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COST SAVINGS AND GAINS TO
NEWLY GENERATED TRAFFIC
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The Problem

The intuitive ideas about the significance of trans-
port infrastructure for the development of national
economies existed already during the days of Adam
Smith (1776). In the postwar literature the role of
road investments in the growth of industries and
their impact upon the development of depressed
regions has been a topic of continuous interest. The
cross-desciplinary nature of this subject has
attracted the interest of economists, geographers,
engineers, planners and others. Examples ofwork in
this area are Tinbergen (1957), Bos and Koyck
(1961), Friedlaender (1965), Wilson et al. (1966),
Dawson (1968), Mohring and Williamson (1969),
Dodgson (1974), Dickey and Sharpe (1974),
Friedlaender and Spady (1981), Liew and Liew
(1984), Dodgson (1984), Mackie and Simon (1986)
and Ouarmby (1989). In the existing appraisal man-
uals for road investments, however, such a 'devel-
oprnent effect is conspicuous by its absence.

fn practical cost-benefit-analysis of road
schemes 'benefits to existing traffic completely
dominate the benefit side of such investment
appraisals. [See for example COBA and OBJEKT
ANALYS, the CBA models used by the national road
administrations in Great Britain and Sweden
respectively.)

In particular the traffic benefits of a road
inprovement are usually measured in terms of:
. savings in accident costs
. savings in travel time
. savings in vehicle operating costs
- incrmsed journey comfort

A long-standing question which still lacks a
clear answer is whether road investments give rise
to substantial benefits over and above the transport
cost savings that the practical CBA models do not
take into accounts The existance, the magnitude
and the measurement problems of such benefits
ran be analysed within the frame-work of two dif-
ferent scopes of research namely:
(1) A partial anatysis of the problem by measuring
transport cost savings and gains to newly gener-
ated traffic using transport demand models on the
basis of knowledge about the cost elasticity of
demand for transports.
(2) A general equilibrium analysis approach using
more comprehensive models to make further
inquiry if there are still more benefits over and

 

' I am greatly indebted to professor Jan Owen
Jansson at the Swedish Road and Traffic Research
institute for very helpful advice.

above transport cost savings and gains to newly
generated traffic.

The purpose of this paper is to examine
whether a partial analysis of road improvement
benefits is a good approximation of true benefits
computed through a simple general equilibrium
analysis of the' economy. Before the details of the
model are discussed, a brief review of some mod-
els dealing with the topic of development effects of
road investments is much appropriate.

A Literature Review

Trnbergen (1957) developed a method to calculate
benefits of road investments in a comparative
static analysis using a general equilibrium model of
a multiregional economy. The demand and supply
functions for all goods in each region are specified
and transport costs are assumed for interregional
movement of goods.
In a numerical exercise it is then shown that trans-
port cost savings for transported quantities of
goods in the initial situation substantially underes-
timate the changes in national income (constant
prices) due to a road improvement. An important
drawback in the example is that no supply and
demand functions for any input or factor of pro-
duction are involved as the initial situation is speci-
fied by the interregional money flows.

Dos and Koyck (1961) attempted to further
develope Tinbergens model for better use in a
practical economicgeographic situation. Their
model rests on some very special assumptions and
the conclusions reached by them are essentially in
the same spirit as those of Trnbergens.

In her (1965) study of ineter-state highway
systems, Friedlaender drew very different conclu-
sions. Using an imput-output model she showed
that it can not be taken for granted that transport
cost savings underestimate the true social benefits
of a road investment. Under certain conditions the
true social bene ts may be over-estimated by the
transport cost savings. However, an elastic supply
of factors of production and a very limited rate of
factor and commodity substitution in an economy
leads to situations where transport cost savings
alone may under-estirnate the true social benefits
of road investments.

Wilson et al. (1966) expressed scepticism
towards the belief that road investments have
some built-in magical properties which would war-
rant them special attention.

Mohring and Williamson (1969) used the
model with market area of a monopoly firm with
increasing distribution costs. The firm can further

exploit the economies of scale in production by
substitutiing transports for other inputs given a
reduction in unit transport costs. The important
conclusion reached by them is that benefits of an
improvement in transportation systems can be
measured by considering the monopolists derived
demand for transport. This implies that hte true
benefits can be measured by transport cost sav-
ings for initail traffic direct benefits and gains to
newly generated traffic reorganisation benefits .
The relative size of reorganisation benefits" tend
to be small and may be of secondary importance.

Dickey and Sharpe (1974) in a study of long
term effects of transportation systems on macro
development patterns, using a mathematical pro
gramming technique showed that transportation
plays a vital role in development regions.

Dodgson (1974), in a case study of the Trans-
Pennine M 62 concluded that benefits from a
transport investment to the economy as a whole
will be correctly measured by evaluatingt the traffic
benefits from the project. He also referred to some
relationship between transport costs and invest-
ment growth.

Botham (1980) in an empirical analysis of the
British road building program that regional devel
opment effects of road investments are small
although there are some distributional effects with
the main spatial feature being the tendency to pro-
mote centralization of employment at the expense
of peripheral areas.

Friedlaender and Spady (1981) used a series
of models to analyst and quantify relationship
between transport costs and regional output,
income and employment.

Contrary to Friedlaender (1965) conclusions,
they showed that in case of foot loose industries
transport cost reductions may have a significant
effect on regional income and employment.

Liew and Liew (1984) used a multi regional
variable input output model in a case study of
Coosa River Navigation project to show that reduc-
tion in shipping cost of commodities will have con-
siderable impact on the regional economy.

Kanemoto and Hera (1985) showed that gen-
eral equilibrium benefits of large transportation
improvements can be estimated using data on
price and income elasticities instead of simulating
the complete model. Their results are in fact in the
same spirit as Friedlaender s (1965) study of inter-
state highway system.

Quarmby (1989) in a study of distribution pat-
terns of consumer goods argued that traditional
methods of road improvement appraisal underesti-
mate the business potential released by transport
cost reductions for commercial vehicles.



 

Road Investment Benefits
 

With this brief introductory review as the back-
ground material we will now proceed with the
structure of the simple interregional computable
general equilibrium model .

THE MODEL 1: Perfect markets (Goods transport)
We assume a perfect market economy with three
geographically separated regions connected by
roads as shown in the diagram below.
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Region 1 produces an intermediate good
which is transported to region 2 and region 3 to
enter as input into the production of commodity 2
in region 2 and commodity 3 in region 3 as each
region is assumed to produce only one good. The
commodities produced in region 2 and region 3 are
consumed locally and are also transported to other
regions to be consumed there. The interregional
transportations of goods, as is assumed, are per-
formed by an independent foreign transport com-
pany. The transport cost per unit of a good to be
transported is expressed in terms of an exoge-
nously given quantity of the same good and is
always paid by the buyers of the good. It is, how-
ever, the consumer goods which can be used as
medium of exchange in making payments for the
interregional transport services. Thus the con-
sumers pay their transport costs in terms of the
good they consume and the firms pay their trans-
port costs for the intermediate good in terms of
their own good. No transport costs are charged for
intraregional movement of goods.

Households in each region demand consumer
goods and supply labour. The households' prefer-
ences are specified by the Stone Geary (1950) for-
mulation of utility function. This utility function is
strictly quasi concave and homogeneous of degree
one in prices and income.

Moreover it has the usual properties of being
twice continuously differentiable with the first
derivative greater than zero and the second one
less than zero. The preferences are reflected in the
households demand for goods. The tastes may dif-
fer between the regions in the sense that house-
holds in one region may spend a different share of
their incomes on a certain good, however, these
are the same within a region. The supply of labour
is speci ed in such a way that for a given minimum
reservation real wage, a certain minimum number
of hours are worked. Although more labour will be
supplied in response to increases in the real wage.
The real wage is defined as a ratio of nominal wage
rate to consumer price index in the respective
region. The demand for labour schedule can be
derived using zero profit conditions where the total

'.For the complete mathematical model, the lists of
input and output data and the benefits accounting
methods used see: Hussain (1989) and Hussain
andJansson (1990)

cost of production is equal to the total revenues of
a rm.

Firms in each region operate under perfect
market conditions at a profit rate of zero. They pro-
duce and supply goods and demand labour and
other inputs. The production conditions are speci-
fied by cost functions using xed factor input coef-
cients. The production technology is thus charac-
terized by constant returns to scale'in all regions.

Public sector may be introduced with a role to
collect taxes and make transfer payments. There is
no explicitly specified monetary sector in the econ.-
omy. However, all prices and household incomes
are primarily expressed in nominal terms with an
implication that the demand for money is always
equal to its supply in the model economy.

Equilibrium conditions for the model are that
the quantities demanded of all goods and of labour,
for all regions, are equal to the quantities supplied
of the same. The parameters of the model are now
assigned suitable numerical values in order to
solve the model. Then we allot our key variables
(prices), some arbitrarily chosen, starting numeri-
cal values to get an equilibrium solution through an
iterative process by using NAG [NAG is a powerful
subroutine library to carry out mathematical and
statistical calculations with computer help].

Such a solution provides us with an initial con-
stellation of equilibrium values of quantities pro-
duced and consumed, prices, wage rates and
incomes earned. A certain reduction in transport
costs due to a road improvement leads to a new
constellation of these values which together with
the initial values are used as data to calculate gen-
eral equilibrium benefits.

SENEFTTS MEASUREMENT lN THE MODEL
l have used the so called equivalent variation as the
general equilibrium measure for total benefits. l
calculate the consumer income which, at the initial
equilibrium prices, would be required to reach the
higher level of welfare made possible by a certain
reduction in the unit transport costs. The difference
between this consumer income and the consumer
income in the initial situation is equal to the equiva-
lent variation.

An increase in production, according to the
assumptions of the model, is accompanied by an
increase in employment leading to a certain loss of
leisure. l have therefore reduced the equivalent
variation by an amount equal to the value of the
leisure forgone to get the total net welfare gains
(NEV) I also measure changes in national income
(at constant prices using the Paasche index) due to
reductions in the transport costs.
The results presented in table 1 below show that
given perfect markets and an elastic supply of fac-
tors of production, the partial analysis measure of
road investritent benefits would almost exactly be
equal to the total net welfare gains. ln particufar I
note that this finding holds for small as well as big
reductions in the transport costs. Moreover the
analysis con rms that the use of transport services
as an intermediate good does not change the nd-
ings, as such effects are re ected in the total net
welfare gains to the consumers of the nal goods.
The change in national income is almost equal to
the equivalent variation for small reduction in
transport costs, but disregards the loss of leisure.
For big reductions national income changes are
even greater than the equivalent variation.

TIE MODEL ll: IMPERFECT MARKETS
The results presented above have been derived
under the assumptions of a perfect market econ-
omy. This assumption is now removed and a simi
far analysis is carried out when general conditions
for a competitive equilibrium are not ful lled in the
model.

First I introduce a 25 percent consumer tax on

goods which the consumers in all regions buy in
order to consume as well as to pay for the trans-
ports of these goods. The entire amount of the
regional tax revenues is transferred back to the
consumers: of the region where the tax is raised.
The benefits calculations in this case (table 2)
show that transport cost savings alone underesti-
mate the net welfare gains by 2,6 percent for a 15
percent transport cost reduction. This difference is
bigger for greater reductions in transport costs and
is equal to 4 percent for a 50 percent transport cost
reduction. However, if the gains to newly generated
traf c are added to the transport cost savings, then
this mp is narrowed.

Next a 25 percent wage tax on employers is
imposed and the tax revenues are paid to con-
sumers in the respective regions as transfers. The
benefits arising from different levels of transport
cost reductions under this assumption are given in
table 3. The discrepancy between the partial mea-
sure and the general equilibrium is greater now as
compared to the previous case. This is particularly
true when the transport cost reductions are rela-
tively large.

Table 4 shows such calculations when a 25
percent tax is levied on the intermediate good for
the buyers. The size of the benefits in absolute
terms is considerably reduced here but the devia-
tion between partial measures and total net welfare
gains remains and gets larger for big reductions in
transport costs.

l then incorporate a fixed cost factor in the
production of consumer good produced by region
3 in order to introduce increasing returns to scale
technology. The marginal cost pricing in this case
means a loss to the producers equivalent of the
fixed cost which is financed by taxing the con-
sumers of the good. The results from the benefits
analysis are given in table S. lt turns out that for a
transport cost reduction of 50 % the cost savings
underestimate the total net benefits by more than 6
percent. This figure reduces to about 4 percent if
we take into consideration also the gains to newly
generated traffic.

SUMMARY OF THE RESULTS
 

TABLE 1: The perfect markets case

At d) P EV DUL NEV A NI
15°/o 44,5 44,8 56 11 45 55
25% 74 74,8 93 18 75 93
35% 103,5 105,1 130 25 105 1304
50% 147,5 150,8 187 36 151 189

TABLE 2: Consumption tax case

At 0 P EV DUL NEV A Nl
15% 50,1 50,4 60 8,6 51,4 60
25% 83,4 84,3 100 14,5 85,5 100
35°/o 116,5 1182 140 20,1 1199 141
50% 166,1 169,6 201 28,4 172,6 203

TABLE 3: Wage tax case

At (b i EV DUL NEV A NI
15% 49,9 50,2 60 8,7 51,3 60
25% 83,0 83,9 100- 14,4 85,6 100
35% 116,2 117,9 142 20,1 121,9 142
50°/o 1655 159.0 205 28.5 1765 206

TABLE 4: Tax on intermediate good case

At (1) i EV DUL NEV A Nl
15% 40,4 40,6 50 8,8 41,2 48
25% 67,3 68,0 84 14,7 69,3 83
35% 94,0 95,4 119 20,7 98,3 118
50% 134,1 136,9 172 29.3 142,72 171
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TABLE 5: lncreaiingreturns to scale case

At (b l EV DUL NEV A Nl
15% 44,8 45.1 57 11,5 45,5 56
25°/o 74,4 75,2 95; 19 76 94
35°/o 104 105,6 135 26,7 108,3 135
50% 148,4 151,7 195 37,5 157,5 195

At = reduction in the unit transport costs

0 = transport cost savings for existing traffic
'i' = transport cost savings plus gains to newly

generated
EV = equivalent wriation
DUL = value of the loss of leisure NEV total net

welfare gains
ANl = change in national income measured at

constant prices using the Paasche index

CONCLUSIONS
The main conclusions reached here are that trans-
port cost savings for existing traffic and gains to
newly generated traffic provide a good approxima-
tion of general equilibrium wetfare measure of a
road investment in an economy with perfect mar-
kets. However, when the competitive market
assumption is removed and some imperfections
are brought into the model then this statement
does not hold good and partial benefits measure
underestimates the total net welfare gains.

This analysis is confined to the case of goods
transports only. The paper does not consider the
effects of a possible improvement in personal
mobility between regions such as commuting for
work etc. The introduction of such a possibility in
the model may enlarge the discrepancy between
partial and general equilibrium benefits measures
still further.
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