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Time-Series Analysis of Interactions Between 

Transportation and Manufacturing and 
Retail Employment 
YORGOS J. STEPHANEDES and DAVID M. EAGLE 

ABSTRACT 

Using data on state highway expenditures and employment from 30 Minnesota non
metropolitan counties over a 25-year period, possible interactions between 
transportation and employment are investigated. Although cross-sectional analy
sis suggests no significant interactions, causality tests and time-series anal
ysis indicate that highway expenditures affect manufacturing and retail employ
ment, and employment influences expenditures. Although increases in expenditures 
cause employment improvements in the short term, long-term effects are less 
favorable. Highway expenditures respond quickly to increas;ad needs oauocd by 
retail improvements. 

Federal budget deficit increases and spending red c 
t ions are like ly to significantly restrict the flow 
of federal aid to regional economic development pro
grams during the next several years. As such pro
grams are phased out, state assistance to economi
cally distressed regions will become increasingly 
important. Responding to this challenge, states will 
be encour aged to seek efficient ways to stimulate 
regional economic development in distressed areas. 
Although there exists a wide range of policy options 
for providing stimuli directly within the economic 
sector, the effectiveness of such policies depends;, 
in part, on the availability of a supporting infra
structure. Transportation investment has long been 
an important factor contributing to the condition of 
the infrastructure nationally and at the state level. 

use of resources in transportation investment 
may, of course, preclude their concurrent use in 
other types of investment. Similarly, transport in
vestment in a particular region may deprive other 
reg ions of useful resources. Therefore, al though a 
qiven investment mav be beneficial when viewed from 
a strictly local p~rspective, its net contribution 
to the economy of the state or a larger region may 
be negligible. On the other hand, the reallocation 
of resources accompanying the investment may lead to 
improved efficiencies and net gains within the 
larger system as well. Such effects play an impor
tant role in project evaluation and should be taken 
into account in the short-term and long-term assess
ment of transport policies. To accomplish this, 
state decision makers should identify and measure. 
any possible impacts of transportation projects on 
economic development. 

Identification of such impacts in nonmetropolitan 
areas is the major objective of this paper. By em
ploying state trunk highway expenditures and county 
employment indicators in Minnesota over a 25-year 
period, this work investigates the existence and di
rection of causality between expenditures and em-
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ployment for countie s both near and far fcom lai:ye 
cities. Where causality may exist, time-series anal-
~'.ei.e d ovGlcpa relat i onships t haL explain any possi
ble inte ractions between expendi tures and employment. 

BACKGROUND 

Despite the wealth of literature analyzing ways to 
improve the economy, relatively little of it has ex
amined whether such improvements can be accomplished 
through !!election of appropLidle tcam;portation pol
icies. Yet, the litera tu re has recognized (_!,_£) ttie 
quality and cost of transportation as one of the 
primary barriers to economic development. Most of 
the literature on transportation and economic devel
opment is descriptive or empirically oriented and 
has been under taken to address the pote ntial inter
actions between the two fields in the cour se of as
sessing specific project and policy impacts in both 
freight and passenger transportation. Such interac
tions include, foi: instance, the potential influence 
of transportation costs and accessibility to inputs 
and markets on the location of firms. Transportation 
may also permit or make economical the development 
of certain resources that otherwise would not have 
been developed. In addition, passenger transporta
tion improvements may increase the labor pool that 
is available and attract more firms to an area. 

Recent empirical evidence about whether changes 
in freight transportation can have impacts on eco
nomic development is mixed. Several studies claim to 
have found such influence, whereas others conclude 
that any impacts are insignificant. Even when these 
effects occur, the industries affected are not manu
facturing firms but firms whose function is to ser
vice highway users. These firms often are merely re
locating from areas where such users previously 
stopped. The literature points out, for example, 
that counties with Interstate highways consistently 
have an advantage over other counties with regard to 
population and employment growth <1-i>· Further, the 
effect on population growth varies inversely with 
the distance from a metropolitan area and does not 
exist in areas farther than 25 mi from a metropoli
tan area. The effect on employment is primarily with 
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regard to service (tourist-related) employment and 
is not found in manufacturing and wholesale activi
ties. Research in the Atlantic Region of Canada (6) 
concluded that increased investment in transporta
tion infrastructure and freight subsidies would at
tract very few industries because "a reasonably ma
ture transportation system [is] properly in place 
and maintained." Similarly, a study of the region 
around the Ozark Plateau <1> concluded that there is 
little correlation between highways and economic de
velopment. Even if there is a correlation, the di
rection of causality could be economic development 
leading to highway investment rather than highway 
investment leading to economic development. 

Whereas the research reviewed thus far did not 
reveal any significant links between highways and 
economic growth, other sources claim to have found 
such links. For instance, a strong relationship be
tween regional employment growth rate and transpor
tation cost resulted from motorway investments in 
North England (8). In Connecticut manufacturing em
ployment and population increased more in the towns 
close to the new turnpike than in towns farther away 
(~). 

Freight transportation may directly affect enter
prise location, and passenger transportation can do 
so indirectly through its effect on labor condi
tions. For instance, transportation costs and acces
sibility can affect where jobseekers look for work 
(2_-11) , and firms are affected by the size of the 
labor pool available to them (11-13). As a hypothet
ical example, a public transport system from a re
gion with few job opportunities to nearby centers 
with an excess number of job openings may decrease 
the unemployment rate (14,15), but the cost of pro
viding the service may not make the investment at
tractive. Transportation changes may also affect 
local sales (16), but upgrading transit between com
munities of different sizes tends to siphon sales 
away from the smaller communities toward the larger 
ones. 

To summarize, the empirical literature on trans
portation and economic development is contradictory. 
However, the majority of the studies indicates that, 
as long as today's well-developed transportation 
system provides good accessibility, transportation 
improvements no longer contribute significantly to 
economic development. Nevertheless, the literature 
on large-scale regional models presents a different 
picture. 

Large-scale regional models have been used for 
regional economic forecasting and policy analysis 
(17-23). Most are based on the input-output method 
and several include a transportation sector that 
plays an important role in the analysis. Although 
the small-scale empirical studies on freight trans
portation conclude that transportation has little 
effect on today's economy, the large-scale regional 
models indicate that transportation can affect the 
economy. There are three possible explanations for 
this apparent contradiction. 

• The large-scale regional models estimate 
transportation coefficients for specific sectors, 
whereas the small-scale studies are more generally 
oriented. With different sectors of the economy 
changing in different directions as a result of 
transportation changes, the net overall effects may 
be insignificant even though, by sector, the trans
portation effect is significant. The few small-scale 
studies that conclude that freight transportation 
has economic effects do specifically define a par
ticular part of the economy for study. 

• Because different sectors of the economy af
fect each other, an identification problem, which 
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the large-scale models take into account, may exist 
in the small-scale models. 

• The effect identified by the large-scale mod
els may be passenger-transportation relatedi if so, 
they would not contradict the small-scale empirical 
studies on freight transportation. 

Although these are plausible explanations for the 
apparent contradiction among past findings, a rigor
ous analysis is needed to resolve this issue. The 
results from such an analysis of the manufacturing 
and retail sectors in nonmetropolitan areas are pre
sented in this paper. 

DATA ANALYSIS METHODS 

Although many methods exist for analyzing the data, 
here two major methods are distinguished according 
to the manner time is treated in the analysis: 

1. Cross-sectional analysis employs data from 
different areas but for the same point in time. The 
analysis assumes that all variables are in equilib
rium during the planning period. Any delayed inter
actions (e.g., between transportation and the econ
omy) are overlooked. Results are applicable to 
long-term assessment. 

2. Time-series analysis employs data from one 
area but for different points in time. The analysis 
makes no assumption about long-term equilibrium. Re
sults can point to relations among variables as they 
occur through prespecified time increments and, 
therefore, this method is applicable to short-term 
analysis. 

Both methods, by definition, exclude a large part 
of the available data from the analysis. In particu
lar, the cross-sectional method excludes any data 
collected over time and the time-series method ex
cludes data from all areas except the one under 
study. As a result, with either method the analysis 
may not benefit from additional information, even 
when such information exists. Nevertheless, this 
limitation can be overcome by combining the two 
methods via use of panel data. In particular, when 
it is desired to consider effects as they occur 
through time, as is the case here, time-series anal
ysis with panel data can be used. Following this 
method, data from different time periods and areas 
are pooled togetheri however, the cross-sectional 
differences are eliminated from the data before 
analysis. 

DESCRIPTION OF DATA 

Two major sets of data were developed, one for 
cross-sectional and one for time-series analysis. 
For each type of analysis, data on both transporta
tion expenditures (only state trunk highway expendi
tures are analyzed in this paper) and the economy of 
the areas targeted by these expenditures were col
lected. The economic indicators included county man
ufacturing employment, retail sales, unemployment, 
and family income for cross-sectional analysis and 
manufacturing and retail employment for time-series 
analysis. 

Before analysis, the data were transformed in two 
ways. The gross national product (GNP) deflater was 
employed to adjust the sales and income data for in
flation. Further, the data were normalized (however, 
the normalized variables kept their original names) 
in order to make the counties comparable. Without 
such normalization, larger counties would naturally 
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be expected to have more employment and sales and 
receive more highway expenditures. The resulting 
high correlations would mask any causal effects be
tween highway expenditures and the economy and, 
therefore, would make assessment of such effects im
possible. To avoid such problems, highway expendi
tures and sales were normalized by population, and 
manufacturing employment by employment for cross
sectional analysis. For time-series analysis, county 
highway expenditures and employment were normalized 
by total state highway expenditures and employment, 
thus representing the fraction of the state expendi
tures and employment in a county, respectively. Nor
malized time-series data from two representative 
Minnesota counties, Freeborn and Kandiyohi, are 
shown in Figures l and 2, respectively. 

Thirty of 87 Minnesota counties were randomly se
lected for this analysis. Several criteria led to 
the selection of the appropriate economic indicators 
and data source. In particular, to include time ex
plicitly in the analysis, the selected indicators 
had to be available in the form of a time series, 
the longer the better. In addition, because state 
highway expenditures are only available on a yearly 
basis, there was little need for economic data on 
periods shorter than a year. Further, to determine 
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whether transportation affects individual economic 
sectors, easy access to economic data by sector was 
necessary, at least for the sectors of the economy 
that are of greatest interest. Of course, the data 
needed to be reliable. A summary of the different 
data and their sources is given in Table l. The rea
sons for using the employment figures from the 
County Business Patterns are their ease of access, 
their availability yearly since 1964, and their ex
istence by county and by sector (or better) for al
most all sectors. This study employs both manufac
turing and retail employment. 

CROSS-SECTIONAL RESULTS 

No significant or consistent correlation between 
state highway expenditures and either manufacturing 
or retail employment could be determined from the 
cross-sectional analysis of the data. This result 
was not surprising and, indeed, was in agreement 
with findings from previous analyses of this nature 
mentioned earlier. Such a conclusion refers to ab
sence of relationships in. the long term (e.g., at 
equilibrium beyond a 20-year horbon); it does not 
consider possible interactions occurring within this 
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period. Because evidence exists that any possible 
effects of transportation on the economy may occur 
within shorter time periods, such as in 1 to B years 
(11,12) , time-series analysis of the data was per
formed next. 

To fully use the available data, the data were 
paneled before the time-series analysis by eliminat
ing the cross-sectional element for each variable and 
for each county i over all years t. The transformed 

TABLE 1 Data Characteristics 
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manufacturing (Mitl and retail employment (Rj_tl 
and state highway expenditures (Hit> were derived 

from the raw data Mit• Rit• and 
general formula: 

- k + 

Hit following the 

(1) 

Characteristic Employment CBP8 Employment DESb Unemployment DES 
Median Family 
Income 

Access Very good 

Time series 1964-
Time basis Yearly 
All counties Yes 

By sector Yes except agriculture, mining; 
may also include 3- and 4-
digit SIC 

aCounty Business P& uerns. 
bDepnrt ment of E('onomlc Security. 

Poor 

Unknown 
Monthly 
Unknown 

Yes except agriculture, mining; 
no additional SIC detail 

1966-1978, very good 
1978- , poor 
1966-
Monthly 
No; excludes counties 

with cities above 
30,000 population 

No 

Very good 

Unknown 
Yearly 
Yes 

No 
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where V is any variable and k = 1957 (for employment 
data, k = 1964), m = 1982, and i = 1, ••• , 30. 

CAUSALITY TESTS 

Two hypotheses were tested, as the previous section 
suggests: 

Hypothesis 1: (2) 

Hypothesis 2: (3) 

where Mit and Rit represent the county-to-state 
employment ratio using data reported by employers on 
FICA reports (excluding the self-employed) for 1 
week in the middle of March each year and Hit 
represents the county-to-state ratio for expendi
tures on state trunk highways for that year. Re
gressing the employment on the same year's highway 
expenditures leads to the following simple specifi
cations (t-statistic in parentheses): 

Mit = 0.05 Hit 
(8.!I) 

Rit = 0.10 Hit 
(14.6) 

correlation = 0.36 (4) 

correlation 0.53 (5) 

For the average Minnesota county, the coefficients 
0.05 and 0.10, respectively, represent the elastici
ties of manufacturing and of retail employment with 
_.,..,,. ..... .,...,.. ... ...,,.... 'k:,.\.. •• ,..,. .. ...... ....,....,-_.;,:~ , .-.,..... T~ \...t,.\.. •• - ................ -..=I.I 
.L 'l;O~.t',.;;~.... ......., .u .L~.l.Lft'Q,l ,._..Al:'CllU..t. "-U.L 11;;0. .LL u .L';:IJ...LWQ.}' 'CAt'C:.uu.a.-

tures in the county increase by l percent ($25,600), 
these coefficients imply that manufacturing employ
ment will increase by 0.05 percent (2.0 employees) 
and retail employment will increase by 0.10 percent 
(3.6 employees). 

It is important to note that, even with such 
strong correlation between the variables, Equations 
4 and 5 do not indicate causality in either direc
tion. A high correlation between employm.,nL dllU .,x
penditures could equally well imply that changes in 
employment cause changes in expenditures or that 
both employment and expenditures change in response 
to a third variable. 

To determine the existence and direction of cau
sality between employment and expenditures before 
formulating any relationships between the two, a 
series of causality tests was performed. The method
ology for these tests was developed by Sims (1_!) 
following the concept of Granger (25). 

The first step in determining whether a variable 
x "causes" a variable y consists of formulating the 
null hypothesis that x does not "cause" y. Next, x 
is regressed on past, present, and future values of 
y. Under this hypothesis, all future coefficients of 
y should be zero. If they are all zero by an F-test, 
no causality is likely. On the other hand, if even 
one future coefficient is not zero, then x is said 
to cause y. To be sure, even this test cannot re
place the experimental demonstration of a causal re
lationship. The test only implies that changes in 
one variable precede, in a statistical sense, 
changes in another variable; such precedence is nec
essary but not sufficient for true causality. It 
should be noted that spectral analysis, as described 
by Box and Jenkins (26) is inadequate for the deter
mination of causalit°'Y""because the cross spectrum of 
x and y can be composed of two cross spectra, one 
representing x causing y and the other representing 
y causing x (~_).The Granger causality test, asap
plied here, goes beyond spectral analysis. 

Using the 30-county time-series data, causality 
was tested between state trunk highway expenditures 
and manufacturing and retail employment. Six cau-
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sality tests were performed. Each test was repeated 
three times: (a) for the whole data set, (b) for 
that part of the data set that included counties 
within 25 mi of a "large city," (defined here as one 
with more than 30,000 population), and (c) for the 
remainder of the data set. A summary of the test re
sults is given in Table 2. The data in the table in
dicate that 

TABLE 2 Causality Tests 

Probability Hypothesis is Correct 

Complete Near Large Far from 
Hypothesis Set City• Large City 

Manufacturing employment does not 
affect expenditures 0 0 0.37 

Expenditures do not affect manu-
facturing employment 0.09 0.05 0.47 

Retail employment does not affect 
expenditures 0 0 0.32 

Expenditures do not affect retail 
employment 0.09 0.13 0.77 

8Defined here a~ one with morr. thi:tn '.l0,000 pop11l,,tion 

• For the complete data set, all causalities 
are accepted. However, the significance of employ
ment changes causing changes in highway expenditures 
is much higher than that of changes in expenditure 
causing changes in employment. 

• The set of counties near a lArg" city beh11.ves 
similarly to the complete data set. 

• There exist no causalities in counties more 
than 25 mi away from a large city. 

TIME-SERIES RESULTS 

On the basis of the results from the causality 
tests, the vector autoregressive method (~) was 
used to develop three specifications for the com
plete data set. The three specifications can express 
(a) manufacturing employment as a function of state 

highway expenditures, (b) retail employment as a 
function of state highway expenditures, and (c) 
state highway expenditures in terms of manufacturing 
and retail employment. Following this analysis, a 
second set of three specifications was developed for 
<>re<>" within 25 mi of <> lArge city, '°" ni>lG•.1 '5'5<"d 
hereafter. 

The vector autoregressive method employed is of 
the general form 

(6) 

where 

Yt = the dependent variable in year t; 
xt the independent variable in year t (xt 

0n(B) 
$p(B) = 

B 

and ei can be vectors ); 
BoBO + 01Bl + 82B2 + ••• + 0nBn1 
$1Bl + t2B2 + $3B3 + • • • + $pBP; 
the lag operator (i. e ., asxt = Xt-s> 1 

n and p ~ the number of lags for Xt and Yt• re-
spectively; and 

c = a constant. 

Note that following certain transformations (see 
ear lier discussion) the highway expenditure and em
ployment data used in developing the following spec
ifications are stationary. For each specification, 
the parameters for three time lags for the dependent 
and independent variables were identified and are 
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presented together with the standard error, the 
R2

, and the mean square error (MSE) where 

MSE = t<Yt - Ytl 2 /K (7) 

where 

~t the observed dependent variable in year t, 

Yt the estimated dependent variable in year t, 
and 

K the number of observations. 

Time-series analysis of the county data led to 
the following specification for the manufacturing 
employment county-to-state ratio CMtl as a func
tion of the expenditures ratio (Rt): 

Standard 

~ Parameter Error 
Ht 

0 60 0.011 0.0072 
1 61 0.020 0.010 
2 62 -0.019 0.010 
3 63 0.013 0.0078 

Mt 
1 <1>1 0.76 0 .048 
2 <1>2 0.0021 0.059 
3 <1>3 0.021 0.048 

Constant 0.000097 0.000053 

R2 = 0.64 
MSE = 1.23 x lo·• (8) 

This specification can be written as an equation as 
follows: 

Mt = 0.011 Ht + 0.020 Ht-1 - 0.019 Ht-2 + 0.013 Ht-3 
+ 0.76 "'t-1 + 0.0021 Mt-2 + 0.021 Mt-3 
+ 0.000097 (9) 

SimilarJ.y, time-series anal.ysis of the data on re
tail employment <Rt> as a function of Ht re
sulted in the following specification: 

Standard 

~ 'Parameter Error 
Ht 

0 60 0.017 0.0053 
1 61 -0.0036 0.0071 
2 62 -0.019 0.0071 
3 63 0.0139 0.0056 

Rt 
l h 0.92 0.046 
2 <1>2 0.23 0.062 
3 <1>3 -0.25 0.047 

Constant 0.000066 0.000038 

R2 = 0.88 
MSE = 6.14 x 10· 1 (10) 

Finally, the results on expenditures (Htl as a 
function of Mt and Rt were 

Stand;:i.rd 

~ Parameter Error 

Mt 
1 01 0.31 0.34 
2 62 0.29 0.40 
3 63 -0.23 0.33 

Rt 
1 01 0.82 0.44 
2 62 0.64 0.59 
3 63 -0.27 0.47 
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Standard 

~ Parameter Error 

Ht 
l <'l 0.88 0 .048 
2 <1>2 -0.082 0.065 
3 <1>3 -0 .22 0.050 

Constant 0.00027 0.00034 

R2 = 0.72 
MSE = 4.93 x lo·• (11) 

Additional time lags (i.e., more than 3 years) coul.d 
have been included in the anal.ys is. However, because 
such inclusion would not have improved forecasting 
accuracy significantly, it was decided to adopt the 
simpler specifications. 

APPLICATION 

The purpose of this section is to demonstrate how 
the specifications developed in this work can be 
used to forecast the effects- of highway expenditures 
and county employment on each other. Because the 
analysis employed time-series data from Minnesota 
counties to develop the specifications , the fore
casts deal with the varying effects that highway in
vestment options would have on county employment in 
that state. This application uses the complete_ Min
nesota data set. A simple e xample follows. 

Let highway expenditures in a typical Minnesota 
county change by a one-time 10 percent increase this 
year _(i.e., at t = O). Use Equation 9 to forecast 
the resulting changes in manufacturing employment 
this year Ct = 0), next year (t = l}, and in the 
years beyond. 

If the equation did not contain any autoregres
sive (i.e., lagged values of the dependent variable 
M) terms, the answer would be that, in year zero, 
manufactu.ring would be l.l percent higher than the 
initial base, in year l it would be 2 percent higher 
than the initial base, and so forth. However, be
cause of the additional. M terms, the calculations 
become cumbersome and are completed in a microcom
puter. The manufacturing forecasts are shown in Fig
ure 3. As the figure indicates, county manufacturing 
employment increases by a maximum of 0. 3 percent in 
the year following the 10 percent investment in
crease. Manufacturing employment drops to approxi
mately its original value in the third year but then 
increases to an intermediate range and falls back to 
its original level in the long term. Thus the da"ta 
indicate that state highway expenditures within a 
county favorably influence manufacturing in that 
county but the effect occurs in two stages. The pri
mary, and more substantial, positive influence oc
curs the year after the highway funds are spent. A 
less substantial, long-term secondary effect implies 
that manufacturing employment in the county is still 
better off with the transportation improvement; the 
duration Of this effect is approximately 10 years. 

The effects of highway expenditures on county re
tail employment, determined with the specification 
given by Equation 10, are shown in Figure 4. As the 
figure suggests, a 10 percent increase in highway 
expenditures results in a maximum 0.17 percent re
tail increase that aa"me year. However, retail drops 
O. 04 percent below its initial base by the third 
year, and, although it later recovers, it falls back 
to its initial level in the long term, probably 
drained by better access to metropolitan areas, an 
effect that is in agreement with previous findings 
(_g). 

In the final example, the specification given by 
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5 10 
YEARS 

FIGURE 3 Influence of transportation on manufacturing employment. 

Equation 11 is used to determine how a 10 percant 
inc~ease in county manufacturing and re ta 11 employ
ment will influence state highway expenditures in 
that county,. The results, shown in Figure 5, indi
cate that highway expenditures respond to the higher 
needs of the county by beginning to increase a 1ear 
after the employment increase. The expenditures peak 
in the fourth year with a 49 percent increase and 
then drop but still remain at a level well above the 
initid base. Although the ex~nditure increa>ie is 
higlo,.r than the employment improvement in percentage 
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terms , highway funding may be responding to changes 
in additional economic sectors, such as services , 
that usuaily improve with the retail sector. 

Using the data set from counties near a large 
city (as defined earlier) , the analysis developed 
three new specifications that correspond to those 
developed with the complete data set. In summary, 
although the results were similar to those for the 
complete set, manufacturing and retail employment 
dropped severely following their short-term peak, 
which indicates that the long-term draining effect 
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F1GURE 5 Influence of manufacturing and retail employment on transportation. 

caused by better access to metropolitan areas is 
more substantial when a county is near such an area. 

CONCLUSIONS 

State trunk highway expenditure and employment data 
from 30 Minnesota nonmetropolitan counties are ana
lyzed and possible interactions between highway ex
penditures and employment are investigated. In 
agreement with some previous research, cross-sec
tional analysis of the data suggests no significant 
interactions. However, more rigorous causality tests 
identify such interactions (i.e., highway expendi
tures influence manufacturing and reta.11' employment, 
and employment affects highway expenditures). Never
theless, causality is not indicated for counties lo
cated more than 25 mi from large cities (d'efined 
here as cities with more than 30,000 population). 

Using time-series data from the period 1957-1982, 
the vector autoregressive method developed specifi
cations for the cases in which causality existed, 
both for the complete data set and, separately, for 
the counties located near large cities. 

From the specifications it is concluded that, al
though state trunk highway expend.itures influence 
both manu~acturing and retail county employment, the 
short-term effects differ from the long-term ones. 
In particular, although employment increases in ·the 
first 2 or 3 years following highway improvements, 
it then drops and, by approximately the 10th year, 
is back to its initial base, possibly drained by 
bette.r access to metropolitan areas. Further, high
way expenditures respond to county needs by improv
ing service within a year after employment begins to 
increase. Finally, it is found that counties within 
25 mi of a large city behave much like the complete 
data set except that, in their case, the draining 
effect to metropolitan areas is more severe. 

Although these findings shed some light on the 
existence, direction, and size of causal effects be
tween highway investment and the regional economy, 
several questions still remain unanswered and are 

currently under investigation . For instance, the 
possibility of interactions between transportation 
and additional sectors of the economy, such as the 
service sector, must be investigated, and more eco
nomic indicators can be employed to complete such 
assessment. Further, large highway construction 
projects, such as the Interstate program, can be 
distinguished from the rest of the projects and each 
set evaluated separately. Finally, more work in iso
lating the effects of large cities on their sur
rounding regions will aid in clarifying the interac
tions between highway expenditures and the economy 
of those regions. 
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