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Use of a M ultiregional 
Variable Input-Output Model 
to Analyze Economic Impacts 
of Transportation Costs 
Chong K. Liew and Chung J. Liew 

A multiregional variable input-output model is introduced to investigate 
the impact of a change in transportation costs on regional development 
and trade flows. Regional technical coefficients and trade coefficients 
are endogenous variables to the model and are sensitive to transportation 
costs as well as other input costs. Each industry is assumed to have a 
linear logarithm production frontier with a constant return to scale. 
Profit-maximizing price frontiers are obtained from the dual relation. 
These prices are expressed in terms of transportation costs, wage rates, 
land prices, input elasticities, and parameters of technical progress. 
These prices determine the regional technical coefficients and trade 
coefficient.. The impact of a change in transportation costs on trade 
structure, regional growth, and inflation is investigated by using 1963 
three-region, 10-sector interindustry flow data as a base. As expected, 
an increase in transportation cost between regions reduces the trade coef­
ficient between the regions and increases the "own" trade coefficient; 
i.e., the purchases from other regions decrease and the purchases from 
local markets increase as the costs of transportation increase. An in­
crease in transportation cost hampers regional development, but its 
sensitivity differs among industries. 

Transportation cost plays a crucial role in determining 
regional development and trade flows. A lower trans­
portation cost increases the trade flows among regions 
and contributes to regional development. A higher trans­
portation cost reduces trade flows and deters regional 
development. An improvement in transportation facili­
ties, such as the construction of highways, waterways, 
and railways, stimulates regional economic development 
and interregional trade flows, since such improvement 
reduces transportation cost. Impacts of an energy crisis, 
such as an increase in motor fuel costs, hamper regional 
growth and impede regional trade. 

The U.S. Army Engineer Institute for Water Re­
sources (IWR) is conducting an evaluation of the regional 
social, economic, and environmental effects of the 
McClellan-Kerr Arkansas River System project. That 
project, one of the major U.S. river basin developments, 
was dedicated in early 1971. The system provides navi­
gation, flood damage reduction, hydroelectric power, 
water supply, and recreation for a large part of Arkansas 
and Oklahoma. At the same time that the navigation 
project was being built, an Interstate and toll-road sys­
tem was developed that parallels the waterway and im­
proves truck access. One of the significant problems in 
measuring the impact of such a system is determining 
the influence of lowered transport costs, attributable to 
the waterway, on regional economic development. 

The research reported in this paper is directed to­
ward developing an impact model that will show the with­
project and without-project impacts of such a waterway. 

LITERATURE REVIEW 

Several models identify the relationship between the cost 
of transportation and regional development. One of the 
models that has successfully related transportation cost 
to regional development is Harris' multiregional, multi­
industry forecasting model (1, 2). The Harris model 
forecasts industrial outputs,- employment, income' con-

sumer expenditures, government spending, and popula­
tion in 173 Bureau of Economic Analysis (BEA) economic 
regions and identifies industrial locations. The model 
introduces marginal transportation costs to explain those 
endogenous variables. Transportation costs enter the 
model with other factor costs such as wage rates, land 
costs, and capital costs. Marginal transportation cost 
is calculated by a linear programming transportation 
algorithm. The model identifies industrial locations in 
each region when there is a change in transportation 
costs among regions. 

However, like many other regional econometric 
models, a paucity of regional data in the Harris model 
compels the model builder to choose explanatory vari­
ables that have the same trend as the dependent vari­
ables, e.g., lagged dependent variables. A long-run 
economic impact analysis requires stability in the esti­
mated coefficients, and the Harris model appears to 
lack such stability (the model must reestimate the co­
efficients each year, since they vary over time). The 
model also fails to identify the cross-hauling of commod­
ity trade among regions. 

Other popular approaches to relating trade flows to 
regional development are multiregional input-output 
models (3-6). These models are popular tools for fore­
casting regTonal trade flows and developments. The 
major drawbacks of the multiregional input-output 
models are their assumptions on fixed technical coef­
ficients and fixed trade structure. They fail to allow the 
trade coefficients and the technical coefficients to vary 
over time in response to change in transportation costs, 
wage rates, land prices, and capital costs. 

Amano and Fujita (7) have modified the multiregional 
input-output model andtraced the regional and national 
economic impact of improvements in transportation fa­
cilities. Their basic hypothesis is that improvement of 
a transportation facility lowers both the monetary and 
nonmonetary costs of transportation. The lower costs 
change the transportation service purchase coefficients 
and the trade coefficients. Such change would affect 
regional outputs and trade flows. The model assumes 
that only one row of technical coefficients-namely, the 
transportation service purchase coefficients-depend on 
the cost of transportation and all other technical coef­
ficients remain unchanged. The model also assumes that 
only the trade coefficients between the two regions where 
transportation costs were changed are affected by the 
cost change and all other trade coefficients remain un­
changed. It further assumes that the trade and technical 
coefficients are independent of a change in wage rates, 
land prices, local tax structure, and capital costs. 

Our basic hypothesis is that firms choose inputs from 
each region so as to minimize costs and sell their prod­
ucts to each region and thus maximize their profits. The 
technical coefficients and the trade coefficients are 
simply results of such optimizing behavior of firms. 
Therefore, any change in input cost should change all 
technical coefficients and all trade coefficients because 
the firms substitute less expensive inputs for expensive 
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ones from each region. Transportation cost is one of 
the input costs, and any change in transportation cost 
should vary all technical and trade coefficients. 

The multiregional variable input-output (MVIO) model 
described in this paper is derived from the basic duality 
between production and price possibility frontiers. From 
the dual relations, a set of price frontier equations is 
obtained. These prices in the frontier equations depend 
on input elasticities, transportation costs-both monetary 
and nonmonetary-wage rates, land prices, local tax 
rates, costs of capital goods, and parameters of tech­
nical progress. The equilibrium prices obtained from 
the price possibility frontiers affect the technical co­
efficients and the trade coefficients. 

MULTIREGIONAL VARIABLE INPUT­
OUTPUT MODEL 

Consider an economy that has m regions and n commod­
ities. Each industrial output in each region is assumed 
to be produced by a Cobb-Douglas production frontier: 

m n 

1nxj-a~j-L Lan1nxif-rjlnLj-SjlnKj=O 
s= L i-= I 

G = 1 , ... , n; r = I , .. • , m) (I) 

where 

xj = output of industry j located in region r, 
x',j = intermediate purchase of the i th industrial out­

put from region s by the j th industry located in 
region r, 

Lj = labor service employed by the j th industry lo­
cated in region r, and 

Kj = service of capital employed by the j th industry 
located in region r. 

a~J' Ol~j, yj, and c5j are parameters of the Cobb-Douglas 
production frontiers. 

We assume linear homogeneity; namely, 

m n 
~ ~ ~.sr ~- - ~r .L 1::1 -
~ k.J'-"-•J . lj .... , 8 - ! ' . . . '!~; :- - ~' . . . ' ~.: n1 

s=l i=I 

The purchase price of input is defined as the sum of 
the price in the producing region and the transportation 
costs of delivering the input to the final purchaser. The 
transportation costs include line-haul cost and terminal 
cost. For example, the purchase price of the i th input 
from region s by the j th industry in region r (p~j) is the 
sum of the price of the i th good in producing region s 
(p~) and the cost of transportation of delivering one unit 
of the i th good from region s to region r (µ~' · p~); i.e., 

(3) 

The profit-maximizing input-output transformation 
functions are 

-(f'j/l'i[l =[(I - tjl pj/cf'p)l (4) 

(5) 

and 

-( f'j WK;) = r (I - tj) pjl v; J 

(i,j=l, . . . ,n;r,s=l, . .. ,m) (6) 

where fj, f~j, f~l• and f~J are the partial derivatives of 
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the Cobb-Douglas production frontiers with respect to 
xj, x~j, L J• and KJ. pj, wj, and vj are the price of the 
j th good, wage rate, and service price of capital in re­
gion r; tj is the effective tax rate on the j th industry in 
region r; and c~r is the unity plus the unit transportation 
costs; i.e., 

( i = 1, ... , n; s, r ~ 1, •.. , m) (7) 

From the input-output transformation functions (Equa­
tions 4-6), we derive the following profit-maximi1>:ing in­
put demand equations: 

xfJ = afJ ( 1 - tj) pj xj /(cf' pf) 

Lj = 'Y] (1 - tfl pj xj/wf 

Kf = lij (1 - tj) pj xf/vj 

(8) 

(9) 

(10) 

From Equations 1-10, we obtain multiregional price 
frontiers: 

111 n 

lnpf = - L L af{ In [a~f /(cir pi) J - a~j 
s=i i=l 

- 'Yf Jn('Yf/wj) - of ln(lij/vj) - ln(l - tj) 
m n 

lna~.r + ~ ~ a~.r lnc~r - a
0
',· 

IJ """' ~ IJ I 

s=J i=l s=I i=l 

+ i ± a~jr lnpf - 1Jln'Yj + -yjlnwj 
s==I i=l 

- lij lnlij + lij lnvf - ln(l - tf) (11) 

Equation 11 can be conveniently stacked in the follow­
ing matrix form: 

(I - S) lnp = h ( 12) 

where 

S= f 
ll. i.l ' OI.. : ... ·." : : ·()/. 

. . ' 
~ · • • • mm L" .. . .. . u J 

lnp = rlnp'1· h = rh']. 
I. . ... 
L u•v J l" J 

c1· = loll.· . ·. • .-,: l 
O!~~ • • • • a .. O'~~J 

and lnp• = 

[
h'i] 

I{ = : . 

h~ 

+ 'Yf lnwj + 8j lnvf - In( I - tj) - a;.; 

m 11 

+ ~ ~ s_r lnc~r 
~~CXrJ r 

( 13) 

\.I 1- 1 

The prime (') denotes a transpose, and I is an (n · m) by 
(n • m) identity matrix. 

The transportation cost of delivering commodity i 
from region s to region r is assumed to be the same 
regardless of the type of buyer; i.e., 
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(14) 

where c~' = 1 if s = r and c~' > 1 if s -J r. 
The price frontiers are expressed in terms of the 

cost of transportation [c~' = (1 + µ~')], effective tax rates 
(tj), local wage rates (w'J), service price of capital 
(vJ), input elasticities (a;J, yJ, lij) and parameters of 
technical progress (a~J). 

In general, the profit-maximizing price level has a 
positive relation with the cost of transportation, effec­
tive tax rates, wage rates, and the service price of 
capital and a negative relation with parameters of tech­
nical progress. By jointly solving the price frontiers 
(Equation 12), we obtain (n · m) profit-maximizing price 
levels in terms of the cost of transportation, effective 
tax rates, local wage rates, service price of capital, 
input elasticities, and technical-progress parameters; 
i.e., 

(15) 

From the profit-maximizing input demand equations, 
multiregional input-output coefficients are derived: 

alf = (xf[/xj) = cxff (I - tf) (pj/c1' PD (1 6) 

From Equations 15 and 16, we obtain the regional 
variable input-output coefficients, which are expressed 
in terms of transportation cost, effective tax rates, wage 
rates, service price of capital, input elasticities, and 
technical-progress parameters: 

(i,j=l, . .. ,n;s,r=l, ... , m) (17) 

The regional technical coefficients are the sum of the 
regional input-output coefficients over regions; i.e., 

m 

aj; = Laif (i, j = I, ... , n; r = I, ... , m) (18) 
s=l 

The regional input-output coefficients are calculated 
by multiplying the trade coefficients by the regional 
technical coefficients; i.e., 

af{ = tiJ · afj ( 19) 

From Equation 19, the following relations are evident: 

( i , j = I , . . . , n ; s, r = I , . . . , m) (20) 

Variable trade coefficients are obtained and are ex­
pressed in terms of transportation cost, primary input 
prices, tax rates, and input parameters from Equations 
17, 18, and 20: 

(21) 

The average trade coefficients are estimated as follows: 

n 

w = c11nJ L ttI (22) 
j= I 

Following Moses ( 4), it is assumed that each industry 
in region r consumes-the same fraction of the import of 
commodity i from region s, so that the trade coefficients 
(trn are the same regardless of the final users; i.e., 

(23) 

The average trade coefficients (t~r) in Equation 22 are 
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the Moses type of trade coefficients. In our model, 
they are endogenously determined from the basic duality 
of production and price frontiers. 

Regional outputs x are determined by the usual 
balance equations: 

x = (I - T A)-1 Ty 

where 

(24) 

T 
(nm, nm) 

[

Tu._: .... ·. '.-T JD] . 
. . ' 

. . . . 

T0 ~" ••• : T"'' 

A = [~~2.. • ~] ; y = [ ( ] ; 
(nm, nm) : : (nm, I) : . . 

0. . A~ y• 

x' 
(n, 1) [

T~~ ... . : OJ] 
Tsr - . . , - . . ' 

(n,n) . · · ·. 

o:: . . . . ·T!r 

A' = . • . • • • [
A~, . .. .. Ai.] 

(n, n) : . : ; and 

A~ : ..... A0 0 

x and y are (n ·m) components vectors of regional output 
and regional final demand, respectively. T and A are 
(n •m) by (n ·m) matrices of trade coefficients and re­
gional technical coefficients. 

TRANSPORTATION COST SIMULATION 
MODEL 

The MVIO model responds to firms' efforts to minimize 
their input costs. The transportation cost (cl' = 1 + uf; 
s, r = 1, ... , m; i = 1, ... , n) is one of such input costs, 
besides wage rates, capital cost, and land cost, that the 
firms face in the local economy. A change in one such 
input cost results in changes in equilibrium outputs, 
prices, regional technical coefficients, trade coeffi­
cients, and various multipliers in all regions. Table 1 
provides input parameters, exogenous variables, and 
endogenous variables. The exogenous variables are 
assumed to be determined outside of the model. The 
input parameters are assumed to remain unchanged. 
Endogenous variables are the dependent variables of the 
model. 

We describe here, step by step, how a change in one 
of the exogenous variables affects the endogenous vari­
ables of the model. The initial impact of such a change 
affects the equilibrium prices in all regions. To show 
the relations between exogenous variables and price 
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Table 1. Input parameters and exogenous and endogenous 
variables in the MVIO model and other multiregional 
input-output models. Model Input Parameters 
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Variables 

Exogenous Endogenous 

MVIO Input elasticities Wage rates Industrial outputs, in­
come, and employment 

Industrial prices 
Regional technical co­

efficients and inter­
industry transactions 

Trade coefficients and 

Technical- Service price of capital, 
progress including land costs 
parameters and capital costs 

Costs of transportation 
Effective tax rates 
Final demands 

interregional trade­
flow matrices 

Various multipliers 

Others Regional technical Final demands Industrial outputs, 
income, and employ-coeHicients 

Trade coef[icients ment 

levels, the price-frontier equations are rewritten, as 
follows: 

lnpj = gj + .n: "'ff lmf' + ')'j lnwj + lij Inv; - In( I - tfl 

(25) 

where 

(j = I .. .. , 11:1 =I , ... , m) (26) 

Unless stated otherwise, r;r; denotes ~ 
s= I 

n 

r; . 
i=I 

The price-frontier equations are conveniently stacked 
in a matrix form: 

(l - S) lnp = g + W · Inc + ,Y lnw + o Inv - In (I - t) 

where 

g= 
(nm, 1) 

g" 

W= 
(nm,nmm) 

Q!~l· • • a;,1, • • • I Ot'.11° • •Ci:! 

r 
lr lr mr mr 

S' = l : : (n,nm) . . 
. . 
. . 
tr 1r mr mr 

Q:l A• • • O'.'nn' ' • • l O':Jn• ' • t'Ynn 

Y = a diagonal matrix of -yj; 
(mn,mn) 

6 = a diagonal matrix of lij; 
(mn, mn) 

Inc = 
(nmm, 1) 

(27) 

lnci 1 

lnc~· 

lnc~" 

lnw = an (m •n) components vector of lnwj; 
lnv = an (m •n) components vector of lnvj; and 

Regional interindustry 
transactions · 

Interregional trade 
flows 

ln(l - t) = an ( m ·n) components vector of ln(l - t'.j). 

The figure inside the parenthesis is the size of the 
matrix. The notation defined for the previous matrices 
is not defined here. 

By taking a derivative of the price-frontier vector 
function (Equation 2 7) with respect to each cost vector, 
the relation between a change in cost variable and its 
impact on equilibrium prices is obtained: 

olnp/olnc =[(I -St1 W]' 

olnp/olnw =[(I - St1 ~ J' 

ainp/alnv = [(I - si-1 Ii]. 

olnp/oln (1 - t) = - [(I - si- 1 J' 

Tile prime (' ) denotes the tl'anspose. 

(28) 

(29) 

(30) 

(31) 

[{I - S)- 1w)') is an (n •m ·m) by (n •m) transportation­
cost-related p1·ice multiplie1·. It explains a correspond­
ing change in equilibrium pl'kes in each industry in each 
region that results fJ:om a l percent change in c'1' , which 
is unHy plus rate of transportation cost (1 + u~'). The 
transportation-cost-related price multipliers explain 
PvP1•y r!P.t~il of the impact of a change in transportation 
cost on the industrial prices in all regions. 

A change in the transportation cost for a single com­
modity between two i·egions could affect the equilibrium 
prices or all commodities in all regions. The same rate 
increase in l1·anspo~·tation cost fo1· two different com­
modities yields completely different price effects in all 
regions. From tile policy point of view, this is very 
impo1·tant. It implies that consti·uction of a waterway in 
Oldahoma and Ai·kansas could affect the price of bread 
purchased by a New Yo1·ker . The increase in motor 
fuel cost may have different price effects depending on 
which commodity is being shipped with the motor fuel. 
The transportation-cost-related price multipliers pro­
vide details of such interesting questions. 

The right-hand expressions of Equations 29-31 are 
pl'ice multipliers related to wages, the se1·vice price of 
capital, and the tax rate. AU regional economies are 
intenelated. A change in wages, the service price of 
capital, or tax rates affects not only the industrial prices 
of that region but also those of all other regions. These 
chain impacts are traceable by those price multipliers. 

Next, we evaluate how the changed prices that i·esult 
from a change ·o transportation cost, wage l'ate, service 
price of capital, or effective tax rate would a ffec tli 
multu·egional input-ouq)ut coefficients. These coeffi­
cie11ts are decomposed into regional technical coefficients 
and trade coefficients. 
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From Equation 16, the following relation is evident: 

lna1j : lnafj +In( 1 - tj) + lnpj - lncf' - lnpf (32) 

Suppose that the transportation cost is the only change 
in the economy; the rate of change in multiregional input­
output coefficients can easily be identified, as follows: 

oln afJ/oln cf' : (oln pj/oln cl') - I - (oln pf/oln cf') (33) 

or 

31n a1J : oln pf - oln cf ' - oln pf (34) 

The right-hand expressions in Equation 33 are simply 
transportation-cost-related price multipliers obtained 
in Equation 28. 

Suppose that we have base-year multiregional input­
output coefficients a~!(t 0); the new input-output coeffi­
cients after the change in transportation cost [a~j(t1)J 
can be evaluated as follows: 

aff(t ,) : a1{(tol exp (oln pj - olncf' - oln pf) (35) 

Note that aln a~) is approximated by lna~j(ti) - lna~j(t 0) or 
In (a~j(t1)/a~j(to)J . 

The change in wage rate, service price of capital, 
and effective tax rate is traced in a similar way: 

0111 nfJ /o ln wj : (0111 pj /3 ln wf) - (0111 pf /oln wj) (36) 

3111 afJ /3 111 vj: (3111 pj/3111 vp -(3111 rr/3111 vj) (37) 

0111 a1J /3111( I - tj): [oln rlfo!n(I - tf)J +I - [oln pf 

7 3111(! -tj)J (38) 

These multiregional input-output coefficients (a~';) de­
compose into the regional technical coefficients a~J and 
trade coefficients t~', as explained in Equations 18-22. 

EMPIRICAL FINDINGS 

The variable input-output model responds to the opti­
mizing behavior of firms in response to a change in in­
put costs. Transportation costs, wage rates, and the 
service price of capital are important input costs to 
business firms. The service price of capital includes 
land cost and capital cost. Any change in these input 
costs affects firms' decisions on input demands and out­
put prices. In this process, regional technical coeffi­
cients, trade coefficients, industrial growth, and re­
gional inflation are changed. 

The effect of a change in transportation costs on re­
gional development and trade structures can be investi­
gated by using 1963 interregional commodity flow data. 

The U.S. Army Corps of Engineers system of re­
gional classification divides the U.S. economy into three 
regions: (a) region 1-the Arkansas navigation region, 
which is a combination of Office of Business Economics 
(OBE) areas 117-119; (b) region 2-the west-south-central 
region (excluding region 1), which includes Texas, 
Louisiana, Arkansas, and Oklahoma; and ( c) region 3-
the rest of the United States. 

U.S. industries are aggregated into 10 industrial 
sectors: 

1. Agriculture, forestry, and fisheries; 
2. Mining; 
3. Construction; 
4. Nondurable manufacturing; 
5. Durable manufacturing; 
6. Transportation, communication, and utilities; 
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7. Wholesale and retail trade; 
8. Finance, insurance, and real estate; 
9. Service; and 

10. Federal, state, and local government. 

The 1963 three-region, 10-sector interregional trans­
action table compiled by Kim (8) was used as the base-
year data for this study. -

A 5 percent change in transportation cost is intro­
duced (a) between regions 1 and 2 (no change in trans­
portation cost between regions 2 and 3 or regions 1 and 
3), (b) simultaneously between regions 1 and 2 and re­
gions 1 and 3 (no change between regions 2 and 3), and 
(c) among all three regions. The transportation cost is 
assumed to have changed for both delivering and receiv­
ing the commodities of the following industries: (a) agri­
culture, forestry, and fisheries; (b) mining; ( c) nondur -
able manufacturing; (d) durable manufacturing; (e) fi­
nance, insurance, and real estate; and (f) service in­
dustries. 

A 5 percent decrease in the cost of transportation 
between regions 1 and 2 substantially increases trade 
between these two regions. The percentages of goods 
imported by each of these two regions from the other, 
before and after the cost decrease, are given below: 

Percentage of Goods Imported 

Region 1 £legion 2 

Industry Before After Before After 

~gricu ltu re, forestry, 
and fisheries 33.68 34.73 5.05 5.35 

Mining 61.87 62.78 1.25 1.32 
Nondurable manu-
facturing 31.78 32.79 4.01 4.26 

Durable manufacturing 19.95 20.76 3.78 3.99 

The expansion of trade between regions 1 and 2 makes 
both regions reduce their industrial consumption of lo­
cally produced goods and their imports from region 3. 
This occurs because the cost to regions 1 and 2 of de­
livering and receiving goods from region 3 becomes rela­
tively expensive, since it is assumed that there is no 
change in transportation cost between either regions 1 
and 3 or regions 2 and 3 and only the transportation cost 
between regions 1 and 2 has changed. 

When transportation costs were reduced between re­
gions 1 and 2 and regions 1 and 3 at the same time, the 
trade coefficients of each region were lowered in all 
three regions. This implies that each region relies more 
on imports from other regions and less on locally pro­
duced goods. For example, in 1963, the "own" trade co­
efficients for nondurable manufacturing goods were 26.37 
percent in region 1, 61.70 percent in region 2, and 94.22 
percent in region 3. The own trade coefficient is the 
diagonal element of the trade-coefficient matrix. A 5 
percent decrease in transportation costs between re­
gions 1 and 2 reduces those own trade coefficients to 
26.19 percent in region 1, 61.56 percent in region 2, and 
94.20 percent in region 3. The simultaneous 5 percent 
decrease between regions 1 and 2 and regions 1 and 3 
further reduces the own trade coefficients to 25.86 per­
cent in region 1, 61. 53 percent in region 2, and 94.16 
percent in region 3. The 5 percent decrease among all 
three regions reduces these coefficients to 25. 789 per­
cent in region 1, 60.653 percent in region 2, and 93.878 
percent in region 3. A decrease in own trade coeffi­
cients implies an increase in import coefficients-Le., 
the off-diagonal coefficients of the trade-coefficient 
matrix. In general, the import coefficient has an inverse 
relation with the cost of transportation between two re -
gions. Tables 2 and 3 give details of those changes for 
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Table 2. Trade coefficients of 
5 Percent Decrease (~) 

selected commodities before 
and after change in Between Regions 1 and 2 
transportation cost. No Change (~) Between Regions 1 and 2 and 1 and 3 

Region Region Region Region Region Region Region Region Region 
Industry Region 1 2 3 t 2 3 I 2 3 

Agriculture, 30.61 5.05 1.57 30.30 5.3 5 1. 59 30.00 5.41 1.68 
for estry, and 33.68 51.96 5.82 34.73 51.83 5. 83 34.00 51. 80 5. 82 
fisheries 35. 71 42.99 92.61 34.98 42. 82 92 . 59 36.00 42.80 92.50 

Mining 17.44 1.25 0.89 16.91 1.32 0.90 16.87 1.32 0.95 
61. 87 77.21 19.65 62.78 77 .15 19.66 62.36 77 .15 19.65 
10.69 11.55 69.45 10.31 11.53 C9.44 10. 77 11. 53 C9.41 

Nondurable 1 26 .37 4.01 0.72 26.19 4.26 0. 73 25. 86 4.31 0.77 
manufac- 2 31.78 61.70 5.06 32.79 61.56 5.07 32.02 61.53 5.07 
luring 3 41.85 34.29 94 .22 41.02 34. 17 94 .20 42.12 34.16 94.16 

Durable manu- 1 18.27 3.78 0.91 18.18 3.99 0.92 17.82 4.04 0.98 
facturing 2 19.95 37 .56 2.62 20.76 37 .51 2.62 20 .08 37.49 2.62 

3 61. 78 58 .66 96.47 61.06 58.51 96.46 62.10 58.48 96.40 

Table 3. Trade coefficients of 
5 Percent Decrease 5 Percent Increase 

selected commodities for 5 
percent increase and 5 percent Reg:ion Region Region Region Region RetJion 
decrease in transportation lnc\uslry Reg:ion 1 2 
cost in all regions. 

A~ricullure. 1 29 .910 5.267 
rorest r.v. and 2 34.202 50.914 
rtsheries ~ 35,887 43.820 

Minin~ I 16.838 I.311 
2 62.403 76.66 1 
3 10. 760 12.028 

Nondurable I 25. 7 89 4.210 
manufac- 2 32.188 60.653 
tu ring 3 42 ,023 35.137 

Oural1le manu- I 17.776 3.901 
facturing 2 20.271 36. 673 

3 61 953 

the selected commodities before and after the deduction 
of a 5 percent decrease in transportation cost. 

59.425 

A 5 percent increase in transportation cost among all 
regions, which could be caused this year by the increase 
in Middle East crude petroleum prices, substantially in­
creases the own trade coefficients in all three regions. 
For example, between the period before and after the 
5 percent transportation cost increase, the own trade 
coefficient of durable manufacturing goods for region 1 
inmns tn 18 778 frnm 18 .27 nerr.ent. to :rn.463 from 37.56 
per~ent in region 2, and to 96.683 f~om 96.47 percent in 
region 3. 

Another interesting feature of this study is that the 
trade coefficient in all regions changes in response to 
a change in transportation cost between any two regions. 
The 5 percent decrease in transportation cost between 
region 1 and region 2 also changes the import structure 
of region 3. For example, after the reduction of trans­
portation cost between regions 1 and 2, the region 3 im­
portation of nondurable manufacturing goods from region 
1 increases from 0. 72 to 0. 73 percent and its importa­
tion from region 2 increases from 5.06 to 5.07 percent. 
There is no change in transportation cost between re­
gions 1 and 3 nor between regions 2 and 3, but their 
trade coefficients have changed. 

The next item investigated is the effect on regional 
growth and deflation of the 5 percent decrease in trans­
portation cost. Two cases are considered: Case 1 is a 
5 percent decrease in transportation cost between re­
gions 1 and 2, and case 2 is a 5 percent decrease in 
transportation cost among all three regions. 

A 5 percent decrease in transportation cost between 
regions 1 and 2 stimulates region 1 the most. The non­
durable manufacturing industry in region 1 grows as 
much as 2.99 percent, followed by agriculture at 2.94 
percent, mining at 2.37 percent, and the durable manu­
facturing industry at 2 .15 percent. The construction, 

3 I 2 3 

1. 679 31.316 4. 848 1.467 
6.155 33.155 53 .000 5.504 

92.167 35.529 42 , 152 93 .029 
0.937 18.064 1, 188 0. 654 

20.451 61.319 77 . 731 18.873 
68.612 10.617 11 . 081 70.272 

0.770 26.954 3. 823 0.670 
5.352 31.375 62 .730 4. 794 

93.878 41.666 33 .447 94.536 
0.976 18.778 3.654 0. 853 
2. 783 19.634 38.463 2.464 

96.241 61. 589 57 . 884 96.683 

financial, and service industries share the same growth 
rate: 0. 79 percent. In region 1, the industries that ex­
hibit the least growth effect are trade; government; and 
transportation, communication, and utilities. Their 
rates of growth are 0.30, 0.35, and 0.57 percent , re­
spectively. 

A relatively weaker impact is observed in region 2 
in the above case. After the 5 percent reduction in 
transportation costs, agriculture, forestry, and fisheries 
e-rnws nnly 0 ~::! !'P.rr.P.nt, fnllnwed hy durable manufac­
turing at 0.31 percent; mining at 0.29 percent; nondurable 
manufacturing at 0 .2 8 percent; construction at 0 .1 7 per -
cent; finance, insurance , and real estate at 0.13 percent; 
and the service industry at 0 .11 percent. Industrial 
growth rates in region 3 are virtually unaffected by the 
decrease in the cost of transportation between regions 
1 and 2. 

When a 5 percent decrease in transportation cost oc­
curs among all three regions, the regional impact is 
much stronger than in the previous case. The agricul­
ture, forestry, and fisheries industry in region 1 is 
stimulated as much as 9. 78 percent in output growth­
the largest growth rate among all industries. The out­
put of the durable manufacturing industry increases 8. 98 
percent, followed by nondurable manufacturing at 7.53 
percent, mining at 6. 89 percent, construction at 2. 58 
percent, service at 1. 90 percent, and transportation, 
communication, and utilities at 1. 70 percent. 

The 5 percent decrease in transportation cost among 
all regions also stimulates the industrial growth of re­
gion 2. The strongest growth rate again occurs in agri­
culture, forestry, and fisheries-5.50 percent-followed 
by durable manufacturing at 4.85 percent, mining at 3.40 
percent, nondurable manufacturing at 3.25 percent, con­
struction at 2.11 percent, and finance, insurance, and 
real estate at 1.08 percent. 

Because the base-year industrial outputs in region 3 
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Table 4. Deflation and growth impact of 5 percent decrease in 
transportation costs. 

Re~ions 1 and 2 
Onlv All Regions 

Output Price Output Price 

Region 
Change Decrease Change Decrease 

Industry r:1 (:) ( : ) n 
Agriculture 2.94 1.07 9.78 2 .56 
Mining 2. 37 0.48 6.89 0 .98 
Construction 0.79 0. 64 2. 58 2.07 
Nondurable 

manufacturing 2.99 1.34 7. 53 2. 73 
Durable manu-

facturing: 2.15 0.66 8.98 2.20 
Transportation, 

communications, 
and utilities 0. 57 0.30 l. 70 0.64 

Trade 0.30 0. 19 0.93 0.44 
Finance 0. 79 0. 18 1.56 0. 42 
Service 0. 79 0.29 1.90 0.80 
Government 0. 35 0.23 0.95 0,57 

2 Agriculture 0.53 0. 16 5.50 1.41 
Mining 0. 29 0.05 3.40 0. 37 
Construction 0. 17 0.13 2.11 I. 66 
Nondurable 

manufacturing 0.28 0.14 3.25 1.23 
Durable manu-

facturing: 0. 31 0, 11 4.85 1.54 
Transportation, 

communications, 
and utilities 0.06 0.03 0.80 0.34 

Trade 0.04 0.03 0.36 0.24 
Finance 0. 13 0.03 1.08 0.24 
Service 0.11 0.05 0.92 0.48 
Government 0. 05 0 .04 0.54 0.37 
Agriculture 0.03 0.02 0. 78 0, 36 
Mining - 0. 55 0, 16 
Const ruction 0. 01 0.01 0.26 0, 23 
Nondurable 

manufacturing 0, 02 0.02 o. 56 0.37 
Durable manu-

racturing 0 .01 0.01 0.44 0.23 
Transportation, 

comm unicaUons, 
and utilities 0. 10 0.10 

Trade - 0.02 0.04 
Fi nance 0.03 0.03 
Service 0.09 0.07 
Government 0.08 0.08 

~Change smaller than 0 005. 

are much larger than those of regions 1 and 2, the 
growth effect in region 3 is much smaller than that in 
either of the other regions. Region 3 covers the rest of 
the United States, excluding the west-south-central sec­
tion. Because of the high base-year output, the percent­
age change in output-which is calculated by dividing the 
change in output by the base-year output-becomes rela­
tively smaller. The growth rate in agriculture, forestry, 
and fisheries in region 3 is 0. 78 percent, followed by 
nondurable manufacturing at 0.56 percent, mining at 0.55 
percent, durable manufacturing at 0.44 percent, and 
construct ion at 0.26 percent. Trade, fil1ance,. service, 
and government are highly insensitive to the transporta­
tion cost change. Their growth rates are only 0.02, 
0.03, 0.09, and 0.08 percent, respectively. 

Transportation cost is a part of business cost, and 
lower transportation cost between r egions 1 and 2 further 
lowers the price of nondurable manufacturing goods in 
region 1 by as much as 1.34 percent. Farm price is 
reduced by 1.07 percent, the price of durable manufac­
turing goods by 0.66 percent, and construction service 
price by 0.48 percent. The price impact in region 2 is 
observed mostly in the farming industry, where the price 
decreases by O .16 percent, followed by nondurable manu­
facturing goods at 0.14 percent, construction at 0.13 per­
cent and durable manufacturing goods at 0.11 percent. 

T'he price impact of the decrease in transportation 
cost is much stronger when the decrease occurs among 
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all three regions. The biggest price decrease occurs 
in region 1 in nondurable manufacturing goods, the price 
of which goes down by as much as 2. 73 percent. The 
prices of ag ricultural products durable manufacturing 
goods , co11struction services , and mining products are 
down by 2. 56, 2 .20, 2 .07, and 0.98 percent, respectively. 
The same industrial groups in region 2, except mining 
show the largest Jll'ice declines in regions 2 and 3 in 
response to the 5 percent decrease in transportation 
cost among all regions. 

Agriculture, durable and nondurable manufacturing, 
construction, and mining are generally highly sensitive 
to both changes in output and price and a change in trans­
portation costs. The growth and price responses of 
govermnent; service; finance; trade; and transportation, 
communication, a nd utilities are less sensitive to trans­
portation cost change. 

Table 4 gives data on the deflation and growth impact 
of a change in transportation costs. 

CONCLUSIONS 

Regional technical coefficients and trade coefficients 
are endogenous variables to the MVIO model. These 
coefficients are the r esults of the optimizing be'havior 
of the firms in each region. Transportation cost is one 
of the input costs that the firms wish to minimize. A 
change in transportation cost affects the regional tech­
nical coefficients and the trade coefficients because the 
firms ' input mix from each region has to be changed. 

A major limitation of the model fs the assumption on 
the linear logarithm production frontier. The specifica­
tion implies a w1itary elasticity or substitu tion between 
a pair of inputs and a constant share of input. The in­
put share as an approximation to the input elasticity may 
be another limitation of the model. 

The model shows that the regional technical coeffi­
cients and the trade coefficients are sensitive to the 
change ~ n transportation costs. In general , a n increase 
in trausportation costs forces firms to buy and sell more 
of their products in the ir local markets and to import 
less of their inputs from other regions. The own trade 
coefficients increase as transportation costs increase. 
The cross trade coefficients, which are the off-diagonal 
elements of the trade -coefficient matrix, decrease as 
transportation costs increase . The sens itivi ty of trade 
coefficients to the change in transportation cos ts differs 
among commodities . Manufactured goods are mor e 
vulnerable to the cost change than are agricultural goods. 

Transportation costs affect r egional development a ncl 
inflation. Some industrie s a1·e more sus ceptible to the 
change in transportation cost than others . In general, 
manu.facturing, mining, ru1d agr icul tu1·e ar.e more sus -
ceptible, whereas trade government, and communi­
cations are less susceptible . 
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Discussion 
Hays B. Gamble 

The main contribution of the paper by Liew and Liew 
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appears to be one of adopting a methodological approacll 
(interregional input-output) to the analysis of the effects 
of chauges in transportation costs. They assume a 5 
percent change in such costs, but the effects on ti·acle 
coefficients are quite slight, well within the normal va1•i­
ations that exist, solely because of errors in data mea­
surement. Moreover, they use 1963 data, which are 
too old to have much meaning. Their findings are there­
fore really quite meaningless, and any merit of the paper 
must rest on the methodological adaptation of interre­
gional input-output. I think this point should be stressed. 

Authors' Closure 

The empirical results presented in our paper should be 
considered as an illustration of the working of the model. 
The data need to be updated for current policy evalua­
tion, but the implications of the empirical results should 
provide interesting insight for transportation planners 
and the freight industries. 

We are not sure precisely what "errors in data mea­
surement" means. The effect on trade coefficients is 
simply a result o.f the simulation o.f the model. Else­
where, we compiled the ef'fect on trade coefficients un­
der varying degrees of change in transportation cost, 
and the impacts are significant. 

Publication of this paper sponsored by Committee on Social, Economic, 
and Environmental Factors of Transportation. 

Quantitative Technique for Estimating 
Economic Growth at Non urban, 
Limited-Access Highway Interchanges 
Richard D. Twark, Raymond W. Eyerly, and Richard B. Nassi 

A quantitative modeling technique for estimating the economic de· 
velop111ent that is likely to occur 01 a gi.ven nonurban interchange 
site on the lnterst;ite highway system is described. It wos important 
that the model be easily implemented by using secondary data on 
economic, demographic, geographic, and other characteristics. A 
sample of 128 nonurban Pennsylvania interchanges was selected. 
Problems in the quantification of variables and restrict ions imposed by 
the lack of data for certain variables were discussed. Simple, multiple, 
and stepwise linear regressions were useful in identifying promising 
variables for the mode Ii ng technique. The structural design of the 
model was formulated by using 15 exogenous variables that define 
the economic, demographic, geographic, and traffic environment 
and the following five endogenous variables: service stations, 
restaurant seats, motel rooms, industrial developments, and other 
commercial developments. The forecasting model consisted of a set 
of simultaneous linear equations. The simultaneous-equation model 
usually gives better estimates than single-equation models. A two· 
stage least-sq uares technique was used to estimate the parameters of 

the model. All equations of the model were statistically significant. 
The model can be a useful tool in helping planners to predict land use 
changes at existing or proposed nonurbari interchange sites. When 
applying it to a specific interchange, the user is cautioned to observe 
the total environment~! setting for r>ecullar ·Or unique chnracteristics. 

An imi;>ortaut provi ion of the Federal-Aid Highway Acl 
of 1956, which author ized the Interstate highway system, 
was the prohibition on roadside developments such as 
gasoline stations, restam·ants, and motels with direct 
access co lnh:r:slale 1·ights-of-way. Since tramc to and 
from a limited-access highway must be channeled through 
an interchange and highway users traveling 1011g distances 
do not oi·dinal·Uy wa11t to go far from an interchange in 
search of gasoline, food, or lodging, an inle1·change is 




