of a TWL TL on an urban section of 
proposed four-lane undivided roadway are 

ACS= $3,560 RL (2) 

where 

ACS= annual accident cost savings provided by a 
TWL TL on proposed urban four-lane roadway 
($/year); 

R = annual accident reduction from Table 1 (acci
dents/mile/year); and 

L =length of the roadway section (miles). 
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Thus, equation 2 is used in the cost-effectiveness meth
odology to compute the accident cost savings provided by 
TWLTL medians on proposed urban four-lane roadways. 

Existing Roadways 

As a result of the accident analysis conducted in this 
research (1), it was concluded that an accident reduction 
factor of 30 percent should be used to compute the safety 
benefits of adding TWLTL medians to existing urban four
lane undivided roadways. Therefore, the annual accident 
cost savings provided by the installation of a TWL TL on 
an existing four-lane undivided roadway are 

ACS= 0.30 (P.NF + Pl·NPI + PDO·NPDo) (3) 

where 

ACS= annual accident cost savings provided by a 
TWLTL on existing urban four-lane undivided 
roadway ($/yr.); 

TABLE 3 REGRESSION EQUATIONS FOR PREDICTING REDUCTIONS IN STOPS AND DELAY 

Traffic 

(vph) Reduction Equatlonb 

<800 stops in S - 0.00579 Vt + 0 . 0117 Vi - 0.006780 0.975 

delay in 0 - 0.00845 Vt + 0 . 0330 V£ - 0.005610 - 0.0000308P 0.978 

;::BOO stops in s - 0.00610 Vt + 0 . 0282 vd 0.996 

delay in 0 - 0 . 00898 Vt + 0 . 0652 Vd 0 . 996 

aTraffic volume in each direction. 

b S - reduction in stops (number per hour per 1,000 ft.) 

D - reduction in delay (seconds per hour per 1,000 ft.) 

Vt average traffic volume per direction (vph) 

Vi - sum of left - turn volumes in both directions (vph) 

Vd - average left - turn volume per driveway (vph per driveway) 

D - driveway density (driveways per mile) 
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F = average cost of a fatal accident ($/accident); 
NF= average number of fatal accidents per year; 
PI= average cost of a nonfatal injury accident ($/ac

cident); 

N Pno = average number of property-damage-only acci
dents per year. 

NPI =average number of nonfatal injury accidents per 
year; 

For the 1986 unit accident costs used by the Nebraska 
Department of Roads, equation 3 becomes the following: 

PDO = average cost of a property-damage-only accident 
($/accident); and ACS= 66,000 NF + 2,790Nn + 357NPno 

TABLE 4 STOPPING COSTS (2) 

Traffic Volumea 

Vehicle Type 

Passenger Car 21.00 

Single Unit Truck 48 . 47 

3-S2 Combination Truck 163.99 

Note: Values are dollars per 1 , 000 stops. 
~raffic volume in each direction. 
bspeed = 40 mph . 
cspeed = 35 mph . 

TABLE 5 UPDATING MULTIPLIERS FOR STOPPING COSTS (2) 

Vehicle Type Updatin:J Fo:rnula 

>650 vphc 

17.75 

43 . 88 

151.47 

Passer¥Jer car M = 0.0022 CPIF + 0.0001 CPio + 0.0033 CPLr + 0.0001 CPIM + 0.0017 CPio 

Si.njle Unit Truck M = 0.0018 WPIF + 0.0031 WPLr + 0.0002 CPIM + 0.0008 WPio 

3-S2 CClnbination Truck M = 0.0008 WPIFD + 0.0047 WPLr + 0.0001 CPIM + 0.0003 WPio 

'#here: 

CPIF - Consumer Price Irdex - Private Transportation, Gasoline Regular ard Premium 

CPio - Consumer Price Irdex - Private Transportation, M:Jtor Oil, Premium 

CPLr - Consumer Price Irdex - Private Transportation, Tires 

CPIM - Consulier Price Index - Private Transportation, Auto Repairs an:l Maintenance 

CPio - Consumer Price Irdex - Private Transportation, Autcm:Diles, New 

WPIF - Wholesale Price Index - Regular Gasoline to catmercial Users (Code No. 05710203. 05) 

WPIFD - Wholesale Price Iniex - Diesel FUel to canmercial Users (Code No. 05730301.06) 

WPLr - Wholesale Price Iniex - ~Tires (Code No. 07120105.07) 

WPio - Wholesale Price Index - M::ltor Truck (Code No. 141106) 

(4) 
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OPERATIONAL COST SA VIN GS 

Operational cost savings provided by TWL TL medians 
are the savings in road-user stopping and travel time costs 
that result from the reductions in stops and delay provided 
by TWL TL medians. A computer simulation study (J) 

TABLE 6 VALUES OF TIME (2) 

Vehicle Type $/vehicle-hour 

Passenger Car 

Single Unit Truck 7 . 00 

3-S2 Combination Truck 8 . 00 

aFor low time savings, average trips, and 

1.56 adults per vehicle. 
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was conducted to determine these reductions. The regres
sion equations {Table 3), which were determined in the 
computer simulation study, are used in the cost-effective
ness methodology to predict the reductions in stops and 
delay provided by TWL TL medians. The calculation of 
the operational cost savings using these predicted reduc
tions, described below, is based on economic analysis 
procedures published by AASHTO (2). 

Stopping Costs Savings 

The savings in stopping costs are computed from the 
reductions in stops provided by TWLTL medians. The 
hourly stopping costs savings are computed as follows: 

3 

scs = 0.00528 tJ,,S . L L P;S;M; (5) 
i ""' l 

where 

SCS = stopping costs savings provided by a TWL TL on 
an urban four-lane roadway ($/hour); 

TWO·WAY LEFT-TURN LANE EVALUATION FORM8 

Project ................................................................. Analyst ............................. ............... Date ····-···-·· .. •········· 

Location: On .... ................... ..... - ... .... ... .. From ..................................... ..... To .................. .. ... .. ....... .. .... ..... . 

Length .................... ... .. miles Number of Drivewaysb .................. ........ Driveways Per Mile .... ......... ........... . 

ADT ........... - ..... .. ... ........ . vpd Truck Percentages: Single Unit .. ... ...... .. % 3-S2 Combinations .............. % 

Step 1. Calculate Daily Reductions in Stops and Delay. 

@ 
Directionol 
Volume 
Ringo 
(vphl 

0-100 

101 -200 

201 -300 

301-400 

401-500 

501-600 

601-700 

701-800 

801-900 

901-1,000 

1,000-1,100 

Total 

@ 0 
No. of Average 

Hours Per Directionol 
Div in Volume 
Ringo in Range 

(vphl 
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"Applicable to four-lane roadways only. 

@) 
Aver119e 
L•~·Turn 
Volume 
in Renge 

(vphl 

brotal number of driveways on both sides of roadway. 

coirectional volume equals total volume divided by two. 

® 
Reduction in 
Stop1 from 
Tobie A1 
(ltopl/hrl 

dTotal left -turn volume in both direct ions per 1,000 ft . of section length. 

FIGURE 1 Two-way left-turn-lane evaluation form. 

@ G) @ 
Reduction in Stop1 Deley 
Deloy from Reduction Reduction 
Tobit A2 @top& ~~ (sec/hr I x 2 

Subtotal A 

Subtotal 8 

Total 
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S =reduction in stops from Table 3 (num
ber/hr/1,000 ft); 

L = length of roadway section (miles); 
P; = proportion of vehicle type i in the traffic stream 

(%/100%); 
S; = stopping cost for vehicle type i from Table 4 

($/1,000 stops); and 
M; = updating multiplier for vehicle type i from 

Table 5. 
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included: passenger cars, single-unit trucks, and 3-S2 com
bination trucks. The speeds used to determine the stopping 
costs shown for each level of traffic volume are the same 
speeds used in the computer simulation study (J) and were 
intended to approximate the speed-volume relationships 
on urban arterial roadways (3). A speed of 40 mph was 
used for traffic volumes of 650 vph or less; a speed of 35 
mph was used for traffic volumes greater than 650 vph. 

The stopping costs in Table 4 are those published by 
AASHTO (2) for the year 1975. Three vehicle types are 

The updating multipliers in Table 5 enable the 1975 
stopping costs in Table 4 to be updated to the current year. 
These multipliers are computed according to the AASHTO 
(2) procedures based on changes in consumer and whole
sale price indices ( 4). 

Step 2. Calculate Con Per Stop. 

(1) <2'l (3) C4l 
Updating 

Proponion Stopping Multiplier 
Vehicle of Costb from 
Type8 Traffic ($/stop) Table A3 

(a.) Directional Volume ~700 vph 

PC 0.02100 

SU 0.04847 

3·S2 0.16399 

Total A 

(b.) Directional Volume> 700 vph 

PC 0.01775 

SU 0.04388 

3-S2 0.15147 

Total B 

ape - passenger car; SU - single unit truck; 3-S2 - 3-S2 combination truck. 
bSource: Reference 30. 

Step 3. Calculate Hourly Time Cost. 

G) (2) (3) C4l @ 
1975 

Proponion Value of Current 
Vehicle of Timeb Year 1975 
Type& Traffic ($/veh-hr) CPfC CPIC 

PC 0.35 156.1 
>-· -

SU 7.00 156.1 

3-S2 8.00 156.1 

Total 

ape - passenger car; SU - single unit truck; 3-S2 - 3-S2 combination truck. 
bSource: Reference 30. 
cconsumer Price Index. 

FIGURE I continued 

@ 
cost 

Per Stop 
($/stop) 

®x@x@ 

® 
Hourly Time 

Cost 
($/hour) 

@X @ X@I@ 
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Travel Time Costs Savings 

The savings in travel time costs are computed from the 
reductions in delay provided by TWL TL medians. The 
hourly travel time costs savings are computed as follows: 

TCS = 0.00147 11D L CPI ± P;T; 
156.l ;~ 1 

where 

(6) 

TCS = travel time costs savings provided by a TWL TL 
on an urban four-lane roadway ($/hour); 

W =reduction in delay from Table 3 (sec/hr/l,000 
ft); 

L = length of roadway section (mi); 
CPI= consumer price index; 

P; = proportion of vehicle type i in the traffic stream 
(%/100%); 

T; =value of time for vehicle type i from Table 6. 

The values of time in Table 6 are those established by 
AASHTO (2) for the year 1975. However, the results of 
equation 6 are updated to the current year by the ratio 

Step 4. Calculate Annual Operational Cost Savings. 

(al Stops: 

Subtotal A, 
Col. 7, Step 1 

(b) Delay: 

Total 
Col. B, Step 1 

(c) Total : 

[--·····---············· 
(a) 

x 

+ 

x 

FIGURE 1 continued 

Total A 
Col. 5, Step 2 

Subtotal B, 
Col. 7, Step 1 

Total 
Col. 6, Step 3 

x 

25 

(CPI I l 56. l ), which is the current consumer price index 
divided by the 1975 consumer price index. 

The value of time shown in Table 6 for passenger cars 
was computed from the information given by AASHTO 
(2) for low time savings on average trips (i.e., $0.21 per 
person/hr and l.56 persons per vehicle). These categories 
were used because (a) all delay reductions found in the 
computer simulation study were in the low time savings 
range ( 0-5 min per vehicle), and (b) the effects of TWL TL 
medians apply to all trip types (1). 

Annual Operational Cost Savings 

The annual operational cost savings provided by TWL TL 
medians are computed by summing the hourly stopping 
and travel time costs savings from equations 5 and 6 as 
follows: 

24 

OCS = 365 L (SCS; + TCS;) (7) 
i=I 

where 

OCS = annual operational cost savings provided by a 
TWLTL on an urban four-lane roadway ($/yr); 

Total B 
Col. 5, Step 2 

3,600 

Daily Stopping 
Costs Savings 

($/day) 

+ ----------------------------
(sec/hour) 

365 

(days/year) 

Daily Delay 
Costs Savings 

($/day) 

Annual Operational 
Cost Savings 

($/year) 
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SCS; = stopping costs savings from equation 5 for the 
ith hr of an average day ($/hr); and 

TCS; = travel time costs savings from equation 6 for the 
ith hr of an average day ($/hr). 

In equation 7, stopping and travel time costs savings are 
computed for each of the 24 hr in an average day. How
ever, these savings are not computed for any hours with 
traffic volumes outside the traffic volume range ( l 00-
1, l 00 vph in each direction) of the regression equations in 
Table 3. The stopping and travel time costs savings are 
assumed to be zero for hours with volumes less than l 00 
vph in each direction. The cost-effectiveness methodology 
is not applicable to roadways with hourly directional vol
umes above 1, l 00 vph. 

TWLTLCOST 

The TWL TL cost used in the cost-effectiveness method
ology is the additional cost of right-of-way, construction, 

Step 5. Calculate Annual Accident Cost Savings. 
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and maintenance required by providing a TWL TL on an 
urban four-lane roadway. The annual cost of the TWLTL 
is computed as follows: 

SV · i 
C = (FC - SV) · CRF;,n + loO + M (8) 

where 

C = annual cost of providing a TWLTL on an 
urban four-lane roadway ($/year); 

FC = initial cost of the TWL TL, which includes 
additional right-of-way and construction costs 
($); 

SV = salvage value of the TWL TL ($); 
CRF;,n = capital recovery factor for interest rate i and 

project life of n years; and 
M = annual cost of maintaining the TWL TL 

($/year). 

(a) Existing Four-Lane Undivided Roadway With Accident History: 

(i) 

Accident 
Severity 

Fatal 

Nonfatal Injury 

Property-Damage-Only 

Total Col. 4 

(2) 

Number of 
Accidents 

No. of Years of 
Accident History 

(3) 

Unit Accident 
Cost Savingsll 
($/accident) 

$66,000 

2,790 

357 

I Total 

(b) Proposed Four-Lane Roadway Without Accident History : 

Annual Accident 
Reduction from 

Table A4 
(accidents/year) 

x 
Length of 
Section 
(miles) 

x 
$3,560 

Average 
Accident Costb 

($/accident) 

@ 
Accident 

Cost Savings 
($) 

2 x 3 

Annual Accident 
Cost Savings 

($/year) 

Annual Accident 
Cost Savings 

($/year) 

asased on 30% reduction in accidents and 1986 unit accident costs used by Nebraska Department of 
Roads ($220,000 per fatal accident; $9,300 per nonfatal injury accident; and $1, 190 per property· 
damage-only accident). 

bsased on 1986 unit accident costs used by Nebraska Department of Roads and accident severity of 
four-lane undivided roadways (0.1% fatal; 26.5% nonfatal injury; and 73.4% property-damage-only 
accidents). 

FIGURE 1 continued 
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The user of the cost-effectiveness methodology must 
determine the initial cost, salvage value, capital recovery 

.factor, and maintenance cost to be used in equation 8. 

cost are equal, the results indicate indifference relative to 
the cost-effectiveness of the TWLTL. 

The cost-effectiveness methodology is organized into an 
eight-step procedure. A TWLTL evaluation form that 
contains the step-by-step approach was designed to facili
tate the implementation of the procedure. The evaluation 
form and the tables used in conjunction with it are pre
sented in Figure I. The following is an explanation of each 
step in the evaluation procedure shown in Figure I. 

PROCEDURE 

In the cost-effectiveness methodology, the sum of the 
annual accident and operational cost savings provided by 
the TWLTL is compared to the annual cost of the 
TWLTL. If the annual cost savings are greater than the 
annual cost, the TWLTL is cost-effective; if the savings 
are less than the annual cost, the TWL TL is not cost
effective. When the annual cost savings and the annual 

Step 1: Calculate Daily Reductions in Stops and Delay 

Tl>e daily reductions in stops and delay that are provided 
by the TWLTL are calculated by summing the reductions 

St9P 6. Clllculate Total Annual Cost Savings. 

+ 

Annual Operational 
Cost Savings 
from Step 4 

($/year) 

Annual Accident 
Cost Savings 
from Step 5 

($/year) 

Total Annual 
Cost Savings 

($/year) 

Step 7. Calculate Annual TWL TL Cost. 

First Cost: $ .... ·--··-··-·· ·······-··· ······· Project Life ................ yrs. 

Salvage Value: $....................................... Interest Rate ---·-----·--· % 

·····--··-·---··-··] Salvage Value 
($) 

x 
Capital Recovery 

Factor 

100% 
+ --··- ···--· -·-----····-· x 

Salvage Value 
($) 

Interest Rate 
(%) 

+ 
Annual Maintenance 

Cost 
($/year) 

Annual TWLTL Cost 
($/year) 

Step 8. Compare Savings to Cost. 

FIGURE 1 continued 

B: .. ·---·-·- ·---- - -···--- vs. 
Total Annual Cost 

Savings from Step 6 
($) 

Conclusion: 

C: -·--·-····· - ··-···· .. ·-· ··-·· ··· 
Annual TWL TL Cost 

from Step 7 
($) 

B > C, TWL TL cost-effective .............................. . 

B < C, TWL TL not cost-effective . ................... - ....... . . 

B = C, Indifference .............................. . 
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during each hour of an average da:' during which the mean 
directional volume (i.e., total volume divided by two) is 
greater than 100 vph. Although these reductions could be 
computed for each hour individually, acceptable results 
can be obtained by grouping the hours of the day into 
100-vph directional volume ranges and then computing 
the reductions for the hours in each range using the average 
of the hourly directional volumes in the range. The reduc
tions in stops and delay are assumed to be zero during the 
hours when the mean directional volume is less than 100 
vph. Two subtotals are computed for reductions in stops 
because a 40-mph speed is assumed in computing stopping 
costs for hours with mean directional volumes of 700 vph 
or less, and a 35-mph speed is assumed for hours with 
mean directional volumes above 700 vph. The methodol
ogy is not applicable to roadways with mean directional 
volumes greater than 1, 100 vph. 

Step 2: Calculate Cost Per Stop 

The cost per stop is calculated as the weighted average of 
the stopping costs of the passenger cars, single-unit trucks, 
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and 3-S2 combination trucks in the traffic stream. The 
unit stopping costs are 1975 stopping costs published by 
AASHTO (2). The updating multipliers enable the 1975 
stopping costs to be updated to the current year in accor
dance with the AASHTO (2) procedures. 

Step 3: Calculate Hourly Time Cost 

The hourly time cost is calculated as the weighted average 
of the hourly time costs of the passenger cars, single-unit 
trucks, and 3-S2 combination trucks in the traffic stream. 
The unit values of time are 1975 values published by 
AASHTO (2) updated to the current year by means of the 
consumer price index in accordance with the AASHTO 
(2) procedures. 

Step 4: Calculate Annual Operational Cost Savings 

The annual operational cost savings are calculated by 
applying the unit costs computed in steps 2 and 3 to the 
daily reductions in stops and delay computed in step 1. 

Table A 1. Equations for predicting reductions in stops. 

Traffic 
Volume& Equationb 

(vph) 

<800 65 = 5.28 L. e (5.79 Vt+ 11.7 V1 -6.780) /1,000 

:.=:::000 6 5 = 5.28 L. e (6.10 Vt+ 28.2 Vd) /1,000 

a Average traffic volume per direction (total traffic volume/2). 

bc,5 = reduction in stops (stops/hour). 
L = length of roadway section (miles). 

Vt = average traffic volume per direction (vph). 
V 1 = total left-turn volume in both directions per 1,000 ft. of section (vph). 
V d = average left-turn volume per driveway (vph per driveway). 
0 = driveway density (driveways per mile). 

Table A2. Equations for predicting reduction in delay. 

Traffic 
Volume& Equationb 

(vph) 

<800 6 O = 5.28 L . e (8.45 Vt+ 33.0V1 - 5.61 0 - 0.0308P) /1,000 

~800 6 0 = 5.28 L. e (8.98 Vt+ 65.2 Vd) /1,000 

a Average traffic volume per direction (total traffic volume/2). 

b 60 = reduction in delay (seconds per hour). 
L = ,length of roadway section (miles). 

Vt = average traffic volume per direction (vph). 
V1 = total left-turn volume in both directions per 1,000 ft. of section length (vph). 
V d = average left-turn volume per driveway (vph per driveway). 
0 = driveway density (driveways per mile). 
p = Vt·V1 

FIGURE 1 continued 
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Step 5: Calculate Annual Accident Cost Savings 

One of two procedures is used to calculate the annual 
accident cost savings. If the TWLTL is being added to an 
existing four-lane roadway with an accident history, the 
annual accident cost savings is computed on the basis of a 
30-percent reduction in the average number of fatal and 
nonfatal injury and property-damage-only accidents per 
year during the accident history. If the TWLTL is being 
added to a proposed four-lane roadway without an acci
dent history, the annual accident cost savings is computed 
on the basis of a predicted reduction in accidents per year. 
The unit accident costs are 1986 costs used by the Ne
braska Department of Roads. 

Step 6: Calculate Total Annual Cost Savings 

The total annual cost savings are the sum of the annual 
operational cost savings computed in step 4 and the annual 
accident cost savings computed in step 5. 

Tabla A3. Updating multipliers for stopping costs.a 

Vehicle Type Updetino Formula 
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Step 7: Calculate Annual TWLTL Cost 

The annual cost of TWL TL is the sum of the capital 
recovery cost of the TWL TL and the annual cost of 
maintaining the TWL TL. 

Step 8: Compare Savings to Cost 

The final step in the procedure is to determine whether or 
not the TWLTL being evaluated is cost-effective. This 
determination is based on a comparison of the TWL TL 
median's benefits, which are the total annual cost savings 
computed in step 6, to its annual cost, which is computed 
in step 7. If its benefits are greater than its cost, the TWLTL 
is cost-effective. If its benefits are less than its cost, the 
TWL TL is not cost-effective. If its benefits are equal to its 
cost, the results of the evaluation are indifferent relative 
to the cost-effectiveness of the TWLTL. 

SAMPLE PROBLEM 

A sample problem, which illustrates the application of the 
cost-effectiveness methodology, follows. This sample illus-

1986 
Multiplier 

Passenger Car M - 0.0022 CPIF + 0.0001 CPlo + 0.0033 CPIT + 0.0001 CPIM + 0.0017 CPlo 1.643 

Single Unit Truck M = 0.0018 WPIF + 0.0031WPIT+0.0002 CPIM + 0.0008 WPID 1.796 

3·S2 Combination Truck M = 0.0008 WPI FD+ 0.0047 WPIT + 0.0001 CPIM + 0.0003 WPID 1.562 

where: 

CPIF - Consumer Price Index - Private Transportation, Gasoline Regular and Premium 

CPlo - Consumer Price Index - Private Transportation, Motor Oil, Premium 

CPIT - Consumer Price Index - Private Transportation, Tires 

CPIM - Consumer Price Index - Private Transportation, Auto Repairs and Maintenance 

CPID - Consumer Price Index - Private Transportation, Automobiles, New 

WPIF - Wholesale Price Index - Regular Gasoline to Commercial Users !Code No. 05710203.05) 

WPIFD - Wholesale Price Index - Diesel Fuel to Commercial U•ers !Code No. 05730301.06) 

WPIT - Wholesale Price Index - Truck Tire• (Code No. 07120105.07) 

WPID - Wholesale Price Index - Motor Truck (Code No. 141106) 

"Source: Reference 30. 

Table A4. Annual reduction in accidents per mila. 

Drivewavs Per Mila 
ADT S 45 50 ;:::.:55 
~ 8,000 0 0 0 

10,000 25 5 0 
12,000 50 30 5 

;?14,000 75 55 30 

FIGURE 1 continued 
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trates the use of the methodology to evaluate the addition 
ofa TWLTL to an existing four-lane undivided roadway. 

Traffic congestion, caused by conflicts between left-turn 
and through traffic, is being experienced during several 
hours each day on a 1,000-ft section of an urban four-lane 
undivided street that serves commercial development. The 
ADT on the street is 18,000 vpd with 18 percent single 
unit and l 0 percent combination trucks. Within the 1,000-
ft section, there are five driveways. Throughout much of 
the day, the left-turn volume into these driveways is about 
10 percent of the traffic volume on the section. During the 
past 3 yr, there have been 14 accidents on the section: 6 
nonfatal injury and 8 property-damage-only accidents. 

Addition of a TWL TL is being considered to improve 
the safety and efficiency of traffic operations on the street. 
Therefore, the cost-effectiveness of installing and main
taining a TWL TL on this section is to be determined. 
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The completed Two-Way Left-Turn Lane Evaluation 
Form for this problem is presented in Figure 2. The 
evaluation was conducted using 1986 cost data. A brief 
explanation of each step of the evaluation follows. 

Step 1: Calculate Daily Reductions in Stops and Delay 

The hourly distribution of directional volumes shown in 
column 2 (Figure 2) was determined from traffic counts 
conducted at the site. During 4 hr of the day, directional 
volumes are not greater than 100 vph. Therefore, accord
ing to the cost-effectiveness methodology developed in this 
research, the reductions in stops and delay are assumed to 
be zero during these 4 hr. The average values of directional 

TWO·WAY LEFT·TURN LANE EVALUATION FORMa 

Project .................... {~!!~J?P.!~J ............................. Analyst ....... ~.c_!l__._jo_n_e_~ ................... Date .... tJ./.TLtJ.9-...... . 

Location : On ......... '!.'::!:: .. A ...................... From .. ..... .f!r_~t_J!: ...................... To ...... F..<!!-!!P!.?.L ................... . 

Length ......... ~: .Z~ ......... miles Number of Drivewaysb ........... .?. ............ Driveways Per Mile ......... ~~----···----· 

ADT ........ z~~~~~-------------· vpd Truck Percentages: Single Unit .... !~-----% 3-S2 Combinations ..... !.~-----% 

Step 1. Calculate Daily Reductions in Stops and Delay. 

@ ® G) @ 
Directional No. of Average Average 

Volume Hours Per Directional Left-Turn 
Range Day in Volume Volume 
(vph) Range in Range in Range 

(vph) (vphl 

0-100 4 ::1;;.~l~~~ 'ct rJ :;.;4; • ·!> ~Ii 
tw~, .. ~ - .. 
'.i;{'l<J;:~~!i~ 

101 -200 2 119 24 

201-300 3 256 50 

301-400 1 387 76 

401-500 1 472 92 

501-600 2 555 108 

601-700 3 621 122 

701-800 6 733 144 

801 -900 2 819 160 

901 -1,000 

1,000-1,100 

Total 24 

•Applicable to four -lane roadways only. 

bTotal number of driveways on both sides of roadway . 

coirectional volume equals total volume divided by two. 

@ 
Reduction in 
Stops from 

Table A1 
(stops/hr) 

'"'\!/;\~ ~~,.,;""'.; 
2.2 

6.7 

19.2 

38.0 

74.0 

127 .7 

197.7 

365.6 

d Total left-turn volume in both directions per 1,000 ft . of section length. 

© G) 
Reduction in Stops 
Delay from Reduction 
Table A2 @Jtop@ 
(sec/hr I x 2 

>?F."?,,,'14"~" ~WJIE~ ~~;. \\'~W~'!.~B~°'.:~.r.;' :i-.. ,.. .... _.'l 

4.8 4 

26.5 20 

113.2 19 

255.8 38 

525.8 148 

895.4 383 

Subtotal A 612 

4,737.6 1,186 

12,634.9 731 

Subtotal B 1,917 

Total 

FIGURE 2 Example of completed two-way left-turn-lane evaluation forms. 

® 
Delay 

Reduction 
(seconds) 
@x@ 

'·1.!)'•~(f~_;p,1.· ~?J:"i-1" ;'.f&. 

10 

80 

113 

256 

1,052 

2,686 

~~;E{~!\)})% 
28,426 

25,270 

.;.t~'::j(i~:··.~~ 
57,893 



McCoy et al. 

volume and left-turn volume, shown in columns 3 and 4 
(Figure 2), were computed from the traffic count data. 
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Step 3: Calculate Hourly Time Cost 

Step 2: Calculate Cost per Stop 

The cost per stop was computed for the traffic composition 
of 72 percent passenger cars, 18 percent single-unit trucks, 
and l 0 percent combination trucks. This cost was updated 
using the 1986 multipliers given in Table A3 of Figure 1. 
One cost per stop was computed for the 12 hr during 
which the directional volume was 700 vph or less. Another 
cost per stop was computed for the 8 hr during which the 
directional volume was above 700 vph. 

The hourly time cost was computed for the traffic com
position of 72 percent passenger cars, 18 percent single
unit trucks, and 10 percent combination trucks. It was 
updated using the 1986 consumer price index of 362.3. 

Step 4: Calculate Annual Operational Cost Savings 

Utilizing the results of the previous steps, an operational 
cost savings of nearly $240/day was computed. Based on 

Step 2. Calculate Cost Per Stop. 

(i) (2) (3) (4) 
Updating 

Proportion Stopping Multiplier 
Vehicle of Costb from 
Type& Traffic ($/stop) Table A3 

(a.) Directional Volume~ 700 vph 

PC 0.72 0.02100 1.643 

SU 0.18 0.04847 1.796 

3·S2 0.10 0.16399 1.562 

Total A 

(b.) Directional Volume > 700 vph 

PC 0.72 0.01775 1.643 

SU 0.18 0.04388 1.796 

3-S2 0.10 0.15147 1.562 

Total B 

ape - passenger car; SU - single unit truck; 3-52 - 3-S2 combination truck. 
bSource : Reference 30. 

Step 3. Calculate Hourly Time Cost. 

(1) (2) <Jl \4) ® 
1975 

Proponion Value of Current 
Vehicle of Timeb Ye• 1975 
Type& Traffic ($/vah-hr) CPIC epic 

PC 0.72 0.35 362.3 156.1 

SU 0.18 7.00 362.3 156.1 

3-52 0.10 8.00 362.3 156.1 

Total 

ape - passenger car; SU - single unit truck; 3-S2 - 3-S2 combination truck. 
bSou rce : Reference 30. 
cconsumer Price Index. 

FIGURE 2 continued 

(5) 
Cost 

Par Stop 
($/stop) 

@x@x@ 

0.0248 

0.0157 

0.0256 

0.0589 

0.0210 

0.0142 

0.0237 

0.0589 

(6) 

Hourly Time 
Cost 

($/hour) 
@x@x@t@ 

0.585 

2.924 

1.857 

5.366 
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365 days/yr, this amounts to an annual operational cost 
savings of$87,500/yr. 

Step 5: Calculate Annual Accident Cost Savings 

The street in this problem is an existing four-lane undi
vided roadway with an accident history. Therefore, com
putation of the annual accident cost savings of$6,532 was 
based on a 30-percent reduction in accidents. 

Step 6: Calculate Total Annual Cost Savings 

The sum of the annual operational and accident cost 
savings is $94,000. More than 90 percent of this total is 
operational cost savings. 

S.p 4. Calcu 18'9 Annutl Operatiol'lll Cott S.vinp. 

(el Stops: 

612 

Subtotal A, 
Col. 7, Step 1 

(bl Delay: 

........ ?.°!!.~?.! ________ _ 
Total 

Col. B, Step 1 

(cl Total: 

[--------!-~~r---- -----

x 

+ 

x 

FIGURE 2 continued 

0.0661 

Total A 
Col. 5, Step 2 

-·---!!~.?.!._ __ ___ _ 
Subtotal B, 

Col. 7, Step 1 

5.366 

Total 
Col. 6, Step 3 

x 

+ 
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Step 7: Calculate Annual TWLTL Cost 

The estimated first cost of the TWLTL is $200,000. In 
accordance with the policy of the agency for which the 
analyst works, a zero salvage value and a 6-percent interest 
rate were used. Because substantial traffic impacts are 
expected to result from future development planned along 
other sections of the street, a project life of only 5 yr was 
used. The estimated annual maintenance cost of $1,000 /yr 
includes pavement repair, pavement markings, and snow 
removal that would be required by the TWL TL. 

Step 8: Compare Savings to Cost 

The total annual cost savings are greater than the annual 
cost of the TWLTL. Therefore, the TWLTL is cost-effec
tive. In fact, it is cost-effective solely on the basis of the 

0.0589 ·- .... - ·~-·· ·-·····-·· ·· 

Total B 
Col. 5, Step 2 

3,600 

(sec/hour) 

365 

(days/year) 

153.36 
· ··· ·-~·-- -- · ··~· · -···•&& 

Daily Stopping 
Costs Savings 

($/day) 

86.29 

Daily Delay 
Costs Savings 

($/day) 

........ ~.! •. ~!!.<!... __ , 
Annual Operational 

Cost Savings 
($/year) 
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Step 5. Calculate Annual Accident Con Savings. 

(a) Existing Four-Lane Undivided Roadway With Accident History : 

CV (2l (3) (4) 
Accident 

Unit Accident Con Savings 
Accident Number of Cost Savings• ($) 
Severity Accidents ($/accident) @x@ 

Fatal 0 $66,000 0 

Nonfatal Injury 6 2.790 16,740 

Property-Damage-Only 8 357 2,856 

Total 19,596 

------·--~-~!-~-~·~··--------- + 
3 - - ···-- -§,_~!.? _ .. ___________ _ 

Total Col. 4 No. of Years of 
Accident History 

Annual Accident 
Cost Savings 

($/year) 

(b) Proposed Four-Lane Roadway Without Accident History : 

Annual Accident 
Reduction from 

Table A4 
(accidents/year) 

x -··-·-···-·--······-··-···-
Length of 
Section 
(miles) 

x 
$3,560 

Average 
Acc ident Costb 

($/accident) 

Annual Accident 
Cost Savings 

($/year) 

a eased on 30% reduction in accidents and 1986 unit accident costs used by Nebraska Department of 
Roads ($220,000 per fatal accident; $9,300 per nonfatal injury accident; and $1, 190 per property
damage-only accident). 

baased on 1986 unit accident costs used by Nebraska Department of Roads and accident severity of 
four -lane undivided roadways (0. 1% fatal; 26.5% nonfatal injury ; and 73.4% property-damage·only 
accidents). 

FIGURE 2 continued 

operational cost savings. However, it is not cost-effective 
solely on the basis of the accident cost savings. 

CONCLUSION 

The methodology presented in this paper provides a prac
tical, quantitative procedure for evaluating the cost-effec
tiveness ofTWLTL medians on urban four-lane roadways. 
However, factors other than cost-effectiveness must also 
be considered before making the final decision to install 
a TWLTL. Even though it may be evaluated as cost
effective, a TWLTL may not be appropriate in a par
ticular case because of other factors such- as inadequate 
sight distance, high pedestrian volume, classification as a 

major arterial street, short block lengths, inappropriate 
driveway configuration, and availability of adequate, in
direct left-tum access. The results obtained by using the 
cost-effectiveness methodology must be considered in light 
of these other factors. 
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Transport Demands of Scotland's 
High-Technology Industries 

KENNETH J. BUTTON 

The nature of U.K. industry has changed considerably over 
the past two decades. Traditional industries have declined 
with the advent of high-technology products. Equally, produc
tion techniques of the established sector have also been sub
jected to major change. This paper looks at the role transport 
now plays in the new industrial situation and the different 
pressures that high-technology manufacturing industry is 
placing on transport suppliers. The paper takes, as a case 
study, the transport needs of the high-technology enclave 
known as Silicon Glen in central Scotland and examines how 
a sample of high-technology firms use different transport 
modes and how transport fits both into their production pro
cess and into the way the local labor market functions. 

The importance of suitable transport infrastructure in 
attracting industry to specific locations has long been 
recognized although the exact nature of the link has been 
the subject of some dispute. In the United Kingdom, the 
initial strategic planning of the trunk road system, for 
example, was to a large extent justified in terms of stimu
lating economic development and balanced growth (1). 
More recently, though, the link between transport and 
industrial location has been perceived to be weaker; the 
Armitage Inquiry (2), for instance, places transport costs 
toward the bottom of the list of influences affecting the 
location of factories or industrial distribution systems. An 
oft-cited reason for this view is that the financial costs of 
transport for modern, footloose firms constitute only a 
small part of total production costs. In truth, however, it 
seems more likely that the importance of transport lies 
somewhere between these extremes. 

The changing nature of western economies, with the 
onset of postindustrialization combined with major shifts 
away from the traditional industries in the manufacturing 
sector, means that a better understanding of linkages be
tween modern industry and transport would help future 
infrastructure planning. 

In the specific context of high-technology industry, the 
role of transport in influencing location has, in the past, 
proved difficult to isolate. The work that has been done is 
primarily American. Rosenfeld et al. (3), for example, 

Applied Microeconomics Research Group, Department of Eco
nomics, Loughborough University, England. 

found that in the southern states, while pockets of growth 
have occurred in rural counties, "new technology indus
tries grew [between 1977 and 1982] predominantly in 
counties with interstate corridors." In contrast, Glasmeier 
et al. ( 4), although finding that airport proximity was a 
significant attribute for an area seeking to attract high
technology firms, also found that the quality of the local 
freeway network was not. To add to this rather confused 
picture, while Hummon et al. (5) found that 60 percent of 
high-technology firms in Pennsylvania stated that Phila
delphia International Airport was an important variable 
in their decision making (4 percent said it had no effect); 
Allen and Robertson (6) found that proximity to a com
mercial airport rated only 16th in order of importance in 
influencing location choices of high-technology firms and 
17th when questions of expansion arose. The most extreme 
position has perhaps been taken by the U.S. Congress Joint 
Economic Committee (7), "The traditional locational fac
tors of access to markets and raw materials [are] not 
important factors for high-technology plant location 
decisions." 

The evidence available in the United Kingdom is, to 
date, much less extensive. There is some general indication 
(8) that proximity, which is not explicitly defined or quan
tified, to international aviation services and to a good road 
network is helpful in attracting research and development 
(R&D) firms to science parks. A more thorough study of 
the M4 Corridor in Berkshire highlighted the importance 
of access to Heathrow Airport and to the national motor
way system in the decision making of electronics compa
nies (9). Some relevant details from this latter study are 
set out in Table 1. 

There are a number of reasons why the work in this area 
is relatively thin and why the studies that have been 
completed often generate conflicting results. 

First, high technology is difficult to define in a way that 
generates data suitable for quantitative analysis. Those 
who have studied the sector, be it in terms of labor needs, 
transport use, or technology diffusion, have used a variety 
of definitions, usually based on groupings derived from 
the official Standard Industrial Classifications (SIC) (10) 
for a comparison of some of the groupings of SIC industrial 
classes used in empirical work. Sometimes the definition 
is essentially subjective (i.e., the investigator simply takes 



36 

TABLE I INFLUENCE OF TRANSPORT AVAILABILITY 
ON FIRMS LOCATING IN BERKSHIRE (9) 

Cor.1municatioas 

He:uhrow Airport 
Other Airports 
M4 Motorway 
Other Motorways & 
MajN Roads 
Rail Network 

Percentage of Firms 

Single Firm 
Firms 

77 
9 
73 

36 
23 

Multi-Site 
Firms 

72 
II 
50 

44 
22 

Total 
Firms 

75 
10 
63 

40 
23 

those SIC industries "felt" to be high technology); while 
on other occasions, more specific criteria are employed 
(e.g., the percentage of personnel engaged in R&D or 
officially classified as scientists, engineers, and techni
cians). While the latter approach is often claimed to be 
objective, it in fact requires judgment regarding critical 
cutoff points. The major problem with all approaches that 
rely on the SIC categorization is that, even at the lowest 
level of aggregation, each SIC category contains a mix of 
high- and low-technology firms, making meaningful analy
sis difficult. 

Second, this problem is linked with the need to decide 
whether one draws the boundaries of high-technology in
dustry simply around the manufacture of high-technology 
products or whether the domain includes the high
technology service industries and/or those traditional in
dustries, such as automobile manufacturing and textiles, 
that have introduced robotics into their production process 
and computers into their design work. 

Third, on the other side of the equation, there is the 
problem of specifying exactly what constitutes the trans
port input into high-technology production. Traditionally, 
analyses of industrial location and production costs have 
focused on the financial transport costs of distributing 
final outputs to market and of acquiring necessary raw 
materials and intermediate goods. High-technology pro
duction (setting aside the issue of exact definitions for the 
moment), it is generally agreed, involves high-value prod
ucts with short technical shelf lives resulting in concomi
tantly high inventory-holding costs. Consequently, speed 
and reliability in transportation are frequently more im
portant than the simple financial costs involved. Addition
ally, many aspects of producing high-technology goods 
necessitate employing scarce, qualified personnel; and the 
ability to attract qualified workers may, to some extent, 
depend on local access to social and recreational facilities. 
Specification of the transport variable is, therefore, ex
tremely difficult; and certainly use of accountancy data 
relating to the direct financial outlays of firms can be 
potentially misleading. 

Fourth, and tied to the above because of the high inven
tory costs involved, high-technology firms tend to employ 
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more up-to-date management procedures than traditional 
companies and have relatively sophisticated logistics sys
tems (11). Consequently, at the micro-level of analysis, 
involving case study work, one needs to go beyond the 
simple transport or distribution management function 
within a company to study the entire production process. 
Because of the importance of communications in the 
sector and the development of ideas and concepts, person 
movements cannot be ignored. 

Finally, high-technology goods, like all products, have a 
product life-cycle ( 12, 13) with each product going succes
sively through development, growth, maturity, and decline 
phases before finally becoming obsolete. With high
technology products, the first two phases are particularly 
important-indeed, are possibly the major characteris
tics-and these phases have transport implications some
what different from those of the late phases. It is, thus, 
necessary when examining transport needs of high
technology industry to be clear about the exact phase under 
review rather than to average across entire life-cycles. 

This study attempts to circumvent some of these prob
lems by adopting a case-study-oriented approach. The 
empirical work focuses on a small number of firms located 
in a limited geographical area. Further, it concerns itself 
with only producers of high-technology goods and does 
not attempt to extend analysis to either the service sector 
or to the use of high-technology products in older indus
tries. It relies on unstructured interviews, questionnaires, 
and observation rather than on statistical analysis of pub
lished data sets, the objective being to incorporate quali
tative as well as quantitative factors. While this method 
may appear less rigorous in the sense that generalizations 
are less easy to make, it does avoid the potential pitfalls 
that can occur if one examines only hard numbers and 
relies on data averaged over a large set of often heteroge
neous firms frequently involved in different stages of a 
product's life-cycle. In the U.K. context, this method also 
helps minimize the added complication that many high
technology plants are foreign owned and fulfill the role of 
providing back-door access to European markets by U.S. 
and Japanese companies. This latter feature of the U.K. 
industry means there is a wider picture to consider-a 
picture somewhat different from that examined in studies 
conducted in the United States. 

SILICON GLEN 

Silicon Glen in central Scotland and the M4 Corridor in 
the south of England are generally agreed to be the United 
Kingdom's two main high-technology production centers. 
There are, in addition, several major science parks (most 
notably Silicon Fen or the Cambridge Phenomenon in 
Cambridgeshire) and smaller geographical concentrations 
of production. The rationale for focusing on the Scottish 
high-technology sector is that, unlike the M4 Corridor, the 
transport system of the area is not totally dominated by 
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major national transport terminals (e.g., Heathrow Air
port) or by the hubbing of the national motorway system. 
Nor has the area the overriding natural advantage of being 
adjacent to one of the world's leading financial centers or 
to a major market for high-technology products. Silicon 
Glen, like several other high-technology centers, enjoys 
good transport facilities; but decisions about locations and 
production require trading these off against other, less 
advantageous features of the area. It is also worth noting 
that the Scottish high-technology industry is important in 
its own right and represents a major growth sector in the 
Scottish economy. Table 2 is based on a definition ofhigh
technology industry derived from an industrial grouping 
comprising the 10 industries with the highest ratio of 
intramural R&D to value added in the United Kingdom. 
The importance, in employment terms, of high-technology 
industry to Scotland in the early 1980s is indicated in 
Table 2. Employment has subsequently remained fairly 
stable. The output of these same 10 industrial classes nearly 
doubled between 1975 and 1983, when manufacturing 
output as a whole fell; and in 1984 there was a further 25-
percent rise (Figure 1 ). 

Just as an exact definition of high technology is elusive, 
so is the location of Silicon Glen. Some previous studies 

TABLE 2 EMPLOYMENT IN HIGH-TECHNOLOGY 
INDUSTRY IN SCOTLAND 

1979 1980 1981 1982 

High-Technol ogy 
Employment in 
Sco tland 45400 47900 47500 46200 

Share of High
Te r.hnology in 
Manufac ture 
Employment 7.9 9.0 10.0 10.3 

(Source : C .M.J.McKay, A Note on High Technology 
Man11facturing in Sco tland, Sc o ttish E co nomic llu/
/etin . No. 32, 1985, pp .10-11.) 

200 H igh -Technology Indus try 
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60 
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FIGURE 1 Index of production for Scotland 
(1980 = 100). 

37 

have defined it broadly to encompass the whole east-west 
corridor across central Scotland (10), while others have 
taken a much smaller area such as Glenrothes, north of 
Edinburgh across the Firth of Forth (14). Certainly the 
claims of the region around Edinburgh, encompassing the 
area to the west and north of the city, to be called Silicon 
Glen seem to be strong. Table 3 provides a breakdown of 
the U.K. location quotients for some of the sectors often 
deemed to be high-technology oriented. If one focuses 
purely on the Scottish high-technology sector, then the 
Fife region (together with the very north of Scotland) is 
the only one with a location quotient for R&D employ
ment in excess of 2.0 (15). In addition, Lothian and Fife 
represent major exporting regions contributing a substan
tial part of the increase in electronics exports, from $593 
million in 1980 to $1,300 million in 1983. For these 
reasons, the region is important for the future of the 
national economy. 

The study area has an established transport infrastruc
ture with links to both the main national trunk road 
network and the intercity rail system. Transport times to 
major European destinations by road and rail are given in 
Table 4. There are international air and sea terminals, 
including container ports at Leith and Grangemouth and 
airports at Prestwick, Glasgow, and Edinburgh, coupled 
with a small local airport at Glenrothes. The quality of 
access also depends on the availability of transport com
panies operating in the area. Some 30 TIR carriers operate 
around Edinburgh through 20 roll-on/roll-off points in 
the United Kingdom, and numerous domestic haulage 
companies also operate in the highly competitive market 
place. In addition, a number of international freight han
dlers, such as LEP Transport Ltd., IPEC, TNT, and MSAS, 
provide a comprehensive range of services including pack
aging, customs documentation, and pickup-and-delivery 
services. 

Despite these transport facilities, however, there is still 
some concern about the access the area enjoys to the 
national market. Tyler and Kitson (16), using an index of 
transport costs, found less geographical variations between 
regions than some of the earlier studies did. Nevertheless, 
the Edinburgh area still showed a transport index of 2.18 
for mechanical engineering and of2.36 for export-oriented 
activities (the lowest cost locations having the base index 
of 1.00). The relevance of Tyler and Kitson's study for 
high-technology industries, however, is uncertain given the 
industries' particular characteristics and the study's exclu
sive focus on freight movements. 

SAMPLE 

The definition of high-technology industry, as emphasized 
above, is problematic. Indeed, given the heterogeneity of 
both product and production methods within a single 
industry, the notion of high-technology industry has been 
dismissed by some (17). There seems to be a general 
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consensus, however, of what is meant by a high-technology 
firm (although this may well differ between countries 
depending on the overall state of economic development), 
and it is this concept that is favored here. The firms 
subjected to detailed, case study examination were selected 
following discussions with area economic agencies, local 
government personnel, consultants who have been actively 
involved in high-technology industry, and acaciemics at 
local research centers. The vast majority of the firms 
sampled were located in the "new towns" of Livingston 
(to the west of Edinburgh) and Glenrothes (to the north). 

In all, some 16 companies were initially involved, al
though one ceased to produce in the area in late 1986 and 
has been excluded from the analysis. Lengthy interviews 
were held at the firms' plants with transport, personnel, 
marketing, and production management; and the logistics 
systems in operation were inspected. Details of the size 
and ownership of the companies are set out in Table 5. 
The dominance of U.S. and, more recently, Japanese 
involvement in the area is apparent. The firms were also 
relatively large; their primary function was the manufac
ture of high-technology components or the assembly of 
finished goods, although, in several cases, they also under
took product development and marketing activities. 

Table 6 provides a subjective assessment of the mode of 
competition of the various firms and offers a general guide 
to the stage in the product life-cycle in which their partic
ular activities fall (J 8). Innovation is important at the 
earlier stages of the life-cycle; cost, at the maturity and 
decline phases. The role of transport is likely to differ 
according to the firm's mode of competition. Most of the 
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sample firms, mainly foreign-controlled plants, are at the 
latter end of the product life-cycle (i.e., when customer 
service anci low-cost production become important). One 
would anticipate from the previous studies of links be
tween product life-cycles and transport (12, 18) that these 
plants would be seeking reliable transport (for customer 
service) or economy in movement (for cost leadership). 

The length of time the firms had been located in Silicon 
Glen varied, although 60 percent had been established on 
their premises since 1980. The newness of the firms, 
coupled with the high level of foreign ownership, is fairly 
typical of the high-technology industry in the area. Overall, 
figures from the New Town Development Corporation 

TABLE 4 TRANSPORT TIMES TO EUROPE 
FROM CENTRAL SCOTLAND 
-------------
Destination Da~· 3 Taken 

London 
Paris 
Brussels 
Frankfurt 
Milan 
Copenhagen 
Berlin 
Rome 
Oslo 
Dublin 

Rail Road 

II'.'. 
2 
'.'. 
3 
3 
4 

5 
4 
5 

2 
2 
2 
4 
3 
3 
4 

3 
1 

-----------------------------

TABLE 3 LOCATION QUOTIENTS FOR COUNTIES FOR INDIVIDUAL 
HIGH-TECHNOLOGY SECTORS: 1981 DAT:\ (9) 

Location 
Quotient 

MLH272 MLH363 MLH364 MLH365 MLH366 MLH367 MLH383 

8.Q:--------~----~---------~--------~---Mict-Gla~~~g:;;-----------~------------~-~-----

7.5-8.0 
7.0-7 5 
6 5-7 0 
5 , 5·6 0 
5 .0-5 5 

4 5-5 0 

4 0-4 .5 

3.5-4 .0 

3.0-3.5 

2.5-3 0 

2 0-2 5 

Not1inghamshire 
West Sussex 

Fife Region 

Cheshire Cleveland 
Nottinghamshire 

West Midlands 

Essex 
Berkshire 

Hertfordshire 

Hertfordshire Merseyside Fife Region Hampshire 

Kent 

Merseyside 

Essex Hampshire 

Bedfordshire 
Mid-Glamorgan 
Willshire 

West Sussex 

Staffordshire 

Avon 
Isle of Wight 

Somerset 

Hertfordshire 
Derbyshire 
Lancashire 
Clwyd 

West Sussex 
Fife Region 
Berkshire 

Lolhian Region 
Hertfordshire 

Essex 
Dorset 

Surrey Gloucestershire 

Kent Dorset 
Hampshire Surrey 

--------------- --------------- - - ----------------------------- ---
365 -_- Broadcast List Headjn~s: 272 - Pharmaceuticals; 363 - Telegraph & Telephones; 364 - Radio & Electronic; 

Sound; 366 - Electronic Computers; 367 - Radio, Radar & Electronics; 383 - Aerospace 
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TABLE 5 CHARACTERISTICS OF SAMPLE FIRMS 

Employees Number of Firms Ownership 

11-5o ____________ 3 ______ u i<m Fra-;;e( IJ ;Japa; (l) 

51-100 3 USA(2); Japan(!) 
101-400 3 UK(!); USA(!); Japan(!) 
401-600 3 USA(2) ; UK(!) 
601-1000 2 USA(2) 
1001+ I UK(!) 

TABLE 6 MODES OF COMPETITION 
ENGAGED IN BY SAMPLE FIRMS 

Mode of Competition Number of Firms 

----··-----·----------------
Product Innovation 
Consumer Service 
Cost Leade~s hip 

6 
4 
5 

show that in Livingston 41.9 percent of employees work 
in externally owned, mainly foreign multinational com
panies; and in Glenrothes, 37 percent. 

The companies interviewed were also typical of those in 
the region in that they were predominantly from the 
electronics sector. They were, however, chosen so as to 
encompass the main high-technology activities within this 
sector, ranging from silicon wafer circuiting to the produc
tion of video machines and from the manufacture of 
computers to the production of technical ceramics. Those 
interviewed confirmed that their use of transport was much 
the same as that of similar companies in the area; indeed, 
several of the personnel had previously been employed by 
other local companies. 

In terms of factor and goods movements, the foreign
owned firms tended to bring inputs from the United States 
and Japan (with smaller flows from continental Europe), 
process them in combination with U.K. inputs, and then 
distribute them to the U.K. market and continental Eu
rope, especially the European Economic Community (19) . 
The U.K.-owned firms served mainly the domestic market; 
defense equipment was a dominant feature of their pro
duction. This picture fits closely with an earlier study by 
the Scottish Development Agency which showed that 80 
percent of foreign-owned electronics multinationals in 
Scotland were selling more than 20 percent of their output 
overseas compared with only 41 percent of Scottish-owned 
firms. 

SIMPLE ANALYSIS OF TRANSPORT USED 

A simple questionnaire approach, asking transport man
agers about the transport modes used to bring inputs to 
the plants and those used to distribute the final products 
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to markets, yielded the results seen in Figures 2 and 3. 
This form of analysis has, in the past, been widely used in 
the study of transport utilization in the production process. 
As one can observe, air transport plays a central role and 
appears to be more important than is generally the case 
with traditional industries-a reflection of both the phys
ical nature of the materials involved and the international 
orientation of the firms located in Silicon Glen. The 
contrast with other industries in the area is clear if refer
ence is made to a recent study of the transport demands 
of a mixed group oflocal firms carried out in conjunction 
with the planning of the Edinburgh City By-Pass (20). 

The usefulness of such analysis is, however, questiona
ble. It is clear that many of the companies make extensive 
use of forwarders and have very limited knowledge of the 
forms of transport actually used, while others tended to 
respond to the questions excessively in terms of the dom
inant, usually trunk haul, segment of a trip. For this latter 
reason, shipping emerges as important to many firms; 
their transport movements involving roll-on/roll-off ferries 
are classified as "by sea" rather than "by road." In some 
instances where, for example, a manager thinks a consign
ment is going by air (because it has a flight number), it is 
actually taken by road; Scotland to/from London "flights" 
are often of this nature. 

Responses to questions on the importance of transport 
considerations in decisions regarding plant location were 
bland. No factor emerged as central, although given the 
predominance of overseas involvements, it is unlikely that 
such decisions would be taken in the United Kingdom 
anyway. Indeed, discussions with the main planning agen
cies in the region suggest that, in their experience, the 
availability of suitable sites is generally a dominant factor 
influencing the location of footloose firms, although there 
must be at least a reasonable access to markets. The 
availability of government grants was also a force attracting 
firms to the area. 

There was a general view, however, that the transport 
in the area met satisfying criteria in the sense that while 
Silicon Glen seldom offered a cost-minimizing location it 
did, in general, at least meet necessary threshold condi
tions. Many firms perceived attributes of the transport 
system as exceeding these thresholds. In particular, the 
customs facilities for international movements were felt to 
be more expeditious than those at London air terminals, 
while the pressure of competition ensured high-quality but 
low-cost public road haulage. The ability to bring inputs 
from the Far East and the United States through Prestwick 
and, to a lesser degree, Glasgow airports; to move them by 
motorway directly to Livingston and Glenrothes; and then 
to export to European markets through Edinburgh and 
England's east coast roll-on/roll-off ports was commented 
upon favorably by most of the firms interviewed. 

Given the rather limited use such information has for 
transport planning and policy development, however, a 
more extensive series of interviews was conducted with 
both personnel employed by the high-technology firms 
and those providing transport services. 
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FIGURE 2 Transport employed for inputs to sample firms. 
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FIGURE 3 Transport employed for outputs of sample firms. 

TRANSPORT OF FACTOR INPUTS 

Cognizance of the inventory costs involved in handling 
large stocks of components, raw materials, and final prod
ucts has led to the development of "just-in-time" produc
tion techniques; that is, parts and raw materials arrive at 
the production plant just as they are needed in the man
ufacturing process. This technique yields a number of 
potential benefits: 

• Reductions in the amount of cash tied up in idle 
inventories, 

• Stimulation of suppliers and dispatchers to greater 
efficiency, 

• Reduced risk of being left with obsolete stocks, and 
• Reduced wastage and improved quality in the pro

duction process as workers are forced to solve problems as 
they occur rather than to draw on inventories and leave 
difficulties unresolved. 

While just-in-time techniques are not unique to the 
high-technology sector the nature of its products and the 
speed of technical progress has encouraged its adoption by 
many firms. Its employment means that transport needs 
to be considered as part of an integrated production pro
cess with production management closely linked to the 
logistics side of the business. There must be fine-tuning of 
the production process coupled with liaison between pro-

duction management, transport management, and the in
dependent suppliers of transport services. 

Of the 15 firms sampled, 10 claimed to be operating 
just-in-time management techniques and all were certainly 
aware of the concept although to varying degrees (perhaps 
not surprisingly, the Japanese and U.S. multinationals 
seemed to exhibit the most comprehensive analytical grasp 
of its meaning). Detailed examination of the actual pro
cedures, however, revealed important differences in ways 
just-in-time operations are practiced and, indeed, suggest 
that many of the firms not claiming to have adopted the 
technique, in practical terms, pursue it more rigorously 
than some that do! Certainly, several of the plants surveyed 
were responsible for manufacturing at least two different 
products-usually one associated with high technology, 
the other not-and the levels of inventory-holding differed 
markedly between the lines. Management explained this 
in terms of purchasing attitudes of customers in the tra
ditional sector where there is a tendency to place bulk 
orders intermittently and thus inventory-holding is pushed 
the full length of the production chain. 

Even where just-in-time techniques are practiced, they 
are seldom pursued to the fullest ex~ent. Table 7 provides 
a breakdown of the explanations offered by companies for 
not embracing a comprehensive just-in-time approach. 

Interestingly, while the companies particularly con
cerned with improving their overall inventory handling 
consciously seemed to be seeking ways to improve the 
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TABLE 7 REASONS FOR NOT FULLY ADOPTING 
JUST-IN-TIME PRACTICES 

Concerns Finns* 

·--------------
Fear of damage to goods/inputs in transit 

Possible delays for customers 

Inappropriately designed factory 

Poor quality oi components affected 
continuous production 

Lack of complete coo~dination between the 
transport function and the production 

The particular needs of one-oif,specialized 
products 

The demands of some customers buying 
'ex-works' le~ding to scheduling problems 

Possible customs delays 

Experimental and small size of plant 

Economies of scale in bulk buying or carriage 

6 

4 

2 

2 

of inputs 2 

*Several finns had more than one reason for not full adopting just-in-time 
procedures. 

reliability of their transport usage and to reduce damage 
to consignments, only one had any substantial own-ac
count fleet. This finding contrasts markedly with an earlier, 
more general study of the U.K. scientific and industrial 
instruments and systems industry; this study found that 
more than 70 percent of firms possessed their own trans
port facilities (21). The explanation may lie in the frequent 
need for specialized vehicles. In some cases, Silicon Glen 
firms had firmly tied themselves to a particular forwarder 
or hauler, one firm giving long-term contracts to allow 
special-purpose vehicles to be purchased to meet specific 
loading requirements, while another had a joint enterprise 
to develop a computerized inventory control and account
ing system. More generally, the abundant supply of trans
port services meant that the high-technology companies 
regularly used a number of different transport firms and 
haulers to reap the price and service benefits generated in 
a competitive market place. Even where own account 
operations were still practiced, they were relatively long 
standing and were coming up for review. 

Despite the problems in fully adopting just-in-time prac
tices, the general movement was clearly in the direction of 
extending this type of operational approach. The longer
term impacts on the transport system are already emerging. 
Warehousing, in the traditional sense, is little used by the 
companies sampled or by the freight forwarders inter
viewed; major transport terminals themselves are used by 
the high-technology firms as consolidation points. Where 
warehousing is practiced, it is in highly automated facili
ties, again usually adjacent to major transport inter
changes. From a public policy perspective the traditional 
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warehousing facilities in the inner city areas or at ports are 
inappropriate for the needs of the industry. 

Many of the firms were particularly concerned about 
the customs difficulties sometimes encountered. The prob
lems stemmed more from uncertainty about the length of 
time a consignment would take to clear customs than from 
the actual process itself. The largest firms with substantial 
and regular flows of both imports and exports had arrange
ments for bonded areas at their factories with clearance 
done there. The medium and smaller concerns found 
customs clearance the greatest impediment to their 
operations. 

Again, from the public policy perspective, there was 
concern that many of the factories available were ill 
equipped to deal with rapid loading and efficient intrafac
tory handling. While there are clear implications for pub
licly financed advanced factory design, the complaint was 
voiced by one plant manager with respect to a company
designed and built factory. 

Modal interchange points also posed difficulties for 
many of the firms concerned with reliability and safety in 
their transport operations. Nearly half of the companies 
interviewed spoke of forwarders explaining delays or dam
age as being due to problems of interchange facilities. 
Road/air interchange posed particular problems because 
it is here that the damage to the more highly valued 
products tends to be greatest. Many companies had devel
oped specialized packaging or had modified existing pack
aging in general use in plants in other countries to meet 
this particular problem. In a slightly different context, one 
major multinational user of road transport had been forced 
to develop more protective containers for its components 
because of damage incurred in transit from U.K. ports 
despite the adequacy of standard packaging for movements 
across continental Europe. 

EXPRESS PARCEL SERVICES 

High-technology products, especially those manufactured 
by the electronics industry, are frequently small items that 
require rapid delivery. The need for transport systems to 
meet this demand extends into the R&D activities of 
companies and the shipment of documents, spare parts, 
and samples. In the United States, express parcel services 
have grown to fill this niche in the market (e.g., the 
industry grew by some 38 percent between 1984 and 1985), 
and there is now a prospering 24-hr delivery service. The 
use of express parcel services is also growing in Europe 
although with something of a lag attached to it. A recent 
survey of 61 U.K. firms revealed that some 24 different 
operators were providing express parcel delivery, although 
Datapost, TNT Overnite, and Securicor Parcels in aggre
gate held more than 50 percent of the market (22). 

With one exception, all the firms interviewed in Silicon 
Glen had used express parcel services in the preceding 3 
mo. Some used the same carriers on a regular basis (Table 
8), although many companies seemed to have no preferred 
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TABLE 8 EXPRESS PARCEL SERVICES 
USED BY SAMPLE FIRMS 
------------------------
Service 

Pandair 
TNT 
DHL 
Red Star 
Elan 
No Regular Carrier 

Firms 

l 
5 
3 
5 
3 
5 

carrier, and even those that did frequently employed other 
carriers on an almost casual basis. In several cases, the 
express parcel services were perceived as backups for reg
ular road haulage operations or air transport. Several large 
high-technology companies predicted that express parcel 
services, now extensively employed for transfers of docu
mentation, were likely to be rapidly superseded by elec
tronic transfers of documentation. Further, two of the 
largest multinationals in Silicon Glen preferred courier 
services to express parcel service for transporting their 
sensitive documentation, believing courier service to be 
not only more secure, but also more cost effective, reliable, 
and flexible. 

PERSONNEL TRANSPORTATION 

High-technology industry is often thought to involve con
siderable numbers of highly qualified individuals. Cer
tainly high levels of technical expertise are required at the 
R&D stage-the first stage-of the product life-cycle of 
most high-technology products. In the case of Silicon Glen, 
however, much of the activity is at later stages in the cycle 
(most Japanese and U.S. firms maintain their primary 
R&D units in the home country). The argument that 
superior international transport is required to keep the 
region's research personnel at the cutting edge of their 
fields is, therefore, less valid than would be the case if one 
were looking at a science park. The area's industry is, 
however, heavily engaged in the marketing as well as the 
manufacture of high-technology products. For example, at 
the time of the survey (summer 1986) five of the compa
nies visited had personnel in Finland, a country striving 
to develop its own high-technology base. Equally, the 
multinational nature of many of the firms means there is 
substantial intracompany travel, particularly between Sil
icon Glen and the plants and offices in rest of the United 
Kingdom and in other EEC countries. 

The importance of Edinburgh Airport as a gateway to 
the main international terminals of Heathrow (which, 
through the Shuttle Service, accounts for about 60 percent 
of the airport's traffic) and Amsterdam was confirmed by 
all 15 companies although Glasgow Airport, because of its 
motorway link to Livingston, also attracted business travel. 
The Scottish air link to the United States from Prestwick 
(via Shannon) was felt to be of limited use because the 
service was restricted and few personnel bad linal desti-
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nations at eastern U.S. gateways. (Prestwick was, however, 
seen as a useful freight terminal for U.S. traffic.) The range 
of European flights available from Edinburgh and Glasgow 
was considered very important by marketing personnel 
although all felt that high European air fares under the 
current regulated regime were a disadvantage when con
trasted with the much more liberal system in the United 
States. 

Small, special-purpose commuter-style airports located 
very close to the high-technology centers, such as Glen
rothes, were not seen as part of the main transport system. 
This view stems primarily from the ease of road access at 
larger, regional facilities, such as Edinburgh and Glasgow 
airports, and tends to confirm the importance of accessi
bility, rather than proximity, highlighted in a recent study 
of Pennsylvania's high-technology industry (23). In the 
particular conditions of the United Kingdom, the low 
overall volume of air travel also means that smaller air
ports, close to more substantive alternatives, simply cannot 
generate enough traffic to offer viable services. In other 
areas of the United Kingdom where there are pockets of 
high-technology activity, e.g., in the South West, there are 
successful small local airports but they are distant from 
regional facilities. 

Local transport is also important for the continued 
success of a high-technology center. "Burnout" in some of 
the U.S. centers is feared by some as those with the vital 
technical skills leave them in search of better living envi
ronments. Polls in high-technology centers such as Atlanta, 
Houston, and the Bay Area have shown that traffic conges
tion heads the list of perceived regional problems (24). 

Congestion is relative. Traffic congestion in the Edin
burgh region would seem mild to someone used to London 
or New York traffic, but it is nevertheless perceived as 
severe by some living and working in the area. One firm 
in Livingston, for instance, which has a large number of 
professional employees, expressed serious concern about 
5-min delays at a roundabout during the evening peak 
travel period. Thus, while congestion may be minimal 
measured against traffic problems in larger cities, at the 
eastern end of Silicon Glen it is still noticeable. Also, the 
need to cross the Firth of Forth Bridge (and pay a toll) to 
travel between Glenrothes and Edinburgh, while not a 
major time or financial burden, was perceived as a disad
vantage to firms in the area. 

The observed split in modes of travel to work in the 
Livingston and Glenrothes areas is not out of line with 
that reported in U.S. high-technology areas; the car mode 
dominates, and public transport use is lower than in most 
comparable U.K. towns. Three of the firms surveyed had, 
for internal reasons, just looked at the travel-to-and-from
work patterns of their employees. The professional em
ployees, as anticipated, used private motor cars with a 
limited amount of carpooling. To accommodate these 
drivers, all the recently constructed factories in the New 
Towns have extremely generous car parking provision-a 
point insisted on by the development agencies. 

Assembly workers and other blue collar employees, who 
constitute most of the labor force at the high-technology 
firms in Silicon Glen, also traveled predominantly by car, 
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although with a high incidence of carpooling. The com
panies that conducted the inquiries initially believed that 
the poor quality of local public transport was the reason 
so many workers commuted by car. In fact, the companies' 
objective had been to see if some alternative could be 
arranged. Indeed, public transport in the areas provides 
poor service for most high-technology firms. Many of those 
working in Livingston reverse commute from Edinburgh 
against a public bus service geared for radial movements 
into the city. Within Livingston, the Buchanan style of 
town planning has sited the high-technology plants on 
estates located at the far corners of the town, whereas the 
local public transport links housing estates to shopping 
and recreational areas. There is effectively no public trans
port for late-shift workers, and several of the larger firms 
regularly operate a full, three-shift system. The studies by 
the three firms, however, found little support for a private 
bus service, especially at night; and there was in all cases 
a feeling that existing carpooling arrangements worked 
well. Nevertheless, one of the companies does offer subsi
dized taxi service at night; the reported usage was small. 

CONCLUDING COMMENTS 

The work reported here lacks technical rigor in the sense 
that there is no in-depth, quantitative analysis, but rather 
an attempt to explore the less easily measured factors 
influencing the demands high-technology industry places 
on the transport system. Conclusions must, therefore, be 
rather tentative, but the case study reported in the body of 
the paper has provided a number of pointers that may 
help in the long-term formulation of transport policy. 

This study of Silicon Glen in central Scotland has con
firmed that good transport by itself is insufficient to attract 
high-technology industry to an area. Equally, it has shown 
that adequate transport, of the appropriate type, is neces
sary to stimulate high-technology production. Not only is 
adequate transport an important direct input into the 
production process, but it also plays a vital secondary role 
in assisting in marketing and in the efficient operation of 
the local labor market. The generality of these findings 
must be set in the particular setting of the type of firm 
found in Silicon Glen. It is unlikely, for instance, that they 
extend to the science-park type of high-technology concen
trations where physical output is much smaller and R&D
related employment much greater. Equally Silicon Glen is 
dominated by large multinational companies with interests 
somewhat different from those of most U.K.-owned high
technology companies. The evolving internationalization 
of production, which is being stimulated by the growth of 
trade barriers, is likely to see this particular type of geo
graphical concentration of multinational firms grow in 
number. 
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Distributional Changes in Consumer 
Transportation Expenditures: 1972-1985 

STEVEN M. ROCK 

From 1972 to 1985, there were two periods of substantial 
increases in energy prices and one period of price decreases. 
Along with other macroeconomic events and policies, the 
combined impact bas aJtered the distribution of income and 
transportation expenditures. Using U.S. Department of La
bor statistics, the expenditures by families of different incomes 
on new aud u ed vehicles and gasoline and total transportation 
spending can be examined. It was determined that wealthier 
families continued to purchase new cars; poor fammes drove 
less energy efficient autos. Trnnsportation recently consumed 
more than 50 percent of a poor family's cash income. The 
greatest beneficiaries of lower energy prices would be the 
poor. 

During 1972- 73 the average urban American family spent 
just over 14 percent of its pretax .income on transportation 
including new and used vehicles, finance charges, gasoline 
insurance, repairs, licenses, and fares on other travel 
modes. The price of a barrel of oil was $3; inflation was 
running at just over 3 percent; the unemployment rate 
was about 5 percent. Energy supply shocks and other 
macroeconomic events intervened to substantially change 
all of these indicators. By 1981-82, spending on transpor
tation exceeded 17 percent of income; oil prices peaked 
near $33 per barrel; inflation surged to 13 percent; un
employment exceeded l 0 percent. Subsequently oil prices, 
inflation, and unemployment fell. 

While the impact of these events can be measured on 
average, this method obscures the fact that different fam
ilies have been affected to different degrees. It is possible 
to calculate how households at various income levels have 
reacted. It is the purpose of this paper to document and 
comment on these changes. 

In the last 15 yr, there have been three energy crises. In 
reaction to the Yorn Kippur War, members of the Orga
nization of Petroleum Exporting Countries (OPEC) em
bargoed oil to the United States in October 1973. As a 
result, the price of oil quadrupled by early 1974. Con
sumers confronted gas lines and higher prices. The second 
crisis began with the fall of the Shah oflran in early 1979. 
A cutoff of Iranian crude, reinforced by panic stockpiling, 
led to a further doubling of oil prices. 

Center for Governmental Studies and Division of Public Admin
istration, Northern Illinois University, DeKalb, Ill. 60115. 

Energy conservation gained increasing importance. In 
early 1986, a third energy crisis (from the viewpoint of 
most OPEC members and energy-producing states in the 
United States) contributed to a decline in oil prices under 
$15 per barrel. 

Besides energy shocks, other macroeconomic events and 
governmental policies affected transportation expendi
tures. In 1972-73, the economy was distorted by price 
controls. As these were relaxed, inflation, in conjunction 
with the first energy crisis and a simultaneous food price 
supply shock (first in the grain, then in the beef markets), 
shot up. As monetary and fiscal policy were tightened in 
reaction, a recession ensued and unemployment rose. Just 
before the second energy crisis, another food price shock 
(in the meat market) contributed to an acceleration of 
price increases. Combating the resulting inflation through 
tightened monetary policy increased unemployment. The 
economy hit bottom at the end of 1982; subsequently, 
economic indicators improved. Inflation and unemploy
ment fell; energy prices steeply declined and then re
bounded somewhat. 

Over the entire period, spending on gasoline, new and 
used vehicles, and other transportation expenditures have 
changed in ways that can be documented using the Bureau 
of Labor Statistics' (BLS) Consumer Expenditure Survey 
(CES) (J-4). This survey obtains comprehensive documen
tation of spending on different categories of goods and 
services by different household groupings. The CES was 
undertaken in 1972-73, then updated and made annual 
in 1980. By comparing consumer expenditures in 1972-
73 with those in 1980-85, it can be determined how the 
macroeconomic events of that time period altered trans
portation spending. By focusing on the 1982-85 data, it is 
possible, with some educated guesswork, to explore the 
impact of the 1986 oil price decline. 

The CES reports expenditures by consumer units 
(households) aggregated in various ways. Of interest for 
this analysis is a breakdown by income. Households will 
be ranked by population quintiles (20-percent intervals): 
quintile 1 will comprise the poorest 20 percent of all 
families; quintile 5, the richest 20 percent. Income, defined 
as money income before taxes (a definition that is some
what broader than that of the Internal Revenue Service), 
includes unemployment compensation, public assistance, 
food stamps, and social security payments. 
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The post-1980 data are not strictly comparable to the 
original 1972-7 3 figures due to certain changes in collec
tion procedures. The most important alterations include 
limitation of the sample to urban areas only (until 1985), 
utilization of a smaller sample, and the treatment of stu
dents living away from home as separate consumer units 
for the latter data periods. The BLS has revised some of 
the original 1972-7 3 data to make them comparable to 
the 1980-81 data with students excluded. Since the 1982-
85 data include student consumer units, an adjustment of 
the BLS numbers is necessary so all years are reasonably 
consistent. Comparing the 1980-81 data without students 
to those years' data with students provides an adjustment 
factor applicable to each income quintile and each ex
penditure component that can be carried forth and used 
to adjust the 1982-85 data. 
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OBSERVATIONS 

Data for income before taxes, total transportation, new 
vehicle, used vehicle, and gasoline expenditures for 1972-
73 and 1980-85 for the average family in each of the five 
income quintiles are displayed in Table 1. Much of the 
increase is due to inflation; prices increased by almost 150 
percent in this time period. Nominal income rose in each 
year reported for all families except those in quintile 1, 
where there was a decline over the 1982-84 period. Real 
income fell for all quintiles, but more so at lower income 
levels. 

Total transportation expenditures (including vehicle 
purchases, finance charges, gasoline, maintenance, insur
ance, licenses, and spending on other modes) increased 
substantially from 1972-73 through 1980 and again after 

TABLE I AVERAGE HOUSEHOLD INCOME AND TRANSPORTATION 
EXPENDITURES, 1972-73, 1980-85 

Quintile: 

~ 1 2 3 4 5 

Income 

1972-3 $2448 6336 10553 15335 27260 

1980 3468 9576 16379 24269 42938 

1981 3968 10591 17771 26381 46635 

1982 4449 10923 18181 27937 50960 

1983 4329 10936 18646 28952 53914 

1984 3831 11153 19602 30608 58878 

1985 3850 11136 19704 31243 60989 

Total change +57% +76% +87% +104% +124% 

Transportation Expenditures 

1972-3 524 1087 1733 2266 3149 

1980 1325 2409 3329 4417 6134 

1981 1301 2263 3488 4597 5969 

1982 1201 2151 3327 4460 6558 

1983 1379 2473 3632 4833 7323 

1984 2046 2829 4039 5352 8272 

1985 1952 2916 4301 5690 8460 

Total change +273% +168% +148% +151% +169% 

New Vehicle Expenditures 

1972-3 100 234 408 509 894 

1980 233 345 536 916 1394 

1981 197 275 522 898 1254 

1982 72 276 450 862 1614 

1983 103 385 720 1112 2280 

1984 423 610 854 1193 2592 

1985 307 569 966 1531 2686 

Total change +207% +143% +137% +201% +200% 
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TABLE I AVERAGE HOUSEHOLD INCOME AND TRANSPORTATION 
EXPENDITURES, 1972-73, 1980-85 

Used Vehicles Expenditc..::es 

1972-3 93 177 311 372 411 

1980 175 450 486 632 845 

198] 200 362 628 809 731 

1982 257 325 637 722 976 

1983 325 496 691 782 934 

1984 386 546 817 1137 1182 

1985 403 573 929 1018 1248 

Total change +333% +224% +119% i-174% +204% 

Gasoline 

1972-3 121 262 413 533 678 

1980 498 877 1240 1576 1911 

1981 458 878 1251 1519 1879 

1982 431 777 107~ 1387 1692 

1983 475 787 1069 1323 1696 

1984 567 775 1025 1322 1667 

1985 568 800 1020 1317 1580 

Total change +369% +205% +147% -147% +133% 

Note: Values are dollars unless otherwise noted. 

Source: Bureau of Labor Statistics (1-4) and author's adjustments . 

1982. This increase in percentage terms was at least as 
great as that of overaU prices and much greater than that 
of income, across a!J quintiles. As a result such expendi
tures now account for a higher percentage of income for 
all families. The impact has been especially significant on 
quintile l families; transportation expenditures in 1984 
and 1985 amounted to more than 50 percent of income 
(versus just over 20 percent in 1972- 73). 

Looking at the individual components of transportation 
the uneven impact of the recession of J 9R0- 82 is evident 
in spending on new vehicles. Quintile I families cut back 
substantially; quintile 5 households were barely affected. 
The economic expansion that began in 1983 coincided 
with a rebound in new car purchases, particularly in the 
lowest quintile. This seems somewhat paradoxical in light 
of the decline in nominal income for this group over the 
time period. One may wish to question the accuracy of 
the data on new vehicle expenditurf'.'\ for quintile l given 
the substantial fluctuations. 

The second energy crisis and the recession of 1980-82 
are also reflected in used car expenditures. Those expend
itures held up rather well during this time period, suggest
ing that many households purchased used cars instead of 
new cars. Finally, gasoline spending has in general declined 
since 1980, although more so for the middle and upper 
income groups. 

It is interesting to observe how vehicle expenditure 
dollars were divided between new and used vehicles for 

each quintile. As displayed in Table 2, the distributional 
impacts of the events of the 1972-84 period are evident. 
The recession of 1980-82 caused quintile l families to 
substitute used for new car purchases. On the other hand, 
quintile 5 household expenditure patterns held constant 
during this period. Wealthier families were able to con
tinue buying newer and more energy efficient vehicles; 
lower income families were forced to purchase "gas 
guzzlers." 

New-versus-used-vehicle expenditure patterns may par
tially explain the share of gasoline expenditures accounted 
for by each quintile in each time period (Table 3). Even 
though gasoline prices have declined since 1981 the share 
of such expenditures accounted for by quintile I and 2 
families has continued to increase. However, gasoline ex
penditures and percentages could also have been a lTected 
by the number of vehicles owned by each group. This 
information is presented in Table 4. Vehicles per house
hold rose most noticeably for quintile l families; for other 
quintiles, the increase was less. 

Computing gasoline expenditures per vehicle (Table 3 
data divided by Table 4 data) suggests roughly equal figures 
across quintiles. At first glance, it would appear th a'. .uto 
ownership alone could explain difference in gasoline ex
penditures. However, data Crom the 1983- 1984 ation
wide Personal Transportation Study (5) indicate that mile
age driven per vehicle is related to income. The highest 
income group reported ($40,000 and over) had mileage 
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per vehicle that was 45 percent above that of the lowest 
income group (under $10,000) for 1983. These data con
firm the suspicion that lower income groups owned less 
energy efficient vehicles at that time, since they spent 
almost as much on gasoline on a per vehicle basis. 

IMPLICATIONS BEYOND 1985 

With the price of energy falling substantially at the end of 
1985 and the first half of 1986, when consumer expendi
tures on gasoline are reported for this period, the decline 
that began in 1981 should continue. With the short-run 
price elasticity of demand in the range of -0.2 to -0.4 ( 6), 
a 40-percent decrease in gasoline prices would lead to an 
8-16-percent increase in quantity purchased; thus, total 
gasoline expenditures will decline. If the lower prices had 

47 

lasted longer they would have proven particularly benefi
cial to the poor, who are relying on less energy efficient 
vehicles. This benefit would have been reinforced over 
time as the gas guzzlers are scrapped from the car fleet and 
more efficient autos trickle down to lower income families. 
A strong new car sales trend, particularly in higher-price 
vehicles, should continue to be observed in the upper 
quintiles. 

QUALIFICATIONS 

Certain concerns need to be raised about the CES data. As 
with any survey, sampling inaccuracies are possible. How
ever comparisons with alternative data sources suggest the 
overall numbers are reasonable. For example, the CES 
aggregate figures on vehicles and gasoline expenditures 

TABLE 2 NEW CAR EXPENDITURES AS A PERCENTAGE OF TOTAL 
VEHICLE EXPENDITURES 

Quintile: 

Year 1 2 4 

1972-3 51.8% 56.9 56.7 61.3 

1980 57.1 43.4 52 .4 59.2 

1981 49.6 43.2 45.4 52.6 

1982 21.9 45.9 41.4 54.4 

1983 24.1 43.7 51. 0 58.7 

1984 52.3 52.8 51.1 51.2 

1985 43.2 49.8 51.0 60.1 

TABLE 3 PERCENTAGE OF GASOLINE EXPENDITURES BY EACH 
QUINTILE 

Quintile: 

Year 1 2 3 4 

1972-J 6.0 13.1 20.6 26. 66 

1980 8.2 14.4 20 .3 25.8 

1981 7 . -; 14.7 20.9 25.4 

1982 8.0 14. 5 20.0 25 . 9 

1983 8. 9 14.7 20.0 24.7 

1984 10. 6 14.5 19 .1 24.7 

1985 10.S 15.1 19. 3 24. 9 

Note: Each row sums to 100 per cent . 

5 

68.5 

62.3 

63.2 

62.3 

70.9 

68.7 

68.3 

5 

33 .8 

31. 3 

31.4 

31.6 

31. 7 

31.1 

29.9 
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TABLE 4 VEHICLES PER HOUSEHOLD, 1972-73, 1980-81, 1985 

llill l 2 

1972-71 O. fi 1. 2 

1980-81 0 . 8 1. 4 

1985 1. 1 1. 5 

were within 2-5 percent and 5-11 percent, respectively, of 
the personal consumption expendituJes in the National 
Income and Product Accounts prepared by the U.S. De
partment of Commerce over th 1980-83 period. Begin
ning in 1980, the CES relied on a smaller sample, possibly 
leading to more volatility in results. The smallest sample 
size for any quintile for any year wa~ 672 families. The 
1985 sample included rural families; the previous data 
reported were for urban areas only. Finally the dollar 
expenditure numb~rs are averages for each quintile. For 
example if a cell contains 750 households, I 0 percent of 
which spend $5,000 each on a used car (the other 90 
percent not purchasing this item), the average family will 
be reported as spending $500 on used vehicles. 

CONCLUSIONS 

The major observations are summarized as follows: 

• Over the 1972-85 period, expenditures on transpor
tation increased more than income for all quintiles. 

• Due to the second energy crisis and the resulting 
recession of 1980-82, lower income families substituted 
the purchases of used cars for new cars. 

• Gasoline expenditures have in general been declining 
since 1981 for all quintiles except the first. Quintile 1 
expenditures have not declined hecause used cars have 
lower fuel efficiency and because lhe number of vehicles 
per quintile 1 household has increased. 

Quint i le : 

3 4 5 

1. 8 2.4 2 . 9 

2.0 2 . 5 2.9 

2. 0 ~ -~ 3. 0 

• Lower energy prices would benefit the poor more than 
they would benefit higher income groups. 
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Measuring Economic Stimulation from 
Capital Investment in Transportation 

B. L. ALLEN, D. W. BUTTERFIELD, A. KAzAKOV, M. L. KLIMAN, 

A. A. KUBURSI, AND J. D. WELLAND 

This paper reports on an interactive computer model devel
oped to calculate the economic impacts of capital investment 
in transportation facilities. The Transport Impact Model 
(TRIM) works within the framework of input-output analysis 
and is based on the 43-commodity input-output table for the 
province of Ontario in Canada. For a given capital project, 
described in terms of several categories of input costs, TRIM 
computes values for labor income, gross domestic product, 
employment, gross sales, tax revenue, imports from other 
provinces and abroad, and primary energy consumed. Some 
of the preceding categories are further disaggregated. For 
each impact indicator, TRIM shows the initial effect and the 
indirect and induced effects of a capital expenditure. While 
the version of TRIM described herein applies to the Ontario 
economy, it can be adapted for use in any economic unit for 
which input-output data exist. 

In addition to providing new services and maintaining 
service quality, capital expenditures by transportation 
agencies have secondary effects on the economy: they 
affect income, employment, and production inside and 
outside the jurisdiction involved; they generate tax reve
nues of various sorts; and they use energy resources. Such 
secondary effects are of interest to those who decide how 
much to spend on transportation capital projects and how 
to allocate the funds across projects. For any particular 
project it is useful to know what the impacts are and how 
they change in response to adjustments in the content or 
scale of the project. Comparisons of economic impacts 
across projects in different parts of the transport sector are 
also useful in deciding which projects to fund. The purpose 
of this research effort has been to construct an analytical 
tool that will provide transportation decision makers with 
a comprehensive set of indicators of the economic impacts 
of spending programs. 

The result of the project is the Transport Impact Model 
(TRIM), a self-contained microcomputer program based 

B. L. Allen, Department of Civil Engineering and Engineering 
Mechanics, McMaster University, Hamilton , Ontario, Canada. 
D. W. Butterfield, M. L. Kliman, A. A. Kubursi, and J. D. Wel
land, Department of Economics, McMaster University, Hamil
ton, Ontario, Canada. A. Kazakov, Research and Development 
Branch, Ontario Ministry of Transportation, 120 I Wilson Ave
nue, Toronto, Canada. 

on a prototype model developed by Econometric Research 
Ltd. of Burlington, Ontario. With TRIM, analysts can 
calculate impact indicators for a variety of capital projects 
in minutes. In the present version, designed for use in the 
Ontario provincial transportation system, one can view 
the impacts on the Ontario economy of 35 predefined 
typical projects, either individually or in combinations; 
one can adjust the assumptions made about the content 
or scale of these typical projects; and one can run one's 
own specially defined projects through the program. 

The next section of this paper briefly describes the logic 
of TRIM and sets out the variables that are calculated as 
indicators of the effects of capital expenditures. A full 
description of TRIM is provided by Allen et al. (1). Other 
sections explain how the data that define a simulated 
project were constructed and entered into the model and 
describe some illustrative simulations with the present 
version of TRIM. The concluding remarks indicate how 
the model will be further developed. 

ECONOMIC IMPACTS 

Input-output analysis provides a framework within which 
industrial linkages, as well as the feedbacks between con
sumers and the producing sector of the economy, can be 
simulated. Miller and Blair have written a useful textbook 
on the subject (2). The economy is modeled as a set of 
linear equations, the parameters of which are estimated by 
a central statistical agency and organized into an input
output table. The input-output table is an extension of the 
familiar national product accounting system to the level 
of individual industries and commodity groups. TRIM 
operates within this framework. 

A variety of economic impacts may be of interest to 
decision makers. TRIM calculates the set shown in Table 
1. For each of these variables, an economic impact is 
defined as the sum total of changes in all sectors of the 
relevant economy associated with a given capital project 
or program expenditure. In the output of TRIM, these 
changes are broken down into initial, indirect, and induced 
effects. Consider each of these effects in tum. 

The initial effect measures the change in the impact 
variables closely associated with the original expenditure 
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TABLE 1 ONTARIO IMPACT INDICATORS 
CALCULATED BY TRIM 

- Labor Income 

- Gross Domestic Product (at market prices) 

- E111ployment 

- Gross Sales 

- Tax Revenue (by level of government & type of tax): 

Personal Income Tax 

Indirect Business Tax 

Customs Duties 

Corporate Profits Tax 

Property & Business Tax 

Total Tax Revenue (Federal & Provincial) 

- Imports from other provinces 

- Imports from abroad 

- Primary Energy Consumed: 

Coal 

Crude Oil 

Natural Gas 

Electric! ty 

Other 

Total Primary Energy 

itself. For instance, in the case of gross sales, the initial 
effect of a transport project is the value of expenditures on 
equipment and materials required to construct the facility; 
otherwise put, it is the project expenditure itself less the 
payments to labor working directly on the project and the 
profit generated directly by the project. In the case of gross 
domestic product (GDP) (at market prices), the initial 
effect is equal to the value of materials, equipment, and 
labor used in the project itself plus profit and indirect taxes 
paid. Alternatively, the initial GDP effect is equal to the 
original expenditure, i.e., the sum of the input values 
entered into TRIM in the first place. The initial employ
ment impact variable measures the number of person
years of work used directly in project construction. 

Second, the output of one industry cannot be expanded 
without drawing on the output of other industries. The 
changes associated with these latter products are called the 
indirect impacts of the project. Indirect impacts are those 
associated with the production of intermediate goods and 
services that enter into the initial inputs. Note that there 
are many rounds of indirect effects. For example, one 
initial input into highway construction is mineral aggre
gate. To deliver the amount required, the quarry operator 
uses equipment that consumes fuel. The delivery of the 
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extra fuel is part of the indirect effect; it is part of a first 
round of intermediate goods expenditures following the 
initial expenditure. But to deliver the extra fuel, a petro
leum wholesaler also has to use extra fuel. This is a second 
round indirect effect. The extra demand for fuel by the 
gravel supplier anil the petroleum supplier together creates 
an extra need for fuel at the refinery, creating a third 
round, and so on. This process continues until the extra 
increments of production in subsequent rounds become 
negligible. 

Finally, as income expands due to the initial and indirect 
effects, households increase their purchases of goods and 
services, thereby giving rise to still further changes in 
production and corresponding changes in all of the other 
impact variables. These effects, which work through 
changes in household consumption, are referred to as 
induced effects. 

It is important to interpret the numbers calculated by 
an impact model such as TRIM accurately and with some 
caution. TRIM provides consistent useful estimates of the 
specific variables identified within it. These estimates 
should not, however, be mechanistically interpreted as the 
net benefits of the project expenditure involved, although 
they are related to such benefits. For a variety of reasons 
(e.g., a lack of idle productive resources or the presence of 
pollution and other types of spillover effects), the net effect 
of a given capital expenditure can be evaluated compre
hensively only in its own context. (A standard textbook 
on cost-benefit analysis will provide a discussion of this 
problem.) 

INPUT DATA 

The use of TRIM to estimate the impacts of a given 
spending project involves two steps. First, an account of 
the goods and services to be used in the project is prepared. 
These are the dollar values of labor, equipment, and 
materials (excluding the cost of land) that go into con
structing the facility involved. Up to 20 categories of 
project inputs are involved. Then this "recipe" is used as 
input data for TRIM, which calculates the values of the 
impact variables shown in Table 1 for the project under 
consideration. 

While the user of TRIM can prepare input cost data for 
any transportation project, it was regarded as useful to 
provide a series of typical capital projects within the pro
gram database. These sample data sets are referred to as 
standard unit projects (SUPs). To construct them, mem
bers of the research team obtained information from en
gineers and estimators involved in actual design and con
struction of transportation facilities. For a given SUP, a 
list of the tasks required to build or service the transport 
facility was prepared. For instance, in the case of a munic
ipal arterial road, this list included excavation of the 
existing road base; grading and shaping the subbase; filling 
with granular "A"; granular backfilling for soft spot exca
vation; adjusting manholes, catchbasins, and valve cham-
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bers; constructing curb drains; relocating utilities; and so 
on until the full recipe for the unit-section of road was 
well defined. 
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Ontario Ministry of Transportation and Communica
tions.) When the TRIM program is run on a microcom
puter, the user chooses at the outset whether to calculate 
impact indicators for one of these SUPs or whether to 
construct a unique simulated project. If an existing SUP 
is chosen, the user has the option of viewing and adjusting 
the table of input costs, in which case a list of cost 
categories like the one shown across the top of Table 2 will 
appear on the screen. The column total for each cost 
category is the number entered into the TRIM input cost 
list. 

With the help of engineers and estimators, the cost for 
performing each of these tasks was obtained and then 
broken down into the categories of inputs defined by the 
Ontario input-output table. Examples of these categories 
are wage payments, equipment, fuel, nonmetallic mineral 
products (e.g., gravel), primary metal products, electrical 
products, and so on. The result was a cost data matrix for 
each standard unit project, with the tasks defining rows 
and the input categories defining the columns. A sample 
is shown in Table 2, which reproduces the data matrix for 
standard unit project 6, a 100-m length of two-lane mu
nicipal roadway. 

TRIM OUTPUT 

This process was followed for 25 of the 35 SUPs shown 
in Table 3. (The data for SUPs 18-27 were adapted from 
an earlier project on highway impacts carried out by the 

This section illustrates the use of TRIM for the analysis of 
projects and programs. As already noted, such analysis 
focuses on the economic impacts of a capital expenditure 

TABLE 2 INPUT DATA, STANDARD UNIT PROJECT 6, TWO-LANE LOCAL MUNICIPAL ROAD 

ADMllUITllATION LAIOUll EQUIPMENT 

TOTAL OVEllHEAI> PllOFIT WAOES BENEFITS FUEL llEPAillS INSUllANCE D.EPllEC. 

T••kl 
EAllTH EXCAVATION 6020 

GllANULAll 'A' (450 MMI 9450 

HOT Mii HL-1 (10 MMI '650 

HOT MIX HL-J 140 MM) 4010 

CORCllETE CUlll ARD OUTTEll 5250 

HOT MIX HL-J FIRE IN 

DRIVEWAYS 

CACL2 

ADJUST EXISTING MANHOLES 

WATEll FOii COMPACTION 

llELOCATION or UTILITIES, 

MISC . 

ENGINEElllNO DESIGN 

ERGIREEllINO CONSTllUCTIOR 

MANAGEMENT 

COLUMN TOTAL 

t90 

uo 
~us 

250 

27)2 ... ., 

02 

756 

612 

)26 

no 

'19 

J'J 

107 

20 

'110 

174 

'65 

5111 

120 

119 

15J 

12 

105 

20 

9 

27 

5 

1 '17 

219 

191 

12'7 

2252 

917 

U5 

Ul 

12n 

Ul 

40 

Hl .. 
'1'12 

1766 

1545 
1070 2 

NON-MET. NON-MET. PETllOLEUM 

EAllTH EXCAVATION 

ORARULAll 'A' 1450 MMI 

HOT MIX HL-1 (10 MMI 

HOT MIX HL-3 (40 MM) 

CONCRETE CUlll AND OUTTlll 

HOT MIX HL-3 FINE IN 

DRIVEWAYS 

CACL2 

ADJUST EXISTING MANNOLEI 

WATER FOR COMPACTION 

RELOCATION or UTILITIES, 

MISC. 

ERGINElllING DEIIOR 

ENGINIEllINO CONSTRUCTION 

MARAGEMEllT 

COLUMN TOTAL 

Norn: Values are hundreds of mete,.. 

MINERALS MINEllAL 

PJtODUCTS 

0 0 

42U 0 

1595 

765 

0 

106 

0 

0 

0 

0 

0 

0 

670 

0 

0 

2001 

0 

0 

tl 

0 

1JJ 

0 

0 

22>5 

• COAL 
PRODUCTS 

0 

0 

2312 

1 J '11 

0 

29'1 

0 

0 

0 

0 

0 

0 

4060 

JJ'J 

U'J 

129 

0 

lU 

J6 

6 

66 

15 

115 

264 

231 

1599 

J61 

123 

" 53 

12 

21 

0 

15 

115 

0 

0 

• '19 

213 

95 

'1'1 

u 
6J 

16 

2 

0 

11 

19 

0 

0 

676 

57 

19 

15 

• 
1J 

J 

0 

0 

2 

11 

0 

0 

1J5 

2122 

'109 

5H 

J06 .,, 
11' 

17 

0 .. 
665 

0 

0 

5069 

PRIMAllY CHEMICALS ELECTRICAL PLASTIC 

TAX METAL 

PRODUCTS 

0 0 

0 0 

342 

215 

167 

0 

0 

0 

0 

11 

0 

0 

'JU 

0 

0 

0 

0 

0 

601 

0 

'11 

0 

0 

6'12 

CHEMICAL 

PRODUCTS 

0 

0 

0 

0 

0 

0 

H5 

0 

0 

0 

0 

0 

J45 

•COM 

PllODUCTS 

0 

0 

0 

0 

0 

0 

0 

0 

0 

532 

0 

0 

5J2 

FAlllICAT TRANS 

PRODUCTS 

0 0 

0 2142 

0 

0 

0 

0 

0 

0 

0 

106 

0 

0 

106 

797 

382 

502 

53 

0 

33 

0 

0 

3910 
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TABLE 3 STANDARD UNIT PROJECTS IN TRIM 

Program Type SUP No. 

Municipal Roads 

Airports 

Provincial Highways 

Provincial Transit 

Municipal Bridges: 

Municipal Transit 

1 
2 
3 
4 
5 
6. 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 
29 

30 
31 
32 
33 
34 

35 

Nature of Project 

6-lane Collector/Arterial road 
5-lane Collector/Arterial road 
4-lane Collector/Arterial road 
2-lH"e Collector/Arterial road 
2-lane Rural Road 
2-lane Local Road 

Major runway upgrade, 3500 ft 
Hajor runway upgrade, 5000 ft 
Hajor runway upgrade, 2000 ft 
Navigation aid upgrade, 3500 ft 
Navigation aid upgrade, 5000 ft 
Navigation aid upgrade, 2000 ft 
Minor runway upgrade, 3500 ft 
Minor runway upgrade, 5000 ft 
Hinor runway upgrade, 2000 ft 
Airport access road, 200 m 
Airport access road, 500 m 

Nev construction, unpaved, 2 lanes 
Nev construction, paved, 4 lanes 
Reconstruction, paved, 2 lanes 
Recon., paved (with rock), 2 lanes 
Resurfacing, 2 lanes 
Resurf. recycled hot mix 2 lanes 
Post-tensioned concrete structure 
Bridee deck, latex/concrete overlay 
Br. deck repairs, latex patch/asphalt 
Hajor widening (no structures) 

Suburban parking lot 
Ride-Share parking lot 

3-span Rehabilitation 
Single span, land 
Single span, water 
Hedium span, land 
Hedium span, water 

Municipal transportation centre 

on the total economy. It takes account of interindustry 
demands and feedbacks and of the effects on consumer 
spending. The version of TRIM described here is based on 
the Ontario input-output table for 1979 (the most recent 
provincial table available until the 1984 table is ready for 
use in 1988-89). Standard-unit-project data reflect prices 
at the beginning of 1987; appropriate adjustments have 
been made to convert impact values to 1987 prices. 

new catchbasins are required; storm sewers are assumed 
not to require replacement. The roadbed is excavated, 
subgrade is prepared, and subbase is provided to a depth 
of 600 mm with granular "A," covered with 120 mm of 
HMS binder asphalt, and a surface course of 40 mm of 
HM3 surface asphalt. Intersections with local roads are 
provided for, and an allowance equal to 15 percent of total 
construction costs is provided to cover the cost of utility 
relocations necessitated by roadway widening. Finally, it 
is assumed that only minor grade changes are required. 

Our illustration is based on SUP 3, a 100-m section of 
four-lane collector/arterial road. Input data for the project 
were developed from a reconstruction job in the city of 
Hamilton during 1985, with adjustments to eliminate 
atypical aspects of that particular project. The hypothetical 
project assumes reconstruction of an existing road that has 
deteriorated to such a level that resurfacing or other such 
remedial work will not provide a satisfactory riding surface 
and/or sufficient roadway life. Traffic is maintained on 
the roadway during all construction activities. Each lane 
is 3.5 m wide, with standard concrete curb and gutter, a 
1.5-m boulevard and a 1.5-m concrete sidewalk on each 
side of the road. It is assumed that some roadway widening 
is required to provide standard lane widths. As a result, 

The TRIM printout for SUP 3 is shown in Table 4. An 
initial expenditure of$137,647 generates a total increment 
to Ontario income (GDP) of $192,360 when the indirect 
and induced effects are included. The ratio of the total 
effect to the initial effect-the multiplier-for GDP is 
1.82. The employment multiplier is significantly higher 
than the GDP multiplier in this case; l. l initial direct jobs 
expand into 4. 7 jobs when the total impact of the project 
expenditures are tallied. This finding suggests that an 
expenditure on municipal roads uses inputs from sectors 
of the economy that tend to be labor intensive, making it 
an efficient area of expenditure for job creation. (The latter 
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TABLE 4 TRIM OUTPUT, STANDARD UNIT PROJECT 3, FOUR-LANE 
COLLECTOR/ARTERIAL ROAD 

Provincial Impact 

(Canadian Dollars) 

Gross Domestic Product 
Gross Sales 
Labour Income 
Employment (Person-Years) 

Initial 
137647 
93409 
38026 

1.1 

Indirect & 
Induced 
54713 

180287 
74595 

3.6 

Total 
192360 
273696 
112622 

4.7 

Taxes Federal Provincial Local Total 

19515 
12834 

Personal Tax 13270 
Indirect Business Tax 4921 
Tariffs 2894 
Corporate Profit Tax 3982 
Property & Business Tax 0 
Total Taxes 25068 

Imports 

6245 
7913 

0 
1961 

0 
16119 

0 
0 
0 
0 

6850 
6850 

2894 
5944 
6850 

48037 

Imports from Other Provinces 33567 
Imports from Outside Canada 32475 
Total Imports 66041 

Energy 

Physi cal Units 

Coal 
Crude Oil 
Natural Gas 
Electric! ty 

Energy Units 

Coal 
Crude Oil 
Natural Gas 
Electric! ty 
Liq. Pet. Gases & Nuc. Steam 
Total Energy 

hypothesis can, of course, be checked by comparing this 
employment multiplier with those for other SUPs.) 

The income and gross output (sales) generated by mu
nicipal road construction give rise to tax recoveries, indi
cating that the net cost to the provincial government of a 
municipal road project is significantly less than the initial 
cost. In this case, a total of $16, 119 is recovered by the 
provincial government from sales, income, and corporate 
taxes. The federal government collects a larger amount, 
about $25,000, while local governments recover $6,850. 
Total tax recoveries add up to $48,037, about 35 percent 
of the original cost of the project. 

Economic impacts associated with this project are not 
restricted to Ontario; other provinces experience an in
crease in demand for their products to the tune of$33,567. 
A slightly smaller amount of increased demand, $32,475, 
flows outside Canada. Total imports associated with this 
project amount to $66,401. In other words, about 23 
percent of the total sales generated by expenditure on 100 

0.0 Kilotonnes 
0. 2 Hegali t res 
0.0 Gigalitres 
0.1 Gigawatt-Hours 

0.8 Terajoules 
6.5 Terajoules 
1.5 Terajoules 
0.4 Terajoules 
0.1 Terajoules 
9.2 Terajoules 

m of four-lane municipal road involve goods produced 
outside Ontario. 

Finally, Table 4 shows the amounts of primary energy 
consumption associated with the initial, indirect, and in
duced effects of the project. The use of crude oil accounts 
for the largest portion of energy use, amounting to 71 
percent of the total energy units-in addition to the petro
leum-based fuels used in construction and in the manu
facture and delivery of intermediate goods, asphalt, and 
related materials used on the road itself. In general, trans
portation projects depend heavily on oil-based energy, 
although a comparison across SUPs shows that the "oil 
intensity" of energy use varies across different types of 
projects. 

The above illustration shows the results of the simula
tion of a standard unit project with no adjustment to the 
input data. The TRIM user considering a road project that 
varies from the above description could adjust the input 
data accordingly. In addition to running any of the 35 
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SUPs individually, the program easily handles combina
tions of projects. With one run, the user might analyze a 
more complex expenditure program, e.g., expanding an 
airport, improving an access road, constructing a parking 
lot, or building a new stretch of highway to the airport. It 
is also a simple matter to convert the calculations from 
projects defined in physical units to projects defined in 
dollar amounts. Thus the model can be used for the 
simulation of budgetary changes. 

The usefulness of the TRIM database is obviously influ
enced by whether standard unit projects can be rescaled. 
Although the SUP data are most accurate for the project 
sizes originally costed, projects can be rescaled to multiples 
of the standard unit within a set of judgmental constraints. 
When variations in the scale of projects are being analyzed, 
the user of TRIM must decide whether to rescale the SUP 
data mechanistically or to construct a new set of input 
data. For scale changes of large magnitude relative to the 
defined SUP, a new data set is advisable. 

CONCLUDING COMMENTS 

This paper has provided a brief overview of a system of 
indicators of economic stimulation and energy use asso
ciated with capital investment in various transportation 
modes in the province of Ontario. Based on input-output 
accounting, TRIM calculates the impacts of a transporta
tion project on labor income, gross domestic product, 
employment, gross sales, tax revenue, imports from other 
provinces and abroad, and primary energy consumed. 
For each impact indicator, TRIM measures the initial 
effect and the indirect and induced effects of a capital 
expenditure. 

In addition to providing estimates that are directly useful 
to decision makers, TRIM can be viewed as an aid to 
analysis and communication that, for various reasons, will 
enhance the planning process within transportation agen
cies. For instance, in an agency using such a model, staff 
involved in different activities will be led to communicate 
reports and opinions on project planning in a common 
framework and to focus on a common set of variables that 
are mutually understood. Furthermore, it is likely to help 
agency staff to develop consistent techniques of cost analy
sis. Users of TRIM who become familiar with the standard
unit-project database will learn how to analyze project 
costs in a way that allows their secondary impacts to be 
calculated. 

While TRIM is a working model as it stands, in its 
present form it should be viewed as a starting point. There 
is scope for further development, both in terms of the 
model itself and in terms of how it can be used in a 
transportation agency. The Ontario Ministry of Transpor
tation is now deciding the specific ways it would like to 
extend, customize, and maintain the model. 

A number of observations are relevant: 
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• To remain useful, an economic impact model should 
be updated regularly. As already noted, there is a consid
erable lag in the publication of input-output data by Sta
tistics Canada. When the 1984 version of the Ontario 
input-output table becomes available, it will be desirable 
to update TRIM to account for structural changes in the 
Ontario economy between 1979 and 1984. 

• The input data and the parameters of the model also 
depend on the prices of goods and services. As inflation 
occurs, and as the prices of goods and services important 
in the construction of transportation facilities change rel
ative to each other and to other goods prices, the existing 
model will produce outdated calculations. Price data in 
the model should be updated regularly. 

• TRIM can be converted to calculate economic im
pacts for any other jurisdiction for which input-output 
data exist. 

• An input-output-based computer program involves 
literally hundreds of decisions regarding the source and 
use of data and the method of calculation (J, Appendix 
A). In the initial development of such a complex model, 
it is inevitable that some aspects of its structure will involve 
arbitrary assumptions and/or assumptions necessarily 
made for pragmatic reasons. After some experience in 
using it, the model can be customized to meet an agency's 
specific needs. 

• An interesting possibility for a fundamental extension 
of the model is the integration of cost analysis into it. In 
the present version, the cost of each input component of 
a capital project is prepared ahead of time and entered 
into TRIM. Instead, one could develop a module to gen
erate a task/input cost matrix. Input data would then be 
developed more conveniently and standardized further. 
The impacts of variations in design could be more easily 
simulated within such a framework. 

• While the set of 35 projects represented in the TRIM 
database provides extensive coverage of various transpor
tation facilities, there is scope for expanding the number 
and variety of standard unit projects in the database. Cost 
data, for example, are currently being gathered for a set of 
rapid transit SUPs based on the Toronto subway system. 
For those users who wish to depend on the standard unit 
projects, an expanded database would be desirable. 

Note that TRIM calculates only the secondary impacts 
of capital expenditures. Obviously a transportation agency 
is also interested in the development of indicators of the 
primary effects of transportation investment initiatives. 
(Estimates of the primary impacts of a project would 
capture the value of the actual transportation services 
produced as a result of capital spending. Secondary im
pacts are all other effects.) Various primary indicators are 
in use, e.g., value of travel time saved, reduction in acci
dents per time period, etc. If such indicators were to be 
standardized within an internally consistent framework, 
applicable across the various transportation modes, it 
would be useful to integrate them into a model that 
provides secondary impact indicators. Preliminary work 
on such a strategy is already under way. 
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Schedule Delay and Departure Time 
Decisions with Heterogeneous Commuters 

RICHARD ARNOTT, ANDRE DE PALMA, AND ROBIN LINDSEY 

The dynamics of morning rush-hour traffic congestion have 
been studied extensively in recent years. In most theoretical 
work, however commuters ar assumed to have identical 
travel cost functions and to face the same arrival-time con
straints at work. In this paper, we allow commuters to differ 
in their travel time costs, their starting time at work, and the 
costs incurred from early and late arrival. Early in the rush 
hour, the departure rate exceeds road capacity, causing a 
queue to develop. Commuters order themselves systematically 
in the departure sequence to mlnlmiw thdr imlivillual lravel 
costs. The order in which different groups depart is not 
necessarily efficient. A time-varying congestion toll can be 
constructed to eliminate queueing and induce the optintal order 
of departure. Travel-cost savings from such congestion tolls 
and from road capacity investments are computed. Estimated 
benefits are generally bia ed if computed using average travel
cost parameters and average work start times rather than 
actual distributions. Savings tend to be overestimated if com
muters differ primarily in travel costs, but can be underesfr· 
mated for capacity investment when commuters differ pri
marily in starting times at work. 

The trade-off between time spent commuting in the morn
ing rush hour and the cost of arriving early or late at work 
has been studied extensively in recent years. With few 
exceptions, however, the theoretical work has been highly 
aggregative. Commuters are usually assumed to incur the 
same costs from travel and to face the same arrival-time 
constraints at work. For at least two reasons, the analysis 
needs to be generalized to allow for differences in 
commuters. 

First, empirical studies by Ott et al. (J), Small (2), and 
Moore et al. (3) have found that different socioeconomic 
and age groups differ in their commuting behavior. White
collar workers as a group display greater variability in 
arrival time at work, and are more likely to arrive at the 
end of the rush hour than is the general population. 
Workers with children tend to arrive earlier and exhibit 
less variability in arrival time. Older workers and carpool
ers also tend to arrive earlier, while the results for individ
uals with long commutes are mixed. 

R. Amott, Queen's University, Kingston, Ontario K7L 3N6, 
Canada. A. de Palma, Northwestern University, Evanston, Ill. 
60208. R. Lindsey, University of Alberta, Edmonton, Alberta 
T6G 2H4, Canada. 

Systematic differences between groups in commuting 
behavior can be attributed to differences in employer 
policies toward work hours, to family scheduling con
straints, and to differences in the real or perceived cost of 
travel time. Professional and self-employed workers, for 
example, with high values of time but relatively flexible 
work hours, tend to travel on the tails of the rush hour to 
avoid the worst congestion. Carpoolers may depart earlier 
than single drivers to ensure that members with the earliest 
starting times arrive on schedule. 

To explain the distribution of rush-hour travel times 
and to predict the response of traffic to changes in the 
system, it is necessary to account for differences in the 
commuting population. 

A second reason for disaggregation is to provide a frame
work that will allow more accurate cost-benefit analysis of 
congestion tolls, road investments, and other transport 
policies. Most studies have employed single values for the 
cost of travel time, the desired arrival time at work, and 
the costs of arrival either earlier or later than desired. But 
since commuters of different types tend to order them
selves systematically in the departure sequence, calcula
tions based on single representative values will generally 
be biased. A tolling scheme, for example, may pass a cost
benefit testing using an aggregate model, but fail it after 
disaggregation, or vice versa. 

Despite the apparent need to treat heterogeneity of the 
commuting population, only two authors have done so in 
the theoretical literature. Henderson ( 4, ch. 8) considers 
two groups of commuters, with identical costs of travel 
and waiting time, but different values of noncommuting 
time. On the assumption that no one arrives late for work, 
Henderson shows that the group with the lower value of 
time departs first. Travel time for this group is lower, but 
waiting time is higher than for the other group. In a later 
work, Henderson (5) again considers two groups of com
muters, this time differing in schedule delay costs and with 
equal unit costs for early and late arrival. The group with 
higher costs travels at the peak of the rush hour, the other 
group on the tails. 

Recently, Newell ( 6) provided a detailed analysis of the 
pattern of morning rush-hour departures when traffic flow 
is constrained by a bottleneck of constant capacity. Com
muters are assumed to differ in their costs of travel time, 
their work start times, and their schedule delay costs (costs 
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of early and late arrival). In this paper, developed indepen
dently of Newell's, the bottleneck framework is also 
adopted, and the focus is on differences between com
muters in travel time and schedule delay parameters. The 
paper differs from Newell's in three respects. 

First, Newell treats continuous distributions of com
muters differing in both work start time and commuting 
costs, whereas we assume discrete distributions differing 
either in work start time or in commuting costs, but not 
both simultaneously. Our approach is thus less general 
than Newell's, but allows us to derive explicitly the equi
librium distribution of departure times. Second, we derive 
the socially optimal departure sequence of commuter 
groups and indicate how it differs from that in user equi
librium. And third, we calculate the benefits from optimal 
time-varying congestion tolls and road capacity invest
ments. We also determine the direction of bias when 
benefits are computed using average population parame
ters rather than their actual distributions. 

The queueing model on which our analysis is based was 
introduced by Vickrey ( 7) and extended by Hendrickson 
and Kocur (8), Fargier (9), and Amott et al. (JO). In the 
next section we review the main results of the model for 
identical commuters. In later sections, commuters are 
allowed to differ in their costs of travel time and schedule 
delay, differences in the relative costs of early and late 
arrival are considered, the assumption of homogeneous 
cost parameters is restored and focus is on differences in 
starting times at work, and conclusions are drawn. 

REVIEW OF THE MODEL WITH IDENTICAL 
COMMUTERS 

The precise assumptions and notation employed here fol
low our earlier model (10). N identical commuters travel 
each morning from home in the suburbs to work down
town. There is a single road along which each individual 
commutes in his own car. Travel is uncongested except at 
a single bottleneck (a bridge, tunnel, intersection, etc.) 
which at most s cars can traverse per unit of time. If the 
arrival rate at the bottleneck exceeds s, a queue develops. 
Travel time is 

T(t) = T 1 + T'(t) (1) 

where T 1 is travel time in the absence of a queue, T'(t) is 
waiting time at the bottleneck, and t is departure time 
from home. Without loss of generality, we set T 1 = 0, so 
that an individual reaches the queue at the bottleneck as 
soon as he leaves home, and arrives at work upon exiting 
the bottleneck. The length of the queue, D(t), is 

D(t) = f 1 

r(r) dr - s(t - i) (2) 

where i denotes the time at which the queue was last 
zero and r(t) the departure rate. Waiting time at the 
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bottleneck is 

T'(t) = D(t)/ s (3) 

Individuals are assumed to have a common starting 
time at work t*. Their travel cost is given by the linear 
function 

C(t) = aT'(t) + ,B(time early) 
+ 'Y(time late) 

(4) 

where for individuals who arrive early (before t*), time 
late = 0, and for those who arrive late (after t*), time early 
= 0. The parameter a measures the (vehicle operating and 
opportunity of time) costs of time spent in transit. ,B 
measures the cost of arriving an extra minute early at work 
and 'Y the cost of arriving an extra minute late. (These 
costs may be nonlinear, or exhibit discontinuities; we 
follow common practice in assuming linearity.) To assure 
that the equilibrium departure rate is finite we assume 
a > ,B. For convenience, we define Tl "" 'Yl,B to be the 
relative unit cost of late arrival to early arrival. 

Finally, ln is defined to be the departure time for arrival 
at t*, determined implicitly by the condition 

ln + T'(tn) = t* (5) 

Henceforth, we take "depart early" to mean arrive early 
and "depart late" to mean arrive late. 

User Equilibrium 

In choosing when to leave home, individuals face a trade
off between travel time and schedule delay. Individuals 
are assumed to have full information about the departure 
time distribution. Equilibrium obtains when no one can 
reduce costs by altering departure time. With identical 
individuals this means that costs are constant over the 
rush hour. 

The equilibrium is depicted in Figure 1. Queue length 
is measured by the vertical distance between the cumula
tive departures and cumulative arrivals schedules. Travel 
time is measured by the horizontal distance. From the 
beginning of the rush hour at lq until t,,, the queue builds 
up at a constant rate. Once past ln the queue dissipates, 
again at a constant rate, reaching zero at the end of the 
rush hour at lq·· 

Over the interval [lq, tn], the equal cost condition implies 
from equation 4 that 

C(t) = aT'(t) + ,B[t* - t - T"(t)] (6) 

is constant. Differentiating equation 6 and using equations 
2 and 3, the departure rate for individuals departing early 
is found to be 

,Bs as 
r(t) = rf = s + -- = -

a - ,B a - ,B 
(7) 
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FIGURE 1 Cumulative arrivals and departures, queue 
length, total travel time, total time early, and total time late 
in user equilibrium. 

where the superscript e denotes user equilibrium and the 
subscript E early arrivals. By similar reasoning, the late 
departure rate is 

-ys as 
r(t) = rf = s - -- = --

a+ -y a+-y 
t E [tn, lq•] (8) 

where the subscript L denotes late arrivals. Equating the 
costs of the first and the late individuals to depart, 

fl(t* - lq) = -y(lq' - t*) (9) 

Since the bottleneck operates at capacity throughout the 
rush hour, 

lq' = tq + N/s (10) 

Combining equations 9 and 10, one obtains the following: 

11 N t = t* - --
q 1 +,., s 

I * l N t=t+---
q 1 +,., s (1 la, 1 lb) 

Finally, using equations 5 and 7 and defining o = 
fl'Y /(fl + 'Y) one obtains 

oN 
ln = t* - - -

a s 
(12) 

Aggregate travel time and schedule delay are identified 
in Figure 1. Aggregate travel time costs (TTC), schedule 
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delay costs (SDC), and travel costs (TC) are 

o N2 

TTC' = SDee = - -
2 s 

Tee = TTee + snee = o N2 
s 

(13) 

(14) 

It is noteworthy that neither the timing of departures nor 
aggregate costs depend on the unit cost of travel time, a. 

The Social Optimum 

The social optimum is determined by minimizing the sum 
of travel time and schedule delay costs. To eliminate 
queueing while minimizing schedule delay costs, the de
parture rate is maintained at s throughout the rush hour. 
The time of first departure is chosen so that the first and 
last commuters incur equal costs, since otherwise costs 
could be reduced by movine an individual from the hegin
ning of the rush hour to the end, or vice versa. Since this 
condition is also true of user equilibrium, the timing of 
the rush hour and the arrival distribution are the same as 
in equilibrium. 

Denoting variables corresponding to the social optimum 
with a superscript o, aggregate costs are given by 

TTe 0 = 0 

0 N2 
SDe0 = Te0 = - -

2 s 

Total costs are half their value in user equilihrium. 

(15) 

(16) 

INDIVIDUALS WITH DIFFERENT a AND {J, BUT 
THE SAME -y/fJ 

Characterization of User Equilibrium and Social 
Optimum 

In this section, we allow the unit costs of travel time and 
schedule delay to differ across commuters. We assume that 
commuters have the same relative cost of late arrival and 
desired arrival time, 11 = -y/{J. 

Let there be G groups of commuters indexed in order 
of decreasing relative cost of travel time, a/ fl, so that 

(17) 

Let N; be the number of individuals in group i and N the 
number in all groups. 

User Equilibrium 

The equilibrium departure rate is described by the follow
ing theorem. 



Arnott et al. 

Theorem 1. In user equilibrium, a fraction 77/(1 + 11) of 
each group departs early, with the remainder departing 
late. Group 1 is the first to depart early, then group 2 and 
so on to group G. Members of group G who do not depart 
early are the first to depart late, followed by the remainder 
of group G - 1 and so on until everyone has departed. 

Theorem l is proved in Amott et al. (11). (Proofs and 
derivations of the major results in this paper are contained 
in the earlier paper, which is available upon request.) Since 
the fraction of commuters in the homogeneous case who 
depart early is also 11/(l + 11), the rush hour begins and 
ends at the same time as with identical commuters. Indi
viduals with the highest cost of travel time relative to 
schedule delay travel furthest out on the tails of the rush 
hour, as in Henderson's (5) model. 

An example of equilibrium with four groups is shown 
in Figure 2. Group l, with the lowest relative cost of travel 
time, travels at the beginning and end of the rush hour. 
Group 2 travels on adjacent time intervals, and so on. 
Group j follows group i in the departure sequence at time 
tu. Individuals arrive on time (at t*) along the locus Ot* 
with slope -s. To the left of Ot*, individuals arrive early; 
to the right, they arrive late. The equilibrium travel costs 
incurred by each group are shown by the equal-cost con
tours labeled C, ... C4. To the left of Ot*, the slope of C; 
is {3;s/(a; - {3;); to the right, it is -"f;S/(a; + 'Yi). The upper 
envelope of the equilibrium cost curves describes what can 
be called the travel equilibrium frontier (TEF). Commuters 
in each group select departure times that minimize their 
costs on the TEF. Group 2, for example, departs between 
t12 and li3 and again between {32 and li1· 

The Social Optimum 

As is the case with identical individuals, the social opti
mum involves no queueing. To minimize schedule delay 
costs, the group with the largest value of a travels closest 
to t*, with a fraction 11/( 1 + 11) departing early and the 
rest late. The group with the second highest value of a 
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FIGURE 2 Equilibrium with four groups of commuters with 
different a and (:J and the same -y//J. 
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departs on adjacent time intervals with the same propor
tions early and late, and so on for the remaining groups. 

The rush hour thus begins and ends at the same time as 
with identical individuals, and the same time as in user 
equilibrium. However, the order in which groups depart 
differs from equilibrium unless the ranking of groups 
according to a is the reverse of the ranking according to 
a/{3, that is, {3, < f3i < ... < f3G. This is true if a 1 = ai = 
... aG, but is not true in general. Thus, schedule delay 
costs are not necessarily minimized in equilibrium. 

The social optimum can be brought about with a time
varying toll. A toll with four groups is drawn in Figure 3, 
where it is assumed that f3i < {3, < {33 < {34, so that groups 
1 and 2 are reversed in the departure sequence relative to 
equilibrium. The equal-cost contour of group i rises with 
slope {3; for departures before t* and falls with slope -'Yi 
for departures after t*. In equilibrium, group i departs 
early while the toll is increasing at rate f3i and late while 
the toll is decreasing at rate 'Yi· The toll changes at a rate 
that just offsets any incentive to queue. Since commuters 
in a given group prefer their existing departure times to 
departure at any other times, the toll induces commuters 
to self-select into the socially efficient departure time 
intervals. 

Cost-Benefit Analysis and Aggregation Bias 

Since further calculation in the general case is tedious we 
shall focus, with little sacrifice of insight, on two groups. 
Suppose there are N 1 members of group 1 and Ni of group 
2, with N = N1 + Ni and ai/f3i < ai/{3,. Leth ~ Ni/N 
denote the fraction of commuters who are in group 2, and 
define a,= ai/ai, {3, = f3i/f31, and oi = f3i'YJ(f3i + 'Yi). To 
fix ideas it may be helpful to think of white-collar workers 
comprising group l and blue-collar workers group 2. 

Total costs in equilibrium are as follows: 

SDC' = ~ ~i [1 + ({3, - l)fD (18) 

Note: Groups 1 and 2 reversed in departure sequence 
relative to user equilibrium. Slope of toll as labelled. 

0 
I-

t• 

Departure and Arrival Time 

FIGURE 3 Optimal time-varying toll for groups of 
commuters with different a and (:J and the same -y/(:J. 
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TTC' = ~ ~
2 

[l - 2(1 - a,)h 

+ (1 + (3, - 2a,)l~] 

N1 
TC'= 01 - [l + (a, - l)h + ((3, - a,)n] 

s 

(19) 

(20) 

Note that total travel time costs depend on the relative 
unit costs of travel time for the two groups, (3,, whereas 
with homogeneous commuters TTCe is independent of 
unit travel time costs, (3. 

In the social optimum there is no queueing. If (3, > 1, 
group 2 travels in the middle of the rush hour, just as in 
equilibrium, and with the same arrival time distribution. 
If (3, < 1, the optimal order of departure is reversed, and 
group 2 travels on the tails. Total costs in the social 
optimum are 

SDC0 = TC0 

o1 Ni 12 f 2 7 [l + ((3, - 1) 2] i (3,?:. 1 

o1 Ni r 12] 2 7 [l - 2(1 - {3,)J2 + (1 - (3,) 2 

(2la) 

if{3,sl (2lb) 

Expression 21 a for (3,?:. 1 is identical to equation 18, while 
expression 21 b for (3, s 1 obtains by interchanging sub
scripts in 2la. 

To measure the bias introduced by treating commuters 
as identical, we use for the aggregate specification popu
lation-weighted average values of a and (3: 

(Although this is not the only way that aggregate parame
ters might be determined, it is probably the most natural.) 
Using equations 13 and 14, the aggregate model yields the 
following values: 

s/Jc = rtce = s/Jc0 = TC0 

o N 2 

= _l _ [l - (1 - {3,)fi] 
2 s 

(24) 

A N2 
TC'= 01 - [l - (1 - {3,)fi] 

s 
(25) 

TTC0 = 0 (26) 

Tolls 

To determine the direction of aggregation bias in estimat
ing the benefits from tolls, there are two cases to consider: 
(3,?:. 1 and (3, < l. When (:3,?:. !, the optimal and equilib
rium departure sequences coincide, so that toll benefits 
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are simply travel time costs in equilibrium. Aggrega
tion bias is computed by subtracting equation 19 from 
equation 24: 

TTC' - TTCe 4' (I+ fl,)/?. - a, (27) 

where 4' means identical in sign. Combining equation 27 
with the restriction a,< (3, one obtains Figure 4. Aggrega
tion leads to underestimation of toll benefits when a, > 
( 1 + (3,)/2, and overestimation otherwise. To see why, note 
that since group 2 travels at the peak of the rush hour it 
bears a disproportionate fraction of travel time costs. If 
a 2 > a 1, the unit costs of travel time are underestimated 
in the aggregate model. This bias may be sufficient to 
outweigh the fact that total travel time is nevertheless 
overestimated with the aggregate model. 

In the second case with a, < 1, it is clear from Figure 4 
that travel-time cost savings from tolls are always overes
timated with the aggregate model. However, tolls yield 
additional benefits by reducing schedule delay costs, so 
that a priori the direction of bias is unclear. 

Road Investment 

Much of the literature in urban transportation is concerned 
with the optimal capacity of the road network. Benefits 
are usually calculated on the assumption that road users 
are identical. The question arises whether aggregation cre
ates a bias toward over- or underinvestment in capacity. 
Now since total costs in both the equilibrium and social 
optimum are inversely proportional to capacity, the mar
ginal benefit from capacity expansion is proportional to 
total costs. Aggregation thus leads to overinvestment if 
calculated total costs exceed actual costs, and vice versa. 

Subtracting equation 20 from equation 25, one finds for 
the user equilibrium that 

(28) 

Since (3, ?:. a, by assumption, total costs are overestimated 
with the aggregate model. Similarly, by subtracting equa
tion 21 from equation 24 one can show that in the social 
optimum, total costs are overestimated unless (3, = 1. Thus, 
aggregation introduces a bias towards excessive road 
investment. 

Numerical Examples 

Some idea of the magnitude of aggregation bias can be 
obtained from the numerical examples in Table 1. Five 
sets of values for ((3,, a,) are listed, corresponding to the 
five points labeled in Figure 4. Only the relative magni
tudes of the table entries are meaningful. For simplicity, it 
is assumed that N 1 = Ni. 

From the percentage figure in column 8 of Table 1, one 
can see that toll benefits are neither consistently over
estimated nor underestimated under aggregation. In ex-
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ample 1, {3, < 1, and it is optimal for group I to travel in 
the middle of the rush hour, rather than group 2 as occurs 
in user equilibrium. The reduction in schedule delay costs 
from imposing an optimal toll (columns 4-7) exceeds the 
overestimate of travel time costs (the percentage figure in 
column 5). Aggregation thus leads to underestimation of 
toll benefits. In example 2, {3, < I, and there is no reorder-

ing of departure times, hence no reduction in schedule 
delay costs. But this time, travel time costs are underesti
mated, so that aggregation again leads to underestimation 
of toll benefits. In the remaining three examples, schedule 
delay costs are unaffected by tolls, whereas aggregation 
leads to overestimation of travel time costs. Toll benefits 
are thus also overestimated. 

T""" 
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FIGURE 4 Aggregation bias in calculation of travel time costs 
with two groups of commuters with different a and {:J and the same 
-y/f:J. 

TABLE 1 EXACT AND AGGREGATE CALCULATIONS OF SCHEDULE DELAY, TRAVEL TIME, AND TOTAL COSTS 
IN USER EQUILIBRIUM AND SOCIAL OPTIMUM WITH TWO COMMUTER GROUPS OF EQUAL SIZE DIFFERING IN 
a AND (3 , BUT WITH THE SAME 'Y / {3 

Example ~r ar Calculation soce TT Ce TCe TC 0 =SOC 0 TCe-TC 0 

1 2 3 4 5 6 7 8 

Exact 0.4375 0.3125 0.7500 0.3125 0.4375 
1 0. 5 0.5 

Aggreg/Exact 85.7% 120% 100% 120% 85.7% 

Exact 0.6250 0 . 8750 1.5000 0.6250 0.8750 
2 2.0 2. 0 

Aggreg/Exact 120% 85.7% 100% 120% 85.7% 

Exact 0.5000 0.3750 0.8750 0.5000 0.3750 
3 1. 0 0.5 

Aggreg/Exact 100% 133% 114 i. 100% 133% 

Exact 0.6250 o.6250 1.2500 o.6250 0.6250 
4 2. 0 1. 0 

Aggreg/Exact 120% 120% 120% 12 0% 120% 

Exact 0.6250 0.5000 1.1250 o.6250 0.5000 
5 2. 0 0.5 

Aggreg/Exac:t 120% 150% 133% 120% 150% 
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The aggregation bias in road investment can be deter
mined from the values of total costs in equilibrium and 
the social optimum, shown respectively in columns 6 and 
7. Consistent with the general results discussed above, total 
costs in the user equilibrium and the social optimum are 
never underestimated and are usually overestimated. In 
example 5, equilibrium costs are overestimated by 33 
percent. With constant marginal construction costs, this 
would lead to ovcrconstruction of road capacity by a factor 
(1.33)112

, or about 15 percent. 

INDIVIDUALS DIFFERING WITH RESPECT 
TO -y/fJ 

User Equilibrium and Social Optimum 

In this section we allow the relative cost of late arrival 11 = 
'Y/f3 to differ across commuters. For simplicity, a, {3 and 
t* are assumed to be the same for everyone. Let there be 
G groups of commuters, indexed in order of decreasing 11 

so that 

lJI > 1J2 > · · • 1Ja (29) 

As before, N ; is the number of commuters in group i, and 
N the number in all groups. 

User Equilibrium 

User equilibrium is described by the following theorem. 

Theorem 2. In user equilibrium, groups of commuters 
with the highest 11 depart late, in strict sequence of decreas
ing 17, with group G the last to depart. Groups with lower 
11 depart early. The order of departure of these groups is 
indeterminate. At most, one group departs both early and 
late. 

Proof 

Let Ca and Ca-1 be cost curves for groups G and G - 1 
respectively, as shown in Figure 5. Since 11G > 11G - l , Ca 
has the same slope as Ca- 1 for early departure but is flatter 
for late departure. In equilibrium, the right-hand branch 
of Ca must intersect the abscissa to the right of Ca- 1; 

otherwise members of group G - l could reduce their 
travel costs by switching to departure times chosen by 
group G. Since Ca cannot lie everywhere above Ca-i. the 
cost curves must intersect. Since cost curves for groups 
G - 2, G - 3, etc., are progressively steeper than C G-i 

for late departure, group G must depart last, group 
G - 1 second last, and so on while individuals are depart
ing late. 

For individuals traveling early, the order of departure is 
indeterminate since all groups have the same cost curves. 
QED. 
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Groups G, G-1 and part 
of group G-2 depart late 

0 

t• 

Departure Time 
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FIGURE 5 Equilibrium with groups of commuters with 
different 'Y//3. 

According to theorem 2, individuals with the lowest 
relative cost of late arrival depart last, which is common 
sense. 

The Social Optimum 

The social optimum is intuitive. To prevent queueing, the 
departure rate is held at s throughout the rush hour. To 
minimize schedule delay costs, groups depart in strict 
sequence of decreasing 11 during late departure, just as in 
equilibrium. 

The timing of the rush hour also turns out to be the 
same as in equilibrium, as was the case with commuters 
varying in a and {3. Similarly, a time-varying toll can be 
constructed to decentralize the social optimum. Since 
schedule delay costs are minimized in the user equilibrium, 
toll benefits equal travel time saved. 

Cost-Benefit Analysis and Aggregation Bias 

At this point we again simplify by restricting attention to 
two groups. (The two-group case incorporates the solution 
for any number of groups when no more than two groups 
depart late.) Group l will largely comprise blue-collar 
workers, with relatively high penalties for late arrival at 
work. Group 2 will consist predominantly of white-collar 
workers. There are two cases to consider: 

1. Group 2 is sufficiently small that all members depart 
late, as well as part of group 1, 

2. Group 2 is sufficiently large that none of group 
departs late. 
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Case 1 

Case l applies when 

h < 1/(1 + 112) 

Aggregate costs are 

01 N 2 

SDC' = TTC' = SDC0 = TC0 = - - [l - µ,] 
2 s 

N1 
TC'= 01 - [l - µi) 

s 

where 

o, = f}y,/((3 + 'Yi) 

(30) 

(31) 

(32) 

(33) 

(34) 

As is true of identical commuters, travel time costs and 
schedule delay costs are equal in equilibrium. Since dµ 1/ dfi 
> 0 for values of .h satisfying equation 30, travel costs 
decrease monotonically with the proportion of commuters 
in group 2. Thus, in case 1, increasing the proportion of 
commuters with flexible work hours (i.e., converting group 
1 workers to group 2) reduces total commuting costs. 

Case2 

The solution for case 2 is the same as for identical com
muters with 1/ = 71 2• Thus 

(36) 

where 

(37) 

To measure aggregation bias we again use a population
weighted average value: 

The aggregate specification yields 

A A A A 01 N 2 

snce = TTC' = SDC0 = TC0 = - - (1 - it] (39) 
2 s 

A N 2 
TCe= 01 s [l - it] (40) 
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where 

(41) 

Tolls 

Because schedule delay costs at the social optimum are 
the same as in equilibrium, toll benefits equal travel time 
saved. Given equations 31, 35, and 39, the ratio of esti
mated to actual toll benefits in case 1 is 

TTC' 1 - it 
--=-- (42) 
TTCe 1 - µ 1 

It is straightforward to show that it < µ 1 and it < µ2, so 
that toll benefits are overestimated under aggregation. 

R oad Investment 

The marginal benefit from capacity expansion is propor
tional to total costs. Given equations 32, 36, and 40, the 
ratio of estimated to actual total costs is 

TC'= l - it> l 
TCe l - µ; 

(43) 

Hence, aggregation introduces a bias toward excessive road 
investment. This accords with the results shown earlier 
("Individuals with Different a and (3, but the Same 'Ylf3"). 

INDIVIDUALS WITH DIFFERENT t* 

User Equilibrium and Social Optimum 

Suppose now that commuters differ only with respect to 
t*. One interpretation is that individuals differ in their 
starting time at work. An alternative interpretation is that 
individuals have the same work hours, but work at differ
ent distances from the bottleneck. Those with further to 
travel wish to pass through the bottleneck earlier. 

Hendrickson and Kocur (8) address this problem under 
the assumption that the cumulative desired arrival time 
distribution, W(t), crosses the cumulative arrivals schedule 
once, as shown in Figure 6. The equilibrium departure 
time distribution is the same as if all individuals desired 
to arrive at the crossing time t* = w-1[11N/(l + 11)). Travel 
time costs are the same as with identical desired arrival 
times, while schedule delay costs are smaller. The arrival 
time distribution is socially optimal. 

In this section, we extend Hendrickson and Kocur's 
analysis to discrete groups of commuters, allow for multi
ple crossings of the desired and actual arrival time distri
butions, and perform cost-benefit analysis. Groups can be 
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thought of as teams of workers in industry or government 
departments with the same work hours. 

Let N; be the number of commuters with desired arrival 
time tj, i = 1 ... G, with 

t~ <ti< ... t~ (44) 

Let W(t) be the cumulative desired arrival time 
distribution: 

W(t) = "£,N;H(t - ti) (45) 

-0 
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N ------------------------- --- ---r----
1 
I 

c B 

or<-~~~~~~~~~~~~;-~~~r--~-+-

tq 

Time 

Total Travel Time = Area OABO 
Total Time Early = Area OEFO 
Total Time Late = Area BECB 

t'=W-1 (-ry-N) tq 
Hry 

FIGURE 6 Equilibrium with a distribution of desired arrival 
times that crosses the cumulative arrivals schedule once. 
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where H(x) is the Heaviside function: H(x) = 1 if x ::::: 0, 0 
otherwise. It is assumed that desired arrival times are 
sufficiently close that the bottleneck operates at capacity 
throughout the rush hour, implying 

lq · - tq = N/s (46) 

User Equilibrium 

The user equilibrium 1s described by the following 
theorem. 

Theorem 3. Suppose that commuters differ only in de
sired arrival time. Let the cumulative desired arrival time 
distribution be W(t). Then the equilibrium departure rate 
is given by 

>'{I)~{:; as s(I - 1,) + D(I) .. w[1 + D;I)] 
t E [tq , lq·] (47) 

where D(tq) = 0, D(lq') = 0, and where rf and rf are 
defined in equations 7 and 8. 

The intuition behind the theorem is that if at time t 
cumulative departures exceed cumulative desired arrivals, 
then the individual departing at t arrives early. If the 
individual and those departing just before and after him, 
who also arrive early, are content with their departure 
times then the departure rate must be rf, just as with 
identical commuters. Similarly, when cumulative depar
tures are less than cumulative desired arrivals, the depar
ture rate must be rf. 

An example of equilibrium with three groups, in which 
the cumulative desired arrivals schedule W(t) crosses the 
cumulative actual arrivals schedule three times, is shown 
in Figure 7. t,,,; denotes the departure time for which an 

tq ln,1 ln,2 l1 2 ti 2 23 tn,3 t ' q 

Time 

FIGURE 7 Equilibrium with three groups of commuters with different 
desired arrival times. 
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individual arrives at tj. From tq until tn.i cumulative 
arrivals exceed cumulative desired arrivals and the depar
ture rate is rf. Between ln .i and t23 , cumulative arrivals fall 
short of desired arrivals and the departure rate is r~, and 
so on. All of group 2 arrives late, while some members of 
groups l and 3 are early and some late. The queue peaks 
at tn,i and ln, 3 , and reaches a local minimum at ! 23• 

We have assumed that groups depart in strict sequence. 
If the equilibrium cost curves of two or more groups 
coincide, however, the order of departure is indeterminate. 
In Figure 7, for example, the equilibrium cost curves of 
groups l and 2, Ci and C2 , coincide during the time 
interval [tn. 2 , t23]. Members of the two groups may depart 
at any time during this interval. 

The Social Optimum 

Since groups differ only in t* it is clear that departure in 
strict sequence by group is optimal, although not neces
sarily the unique optimum. Both the timing of the rush 
hour and the indeterminacy in the order of departure are 
the same as in the user equilibrium. To see this, note that 
if two individuals in different groups are both arriving 
early or both late, they can be interchanged in the depar
ture sequence without affecting total schedule delay costs. 
This is the same condition under which indeterminacy 
arises in equilibrium. 

Two Groups 

We now turn to a more thorough investigation of equilib
rium with two groups. There are three cases to consider. 
In case l, group 2 is sufficiently small that all members 

en 
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travel late and the timing of the rush hour is the same as 
if everyone belonged to group I. Total travel time costs 
are the same as with identical commuters, but schedule 
delay costs are smaller. 

In case 2, group l is sufficiently small that all members 
travel early and the timing of the rush hour is the same as 
if everyone belonged to group 2. Again, travel time costs 
are the same as with identical commuters while schedule 
delay costs are smaller. 

In case 3, shown in Figure 8, the queue has a double 
peak, with group l traveling around the first peak and 
group 2 around the second. (As earlier it is assumed that 
ti and ti are sufficiently close that the rush hours for the 
two groups are connected.) The equilibrium cost curves of 
the two groups, C1 and C2 , intersect only at t 12 , so that all 
of group 1 departs before group 2. Both travel time costs 
and schedule delay costs are smaller than with homoge
neous commuters. 

Cost-Benefit Analysis and Aggregation Bias 

From the preceding discussion it is clear that if t* is 
assumed to be the same for everyone, then schedule delay 
costs are overestimated, whether the actual queue is single
or double-peaked. Travel time costs are calculated cor
rectly if the queue is single-peaked, but overestimated if it 
is double-peaked. 

Tolls 

Since the timing of the rush hour and order of departure 
in user equilibrium are socially optimal, toll benefits equal 
travel time costs in equilibrium. Aggregation introduces 

W(t) 

0 
tq tn,1 t i t i2 tn ,2 

Time 

Total Travel T ime= Area OABCDO 
Total Time Early =Area OEFO + HJIH 
Total Time Late = Area EGHE + JKDJ 

FIGURE 8 Equilibrium for two groups of commuters with 
different desired arrival times and a double-peaked queue. 
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no bias in calculated toll benefits when the queue is single
peaked because travel time costs are the same as with 
identical commuters. But toll benefits are overestimated 
when there is a double peak. 

Road Investment 

The marginal benefit from capacity expansion is found to 
be 

I dTC•/dsl = o(N/s)2 

with a single-peaked queue ( 48) 

ld~~·I = o(~Y {1 +[I - (~: 11)121
2

} 

with a double-peaked queue (49) 

Equation 48 for the single peak is the same as. with 
identical commuters because the difference in schedule 
delay costs with identical and nonidentical commuters is 
independent of capacity. 

When the rush hour is double-peaked, however, the 
marginal benefits of capacity expansion are greater than 

TABLE 2 SUMMARY OF RESULTS 

Characteristics of User 
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with identical commuters unless.h = 1/(1 + 17). The reason 
is that as capacity is expanded, the queue left by group l 
when group 2 begins to depart becomes smaller, leading 
to a more than proportionate decrease in overall travel 
time costs. This outweighs the fact that total travel costs 
arc smaller with identical work start times, except if f2 -
1/(1 + 11) when the two factors balance. 

CONCLUDING REMARKS 

We have analyzed the departure time decisions of morning 
commuters who differ in one of three respects: (l) travel 
time and schedule delay costs, (2) relative costs of early 
and late arrival, (3) desired arrival time. The principal 
results of the analysis are summarized in Table 2. In 
equilibrium, groups of commuters order themselves sys
tematically in the departure sequence. Early in the rush 
hour the departure rate exceeds capacity, causing a queue 
to develop and increasing travel time costs. The timing of 
the rush hour is optimal in each of the above groups ( l, 2, 
and 3) (allhough this is not true in general). Schedule delay 
costs need not be minimized in case 2, however, because 

Aggregation Bi as 1 

Equilibrium (Two Groups) 

Variable Order of Shape of Timing of Schedule Toll Capacity 
Parameters Departure Queue Rush Hour Delay Costs Benefits Expansion 

Benefits 

None N/A Single- Optimal Minimized N/A N/A 
(Homo- peaked 
geneous 
commuters) 

High al~ groups Single- Optimal Generally not + or - + 
a and ~ travel on peaked minimized 
( y I~ shoulders with 
fixed) convex 

shoulders 

Smallest y/~ Single- Optimal Minimized + + 
y/~ groups travel peaked 

(a and ~ last with 
fixed) convex 

right-
hand 
shoulder 

In order of Single Optimal Minimized 0 or + 0 o r -
t* increasing t *. or 

pos:,ibly inde- multiple 
terminate over peaked 
limited periods 

Aggregation bias refers to the error when a population of nonidentical commuters is 
treated as being homogeneous. 

+means the value calculated under aggregation is too large, 
- means it is too small, and 0 means no bias 

N/A: Not Applicable 
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the order in which commuters depart in user equilibrium 
is not necessarily optimal. 

Cost-benefit studies of congestion tolls and of invest
ments in road capacity often ignore heterogeneity of the 
commuting population. To measure the aggregation bias 
in computing benefits we used population-weighted aver
age parameter values. We showed that aggregation usually 
leads to overestimation of benefits, although underesti
mation is possible. The direction and magnitude of bias 
depend on which parameters vary across commuters, and 
by how much. 

There are several directions in which the analysis could 
be fruitfully extended. 

Empirical Determination of Parameter Distributions 

The results of this paper, as well as those of Newell (6), 
indicate that the qualitative characteristics of the departure 
time distribution are sensitive to the travel time and sched
ule delay costs of different commuter groups and to the 
proportion of commuters in each group. Further empirical 
work in the spirit of Small (2, 12) will be necessary before 
accurate cost-benefit calculations are possible, although 
the difficulty of obtaining adequate data may prove an 
obstacle. 

Algorithms 

For practical cost-benefit applications it will be necessary 
to divide the population into several groups and to allow 
all parameters to vary at once. Networks of roads and 
performance models more realistic than the idealized bot
tleneck should also be considered. To solve for user equi
librium in this more complex setup and to investigate the 
effects of smoothly varying or coarse (step-function) 
congestion tolls, an algorithmic approach will be necessary 
because analytical methods are intractable. 

Welfare Considerations 

Congestion tolls, road investments, and other transport or 
workplace policies affect the distribution of welfare. Be
cause the cost of travel time varies with income and 
because socioeconomic groups differ in the flexibility of 
their work hours, the benefits of congestion relief tend to 
fall unequally. For example, both theoretical (13, 14) and 
empirical (J 2, 15) studies have concluded that the inci
dence of congestion tolls is probably regressive and that 
distributional effects can be significant compared to effi
ciency gains. In an earlier draft of this paper (J J), we 
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showed, using the bottleneck model with two commuter 
groups, that congestion tolls and road investments both 
tend to favor commuters with high values of travel time 
relative to schedule delay. Since such commuters are likely 
to be white-collar workers with above-average incomes, 
this finding is consistent with earlier findings that policies 
to reduce congestion tend to have regressive welfare effects. 
Clearly, the analysis needs to be done at a greater level of 
disaggregation and under more realistic assumptions. 
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11 After" Benefit-Cost Analysis of the 
Elko, Nevada, Railroad Relocation 

GUILLAUME SHEARIN 

This paper presents the 'after" part of a before-after benefit
cost case study of the FHW A railroad relocation and grade 
separation demonstration project in Elko, Nevada. The object 
of the demon trntion project was to reduce the effects on a 
small western city of two transcontinental railroads passing 
through the downtown. Construction began about 1979 and 
finished in 1983. The after benefit-cost study was compJcted 
in 1987 as part of an overall before-after report submitted to 
FHW A, the Nevada Department of Transportation, and the 
city of Elko. The main result of the benefit-co t tudy wa the 
quantification and pricing of the primarily social and environ
menta.I benefits of the railroad relocation, including flood 
control as well as reduction of noise, vibration, accidents, and 
considerable delay and disruption in the downtown. Depending 
on the discount rate, benefit-cost ratios of 0.61 to 1.12 were 
calculated. Approximately 80 percent of the benefits went to 
the community and 20 percent to the railroads. 

This paper presents the "after" part of a before-after 
benefit-cost case study of the FHW A railroad relocation 
and grade separation demonstration project in Elko, 
Nevada. The after benefit-cost study was completed in 
1987 as part of an overall before-after report submitted to 
FHWA, the Nevada Department of Transportation, and 
the city of Elko. 

The object of the demonstration project was to reduce 
the effects on Elko, a small western city (population 11,500 
in 1985), of two transcontinental railroads passing through 
the downtown. Both the Southern Pacific Transportation 
Company (SP) and Western Pacific Railroad (WP), ac
quiredin 1983 by the Union Pacific Railroad (UP), passed 
through the middle of the downtown and literally cut the 
town in two, sometimes for hours at a time. Besides the 
noise and vibration associated with the railroad tracks, the 
18 mainline grade crossings in the downtown had become 
a significant source of accidents. The railroads that once 
had been the lifeblood of the town had become a blight 
and a hazard. 

Consideration of the project was begun in the early 
1970s with construction beginning about 1979 and finish
ing in 1983. The main action of the project was to remove 
the railroad tracks from the downtown and relocate them 

De Leuw, Cather & Company, 120 Howard Street, P.O. Box 
3821, San Francisco, Calif. 94119. 

in an adjacent grade-separated corridor along a realigned 
section of the Humboldt River. The WP yard was also 
moved from immediately adjacent to the west side of the 
downtown to a more remote and spacious location at the 
eastern end of town. De Leuw, Cather and Company and 
Chilton Engineering (later Kennedy /Jenks/Chilton) per
formed the planning, environmental analysis, and design 
of the project. 

A major purpose of the benefit-cost study was to dem
onstrate methods of pricing out intangible benefits, such 
as the reduction of noise and community disruption. This 
paper presents one way to price some of these benefits. 
The period of analysis is 30 years, from the base year of 
1978 to 2008, to reflect a more typical analysis period for 
the flood control part of the demonstration project as well 
as to capture a significant fraction of the design life of the 
major bridges. 

The selected annual discount rate is 4 percent in contrast 
to 7 percent or 10 percent used in some analyses. The 
results of discounting at the other percentages are pre
sented, however. This choice reflects the belief that a 4-
percent discount rate in a low risk, constant-dollar envi
ronment is equivalent to a private sector opportunity cost 
of 11 percent or greater. Selection of the discount rate is 
discussed in greater detail later in this paper (see Calcula
tion of Benefit-Cost Ratio). Corresponding to the 4-percent 
discount rate, all benefits and costs used in the analysis 
are expressed in constant 1978 dollars. 

The first three sections of the benefit-cost analysis cor
respond to the primary recipients of the benefit: the rail
roads, the highway users, and the community. Within each 
section, the basic assumptions of the analysis are presented 
together with the results of each step. The analysis con
cludes with a summary of net capital costs and the calcu
lation of a benefit-cost ratio. 

RAILROAD BENEFITS 

Distance and Curvature 

Because railroad operating costs vary by the distance trav
eled, the curvature of the track, and the tonnages carried, 
increased operating costs from increased post-project 
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travel distance and curvature were calculated reflecting the 
following conditions: 

• An initial analysis year of 1984, corresponding to the 
first full year of railroad operation in the new corridor. 

• Increased distance of 0.35 miles and increased curva
ture of 79° eastbound and 88° westbound. 

• Conservative tonnage projections with railroad ton
nage assumed constant through the year 2000, then in
creasing from approximately 59 million gross tons/yr to 
66 million gross tons/yr by 2008. 

Based on these parameters, total increases in operating 
costs in 1984 are estimated to be $34,300/yr in 1978 
dollars. From tonnage increases anticipated between 2000 
and 2008, the increased costs are expected to rise to 
$38,700 by 2008. At a 4-percent discount rate, the 1978 
present value of this increase in operating cost is $447,200. 

Savings in Running Time 

The running times between terminals were calculated to 
reflect speed limits raised from 20 to 35 mph eastbound 
and 35 to 65 mph westbound and changed mainline 
railroad operations resulting from relocation of the 
UP /WP yard. UP still stops when eastbound to refuel, 
resulting in less time saving than SP. Running time savings 
ranged from about 6 to 12 min per train, depending on 
the direction and carrier. 

To calculate the value of these time savings, the cost of 
operating the trains is taken at $33.75/train hr, not includ
ing the costs of the crew. Because train crews are paid on 
a mileage basis, there is no direct cost saving to the railroad 
for less crew time. However, the time savings do consti
tute a social benefit to the train crews, valued here at one
half the average transportation wage rate for the Elko 
area based on unpublished county payroll data and a 
similar procedure used for the benefit-cost analysis of the 
Pensacola-Milton railroad bypass (J, pp. 4-10, 4-32). 

Based on 2,555 trains per year in each direction for each 
railroad, the estimated savings would approximate 
$62,200/yr (in 1978 dollars) for 1984 through 2008. Al
though the freight traffic is assumed to increase about 1.4 
percent per year between 2000 and 2008, the savings are 
not assumed to increase because trains may simply become 
longer with no increase in crew, here assumed to average 
4.25 persons per train. This benefit stream corresponds to 
a 1978 present value of $798,800 at a 4-percent discount 
rate. 

Freight Car Per Diem Payments 

To place a value on the marginal effect of faster rail 
operations on more efficient service for shippers and rail
road system benefits, the concept of freight car per diem 
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payments is used. The 1978 average daily rate paid by 
each of the nation's railroads for the use of foreign cars on 
its system was $4.50/day. This value was applied to both 
foreign- and operator-owned cars to reflect the increase in 
car availability, reduction in the minimum size of the car 
fleet, or potential revenue to the owner from foreign 
carriers. Privately owned or leased cars are excluded from 
the computations because their compensation is on a 
mileage rather than a time basis. 

The annual per diem savings from the time savings 
tabulated above are equal to $18,400 in 1978 dollars based 
on 1984 railroad traffic volumes. This value is estimated 
to remain constant through 2000 and then increase at 1.4 
percent per year, corresponding to the expected growth in 
freight traffic. The 1978 present value of these avoided 
costs is $239,700. 

Grade Crossings and Automatic Warning Systems 

The grade-crossing warning system in Elko very likely 
would have required improvement by 1980 or 1985 ifthe 
demonstration project had not been implemented because 
15 crossings were among the most dangerous in the state. 
The grade crossings averaged about six accidents per year 
and a fatality every other year, not including the secondary 
accidents between cars waiting in the queues or racing to 
the next open crossing. The remaining three crossings 
probably would have received automatic gates by 2000 
because of the growth of traffic in Elko. The 1978 present 
values of the avoided community capital costs and avoided 
railroad maintenance costs for a new warning system with 
automatic gates are $1,071,400 and $1,557 ,500, respec
tively, based on initial costs of $64,200 per gate installed 
and annual maintenance costs of$80,800-$93, 700/yr over 
the study period. 

Other Maintenance Cost Reduction 

A one-time approximation is taken of the value of avoided 
track renewals, totaling $2,098,000. The benefit is the cost 
that would have been expected in about 1988 if the project 
had not been implemented. Also included in this category 
are 2 years of benefits from the increased efficiency of the 
new yard for full-scale Western Pacific/Union Pacific op
erations from October 1983 through summer 1985. The 
value of the increased efficiency was estimated by De 
Leuw, Cather to be $400,000/year. The 1978 present value 
is $2,037,000. 

Accident Cost Reduction 

To determine the probable reduction in rail accident cost 
of the demonstration project, the following topics are 
considered: the probable project reduction in accident risk 
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or exposure, the anticipated baseline accident frequencies 
and damages, and the estimated accident cost savings. 

Reduction in Accident Risk or Exposure 

Because about 45 percent of national rail accidents, in
cluding derailments, have heen found to be related to track 
or roadbed conditions (2), the replacement of the aging 
mainline track through Elko with a new roadbed and 
continuously welded rail reduces the expected frequency 
of track-related derailments. The elimination of switches 
along this section of mainline also reduces the potential 
for derailments because of human factors, the source of 
about 25 percent of national rail accidents (2). To estimate 
the reduction in derailment exposure, the new mainline is 
assumed to reduce 55 percent of derailments (all track
related derailments plus a share of those related to human 
factors) by 95 percent for IO yr. The human factor saving 
is assumed to continue after IO yr. In addition to reducing 
the frequency of derailments, the demonstration project 
also eliminates rail accidents in the congested downtown 
area, thus reducing by 500 the number of persons who 
would have to be evacuated in the case of fire or the release 
of hazardous material along the mainlines. 

Baseline Accident Frequencies and Damages 

Two types of derailments are considered: small scale and 
large scale. In the small-scale derailment, the damage is 
confined to within 150 ft of the tracks. Damages usually 
range from $ I0,000 to $500,000, with an average figure of 
$150,000. With aging track, the rate for this type of acci
dent might have approached two per year had the dem
onstration project not taken place. 

In a large-scale derailment, damage can extend up to 
0.5 mi on either side of the tracks because of fire, fumes, 
and explosions. Damages in this case can range from $1 
million to $20 million plus, with an average figure of$ l 0 
million. The rate for this type of accident was based on 
the frequency of SP accidents involving damage to cars 
carrying hazardous material and release of hazardous ma
terial (2). Allocating the risk on the basis of track miles 
and considering the effect of two railroads passing through 
Elko leads to a no-project expected rate of 0.009 large
scale accidents per year in Elko-roughly a 9-percent 
chance of such an accident in the 10-yr no-project com
parison period. 

In the case of a large-scale accident or even the threat of 
explosion or hazardous fumes, a zone extending 0.5 mi to 
either side of the tracks and including 58 percent of the 
population of Elko, or 6, 700 persons, would be at risk and 
require evacuation. The social cost of evacuations is esti
mated to be the value of 48 hr of evacuation time per 
person, valued at one-half the wage rate corresponding to 
the 1978 per capita income in Elko ($3. 74/2 = $1.87 /hr). 
The risk of evacuation is substantially higher than that for 
a large-scale accident because evacuations tend to be pre-
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cautionary in nature. Based on the frequency per track 
mile of cars damaged carrying hazardous materials, the 
no-project expected rate of evacuations in Elko is esti
mated to be about 0.067 per year or roughly a 67-percent 
chance of an evacuation in the 10-year no-project com
parison period. 

Estimated Accident Cost Savings 

Applying the expected accident reduction to the baseline 
accident rates gives an expected value of savings of 
$230,000/yr over 10 yr and $45,000/yr over the remaining 
life of the project. Assuming that all of the evacuation cost 
savings accrue to the community along with 20 percent 
and 60 percent of the savings in small- and large-scale 
accidents, respectively, the 1978 present values of the 
benefits are 

Benefit 

Railroad Accident Savings 
Community Accident Savings 

HIGHWAY USER BENEFITS 

Delays at Grade Crossings 

Present Value 

$1 ,128,683 
$823,041 

The highway delay benefits were calculated using a grade 
crossing delay model developed by De Leuw, Cather and 
procedures developed by AASHTO and Stanford Research 
Institute. The grade-crossing delay model is based on 
measured crossing blockages in Elko. It calculates stopped 
delay including the effects of queueing, assuming random 
arrivals over the blockage times with arrival rates based 
on average daily traffic. Future delay was a function ofrail 
traffic levels described under the heading Railroad Benefits 
above and of traffic increases based on expected popula
tion growth. 

There are two components of benefit from the avoided 
delay at railroad grade crossings in downtown Elko. The 
first component is the avoided motor vehicle passenger 
time delay from either being stopped by a closed grade 
crossing or simply slowing to cross the railroad tracks. The 
second component is the reduction in vehicle operating 
costs for the speed-change cycles and idling associated with 
the railroad grade crossings. These components of cost are 
described below. 

Avoided Motor Vehicle Delay 

A total of 28,900 hr of vehicle delay is estimated to have 
been avoided in 1984 because vehicles were no longer 
stopped for railroad grade crossings in downtown Elko. It 
is anticipated that this figure would have exceeded 74,300 
hr/yr by 2008. The slowing of vehicles for rough grade 
crossings is estimated to add 20,400 and 43, 100 hr in 1984 
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and 2008, respectively. Because of a higher population 
growth rate prior to 1990, these delays and all traffic
related impacts increase faster prior to 1990 than later. 

Based on data from the AASHTO Manual on User 
Benefit Analysis of Highway and Bus-Transit Improve
ments and updated to 1978 dollars with the consumer 
price index (CPI), a value of time is chosen of $1.06/hr, 
which reflects rates of about $7.50/hr for large trucks and 
$0.42/hr for passenger vehicles with an occupancy of 1.56 
for average trips (3, pp. 19, 70). The latter value is low 
because the value of passenger vehicle time savings has 
been found to be sensitive to the amount of time saved, 
here less than 5 min per trip. The total value of time saved 
is then about $52,200 in 1984 and $124,500 in 2008. 

Avoided Speed-Change and Idling Costs 

Using volumes and times from the grade-crossing delay 
model, vehicle operating costs for the stop-start cycles and 
idle times were calculated from AASHTO procedures for 
a 25-mph approach speed (3, pp. 19, 70). Savings peaked 
at the end of the analysis period in 2008 with avoidance 
of the stop-start of 5,800 vehicles daily with annual oper
ating cost savings of $68,000. 

As with vehicle time savings, vehicle operating savings 
resulted when automobiles avoided the speed-change 
cycles associated with slowing for the rough crossings even 
when no train was present. Although the cost per vehicle 
is minor, the savings to society become substantial when 
all of the traffic across the crossings is considered. Based 
on the AASHTO data cited above and SRI nomographs 
for railroad crossings of average roughness and a 25-mph 
approach speed (4, pp. XI-6, XI-7), the number of vehi
cles that would have been slowed and the associated cost 
avoided ranged from 65,000 in 1984 to 138,000 in 2008 
with annual cost savings of $150,000 and $319,000, 
respectively. 

Accident Reduction 

From city and state records of accidents between trains 
and automobiles for the 8 yr prior to the study, the 
following accident rates were calculated (excluding acci
dents from vehicles waiting in line or rushing to the next 
crossing): 

Accident Type 
Property Damage Only 
Injury 
Fatal 

Accident Rate 
(accidents/million 
vehicles crossing) 
0.29 
0.14 
0.04 

Because most of the flashing-light crossing active warn
ing systems would have been replaced with automatic gates 
if the demonstration project had not been implemented, 
this rate of exposure would have been reduced consider-
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ably. Based on data reported by SRI (4, pp. XI-6, Xl-7) 
from NCHRP (5) and Voorhees (6, ch. XI, p. 7) and 
conservatively assuming that the reduction applies to all 
crossings, a factor of 0.35 was applied to these rates to 
estimate the reduction. This reduction factor compares 
favorably with a 40-percent factor found by the California 
Public Utilities Commission (PUC) (7). 

The costs for motor vehicle property damage and fatal
ities were derived from the National Highway Transpor
tation Safety Administration (8) and Forester (9), respec
tively (the latter as reported in 1, pp. 4-10, 4-32). The 
cost of injuries in railroad grade crossing accidents was 
derived from a weighted distribution of injury types at 
urban railroad grade crossings by FRA and FHWA (JO. p. 
77). All costs were adjusted to 1978 levels with the CPL 

Accident Type 
Property Damage Only 
Injury 
Fatal 

Cost 
$1,400/acc 
$33,200/acc 
$401,200/acc 

Applying the above corrected rates to the total traffic 
that would have crossed the railroad tracks at grade, and 
using these per accident costs suggests a 1978 present value 
of accident reduction benefit equal to $3, 192,400. 

COMMUNITY BENEFITS 

Reduced Disruption and Pollution 

Because primary effects of railroads running through 
downtown Elko were the disruption of the community 
and the creation of vibration, noise, air, and visual pollu
tion in an area important to the well-being of Elko, an 
important benefit to the community was the removal of 
these effects. It is difficult to quantify and assign a price to 
this benefit. Because these impacts have some effect on 
property values, the change in property values that is 
attributable to the relocation of the railroad is used as a 
surrogate price for these effects. 

In traditional economic analysis, increase in land value 
as a result of a capital investment is considered a transfer 
effect. This effect is based on the theory that demand for 
land in a community is relatively constant and, as a result, 
increases in value in one location may result in decreases 
elsewhere. In this case, the increase in land value attrib
utable to the project is assumed to be a surrogate measure 
for the benefit of reduced pollution and community dis
ruption and for increased efficiency of commercial activity 
in the central business district. 

Additional supporting evidence of this assumption 
comes from an examination of the demand for land in 
Elko. Because federal lands surround much of Elko, there 
has been a shortage of developable land for business, 
particularly land that is centrally located with respect to 
the downtown. Businesses in Elko have had the choice of 
accepting either the disutility of the railroads' environmen-
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tal impacts downtown or the disadvantage of less central 
locations. The unexpected growth of Elko in the last 8 yr 
has accentuated this problem, even to the point of new 
businesses failing to locate in Elko because there were no 
available parcels of adequate size with utilities. 

The demand for land, as measured by valuation in 
constant 1978 dollars, went up for all areas of the city. 
There was no measurable decrease in value from a transfer 
effect. At the most, some parcels did not increase in value 
because of the development or release of previously un
available but more desirable parcels, which allowed supply 
to temporarily match demand. This is also expected to be 
the case in the release of yard property (see Release of 
Railroad Property). The proportional increase in value 
contributed by the project was only a fraction of the total 
increase. This effect was because of a latent value potential 
of property values to increase that was dependent on the 
project removing the railroad tracks before enabling public 
and private investment would be worthwhile. Property 
values in some residential areas also went up because of 
the project because residential neighborhoods had been 
adversely affected by the railroad impacts, particularly 
noise and community disruption, prior to the demonstra
tion project. 

The change in property value attributable to the project 
is thought to be a conservative measure of the reduction 
in these impacts. For example, the value of reducing 
interior noise of buildings is also valued by estimating the 
price for accomplishing the equivalent reduction through 
noise insulation. Based on unpublished Elko assessment 
data, this type of home improvement is thought to be 
similar to structural improvements in that only about l 0 
percent of the actual money spent on the improvement 
can be expected to show up in an increase in value of the 
property. 

From an analysis of the change in property values by 
zone between 1978 and 1984, the total increase in property 
value attributable to the removal of the railroad is about 
$4.1-$5.3 million, exclusive of the value of released rail
road property and some adjacent properties in the vicinity 
of the old WP yard. The 1978 present value of the mid
point of this range is $3.68 million. This present value is 
net of the overlap with the noise reduction value discussed 
next, and assumes that the benefit is taken in 1984 after 
the removal of the trains. This tabulation also excludes 
the increase in value of the old WP yard released for use 
as a business park, which is presented after the analysis of 
community benefit. 

Noise Reduction 

The value of reducing noise by moving the railroad out of 
the downtown is quantified by assuming that it is worth 
the cost of reducing interior noise to acceptable levels by 
sound insulation. The number of homes and businesses 
exposed to excessive noise was defined by comparing 
before and after noise measurements and projections. The 
cost of insulating a home from noise by lowering the 
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interior day-night average noise level (Ldn) to an acceptable 
level of 40 dB(A) is estimated to be $5,000 per home. This 
estimate is based on the cost of double glazing windows of 
$5-$ l0/ft2 and installing air conditioning where not al
ready present to permit windows to stay closed all year. 
Comparable estimates wen: ma<lt: fur businesses, indus
tries, and motels with a total cost or benefit of$2.2 million, 
equivalent to a 1978 present value of $1.81 million. Ten 
percent of this amount was subtracted from the increase 
in property value representing reduction of disruption and 
pollution. 

Flood Control 

A major benefit of the project was the reduction in damage 
to property from flooding. Prior to the demonstration 
project, the channel of the Humboldt River through Elko 
had a capacity of less than 2,000 ft3 /sec (cfs). Based on a 
1975 study by the Army Corps of Engineers (ACOE) for 
winter conditions, the relocated channel was designed for 
the 100-yr flood, a flow of 12,500 cfs (11). Since the 
construction of the channel in 1981, damage from flooding 
has been averted in all but l yr. In 3 of the 5 yr of this wet 
cycle, peak flows have approached or equaled the largest 
flood of historical record, 7, 100 cfs in 1962. 

A model of Elko flood damage was constructed from 
hydraulic calculations of the preconstruction and postcon
struction channels with flows that corresponded to the 
10-, 50-, and 100-yr floods (11) . Estimates of the damage 
averted by the new channel were made for the three flows 
from 1985 assessed property valuation and the depth of 
flooding, utilizing curves developed by the Flood Insurance 
Administration of the Department of Housing and Urban 
Development. Property values were corrected to 1978 
levels using the CPI for the period. From this model, an 
estimated $1.6 million in property damage was avoided in 
the 5 yr through 1986. Future flood damage was also 
estimated from the model based on the ACOE expected 
flows corrected by assuming a 60-percent chance of the 
current wet cycle's continuing for another 5 yr. 

The city of Elko also avoided the costs of likely bridge 
damage and emergency repair by virtue of replacing the 
two downtown bridges prior to the start of the wet cycle. 
The expected value of the benefit was estimated to be 
$600,000, based on a 75-percent chance of having lost the 
main Fifth Street Bridge. A capital credit is also taken for 
project cost of replacing the substandard and deteriorating 
Ninth Street Bridge because it would have had to be 
replaced in the immediate future in the no-project case. 

Emergency Services 

The demonstration project improved emergency vehicle 
service by eliminating the occasional 3-8-min train de
lays for police, fire, and ambulance service. Prices for 
these three factors are estimated to place a value on im-
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proved emergency services-reduced insurance costs, 
improved life-saving service, and avoided city expenditure 
for facilities. 

Reduced Insurance Costs 

Based on unpublished data from an Elko insurance agent, 
the relocation of the railroad tracks was one of four factors 
in the reduction of Elko's fire risk rating. Because the 
project improved the city's ability to fight two fires at once, 
one south of the river and one north, one-fourth of the 
estimated reduction in insurance cost for property im
provements in the whole city is used as a measure of 
realistic, expected savings in property damage from fire. 
Assuming that 7 5 percent of the value of assessed property 
in Elko in 1978 was for improvements ($51.8 million x 
. 75), a 0.6% insurance rate, and a 15-percent total decrease 
in premiums, the insurance savings would total about 
$25,000/yr from 1984 to 2008. 

Improved Life-Saving Service 

Comments on the effect of delayed emergency service have 
included stories about a hospital administrator who died 
of a heart attack at home while an ambulance waited for 
a train to clear the crossing or about fire engines delayed 
while responding to a life-threatening fire. In view of an 
expected 200-percent increase in vehicle delay in the no
project condition and the separation of the south of town 
from the hospital by the railroad tracks, it is assumed that 
the improvement in emergency access would save one life 
every 5 yr. From the $401,200 value of life noted in the 
Highway User Benefit section of this paper, the expected 
annual saving would be $80,200/yr. 

Avoided City Expenditure for Emergency Facilities 

The costs of a new ambulance station south of the river 
that was avoided because of the project is estimated to be 
$100,000. This cost is assumed to be a benefit in 1978. 
The 1978 present value of all of the emergency service 
benefits is $1,451,000. 

Reduced Risk of Hazardous Derailments 

From the previous presentation of the expected reduction 
in derailments under railroad benefits, the 1978 present 
value of the portion accruing to the community is 
$823,041. 

Reclamation of River Property 

The rechannelization of the Humboldt River converted 
8.03 acres of private property from river bottom to usable 
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property. The $300,000 increase in the value of the land 
reflects the social benefit of the land being available for 
productive use. A conversion date of 1982 gives a 1978 
present value of $282,800. 

Release of Railroad Property 

After the completion in 1978 of the relocation project in 
Elko, the old Western Pacific yard was to be turned over 
to the city of Elko with specific restrictions regarding its 
ultimate use. The restrictions placed on the property by 
the federal government stated that, as original railroad 
land grant property, the land could be used only for public 
purposes unless it could be paid for at assessed market 
value by the city. An agreement was reached between the 
city of Elko and FHW A to auction the property for devel
opment of an industrial park and to credit the proceeds 
toward the project. The proceeds will be apportioned to 
the relocation project and to the various other property 
owners within the industrial park boundary. The credit to 
the project, based on the assessed value of about 40 acres 
of railroad parcels to be sold at public auction in 19 8 7, is 
$1,129,000 in 1978 dollars, which is equivalent to a 1978 
present value of$0.79 million. 

In addition to the 40 acres to be sold of the 170 total 
acres in the planned industrial area, there are about 4 7 
acres of existing railroad leases and 7 1 acres of land in city 
or private ownership according to unpublished city of Elko 
data. Because of the shortage of developable business 
property in Elko, the release of railroad property for busi
ness development is a social and economic benefit to the 
community that is valued at the net increase in value of 
the land for parcels previously leased, with transfers as
sumed to take place by 1990. The value of the 71 acres 
already in private or public hands also increased at a rate 
similar to the rate of increase in property values elsewhere 
in Elko. The average increase realized in 1984 is estimated 
to be $10,000 per acre in 1978 dollars by the Elko city 
assessor. In addition, 7.8 acres acquired by the city for a 
jail site and Silver Street right-of-way has a net value per 
acre of $20,000. The value of these lands credited as a 
project benefit is $1.34 million in 1978 dollars, equivalent 
to a 1978 present value of$981,000. 

CALCULATION OF BENEFIT-COST RATIO 

Selection of Discount Rate 

Research performed by leading benefit-cost and financial 
investment authorities (I 2, pp. 214-251, 376; 13, p.10; 
14, pp. 122, 129, 135) leads the author of this paper to 
suggest that 4 percent is the appropriate discount rate to 
use for public projects similar to the Elko demonstration 
project. Suggestions for higher rates have used the oppor
tunity cost of leaving the funds in the private sector as a 
rationale for discount rates of 7 percent, 10 percent, or 
even higher. However, when the effects of inflation and 
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uncertainty are subtracted from the interest rates, these 
higher rates are equivalent to 4 percent or less for a public 
project similar to the Elko railroad relocation. These effects 
are discussed in turn below. 

Inflation 

When a private investor invests money, he does so with 
the realization that his dollars will be worth less when he 
gets his money back. Over the 57 yr prior to 1983, the 
amount of real goods and services that $1 would purchase 
has declined about 3.2 percent/yr as measured by the CPI. 
From 1966 through 1982, this rate has averaged 6.9 per
cent/yr (13, p. 10). Hence the return that any prudent 
investor seeks on his money includes an allowance just to 
maintain the status quo against inflation. Examination of 
the minimum rates that the U .S. government must pay to 
borrow in the form of short-term Treasury bills confirms 
this expectation by indicating that, on the average, inves
tors demand to keep up with the expected rate of inflation 
on risk-free investments: between 1926 and 1982, the 
average rate of return on Treasury bills and the CPI ralt: 
of increase have been virtually identical at about 3.2 
percent each annually. 

For the purposes of selecting a discount rate, it is only 
necessary to specify whether inflation is included or ex
cluded from the rate. If inflation is included in the discount 
rate, then the value of project benefits in future years 
should be escalated by the expected inflation rate. If infla
tion is not included, benefits should be valued in constant 
dollars. Because the latter approach is simpler, although 
equivalent mathematically to the former, the latter is 
chosen here. The allowance for inflation is excluded in 
both the discount rate and in the valuation of the project 
benefits. Const:quently, in the long run, the inflation-free 
discount rate would be expected to be about 3.2 percent 
below the equivalent private market rate for return on 
investment. 

Uncertainty 

Uncertainty has an even greater effect on the comparison 
of private rates of return with the proper discount rate. 
The private investor demands a higher return from risky 
investments than from safe investments. Brealey and 
Myers explain that the difference between the return on 
an average stock portfolio and on a Treasury bill is all risk 
premium, equal to an average of 8.3 percent/yr over the 
last 56 yr (14, pp. 122, 129, 135). If an investment is less 
risky or more risky than the standard stock portfolio, the 
risk premium should vary correspondingly. 

The issue of uncertainty is extremely important for the 
selection of the proper discount rate. Mishan, a leading 
authority on benefit-cost economics, argues that the high
est reasonable discount rate under certainty would be equal 
to the annual certain yield on a dollar of private investment 
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(12). Correspondingly, Brealey and Myers explain that 
they would evaluate a safe private investment at the Treas
ury bill rate (3. l percent through 1981 ), an investment of 
average risk at 3.1 percent + 8.3 percent = 11.4 percent, 
and so on (14, pp. 122, 129, 135). 

To judge the amuunl of iisk. involved in the stock 
market, the standard deviation has been 21.9 percent on 
an average rate of return of l 1.4 percent in the stock 
market over the last 56 yr (14, pp. 122, 129, 135). Assum
ing that returns on stocks are normally distributed, this 
standard deviation means that there is a 67 percent chance 
that the actual rate of return will be included in the range 
of+ 21.9 percent around the average of 11.4 percent, and 
a 95 percent chance that the actual rate of return will be 
included in the range of+ 43.8 percent around the average 
of 11.4 percent, and so on. 

However, the case for this public investment in Elko is 
different. Because of the spreading of risk in public invest
ments, a lower discount rate should be used than in the 
private sector where the effects of the risk have more effect 
on individual investors through lower rates of return or 
even losses (12, pp. 214-251, 3 7 6). In this case, there is so 
much spreading of risk by the investors that the individual 
risk is insignificant: $25 million spread over some 100 
million employed taxpayers versus $20 million in benefits 
spread over some 10,000 beneficiaries or $.25 in invest
ment versus $2,000 in benefits per person. Public benefits 
are lower than costs because 20 percent of the benefits go 
to the railroad. From this calculation, it is evident that this 
project also avoids spreading the benefits so widely that 
they become insignificant, a problem often associated with 
projects that spread risk. In this case the benefits are 
comparatively concentrated. 

With respect to the risks faced by the beneficiaries, 
looking at the type of risk is informative. Elko growth is 
fairly predictable or, at least, is likely to continue, removing 
the question of whether people would be there to receive 
the benefits ofless delay, fewer accidents, less environmen
tal impact on the city, less flood damage, and so on. There 
are some uncertainties on the magnitude of the benefits 
because of uncertainty about actual growth, weather, and 
so on. 

However, a significant amount of that uncertainty has 
been removed 9 yr into the 30-yr period because many of 
the major benefits have already been realized or adjusted 
for changing conditions. For example, benefits are now 
estimated to be much lower than expected in 1978 because 
of the lack of utility of the new yard to the Union Pacific, 
greatly lowered expectations for transcontinental rail 
traffic, and the elimination of possible gaming benefits in 
Elko. Furthermore, remaining variations in benefits will 
be more heavily discounted than those already accounted 
for, thereby reducing the effect of future benefit uncer
tainty on the actual benefit-cost ratio. 

Because of the spreading of risk by the investors and the 
after adjustment of the benefits, this project appears to 
have very low risk compared with the risk faced by inves
tors in the stock market. If an annual risk premium of 0 
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percent is used, the 4-percent discount rate corresponds to 
a private sector opportunity cost of about 15 percent/yr 
when the effects of inflation (3 percent) and average private 
sector risk (8 percent) are added. Because the stock market 
returns have averaged around 11 percent/yr, this discount 
rate seems more than adequate to account for the social 
opportunity cost of capital. In fact, one could reason 
backwards from the average 11-percent opportunity cost 
and conclude that a 4-percent discount rate for this project 
includes an annual risk premium of up to 4 percent 
( 11 percent - 3 percent inflation - 4 percent or half the 
8 percent average risk premium = 4 percent). 

Capital Costs and Salvage Value 

Capital costs for the project total $45,887,000 in actual 
dollars. These costs are offset by project credits, such as 
land transfers and salvage of the previous railroad track
work, which in actual dollars amount to $2,599,000. In 
1978 dollars, the offsetting credits total approximately 
$1,534,000. Minus an additional $139,000 in nonpartici
pating costs, net capital costs are $34,494,000. The 1978 
present value of this net capital cost is $30,558,500. Be
cause the Ninth Street Bridge would have been replaced 
in the no-project case (see Flood Control above), an addi
tional credit is taken in 1983 for $600,000 of the cost of 
the bridge in 1978 dollars. The 1978 present value of the 
new net capital cost is $30,065,400 before salvage value 
is considered. These capital costs are summarized in 
Table 1. 

TABLE I CAPITAL COSTS 

rt:en 

Total Cost 

Before Credits 

Project Credits 

SlJBIDI'AL 

Non-Partici-

pa.ting Costs 

(in 1978 $) 

SUBIDI'AL 

9th st. Bridge 

credit 

(in 1978 $) 

CAPITAL CDSTS 

1,000 

f\ctual S 

$45,887 

43,288 

43,149 

$43,749 

Present Value 

1,000 1,000 1978 $ 

1978 $ Disc:ounted at 4% 

$36,167 

34,633 

34,494 $30,558.5 

(493. 1) 

$33,894 $30,065.4 
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The salvage value is based on I 00 percent of the initial 
cost of the land with adjustments for the increase in value 
of the land in the new yard because of improvements. The 
new yard covers about 230 acres of land exclusive of 
mainline right-of-way, of which about half was purchased 

TABLE 2 BENEFIT-COST SUMMARY 

RAU.ROAD BENEFITS 

Distance ard CUI:vature $447) 

Discount Rate 
c1:000 1978 $J 

7 10 

$269) $177) 

Savings in Running Time $799 $483 $319 

Freight car Per Diem Payments $240 $144 $95 

Grade crossings & Protection $1,558 $1,137 $873 

other Maintenance Oost Reduction $2,037 $1,582 $1,240 

Railroad Accident Reduction $1,129 $813 $601 

SUbtotal $5,315 $3,890 $2,950 

HIGHWAY USER BENEFITS 

Delays at Grade crossings $4,293 $2,570 $1,618 

Accident Reduction $3,192 $1,927 $1,224 

SUbtotal $7,486 $4,497 $2,842 

Reduced Disniption-FOllution 

Noise Reduction 

Flood Control 

Emergency Services 

Grade crossings & Protection 

Reduced Risk of Haz. Derailments 

Reclamation of River Property 

Release of Railroad Property 

SUbtotal 

CAPITAL CDSTS 

SALVAGE VlillJE 

NEl' CDSTS 

BENEFIT-<DST RATIO 

$3,681 $3,194 $2,781 

$1,808 $1,569 $1,366 

$2,717 $2,159 $1,751 

$1,451 $974 

$1,071 $1,021 

$823 

$283 

$981 

$593 

$252 

$788 

$693 

$994 

$438 

$226 

$641 

$12,815 $10,550 $8,891 

$25,616 $18,936 $14,684 

$30,065 $27,647 $25,512 

$7,259 $3,093 $1,349 

$22,807 $24,554 $24,163 

1.12 0. 77 0.61 
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for approximately $600 per acre. The 1985 appraised value 
per acre of the entire yard was $59,000 per acre, giving an 
added value of $ 11.1 miJljoo in 1985 dollars or $6.8 
million in 1978 dollars. The salvage also includes 46 
percent of the construction cost of earthwork and major 
structur~ bast:tl uu ao approximate service period of 27 
yr within the study period and a total estimated life of 50 
years. In undiscounted 1978 dollars the salvage value is 
$23.5 million. The 1978 present value of the salvage value 
is $7.3 million, giving a present value of the project net 
capital cost for benefit-cost purposes of $22.8 million. 

Benefit-Cost Ratio 

Table 2 summarizes the 1978 present value of the benefits 
and costs of the demonstration project. Based on total 
benefits of $25,402,000 and net costs of $22,806,600, a 
benefit-cost ratio of 1.12 is calculated for the project with 
a discount rate of 4 percent. Results of higher rates of 7 
pecent and l 0 percent are also shown, but are not believed 
relevant in this case. 

Two factors have a large effect on the magnitude of this 
ratio. Inasmuch as no tourist or gaming revenue benefits 
(estimated previously to amount to more than one-thlrd 
of the benefits of the project) are counted for the project, 
this ratio is conservative. An additional factor is the re
duced benefit from the $5.5 million investment in WPRR 
yard facilities, particularly t11e diesel locomotive and car 
maintenance shop. Had the acquisition of Western Pacific 
by Union Pacific and the consequential lack of utility of 
the new yard been foreseen, the project would show a 
higher benefit-cost ratio by having avoided about 20 per
cent of the net investment. 

The distribution of benefits is quite significant. The 
railroads account for oniy 20 percent of the total henefits; 
highway users, 30 percent; and the rest of the community, 
50 percent. The monetary values calculated here reflect 
the preponderant social benefit of removing the railroads 
from the center of town. 
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