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TRANSPORT INVESTMENT AND THE ZERO SUM SOCIETY

valuatic" of Costs and Bene!! ts

The valuation of the costs and, more particularly, the benefits of
accident countermeasures is the most contentious of the steps involved in the
evaluation process. Because there is no market for accident reductions, the
value of reductions in accident occurrence should be determined by means of
shadow pr'ices inferred from the willingness_ta_pay concept. This is often
referred to as e:t:-,ante valuation, wherein estimates are made of the value
which people would assign to a reduction in the probability of a particular
type of accident.

In practice, however, nearly all past accident countermeasure
evaluations have relied on ex-post costing of accidents, wherein the
consequential costs of accidents have been used as a measure of the value of
eliminating those accidents.. In listing the costs associated with particular
types of accidents, a framework proposed by Reynolds (1956) is often used:

(a) Direct Costs

Damage to vehicles, goods and property;
Costs associated with loss of use of vehicles;
Cost of medical treatment for accident victims;
Administrative costs associated with the accident e.g .. police
attendance at scene, insurance company costs, legal costs;
Level of service costs imposed on other users of the facility in
terms of delay etc. .

(b) Indirect Costs

The loss of productive output by persons killed or injured;
The loss of consumption by those persons killed;
The transfer of income from those killed to other members of society.

(c) Intangible Costs

The pain and suffering incurred by the accident victim;
The pain and SUffering incurrd by relatives and friends of the
accident victim;

The fear and anxiety suffered by the general community because of the
risk of being involved in an accident.

All major Australian studies of accident costs have used ex-post costing
techniques. These include the studies of Troy and Butlin (1971), Paterson (1972)
and, more recently, Atkins (1981). In each of these studies, the intangible
costs are not. quantified due to measurement difficulties but it is generally
argued that "the use of ex-post accident cost prQcedures provides only an
irreducible minimum value" of the social consequences of accidents (Wigan 1980) ..
The use of ex-post unit costs is therefore argued to provide a minimum value of
the benefits of accident reductions. A typical breakup of the components of ex­
post unit costs, as given by Atkins (1981), is shown in Table 1. The unit costs
derived by Atkins (1981) are fairly representative of unit costs used by other
transport authorities in Australia as shown in Table 2"
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TABLE 1 COMPONENTS IN ACCIDENT UNIT COSTS

6'0

260

260

860

870

ATKINS
1981

2,860

178,090

6,420

1,180

AVERAGE
ACCIDENT

1,100

156,000

TARU (NSW)

1976

670

5'0

1,180

PROPERT'f
DAMAGE

131,000

2,900

MRD (WA)

19'76

TYPE OF ACCIDENT

NCDC
1976

122,000

6,400

1,250

BTE
1976

Bureau of Transport Economics.
National Capital Development Commission
Main Roads Department of Western Australia.
Traffic Accident Research unit of N.S.W.

115,000

5,200

900

Note: BTE:
NCDC:
MRD(WA) ,

TARU(NSW) :

Whilst there are debates over numerous details in the calculation of
ex-post costs (see e.g. Atkins, 1981), the major controversy has been with
respect to the indirect economic costs of an accident. In particular, the
decision as to whether to use grt088 future earnings as a measure of
contribution to productivity, or net future earnings (i.e. minus future
consumption) has raised considerable debate. Before entering this debate,
however, it is as well to explain why future earnings of the individual
involved in the accident are used at all in the evaluation. The argument is

INJURY

PROPERTY-DAMAGE

FA'rAL

T'fPE OF
ACCIDENT

TABLE 2 ACCIDENT COSTS USED IN AUSTRALIA

COS'f FATAL INJURY

COMPONENT

For'gone Income 128.690 950

LOsses to Family,
Community 38,600 290

M.edical, Hospital 2,020 2,010

vehicle Damage 3,400 2,110

other (including
traffic delay,
insurance admin., 5,380 1,060

legal costs)

TOTAL 1'18,090 6,420

SOURCE: ATKINS ( '981)
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present value at time zero

future value at time n

i discount rate per time period

where

Comparison of Costs and Benefits

Given that the costs incurred in provision of the countermeasure and
the benefits accruing therefrom will occur at different points in time, it
will be necessary to convert all future costs and benefits back to present day
values. This conversion is performed using the standard discounting formula:

Conversion to present values

'the critical factor in this conversion to present values is the choice
of an appropriate discount rate. underlying the selection of a discount rate
are the concepts of a Social Opportunity Cost Rate (which measures the oppor­
tuni ty cost for inputs to the project which are not used for something else)
and a Social Time preference Rate (Which measures the preference by the
community for consumption of benefits now, rather than at some time in the
future). Heggie (1972) provides a good description of these two concepts.
The actual selection of a discount rate will normally be based on maintaining
compatibility with other evaluations, although the choice of discount rate
should be subject to sensitivity tests (see Treasury Department, 1978).

Whilst a considerable body of literature has been amassed on the
subject of accident unit costs (especially using ex-post methods), it is the
contention of this paper that much of the debate contained therein has been
irrelevant to the topic of the value of accident reduction under current
economic conditions. This claim will be expanded upon later in this paper;
for the moment, however, consider that appropriate unit costs can be derived
for the different types of accidents so that this section of the paper on
cost-benefit analysis can be completed.

economic values because while they will continue to consume, they will produce
little, if anything, of economic value. very young children, on the other
hand, have lifetimes of both production and consumption ahead ·of them.
However, their productive lives will not COmmence for approximately twenty
years whilst their consumption starts immediately. Therefore, using any
reasonable discount rate on future costs and benefits, the net present worth
of young children's lives will be negative. The current concensus then is
that gl"088 future earnings should be used as the measure of an indiVidual's
economic contribution to society.

The comparison of present values of costs and benefits serves two
distinct functions; firstly to determine the economic viability of the project
and secondly, to assist in the selection of proj ects where mUltiple al ter-·
natives exist. Both tasks generally rely on the use of economic evaluation
indices which attempt to summarise the results of the comparison into a single
index of economic worth. The three indices which have been used most often in
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Fig. Se The Transport systems planning process;,

Fig. 9. system Boundaries for Evaluation Studies.
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TRANSPORT INVESTMENT AND THE ZERO SUM SOCIETY

site within a corridor, or whether it is to consider effects outside of that
corridor in a wider network perhaps because of the diversion of traffic away
from the si te at which the countermeasure was implemented.

The social dimension of system boundaries describes who is to be
included in the evaluation. For transport project evaluation, the social
categories consist of users of the transport system who gain from implemen­
tation of the proposal, users who lose as a result of implementation, and non­
users who are in some way affected by the proposal. In road safety project
evaluations, it is usually the case that the first two groups are reasona~ly

accounted for (at least with respect to changes in accidents). However, as
will be seen later, non-users are most often neglected ..

The temporal dimension accounts for the fact that some transport
proposals take some time before their effects are fully realised. Alter­
natively, the effects of some proposals may diminish over time after an
ini tially large impact. For example, the impact of random breath-testing may
have a large initial impact as drivers initially overestimate the probability
of being selected for roadside testing. However, with experience, drivers may
well learn that the probability of being apprehended is not as large as was
initially perceived. Similar changes over time may also occur with other
media campaigns which attempt to change drivers attitudes towards road
safety" Obviously, the selection of a temporal boundary for an evaluation
could have a large effect on the overall results of an evaluation of such
countermeasures.

Definition of goals and objectives

The definition of specific goals and objectives is essential to all
good management and planning practice. In some projects these objectives may
appear to be relatively straightforward, whilst in others they may be quite
obscure" In all cases, however, the definition of objectives is essential to
the later selection of criteria against which the success, or otherwise, of a
project will be evaluated. This is especially the case for pUblic sector
evaluations where there are often numerous conflicting objectives.

Whilst the definition of objectives is important, it is the norm in
transport project evaluations, including road safety evaluations, to neglect
to define explicit objectives for the evaluation study. For example, what is
the explicit objective of road safety programs: ~hy do we wish to reduce the
number and severity of road accidents'? Only if this question can be answered
fairly precisely can we be confident that road safety projects are directed at
achieving their objectives.

In attempting the definition of appropriate objectives for road safety
proposals, consider some given by Heggie (1972) in the context of national
public sector evaluation. Among others, he sees four such objectives as
being:

(a) Maximise National Income

(b) Increase Average Consumption per Capita (i.e. raise standard of
living or quality of life)

(c) InCl'ease (or decrease) employment

(d) Redistribute Consumption (or Income)

423..
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Given these general objectives, and the conflicts inherent therein, it
is clear that the objectives of road safety evaluations need to be clearly
defined if one is to know when success has been achieved in obtaining them.
Whilst explicit road safety objectives have rarely been stated, it is possible
to infer implicit objectives from previous evaluation studies. It is clear
that improving the quality of life is a major objective. Most studies mention
that the alleviation of pain, suffering and anxiety caused byt~affic

accidents is a major benefit of road safety proposals. Certainly, public and
political concern with road safety appears to be centred on quality of life
considerations. Unfortunately, however, because such quality of life improve_
ments are difficult to measure and value, it is precisely these effects which
are invariably omitted from comprehensive treatment in most evaluation
studies a

In the majority of road safety stUdies, where economic analysis is
attempted, it appears that the concern is with efficiency and, implicitly,
national income considerations. Thus most studies conclude that if the costs
of an accident countermeasure are less than the ex-post costs of the accidents
which would be prevented, then investment in that countermeasure is
economically efficient in that either it increases the national income or else
it increases the nation's standard of living (purely on the basis of the ex­
post economic costs and not considering the intangibLe quality of life
improvements) a It is considered, however, that the use of ex-r;ost costs in
this way is misleading because of inadequate attention being paid to the
system boundaries for the evaluation, and to the macroeconomic implications of
the third and fourth objectives noted by Heggie (1972). TO explain the
reasoning behind this assertion, consider the concept of the Zero-Sum Society
recently formalised by Thurow (19BO).

ROAD SAFETY AND THE ZER~SUM SOCIETY

The concept underlying the main argument presented in this paper is
that of the Zero-Sum Society (Thurow 1980). In essence, this concept states
that many economic systems (i.e. societies) have a substantial "zero-sum-game"
element in them. A zero-sum-game is any situation where the losses exactly
equal the winnings. All competitive sporting events are zero-sum.-·games. For
every winner there is a loser, and winners can only exist if losers exist. In
a national economy: the zero-Sum element can only be overcome if there is a
substantial excess of exports over imports. In this case, winners can be
winners on the basis of profits made on the exports, whilst there need not
necessarily be any losers within the nation; the losers in this case are
residents of other nations.

The concept of the zero-Sum Society is really just a more graphic
description of the conflicts inherent in the objectives described by Heggie
(1972). As such it is intimately associated with the definition of system
boundaries, as shown in Figure 10. Consider the system boundary depicted by
the small circle (system 1) in Figure 10. A transfer of benefits from indi­
vidual A to individual B will have no effect on the income of system 1; there
will simply be a redistribution of income (or benefits) within system 1a
Thus while it may be a contribution toward the achievement of the fourth of
Heggie's objectives (i.e. the redistribution of consumption), it has no effect
on the first objective (i.e. the maximisation of national income}a A transfer
of benefits from individual A to indiVidual C, however, will represent a loss
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(We assume here that, as in most transport evaluations, equal monetary
benefits.-have equal subjective utility to individuals A and B).

TRANSPORT INVESTMENT AND THE ZERO SUM SOCIETY

Fig .. '10. The Effects of system Boundary Changes on System Income.

of income to system 1. However, if we consider the larger system 2, the
transfer from A to C no longer represents a loss of income to the system but
merely a redistribution within the system. Clearly as the system boundaries
are widened, more of the economic transactions are internalised within the
system and it becomes more like the Zero~·Surn Society described by Thurow (1980)"

The transaction between A and B is an example of a zero-sum-.game.
Individual A loses a certain amount of benefits but individual B gains an
equal amount of benefits. To system 1, the net result is a zero-sum'*.. In
most real transactions the transfer of benefits is not entirely one~.way;

although A may give B a certain amount of money, B may also give A benefits in
the form of ,- services rendered. The transfer shown in Figure 10 is merely the
net effect of the tt'ansaction. '!he only way in which the transaction between
A and B could be detrimental to System 1 is if B, inst~ad of providing
services to A, could be usefully employed in earning income outside of
system 1. The difference between the value of services provided to A and the
value of income which could be earned outside of System 1 is the opportunity
cost of the services provided by B.
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RICHARDSON

Let us then apply these principles to the evaluation of road -safety
proposals. COnsider firstly an average property damage accident as described
in Table 1. The total ex-post cost of this accident is $1180. conventional
accident evaluation practice would asswne that if this accident could be
prevented by an outlay by the community of less than $1180 (say $'1000), then
it would be economically justified because the benefits (a savings of, $1180)
are greater than the costs ($1000). An amount of $180 would either be added
to the national income or else would constitute an increase in the national
standard of living equivalent to $180. Such a conclusion however can only be
justified under fairly strict conditions.

Tb demonstrate this, consider the chain of transactions which fOllows
either the expenditute of $1180 as a result of the accident or the expenditure
of $1000 as a result of implementing the countermeasure. of the $1180) $670
is attributable to the repair of vehicle damage. Of this amount, a certain
(large) proportion will consist of wages paid to panel-beaters, materials
suppliers and others employed in the vehicle repair industry. Another (small)
proportion will be paid for raw materials used in the repair industry
(e.g. paints, metal parts, etc.). If both the labour and the materials are
obtained from within Australia (assuming that road safety isa national
problem which requires the use of Australia as the system) then the tran­
sactions following the expenditure of $670 on repairs will constitute a zero.
sum-game provided that the following conditions apply:

(a) The labour employed in vehicle repair has no opporxunity cost.
In times of low unemployment this condition may not be met.
However in current conditions of high unemployment it is more
than likely that this condition is true. If panel~·beaters ete.
cannot be usefully employed in some other activity which is
capable of earning export income then the opportunity cost of
such labour in economic evaluations is zero (Anderson and
Settle, 197'1).

(b) The opportunity cost of the raw materials is zero. As with
labour, if the materials used cannot be used in alternative
manners to earn export income then their opportunity cost to the
nation is zero. This condition is perhaps 'less likelttobe
upheld, although in a world economy Where there is a resources
glut (e.g. of minerals, oil, coal) this may be the casecforsome
materials. The materials needed in vehicle repair would need to
be the subject of special investigation.

If the labour or the materials used in vehicle repair are obtained
from outside Australia then this results in a resource cost to the nation for
vehicle repairs. It is unlikely, however, that any vehicle repairs are
performed by overseas labour (although replacement vehicles may well be
obtained from overseas sources) whilst the source of raw materials used ih
vehicle repairs \/{Quld need to be determined"

TO the ex.tent that the labour and materials used in vehicle repair do
not have zero opportunity cost, then the resource cost of vehicle repair will
be non-zero. Under current economic conditions, however, it is probable that
the resource cost of vehicle repairs (to the Nation) will be considerably less
than the ex- p'8t cost (of $6'10) currently used in accident evaluations"
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What comes out of the above arguments is that while ex-post costs are
generally useless in assessing the worth of accident 90pnterrneasures with
respect to the first and second of Heggie's objectives, they are quite useful
in assessing the impacts with respect to the third and, especially, the fourth
of his objectives (i.e. the redistribution of consumption). Tracing the flows
associated with ex.post expenditures on accidents and countermeasures enables
the distributions of costs and benefits to be established-. one then needs to
decide whether the distribution of consumption associated with the accident or
the countermeasure is to be preferred. The use of ex~post costs to assess
distributional effects, rather than efficiency effects,is quite contrary to
conventional practice but is more in line with the realities of the current
economic situation.

Similar arguments can be applied to the evaluation of fatal accidents.
Consider the average fatal accident shown in Table 1. Of the total cost of
$178,090, the majority is attributed to the forgone income of the individual
killed in the accident. Remember that this forgone income represents the
economic opportunity cost of that individual to society. However, in a period
of recession and high unemployment, this amount is an obvious overestimate of'
the opportunity cost of that individual. When that individual is killed, his
economic contribution to society is not totally lost. Someone -else will fill
his job <and so on) with the total productive labour force staying constant
before and after the accident. Only in times of full employment will that
individual be economically irreplaceable. Therefore, in times of high
unemployment the economic opportunity cost of most individuals (except those
with unique skills) will be zero. '!he same conclusion',can~be reached by means
of the Zero··Swn Society argument. 'rhe loss <of a job) experienced by the
individual who is killed is exactly balanced by the gain (of a job) to someone
else who was previously unemployed. Similarly the losses to family and
community identified in Table 1 are balanced by the gains to someone-else's
family (who now have a breadwinner).

The use of conventional ex-post costs for fatal accidents is therefore
currently inappropriate. This conclusion is not particularly new; it was
recognised by Troy and Butlin (1971) who stated that ex-post costs could only
be used when ftall the factors of production were fully employed", i.e. when we
are on, not inside, the production possibilities frontier shown in Figure 5.
However, others who have either used or up:lated Troy and Butlin's figures have
not taken account of this restriction, with the result that the use- of ex-post
valuations, and the concepts embodied in them, have been perpetuated blindly.

A RE-APPRAISAL OF THE VALUE OF INTANGIBLE EFFECTS

The above discussion may sound highly clinical in that it recommends
the evaluation of accident countermeasures based on whether they increase the
national income and after consideration of who benefits from the occurrence of
accidents. It should be realised however that the above argument is based
solely on the quantifiable economic costs which are observable in financial
transactions. No account has been taken of the community's emotional desire
to reduce accidents on the basis of pain, suffering and anxietyccaused to
accident victims and the resto£ the community. Remember though that in
conventional accident evaluations, these intangible costs are also neglected
on the grounds that they are too difficult to measure. The usual rule-of·,
thumb has been to assume that the true cost of an accident is greater than the
calculated ex-post amount by some unspecified amount to account for the
intangible costs"
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TRANSPORT INVESTMENT AND THE ZERO SUM SOCIETY

In the light of the at'guments in the previous section, however, where
it was shown that the resource costs to the nation are substantially less than
thee:c:..post cost (and perhaps equal to zero), the above rule-of-thumb can no
longer be applied. After decreasing the ex-post cost to obtain the resource
cost and then increasing it by some amount to account for intangible costs,
IIihere do we finish up; above or below the original e,x-post cost?

If accident countermeasures are to be evaluated on the basis of their
contribution to an increase in the economic and emotional quality of life of
the nation then there is no alternative but to devote greater attention to
measuring the value of accident reductions with respect to the intangible
qualities of pain, suffering and anxiety. Such greater attention, whilst
being essential, theoretically, may also be more in line with community and
political response to traffic accidents.

One important consequence of this t'edirection of effort would be that
greater efforts -would be made to reduce fatal and injury accidents rather than
property damage accidents, because whilst there are emotional costs associated
with propetty damage accidents, it is to be expected that these costs would be
highet'for injury and fatal accidents" This redirection of effort to reducing
fatal and injury accidents is perhaps contrary to current trends in accident
evaluation studies which attempt to show the high incidence and high total
costs associated with property damage accidents (searles 1980; Wigan 1980;
James 1983). This redirection of effort must, however, consider that while
property damage accidents may have relatively little emotional cost, and
little effect on the national income they may provide a more desirable
redistribution of income than either fatal or injury accidents. Therefore
research on property damage accident costs is not entirely wasted.

Research on the emotional costs associated with accidents has already
begun, although in a minor way compared to the attention devoted to e~-po8~

costing. The assessment of e~-ante "willingness to pay" values of accidents
has been studied by Jones-Lee (1969, 1976); Bodily (1980) and others, and
these studies are discussed by Wigan (1980) and Atkins (1981). The general
conclusions re ex-ante values are that measurement techniques are not yet
well-developed and that, as a consequence, the reliability of estimated ex­
ante values is not high compared to ex-post values. One should however note
the difference between reliability and applicability of such values. This may
best be summarized by a quote from Tukey (1962) in which he advises "Far
better an approximate answer to the right question, which is often vague, than
an exact answer to the wrong question, which can always be made precise".
Ex-post values are not better than ex-ante values simply because different
researchers can obtain the same results for ex-post values; reliability is a
desirable but not sufficient property of such estimates.

Given that ex-ante valuation studies appear to be more appropriate for
measuring the intangible value of accident reductions, it is still important
that such studies observe the conditions govern~ng objectives and system
boundaries described earlier. FOr example, it is important that ex-ante
valuations of accident reduction be obtained ft'om a representative selection
of the entire community, not just from those who are potential accident
Victims. Alternatively it would be necessary to ensure that people gave a
value only for the emotional costs associated with accidents and not for the
financial costs which they will incur if they are involved in an accident.
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This distinction is necessary to ensure that the emotional cost~,. (:to,1"'hich
zero-Sum does not presumably apply) are separable from the financial costs (to
which Zero.··Surn does apply). It may however, be very difficult, Lf, not
impossible, for humans to make this distinction. Therefore one should ensure
that people who stand to gain financially from accidents are included in the
sample to balance those who stand to lose financially. In this way, the net
result will approach an ex-ante valuation of emotional costs only.

CONCLUS IONS

This paper has described the conventional approach to the economic
evaluation of traffic accident countermeasure proposals, and has then
proceeded to show that serious deficiencies exist in conventional practice
because of its lack of adherance to an adequate systems planni~gpr9c~ss.and

its non...consideration of current macroeconomic conditions. In particul·ar, it
has argued that conventional analyses are deficient in the definition of
specific objectives for the evaluation, and in the definition of system
boundaries. As a result of this, the paper r~ac~es several specific
conclusions:

(a) The conventional method of calculating the net present'c"Orth of
a proposal using the ex-post cost of accidents and the cost of
countermeasures is an inappropriate way of obtaining the
economic efficiency of the proposal;

(b) Efficiency, or national productivity, effects can only, be. calcu­
lated by determining the opportunity costs to the nation of
labour and materials used either as a consequence of the
accident or in prevention of the accident;

(c) The total social cost of accidents is not necessarily higher
than the ex-post costs as presently calculated;

(d) E:c-post costs as presently calculated are primarily of use,in
examining the distributional effects of accident occurrenc;:.e ..and­
prevention;

(e) Greater emphasis needs to be placed on the intangible emotional
costs of accidents and their impact on the nation's qlla.1ity~·of~.

life;

(f) Ex-ante willingness-·to-pay methods, which account for
appropriate system boundaries, need to be developed to estimate
the emotional costs of accidents;

(g) system boundaries need explicit definition in traffic accident
evaluation studies, especially along the social dimension.

Whilst this paper has cast doubts on current methods o~,.,pla~ing
economic values on accident reductions, it does not question the need to
obtain such values. Decision-makers are still faced with the problem of
allocating funds to competing road safety projects and to other;".transpor1;,
proj ects. To do so they need to know how much they should spend on each
project. What this paper suggests is that we look again at the basic
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