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•THE Keystone Shortway (I-80) now under construction will cross Pennsylvania from 
Youngstown, Ohio, in the west, to Stroudsburg, Pa., in the east. The four-lane, 
limited access, toll-free highway will open many parts of the state now relatively in
accessible and will introduce economic and social changes in many areas through which 
it passes. Economists , planners and others concerned with these changes are well 
aware that a new highway may increase the demand for goods and services in a regi0)l, 
and that new firms will come into being as a consequence. Furthermore, expenditures 
by highway users can have a significant indirect economic impact on local communities. 
The extent a nd nature of this impact, however, is not well known. It is the purpose of 
this paper to explore the indirect as well as the direct economic impacts of a new high
way in a given community, and to shed some new light on this subject. 

Tt m::iy hP. wP.11 to hegin by diRtinguishing between two kinds of economic effects or 
benefits oi new highways, both of which are subsiantial and impodant. First, there are 
the primary benefits . These values or benefits may or may not register in the com
merce of the region or even in the commerce of the nation. Their measurement in 
monetary terms can be extremely difficult. These benefits are germane to welfare 
considerations of society as a whole , and must be considered in the decision-making 
processes that concern choices between alternative uses of scarce resources. As large 
sums of money are involved in new highway construction, questions concerning the 
allocation of limited government funds are relevant. Should there be more highways or 
more aid to education? Should highway A or highway B be built? What kind of highway 
is it Lu be? 

The second type of benefit involves the local returns or the economic impact on an 
area as a result of the expenditures for new highway construction and the new expendi
tur es generated by users of the highway. In addition, there are changes in the cost 
structure of transportation. (For example, there is the comparative advantage one 
community may realize as compared to another as a result of a reduction in trucking 
costs; in one sense, changes in the cost structure of transportation can also be con
sidered among the primary benefits.) It is with these types of benefits that most. com
munities and local interest groups are concerned as they affect the people most directly. 
But there are often conflicts between local and national interests in the framework of 
these two types of benefits. Such matters as highway location, types of highways, or 
the regulation of land use adjacent to highways often engender bitter disputes. Re cogni
tion and a better understanding of t hese two types of benefits may help r esolve some of 
these conflicts. This paper deals only with the second type of economic effects of new 
highways and hopefully presents a methodology which permits better estimates to be 
made of these benefits . 

APPROACH 

Estimation of the changes taking place in a region as a result of a new highway re
quires two stages of analysis. First, there must he i,ome means of predicting the 
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probable growth that will occur in terms of new firms and other institutions and the in
crease in demand for goods and services created by the new highway. Identifying and 
quantitatively describing these factors constitute an important part of a research project 
now being conducted by the Institute for Research on Land and Water Resources at 
Pennsylvania State University. This research involves a study of over 100 interchange 
communities on the Interstate highways in Pennsylvania. 

When the forecasts of demand and economic development have been made, it becomes 
possible to estimate the direct economic impact of the highway in terms of the increased 
output of goods and services produced in response to the new demand. However , there 
are further economic consequences arising from this increase in productive activity, 
and the estimation of this indirect impact comprises the second stage of the analysis. 
This second stage becomes rather involved, as it requires some knowledge of the eco
nomic structure of the community and how the various forms of internal economic ac
tivities are interrelated, not only with each other, but with the outside world. This 
report incorporates these two stages of analysis in estimating the impact of the Keystone 
Shortway on the level of economic activity in Clinton County. Two independent fields of 
research at the University were brought together to achieve this synthesis. It is be
lieved that this is the first time the techniques set forth have been used to attempt a 
quantitative analysis of a highway's economic impact on a region. This approach is 
viewed primarily as an exploratory attempt in methodology. The authors recognize 
many shortcomings and weaknesses in the procedure. However, they strongly believe 
that future research will enhance considerably the predictive capabilities of such an 
approach. 

All of us are cognizant of the direct expenditures in an area by highway users for 
items such as gasoline, meals, and motel lodging. However, the indirect effects of 
these expenditures on the economic life of the community are not so apparent. For 
example, a tourist purchases gasoline from a local service station serving a new high
way. This expenditure becomes income to the proprietor of the station. A portion of 
this money will be paid by the proprietor to his employees as wages. The employees, 
in turn, will spend a portion of their wages at the local food stores. The food store 
owners will use a small portion of these receipts to pay for electricity, local taxes, etc. 
At each transaction, an even smaller portion of the original gasoline bill paid by the 
tourist will be spent locally, the balance being spent outside the community to supply 
the goods and services not available locally. The portion spent outside the community 
is called leakage. Thus, in time, all of the original expenditure by the tourist in the 
area will filter through the economy until it is all used up, i.e. , finds its way back to 
the outside world. The ratio of the additional income generated in the community by the 
expenditure of the original tourist dollar is called the multiplier. 

Although the foregoing example deals with only a few dollars, the same reasoning 
applies to all expenditures made within a region by outside firms or individuals. Clear
ly, it would be almost impossible to go into an area and trace all these dollars from 
one business place to another. Yet some knowledge or estimation of these indirect eco
nomic effects in a community is important if we are to understand and assess the total 
role new highways play in generating income and wealth in a region. 

The estimation or measurement of just the direct portion of these expenditures is 
difficult, but with properly designed sampling techniques it can be accomplished with a 
reasonable dei;rP.e of accuracy . However, without some methodology or tool strikingly 
different from sampling, estimation of the indirect effects is virtually impossible. 
Fortunately, the regional scientists have been provided with such a tool: the input
output technique. 

THE INPUT-OUTPUT MODEL 

An input-output model is an analytical procedure which systematically portrays the 
interrelationships of all economic activities in a given region over a period of time, 
usually one year. A forr.1 of the static Leontief input-output model was developed for 
Clinton County by the Pennsylvania Regional Analysis Group (1). The data used to 
construct the model were collected in 1964 from primary sources using interview, ques
tionnaire, and sampling techniques. 
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The model, in a systematic way, shows the total flow-of-funds through the region. 
The local economy is subdivided into a number of economic sectors, each sector rep
resenting some specific type of business activity: for example, all gas stations form 
one sector; all food stores another. In total, there are 54 different kinds of sectors or 
economic activities in the Clinton County model. These sectors are arranged in the 
form of a matrix which shows, in rows and columns, the total value in dollars of all the 
purchases of one sector from each and every other sector. In addition, it shows the 
total amount of money flowing into each sector from the outside world, as well as the 
total amount of money flowing from each sector back to the outside world. In this way, 
it is possible to depict the interrelationships or interdependencies of any one sector on 
all the other sectors; that is, it shows how the region, as an economic system, operates, 
and the role that each sector of activity plays in the economic life of the community. 
The community is viewed as an integrated economic unit which, of course, it really is. 

The monetary input from the rest of the world to the region consists of all the pay
ments from outside the region made to the various economic sectors of the region. 
These payments include such items as income from the sale of goods by a local manu
facturer to a customer outsj.de the region, income from the sale of goods and services 
by local businessmen to nonresidents coming into the area to shop or who may be pass
ing through on a highway, state funds given to support local schools, and federal pay
mP.ntR fnr Rodal RP.~nrit.y. 'T'hiR inmmP. from the rest of the world then passes from 
one sector of the region to another. Some of it, of course, passes to the outside world 
in the form of purchases for raw materials and manufactured goods not produced locally, 
some in the form of state and federal taxes, etc. This money comprises the monetary 
output of the model. It is a mathematical characteristic of this model that the total 
money flow into the region equals, for the time period under consideration, the total 
money flow from the region to the outside world. The model was constructed hy rlP.tfir
mining all the actual money flows of the types just described that occurred in Clinton 
County during 1963. 

A transactions matrix showing the flows from one economic sector to all the others 
was constructed. From this matrix, a matrix of technical coefficients was constructed. 
A given sector's technical coefficients represent, for that sector's total income, the 
proportions paid to the respective economic sectors of the region and to the rest of the 
world. Thus, a set of technical coefficients for a given economic sector gives the pro
portionate distribution of income, as expenditures, to the other sectors of the region. 
With a set of external incomes to the various sectors of the region and a set of technical 
coefficients relating one sector to another, the economy of the region can be simulated. 

Through the development in recent years of high- speed large- capacity digital com
puters, it is possible to program or simulate this regional economic system in a com
puter. Then by feeding into the computer a model of the economy changes in external 
demand, such as the additional expenditures within the region of a tourist using a new 
highway, it is possible to trace the manner in which these expenditures are dissipated 
throughout the entire system, there being no other changes. These changes in external 
demand will change the levels of activity of all the economic sectors of the region. Be
cause the changes are due entirely to an increase in external demand, their effects can be 
estimated by comparing the levels of activity the increase induces tn the input-output 
model with the actual levels of activity in the base year. Such estimates should be con
sidered no more th.an first approximations of the indirect effects of the given change in 
external demand. However, these estimates should be superior to others not derived 
from_ measures of the interrelationships among; the economic i:;eclo1•i:; of the region. 

The model is used, therefore, to determine for a particular set of external incomes 
(and technical coefficients) what the levels of economic activity would be in each of the 
54 economic sectors. The determination of these activity levels was accomplished by 
treating the model as a linear programming problem in which the objective function to 
be maximized was the total economic activity of all the sectors of the region. The prob
lem was solved using the simplex algorithm programmed for a digital computer. 

There are a number of assumptions inherent in the structure of the internal producing 
sectors of the input-output model, as follows: • 
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1. The factors required to produce any good must be used in fixed proportions. 
2 . Returns to scale are constant at unity, i.e. , the activity operates with a homo

geneous production function. These two assumptions, taken together, give the fixed 
inputs coefficients restriction. 

3. There is no joint production; each activity is assumed to make a single product. 
4. The economic system is in equilibrium. 
5. There is no scarcity of inputs. For a model of a small region, exceeding the 

present supply of an input factor (such as labor) by a small amount may present no 
severe problem, since in all likelihood, there would be a reserve of that factor in the 
surrounding areas. 

An assumption inherent in the exogenous or final demand sectors of the model is that 
price elasticities of demand are zero and income elasticities of demand are unity. This 
implies that regardless of the quantity produced, and the price asked, the entire output 
will find a ready market. For a small region, this assumption is not too restrictive in the 
short run, since output from a small region makes up such a 1;1mall proportion of the total out
put to the national market. 

The following basic relationships are inherent in the model used in this study: 

1. The total quantity of output of an activity is either consumed locally (becomes a 
factor input to some other local activity) or is sold to final demand. The model, there
fore, is not of any inventory changes. 

2. Capital expenditures for producer's goods, consumer durables, maintenance of 
plant and equipment, replacement of capital equipment, and new construction are in
cluded in the production functions of the business sectors and consumption functions of 
the households; thus, the model is gross of investment expenditures. 

3. The model is not of any capital consumption allowances. 
4. The household consumption functions are gross of saving. Saving occurs, but is 

reflected as a factor payment to the financial sector. 
5. The total value of a sector's output, whether sold (consumed) internally or ex

ternally, is equal to the total payments made by that sector for factor inputs, whether 
purchased internally or externally. 

The input-output methodology has been used in the past mostly as a macroeconomic 
descriptive tool. Perhaps its most intriguing use, however, rests with its ability to 
trace throughout an entire system a given change in any part of the system. This use 
is called "impact analysis." The model may be altered by: (a) changing the level of 
outside sales or export demand, (b) changing the internal technical coefficients of some 
sector, and ( c) adding new sectors to reflect the introduction of new businesses into the 
economy. The new pattern of the flow-of-funds that will be given by the model will be 
an estimate of the impact of the corresponding changes in the economy being simulated. 
The primary value of the model, therefore, lies in its ability to estimate the indirect 
effects of changes in the economy of a region. Such a model can lead to more complete 
and realistic estimates than have been possible previously. The model mathematically 
depicts the interdependence of all economic activities of the region. This property of 
the model should be of considerable value to groups charged with the responsibilities of 
guiding the future growth and development of local communities. 

PREDICTION OF DEVELOPMENT OF INTERCHANGES 

The research being conducted by the Institute for Research on Land and Water Re
sources has, so far, been able to identify a number of exogenous and endogenous factors 
influencing the degree and type of development that takes place at interchange sites. 
The exogenous factors include such variables as (a) topography, (b) distance from large 
or key cities, (c) distances from adjacent interchanges, (d) age of interchange, and 
(e) volume of through traffic on the limited-access highway. Endogenous factors include 
(a) population at the interchange, (b) public utilities at the interchange, (c) volume of 
traffic on the intersecting highway, and (d) existing development at the interchange site 
or near it. 
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The aim of the research project is to develop a system of structural equations re
lating the endogenous variables to each other and to the exogenous variables that have 
been identified. It will then be possible to make forecasts of the development that will 
take place at a given interchange after it has been in existence for a specified time. 
However, the econometric analysis of the data has not progressed sufficiently to pro
vide the systems of equations complete with estimates of coefficients of the interacting 
variables. 

An intermediate step in the development of the full econometric model involved a 
classification of the observed interchanges according to their degree of economic devel
opment. In addition, there was some qualitative analysis of the factors that appear to 
be related to type and intensity of this development. A pattern of sufficient clarity was 
observed which made it possible to indicate the development that reasonably may be ex
pected for a group of adjacent interJ:hanges along a section of highway. It was practica
ble to apply this knowledge to the problem of predicting the economic impact of the 
Keystone Shortway on Clinton County since the engineering plans indicate the location 
of the four adjacent interchanges that will be constructed in the county. 

Prediction of the economic development that would probably occur at the interchanges 
was accomplished by adopting the following procedure: (a) engineering plans of the 
proposed section of the highway through the county were superimposed on a topographic 
map of the county; (b) data on the factors relevant to economic development were secured 
from public sources; (c) the sites of the projected interchanges were inspected, and data 
were secured on such factors as topographic detail and existing state of development in 
the neighborhood; (d) a projection of average daily traffic for the Shortway and the vari
ous intersecting routes at the interchanges in the county was secured from the Depart
ment of Highways, and (e) by means of the analysis already made of existing inter
changes, ihe data were synthesized into a picture of development and level of economic 
output that may be expected in the group of interchanges within five years of the comple
tion of the highway. 

Analysis of the foregoing yielded a reasonable expectation that the following develop
ments would take place: (a) a trucking terminal, (b) one motel of 100 units, (c) four 
service stations, and (d) two new restaurants. 

Insofar as the input-output model is concerned, it does not matter at which particular 
interchange the foregoing installations would be located. What is of importance is that 
they will come into existence at some location within the county as a result of the high
way. 

INCORPORATION OF PREDICTED ECONOMIC DEVELOPMENTS 
INTO COUNTY MODEL 

A number of assumptions were made to ease the burden of analysis and illustrate 
with more clarity the effects of the highway itself on the local economy. If one knows 
a priori the true extent and nature of the probable change, relaxing of the assumptions, 
insofar as the input-output model is concerned, would be feasible. Furthermore, it 
would add realism to the analysis. The assumptions made were as follows: 

1. That portion of the Shortway through Clinton County will be the last constructed. 
When this portion is completed, the highway will be open for use throughout its entire 
length. 

2 . The highway and the attendent facilities predicted as a result of highway demand 
have been constructed and are in full operation. 'l'his abstracts from the impact of 
local expenditures resulting from the construction costs themselves. In other words, 
the multiplier effects plus accelerator effects of both the new public and private invest
ment expenditures are not taken into account. 

3. There are no significant changes in the levels of activity for both the national 
economy and the Clinton County economy as compared to the base year of 1963. This 
yields a comparative static form of analysis in that it compares the county economy as 
it was in 1963 to what it would have been in that year had the new highway been in 
existence and operational. 

4. The predicted trucking terminal would be one of several already existing in the 
county and would be merely relocated at an interchange site. Truck transportation 
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costs were assumed not to change significantly due to the Shortway. The locational 
advantage of the greater Lock Haven area for industry was assumed not to become more 
favorable as compared to that of other central Pennsylvania communities. Accordingly, 
there would be no change in the current cost estimates for transportation and no new 
industrial sectors would appear in the model. 

5. Lock Haven's major competitive retail market is Williamsport, about 27 mi to 
the east, and outside Clinton County, but the Shortway would not make Williamsport any 
more accessible to Lock Haven retail shoppers. Hence, there would be no significant 
increase in external purchasing by Clinton County households because of the Shortway. 

6. The Lock Haven retail market area would be more accessible however, to house
holds located to the west, particularly in the northern part of Centre County. There
fore, an increase in retail sales would probably occur in Lock Haven. It was es timated 
that 300 more families would shop in Lock Haven about six times per year , spending on 
the average, about $50 per trip. Most of this shopping would be for clothing, household 
needs, and consumer durables such as are indicated in Table 1. 

7 . The 100-unit motel would have full occupancy during six months of the year. 
Total annual external income would be about $ 45 5, 000 . The annual external revenue 
for the two restaurants would be $850, 000. The four gas stations would be under lease 
arrangements from national oil companies, with external sales of $200,000 per year 
per station. These data are given in Table 1. The estimated annual cost structures 
for the operations of these enterprises were based on selected data from existing estab
lishments of the three types in the county . 

The three new types of business establishments located at the interchanges were 
structured into the existing Clinton County model in the form of three new sectors
motels , restaurants , and service stations. Thus the model' was expanded to 57 internal 
sectors of activity instead of the original 54 sectors. 

It was recognized that the local pattern of expenditures of these new activities would 
be a function, in part, of their organizational structure. That is, it seemed reasonable 
to assume that service stations would operate under lease arrangements with the oil 
companies, but chain management and local ownership and management were considered 
alternatives for both restaurants and motels. Local ownership of the motel and restau
rants would result in somewhat greater local expenditures for goods and services than 
those which would result from the chain form of management. A chain restaurant, for 
example, can be expected to obtain much of its food from a centralized purchasing 
operation outside the county. In contrast, a locally owned restaurant usually purchases 

TABLE 1 

INCREASE IN EXTERNAL INCOME DUE TO SHORTWAY 
($1,000 units) 

Sector 

New activities at interchange 
Service strstions 
Motel 
Restaurants 

Increase in retail purchases 
Auto dealers 
Department and variety stores 
Furniture and appliances 
Clothing stores 
All other retail 

Total 

No. of 
Units 

4 
1 
2 

External 
Income 

($) 

800 
455 
850 

20 
25 
15 
15 
15 

2, 195 
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much of its food needs from local sources. Such differences in expenditure patterns 
would result in different values for the expenditure coefficients; thus, expenditure co
efficients appropriate to each organizational alternative were computed and structured 
into the model. The analytical procedure adopted does not imply any value judgment 
concerning the desirability of one type of ownership as opposed to another. Patterns of 
ownership that develop in a region normally depend on the source of funds available and 
on the alternatives open to the local holders of investment funds. Even if local capital 
is insufficient or unwilling to assume the risk of a new enterprise, the region might still 
benefit from outside capital investment rather than forego the activity entirely. 

ANALYSIS OF PREDICTED IMPACT 

The impact analysis is discussed under two different variations: 

1. Variation A. Increase in nonlocal retail purchasing plus impact of the three new 
"highway activity sectors" when the restaurants and motel are under a nonlocal or 
managerial organizational structure. 

2. Variation B. The same as variation A except that the restaurants and motel are 
locally owned. 

The computer analysis provided rlata on increases in economic activity for each of 
the 54 internal sectors of the basic model. Because some of these sectors realize little 
benefit from the highway, only those individual sectors showing appreciable increases 
in total activity together with totals for sector groups are given in Table 2. 

Interpretation of the data in Table 2 is quite straightforward. Because restaurants 
under Variation B (local ownership) would probably purchase more of their food require
ments from local suppliers than from outside vendors, the total returns to the food pro
cessing firms in the county will be greater ($186,000 as compared to $150, UUU). This, 
in turn, has an indirect effect on the agricultural sector which supplies the local food 
processing firms. Farmers realize $7,000 more gross income where the new restau
rants are under resident rather than nonlocal ownership. 

For all retail sectors combined, $90,000 of the total gain in economic activity is 
attributable to the direct purchases by the estimated 300 familes from outside the county 
expected to patronize this market area. Thus the difference, or $620,000 in the case 
of Variation B, is the indirect impact. Most of this indirect component originates with 
purchases by the new facilities connected with the highway. Food stores and auto 
dealers gain the most under the local ownership variation ($50,000 am.I $33,000, re
spectively), reflecting a greater propensity for local patronage. 

In the service group, all of the increase in economic activity is indirect. For the 
finance and insurance sectors it matters considerably whether the new facilities are 
locally owned or not, but for the professional personal services sector, it matters little. 

The wholesale sector, with the second largest percentage increase in activity, de
rives most of its increase from local distributor sales of gasoline and oil to the new 
service stations at the highway interchanges. 

The local, state, and federal government sectors experienced the largest percentage 
gain in total economic activity. JI/lost of this ($137; 000 of the $142, 000 shown under 
Variation B) was attributable to the state government sector, and is explained by the 
comparatively heaV'J purchases of wholesale liquor by the bars at the new restaurants 
and motels. Local vs nonlocal ownership has no appreciable effect in this case. 

Gains by labor are higher under nonlocal than unuei· local ownership. If, at the same 
time, one considers the proprietary households, which experience considerably higher 
gains under local ownership, the reason becomes apparent. The local owners them
selves undertake the managerial functions of their enterprises. Profits under local 
ownerships, allocated to the proprietary households sector, therefore remain in the 
community; but under nonlocally owned arrangements, profits flow out of the com
munity to the head office, reducing proprietary household income. In turn, the head 
office has to hire managers for its facilities, thus increasing returns to the labor house
holds sector. Under local ownership wages and salaries paid directly by the new motel, 
service stations, and restaurants amount to $225,000 as compared to 280,000 under 
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TABLE 2 

ABSOLUTE AND PERCENTAGE INCREASE IN ECONOMIC ACTIVITY BY 
SELECTED SECTORS AND SECTOR GROUPS 

($1, 000 units) 

Increase 

Sectors Variation A Variation B 

$a % $b % 

Food processing 150 3.5 186 4.4 
Printing 15 2.0 21 2.8 

All industry 199 0.2 243 0.2 

Agriculture 32 1.0 39 1. 2 

Education 1 1 

Food stores 145 1. 5 195 2.0 
Auto dealers 105 1.0 138 1.3 
Clothing stores 41 1.3 42 1.3 
Furniture stores 47 1.4 48 1.4 
Hardware stores 59 1.5 61 1. 5 
Department stores 106 2.0 116 2.2 
All other retail stores 22 1.1 24 1 , 2 

Total all retail 608 1.2 710 1.4 

Finance 18 0.7 28 1.1 
Insurance 39 1.2 49 1.5 
Professional personal service 21 0.9 22 1.0 

All service 102 0.8 124 1.0 

Tr ans12ortation 10 0.1 11 0.2 

Construction 51 1.0 53 1.0 

Wholesale 517 4.3 525 4.3 

Utilities 100 1.9 103 2.0 

Nonprofit 46 0.8 47 0.9 

Local government 84 1.4 85 1.4 

State & federal government 140 7.3 142 7.5 

Labor households 592 1.0 563 1.0 
Proprietary households 103 1.2 167 2.0 

AIJ households 753 1.0 779 1.0 

All other 11 0.4 11 0.4 

Motels (new sector) 455 455 

Restau1·ants (new sector) 850 850 

Service stations (new sector) 800 800 

Total 4,759 1. 6 4,978 1. 6 
Direct only 2,195 2,195 
Indirect only 2;564 2, 783 

0 Multiplier = 2.17. 6Multiplier = 2.27. 
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TABLE 3 

NET RESIDUAL BENEFITS BY SECTORS 
($1,000 units) 

Variation A Variation B 

Sectors Absolute Multi- Absolute Multi-
Amount plier Amount plier 

Households $753 0.343 $779 0.335 
Local governments 84 0.038 85 0.039 
Nonprofit organizations 46 0.021 47 0.021 

Total $883 0.402 $911 0.415 

nonlocal ownership. Profits to these entrepreneurs under local ownership are $55,000; 
under nonlocal ownershiv Lhey are zero to the region. Thus direct payments to all 
households under both variations amount to $ 280, 000. Subtracting this value from the 
total increase in economic activity for all households (Table 2) shows that the indirect 
increase in total household income under Variation A is $473,000 and under Variation 
B the indirect increase is $499,000. 

Total economic activity in the county under local ownership (Variation B) increases 
by about $b million, of wh1rh ?-PP"oxl.matP.ly $150,000 is uue Lu the increase in pur
chasing by the 300 nonresident families that use the Lock Haven market area. The total 
direct increase, i. e. , total flow of new money from outside the county as a result of 
new sales to outside buyers, is about $2, 195 000 of which about $2,105, 000 is from the 
facilities at the highway interchanges, and about $90,000 from the new shoppers. This 
$2,195, 000 of ne.w P.XtP.rnal sales generates an additional $2,783,000 of economic ac
tivity internally. This gives a multiplier of 2. 27 for the locally owned variation. The 
multiplier for the nonlocally owned variation is 2. 17. 

The nearly $ 5 million increase in total economic activity is a gross gain in the total 
flow-of-funds through the entire economic system of the region over a period of one 
year. Much of this gain involves the counting of the same dollar, or a portion thereof, 
several times, as it passes from one business pla e to another. A more meaningful 
measure of the returns, or gains to the community is what could be called nP.t residual 
benefit or residual county income. This is lhe sum of the direct and indirect retw.·ns to 
households, local governments, and nonprofit organizations. It is a more accurate re
flection of the monetary benefits to the people themselves in the community than the 
total figure given previously. Multipliers for each of these three sources of net residual 
benefits can be derived by dividing their direct and indirect increase in activity by the 
total direct income for each variation. These multipliers and the absolute amounts of 
the net residual benefits by sectors are given in Table 3. 

The multipliers in Table 3 indicate how much of each new dollar of external sales 
ends up as a retm:n to the indicated sector . For example, under Variation B, for 
every dolla1· of sales to t he outside world, $0. 355 accrues to households in Clinton 
County, $0. 039 to local governments and $0 . 21 to nonprofit organizations. When inter
preting these results, one point should be borne in mind. The estimates associated with 
the impact of the new highway are only first approximations of what could be expected 
to occur. The order of magnitude of these estimates rather than their precise values 
should be the main consideration. 

EXTENSION OF Th'IPACT PREDICTION-RESPONSE FUNCTIONS 

It has been shown how the input-output model can attempt to measure and predict the 
impact of highway interchanges in a small region. It provides an extremely detailed 
analysis of both the direct and indirect effects on the various sectors of the r egion. 
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However, this descriptive picture applies only to the fixed input levels estimated for 
the highway after it is finally in operation in Clinton County. The magnitude of these 
inputs is given in Table 1, in the form of external income into the appropriate eco
nomic sectors of the region. Our impact analyses are tied to these fixed external in
come levels. However, suppose that one or more of these inputs vary from the pre
dicted levels, producing varying impacts on the region. Or, suppose that we wish to 
examine the impacts on the region over a range of different possible external incomes. 
Can our model provide such information easily and quickly? 

The answer to this question is, of course, yes. We can extend the study of direct 
and indirect impacts by means of impact response functions. These functions are de
rived from the input-output impact model of the region. In the case of Clinton County, 
these functions are of the form: 

(1) 

Here, the subscript i refers to a particular sector of the model such as retail or in
dustry. The subscripts R, M, S, and E refer to the sources of external income result
ing from the existence of the new highway: R, restaurants; M, motels; S, service sta
tions; and E, increasesinretail sector external income. Thus, the symbols of the re
sponse function have the following meanings: 

~ = total highway response of the ith sector of region; 
Bi = activity level of the ith sector before advent of highway; 

XR = external income to new restaurants; 
XM = external income to new motels; 
Xg = external income to new service stations; and 
XE = external income due to new retail sales. 

The response coefficients MiR, MiM, Mis, and Mrn are, in fact, the multipliers which 
yield the direct and indirect response of the ith sector to one dollar of external income 
from the respective income sources. For example, MiS = 0.45 would mean that $0.45 
response is generated in the ith sector to meet $1. 00 of external demand at a new in
terchange service station. These coefficients are given for Variation A and Variation 
B of the impact study in Tables 4 and 5. Using these coefficients, we can construct an 
impact response function for any one of the 13 aggregated sectors formed from the 
original 54- sector model. 

This function for the retail sector under Variation A (nonlocal ownership of motel 
and restaurants) is 

R = 49,097 + 0.2368~ + 0.3368XR + 0.1377XS + 1.1567XE (2) 

If this response function works, then the external incomes given in Table 1, when sub
stituted in this equation, should give the response actually recorded by the model for 
this study. Inserting the amounts ($1,000 units) given in Table 1, 

R 49, 097 + 0. 2368( 455) + 0. 3368(850) + 0 .1377(800) + 1.1567(90) 

49,907 + 608.3 

49,705.3 

(See Table 4). 
The response function says that the absolute increase in activity, both direct and in

direct, due to the impact of the new highway is $ 608, 300. This differs from the amount 
given for the retail sector in Table 2, by only $300. This error is negligible and pri-
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TABLE 4 

NEW HIGHWAY IMPACT RESPONSE FUNCTIONS-VARIATION Aa 

Sector Basic Motel Restau- Service Retail 
rants Stations Sales 

All industry $115,674 0,024458 0.198496 0.019735 0.0422 
Agriculture 3,210 0,004355 0.029033 0.006792 0.0128 
Education 1,862 0.00795 0.000745 0.000429 0.0005 
All retail 49,097 0,236835 0.336823 0,137692 1,567 
All service 12,093 0,052062 0.059090 0.033620 0.0340 
Transportation 6,884 0,006632 0,006123 0.002425 0.0052 
Construction 5,123 0,026467 0.031329 0.013686 0.0138 
Wholesale 12,114 0.066175 0.046390 0.553322 0.0987 
Utilities 5,144 0 .111537 0.030240 0,025866 0.0248 
Nonprofit 5,494 0.037882 0.020200 0.011838 0.0138 
Local government 6,150 0.073578 0.047690 0.010065 0.0133 
State - Federal A 1, 906 0.004825 0.60359 0.002737 0.0062 
Households 75,740 0.430977 0.404479 0,233471 0.2648 

Total $303,223 2.082764 2.377459 2.055047 1. 6908 

0 Nonlocal ownership of new enterprises. 

TABLE 5 

NEW HIGHWAY IMPACT RES.PON::lE FUNCTIONS-VARIATION Bil 

Sector Basic Motel Restau- Service Retail 
rants Stations Sales 

All industry $115, 674 0.026736 0,248891 0.019735 0.0422 
Ag1·icultul'e 3,210 0.00475'1 0.037002 0.006792 0.01?.8 
Education 1,862 0.000863 0.000767 0.000429 0.0005 
All retail 49,097 0.338823 0.403480 0.137692 1.1567 
All service 12,093 0.093192 0.061559 0.033620 0.0340 
Transportation 6,884 0.007155 0.066382 0.002425 0.0052 
Construction 5,123 0.028236 0.032426 0.013686 0.0138 
Wholesale 12, 114 0.074791 0.051937 0,553322 0.0987 
utilities 5,144 0.114431 0.032052 0.025866 0.0248 
Nonprofit 5,494 0.039934 0.020808 0,011838 0.0138 
Local government 6,150 0.075306 0.048544 0.010065 0.0133 
State - Federal A 1,906 0.005319 0.160583 0,002737 0,0062 
Households 75,740 0,469666 0.415731 0.233471 0,2648 

Total $303,223 2,285863 2,526133 2.055047 1.6908 

0 Local ownership of new enterprises. 

marily due to round-off error in computations. Thus, it is obvious that our response 
functions will yield the study results previously discussed if tbe given inputs are used. 

However, we now have the model expressed in a form which allows a much more 
flexible use in impact analysis. We can now calculate the predicted response, individ
ually and collectively . for any estimated level of external income into the various high
way impact sectors. For example, suppose that under Variation A, it is felt that the 
original estimate of motel occupancy was too high and we should reduce the ex
pected external income given in Table 1. Further, the subsequent loss of restau-
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rant income, due to this reduction, will be made up by a higher level of expected 
transient diners, i.e., diners passing through but not stopping at the motel. These 
new conditions would, of course, also result in an increase in income to the new service 
stations. Finally, let us assume that another improved road feeding into the new high
way would materially improve the access by Centre County residents to the Clinton 
County shopping area. This might be an improvement of the "Appalachian Throughway ," 
US Route 220, connecting with the new highway in Centre County where they inte11sect. 
Thus, our revised input estimates, in $1,000 units might be: 

~ = 390 850 

Comparing these amounts with those given in Table 1, we find a decrease in motel in
come (XM), no change in restaurant income (XR), an increase in service station income 
(Xs) and an increase in external retail sector income (XE). The total here is $2 260,000 
compared with $2,195,000 of the original set, a net increase of $65,000 income. 

Our response function for the retail sector of the region (Eq. 2) tells us quantitatively 
the economic response to this new table of highway inputs. 

R 49,097 + 0.2368(390) + 0.3368(850) + 0.1377(885) + 1.1567(135) 

49,097 + 92.4 + 286.3 + 121.9 + 156.1 

= 49,097 + 656. 7 

49,753.7 

The second line above gives the individual response of the retail sector to the four 
sources of highway income. The total increase due to them was $656,700, an increase 
of $48,400 over the increase of $608,300 due to the original set of inputs. 

If we did not have the response function giving differential responses for the four 
sources of highway income, we could not have found the magnitude of this response as 
accurately and as sensitively. For instance, if the response of the retail sector to the 
net increase of external income of $ 65; 000 were calculated without regard to the source 
of the income, the retail response would have come to only $40,500. The difference 
can be attributed to the fact that there is a differential in economic response according 
to the source of external income. Ignoring it does not result in an accurate measure
ment of a sector's response. The response function, on the other hand, does take these 
differential response rates into consideration. 

Not all sectors respond in the same manner and to the same degree as does the retail 
sector. For example, the response function for the utilities sector under Variation A 
is: 

R = 5144 + 0.1115 ~ + 0.0302 XR + 0.0259 XS + 0.0248 XE (3) 

Examination of the response coefficients shows that utilities reflect only a mild reaction 
to the new highway activity compared to the retail sector, because the utilities' coef
ficients are much less than those of the retail sector. 

Similarly, one can compare the responses , sector by sector , under the conditions 
of Variation A and Variation B. The respective response functions can be obtained 
from Table 4 and Table 5. This comparison can be done independently of the actual 
external income inputs by means of direct comparison of the response coefficients. 

For example, the retail response coefficient for highway motel impact under nonlocal 
ownership (Variation A) is O. 2368 and under local ownership (Variation B) is O. 3388. 
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The local ownership coefficient is appreciably larger than that for nonlocal ownership, 
reflecting the higher level of intraregional expenditures by the motel sector when -the 
economic units are locally owned and run. Although this was pointed out previously, 
one might wish to make the comparison with respect to actual response in dollars. For 
instance, one might be interested in knowing, all other things being equal, the additional 
amount of external motel income under nonlocal ownership necessary to provide the 
same amount of retail sector r esponse as is pr ovided under local ownership of the high
way motel. The retail sector responses to mote! income are $107, 700 and $154, 154 
for nonlocal and local ownership, r espectively. Since the external incomes to the other 
highway impact sectors are to remain the same under both var iations, we can simpliiy 
the respective retail response functions. These then, become 

R 49,597.5 

R = 49, 654.2 

+ 0. 2368 ~ (nonlocal) 

+ 0. 3388 ~ (local) 

and if the external motel income remains the same ($455,000) as originally given under 
lucal ownership, the total response under loco.I ownership is $49, 808,400. To find the 
external motel income necessary under nonlocal ownership to equal this, we equate it 
to the foregoing simplified nonlocal response function and solve for XM, i.e. , 

49,597.5 + 0.2368 ~ 49,808.4 

I'\ • " n 
G .l.V • .I 

Q.2368 

890.6 

Thus, if the retail sedor i:::; lo realize the same total increase in business as it would 
under local ownerships, there would have to be an increase in external motel income 
of from $455,000 to $890, 000. 

Another application of these response functions demonstrates their flexibility. Sup
pose the restaurants are nonlocally owned whereas the motel is locally owned. We can 
construct a new combined response function by using the nonlocal response coefficient 
for restaurants and the local coefficient for the motel. In this instance, the two re
sponse coefficients for service stations and retail sales are the same under Variation A 
and under Variation B. 

[ Strictly speaking, combining coefficients from different response functions in this 
way is not a correct procedure. The coefficients derived from the Variation A model, 
and the Variation B model, and some model which is a combination of these two will , 
in general, not be the same. Thus, using a Variation A coefficient and a Variation B 
coefficient to construct a combined response function equation will result in a function 
different from the one that would be derived directly from a combined model. However, 
these differences, in terms of the models used in this study, are negligible from a 
practical standpoint. Therefore, we can use the simpler combining procedure described 
in the body of the paper rather than directly derive individual sets of responAe functions 
for what could be large numbers of different combinations. ] 

The retail sector response function would be 

R = 49,097 + 0.3388~ + 0.3368XR + 0.1377X8 + 1.1576XE (4) 

We evaluate Eq. 4 for the original input conditions given in Table 1: 



R = 49,097 + 0. 3388(455) + 0. 3368(850) + 0 .1733(800) + 1.1567(90) 

= 49,097 + 154.2 + 286.3 + 110.2 + 104.1 

49,097 + 654.7 

= 49,751.7 
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This combined retail response function yields an increase in retail economic activity 
due to impact of the new highway of $654,700. Comparison with the increase under 
wholly nonlocal ownership (Variation B) shows that this increase lies between the in
creases of $608,000 and $710,000 for these respective variations. This of course, is 
what we would expect. 

We have not exhausted the various ways in which these response functions can be 
modified and used to extend and amplify highway impact studies using the Leontief static 
model. What we have attempted to demonstrate is that the model does provide a much 
more flexible and useful analytic tool than a first eYamination would indicate. There 
is much more information available concerning economic highway impact data than just 
the impacts of a set of initial inputs of external income. If the technical coefficients of 
the model are valid, then response function results will tend to be meaningful and can 
be used by the person who understands them. 

SUMMARY 

The use of the input-output technique in measuring the economic impact of new high
ways on a region has been demonstrated. The economy of a microregion was simulated 
with a Leontief static model. Added to this model were additional sectors to account 
for the new economic activities due to a new highway. Inputs consisting of new external 
income to the region were estimated. Their direct and indirect impacts were derived 
from the input-output model under two variations, nonlocal and local ownership of the 
new enterprises. These results were discussed in some detail. Impact response 
functions were also derived from the model. These allowed the examination of highway 
impacts under a variety of input conditions and under any combinations of operating 
variation~ . It is hoped that the efficacy of using this type of approach in new highway 
impact studies has been demonstrated. 
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