EXTERNAL EFFECTS AND SECONDARY
BENEFITS IN ROAD INVESTMENT APPRAISAL

By J. S. Dodgson*

This paper is concerned with the benefits which are likely to flow from a road
investment project, over and above the direct benefits to the immediate passenger
and commercial freight users of the road. It is therefore concerned with the classes
of benefits often subsumed under the headings of external economies and secondary
benefits. Under the first heading the main conclusion is that, if we define “external”
in the case of road investment as meaning external to all road users, there will in a
developed economy be relatively few external effects which ought to be measured as
benefits.

The second part of the paper considers secondary benefits, which in the case of
transport investments are usually considered to be due either to a multiplier effect
of the investment on an underemployed economy, or to the fact that transport is an
intermediate good, so that there will be additional benefits to final consumers of the
transported goods and to other members of the affected economy. Four previous
attempts to consider these secondary benefits are outlined, but are found to present
somewhat unsatisfactory conclusions. It is then argued that (a) where transport is an
intermediate good the benefits to traffic will correctly measure the “true” benefits to
final consumers of transported goods in a perfectly competitive world, but that the
“true” final benefits will be unmeasurable in a world of monopoly, and (b) for
multiplier effects existing appraisal methods based on welfare economics would be
inadequate to the task of precise measurement, but in any case there does not appear
to be much evidence for the existence of such benefits in developed economies with
near- full employment.

EXTERNALITIES

The theory of externalities

The term externalities, or external economies and diseconomies, appears in
economic literature to be applied to a variety of different items. Indeed it sometimes
seems that many of the more intractible problems in economics are swept under this
label, so that the whole area now presents a somewhat confusing complexity of
different elements. Thus, if the tool is to have any application, it is necessary to
define as rigorously as possible what we mean by an externality. The first distinction
to make is that first outlined by Scitovsky [1], between technological and pecuniary
externalities. This distinction is important because externalities of the first, techno-
logical, type lead to inefficiency in the allocation of resources, whereas those of the
second, pecuniary, type do not.
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Technolagical externalities

We can define technological externalities as cases of direct, non-market, inter-
dependence between economic units. That is, firms (or consumers) receive factors
(or satisfaction) which either increase or decrease the level of their total output (or
utility) but for which they pay or receive either zero, or less than equilibrium, prices.
Thus the central feature of technological externalities is that the interdependence
between economic units is outside the market mechanism: firms or households which
suffer from externalities do not receive monetary compensation, while firms and
households which gain do not have to make payments. It is this absence of the
normal stimuli of monetary gains and losses which causes technological externalities
to lead to inefficiency in resource allocation. Under perfect competition, with no
such externalities, for each good we achieve optimum efficiency when the price of
the good is equal to its marginal costs of production,? since no good will be produced
for which the resource costs of the last units of the good produced exceed consumers’
valuations of those units. However, if the firm’s production of this good causes
external technological diseconomies, these social costs will be ignored by the firm,
which will continue to produce where price equals its own private marginal costs.
In these circumstances, the resource costs of the marginal units of the good produced
will exceed consumers’ valuations of these units, so that output of the good will be
above the optimally efficient level. Conversely, if the firm’s production causes
external technological economies, these benefits will be ignored by the firm when
making its output decision, so that output of such a good will be below the optimally
efficient level. For full discussion of the conditions of optimum efficiency see Bator [2].

The classical solution to this problem, first proposed by Pigou [3], is the imposition
of taxes or subsidies on the externality-creating unit, designed to alter the level of
output to the optimum welfare level at which price would be equal to social marginal
cost. A number of writers [4] have pointed out deficiencies of this Pigovian solution,
and have suggested alternatives. Davis and Whinston stress the possibility of mergers
which will internalise the external effects; others consider the conditions under which
optimum output may be achieved by a private bargain between the affected parties
whereby the externally affected party bribes the others to modify their behaviour.
Broadly speaking, there has been a movement towards recognition of the element of
reciprocity : external effects may cause harm or good to others, but modification of the
externalities will also cause harm or good to the externality-creating unit; the
important question is which state of affairs will create maximum welfare for all
parties together.

Although many examples of technological external diseconomies can be instanced
(e.g. within the field of pollution) there seems to be a shortage of practical examples
of technological external economies. Scitovsky [1] can only find two examples in the

1Provided that consumers maximise their satisfaction by ensuring that, for each consumer, the
following condition is met:

MUz MU, _ ~ MU;:
it S RELEERE -,

where MU, = marginal utility of good X
. = price of good X.
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relations between firms: the case where a firm benefits from a labour market estab-
lished by other firms, and the case where several firms use a resource which is free
but in limited supply——and here he quotes roads as an example.

Pecuniary externalities
Scitovsky [1] defined pecuniary externalities as occurring whenever the costs of
factors to some firms are raised or lowered by the expansion of another, i.e. when
T =f(quluen - 5900 0)
where
71, 41, {1 and ¢; are the profits, output, labour input and capital input respect-
ively of firm 1, and
92, b, and ¢, are the output, labour input and capital input of the externality-
creating firm, firm 2.

This category includes technological externalities, but also embraces inter-
dependence between firms which occurs through the market mechanism. Cases of
this type appear frequently in the increasing payments, labelled pecuniary external
diseconomies by J. Viner and often referred to as rising transfer costs, which an
expanding firm must make to factors in relatively inelastic supply. These
diseconomies were considered first by Pigou [3], who argued that industries with
diminishing returns led to a greater than optimum output, and hence should be
taxed in the same way as should industries with technological external diseconomies.
But Allyn Young [5] correctly pointed out that diminishing returns due to rising
transfer payments were not social costs, since rising transfer payments represent
rent; the loss to the firm’s profits is exactly balanced by a gain to the owners of the
factors, and the result, unlike technological externalities, does not alter the productive
efficiency of the economy. This Pigou accepted, and he modified his argument to
consider the effect of rent payments to foreigners; these, he said, are a social cost.
But this is true only if we are considering purely national welfare; generally, pecun-
iary externalities will not affect the level of social welfare, but merely its distribution.2

Externalities and road investment

It is now necessary to relate this theory of externalities to the problems of a
government agency undertaking a cost-benefit study of a highway investment
scheme. We can define externalities either as those benefits and costs accruing to

2Although Scitovsky accepted this, he considered that there were two circumstances, particularly
relevant in underdeveloped areas, in which pecuniary externalities would not be sufficient to lead
to optimum economic efficiency: (1) If factors of production are indivisible firms cannot equate
marginal cost and marginal revenue to obtain an optimum; the output which will maximise the
firm’s profits may not be the one which will create maximum social welfare. This is the familiar
problem of indivisibility. (2) Private firms’ investment decisions are aimed at profit; but, since the
profitability of any given project depends on the investment decisions of other firms, there is a real-
world problem due to the lack of information about these. This can lead to a long time lag before
investment plans can be co-ordinated to reach the optimum position—particularly, Scitovsky argues,
in underdeveloped economies, where any given investment project will form a relatively significant
proportion of the total capital stock in the economy, and so will have a greater impact on prices and
on the profitability of other firms.

As Mishan has pointed out [6], both these circumstances can be fitted into familiar economic
categories, and it is difficult to see the advantages of placing them under the blanket term of pecuniary
externalities.
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consumers and firms other than the ones using the new road link or as those benefits
and costs accruing to non-road-users. The problem thus boils down to ensuring that
the agency concerned should measure all real costs and benefits of the investment
scheme which are judged likely to be significant. The question of correction for
Pareto optimisation is presumably not relevant here, since the agency must take as
given any corrections, such as legal provisions, which may exist, and can calculate
the costs and benefits which will result under these given conditions.

Thus, we have a similar position to that of the firm considering its investment
decisions: the organisation unit (firm, economy) considers all the costs and benefits
accruing to it alone, and ignores the rest. The firm’s action may be sub-optimal
because it ignores the effects of its production on others; but, provided that we do not
worry about the rest of the world, the economy’s judgement is optimal. However,
there is another difference between the two cases. The firm is usually regarded, at
least in (conventional micro-) economic theory, as a one-objective organisation
composed of one group (the owners), whose objectives do not conflict; hence the
distribution of net benefit amongst them is not regarded as important. The economy,
however, is patently not an organisation of this type; it is composed of a number of
(often) conflicting groups, and the distribution of benefits may well be of importance.

Technological externalities

But to return to the net level of benefits from a highway investment, it is not clear
how large the technological externalities would be. It is generally agreed that they
exist in underdeveloped areas, but it is far from certain that they might occur in a
highly developed region. Though there might be no large reserves of clearly unused
resources in the developed region, the investment scheme might lead to a reorganisa-
tion of its economy which might produce some external economies. For example,
there might be a growth in the size of the market to a level at which full economies of
scale could be realised, or there might be fuller use made of social capacity at present
underutilised. In addition, labour market areas might be extended, enabling a more
efficient use to be made of a region’s given labour stock. Such factors are clearly
important, but would, of course, be very difficult to measure in practice.

If, however, we consider the effects of the construction of a new road on other
road users, then we have clear external effects so defined. Wherever a road invest-
ment causes diversion of traffic from one route to another, with a reduction of con-
gestion, and hence cost, for non-users as well as users of the new road, external
economies exist. These fuller system effects are recognised in the current method of
road investment used by the Department of the Environment, though there may
still be difficulties in measuring them fully, particularly in urban areas [7].

The possibility also exists that there may be technological external diseconomies
of road investment. This view is expressed most forcefully by Mishan [8], who argues
that technological external economies are limited, so that there is little social welfare
to be gained by prescribing for them; but that the external diseconomies of road
investment, such as increased air pollution and noise, destruction of natural beauty
and increased congestion on feeder roads and in urban areas, are likely to be very
significant; and that they will usually be ignored in a search for increased “efficiency”
which in fact leads to a reduction in human welfare. With an increased awareness,
by both policy makers and public, of ecological problems these factors are becoming
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increasingly considered, and some attempts have now been made to measure their
costs.

Pecuniary externalities

Perhaps the major pecuniary external effects of a road investment would be
increases in land values and rents. Accepting the proposition that rents are not net
additions to social costs (since an increase in land values is merely the capitalisation
of the value of reductions in travel costs, and we cannot have both at once),
Mohring’s view [9] that rent changes stemming from highway schemes should not be
included in highway benefits is correct.3 The same conclusion was reached by Allyn
Young [10] in his tube line example, but for a different reason: although rents near
the line may rise, others elsewhere may fall, so that the net effect is zero. Foster and
Beesley [11], in their refusal to measure changes in land rents caused by the Victoria
Line, employ both arguments.

However, if we are concerned with the overall distribution of benefits we should
note that rent alterations may well alter the inter-personal and inter-regional
distribution of income. Where a cost-benefit study is to be concerned with considera-
tions of equity, as well as of efficiency, these pecuniary externalities will thus be of
relevance.

We conclude this section on externalities proper by repeating the main findings.
In a cost-benefit study interested purely in measuring the net levels of benefit to the
country as a whole, we should be concerned with technological externalities only.
The importance of these is not fully clear. There will be, in a road investment scheme,
benefits to other road users, but these appear to present few major problems. In
addition, there may be other technological external economies associated with the
general development of the economy which follows the road investment, though
these appear to be most relevant to under-developed areas. But the general conclu-
sion is that the possibilities for pure technological external economies are somewhat
limited; if we could also measure intangible external diseconomies, the net effect of
technological externalities might well be to reduce total benefits. Pecuniary external
effects may also be relevant if we are considering a cost-benefit study in which the
distribution of total benefits is held to be of importance.

OTHER SECONDARY BENEFITS

We turn now from external economies proper to the wider discussion of secondary
benefits. These are generally considered to be a form of multiplier effect, in which an
initial investment programme causes repercussions throughout the whole economy
which lead to some change in national welfare.

Secondary benefits have been discussed with reference to water resource develop-
ment by Eckstein, McKean, and Margolis [12]. In discussing the methods formerly

3We might however include changes in land values as a real cost or benefit if they represent a
proxy for real technological external effects which we are unable to measure directly; thus many
studies of the environmental costs and benefits mentioned above have attempted to measure them
indirectly, using changes in land and house values.
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adopted by U.S. water resource agencies they reach the conclusion that the multi-
plier benefits conventionally measured by those agencies were not, in fact, additions
to net social benefits, so that the agencies were likely to overestimate “true’ benefits.
Their arguments are summarised neatly by Prest and Turvey [13]. Conventionally,
water resource bodies had included in total benefit increases in profit to firms buying
from, and selling to, the farmers who benefited from increased water supply. Prest
and Turvey condemn this, on the ground that if we can estimate the value of the
increase in output of the water to farmers, as the water resource agencies had done,
there is no need to add in further benefits to allow for the fact that the use of the
water leads to an increase in the output of final products. This is because, under
perfect competition, the demand curve for water is a derived demand curve, reflecting
the value of the extra water to the community in producing final goods.

A number of writers, particularly Mohring and Williamson [14], Friedlaender
[15], Tinbergen [16] and Bos and Koyck [17], have considered the problems of
secondary benefits from road investment. In contrast to the workers in the field of
water resources, the last four have reached the conclusion that secondary benefits
could well be of considerable importance. Before discussing their conclusions and
suggesting an alternative approach, it is useful to review first the conventional
methods of appraising road investments.

Conventional traffic benefits

The fundamental tool of measurement of benefits to traffic in most cost-benefit
studies of highway investment is that of consumers’ surplus. This tool was developed
by Marshall [18] as a measure to indicate the difference between the total utility
which an individual consumer derives from consumption of a particular good, and
the utility from other goods which he has to forego in order to purchase this particular
good, i.e. a measure of the surplus utility which the consumer derives from his
consumption of this good.

Marshall attempted to show that this surplus can be measured cardinally by the
triangular area under the consumer’s demand curve and above the price line for the
good. In order to use money as a measuring rod for utility in this way, it is necessary
that the marginal utility of money be constant. Usually it will not be so. If the price
of a good falls, the consumer will buy more of that good. Consequently, his expendi-
ture on other goods will change, and so too will his marginal utilities from these
goods. Since the marginal utility of money measures the marginal utility the con-
sumer could derive from spending his income on all other goods rather than on our
initial good, it follows that the marginal utility of money must also change. However,
following Marshall, if the initial good represents only a very small proportion of the
consumer’s budget, a change in expenditure on this good will not alter the con-
sumer’s purchases of other goods by very much; the marginal utility of money will be
approximately constant.

Given this assumption, we can measure the individual consumer’s surplus from the
consumption of @y units of a good X at a price of Py per unit by the area below the
individual’s demand curve and above the price line at Py. Similarly, if the price of X
now falls from P, to P;, the area under the demand curve between the old and new
prices of X indicates the increase in consumer’s surplus following the fall in the price

of X.
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So far we have considered individual consumer’s surplus. For purposes of invest-
ment appraisal, however, we are interested in the gains to all affected consumers;
we need therefore to make the transition from individual consumer’s surplus to
collective consumers’ surplus. Unfortunately, in making this transition it is not
possible to preserve in surplus a monetary measure of utility, since we simply cannot
compare different individuals® utility directly. All we can measure by collective
consumers’ surplus is the total amount of mongy which all consumers together would
be prepared to pay to consume a given good at a certain price. This means that, if
we adopt the criterion of choosing those projects which lead to the greatest increases
in consumers’ surplus, we are implicitly accepting the Hicks—Kaldor criterion of
potential compensation [19], since we are choosing those moves for which the
maximum sums which the gainers would be prepared to pay are themselves maxi-
mised. Since the ability to compensate will depend on income level, use of the
consumers’ surplus criterion must imply acceptance of the existing distribution of
income, since for any given project there would be a different level of consumers’
surplus benefit for every possible distribution of society’s income. Additionally, since
consumers will not actually be called on to make payments (i.e. compensation is not
actually paid), any cost-benefit scheme will itself affect the distribution of income
and so have implications for equity.

By moving from individual consumer’s surplus to collective consumers’ surplus,
we have therefore to accept that we cannot measure changes in utility in a direct
sense, because of the impossibility of making direct inter-personal comparisons of
utility. Nevertheless, if we are prepared to accept the Hicks—Kaldor compensation
criterion and its implications, we can still use collective consumers’ surplus as a
measure of the benefit, in monetary terms, which all consumers derive from a
particular change. In the case of a road investment scheme which lowers the cost of
travel along a certain link from ¢ to ¢’ per journey (Figure I), the consumers’ surplus
benefit can be measured by the area ¢’cab, which comprises cost-reduction benefits
to existing users of the link (area ¢’cad) and benefits to generated traffic (area abd).
Assuming a near-linear demand curve for travel, this total benefit can be approxi-
mated by the term $(c—¢') (T+77).

But consumers’ surplus is a partial measure, drawn up on the assumption that
prices elsewhere do not change, so that the area ¢’cab will only be a correct measure
of the benefit from the investment project if surpluses in the rest of the economy are
unchanged by the cost reduction from ¢ to ¢’. Suppose, firstly, that all goods are
produced in an externality-free, perfectly competitive, economy, so that, for each
and every good, consumers’ marginal valuations of the good, and the social marginal
resource costs of producing that good, will be equated at the equilibrium price.
Now if there are no strong substitutes or complements for our initial good (travel
along a given road link) the change in expenditure on this link will lead to
“marginal” (i.e. very small) changes in the consumption of other goods. If] for
example, consumption of another good is reduced, the loss of consumers’ benefit from
the marginal unit of that good will be equal to the saving in the resource cost of
producing that marginal unit; and as a result total welfare in the economy must
remain unchanged. In such cases, therefore, the area ¢'cab will, assuming there are
no perceptible costs of shifting resources at the margin, be a correct measure of the
consumers’ surplus benefit from the cost-reducing invesunent project.
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But this will not be the case, firstly, if, because of either monopoly elements or the
presence of external effects, goods in the economy are not being produced at output
levels at which consumers’ marginal valuations are equal to social marginal costs.
If a good is being produced by a monopolist, the marginal unit of that good will be
produced at the output level at which marginal cost equals marginal revenue;
hence consumers’ valuation of the marginal unit will be in excess of the marginal
resource cost of producing that unit. Consequently, if output of the good is reduced
by a “marginal” amount there will be a real loss, since the loss of consumers’ benefit
from the marginal unit will not be balanced by an equivalent resource cost saving.
This difference between marginal valuation and marginal cost, formerly
appropriated by the monopolist as part of his profit, will therefore be lost when
output in the industry is contracted, and so there will be losses of producers’ surpluses
in such industries to be offset against the gain in the initial sector.

Secondly, the assumption that our initial good has no close substitutes or comple-
ments may not be valid. If our initial road link has a close substitute in the form of a
second, parallel, road link, the fall in the cost of travel on the initial link will cause a
significant inward shift in the demand curve for travel on this second link. If this
second link is congested (i.e. if there are increasing marginal costs), there will be
a fall in the cost of travel along it, so that there will be additional consumers’ surplus
benefits to travellers who continue to use the second link. Thus, where an initial
good has close substitutes or complements there will be further gains or losses in
consumers’ surplus to consumers of these related goods, in addition to the benefit
measured by the area ¢’cab.

These factors are all limitations to the consumers’ surplus measure of benefits of a
transport investment when transport is a final good. Further difficulties arise when
we consider the fact that transport is in many cases an intermediate good, a factor of
production used to produce final goods. The question then is how far the measure
of transport benefits, defined above, gives a measure of the benefits from reduced
prices of the final products which use transport as an input, i.e. of the amount of
money which, given the initial income distribution, consumers would be prepared
to pay rather than forego the price reductions on final products caused by the
transport investment.
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Benefits to freight traffic

In order to deal with the problem of transport as an input Mohring and William-
son [14] consider the case of a monopoly firm producing a given product (widgets),
which it distributes over a wide geographical area from a number of equally spaced
plants. It is assumed that the price of the product, and hence the total output which
the firm can sell, are fixed. The firm is able to take advantage of economies of scale
in production, but only by increasing its market area from each plant, and hence its
average distribution costs, by relocating its plants and reducing their total number;
that is, the firm can substitute transport inputs for manufacturing inputs to achieve a
given level of output.

Suppose that, if the market demands output Q at the set price of P per widget, and
if the price per ton-mile of transport is ¢, the monopolist would minimise costs by
using 7 ton-miles of transport (Figure II). If a highway investment now lowers the
cost of transport to ¢’ per ton-mile, the firm could continue to employ 7 ton-miles
of transport, with a consequent cost-saving measured by the area ¢'cad, which
Mohring and Williamson term the “direct” benefits. However, the fall in the relative
price of the firm’s transport inputs implies that the total costs of producing output @
will now only be minimised if the firm substitutes transport for other inputs. This it
can do by reducing the number of its plants, thus reducing its manufacturing inputs
because of economies of scale, and increasing its input of transport services needed to
distribute the product over the larger market area of each plant. If, as a result,
transport inputs increase to 7" ton-miles, there will be a further cost-reducing
benefit to the firm, measured by the area abd under the firm’s demand curve for
transport (1.e. under its marginal revenue productivity curve of transport) and
termed by Mohring and Williamson the “reorganisation” benefit.

Mohring and Williamson then go on to show that the ratio

“Reorganisation” benefits R abd
“Direct” benefits " D (cad

s likely to be small, so that “reorganisation” benefits are not likely to be of great
importance in investment appraisal.

Figure II appears to be similar to Figure I, and in fact there is little difference.
Measures of the benefits of transport improvements to private users consider benefits
to existing users plus benefits to generated traffic. This is essentially what Mohring
and Williamson are doing for commercial traffic; their benefits to existing traffic
are what they term ““direct” benefits, and their benefits to generated traffic are what
they term ‘reorganisation” benefits. Hence, there is no problem in measuring,
ex post, Mohring and Williamson’s class of “reorganisation” benefits; assuming a
near-linear demand curve for freight transport, we simply value, at half the change in
transport costs, the increase in the firm’s inputs of transport. The problem remains in
predicting, ex ante, what this increase will be, and here more information is needed
on the longer-term effects of transport cost reductions on industrial organisation and
location. Nevertheless, Mohring and Williamson’s description as reorganisation
benefits of what are, in effect, described conventionally as benefits to generated
commercial traffic is somewhat misleading.

By their assumptions of a monopoly firm, with fixed price and output levels,
Mohring and Williamson ignore the question of the ultimate benefits to consumers.
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Since the firm in their example changes neither its price nor its output, all benefits
accrue to the monopolist in the form of higher profits. If, instead, we assumed that
the industry was a perfectly competitive one, the results would be different. If, in the
initial position, all firms were earning only normal profits, then the fall in transport
costs would lower each firm’s marginal cost curve, industry output would expand,
and the price of the product would fall. If, now, super-normal profits were being
made, new firms would enter the industry, and there would be further increases in
output and falls in price, until a new equilibruim was reached with only normal
profits being earned. Clearly, in this long-run equilibrium position, there would be
zero net benefits to the firms in the industry. The benefits would accrue wholly to
consumers, and, as we have stated above, could be conceived in consumers’ surplus
terms as the total amount of money which consumers would be prepared to pay,

rather than forego the reductions in product price caused by the fall in the price of
the intermediate good, transport.

Benefits to freight traffic and ultimate social benefits to consumers

This relation between freight traffic benefits and the benefits to consumers of the
transported final products has been investigated by A. F. Friedlaender in her The
interstate highway system [15]. Because changes in transport costs affect firms’ costs of
production, there will be changes in relative product prices (assuming perfect
competition) and hence a change in the outputs of numerous products within the
economy. Hence, if national income is measured in vector notation by P0'Q0 (where
P’s represent market prices and ’s represent quantities of final consumption), then
if there is a major highway improvement, keeping the level of money income
constant, a new equilibrium income level of P1'Q! will be reached, in which prices
are generally lower, and outputs higher, than before.

Friedlaender argues that the true gain in welfare lies between AP'Q0 and AP'Q,
and hence can be measured by 3AP'(Q0+Q1). Her reasoning is as follows. If a
consumer before the transport investment purchased a given bundle of commodities,
719 ¢29 - - - gu0 at the given prices, p19, p,9, . .. ps0, then after the investment he
would again maximise his satisfaction by purchasing a new bundle of goods,
g1, g2l - - - ¢! at the new set of prices, p11, p1, ... psl. Friedlaender argues that
the measure of benefits to the consumer is determined by the sum of money he would
be prepared to pay to keep prices from returning to their old level and by the
compensation he would have to receive if prices did return to their old level. The
first sum, Friedlaender argues, is equal to X;Ap,g;% and the second to X;Apiqly.
She claims that if he were taxed the first sum he could still purchase his old bundles
of commodities at the new prices, and if he were given an amount equal to the
second sum he could still purchase his bundle of new commodities at the old prices.
Summing over all consumers, the total benefits to society therefore lie within the
range AP'Q0 and AP'Q!. The lower limit to these social benefits is the sum of the
Jower limits of the individual private benefits:

ZiZiApg% = LA Zugil® = AP'QO

and by a similar summation the upper limit of the social benefits can be represented
by AP'Q1. The social benefits can then be approximated by an average of these,
FAP'(QV+Q1).
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These social benefits can be shown graphically for any given final product. Area
ba'pa0%d in Figure III(a) shows the benefit for good A4, consumption of which has
increased, and area ,1p,%f in Figure ITI(b) shows the benefit for good B, consump-
tion of which has decreased (e.g. because of a more rapid fall in the price of a close
substitute). Such areas are summed for all goods in the economy whose prices are
affected by the road investment. This measure is very similar to the so-called L.T.S.
measure of traffic benefits [20], which has been shown to be equivalent to the con-
sumers’ surplus measure of traffic benefits under a certain condition [21].4

In her study, Friedlaender continues to compare her measure of social benefits
with conventionally-measured transport benefits, and concludes that the transport
benefits may either overstate or understate the social benefits, depending on the
elasticity of factor supplies, the degree of substitution between transport-intensive
and non-transport-intensive products, and the extent to which it is possible to
substitute transport for other inputs. There are, however, two grounds on which
her use of the term 3AP'(Q0+4Q!) as a measure of “true” social benefits can be
questioned.

Firstly, she ignores the producers’ side of the market. A transport investment
which altered relative product prices could be expected to alter the total level of
profits of firms within the economy, so there would be changes in producers’ surplus
to set against her measure of social benefits. Additionally, if a transport improvement
leads to an increase in the demand for labour (as Friedlaender suggests it might well
do), then, unless there is extensive unemployment, there will be a reduction in the
community’s “output’” of leisure, which Friedlaender’s measure of benefit would
leave out. Hence, her measure of benefits would overstate the “true’ level of benefits
when the relative price change was such as to shift production from “goods” un-
measured to those measured by the community.

4The condition is that the cross-partial derivatives of the quantities of each good purchased, with
respect to price changes of other goods, be equal for all such goods, i.e.

Gai _ 09j_

for all z, j.
opj  op; J
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Secondly, use of money as a measuring rod of benefit requires that the value of
money in terms of real goods be more or less constant. In other words, Friedlaender’s
measure of benefits is valid only if the marginal utility of money is approximately
constant. When prices throughout the economy are affected by an investment pro-
ject there is a danger that this will not be so. This is a similar problem to that found
with the consumers’ surplus concept. As J. R. Hicks [22] notes when discussing his
attempt to extend that concept to the case of more than one good, ““The generalisa-
tion for which we are looking cannot be more than a limited generalisation. Though
we can deal with a multiple price change, in the sense of a change in the prices of
several commodities, we cannot extend the analysis to the most general case, in
which all prices vary. There must always be a sufficient background of fixed price
commodities, to serve as ‘money’. Unless we have a sufficient ‘money’, we lack a
suitable medium in which consumers’ surplus can be measured”.

Ultimate transport benefits within a general equilibrium framework

An alternative approach to measuring the ultimate effects throughout the economy
of a transport investment is the use of a general equilibrium framework. Both
Tinbergen [16] and Bos and Koyck [17] adopt a similar approach, which is an
attempt to measure, within a general equilibrium framework, the rise in national
income resulting from a transport improvement. Using essentially arithmetical
examples, and making various assumptions about the demand and supply functions
for the products they are considering, they both show that the change in the value
of output, or national income, measured at final prices, will be greater than the
conventional measure of benefits to existing and generated traffic.5

It is clear that a transport investment is likely to change the level of national
income. If we consider an initial position of static efficiency in the utilisation of
resources, with a given distribution of income, we have a certain pattern of relative
prices and of production and consumption. Hence we can measure national income
as

2@

where the p’s and ¢’s are the initial prices and quantities of all the n goods in the
economy entering into final output. If there is then a transport improvement which
lowers transport costs, then, assuming that some of these reductions in factor prices
are passed on to consumers, there will be a lowering of some of the product prices
within the economy and hence a reallocation of resources and redistribution of
income, so that we shall have a new set of relative prices and a new pattern of
production. We could then multiply the new quantities of the products by their new
prices to get a measure, Zp,qs, of national income at final year prices; this could
then be compared with Zp,q;, the measure of pre-investment outputs valued at
post-investment relative prices. But could we then take the difference as a measure
of the “true” benefit of the highway investment?

The answer is no, because it is impossible to measure objectively the “real value”
of total output. Obviously we could not measure this, even if we could allow for
such normally excluded “goods” as leisure, merely by adding all the items of output

5As Tinbergen admits, they do not discuss whether change in national income is the correct
measure of welfare.
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together, because “output” is composed of a large number of non-homogeneous
units. Hence we weight these units by the values which the community puts on
them, i.e. by their prices. But if, after a change in relative prices as a result of an
investment in an intermediate good, we value the original outputs at the new set of
prices in order to get a measure of the change in the value of total output, we are
implicitly assuming that these are the ““correct” weights for these outputs. But this is
not necessarily so, since there will have been a change in the distribution of income
and a change in the set of relative prices within the economy. In fact, there is no way
of choosing objectively which is the correct set of relative prices to use.

Thus, Little [23] states: “Consumption refers to the aggregate collection of goods
and services consumed. . . . The question whether this collection becomes larger or
smaller, when its composition changes, does not admit of any precise, objective,
purely descriptive answer. The answer given depends inevitably on the relative
importance attached to the different kinds of gcods consumed’. More pragmatically
he concludes: “We thus reach what is by now a very familiar conclusion. Not only
must any change in the distribution of income be judged favourable, but also
Zp,q, must exceed 2p,q; by a good large margin before one can have any confidence
in one’s conclusion. How large this margin must be is a matter of judgment”.

It follows that if we could look at changes in national income, measured at final
year prices, which resulted directly from a highway investment, this would not give
a precise measure of total benefit. We could, adopting Little’s approach, conclude
that the increase in national income was of such magnitude that it was clear that
there had been an improvement. But we could not, following on from Tinbergen,
conclude that, because the increase in national income was (say) 1-9 times the value
of the conventionally measured transport benefits, it followed that we should multiply
the calculated benefits by a factor of 1:9. Thus it appears that, in moving from the
partial equilibrium to the general equilibrium case, from consumers’ surplus to
national income as a measure of benefit, welfare economics loses its ability to give
us even a theoretically precise measure of benefits.6

Benefits when transport is an intermediate good; a partial approach

So far we have discussed the previous attempts to consider the true benefits of
transport investment when transport is an intermediate good and have suggested
that none of them is entirely satisfactory. The major problem lies in finding the total
benefits of the goods which the transport is used to produce, both to final consumers
and to the firms which produce these goods. However, at the beginning of this
section we briefly mentioned the approach of workers in the water resource field and

6The possibility exists that a transport investment could lead to an increase in national income via
Keynesian-type multiplier effects. A necessary condition for this to happen would be the existence of
unemployed resources of labour and/or capital. A number of relevant points can be made: (1) This
type of situation has rarely existed nationally since the 1930s. (2) If we are considering an investment
project which lasts for, say, 30 years, we need to know for which of these years there will be high
unemployment, and hence in which years this type of benefit will be operative; this is clearly impos-
sible. (3) The effects of any public investment project on unemployment are likely to be small
compared with those of government fiscal and monetary policies, as well as being dependent on
them. These are all arguments for ignoring such multiplier effects in practice, except perhaps in
certain local regions with relatively severe unemployment.
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their conclusion that the market was quite capable of valuing the additional output
of the intermediate good at its correct level. We hope to show that this is just as
correct an approach when the intermediate good is transport as when it is irrigation
water.

The analysis proceeds by considering a numerical example of a perfectly competi-
tive industry comprising a number of firms which are in possession of a free resource
at a certain point in space. In the course of production firms distribute this resource
over the market by using variable transport inputs. There are assumed to be
diminishing marginal returns to transport (these could be the result of increased
congestion or of an assumption that the density of the market area declines with
distance from the location of the free resource). Each firm has only a certain (low)
level of fixed (administrative) costs. It is assumed that the price of the product must
be the same wherever it is consumed.

The model is constructed in this way in order that we may consider the difference
between total benefits to consumers and firms, and the benefits which would be
measured by using the marginal revenue product (i.e. demand curve) for a variable
factor of production or intermediate good. A perfectly competitive model is used
because many of the results of the conventional measure of benefits to private traffic
depend on this assumption. Although we assume that there are only five firms in the
industry in the numerical example, this is purely for convenience, since we assume
that they react as if there were a large number of firms in the industry.

Consider then a perfectly competitive model of an industry of five firms. Each
firm uses a number of factors of production, including transport, and can vary in the
short run only transport. Each firm hence faces a production function which we
assume to be of the form

g = 104/t
where ¢ = output level of each firm
t = transport input of each firm.
Hence we can also write the production relation as
t =0-0lq2.

Total output of the industry is equal to Q. @ = xg where x is the number of firms
in the industry, which is assumed above to equal 5. Similarly total transport input
of the industry, T, is equal to xt.

If we know the cost per unit (ton-mile) of transport, ¢, then we can also derive
each firm’s cost curves and the industry supply curve. For each firm

TVC = ¢t = 0-01 ¢q2

TFC = f (fixed)
C =0-01cqg2+f
Hence MC = oTC = 0-02 cq.

Assume that the industry demand curve is known, and is given by the function
p = 1,000—0-1Q. Then, if we know the level of fixed costs and the cost per unit of
transport costs, we can derive each firm’s level of output, the price of the product, the
total inputs of transport used, and each firm’s level of profits.

Suppose ¢ = £2 and f = £200. For profit maximisation, MC for each firm will
be equal to price. Hence, since

182



EXTERNAL EFFECTS IN ROAD INVESTMENT J. S. Dodgson

Y/ = 1,000—0-1Q and
MC  =0-02¢q
0 0:02¢g = 1,000—0-1Q
*. 0:04¢ = 1,000—0-1gx = 1,000 —0-5¢

- 0:54¢g = 1,000
g = 1,852
P = 0:02 ¢g = 0-04(1,852) = £74-08.
Total output for the industry is equal to @ = x¢ = (5) (1,852)

= 9,260
*. Total revenue for the industry, pQ = (74-08) (1,852) (5) = £686,000
Transport inputs for each firm, ¢t = 0-01¢2 = 0-01(3,430,000)
= 34,300 ton-miles.
*. Transport inputs for the industry 7" = x¢ = 5(34,300) = 171,500 ton-miles.
Total transport costs (= total variable costs) = ¢T = 2(171,500)
= £343,000
Total fixed costs = xf = 5(200) = £1,000
Hence total profits, 1 = pQ —cT —xf
= 686,000 —343,000 — 1,000
= £342,000
Suppose now that there is a fall in transport costs to a new level ¢’ = £1 per ton
mile. Fixed costs remain constant for each firm at £200. Each firm will now increase
its output, and as a result the price of the product must fall. We can compute the
new values of all the variables.
4 = 1,000—0-1Q’ and
MG =0-02¢¢
. 0:02¢'¢" = 1,000—0-1Q’
. 0:02¢" = 1,000—0-1¢"x = 1,000 —0-5¢'

. 052¢ — 1.000
g = 1,923
p =002 = 0:02(1,923) — £38-46.

Total industry output, @', is now equal to (5) (1,923) = 9,615.
Total revenue for the industry, p'Q’, is now equal to
(38-46) (1,923) (5) = £369,800.
Each firm now uses ¢ units of transport, where ¢’ is equal to
0-01¢"2 = (0-01) (3,698,000) = 36,980 ton-miles.
And the industry as a whole uses 7" units of transport, where 7" is equal to
xt’ = (5) (36,980) = 184,900 ton-miles.
Hence total transport costs for the industry, ¢’ T’, are now equal to
¢'T" = (1) (184,900) = £184,900.
Fixed costs for the industry are still equal to £1,000, so that the industry’s new level
of profits, =’, is given by
T =pQ T —sf
= 369,800 —184,900 — 1,000
= £183,900.
It is held that the conventional consumers’ surplus area under the demand curve
for an intermediate good (in this case transport) will give a true measure of the total
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benefits to both firms and consumers, as measured by the changes in consumers’
surplus and producers’ surplus (i.e. profits). That this is so can be shown by reference
to the above example. The consumers’ surplus measure of transport benefit is given
by the formula:
Ye—) (T+T)
In the above example this is equal to
3(2—-1) (171,500 +4-184,900) = £178,200.

The consumers’ surplus measure of benefits to final consumers is given by the

formula
(p—1) (@+€Q)

which in the above example is equal to
1(74-08 —38-46) (9,260 +-9,615) = £336,300.
The change in the firm’s profits is given by
n’ —n = 183,900 —342,000 = —£158,100.
The true benefits are therefore equal to the increase in the final consumers’ surplus,
minus the fall in the firms’ level of profit:
i.e. “true” benefit = 336,300 —158,100 = £178,200.
The measured benefit, however, has been shown above to equal this figure.
It would therefore appear that the market for the intermediate good s able to
value it at exactly the right level in this type of quasi-perfectly competitive model.
Thisis not true, however, where the firm concerned is a monopolist, or is operating
in monopolistically competitive markets. In such cases the transport benefits may
underestimate or overestimate the combined benefits to the firms in the industry and
to the consumers of the products. But because, in such cases, there will be changes of
producers’ surplus for other firms in the economy, which must be offset against these
gains, we have no way of telling what will be the net gains to the community.

The major conclusion of this section is that there is a confusion in the literature on
the secondary benefits of highway investment, not only on whether they exceed
conventionally-measured benefits, but also on what the true level of benefits ought
to be. We believe this confusion stems basically from a too-ready acceptance by
transport planners of the theorems of welfare economists. Essentially welfare eco-
nomics is unable to give us a theoretically precise measure of total social benefits in a
general equilibrium framework, though it can give us a theoretically precise measure
of benefits, via consumers’ surplus, in partial equilibrium.

It seems that the conclusions of workers in the water resource field are more
acceptable. Under perfect competition the derived demand curve for a factor of
production, or intermediate good, gives us the valuation which the community
places both on that good and hence on the final goods which it helps to produce.
Therefore, if we count as total benefits the change in the consumers’ surplus area
under the demand curve for transport we shall have a fair measure of the true
benefits (except for the inadequacy of consumers’ surplus itself, discussed above in
the section on conventional traffic benefits), provided we allow for as many pure
technological externalities as our measurement procedures will permit. The critical
element for the prediction of the transport benefits is the extent to which industrial
structure changes so as to reorganise itself to take advantage of the transport im-
provement, i.e., the factors affecting generated traffic in commercial vehicles.
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