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Abstract

This paper considers two different benefit measures of a transportation
improvement in a general equilibrium framework. A spatial general equili-
brium model with three regions and two primary inputs is used to simulate
the impacts of a small as well as a large investment in one single link of the
network. The first approach is to measure total benefits to the economy as
the change in consumer surplus under the general equilibrium demand curve
for transports on the improved link. In the second approach the benefits are
measured as equivalent variation aggregated across all three regions, which
represent the economy-wide welfare improvement. The general equilibrium
measure is then compared to the link-oriented measure through a ”true
benefit multiplier”, in order to evaluate if the latter correctly captures total
benefits to the economy. The simulations are performed both under the
assumption of a first-best economy and when increasing returns to scale is
present in the production of goods.   
It is found that total benefits due to the improvement can be fully captured
by only considering transport demand on the improved link, given that the
economy is a first-best economy. However, if increasing returns to scale is
introduced into the model, the link-related measure tends to underestimate
total benefits. The diversion between the two measures gradually increases as
the scale parameter gets larger. The result shows that given an economy
under influence of increasing returns to scale, it is highly relevant to take
generated network impacts into consideration. It is also found that the level
of flexibility in the economy, reflected by different values in elasticity of sub-
stitution in the production process, is a determinant factor for the benefits of
an improvement.

Keywords: Spatial cost-benefit analysis, infrastructure investments, spatial
computable general equilibrium (SCGE), increasing returns to
scale, second-best multimarket analysis.
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1 Introduction

Improvements of the prevailing infrastructure may in many cases be a mean
to stimulate the region in which these investments takes place, as well as a sti-
muli to the economy as a whole. The building of a bridge, a railroad link or a
new highway are important issues on the political agenda, not at least on a
local basis. In times when the public budget is tighter, the need for welfare
analysis has increased and today every larger public infrastructure investment
must have support from some form of cost-benefit evaluation. However, the
most common methods of measurement do not take surrounding network
effects into account, which in case of large investments tends to be wide. It is
therefore urgent to develop new methods and increase current know-how
within this typical field of economics. The intention behind this paper is to
leave a contribution to current modelling in applied spatial general equili-
brium analysis and to further explore the impacts of infrastructure improve-
ments under second-best conditions.

1.1 Welfare economics in a broader sense

The measurement of welfare changes due to infrastructure investments (or
any kind of public action taken in the economy) has its foundation in the the-
ory of microeconomics, and it is proper to begin with a brief discussion
about the validity of such evaluations for practical use. The analysis perfor-
med in this paper is highly theoretical in nature, and it is important to not
loose sight of the final aim; to adopt better tools in applied welfare measure-
ments. It should be obvious to the reader that measuring welfare is a very
abstract task to perform and a difficult subject to tackle. But by systematically
adding new knowledge to old and well proved theory, we will in time be able
to develop more elegant instruments for measurement, even in such a com-
plex field as welfare measurement. Sad to say, there seems to be a common
opinion that welfare economics is to be viewed upon as bogus. It would alt-
hough be a giant failure to claim that this area of science is hopeless in itself
and obsolete in practical matters, and that further research therefore is to
view as pure waste of time. 

In 1971 the Chicago-economist Harberger stipulated three basic postula-
tes for applied welfare economics, based on the use of consumer and produ-
cer surplus.1 This approach is concerned with partial equilibrium analysis,
which neglects effects to other parts in the economy when measuring welfare
effects due to some kind of economic changes. He pleaded for a conven-
tional method in performing welfare analysis (the use for such analysis rap-
idly increased at that time), on the grounds that the postulates were both
simple to perform and robust in nature, and on the fact that they had a long
tradition in applied welfare economics. In the article, Harberger defended the

1.  Harberger, A.C. (1971), pp. 785-797



Increasing Returns to Scale and Benefits to Traffic

8

concept of consumer surplus on some often criticised issues in a most con-
vincing way and all together he was right: if it should be possible to compare
results from different welfare measurements, they all have to be carried out
in the same way. And if the choice stands between two types of measure-
ments, one ought to go with the most simple, if it provides for a good
approximation. But today we got access to computers with high computa-
tional power, which allow us to solve problems with a large number of ele-
ments involved. The point is simply that we should develop and make use of
these techniques when available, instead of staying flat and go for some less
valid method of measurement. 

The common procedure when evaluating infrastructure projects is to
measure the revenue in terms of benefits to existing traffic on the actual
route, and only in more sophisticated cases together with partial equilibrium
benefits to newly generated traffic.2 The revenue is then compared with the
cost of production, where the difference is a measure of profit, the welfare
improvement. Beside pure benefits to existing traffic (lowered financial costs
of transportation), an infrastructure investment leads to improved terms of
transportation in general, which is reflected in changed prices and transpor-
tation time for suppliers. Safety may improve and better schedules can be
obtained at the same time as benefits to transportation time make it possible
to reach distant markets, which else would be hard to reach for producers.3

The benefits which are taken into account when evaluating infrastructure
investments are in general reduced transportation costs, savings in transpor-
tation time, improved safety of delivering together with profit reallocated
from other transporting sectors.4 

Much of the uncertainty that characterise a cost-benefit calculation con-
cerns the valuation of time savings in money measures, but there are several
other problems to discuss as well. For convenience, the marginal cost of
transportation is often treated as constant when performing cost-benefit
analysis. This leads to the fact that crowding-out effects and other related
matters  affecting transportation costs will be left out of account, which in
turn leads to a disregarding of the benefits to society that may occur as a con-
sequence of reduced traffic and transportation in other parts of the network.
Increasing returns to scale in traffic and maintenance is also left out of
account. Assuming the investment is of marginal character, there is no need
to count for feedback effects through other markets in transport service
demand, the previously mentioned effects of general equilibrium. Under
such conditions it is possible to measure total benefits due to an investment,
only by considering the link where the investment takes place.5 In case the
investment is large, it is reasonable to believe that it causes surrounding
effects, which probably affect the relative rate of growth between the regions
and thus creates reallocating effects. 

The assumptions actually made are to large extent depending on the type
of investment in concern. The railroad market for instance, is characterised
by monopoly within some segments and bring therefor a larger need for spa-
tial general equilibrium analysis compared to common road investments,

2.  Kanemoto, Y. & Mera, K. (1985), p.345 and Bergkvist, E. & Westin, L. (1994), p.39
3.  Johansson, M. et.al (1997), p.43
4.  Bergkvist, E. & Westin, L. (1994), p.29
5.  Johansson, M. et.al (1997), p.42 
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which in general are closer to perfect competition. In other words the first-
best conditions do not hold.6 The perfect, first-best, state of an economy is a
quite rare phenomenon in reality, where several kinds of distortions is at
hand. This in fact leads to the conclusion that the theory of microeconomics
does not give support to the link oriented measure, except in the case of
minor investments. In this case, it might give a reasonable approximation to
total effects. 

It is rather obvious that the two terminal points connected with the link in
question will be affected by an investment in some way, but it is not as appa-
rent that other parts of the economy probably will be affected as well. The
tools of common analysis applied today when measuring benefits from
infrastructure investments disregard from these spatial aspects.7 In the real
world, regions and cities are connected with each other in more than just one
way. They form a network of several links for transportation and communi-
cation, which is necessary for the flow of goods and the mobility of people.
If one link in the network of concern is improved, e.g. by a road investment,
these flows are altered and a new general equilibrium may be established.
The spatial general equilibrium approach provides a useful tool in analysing
total effects to the economy, and a powerful complement to common cost-
benefit analysis. As the result will show, the current cost-benefit method used
in infrastructure evaluations tends to underestimate the welfare effects in the
economy under second-best conditions when not all network effects are
taken into consideration. For this reason, it is of interest to develop more
adequate methods in measuring welfare due to infrastructure investments,
both with respect to the spatial aspects of welfare improvements and also in
order to ease the strong assumptions which is behind a first-best economy.

Earlier research has shown that given first-best conditions in a simple eco-
nomy with two terminal points, the total welfare effect due to an infrastruc-
ture investment can be measured by just observing the demand for transport
services on the improved route. This relationship proves to hold for large as
well as small investments.8 However, the theory behind this trivial case has
been developed further to enclose the network aspects of welfare analysis. A
theoretical framework for multiregional networks has been developed by Just
et.al. (1982), which serves as a base for the problem analysed in this paper. In
the following, a three-region spatial general equilibrium model with the sim-
plest possible, although non-trivial, network is formed in order to simulate
link-related and economy-wide benefits of a transport investment in a first-
best as well as a second-best economy. 

1.2 Purpose

The purpose of this paper is, through computer simulations, to compare the
results from two different ways of measuring welfare benefits due to reduced
transport costs in an economy characterised by increasing returns to scale.
The approach is to consider the demand for transport services on the impro-
ved link and then relate this measure to the observed network effects, measu-
red as equivalent variation. In brief, this comparison give us a possibility to

6.  Johansson, M. et.al (1997), p.43
7.  Johansson, M. et.al (1997), p.44
8.  Kanemoto, Y. & Mera, K. (1985), pp.343-363
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analyse if the link-oriented measure is overestimating or underestimating the
real benefits to society. The economic system under study consists of three
regions, connected to each other with links in both directions. Each region is
identically specified giving the economy a perfectly symmetrical shape. The
model used in the paper is based on the case with two primary inputs, labour
and capital, together with an intermediate sector of inputs. 

1.3 Delimitations of the study

The work with spatial network models is making progress in line with
increased computer capacity, which makes it possible to achieve computable
solutions within non-linear systems in short time. The limitations of this
approach are instead related to the dynamics of the networks analysed. An
obvious drawback of the spatial general equilibrium approach if applied in
any real situation, and a source of calculation errors, is the need for extensive
empirical data and even more powerful methods of computation. The model
used must be of quite simple nature in order to make the solutions to con-
verge. The actual surpressing of a government sector in our model economy,
which means no taxes or transfer payments, or in other words an unfinanced
cost of production, makes an example of such a necessary simplification.
These simplifications make the network approach (at least in the state of
development today) mainly theoretical, with narrow use for practical applica-
tion. It should also be pointed out that just one type of distortion is analysed
in this paper, leaving many interesting questions behind.

1.4 Outline of the paper

In section 2.1 the basic framework for welfare economics is discussed in the
context of a simple partial equilibrium. The theoretical background for the
general equilibrium analysis, developed by Just et.al. (1982), is then presented
in section 2.2. In order to introduce a spatial context, we will use the three-
region model from Hussain (1996), although capital has been added as a
second primary input in production. The model is sketched in section 2.3,
which also contains the derivations of demand functions and other expres-
sions necessary to calculate the final benefit measures. A short introduction
to related location theory is presented as well.

In the simulation part of the paper, chapter 3, we simulate the effects in
the model economy from an infrastructure investment in the transportation
link between region one and three. The size of investment is chosen to a ten
and fifty per cent reduction in the transport cost coefficients, respectively.
Section 3.1 is concerned with the case of first-best, and provides a more
detailed description of price and quantity outcomes. The case of second-best,
with increasing returns to scale present in the economy, is given in section
3.2. The results obtained through the simulations are analysed in order of
appearance, and then compared with each other in the end of the chapter.
Finally, part 4 contains some concluding remarks about the results and infe-
rence drawn from the simulations, together with a short discussion about
their validity and some suggestions for further research. 
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2 Theory and model specification

In the first part of this section the general theory behind welfare measure-
ment is presented, both in the case of a perfect first-best economy, and in the
case of an economy with distortions, i.e. a second-best economy. The theore-
tical fundament serves as a background to the simulations performed in
chapter three, which constitute the core of this paper. The second part con-
tains a formal sketch of the model used, based on the theory of spatial gene-
ral equilibrium analysis.   

2.1 General equilibrium and economic efficiency

Changes in a single market have repercussions on other markets in an eco-
nomy. A price change, for instance as a result of reduced costs of transporta-
tion, do not only affect the demand for the specific good in question, but
also the demand for substitutes and complementary goods. As a result, chan-
ged prices in the good markets also affect the factor markets. General equili-
brium analysis is by this definition treating the problem of mutual
connections in an economy. However, the easiest way to attack the problem
is to start with a partial analysis. The old school of welfare economics main-
tain the validity of partial analysis and claim that the effects in other markets
due to price changes in most cases is neglectable, a strongly criticised point
of view in modern welfare economics.9

The foundation of welfare economics may be illustrated with the simple
case of two goods, two individuals and two factors of input. However, the
derivation of the micro economic key-elements is left out and the conditions
for general equilibrium in this trivial economy summed up below. Three fun-
damental conditions on optimum must hold in order to obtain economic
efficiency. (a) Efficiency in consumption, the marginal rate of substitution for
both individuals equals; (b) efficiency in production, the rate of technical
substitution for both individuals equals; and (c) perfect mix of products, mar-
ginal rate of substitution equals marginal rate of transformation.10 If condi-
tions a-c proves to hold, the economy is said to be in a Pareto-optimal state,
given a certain distribution of income among individuals. This means that the
optimal product mix changes if the income distribution is altered. In the
model (section 2.3), all resources are equally allocated, why this problem is
passed over. Thus, the answer to the question if the effective optimum that is
reached also represents social justice, depends on the way which the endow-
ment of inputs are distributed.11 The discussion about social justice is how-
ever left out in the context of this paper.

9.  Just, R.E. et.al (1982), p.5
10.  See Layard, P.R.G. & Walters, A.A. (1978), pp.7-16
11.  Just, R.E. et.al (1982), p.11
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In order to bring the problem to a level that fit the economic situation
under study we use an aggregate of homogenous consumers and producers.
To relate the Pareto-optimal situation to general equilibrium in a market,
assume that consumers are utility maximisers and that producers are maximi-
sing profits. Assume further that they act under perfect competition, i.e. they
are price takers. Equilibrium is in this state defined as the set of prices that
clear all markets. The actual point made is that when competitive equilibrium
prevails, it leads to a Pareto-optimal situation.

The traditional way to measure welfare changes in a partial equilibrium is
to examine consumer and producer surpluses. Consumer surplus reflects that
many consumers would be willing to pay more for a good than the equili-
brium market price. As such, consumer surplus measures the difference bet-
ween the total value consumers place on their purchase of a commodity, and
the total expenditure paid to purchase those units.12 Consumer surplus plays
a key role in evaluations of allocative efficiency, which occurs where the com-
bination of consumer surplus, producer surplus, and government revenues
are maximised. This measure does not, however, provide for a unique mone-
tary evaluation of welfare, but is depending on the specific data used when
measuring, so called path-dependency. When applying to the link-specific
measure in our calculations, we use the properties of the consumer surplus
from the demand for transport services (which is to be treated as a normal
good). As previously mentioned, we expect this measure to give an unbiased
evaluation of total benefits if the economy is in first-best or the size of
investment is small. This is simply because the induced price changes cancel
out each other. Consider an induced rise in the price of the good produced in
the region which is located away from the improved route (using our model).
The rise in price will lower the level of welfare of its demanders but raise the
level of welfare for its suppliers. In equilibrium, the gains on the supply side
and the losses on the demand side cancel out each other when measured in
pecuniary terms.13

In the year of 1943 Hicks came forward with two alternative measures of
welfare, which can be viewed as forms of unique (less sensitive to the pro-
blem of path-dependency) ”willingness to pay-measures”, compensating
(CV) and equivalent variations (EV). Today these measures constitutes a
solid fundament within applied welfare economics. Compensating variation
is based on the level of utility before a change, while equivalent variation take
on to the level of utility obtained after the change. In the following, EV will
be employed as measure of total welfare change since it has certain valuable
qualities, such as path-independence when calculating expenditure functions
out of implicit utility functions.14 Although, the main reason for choosing
EV over CV is that the former is a superior measure for ranking various
policy alternatives.15 This consideration is however not necessary in the con-
text of this paper, but convenient to apply since the original programming
for calculation is specified for EV. 

The concept of equivalent variation is formally expressed as
EV = C( p0, u1 ) - C( p0, u0 ), where C( p0, u1 ) represent the level of income

12.  Layard, P.R.G. & Walters, A.A. (1978), p.149
13.  Kanemoto, Y. & Mera, K. (1985), p.358
14.  Hussain, I. (1996), p.95
15.  Hussain, I. (1996), p.35
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required in order to obtain the ”new” level of utility with initial prices (before
the change), and C( p0, u0 ) represents the original level of income. Thus, EV
may be described as the minimum amount of income a consumer is willing
to accept as compensation to forego a price reduction, and the maximum
amount she is willing to pay to be spared a similar price increase.16 The level
of utility, u, is as usual a function of leisure and consumption, and p is a price
vector, specifying the demand curve for the good in question. Note that this
is a partial analysis, which only take one sector of demand into consideration. 

2.2 Multimarket analysis with transportation costs

Just et al. (1982) have derived a general equilibrium analysis, which also inclu-
des the case of second-best conditions. They discovered that general equili-
brium effects, as a result of policy changes in a single market, fully could be
measured in the market itself, provided that the other markets were free from
price distortion mechanisms and under the assumption that the public sec-
tors budget remained unchanged. However, if there already were distortions
present in the rest of the economy and those were held constant and unchan-
ged, the effects due to a price distorting policy still could be measured in the
actual market alone. It is important to keep in mind that this result only is
valid under the presumptions that (a) price is set equal to marginal cost, there
are (b) no price limitations in the rest of the markets, and (c) that the budget
of the public sector remains unchanged. In a situation where these terms are
not fulfilled, the effects in the other markets have to be added to the effects
on the link.17

With support from the theoretical framework above, we will analyse the
size of the difference between link-related effects and effects to the economy
as whole when increasing returns to scale are introduced. By taking increa-
sing returns to scale into account, the assumption of marginal cost pricing no
longer holds, which is expected to produce a bias in the estimation of change
of welfare in the economy. We will furthermore analyse the importance of
investment size, i.e. the post-improvement reduction in costs of transporta-
tion. An infrastructure investment in the model is reflected by a reduction in
the coefficient for transportation costs, tij, in the link for which the invest-
ment takes place. As a reminder, the question is whether total effects to the
economy due to such an investment may be captured by measure of benefits
to traffic on the improved link alone.

The measure of welfare benefits on the link is dependent on the possibility
to derive a demand curve for transport services. Hence, we will initially
discuss this problem here. We assume an economy consisting of n different,
but perfectly symmetrical regions, which are linked to each other with roads
forming a closed network18. The regions trade with each other and there is
demand for good i in region j and vice versa. This situation creates a demand
for transport services, which is dependent on the quality of infrastructure (the
roads). The initial friction given by the technology of transportation may be
represented by the coefficient t0 = (t0ij, t

0
ji). The actual cost of transportation

is also determined by the commodity prices, which in turn is depending on

16.  Layard, P.R.G. & Walters, A.A. (1978), p.151
17.  Just, R.E. et.al (1982), p.199
18.  The presentation follows the same structure as in Hussain, I. & Westin, L.(1997), pp.8-10
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other prices in the economy. The pre-investment cost of transportation may
then be expressed as m0(t0), where m0 contains the elements m0

ij = p0
i t

0
ij. 

Now let us consider an act of transport policy where the shape of the road
between region i and j is improved. The infrastructure investment gives a
new vector t1 = (t1ij, t

1
ji) while the vector of unit transportation costs after

the investment becomes m1(t1). Thus, the investment has altered the initial
conditions in the economy and will create a whole new set of prices, a new
state of general equilibrium. The vector that creates a continuous curve for
costs of transportation may be written as m(t) = (mij, mji), where the volume
of transported goods follow a similar pattern. The total flow of goods bet-
ween region i and j in equilibrium is determined by a function of vectors for
producer prices p, wages w, capital rent r, together with the unit cost of trans-
portation. The demand for transport services may then be described with the
expression Xij

dt[p, w, r, m(t)], which serves as our point of reference when
evaluating the induced welfare effects.

Benefits to traffic on the link B* due to the infrastructure investment, or
in other words the exogenous reduction in the transportation coefficient
from t0 to t1, is then represented by the following integral.

  (2.1)

However, it is a quite difficult task to derive the expression above with calcu-
lus, why we instead will approximate B* by transport cost savings to existing
traffic BE, together with benefits to newly generated traffic on the route BN.
Under the assumption that the demand curve for transport services is close
to a straight line, BN is approximated with the triangular area to the left of
the demand curve. BE is simply measured as the cost reduction for pre-
improvement demand of transports, the rectangular area to the left of the
demand curve. Note that the flow of goods on the link constitutes of two
parts, one in both directions. The following definitions of the measures are
used for calculations.

BE = X0
ij(m

0
ij - m

1
ji) + X0

ji(m
0
ji - m

1
ji) (2.2)

BN = 0.5[(m0
ij - m

1
ji)(X

1
ij - X

0
ij) + (m0

ji - m
1
ji)(X

1
ji - X

0
ji)] (2.3)

BT = BE + BN (2.4)

As argued before, this procedure in calculation enjoys the same properties as
the concept of consumer surplus, which is in practise when performing ordi-
nary cost-benefit analysis. We are now at place to further develop the con-
cept of equivalent variation, EV, in order to make a comparison between the
two measures. 

As argued in the previous section, one of the most valid theoretical mea-
sures in capturing total effects to the economy is EV, which we by now are
ready to derive. We are concerned with the cost of living of the consumers
and their level of utility, initially and after the change. Following the model
presented in section 2.3, the only income to consumers is the wage to labour
and the rent on capital. Let yj denote disposal income in region j when no

B* Xij p w r m t( ), , ,[ ]∂m ∂t⁄{ } td

t0

t1

∫
j

∑
i

∑–=
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transfer payments or profits are present in the model, which by then is defi-
ned as yj = wjLj + rj Kj.

By calculating the compensated demand for goods and leisure through the
optimisation problem below, an expression in monetary terms for the change
in utility due to an infrastructure investment may be derived. The initial
expenditure function Ej, represents the minimum cost a consumer is able to
face, in order to maximise her level of utility.

 (2.5)

where U0
j represent the pre-investment level of utility. The equivalent

variation for a representative consumer in region j is obtained by calculating
the difference between the expenditure function of the new level of utility
with original prices and the expenditure function in the pre-investment case.
EV in region j is then defined as:

EVj = Ej(w
0
j, p

0
ij, U

1
i) - y

0
j

= Ej(w
0
j, p

0
ij, U

1
i) - Ej(w

0
j, p

0
ij, r

0
j, U

0
i) (2.6)

Thus, the equation above represents the change in income that is required
to obtain the minimum of necessary expenditures in order to reach the new
level of utility at original prices. Total benefits to the economy are obtained
by aggregating the separate effects to each of the n regions. This will be used
as our measure of total impact on welfare. 

EV =  (2.7)

In order to compare the measures, ”the True Benefit Multiplier” (TBM),
from Hussain (1996) is used. The multiplier is defined as the quotient bet-
ween total benefits to the economy measured by EV, and total benefits to
traffic on the link measured by BT.

TBM = EV/ BT (2.8)

An unitary value on the multiplier implies that the link-oriented welfare
measure fully covers the total effects in the economy, which is to expect in
the case of a first-best economy or approximately when the investment is
marginal in character. Thus, the more the multiplier diverges from unity, the
worse may the link-related measure capture total benefits to the economy.
However, due to the approximation used in the calculations (the assumption
of a linear demand curve), a small diversion is expected even in the case of
first-best.19 

19.  Hussain, I. & Westin, L. (1997), p.7

Ej Ej w0
j p0

ij U0
j, ,( ) Min p0

ijXij
c∑ wj

0 Hd j+[ ]

s.t.:Uj Xij
c Hj,( ) Uj

0 0=–

≡=

EVj

j
∑
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2.3 The model with two primary inputs

The model applied in the simulations is the Spatial Computable General
Equilibrium model from Hussain (1996). The case with three regions will be
simulated, which constitutes the simplest, though non-trivial, case of a multi-
regional network. However, the model frame will be presented for a general
solution with n markets20. A crucial deviation from the original model is that
capital is implemented as a primary input, and that the public sector is disre-
garded in the analysis. By excluding the public sector, the problem with
income distortions from financing the investment through taxes is solved.
This simplification does not only reduce the complexity of calculations but
also represents the common practice of transport investment appraisal21.

Each region constitutes a homogenous group of consumers and produc-
ers, which produces a region specific good. All sectors across regions are spe-
cified in the same way and the economy is perfectly symmetrical. The
number of goods is equal to the number of regions, and we may use i and j to
designate a specific region as well as the good produced. Hence i,j=1,…,n
both represents the spatially separated regions and produced goods. The
assumption of homogenous agents is necessary to be able to work on an
aggregated level and to trace the effects properly.

Both consumers and producers takes prices as given, i.e. perfect competi-
tion prevails. In line with traditional micro economic theory, consumers are
utility maximizers and producers are profit maximizers. Because the good
produced in region i is demanded by consumers and producers in region j,
there is a demand for transport services. All agents of production, including
the transport sector, use intermediate goods from other regions in their eco-
nomic activities. The labour force is fully specialised and is not mobile bet-
ween regions, which is the situation for capital as well. In the following
presentation the different sectors of the model are treated separately, and
finally put together to form a balance in the good- and factor markets. 

The cost of transporting a good between two regions is, as previously was
discussed, represented by the exogenous constant tij. The consumer price of
good i in region j may then be expressed as pij = pi(1+ tij), where pi is the
supply price in region i. By the use of this definition, expensive goods will be
transported at a larger cost, a fact which find support in observed empirical
data.22 The receipts of the transport sector are thus pitij per unit transported.
Total receipts for the transport sector is assumed to be spent on the good
produced in the home region, which by this becomes the input to the trans-
port sector in each region. Given the definition of price above, it is possible
to derive the demand for the transport sector for the good in region j. The
total revenue of transporting interregional demand from consumers and the
demand of intermediate inputs from producers, compared to the domestic
supply price, is aggregated over the three different links (the purchasing
power in the transport sector) which may be expressed:

20.  See Hussain, I. (1996), pp.61-74
21.  Hussain, I. (1996), p.65
22.  Hussain, I. & Westin, L. (1997), p.3
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Xj
t = / pj (2.9)

where Xij
c and Xij

p are the consumer and producer demand for good i in
region j, respectively. Remember that there is a transport sector in each
region, and that the flow of goods passes in both directions on a connecting
link.

The consumers are supposed to have demand for goods and leisure,
where the preferences are given by a Stone-Geary utility function with the
usual properties, i.e. a function that is strictly increasing, convex to the origin,
continuos, and twice derivable with respect to each argument.23 The assump-
tion of homogenous consumers imply that households within a region have
identical preferences. However, all consumers in the economy act in the same
way since the regions are symmetrical. The S-G utility function is described
with the following expression, one for each region j. Note that this is given in
a logarithmic form, with Uj representing a utility index. 

Uj = ln(Xij
c - Xij

c) + βhj ln(Hj - Hj)   ∀j (2.10)

Above, βij and βhj are distribution parameters for consumption and lei-
sure, while Xij

c and Hj represent the basic need of consumption and leisure,
respectively. The utility function states that the individual requires a bottom
level of consumption for goods and leisure, which has to be reached before
the structure of preferences becomes determinant. The consumers demand
for goods and leisure in each region may be derived through a simultaneously
solution of the first-order conditions in the maximisation problem below,
under time and income constraints.24

Max: Uj = ln(Xij
c - ) + βhj ln(Hj - ) 

s.t.:  wj(Lj - ) + rj Kj  -  = 0 (2.11)

The solution of the maximisation problem above results in the following
demand functions for goods and leisure. As before, Xij

c is the consumer
demand for good i in region j while Hj is the demand for leisure in region j.
The commodity prices paid by the consumers, including cost of transports
are represented by pij.

Xij
c =  + (βij / pij)[ wjLj + rj Kj - wj  - ] (2.12)

23.  Layard, P.R.G. & Walters, A.A. (1978), pp.160-165
24.  Layard, P.R.G. & Walters, A.A. (1978), p.162
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 Hj =  + (βhj / wj)[ wjLj + rj Kj - wj  - ] (2.13)

Production is described with a CES-production function with labour Lj
d,

capital Kj
d, and intermediate goods as inputs. In each region the production

of goods is performed by a number of identical producers, which allow the
production to be described by only one representative firm. The primary
inputs are assumed to be region specific, while the intermediate goods are
transported between regions. The production function for the representative
firm in region j is given by the expression below.

Xj = φ[δlj Lj
d + δkj Kj

d + Xij
p]-ζ/ρ (2.14)

Thus, Xj is the supply of the good produced in region j. The different δ:s
represent the usual parameters of distribution among inputs. The influence
of increasing returns to scale in production is represented by ζ, which will be
discussed further in section 3. The parameter ρ in the production function
determines the elasticity of factor substitution, i.e. the flexibility of produc-
tion. The efficiency parameter, φ is determining the level of technology in
production, which will be given a unitary value across all regions in the simu-
lations. By totally differentiating the CES-function we find that the elasticity
of substitution, σ = 1/(ρ+1)25. It will be shown later on that different values
of σ have significant impacts on the initial level of welfare in the economy. In
order to derive the demand for factors of production, we formalise the rela-
tionship as a problem of minimising the cost of production, or in other
words, maximising profits.

Min: Cj = wj Lj
d + rj Kj

d + Xij
p

s.t.:  Xj - φ[δlj Lj
d + δkj Kj

d + Xij
p]-ζ/ρ = 0 (2.15)

From the solution of the first-order condition linked to the cost-minimi-
sing problem above, it is possible to derive the producers demand for inputs
in region j. The producers are maximising their profits if the prices of inputs
are set equal to the value of the marginal product of each input, and the func-
tions below can be interpreted as such marginal product curves. In equili-
brium, the demand for each input intersect with the supply and prices are
determined.

Lj
d = {wj/δlj}

-1/(ρ+1) [ (Xj / φ)-ρ/ζ / {δlj(δlj / wj )
 -1/(ρ+1)

+ δkj(δkj / rj )
 -1/(ρ+1) + (δij / pij )

 -1/(ρ+1) }]-1/ρ (2.16)

25.  Layard, P.R.G. & Walters, A.A. (1978), p.273
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Kj
d  = {rj/δkj}

-1/(ρ+1) [ (Xj / φ)-ρ/ζ / {δlj(δlj / wj )
 -1/(ρ+1) 

+ δkj(δkj / rj ) -1/(ρ+1) + (δij / pij )
 -1/(ρ+1) }]-1/ρ (2.17)

Xij
p  = {pij/δij}

-1/(ρ+1) [ (Xj / φ)-ρ/ζ / {δlj(δlj / wj )
 -1/(ρ+1)  

+ δkj(δkj / rj ) -1/(ρ+1) + (δij / pij )
 -1/(ρ+1) }]-1/ρ (2.18)

Out of the demand functions above, we are able to construct an expres-
sion for the producers profit. However, the profits vanish under perfect
competition and become zero in equilibrium.

πj = pj Xj - wj Lj
d - rj Kj

d - Xij
p  (=0) (2.19)

When increasing returns to scale is introduced into the model, average
cost pricing will be applied, why the profit restriction in both cases has a
boundary of zero. Through this line of acting we do not have to take care of
profit flows in the economy. As previously stated, the aggregated demand is
required to meet total supply in equilibrium, which may be summed up with
the following expressions, where the last two expressions are guaranteeing
that the factor markets are in balance in each region. The supply of labour is
by definition elastic, while the supply of capital is responding to the exoge-
nously given endowment of capital.

Xj = + + Xj
t (2.20)

Lj - Hj = Lj
s = Lj

d (2.21)

Kj = Kj
d (2.22)

At this stage we have a complete picture of our model, and the conditions
that must be satisfied to achieve general equilibrium. Nevertheless, a few
definitions in the model building concerning second-best conditions and
cost of transportation are of interest for further examination.

We assume that goods can flow freely within regions, without any cost at
all, but in the case of trade, the transport coefficient is blocking the flow bet-
ween regions. The cost of transportation is however not directly connected
to the physical distance of transportation in the model and we close this sec-
tion with a few remarks on the issue. If the concept of physical distance is
inserted into the discussion, it may be found that this aspect in part solves
the problem with inefficient pricing when increasing returns to scale is pre-
sent and that the cost of transportation is actually reducing monopolistic
behaviour and the welfare inefficiency it brings along. The point is that we by
our definition of transportation costs excludes the possibilities to analyse the
importance of distance, which not necessarily is connected to the producer
prices of goods. 
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In order to make use for larger quantities of production, a firm generally
have to transport the goods further, which leads to increased transportation
costs and thus increased prices. The relationship between increasing returns
to scale and transportation costs may be illustrated as follows. It is reasonable
to believe that the price of transports and transporting distance is highly cor-
related. The advantage in production from economies of scale is then gradu-
ally reduced with increased distance, and it would only be profitable for some
other region to import goods up to a certain bound. Beyond that bound it
would be more efficient for the region to handle production of the good on
its own.26 Even if the good from, say region three, is essential for production
of the good in region two, it may be substituted for other inputs if the dis-
tance of transportation is comparatively large to other regions. This asymme-
try could of course be adjusted through different values in the transport
coefficients, but would still be primarily dependent on equilibrium producer
prices.  

Increasing returns to scale and transportation costs are closely linked
together and constitutes determinant factors in the context of location the-
ory. A well-worn argument when deciding to go through with infrastructure
investments, at least in the case of large investments, is to keep up regional
balance. If transportation costs are large, no centre-periphery pattern will
occur, i.e. production will not be specialised among different regions. Howe-
ver, if the transportation costs is reduced enough, one will reach the critical
point where the economy is differentiated into industrial centre and agricul-
tural periphery, with winners and losers as a result.27 Depending on the level
of difference between the regions in question, considerable reallocation
effects of labour and capital may occur when transportation costs are
reduced on just one single link. Out-located regions are risking to experience
firm shutdowns and outward movement in favour of urban areas, where clear
agglomeration effects may be traced. The rigid structure of our model today
does not take this kind of important dynamics into account. The intention
here is however not to enter more deeply into the field of changed patterns
in location due to infrastructure investments, even if this is a highly relevant
area to examine further.

26.  Mills, E.S. & Hamilton, B.W. (1994), p.11-13
27.  Krugman, P. (1996), p.84
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3 Results from simulations

The computer program package GAMS/MINOS has been used in order to,
through simulations, numerically determine effects due to infrastructure
investments in a network of three regions. Once again, the objective with the
study is to evaluate changes in consumer and producer welfare in all regions
of the economy due to such infrastructure improvements. The issue is to
compare the ordinary cost-benefit measures (benefits to existing traffic
together with newly generated traffic considering transport demand on the
improved route) with the economy-wide benefit measure (equivalent varia-
tion). All the measures and designations used in this section have been defi-
ned earlier, and the presentation is introduced with the situation of a perfect
economy, the case of first-best.  

3.1 First-best case: Large and small investments

The case of first-best in an economy is, to put it gently, a state of harmony
with rare connections to real world conditions. No capacity restraints, no
returns to scale, no tax distortions or any externalities what so ever. Nevert-
heless, a large share of the economic theory is based on this assumption.
However, it can be useful as well as convenient to employ the conditions
behind first-best, given that the deviations from the situation of interest are
small. In this section we will analyse the effects of a ten and a fifty per cent
transport cost reduction due to an infrastructure investment, when the
model economy is under such conditions.

3.1.1 The pre-improvement general equilibrium

The network is to begin with symmetrical in the meaning that the transport
cost coefficient is equally large on all links, and the initial value of the coeffi-
cient is set to thirty per cent of the producer price. The system consists of six
different links, one in each direction of the three regions, which can be seen
in table 1 below. Note that there is an absence of transport costs within
regions, as defined in the model framework.

TABLE 1 Transport cost coefficients, tij, pre-investment level.

The consumers utility is determined by the consumed amount of goods,
both the domestically produced good and goods produced in other regions,
together with the amount of work-free time to spend. The distribution
among these variables, i.e. the actual share spent on each good and share of
leisure, is presented in table 2. These particular values are arbitrary chosen,

Region 1 2 3
1 0.0 0.3 0.3
2 0.3 0.0 0.3
3 0.3 0.3 0.0
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just in order to provide for a reasonable economic interpretation. It is also
important to keep in mind that we are not primary interested in the magni-
tude of the benefits due to the infrastructure improvement, since the final
aim is to make a comparison between a link-oriented measure and effects to
the economy as a whole.   

TABLE 2 Distribution parameters for goods, βij and leisure, βhj. Three utility functions.

These parameters will by definition sum up to unity for each region,
respectively, and represent the way income is distributed among goods and
leisure. In order to obtain the characteristics in which the S-G utility function
is specified, a lower boundary of consumption of 0.01 work-free hours and
0.01 units of goods is required. The consumers are stuck to their home
regions, i.e. labour is non-mobile, and they have a total endowment of 100
working hours at their disposal to allocate between labour and leisure.

TABLE 3 Distribution parameters for intermediate goods, labour and capital. Three production
functions, one for each region. 

The producers uses a small part of their own good in production together
with intermediate goods from the other two regions, labour and capital in
their final production. The specified allocation between these inputs is
shown in table 3 above. These parameters are exogenously given as well, and
in a concrete application of such a model, these parameter values must be
estimated empirically from available data to fit the economy of interest. In
order to fulfil the conditions of the CES production function, the parameter
values above must sum up to unity for each region. The producers uses an
equal share of labour and capital, and the endowment of capital in each
region is the same as of labour, 100 units. This is important in order to check
the model and confirm that it is working properly. 

As a point of reference and value to compare with in the calculations, the
wage level w in region three has been set as numerator, i.e. set to unity. Once
again, the efficiency parameter in the production function is also set to unity
and will remain so during all the following calculations. The scale parameter
is in the first-best case set to unity as well, then by definition no distortions
are present in the economy under first-best conditions. The elasticity of sub-
stitution is chosen to a value of 2, representing a rather flexible economy. We
will not alter this value in the main table presentation of the paper, but a brief

ββij  Region 1 2 3

1 0.2 0.3 0.3
2 0.3 0.2 0.3
3 0.3 0.3 0.2
βhj 0.2 0.2 0.2

δδij  Region 1 2 3

1 0.10 0.25 0.25
2 0.25 0.10 0.25
3 0.25 0.25 0.10
δlj 0.20 0.20 0.20

δkj 0.20 0.20 0.20



Results from simulations

23

discussion concerning the impacts of different values of elasticity of substitu-
tion will follow under each of the remaining sections. Given the chosen para-
meter values above, the base-case of the model may now be calculated.

Before any change has taken place, the following state of general equili-
brium is obtained. The  unit cost of transportation is shown in table 4 below.
Remember that the transportation costs are proportional to the supply pri-
ces, mij = pi tij. Hence, the following values are based on the equilibrium
supply prices, pj. As a result of the regions being identical, all prices in the
economy must be the same.  

TABLE 4 Unit transportation cost of good i delivered to region j, m0
ij, in the base case (σ=2). 

Table 5 presents the calculated consumer and producer prices. Due to the
cost of transportation, the consumer price of commodity j is higher in region
i. 

TABLE 5 Supply prices, pj, and consumer prices, pij, in the base case (σ=2).

TABLE 6 Demand for goods and total supply of each good in the base case (σ=2).

Table 6 shows the demand situation in each region, as well as in aggregate
across all regions. Because the economy is in equilibrium, the final demand
must equal the total quantity produced. We note that the producers demand
for intermediate inputs is quite small, which may be explained by the high
elasticity of substitution in the economy. The flexible state of the economy

Region 1 2 3
1 0.00 1.98 1.98
2 1.98 0.00 1.98
3 1.98 1.98 0.00

Region 1 2 3
1 6.60 8.58 8.58
2 8.58 6.60 8.58
3 8.58 8.58 6.60
pj 6.60 6.60 6.60

Region 1 2 3 ∑
1 5.46 6.30 6.30 18.06

Cons. demand Xij
c 2 6.30 5.46 6.30 18.06

3 6.30 6.30 5.46 18.06

1 0.23 0.56 0.56 1.35

Interm. demand Xij
p 2 0.56 0.23 0.56 1.35

3 0.56 0.56 0.23 1.35

Transp. sect. demand Xj
t 4.11 4.11 4.11

Total demand Xj
d 23.52 23.52 23.52
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makes it possible for the producers to avoid costs of transportation by using
less of transported goods.

One further set of information relates to the household sector and is
required for computing the economy-wide benefit measure. These data is
presented in table 7 and consists of the households demand for leisure (or
equivalently the households supply of labour), their level of disposable
income and the initial level of welfare in each region reflected by the compu-
ted utility indices. The price of capital is below the wage rate, which may be
explained by the fact that the endowment of capital is fully employed in pro-
duction, without possibilities to any alternative use. 

TABLE 7 Wage rate, rent on capital, demand for leisure, consumer income and utility indices from the
base case (σ=2).  

Table 8 shows the impacts of different elasticities of substitution on the
income and utility variables. Since the regions are identical at this pre-impro-
vement state, the values are relevant for each region. The level of welfare
increases with higher values on σ, but although not shown in the table, this
effect of increased flexibility seems to decline for values larger than three.
The wage rate given by the numeraire is unchanged, while rent on capital gra-
dually increases with increased substitution possibilities. This may be explai-
ned by the following line of reasoning. When the flexibility increases it
becomes possible to use more capital instead of labour as input in produc-
tion and thus the increased demand for capital pushes the rent upward. The
consumer income rises due to the higher price on capital, which allows the
households to consume more goods and leisure, and as a result the level of
utility increases. This process continues to the point where further flexibility
improvements no longer make any difference, which (as mentioned above) is
the case for levels beyond σ=3.  

TABLE 8 Wage rate, rent on capital, demand for leisure, consumer income and utility indices from the
base case, different values of elasticity of substitution σ .

By looking at the tables above, we can se that there is perfect symmetry
between the three regions in the economy. This is also what we would expect

 /Region 1 2 3
Rate of return, rj 0.80 0.80 0.80

Wage, wj 1.00 1.00 1.00

Income, yj
d 180.03 180.03 180.03

Leisure, Hj 35.97 35.97 35.97

Utility, Uj 8.66 8.66 8.66

             σσ = 1 σσ = 2 σσ = 3
Rate of return, rj 0.67 0.80 0.86

Wage, wj 1.00 1.00 1.00

Income, yj
d 166.82 180.03 185.68

Leisure, Hj 33.21 35.97 37.11

Utility, Uj 2.93 8.66 10.84
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since the regions are equally rich and possesses the same household and pro-
ducer structures. At this state, we can at least conclude that our model is cor-
rectly specified. The rather stereotype economic situation may seem
unrealistic, but is necessary in order to be able to calibrate the model and
check that it is working in a proper way. Not until this fact has been establis-
hed we can alter these harsh conditions and proceed with further analysis.
However, by computing our pre-improvement state of general equilibrium
we now have the necessary input data required to go further. 

3.1.2 A comparison of the benefit measures in the ”first-best” case

In the following, we compute our benefit measures on the basis of a ten per
cent and a fifty per cent reduction in transport cost coefficients for the route
between region one and three, following the same procedure as in Hussain
(1996). We stick to the case of a flexible economy with elasticity of substitu-
tion σ=2 in the table presentation. The figures for the post-improvement
economy (in the case of a fifty per cent reduction), i.e. the new state of gene-
ral equilibrium, is presented in order to describe how the economy is respon-
ding to such a change.

TABLE 9 Post-improvement unit transportation costs, m1
ji obtained by a fifty percent reduction in the

transportation cost coefficients between region one and region three (σ=2). Percentage
changes from the pre-improvement situation within parentheses. 

As may be seen in table 9, the transportation costs between region one
and three has been reduced by slightly more than fifty per cent. The cost for
transports between region one and two, as well as between region three and
two, has also been reduced by a small amount. A new general equilibrium has
been established and the changes besides the simple fifty per cent reduction
between region one and three is related to changes in the supply prices of
goods.   

Table 10 shows the new commodity prices of producers and consumers.
Some small changes has taken place after the improvement: the supply prices
has become lower in region one and three (those regions directly affected by
the improvement) and slightly increased in region two (separated from the
improved route). Good two has as a consequence become more expensive to
consumers in all regions.

TABLE 10 Post-improvement commodity prices of producers and consumers (σ=2).

Region 1 2 3
1 0.000  (0.00) 1.972 (-0.05) 0.986 (-50.30)
2 1.983  (0.00) 0.000 (0.00) 1.983 (0.00)
3 0.986 (-50.30) 1.972 (-0.05) 0.000 (0.00)

Region 1 2 3
1 6.57 (-) 8.55 (-) 7.56 (-)
2 8.59 (+) 6.61 (+) 8.59 (+)
3 7.56 (-) 8.55 (-) 6.57 (-)
pj 6.57 (-) 6.61 (+) 6.57 (-)
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The new demand situation in the economy is presented in table 11. Con-
sumers demand rises for each good except for good two due to decreased
prices. Intermediate demand for good one in region three rises, and vice
versa. Aggregate intermediate demand increases in all regions and all this
together leads to increased production in the economy. The transport sectors
demand in region one and three goes down because the price effect on
domestic goods is less than the decrease in revenues, in other words they face
a loss of purchasing power.

TABLE 11 Post-improvement demand and supply of goods by all regions (σ=2).

Table 12 shows that wages and rate of return on capital in region two goes
up by a small amount, which increases the disposable income for consumers
in the region. The leisure rate remains unaffected, i.e. the supply of labour is
held constant. Thus, the higher producer price push up the prices of primary
inputs. Despite the fact that consumers in region two now faces a higher
price in their domestically produced good, they experiences a small increase
in their level of utility. Consumers in the regions directly affected by the
improvement increases their level of utility to a larger extent, just as we
would expect. 

TABLE 12 Post-improvement wages, rent on capital, leisure, consumer incomes and utility indices
(σ=2). 

Table 13 summarise the results of the benefit calculations in the first-best
case, with elasticity of substitution σ=2. The result confirms that the traffic-
oriented benefit measure (BT) almost exactly covers the economy-wide bene-
fit measure (EV) when the economy is in the state of first-best. However, in
the case with a ten per cent cost coefficient reduction, the BT-measure tends

Region 1 2 3 ∑
1 5.48 (+) 6.33 (+) 7.15 (+) 18.96

Cons. demand Xij
c 2 6.29 (-) 5.46 (0) 6.29 (-) 18.04

3 7.15 (+) 6.33 (+) 5.48 (+) 18.96

1 0.23 (0) 0.56 (0) 0.71 (+) 1.50

Interm. demand Xij
p 2 0.57 (+) 0.23 (0) 0.57 (+) 1.37

3 0.71 (+) 0.56 (0) 0.23 (0) 1.50

Transp. sect. demand Xj
t 3.25 (-) 4.11 (0) 3.25 (-)

Total demand Xj
d 23.68 (+) 23.51 (-) 23.68 (+)

/Region 1 2 3
Rate of return, rj 0.800 (0) 0.802 (+) 0.800 (0)

Wage, wj 1.000 (0) 1.002 (+) 1.000 (0)

Income, yj
d 180.030 (0) 180.380 (+) 180.030 (0)

Leisure, Hj 35.970 (0) 35.970 (0) 35.970 (0)

Utility, Uj 8.997 (+) 8.690 (+) 8.997 (+)



Results from simulations

27

to slightly overestimate the economy-wide effects, i.e. the true benefit multip-
lier is less than unity. The opposite scenario is observed in the case with a
fifty per cent reduction. This result is in line with the results obtained by
Hussain (1996) and earlier research on the field, such as Kanemoto & Mera
(1985). We would, however, expect the two measures to differ in some small
way because of the approximation applied in the calculation of the link-rela-
ted measure, fitting the transport demand curve to a straight line. When the
investment is small to character, the effects to newly generated traffic is
almost neglectable, which support and justify the ordinary cost-benefit
approach. In the case with a fifty per cent reduction, the BN/BT ratio
increases to about seven per cent and must be considered as important in a
benefit evaluation. 

TABLE 13 Measures of benefits due to a ten and fifty per cent reduction in transport cost coefficients on
the improved route between regions one and three. A ”first-best” solution. 

A relevant question is if different degrees of flexibility in the economy
affect the multiplier in any way. Table 14 indicates that this is the case. In a
sticky economic environment the full benefits to traffic approach tends to
overestimate total benefits, while moving in the opposite direction when elas-
ticity of substitution increases. Nevertheless, the result is not rejecting our
former results. The BT-measure is still approximately valid under first-best
conditions. 

TABLE 14 Values on the TBM-measure due to a fifty per cent reduction in transport cost coefficients
on the improved route between regions one and three. A ”first-best” solution with different
elasticity of substitution. 

Although not shown in any table, region two (the one located away from
the improved route) had a welfare impact which was larger compared to
those located at the link in the case of a unit elasticity of substitution. This
observation is in conflict with the results obtained in a simulation with a
more flexible economy, where the regions directly affected by the improve-
ment benefited the most. This paradoxical result is in line with former
research and may be explained as follows. Reduced inter-regional demand for
good two tends to increase the price of the good. The price of primary
inputs (labour and capital) has to adjust to keep up local consumsion in order
to form balance in the factor markets. As a result the consumers in region
two faces higher income and consumes more of their own good and slightly
more of leisure. The increase of income simply outweights the negative effect
of the price increase for the representative household in region two, and the
level of utility is improved. This effect in region two is large enough to
increase the level of utility more compared to the other regions, given the
unit elasticity of substitution.28 Although, as the flexibility of the economy

∆∆t1⇔⇔3 BE BN BT EV TBM BN / BT (%)
10 %   2.75 0.03   2.78   2.76 0.993 1.1
50 % 13.70 1.00 14.70 14.76 1.004 6.8

s σσ=1 σσ=2 σσ=3
TBM 0.968 1.004 1.015
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increases, the ”willingness to pay” for an improvement decreases in region
two, and becomes almost neglectable for high values of σ.

3.2 Second-best case: Impacts of increasing returns to scale

Before analysing impacts of increasing returns to scale it is in order to clarify
the subject and establish a few definitions. We initiate this section with a
general discussion about the concept of scale economics and its place in the
following welfare analysis. 

By definition, there are increasing returns to scale present if the average
cost of production is falling with increased output, for example as a conse-
quence of large fixed costs in the production process. The relationship is in
other words described in terms of a total cost curve with negative slope. One
further definition is that increasing returns to scale is present in production if
the quotient between average costs and the marginal cost is larger than
unity.29 When a market is characterised by increasing returns to scale, it is
efficient for one single actor to handle all production and a monopolistic sit-
uation occurs. It should be pointed out that increasing returns to scale is a
sufficient, but not necessary, condition for such a market structure. 

The consequences of a monopolistic situation is in either case appearing
in terms of inefficient pricing. Instead of producing at the level where price
equals marginal cost, which is the economic optimum, the monopolistic firm
set price equal to marginal revenue in order to maximise profit. This mono-
polistic competition causes two primary negative welfare consequences com-
pared to marginal cost pricing. Because price exceeds marginal cost, the firms
produces too few goods, i.e. one extra unit of the good is worth more to the
consumer than the firms costs to produce it.30 To avoid a welfare loss to
society, the monopoly has to be regulated in some way and there is a line of
possibilities at hand. The government may, for example, force the firm by
law to produce at the efficient level and then compensate the same for the
following profit reduction. In the spatial general equilibrium model used by
Hussain & Westin (1997), they let the monopoly produce where price equals
average costs in order to avoid transfer payments and profit flows. In the
model used in this paper the public sector in practise is left out, why such a
type of regulation somehow is harder to give a realistic explanation in the
case of increasing returns to scale. 

In order to be able to use the same definition of price, it is a reasonable
approach to motivate the line of reasoning with a variant of active consumer
control in the production process. We assume that the households possesses
an advantage in information, which simply forces the producers to set price
equal to average costs. In the model this problem is self-solving since no pro-
fits by definition are allowed in the economy, and price will automatically
equal average costs to satisfy this condition.

In the CES-production function used in the model, the occurrence of
increasing returns to scale is reflected in larger output at a given amount
input through the scale parameter, ζ. In the following, the test-values of the
scale parameter are arbitrary chosen in certain intervals in order to obtain an

28.  Hussain, I. & Westin, L. (1997), p.16
29.  Carlton, D.W. & Perloff, J.M. (1994), p.63
30.  Carlton, D.W. & Perloff, J.M. (1994), p.294
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idea of the effects to the economy. As will be explained later on, we are only
able to alter the scale parameter within a small range of values, although
enough to trace a general pattern of impacts.  

3.2.1 The post-improvement general equilibrium with increasing returns 

In this section we calculate the post-improvement general equilibrium for a
second-best economy under influence of increasing returns to scale. The
CES scale parameter ζ is to begin with increased to 1.20. In this case we
expect the two benefit measures to deviate to a larger extent, now when the
first-best conditions no longer apply. 

As expected, the pre-improvement situation shows that producer prices
are substantially reduced due to the induced advantage in production. Dem-
and for goods in all sectors increases and so is the case for leisure as well.
Total amount of produced goods goes up together with the level of utility.
However the wage rate and rent on capital remains unaffected compared to
the base case. Since the economy is perfectly symmetrical before the impro-
vement takes place, all regions are responding in the same way. 

TABLE 15 Post-improvement prices, demand, supply, leisure and utility with increasing returns to scale.
The scale parameter ζ=1.20 and the elasticity of subst.σ=2 Deviations from the ”first-
best” case within parenthesis. Fifty per cent reduction. 

Table 15 shows the post-improvement consumer prices and the different
demands when returns to scale is present, for a fifty per cent reduction in the
transport cost coefficient. These values are then compared with the cor-
responding values for the first-best case, in order to evaluate how the eco-
nomy reacts to such new conditions. The price is almost reduced to half of
the level in the distortion-free case. As a result, the demand from consumers
increases. This is also the case for intermediate demand and the demand
from the transport sector. The substitution possibilities in the economy
works in the same way as before and represses the demand for intermediate

Region 1 2 3
1 3.12 (-3.45) 4.06 (-4.49) 3.59 (-3.97)

Cons. prices, pij 2 4.14 (-4.45) 3.18 (-3.43) 4.14 (-4.45)

3 3.59 (-3.97) 4.06 (-4.49) 3.12 (-3.45)

1 11.53 (+6.05) 13.44 (+7.11) 15.04 (+7.89)

Cons. demand Xij
c 2 13.05 (+6.76) 11.43 (+5.97) 13.05 (+6.76)

3 15.04 (+7.89) 13.44 (+7.11) 11.53 (+6.05)

1 1.00 (+0.77) 2.46 (+1.90) 3.14 (+2.43)

Interm. demand Xij
p 2 2.55 (+1.98) 0.96 (+0.73) 2.55 (+1.98)

3 3.14 (+2.43) 2.46 (+1.90) 1.00 (+0.77)

Transp. sect. demand Xj
t 7.50 (+4.25) 9.36 (+5.25) 7.50 (+4.25)

Total demand Xj
d 54.11 52.94 54.11

Leisure, Hj 35.99 (+0.02) 35.99 (+0.02) 35.99 (+0.02)

Utility, Uj 16.26 (+7.26) 15.83 (+7.14) 16.26 (+7.26)
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inputs. The increasing returns to scale makes everyone better off and the
level of utility is significantly increased. We may see that the demand for lei-
sure is almost the same as before.  

Table 16 shows the final benefit measures, both in the case of a small and
a large improvement, when the scale parameter, ζ=1.20. Full benefits to traf-
fic seems to slightly underestimate the real welfare change in society at this
level of increasing returns to scale. However, this deviation is quite modest in
character. The conclusion to be drawn is that the link oriented measure still
provides for a good approximation to the economy-wide benefit measure
under this level of second-best conditions. Although, the effects to newly
generated traffic is quite large (about eight per cent of total benefits to traf-
fic) in the case of a fifty per cent reduction in the transport coefficient. This
ought to lead to a significant bias in a standard cost-benefit estimation, which
only consider effects to existing traffic on the improved route.

TABLE 16 Table 3.16. Measures of benefits due to a ten and fifty per cent reduction in transport cost
coefficients on the improved route between regions one and three. The case with increasing
returns to scale, ζ=1.20 (σ=2). 

The corresponding multiplier values for different levels of σ has been cal-
culated in this case as well, which is given in table 17 below. The less flexible
the economy is, the worse is the full benefit to traffic approach covering total
effects to the economy. However this time in the other way around compa-
red with the first-best case, and to a larger extent. It should be pointed out
that the improvement benefit region two the most when σ=1, which also
was the situation in the first-best case. The former explanation to this pheno-
menon is still valid under these second-best conditions. 

TABLE 17 Table 3.17. Values on the TBM-measure due to a fifty per cent reduction in transport cost
coefficients on the improved route between regions one and three. A ”second- best” solution
with different elasticity of substitution (ζ=1.20). 

The question is why the link-oriented benefit measure tends to underesti-
mate, instead of overestimate, total benefits in this situation. A reasonable
explanation to this reversed relationship relates to the level of the post-
improvement equilibrium prices in the different economies. With increasing
returns to scale present in production, the prices are set at a much lower level
compared to the first-best case. The amount of transported goods on the
improved route increases in a certain proportion, which is to be evaluated
against the proportion of decrease in price. However, the scale of those pro-
portions are not equally comparable. The improved level of utility in the eco-
nomy as a whole (from the advantage in production) may no longer be
captured by only considering transport demand on the single link. In the way
the link-related benefits are calculated, benefits to traffic on the improved
link will be less than total benefits in the network as a whole. Thus, in the

∆∆t1⇔⇔3 BE BN BT EV TBM BN / BT (%)
10 %   3.02 0.07   3.09   3.24 1.049 2.3
50 % 15.10 1.25 16.35 17.46 1.068 7.6

s σσ=1 σσ=2 σσ=3
TBM 1.195 1.068 1.045
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case of increasing returns to scale we find that BT<EV as a result of the mag-
nitudes in prices and demand for goods. In other words, the full benefits to
traffic approach is significantly biased in a rigid economy under increasing
returns to scale. Although, as the flexibility increases, the demand for inter-
regional goods decreases due to the substitution possibilities and this effect is
reduced.   

In order to investigate the relationship between increasing returns and the
multiplier value we need at least one more observation to compare with, and
a new value of the scale parameter has to be chosen. As can be seen in table
18, the economy is undergoing dramatic changes when the scale parameter is
increased by as little as 0.1 to 1.30, which still is to consider as a quite small
distortion. The total demand for goods, or total output if you like, is almost
four times as large as in the case of first-best. This is a result of the strong
reduction in prices. The demand for intermediate inputs have increased dra-
matically and so have the demand for transport services. The demand for lei-
sure remains almost unchanged, and as a result we can note a large increase
in consumer utility. We may confirm that the utility indices are higher in the
regions directly connected to the improved link than in region two, which as
expected gain less from the infrastructure investment. Note that the three
regions still are enjoying the same economic structures, which is reflected in
the similarities between region one and three. It seems like the economy is
extremely sensitive to changes in the scale parameter and our simulations
indicate an exponential relationship. 

TABLE 18 Table 3.18. Initial prices, demand, supply, leisure and utility with increasing returns to
scale. The scale parameter ζ=1.30 and the elasticity of substitution σ=2. Deviations from
the ”first-best” case within parenthesis. 

In this case there is a clear difference between the full benefits to traffic
and the equivalent variation measure, which may be seen in table 19 below.
Under these new conditions, the comparison becomes highly relevant. The

Region 1 2 3
1 1.97 (-4.60) 2.57 (-5.98) 2.27 (-5.29)

Cons. prices, pij 2 2.65 (-5.94) 2.04 (-4.57) 2.65 (-5.94)

3 2.27 (-5.29) 2.57 (-5.98) 1.97 (-4.60)

1 18.31 (+12.83) 21.68 (+15.35) 23.88 (+16.73)

Cons. demand Xij
c 2 20.34 (+14.05) 18.09 (+12.63) 20.34 (+14.05)

3 23.88 (+16.73) 21.68 (+15.35) 18.31 (+12.83)

1 2.45 (+2.22) 6.20 (+5.64) 7.89 (+7.18)

Interm. demand Xij
p 2 6.51 (+5.94) 2.34 (+2.11) 6.51 (+5.94)

3 7.89 (+7.18) 6.20 (+5.64) 2.45 (+2.22)

Transp. sect. demand Xj
t 13.13 (+9.88) 16.11 (+12.00) 13.13 (+9.88)

Total demand Xj
d 93.55 90.23 93.55

Leisure, Hj 36.00 (+0.03) 36.00 (+0.03) 36.00 (+0.03)

Utility, Uj 23.42 (+31.11) 23.13 (+32.54) 23.42 (+31.11)



Increasing Returns to Scale and Benefits to Traffic

32

true benefit multiplier is 1.146 in the ten percent reduction case and as large
as 1.175 in the fifty per cent reduction case. The ratio between benefits to
newly generated traffic and benefits to existing traffic is up to 8.6 per cent in
the latter case. The most obvious differences is related to the actual size of
investment. There is clearly an effect in magnitude of the two benefit measu-
res. The equivalent variation increases from 3.93 to 21.41 between a change
in investment size from ten to fifty per cent. The figures are self-explanatory
in this case: the main conclusion must be that measuring benefits from an
infrastructure investment by only considering transport demand on the
improved link is invalid in case of the economy being influenced by increa-
sing returns to scale of this size. This holds for small as well as for large
investments. 

TABLE 19 Measures of benefits due to a ten and fifty per cent reduction in transport cost coefficients on
the improved route between regions one and three. The case with increasing returns to scale,
ζ=1.30 (σ=2). 

In table 20 below the multiplier values for various levels of elasticity of
substitution is shown. We may see that the diversion from unity becomes less
as the flexibility increases, which also was the case for ζ=1.20. Although this
time the differences are larger. However, this result agrees with the former
reasoning about the impacts of increasing returns to scale and make perfectly
sense. A rigid economy experience larger impacts from an infrastructure
improvement than a more flexible, and these effects are gradually increased
in step with higher levels of the scale parameter. As previously argued, this
phenomena ought to be reflected in the multiplier values since the variables
of concern changes in different proportions. 

TABLE 20 Values on the TBM-measure due to a fifty per cent reduction in transport cost coefficients
on the improved route between regions one and three. A ”second- best” solution with different
elasticity of substitution (ζ=1.30). 

Simulations with scale parameter values beyond the level of 1.30 confirm
that we are dealing with an exponential relationship between increasing
returns to scale and the disability to capture total benefits by only consider
demand for transports on the improved route. Despite the fact that further
adjustments in ζ imply non-optimal solutions, we may at least get a hint of
the following effects. Only by increasing ζ from 1.30 to 1.40 the multiplier
value changes to the size of approximately 1.5 (both for small and large size
of investment), and the variable values apparently ”hits the roof” at this level
already. 

Finally, a few comments on the results obtained in the paper is at place.
The computation techniques for this kind of non-linear programming used
in the calculations are highly sensitive to changes in the parameter values.
The model must also be as simple as possible in order to make the solutions

∆∆t1⇔⇔3 BE BN BT EV TBM BN / BT (%)
10 %   3.38 0.05   3.43   3.93 1.146 1.5
50 % 16.66 1.56 18.22 21.41 1.175 8.6

s σσ=1 σσ=2 σσ=3
TBM 1.352 1.175 1.120
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converge. By implementing capital into the model, the computation com-
plexity is increased, which causes some problems along the way. The solu-
tions are very close to optimal, but not exact. In the case of first-best this is
not to any trouble, but in the case of second-best it is harder to make the sys-
tem to converge. Beyond the level of 1.40 in the scale parameter, the compu-
ter is no longer able to find optimal solutions in the simulations and this is
the reason why only solutions with values up to 1.30 in the scale parameter is
included in the table presentation.

It is important to note that this is not a result of errors in the model speci-
fication (it has been checked carefully), and that the actual results obtained
are valid. The problems more likely arises from a capacity constraint in the
computer software available. A possible solution to get by this blocking is to
rewrite some (or all) of the equations so that they contain explicit ”slack”
variables, and by that ease the burden of computation.31 Although, this
approach has not been tested on the model. 

31.  Brooke, A., Kendrick, D. & Meeraus, A. (1992), p.159
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4 Conclusions

Two different benefit measures of a transportation improvement have been
examined in the paper and compared with each other through the ”true
benefit multiplier” from Hussain (1996). The first approach was to measure
total benefits to the economy in the change in consumer surplus under the
general equilibrium demand curve for transports on the improved link. In
the second approach we measured the benefits as equivalent variation aggre-
gated across all of the three regions, which represent the economy-wide wel-
fare improvement. The result agrees with former research on the field, that
total benefits due to the improvement can be fully captured by only conside-
ring transport demand on the improved link, given that the economy is in
first-best. 

However, if increasing returns to scale is introduced into the model, the
link-related measure tends to underestimate total benefits. This bias in esti-
mation gradually increases as the scale parameter gets larger. The main con-
clusion is to be that if we were to analyse an economy under influence of
increasing returns to scale, it would be a serious mistake to neglect the net-
work effects. It is also found that the level of flexibility in the economy,
reflected by different values in elasticity of substitution in the production
process, is a determinant factor for the benefits of an improvement. The wel-
fare impact seems to be larger in an economy with sticky conditions, which
can be explained by the ability of a more flexible economy to adjust. The
flexible economy simply reduces the benefit increase due to the investment
by substitution of inputs. 

When implementing capital in the model structure, we are able to give a
more realistic description of the production function. But by doing so, the
complexity of calculation is increased. Some complications arose during the
simulations and it became hard to obtain optimal solutions when the CES
scale parameter reached certain levels. The lesson learned is that a few adjust-
ments probably must be made in the modelling framework in order to reduce
the level of sensitivity and/or update the computer package to some later
version. However, the results obtained when using the original model (with
only labour as a primary input) are disappointing as well in the case of incre-
asing returns to scale. Almost similar difficulties to make the system con-
verge occur at ζ=1.4. All simulations have been performed twice, one for
each type of model specification, and we are able to confirm that they give
the same results for all tested cases. This is of course what must be the case
and hold as criteria of model checking, since capital as an extra input in pro-
duction should not affect the comparison between the final benefit measures
after an infrastructure investment.

The model economy is obviously quite simple and disregard from several
issues of practical importance. In a real economic system prices and wages
are adjusting with some slack in time, and are not responding simultaneously.
Another important remark concerns the mobility of labour, which is stated
to be region bounded in the model. A large share of the discussion about
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infrastructure investments today is focused on altered flows of people bet-
ween different regions. It seems reasonable that changes in the infrastructure
environment ought to lead to reallocation among labour in response to chan-
ges in the level of utility between the regions, why this rigid assumption is a
clear drawback in the model. Nevertheless, the model provide for some
important information and should be used as a guideline for how to act
under certain circumstances. Through further development of present tech-
niques, one will be able to ease some of the assumptions and in time produce
a more realistic model.
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