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Executive summÍrry:

A framework for cost-benefït analysis
of the dutch road safety plan

This report contains a framework for cost-benefit analysis of the Dutch
Road Safety Plan. The framework consists of the following main elements:
(1) A short discussion of the implications for road safety policy of the Dutch
concept of sustainable safety, (2) A discussion of formal techniques for
priority setting, the kinds of information required to use these techniques
and their limitations, (3) A survey of potentially effective road safety
measures and the screening of these measures for inclusion in formal
analysis of cost-efflectiveness and cost-benefit ratio, (4) A critical
examination of current Dutch road accident costs and a preliminary revision
of these costs, (5) A sunmary of evidence concerning the safety effects of
road safety measures subjected to analyses of their cost-effectiveness and
cost-benefit ratios and (6) Preliminary estimates of the cost-effectiveness
and cost-benefit at ratio at different levels of applications of different
measures and their benefit-cost.

It is argued that the main implications of the concept of

sustainable safety

for road safety policy are: (1) that road safety policy should be based on
ambitious, long term policy targets aiming at a radical reduction in the
number of injuries, to take account of the fact that future generations are
likely to put an even higher value on safety than the curent generation, (2)
that it is impoÍant to use safety measures as efficiently as possible, to
minimize the amount of resources consumed by road safety and (3) that
there ought to be more room for experimenting with new measures, subject
to the condition that the results of those experiments are always evaluated
and the results of the evaluations made public.

The role of formal techniques for priority setting in road safety policy is
discussed. A basic problem in applying these techniques is that they are
applied to ready made lists of alternative meÍrsures, but do not account for
how these lists are obtained in the first place. The criteria of cost-effectiveness and cost-benefit ratio are defined and their strengths and shortcomings
discussed. Cost-benefit ratio is the more inclusive of the formal criteria for
priority setting, but does not include policy objectives referring to the
faimess of distribution.

A

set of safety measures proposed for The Netherlands is defined and the
measures are screened for possible inclusion in a formal assessment of their

costs and benefits

by applying three criteria. The criteria refer to: (l)
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whether the measure has a documented safety effect or can reasonably be
presumed to aflect a known risk factor contributing to accidents, (2) whether
the measure has already been applied to a large extent or can still reduce the
number of accidents
affects and (3) whether an implementation
performance function for the measure can be identified, to make it possible
to introduce the measure according to the principle of declining marginal
returns.

it

A critical

examination of current Dutch road accident costs is performed.
The costs are broken down on a per accident and per injury basis. The cost
elements included are assessed on the basis of recent EU-recommendations
for the estimation of road accident costs. It is concluded that current Dutch
road accident costs do not include an economic valuation of lost quality of
life. This cost element is likely to be the largest one. Highly preliminary
comprehensive accident costs, including an economic valuation of lost
quality of life, aÍe prepared. These costs are more twice as high as the
current cost rates. Guidelines for testing the validity of these cost estimates
are proposed.
summary of evidence concerning the safety effect of the 2l measures
included in the formal analyses is presented. The amount and quality of
evidence varies between measures, contributing to varying levels of
uncertainty about the safety effects of the measures. For some measures,
estimates of expected safety effects are available from meta-analyses of the
results of evaluation studies. For others, estimates of expected safety effects
are based on informal literature surveys. For new measures, that is mea$res
for which there is no previous experience, only theoretical estimates of
safety effects can be made. The main points of the procedures that can be
used to derive theoretical estimates of safety effects are outlined.

A

Safety measures are ranked according to two criteria of effectiveness: (1)
Cost-effectiveness, (2) Cost-benefit ratio. The rankings resulting from these
criteria are compared.

ll
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l INTRODUCTION
This report is a contribution to the Dutch Road Safety plan and to the ongoing
discussion in The Netherlands of the concept of sustainable safety. The main purpose of
the report is to define a framework for cost-benefit analysis of road safety measures that
are part of the Dutch Road Safety Plan and possible new road safety measures in The
Netherlands. The report discusses the following main topics:

What are the salient aspects of the Dutch concept of sustainable safety and what are
the implications of this concept for road safety targets and safety policy?
To what extent can formal techniques of priority setting be applied to road safety
policy? What is, and what is not, included in a cost-benefit analysis?

How can potentially effective road safety measures be identified? What are the
criteria for screening proposed safety measures with respect to potential
effectiveness?

What is the recommended method for estimating road accident costs and what are the
implications of adopting this method for the level of road accident costs in The
Netherlands?
What are the expected safefy effects of the measures that are part of the Dutch Road
Safety Plan and other possible safety measures that can be introduced in The
Netherlands? How reliable is available evidence of safety effects?
Which are the moSt cost-effective safety measures in The Netherlands? Which are the
measures that have the highest cost-benefit ratios?

The report consists of eight chapters. Chapter 2 presents some reflections on the Dutch
concept of sustainable safety and its implications for safety policy. In subsequent
chapters the building blocks in the framework for cost-benefit analysis of the Dutch
Road Safety Plan are put in place. Chapter 3 gives an overview of formal techniques for
priority setting and discusses their role in policy making. It is pointed out that the formal
techniques are applied to a ready made list of safety measures whose costs and effects
are supposedly known; the policy maker is not told how to obtain this list in the first
place. It is therefore important to make sure that the list of safety measures to which the
formal techniques of cost-effectiveness and cost-benefit analysis are applied really
contains the potentially most effective measures. Screening proposed safety measures
for potential safety effectiveness is the subject ofchapter 4. A three stage process of
screening is conducted, resulting in a list of 25 safety measures for which a formal
assessment of costs and benefits is made. Chapter 5 contains a critical examination of
current Dutch road accident costs. It is concluded that current cost estimates are not
appropriate for use in cost-benefit analysis and are likely to seriously understate the true
benefits to society of improving road safety. Highly preliminary estimates of more
comprehensive accident costs aÍe proposed and guidelines are given for testing the
validity of these estimates. Chapter 6 presents evidence of the safety effects of the 25

I
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measures that are included in the cost-effectiveness and cost-benefit analysis. Available
evidence is not of the same quality for all measures. For some measures, only
hypothetical estimates of safety effects can be made. Chapter 7 first presents the cost
rates that are used in cost-effectiveness and cost-benefit analysis. In subsequent sections
preliminary cost-effectiveness analyses and cost-benefit analyses of the safety measures
are presented. These analyses require further elaboration and discussion than what was
possible within the time available for preparing this report. Chapter 8 is a summary of

the report.

The report was written during my stay as visiting researcher at the SWOV Institute for
Road Safew Research from December 4 to December 15 1995.
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2

2 THE CONCEPT OF SUSTAINABLE SAFETY
The Dutch concept of sustainable road safety has been introduced as a basis for long
term road safety policy making (Slop 1995). The essence of the concept, as explained by
Slop, is to adapt the traÍfic system to man in every respect in order to avoid leaving to
the next generation a transport system that it will regard as unacceptably unsafe.

In general, social changes can be regarded as sustainable if they do not diminish the
opportunities of future generations to realize their conception of a good society
(Brundtland et al 1987). A sustainable path of development is, in order words, one that
can be continued without incurring future regrets and without necessitating drastic
changes of policy sometime in the future. To be sustainable in this sense, public policy
must adopt a long term perspective and rely on objectives and policy instruments that do
not reduce the opportunities of future generations to choose the policy objectives and
policy instruments they prefer.

It is obviously very demanding to implement a sustainable road safety policy. It
involves not just choosing an ambitious target enjoying wide public support, but also
implementing this target by means of policy instruments that are both effective and
politically acceptable, while leaving futrue generations at least the same freedom of
choice with respect to both targets and the means of realizing them as the present
generation inherited. To explain more in detail why the task of creating a sustainable
road safety policy is very diffrcult, a short look at the history of road safety policy may
be instructive.

Let me start by asking if present road safety policy can be regarded as sustainable. In
my opinion, the answer is <no>, because the present level of road safety is not
considered as acceptable. The present generation is, in other words, not satisfied with
the level of road safety the preceding generation left it. If cunent road safety policy is
continued, it seems likely that the next generation will pass the same judgement on this
policy as the present generation passed on the policy pursued by the preceding
generation: it did not give society an acceptable level of road safety.

It is perhaps too stringent to judge whether public policy in a certain area is sustainable
or not in terms of the views prevailing at any time with respect to the solution of a social
problem that policy is designed to solve. It seems likely that road accidents is a problem
that will never be regarded as solved in an absolute sense. There will always be
opportunities for further improvement; hence the test of sustainability ought to be
whether a social problem is regarded as becoming less severe rather than worsening. But
even by this criterion, current road safety policy is likely to fail the test of sustainability.
We are not reducing the number of road accidents as fast and cheaply as our policy
targets require us to do. If current policy is continued, the current safety targets set by
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the Dutch govemment are unlikely to be realized (Dutch Ministry of Transport 1991).
Moreover, safety targets themselves are likely to change over time. In most motorized
countries, the number of accident fatalities reached an all time peak level around 19701973. In the subsequent years, the number of fatalities has been reduced to about half of
the peak level in many countries. Such a decline in the number of fatalities was widely
regarded as unattainable when the number of fatalities was at its peak level.

A related development has taken place with respect to the economic valuation of road
accidents (Elvik 1995A). Offrcial economic valuations of accident fatalities have been
revised a number of times in the leading motorized countries. The revisions have
generally consisted of raising the cost figures, particularly for fatalities. Recent revisions
of official accident costs in several motorized countries (Great Britain, Sweden, Finland,
New Zealand, Norway, the United States), involving a transition to willingness-to-pay
based estimates of accident costs, lead to major upward revisions of previous cost
figures. In many countries, offrcial cost figures were more than doubled. This reflects a
wish to assign higher priority to road safety in public policy making.

These changes are no doubt related to a steadily improving knowledge about effective
safety measures. In the early nineteen sixties, the Norwegian Ministry of Justice argued
that it was impossible to set quantified road safety targets, because effective measures to
reduce the number of accidents were unknown. Such an argument cannot be used today.
Effective safety measures are known. The major obstacles that prevent such measures
from being applied to the maximum possible extent are that some of them Íue regarded
as

too expensive, while others are politically unacceptable (too unpopular).

Road safety is more demanded the richer a society is. This is not surprising; if safety is a
normal good (in the economic sense of that term), the demand for it will increase as
income increases. The fact that a wealthy society can afford to spend more on safety
than a poorer society means that the willingness-to-pay for safety in a rich country like
The Netherlands is likely to be quite high. Ambitious, long term quantified safety
targets are likely to be widely supported. Such targets Íue a necessary, but not sufficient
condition for implementing a sustainable development of road safety.

The real challenge in carrying out a policy aimed at a sustainable development of road
safety is, in my opinion, not to choose an ambitious target, but to implement safety
measures that will leave future generations the same freedom of choice with respect to
targets and safety measures as the current generation enjoys. Safety measures tend to be
introduced according to the line of least resistance. The cheapest, and perhaps most
popular (or least unpopular), measrues are introduced first. The most expensive, or most
unpopular, measures are postponed. V/e are, in other words, leaving the harder choices
to our successors. The more successful we are in implementing effective and politically
acceptable safety measures, the more difficult becomes the task of future generations in
finding effective and acceptable safety measures. In the short run it is of course diffrcult

I
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to imagine that we would be able to deplete entirely the stock of effective and
acceptable safety measures, leaving future generations with no choice for further
improving safety other than drastically reducing mobility or resorting to other, at least
currently unacceptable, means for improving safety. In the long run, however, the stock
of currently known efflective and acceptable safety measures is gradually being depleted.

on the other hand, ne\ry safety measures

are being developed. Airbags are now
becoming common in new cars. Information technology may offer new, as yet
unknown, possibilities for improving road safety. A sustainable road safety policy,
based on an ambitious long term quantified target, ought to include the experimental
introduction of new safety measures as an essential ingredient. Public policy too seldom
contains such an element of experimentation. It is usually rather conservative and based
on well known measures. A more bold approach is likely to be called for in future road
safety policy.
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FORMAL TECHNIQUES FOR PRIORITY

SETTING
The success or failure of road safety policy depends on a number of factors. The targets
set for improving safety is an important factor. A recent OECD-report (OECD 1994),
surveying the experience of OECD-member states in developing and implementing
targeted road safety programmes, concludes that setting an ambitious long term
quantified road safety target leads to more successful safety policies. A more detailed
study of the experiences of Norwegian counties supports this conclusion: counties that
set ambitious quantified road safety targets were more successful in bringing down
accident rates than counties opting for less ambitious targets or purely qualitative targets
(Elvik 1993A).

Ambitious targets can only be realized if effective safety measures are implemented.
This in turn requires some method for assessing the effectiveness of safety measures in
relation to their costs. The purpose of this chapter is to discuss formal techniques for
assigning priority among road safety measures. Two related techniques will be
discussed: cost-effectiveness and cost-benefit analysis. The limitations of these formal
techniques, and the need for supplementing them with less formal means of policy
analysis, will also be discussed.

3.1 The role of formal techniques for
policy analysis

priority setting in a complete

A complete policy analysis consists of a number of

stages that can be distinguished
logically. Deciding on the priorities to be set among altemative measures is just one

policy making. Figure I shows the stages of policy making that can be
identified analytically (Elvik 19938). The stages have been arranged in the order that
appears to be logically the most natural one; no coresponding chronological order of
the stages is implied. In fact, in actual policy making the various stages will not always
be clearly identifiable at all. Figure 1 is, however, purely an analyical model and not
meant as a literally corÍect description of policy making.
stage in

Logically speaking, the first stage of policy making is to determine constraints. By
contraints is meant everything that is taken as given and beyond the influence of any
acceptable policy instrument. In most cases, the decision with respect to constraints is
taken implicitly. Policy makers concentrate on aspects they think can be influenced and
disregard those that they think cannot be influenced. In most road safety programmes,
taÍfic volume is taken as a constraint; no attempt is made to influence it. The Dutch
Road Safety Plan is quite unique in having a target for the maximum amount of traffic
growth for the period it covers. Another commonly accepted constraint is current budget
levels. Current budgets constrain policy makers to proposing measures that can be
financed without increasing total spending on safety. In general, it is fair to say that

I

:\TST-AVDV I 89\REPORT2.DOC

formal models of policy making give no advice with respect to how policy makers can
best determine the constraints that they ought to consider as binding.
Determine constraints

J
Formulate targets

J,
Define problems

J
Develop alternative measures

J
Estimate effects of each alternative measure or package of measures

J
Compare alternatives with respect to cost-effectiveness and/or cost-benefit ratio

J
Establish priorities between alternatives and choose the most preferred altemative

J
Implement chosen set of measures

J
Monitor and evaluate effects of the implemented programme

.t
Reassess targets and priorities among safety measures based on obtained results

Figure

l:

Logically distínct stages of policy making. Idealized model. Adaptedfrom

Elvik 19938.
Determining constaints is a very important step in the policy making process. The
subsequent steps of formulating targets, defining problems, developing alternative
safety measures and estimating the effects of each measure determine the content of a
targeted road safety programme. Yet, these important steps are hardly dealt with at all in
formal models of policy making. Textbooks in cost-benefit analysis, for example, lay
down principles for choosing between ready made altemative prograÍnmes with known
effects (see, for example, Mishan l9s8). The textbooks do not tell us how the
altematives are obtained.
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There is little point in setting priorities strictly according to economic criteria of
efficiency if the potentially most effective measures have been left out of the
programme. It is therefore essential to supplement the formal techniques of priority
setting by offering some guidance with respect to methods for identifring potentially
effective safety measures, to make sure that all the really effective measures are
included in the set of measures to which the formal techniques of priority setting are
applied. Guidelines for screening proposed safety measures with respect to potential
effectiveness are discussed in the next chapter of this report.

Before describing formal criteria for priority setting in more detail, I would like to stress
the importance for successful policy making of the final stages of the model of policy
making shown in figure 1. I refer to the stages of implementation, monitoring and
evaluation, and reassessment of targets and safety priorities. Too many ambitious plans
fail because they are incompletely implemented or not implemented at all. It is
important to establish an information system to monitor in detail the implementation of
safety progÍaÍnmes. Moreover, it is important to evaluate the effects of measures that are
implemented. The effects predicted in safety programmes on the basis of evaluation
studies are not always realïzed in practice @jórnskau 1991, Elvik 19958). After a few
years, a safety progrÍrÍnme may have to be reassessed and targets may have to be
adjusted.

3.2 Cost-effectiveness as a criterion

for priority setting

The cost-effectiveness of a road safety measure can be defined as the number
accidents prevented per unit cost of implementing the measure:

of

Number of prevented accidents of given severity in a given year
Cost-effectiveness =
Costs of implementing one unit of the measure in a given year

In order to estimate the cost-effectiveness of
information is needed:

a road safety measure, the

following

An estimate of the effectiveness of the safety measure in terms of the number of
accidents it can be expected to prevent per unit implemented of the measure
2

A definition of suitable <units> of implementation for the meÍrsure

a
J

An estimate of the costs of implementing one unit of the measure

4

A method for converting all costs of implementation to an annual basis
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The effectiveness of a safety measure in terms of the number of accidents it prevents is
generally a function of the number of accidents affected and the percentage effect of the
measure on the accidents it affects:

Number of prevented accidents = Number of accidents affected x Percentage effect

The accidents that are affected by a safety measure will be referred to as target
accidents. In order to estimate the number of accidents prevented per unit implemented
of a safety measure, it is necessary (1) to identi$ target accidents (which may, in the
case of general measures like speed limits, include all accidents), (2) estimate the
number of target accidents expected to occur per year for a typical unit of
implementation, (3) estimate the percentage effect of the safety measure on target
accidents. This defines the numerator of the cost-effectiveness ratio of a safety measure.

To estimate the denominator, the first step is to define a suitable unit of implementation
of the measure. In the case of infrastructure measures, the appropriate unit will often be
one junction or one kilometre of road. In the case of area-wide or more general
measures, a suitable unit may be a typical area or a certain category of roads. In the case
of vehicle safety measures, one vehicle will often be a suitable unit of implementation,
or, in the case of legislation introducing a certain safety meÍrsure on vehicles, the
percentage of vehicles equipped with this safety feature or complying with the
requirement. As far as education and training is concerned, the number of trained pupils
according to a certain training scheme may be a useful unit of implementation. The unit
cost will be the cost of training one pupil. It is diffrcult to define a meaningful unit of
implementation for public information. It seems reasonable, however, to rely on the
assumption that the effects of public information depend on the total volume of
information. In that case, there is no need for counting units of implementation; effects
are related directly to the total costs, rather than the unit costs. For police enforcement,
the number of man-hours of enforcement activity per kilometre of road per year may be
a suitable unit of implementation. The amount of automatic enforcement, for example
by means of speed cameras, can be defined in terms of the number of hours of camera
operation per site and the number of sites where speed cameras are used.

Once a suitable unit of implementation is defined, unit costs can be estimated. In order
to make the cost-effectiveness ratios of different safety meÍrsures comparable, it is
necessary to relate both the number of prevented accidents and the costs of
implementing the measure to a certain time reference. This need arises because the
relationship between costs and the duration of effects varies a lot between safety
measures. Infrastructure investments, like converting junctions to roundabouts or
installing road lighting, improves safety throughout their service life, which may be 2540 years. Information campaigns or police enforcement, on the other hand, gives only
short term safety effects. Measures introduced by means of highway signs or road
markings may have a service life of some 5-15 years, depending on, for example trafiic
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volume and the amount of enforcement (most highway signs require some amount of
enforcement, at least initially, to have the intended safety effect). Vehicle related safety
measwes may have a service life of some 10-15 yeÍus, depending on the type of vehicle
and the turnover time of the vehicle fleet.

In order to get comparable implementation costs for all safety measlues, irrespective of
the duration of their safety effects, the easiest method is to convert investment costs to
annual capital costs. This can be done by converting investnent costs to an annuity. An
annuity is a constant amount, which, if paid throughout the period it applies to, has the
original investment cost as its present value. When investrnent costs are expressed as
annuities, they can be added to the annual costs of operation and maintenance to get the
total costs of a safetv measure.

Table I provides a rough guide to the service life of a number of road safety measures.
A few comments are needed for some categories of safety measures listed in the table.

Table l: Duration of
values.

fficts

(service

lfe) of a number of road safety measures Typical

Category of safety measure

Typical duration ofsafety effects (service life)

Land use planning; new residential areas

25-40 years

Road pricing; fuel or vehicle taxation
systems

Unknown; likely to differ in short and long
term

Changing the modal split of travel

Contemporaneous effect only

Major road investment projects (new roads)

25-40 years

Minor road investment projects

15-25 years

Traffic control by means of highway signs

l0-15 years

TrafFrc control by means of road markings

l-10 years

Upgrading road maintenance

I

Vehicle safety regulations (for new vehicles)

10-15 years

Driver education and training (new drivers)

1-3 years

Training of children

1-3 years

Public information campaigns

Effect only during campaign

Conventional police enforcement

Effect only when operated

Automatic police enforcement

Effect only when operated

year

The duration of the effects of road pricing or taxes imposed on motor fuel or the
purchase of motor vehicles is not known. The size of the effects are likely to differ in
the short and long term (Fridstróm and Rand 1993). In the short run, road users adapt to

I
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road pricing or increases in fuel prices by slightly reducing the amount of travel. The
effect will usually be quite small, and may disappear within ayeaÍ or two if real income
rises. In the long run, increasing the prices of car ownership and use of cars can have
greater effects. People will adapt to higher prices by buying cheaper cars and by driving
fewer kilometres per year. These long term effects will, however, take perhaps 10-15
years to become fully manifest.

Vehicle related safety measwes are listed in table 1 as having a service life of some l015 years. This is based on the assumption that the vehicle fleet takes l0-15 years to turn
over completely. The effects of some vehicle related safety measures may of course last
longer. Seat belts, for example, continue to be effective as long as they are worn, no
matter how long it takes for the vehicle fleet to turn over. It is, however, inappropriate to
estimate costs for a period lasting longer than the expected service life of a vehicle.

Information and enforcement are presumed to have contemporaneous safety effects
only. This means that an information campaign, or some enforcement activity, is
effective as long as it is carried out, but not after it has been terminated. This
assumption may be somewhat too pessimistic. Some information campaigns and
enforcement blitzes are known to have had effects some time after their termination.
The effects do not, however, last very long and it is impossible to say in general how
long any effects are likely to last after the termination of an information campaign or
some enforcement activitv.

The cost-effectiveness criterion for priority setting has a number of advantages as well
as shortcomings. The advantages of the criterion are:

I

It is generally easier to calculate the cost-eflectiveness of

a safety measwe than to
calculate its cost-benefit ratio. Calculating cost-effectiveness requires knowledge
about safety effects and costs of implementation only, whereas calculating costbenefit ratio requires more information, concerning, for example, accident costs and
the effects of a safety measure on mobility.

2

Cost-effectiveness highlights the safety effects of measures. A cost-benefit ratio, on
the other hand, is determined not just by safety eflects but also by the effects of a
measure on mobility and on environmental factors.

3

Cost-effectiveness does not require the use of accident costs. Accident costs can be
difficult to estimate and the estimates are often controversial.

The major shortcomings include the following:

I

I

The cost-effectiveness criterion cannot be used to compare safety effects for different
levels of accident severity. Some safety measures (e g road lighting and speed limits)
have different percentage effects for accidents of difilerent degrees of severity. For
such measures, there will be different cost-effectiveness ratios for each level of
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accident severity. These different ratios cannot be compared without assigning
weights to the dif[erent levels of accident severity. In cost-benefit analysis, such
weights are assigned by means of the unit costs per accident or injury for each level
of accident or injury severity.
The cost-effectiveness criterion cannot be used to determine the correct size of the
safety budget. The criterion does not say at what level of cost-effectiveness a
measure becomes <<too expensive>. Cost-effectiveness cannot, in other words, be
used to determine the level of a safety programme that maximizes welfare in an
economic sense of that term.
The cost-effectiveness criterion disregards the effects of safety measures on mobility
and the environment. In practice, however, these effects are often important and in
some cases decisive for the introduction of a certain meÍrsure. If safety was the only
factor that counted, the most cost-effective measure would perhaps be to drastically
lower speed limits. The fact that such a measure is not implemented shows that costeffectiveness disregards important considerations that are relevant when introducing
safety measures.

Despite its major shortcomings, cost-effectiveness is an interesting criterion for ranking
alternative safety meÍrsures. It informs decision makers about the priorities that would
result if improving safety was the only target of transport policy. Information of this
kind is useful in discussing the potential conflicts that may exist between improving
safety and other objectives of transport policy.

3.3 Cost-benefit ratio as a criterion for

priority setting

Cost-benefit analysis is a formal technique designed to give an overview of all
advantages (benefits) and disadvantages (costs) ofa certain project. The technique has
been developed to help policy makers in setting priorities that maximize efficiency in
the use of scarce public and private funds to promote multiple policy objectives. Costbenefit analysis is particularly useful in those areas of policy making where: (1) there
are multiple policy objectives, (2) the objectives are partly conflicting and (3) the
objectives refer to goods that do not have market prices.

The general criterion for priority setting within a given budget in cost-benefit analysis is
the cost-benefit ratio. which is defined as follows:

Cost-benefit

ratio :

Net present value of all relevant benefits
Costs of implementing measure

The net present value of all relevant benefits is the sum of the monetary values of all
benefits of a measure or project. Negative benefits, for example increased costs of travel
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time in the case of reduced speed limits, are subtracted. The costs of implementing a
measure is the sum of investment costs and the present value of any future operation or
maintenance costs. Present values, in both the numerator and the denominator, refer to
the service life of a measure. Present values are estimated by adding annual benefits and
costs for all future years, subject to discounting by means of a discount rate. The
discount rate to be used in evaluating public investment projects is often fixed by the
Ministry of Finance. In Norway, the current discount rate is 7Yo per year. This is a real
interest rate, not a nominal rate.

In transport policy, including road safety policy, the effects listed in table 2 arc
generally regarded as relevant for inclusion in cost-benefit analyses. A recent manual
published by the Public Roads Administration in Norway (Vegdirektoratet 1995)
includes an economic valuation of all the items listed in table 2, as well as some
additional items that have been left out here, because they are of limited interest in The
Netherlands (like ferry operating costs in Norwegian f ords).
The cost rates used for the economic valuation of the different effects are given in
different units. The costs of travel time and traffic congestion are generally given per
vehicle hour of driving. Different cost rates apply to different categories of vehicles. In
Norway (Vegdirektoratet 1995), a distinction is made between passenger cars and light
vans, buses, lorries and truck and trailer combinations. Hence, the composition of a
traffic stream in terms of these categories of vehicles, as well as the driving speeds of
the various categories of vehicles must be known in order to estimate the costs of travel
time correctly. Vehicle operating costs, estimated for the same categories of vehicles as
the costs of travel time, are given per kilometre of driving.

Table 2: Relevant
valuation

fficts

in cost-benefit analyses of transport policy and their economic

Major policy objective

Aspects of policy objective

Relevant economic valuation

MOBILITY

Travel time

Costs of travel time

Travel time regularity

Costs of traffic congestion

Transport costs

Vehicle operating costs

Air pollution

Costs of air pollution

Dirt and dust pollution

Costs of dirt and dust

Traffrc noise

Costs of traffrc noise

SAFETY

Number of accidents

Costs of accidents

ROAD STANDARD

Engineering standards

Road investment costs

Maintenance standards

Road maintenance costs

ENVIRONMENT
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The costs of various environmental problems were only recently estimated in Norway
(Selensminde and Hammer, 1994). The cost rates are given per individual affected by
the various environmental problems. In a more recent report, cost rates for
environmental factors are given per vehicle kilometre of travel (Eriksen and Hovi,
1ee5).

Road accident costs in Norway were reestimated in 1993 (Elvik 1993C,1994A). Cost
rates are available either on a per accident basis or on a per injured person basis. On the
average, more than one person is injured in each injury accident and more than one
vehicle is involved in each accident. Costs are available for (1) fatal accidents, (2) all
injury accidents (including fatal accidents) and (3) property damage only accidents, as
well as for (1) one fatal injury, (2) one very severe injury, (3) one severe injury, (4) one
slight injury and (5) one case of property damage. Recommendations for the estimation
of road accident costs are discussed more in detail in a subsequent chapter of this report.

Road investment costs are generally estimated on an individual basis for each
investment project. Average cost rates, to be used in master plans, are available on a per
junction or per kilometre of road basis. Road maintenance costs are meÍIsured on a per
kilometre of road per year basis.

Cost-benefit analysis is based on economic welfare theory (Mishan 1988). The objective
of a cost-benefit analysis is to morimize welfare. Policies that maximize welfare are
termed effrcient. Effrciency in welfare economics is judged by the Pareto-criterion. This
criterion states that a project which makes at least one person better off and nobody
worse off improves welfare. In practice, however, very few projects will satisfy this
criterion. Most economists therefore subscribe to a less demanding criterion (potential
Pareto-improvement) stating that a project improves welfare if those who benefit from it
can, at least in theory, compensate those who lose from it and still retain a net benefit.
This is tantamount to saying that projects having a cost-benefit ratio above 1.0 ought to
be carried out, and projects having a cost-benefit ratio below 1.0 ought not to be carried
out.

3.4 What a cost-benefit analysis includes and cannot include
Provided appropriate cost estimates are available for all the factors listed in table 2, a
cost-beneÍit analysis will include, and give appropriate weights to, the major policy
objectives in transport policy. The cost-benefit ratio is a far more inclusive criterion of
priority setting than the cost-effectiveness ratio. In principle, the size of the safety
budget (the budget devoted to measures that have some safety benefit in addition to
other relevant benefits) can be determined by means of cost-benefit analysis. The correct
size of the budget would match exactly the portfolio of investnent opportunities with a
favourable cost-benefit ratio (i e > 1.0). There are nevertheless important restrictions to
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the possibility of basing safety policy on the results of cost-benefit analyses exclusively.
The restrictions I want to discuss include the following:

1 The availability

2
3
4
5

of theoretically correct economic valuations of all relevant benefits

The treatment of interdependencies between measures
The exclusion of equity and process objectives from cost-benefit analysis
The possibility of using cost-benefit analysis to determine optimal safety budgets
The aspects of road safety included in road accident costs as ordinarily estimated

Th e or etic

ally

co

me ct v aluatio ns

cost-benefit analysis is based on economic welfare theory. The valuation of
commodities that do not have market prices must be consistent with economic welfare
theory. This means that these valuations should be based on the amounts beneficiaries
are willing to pay for the benefits. In the case of road accidents, this means that accident
costs should be based on the amounts road users are willing to pay to reduce the risk of
accidents (Schelling 1968, Jones-Lee t969,Mishan l97I). Traditionally, road accident
costs have been estimated by relying on the human capital approach (Elvik 1995A).
This approach is still used as the basis for road accident costs in a number of countries,
including The Netherlands (Muizelaar, Mathijssen and Wesemann 1995). Road accident
costs based on the human capital approach are inconsistent with the principles of costbenefit analysis. There is reason to believe that road accident costs based on the human
capital approach seriously understate the true benefits to society of preventing road
accidents (Elvik I 995A).

In short, in order to carry out a proper cost-benefit analysis, all valuations of nonmarketed commodities ought to be based on willingness-to-pay estimates. To the extent
that such valuations are not available, the results of a cost-benefit analysis may be
seriously biased.

Interdependencies between measures
The effects of a certain safety measure may depend on other safety measures. To take an
example, consider the combination of road lighting and bypasses. Each of these
measures may have a favourable cost-benefit ratio if implemented alone. But
say, a
bypass has been built around a small town, the number of accidents inside the town may
have been reduced to a level where installing road lighting no longer has a favourable
cost-benefit ratio. Conversely, installing road lighting before the bypass is built may
reduce its cost-benefit ratio below the critical level of 1.0.

il

Interdependencies between measures create two problems that makes cost-benefit
analysis difficult. Firstly, the effects on safety of combining several safety measures into
an integrated road safety programme are largely unknown. In some cases, the
combination of two or more measures can have greater effects than the sum of the
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effects of each of the measures. In other cases, the combined effects of two or more
measures will be smaller than the sum of their individual effects.
Secondly, each measure no longer has a unique cost-benefit ratio at a given level of
implementation. Rather, each mezrsure whose effect depends on the application of other
measures, will have a set of cost-benefit ratios depending on which of the other
measures are implemented. This makes the task of setting priorities on the basis of costbenefit ratios very complex. It is a dynamic, non-lineaÍ programming problem that
probably cannot be solved analytically. It may be necessary to run through all logically
possible combinations of measures in order to identiff the combination that gives the
best overall cost-benefit ratio.

Equity and process objectives
Cost-benefit analysis can help in finding the priorities that maximize efficiency with
respect to certain policy objectives. It helps, in other words, to select the most effrcient
means to realize given objectives. It will very often be the case, however, that maximum
effrciency in the use of policy instruments is not an overriding principle of policy
making. In many instances, this principle, although relevant, competes with at least two
other principles that are not included in cost-benefit analysis.

The principles I have in mind are those of social justice, or equity, and political
legitimacy, or democratic process. It has been argued, for example, that it is unfair that
pedestrians and cyclists are subject to a much higher injury accident rate per kilometre
of travel than motorists. Some countries (like Sweden, see Vágverket 1995) have
therefore set a target of reducing the accident rate for pedestrians and cyclists more
drastically than for motorists. To realize a target of this kind, one may have to resort to
more drastic measures to reduce the accident rate of pedestrians and cyclists than the
measures taken to reduce motorist accident rates. This may imply a departure from
priorities based on cost-benefit ratios exclusively.

Measures with a favourable cost-benefit ratio are not always politically popular or
acceptable. In a democracy, there are limits to how far government can go in forcing
people to accept highly unpopular measures. I am not saying that politicians should
always be guided by opinion polls. A successful implementation of a targeted road
safety programme depends to a large extent, however, on the support and acceptance of
the programme in the general population as well as in the public agencies in charge of
developing and implementing various parts of the programme.

Optimal safety budgets

It is in principle possible to determine optimal safety budgets by relying on cost-benefit
analysis. An optimal budget is one that is exactly large enough to make room for all
measures having a favourable cost-benefit ratio, provided priorities are set strictly
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according to this criterion. In practice, choosing the size of budgets this way is likely to
involve a number of complications.

In the first place, it is not correct to speak ofone safety budget. There are, rather, a
number of separate budgets, none of which is devoted specifically to safety. The central
government has its own budget, local govemments have their budgets and households
have their private budgets. A programme consisting of measures with a favourable costbenefit ratio is likely to include measures that involve expenses on all these disjoint
budgets. Introducing mandatory use of daytime running lights, for example, imposes
costs on car owners, but rather small public expenditures. If a law requiring the use of
daytime running lights is not as successful as the government would like it to be, more
vigorous enforcement may be needed to bring up the use of daytime running lights to
the desired level. The need for such additional enforcement cannot be precisely known
in advance; hence it is diffrcult to predict the correct size of the budget.

In the second place, there are the problems of interdependencies between measures
discussed above. These problems make an exact determination of optimal budgets
almost impossible. At any rate, interdependencies imply a need for frequent revisions of
budgets, to take account of changes in the portfolio of measures with a favourable costbenefit ratio as more measures are introduced.

In the third place, a choice has to be made of the time frame required to realize the
portfolio of measures with a favourable cost-benefit ratio. If a target has been set to
reduce the number of accidents substantially within a few yeaÍs, a high annual level of
spending will be justified. Il on the other hand, a longer time frame is accepted, a lower
annual level of spending can be accepted. But the choice of time frame is a political one,
made outside the framework of cost-benefit analvsis.

To conclude: in practice it is impossible to determine the right amount of money that
society ought to invest in road safety by relying on cost-benefit analysis exclusively.
Cost-benefit analysis is best seen as an analytical device that is useful in setting
priorities ÍImong alternative measures within a budget whose size is decided politically.

Aspects of road safety captured by road accident costs

Do road accident costs capture all relevant aspects ofthe concept of <road safetp that
one might want to address in a targeted road safety programme? Possible aspects of a
general target of improving road safety include the following (Elvik 1993C):
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I To reduce the total number of accidents
2 To reduce accident severity, that is to reduce the number of fatal and serious

accidents more than the number of slight accidents
a

To reduce the accident rate per kilometre of travel

J

4 To reduce the differences in accident rates per kilometre of travel between different
modes of travel, in particular to reduce the high accident rates of pedestrians, cyclists
and moped riders

To reduce the probability of large accidents, that is accidents in which a large number
of people are killed or injured
To reduce the subjective anxiety felt by road users or some categories of road users

Road accident costs are generally given per accident for accidents of varying degrees of
severity. Hence, aspects I (total number of accidents) and 2 (accident severity) cause no
problems. Aspects 3 and 4 (accident rate per kilometre of travel, differences in accident
rate) are not directly incorporated into current road accident costs. It is, however,
possible to incorporate these aspects into the accident costs by estimating these costs on
a per kilometre of travel basis. Modes of travel that have a high accident rate will, in
that case, have a high level of accident costs per kilometre of travel.

Aspect 5 (the catastrophic potential of accidents) is not prominent in most discussions
about road safety. The major potential for catastrophic events in road traffrc is
connected to the transport of hazardous goods, to motorways accidents in dense fog and
to major crashes involving buses or trams. Accidents where a large number of people
are killed or injured are rare. In order to put special emphasis on the prevention of
catastrophic accidents, one would have put a higher value on each life lost in a
catastrophe than on each life lost in smaller accidents. There does not seem to be any
ethically acceptable or otherwise convincing arguments for doing so (Jones-Lee and
Loomes 1995).

Aspect 6 (subjective anxiety) is, at least implicitly, included in road accident costs to the
extent that these costs include a willingness-to-pay element whose size is partly
determined by road user aversion to road accident risk. Otherwise this element will not
be included.
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4 SCREENING POTENTIALLY EFFECTI\TE ROAD

SAFBTY MEASURES
In order to develop a cost-effective targeted road safety prograÍrrme, a broad survey of
potentially effective road safety measures should be made. A potentially effective road
safety measure is any measure that can, in principle, contribute to reducing the number
of accidents or accident severity. A road safety measure is potentially effective if: (1A)
it is known from evaluation studies to be effective in reducing the number of accidents
or their severity, or (lB) it can be presumed to affect favourably the incidence of risk
factors that are known to contribute to accident occurrence, while at the same time (2) it
has not already been fully implemented and (3) can in principle be implemented on a
scale or in a way that would improve safety. Measures that satisff these three conditions
are potentially effective and are accordingly candidates for a detailed assessment by
means of cost-effectiveness analysis or cost-benefit analysis.

This chapter of the report contains a screening of potentially effective road safety
measures in The Netherlands at a general level.

4.1 First stage of screening: Documented or theoretical safety effect?
A necessary condition for a safety measure to be potentially effective is that: (l) its
safety effects are known from evaluation studies, or that (2) the measure seeks to
inÍluence a known risk factor contributing to accidents. In the fust case, a measure will
be said to have a documented safety effect. In the second case, a measure will be said to
have a theoretical safety effect. More specific information conceming the documented
and theoretical safety effects of a number of measures will be given in chapter 6.

Based on various sources, including the Dutch Road Safety Plan (Dutch Ministry of
Transport l99l), the Norwegian Traffic Safety Handbook (Elvik, Vaa and Ostvik 1989),
the ongoing revision of this book @lvik 1995C, Elvik, Borger and Vaa 1995,Elvik
1996, Elvik and Borger 1996) and a seminar held by the SWOV, a list of potentially
effective road safety measures has been compiled. The list is presented in Table 3. The
table also contains a preliminary classification of measwes according to potential

effectiveness.

Measures that have been classified as not having a safety potential will be commented.
Cycle tracks on rural roads do not, according to evaluation studies reviewed by Elvik
(1995C), reduce the number of accidents. The reÍrsons for this are unknown.
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Priority signing at all junctions does not reduce the number of accidents. In fact, a small
and statistically insignificant increase has been found in evaluation studies made in
Scandinavia and Australia (Elvik and Borger 1995).

The effects of an extra rear fog lamp are unknown. A study by Oppe (1991) discusses
the potential use of an extra rear fog lamp, but does not quantiff the potential safety
effects. No other study has been found that deals with rear fog lamps.

Table 3: Potentially
various sources

ffictive road safety measures for

the Netherlands. Compiledfrom
Potential
safety

Area of measure
General
Road design

Iraffic control

Description of measure
Stimulating public transport
Introducing road pricing
Cycle lanes in urban areas
Cycle tracks on rural roads

Yes
Yes
Yes
Yes
Yes
Yes

mixed trafFrc
Lowered speed limits at junctions
A system of optimal speed limits

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Upgrading pedestrian crossings
Prohibiting mopeds from using cycle tracks
Law requiring the use of daytime running lights on cars
Extra high mounted brake lights mandatory
Extra rear fog lamp mandatory
Driver side airbags mandatory
Wearing rear seat belts mandatory
Speed limiters on mopeds
Speed limiters on heavy vehicles
Speed limiters on all cars
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Y es
No

Roundabouts
Blackspot treatrnent
Truck lanes on rural roads
New road lighting
Upgrading road lighting
Shoulder rumble strips
Reclassifying road network by speeds limits and priority
rules
Systematic priority signing at all junctions
Extending 30 kmh speed zones
Reduced speed limit (60 kmh) on 80 kmh roads with

Speed reducing measures at pedestrian crossings

Vehicle design and
operation

effect
Yes
Yes
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No
Yes

No
Yes
Yes
Yes
Yes
Yes
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Table 3 continues:
Potential
safety

Area of measure
Driver and other road
user training

Police enforcement

Description of measure
Stricter requirements for driver instructors
Reintroducing moped certificate
Provisional licensing and demerit point system
Raising minimum licensing age for moped riders
Reforming licensing age system for motor vehicles

Child pedestrian training
Increased speed enforcement
Increased enforcement of drinking and driving
Increased seat belt enforcement
Extending automatic enforcement
More vigqlous license withdrawal for drinking and driving

effect

No
No
Yes

Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes

I have not seen any studies that have evaluated the safety effects of imposing stricter
requirements for driver instructors. In general, research concerning the effects of formal
driver training shows that formally trained drivers do not have fewer accidents than
informally trained drivers. It seems reasonable to presume that the educational
qualifications of any informal instructor, like a parent or an older sibling, are poorer
than those of any formally qualified instructor. Hence, if being irained by a formally
qualified instructor was important for safety, one would expect formally tained drivers
to be safer than informally trained drivers. Since they are not, it is concluded that no
safety benefits can be expected from imposing stricter requirements for driver
instructors.

A moped certificate was introduced in Norway in 1987. An evaluation done by the
Institute of Transport Economics did not find any safety effect of this measure
(Ingebrigtsen 1990). This finding is in line with what most other studies of formal
training of motorcyclists and moped riders have found. In general no effects on safety
have been found. If there are Dutch evaluation studies showing an effect, an estimate of
the safety potential of the measure should be based on those studies. In the absence of
such evidence from Dutch studies, however, the results of international research does
not support the hypothesis that requiring a moped certificate will reduce the number of
accidents.

Although both stimulating public hansport and introducing road pricing can potentially
affect road safety, both measures have been excluded from the formal analyses of costeffectiveness and cost-benefit ratio. There are several reasons for this. With respect to
measlues stimulating public transport, it should be noted, firstly, that it is very difficult
to bring about large changes in the modal distribution of travel. Once road users have
become accustomed to a certain mode of travel, for example driving a car, they tend not
to change this habit very easily. The explanation to this reluctance is probably that most
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travellers choose the mode that they regard as best from their point of view. Hence, they
see no reason to change their travel habits.

In the second place, transferring motorists to public transport will often involve an
increased amount of walking or cycling to and from bus or tram stops.or railway
stations. Walking and cycling are the most dangerous modes of travel. Although it is
safer to use public transport than to drive, the additional amount of walking or cycling
needed to accomplish a door-to-door hip by means of public transport may offset this
advantage, at least for short trips.

In the third place, public transport in mixed traffic has a high risk of injuring other road
users. Buses and trams are often involved in accidents in which pedestrians or cyclists
are injured. Stimulating public transport may lead to more accidents of this kind.

Due to these complications, no attempt will be made in this report to assess the safety
potential of stimulating public transport.

As far as road pricing is concerned, the effects on safety are likely to depend in a
complex way on the design of the system. If a fixed price for using a certain road is
introduced, the major effect may be to displace traffrc to other roads. The total amount
of traffic may not be affected. The effects on safety will depend on the accident rate of
the road where pricing is intoduced and on the accident rate on the roads to which
traffic is displaced. If a toll cordon is introduced around a city, the major effect may be
to reduce traffic volume, perhaps also to transfer some car traffic to public transport. If a
congestion pricing system is introduced, in which hourly rates vary according to traffrc
volume, the major effect may be to spread rush hour traffic more in time. This may in
turn result in higher average driving speed, which may affect both the number and
severity of accidents. In short: in order to estimate the potential effects of road pricing,
the design of the system must be described in detail. Such a description is beyond the
scope of this report.

To be able to estimate the effects of reclassifring the road network based on speed
limits and priority rules, a detailed description of the intended reclassification is needed.
It has not been possible to develop such a description within the time available for this
project. Hence, this measure will also have to left out of the formal analysis if costeffectiveness and cost-benefit ratio.
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4.2 Second stage of screening: defining target accidents and level

of

implementation
An effective road safety measure has no potential for fuither improving safety if it has
already been implemented to a one hundred percent extent. In Norway, this is the case
for crash helmets for motorcyclists and moped riders. Virtually 100% of motorcyclists
and moped riders wear helmets (Fosser 1995). The safety potential of this measure has
therefore already been taken out.

In this section, the target accidents of the safety measures that survived the first stage of
screening are defined.

In Table 4, the target group of accidents is deÍined for each of the measures that are
included in the formal analvsis.

Table 4: Definition of target group of accidents
formal analysis

for

each safety measure included in

Description of measure

Target group of accidents

Cycle lanes in urban areas

All

accidents on affected roads

Roundabouts

All

accidents in reconstructed junctions

Blackspot treatment

All

accidents at treated blackspots

Truck lanes on rural roads

Accidents involving trucks on rural roads

New road lighting

Accidents in darkness on unlit roads

Upgrading road lighting

Accidents in darkness on lit roads

Shoulder rumble strips

Ran-off-road accidents on rural roads

Extending 30 kmh speed zones

All

accidents in 30 kmh zones

All

accidents on affected roads

All

accidents in affected junctions

Reduced speed

limit on 80 kmh roads

Lowered speed limits

at

junctions

A system of optimal speed limits

All

Speed reducing measures at pedestrian

Accidents at pedestrian crossings

accidents on all roads where speed
changed

limit is

crossings

Upgrading pedestrian crossings

Accidents at pedestrian crossings

Prohibiting mopeds from using cycle tracks

Accidents involving mopeds on cycle tracks

Law requiring use of daytime running lights

Multi parly daytime accidents involving cars
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Table 4 continues:
Description of measure

Target group of accidents

Extra high mounted brake lights

Rearend collisions

Driver side airbags

Frontal impacts involving cars

Rear seat belts mandatory

Injuries to rear seat occupants in cars

Speed limiters on mopeds

All

accidents involving mopeds

Speed limiters on heavy vehicles

All

accidents involving heavy vehicles

Speed limiters on all cars

All

accidents involving cars

Provisional licensing and demerit point

Accidents involving new drivers in the first two

system

years of driving

Raising minimum licensing age for moped
riders

Accidents involving new moped riders in the
affected age groups

Reforming licensing age system for motor
vehicles

Accidents involving drivers in the affected age

Child pedestrian training

Pedestrian accidents involvine children in the
affected age groups

Increased speed enforcement

All

Increased enforcement of drinkine and

driving

Accidents involving drinking drivers during period
of increased enforcement

Increased seat belt enforcement

Injuries to car occupants not wearing seat belts

Extending automatic enforcement

All

groups

accidents during period of enforcement

accidents on roads subject to automatic speed

enforcement
License withdrawal for drinking and driving

Accidents involving drinking drivers

It has not been possible to define the current level of implementation of all these
measures in The Netherlands. Hence, the cost-effectiveness and cost-benefit ratios to be
estimated refer to a presumably typical unit or scale of implementation, irrespective of
current levels of implementation. A further analysis is needed in order to determine the
number of eligible units of application of the various measures.

Third stage of screening: defining an implementation performance
function for each measure
4.3

It will not always be technically or economically feasible to implement a safety measure
to its maximum possible extent (that is to the extent required to fully harvest its
theoretical safety potential). Moreover, some safety measures are of a nature that makes
them applicable only in special cÍNes. Signing hazardous curves is a case in point.
Hazard warning signs become pointless if they are put up in every curve. An
implementation performance function is a function that relates the extent of
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implementation of a measure to its total effect on safety. An implementation function

will typically have the shape of the curve shown in figure

2.

The curve in figure 2 shows an implementation performance function displaying
declining marginal safety benefits. A curve of this general shape can arise in a number
of ways.

Total safety benefits

Extent of
implementation
Figure 2: General shape of an implementation performancefunctionfor a road safety
measure

For road related measures, like blackspot treatment, it will often be the case that the
worst locations are treated first. Road lighting, for example, may be installed first at
high volume roads, then at roads with less traffrc. New safety features on vehicles are
typically introduced on new models from a given model year. New cars aÍe often driven
longer annual distances than older cars. As older cars are replaced by new cars, a curve
like the one shown in figure 2 will describe the accumulation of the total safety benefits
from the new safety feature over time. A similar relationship may hold for police police
enforcement as well. The first dose of enforcement will often be sufficient to bring
about law abiding behaviour Írmong a large number of motorists. There will, however,
be a minority who continue to disregard traffic law.

In selecting locations for introducing road safety measures, highway agencies are likely
to put some emphasis on accident records. Blackspot treatment is the best example of
this approach: locations are selected for treatnent on the basis of the recorded number
of accidents alone. This way of selecting locations for treatrnent clearly makes sense if
you want to maximize the number of accidents that are prevented by means of the

I

:\TST-AVDV

I

89\R-EPORT2.DOC

25

treatments. It makes it diffrcult, however, to estimate the effects of the treatments. An
unusually high recorded number of accidents at a certain location during a certain period
may to a large extent be the result of chance fluctuations in the number of accidents. If
that is the case, the number of accidents will regress towards the mean in a subsequent
period even if no treatment is introduced. The recorded number of accidents is, in other
words, not always an unbiased estimate of the true, long term expected number of
accidents. Techniques have been developed for taking account of the regression-to-themean effect in road investment planning (Elvik and Muskaugggq.It is, however,
needlessly complicated to rely on these techniques in a national road safety plan of the
kind discussed in this report. To avoid any possible bias caused by regression-to-themean, estimates of the number of accidents that can be prevented by means of road
related measures will be based on accident rates representing the typical level of safety
for various categories of roadway elements and road fypes.

The amount of police enforcement can be measured in terms of the number of manhours of enforcement activity on a given road section during a given time period. The
difficulty in measuring the implementation performance function for police enforcement
is to describe the relationship between the amount of enforcement and the reduction in
traffic violations. Most of the studies dealing with the effects of enforcement either do
not report the amount of enforcement at all or study just one level of enforcement.
Moreover, the studies that have reported the amount of enforcement are not readily
comparable, in that they have used different methods for measuring the amount of
enforcement. Only a rather crude approximation to an implementation performance
function can be estimated for police enforcement.
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5A

CRITICAL EVALUATION OF CURRENT

DUTCH ROAD ACCIDBNT COSTS
New estimates of road accident costs for The Netherlands have recently been prepared
in a SWOV-report (Muizelaar, Mathijssen and Wesemann 1995). The estimates are
based on a report prepared by McKinsey (McKinsey 1985) for the year 1983. Cost
estimates have been updated to 1993 and revised to the extent that better information is
available today. The cost figures comprise all road accidents, no matter whether they are
included in offrcial statistics or not. Both injury accidents and property damage only
accidents are included. A distinction is made between four major cost elements: medical
costs, lost output (lost productive capacity), material damage and administrative costs.
The cost figures, as given in 1993-prices in the report are:

Medical costs

440 million guilders

Gross lost output

4,346 million guilders

Net lost output

3,190 million guilders

Property damage

4,188 million guilders

Administrative costs

303

million guilders

The total costs of road accidents in 1993 ts 9,277 million guilders
used and 8,121 million guilders if net lost output is used.

if

gross lost output is

The report does not present cost estimates on a per accident or per rnjury basis. In order
to use the cost figures in cost-benefit analysis, cost figures referring to each level of
injury and accident severity are needed. In this section of the report, I will (1) break
down the accident cost estimates according to injury and accident severity, (2) evaluate
the cost estimates on the basis of recent EU-recommendations for the estimation of road
accident costs, (3) propose preliminary comprehensive accident costs for the
Netherlands to be used in cost-benefit analysis and (a) briefly outline how a study of the
willingness-to-pay for reduced accident risk in traffrc can be carried out.

5.1 Accident costs by

injury and accident severity

In offrcial Dutch accident statistics a distinction is made between three levels of injury
severity: (1) deaths, which include all accident victims who died within 30 days of the
accident, (2) severe injuries, which include all accident victims admitted to hospital for
treatment and (3) slight injuries, which include all accident victims not treated at
hospitals. For the latter category, only a sunmary table is published, because the level
ofreporting for slight injuries is very low and the statistics, for that reason, considered
to be uueliable.
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The number of accidents is reported just for fatalities and severe injuries. Based on the
ratio between the number of injured road users and the number of accidents for deaths
and severe injuries, the number of accidents involving only slight injuries can be
estimated. Table 5 presents official accident figures for The Netherlands for 1993, the
year for which accident costs were estimated.

Table 5: Official number of accidents and injuries in The Netherlands

hj,rry or accident severity

Number of accident victims

Fatalities

in

1993

Number of accidents

1,252

1,148

Hospital treated injuries

11,562

10,079

Slight injuries

36,015

31,554

All injuries

48,829

42,781

It will be assumed that all medical costs of road accidents refer to injury accidents, that
is to accidents in which at least one person was injured. No such costs arise in property
damage only accidents. In the report containing accident costs, medical costs are

specified for the following items:

I

Costs of staying in a hospital

2

Treatment costs for those needing permanent care

a

J

Rehabilitation costs

4

Costs of performing surgery

5

Costs of prostheses (artificial limbs)

6

Costs of ambulance transport

7

Costs of outpatient treatment (polyclinics)

8

Costs of adapting houses to permanently handicapped accident victims

9

Costs of visiting people detained in hospitals

10

Funeral costs

In order to allocate these costs according to injury severity, it will be assumed that all
costs in categories 2,3,4,5, 6, 8 and 9 refer to accident victims given hospital treatment
(severely injured). It vvill fruther be assumed that2Yo of the costs of staying in a hospital
(category 1, estimated to be 239 million guilders) refer to fatally injured accident
victims, who stay in hospital less than 30 days before dying. Finally, it will be assumed
that the costs of outpatient treatment (category 7) refers to slightly injured accident
victims. This is probably not strictly corect, Írs some hospitalized victims are also
teated at outpatient clinics, but the assumption is made to take account of the fact that
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there are some treatment costs even for the slightly injured accident victims. According
to this cost allocation, the total medical costs can be estimated to be 1l million guilders
for fatalities,4I2 million guilders for severe injuries and 17 million guilders for slight
injuries. Total medical costs are 440 million guilders.

The costs of lost output will also be presumed to refer strictly to injury accidents. No
output is lost in property damage only accidents. The costs of lost output have been
estimated for the following categories:

ÍI

Lost output due to sick leave from work (temporary loss of output)

2

Lost output due to premature death (permanent loss of output)

3

Lost output due to temporary incapacitation

4

Lost output due to permanent incapacitation

It will be assumed that losses in category 2 refer to fatalities, losses in categories 3 and 4
to severe injuries and losses in category I to slight injuries. This gives the following
breakdown of the costs of lost output: fatalities (gross value) 1,340 million guilders,
severe injuries 2,415 million guilders and slight injuries 591 million guilders.
The costs of property damage have been estimated to be 4,188 million guilders. Of this
346 million guilders refers to costs of property damage in injury accidents. In order to
allocate these costs according to accident severity, it will be assumed that the relative
level ofcosts per accident is I for slight injury accidents,2 for severe injury accidents
and 5 for fatal accidents. The costs then become 35 million guilders for fatal accidents,
121 million guilders for severe injury accidents and 190 million guilders for slight
injury accidents. The costs of insurance administration have been estimated to be 977
million guilders. This amount comprises administrative expenses for both injury
accidents and property damage only accidents. If the administrative costs are allocated
between injury accidents and property damage only accidents in proportion to the direct
costs of vehicle damage, they become 105 million guilders for injury accidents and,872
million guilders for property damage only accidents. The administrative costs for injury
accidents can be further distribution according to the cost level factors given above. This
gives a cost estimate of 11 million guilders for fatal accidents, 35 million guilders for
severe injury accidents and 59 million guilders for slight injury accidents. Table 6
shows the final breakdown of the material costs by accident severity.
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Table 6: Breakdown of material costs road accidents in The Netherlands
cident s everity. Million guilders I 9 9 3 -price s

in

1993 by

ac

Accident severiw
Fatal accidents

Damage costs

Administrative costs

Total costs

35

11

46

Severe accidents

t2r

35

156

Slight accidents

190

59

249

PDO accidents

2,865

872

3,737

All accidents

3,211

977

4,188

The final main category of costs in the draft report is called <<other costs>rand consists of
three items: police reporting of accidents, costs in justice sector (traffic hnes, trials etc)
and costs of fire brigade services. The costs of the fire brigade services is assumed refer
to injury accidents exclusively. These costs are allocated with 4 million to fatal
accidents, 12 million to severe accidents and 19 million to slight accidents. The total
costs of fire brigade services is 35 million guilders.

The costs of police reporting of accidents refer to both inj.uy accidents and property
damage only accidents. Dutch police reports a much higher number of property damage
only accidents than the number of injury accidents. The costs of reporting one accident
are, however, likely to be substantially higher for an injury accident than for a property
damage only accident. The costs of police reporting will, as a first approximation, be
presumed to consist of 100 million guilders for property damage only accidents and 84
million guilders for injury accidents. The latter category is frrther distributed between
the three levels of injury severity with 8 million for fatal accidents, 29 million for severe
injury accidents arrd 47 million guilders for slight injury accidents. These estimates are
rough and not based on detailed information, but are hopefully in the right order of
magnitude.

The costs of the justice sector (84 million guilders) will be presumed to have the same
distribution between accident severity levels as the police costs. This gives 45 million
guilders for property damage only accidents and 39 million guilders for injury accidents.
The latter costs are fruther distributed according to injury severity with 4 million for
fatal accidents, 14 million for severe injury accidents and 21 million for slight injury
accidents.

Table 7 summarizes the allocation that has been made of the costs of road accidents in
The Netherlands in 1993.
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Table 7: Total costs of road accidents in The Netherlands
Preliminary estimates. Amounts in míllion guilders.
Accident
severity

Medical costs

in

1993 by accident severity.

Lost output

Property

Administrative

(gross costs)

damage costs

costs

Total costs

ll

1,340

35

.27

1,413

Severe injury

412

2,415

t2l

90

3,038

Slight injury

t7

591

190

t46

944

2,865

1,017

3,882

3,211

1,280

9,277

Fatal injury

PDO

All accidents

440

4,346

In this table, the costs of insurance administration have been reclassified and put
together with the police reporting costs, the justice sector costs and the fire brigade costs
under the heading of administrative costs. This classification is in keeping with
international conventions in this area.

Based on the total costs given in table 7, table 8 presents unit cost rates per injury or per

accident for different levels ofinjury or accident severity.

Table 8: Costs of road accídents per accident or per injured victim in The Netherlands
in 1993. Preliminary estimates. Amount in guilders.

Accident or injury severity
Fatal accidents
Severe injury accidents

Slight injury accidents

All injury accidents
PDO-accidents

Costs per accident

Costs per injured person

1,230,836

l,l2g,5g4

301,419

262,757

29,gl7

26,211

126,107

I10,488

4,991

2,773

In rounded values, the costs per police reported injury accident in 1993 were 1,230,000
guilders for a fatal accident, 300,000 guilders for a severe injury accident, 30,000
guilders for a slight injury accident and 125,000 guilders on the average for all injury
accidents. These cost rates include non-reported accidents as well, but are presented per
reported accident, because information about reported accidents only is the basis for
planning road safety meÍIsures. The cost of a property-damage-only accident was about
5,000 guilders in 1993. This estimate is based on two items of information. First, the
report on accident costs states that20oÁ of vehicle owners reported damage to their
vehicle in 1993. Second, it has been assumed, on the basis of offrcial accident statistics.
that on the average about 1.8 vehicles are involved in every accident.
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The accident costs given in table 8 are based on the gross loss of output approach for
fatal accidents. The cost ofa fatal accident based on the net loss ofoutput approach is,
in rounded figures, 225,000 guilders. The choice between the gross or net estimate for
lost output therefore makes a major difference for the cost rate for a fatal accident.

5.2 EU-recommendations for estimating road accident costs
A detailed survey of current practice in estimating road accident costs in most of the
EU-countries and a few countries not members of the EU has been made by an
international group of experts as part of the COST-research programme established by
the European Union. The report from this survey (project COST-313) was published in
1994 (Alfaro, Chapuis and Fabre 1994).In addition to describing current practice in the
countries included in the survey, the report discusses methods for estimating road
accident costs from a theoretical point of view and presents some recommendations with
respect to the choice of method of cost estimation.

The data set that was collected in the COST-project has been augmented to include
more countries and more variables by Elvik (1995A). Elvik has performed an analysis
of offrcial economic valuations of traffrc accident fatalities for 20 motorized countries.
In general, costs referring to other levels of injury severity are difficult to compare, due
to differences between countries in the definitions of injury severity levels and in the
level of accident reporting in official statistics.

The COST-report contains recommendations with respect to the cost items that ought to
be included in estimates of road accident costs and with respect to the methods for
estimating the various cost items. Five major cost items were identified:

I Medical

costs

2 Costs of lost productive capacity (lost output)
J

Valuation of lost quality of life (loss of welfare due to accidents)

4 Costs of property damage
5

Administrative costs

The major difference between these various cost items arises between items 1,2,4 and
5, on the one hand, and item 3 - valuation of lost quality of life - on the other. 'Whereas
there exist market prices for the four former cost elements, this is obviously not the case
for the valuation of lost quality of life. It is only recently, that is during the last ten or
fifteen years, that any motorized country has tried to estimate the monetary value of lost
quality of life. The other four cost items have, however, been estimated in many
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motorized countries for a long time, starting in the nineteen fifties in the United States,
Great Britain and Sweden.

Corresponding to the various cost elements, a distinction was made in the COST-report
of three main methods or research approaches for estimating the costs of road accidents.
These methods were:

1

The restitution cost method (or <repair cost method>)

2 The human capital method
a

J

The willingness-to-pay method

The restitution cost method estimates the direct outlays, or extra expenses, caused by
accidents. These additional expenses are sometimes called the direct costs of accidents.
These costs are estimated at prevailing market prices. The direct costs of accidents
comprise the medical costs, the costs of property damage and the administrative costs.
Hence, the restitution cost method is used to estimate these costs. These costs are
estimated in nearly the same way in all motorized countries and will not be discussed
further.

The human capital method is generally used to estimate the costs of lost output caused
by accidents. The costs of lost output are sometimes referred to as the indirect costs of
accidents. Contrary to the direct costs, the indirect costs do not manifest themselves in
the form of additional expenses, but rather in the form reduced income, or a smaller
volume of production than would otherwise have taken place. These costs may therefore
be less visible, but no less real, than the direct costs. There are two ways of estimating
the costs oflost output: the gross approach and the net approach. In the net approach,
the value of the accident victim's own consumption is subtracted, to get the net surplus
value of his or her output to other members of society. The method used to estimate the
costs of lost output is, broadly speaking, the same in all motorized countries and will not
be discussed further in this report.

The willingness-to-pay method, or rather, family of methods, has been used in several
motorized countries to estimate the costs of lost quality of life. Surveys designed to
elicit the valuations of the general population of a reduced level of risk in road traffic
have been made in Great Britain (Jones-Lee, Hammerton and Abbott 1983), the United
States (Miller et al 1991), New Zealand (Miller and Guria l99l), Sweden (Persson and
Cedervall 1991), France @esaigues and Rabl 1995) and Denmark (Kidholm 1995). All
these studies used the so called <contingent valuation method>. Briefly stated, this
method involves asking a sample of individuals about how much they are willing to pay
for a given reduction in fatality risk. Obviously, this is not an easy question, to which
people are always able to give a sensible answer. The contingent valuation method is
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very controversial in the United States. It has been criticized from a variety of
perspectives and has a number of shortcomings. More will be said about these in a
subsequent section.

The contingent valuation method is, however, not the only conceivable method for
estimating the costs of lost quality of life. A number of other methods have been used.
The COST-report does not endorse any specific method for estimating the costs of lost
quality of life caused by accidents. It does, however, strongly recommend that the costs
of lost quality of life are estimated by means of some kind of willingness-to-pay method
and included in the road accident costs. The recommendations of the COST-report for
the estimation of road accident costs are summarized in table 9 (adapted from Alfaro,
Chapuis and Fabre 1994).
Table 9: Summary of EU-recommendations

for estimating road accident

costs. Cost

elements and recommended methodfor estimating each cost element.

Recommended method for estimating costs
Cost elements

Fatally injured victims

Surviving victims

Medical costs

Restitution cost

Restitution cost

Lost productive capacity

Human capital: net loss

Human capital: gross loss

Lost quality of life

Willingness-to-pay

Willingness-to-pay

Property damage

Restitution cost

Restitution cost

Administrative costs

Restitution cost

Restitution cost

As is readily seen from the table, all methods for estimating costs need to be combined
in order to estimate all cost elements. It is important to notice the difference in the
method recommended for estimating the costs of lost productive capacity, depending on
whether the accident victim survives or not. In the case of fatalities, the COST-report
recoÍrmends adding an estimate of the net loss of output and an estimate of the
willingness-to-pay for avoiding lost quality of life. In the case of surviving victims, it is
recommended to add gross loss of output and willingness-to-pay for avoiding lost
quality of life. This difference arises for two reasons. In the first place, accident victims
who die ceÍIse to consume whereas those who survive continue to consume. Hence,
personal consumption has a value for surviving victims, but not for those who die. It is
therefore, and this is the second reason for the difference, presumed that willingness-topay for reducing fatality risk includes an economic valuation of personal consumption,
whereas willingness-to-pay for reducing the risk of nonfatal irj,rry does not include an
economic valuation of personal consumption. Provided an estimate of the willingnessto-pay for reduced fatality risk is included in the accident costs, lost output should
therefore be valued according to the net value in order to avoid double counting.
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Current Dutch road accident costs are not in line with these recommendations, in that
they do not include any estimate of the costs of lost quality of life. How to include this
cost element is discussed below and a very preliminary estimate of the costs of lost
quality of life is proposed.

5.3 Preliminary comprehensive accident costs for The Netherlands
Accident costs that include an economic valuation of lost quality of life will be referred
to as comprehensive accident costs. The purpose of this section is to proposed a highly
preliminary estimate of comprehensive accident costs for The Netherlands for use in
cost-benefit analyses of road safety measures. The preliminary cost estimate will be
derived from two main sources of data: (1) A survey of offrcial accident costs in other
highly motorized countries that have estimated comprehensive costs and (2) A recent
meta-analysis of value of life estimates for occupational and tansport safety @lvik
1995D). Comprehensive accident costs are first proposed for fatalities, then for other
levels of injury severity.

The comprehensive costs of afatality
The highly motorized countries that have estimated comprehensive road accident costs
based on willingness-to-pay estimates for the costs of lost quality of life include (as of
1993): Denmark, Finland, Great Britain, New Zealand, Norway, sweden, switzerland
and the United States. Table 12 gives the costs of a traffrc accident fatality in these
countries inguilders as of 1993. Costs were converted to guilders from Norwegian
kroner based on the l99l currency exchange rate and then inflated to 1993-prices in
guilders by multiplying the 1991-values by 1.07 (conesponding to the presumed
increase in consumer prices in The Netherlands from 1991 to 1993).

Table 10 shows that the average official total cost of a fatality is nearly 3 times higher in
these countries than the 1993-cost estimate for The Netherlands, based on the gross lost
output value. This large difference in cost level is entirely due to the economic valuation
of lost quality of life. On the average this cost element constitutes almost 750Á of the
total costs of a fatality in the eight motorized countries listed in table 10. The economic
valuation of lost quality of life ranges from 1 .06 million guilders to 3.94 million
guilders, with an average value of 2.62 million guilders.
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Table l0: Costs of a trafic accidentfatality in motorized countries that have estimated
comprehensive accident costs. Amount per fatality in million guilders 1993-prices.
Costs

Country

Direct costs

in 1993 in million guilders per fatality
Lost output

Quality of life

Total costs

Denmark

0.01

0.52

1.06

r.59

Finland

0.00

1.39

2.t9

3.78

Britain

0.00

0.t7

2.24

2.41

New Zealand

0.01

0.00

r.93

r.94

Norway

0.03

t.4I

2.93

4.37

Sweden

0.01

0.31

3.25

3.57

Switzerland

0.01

2.07

3.40

5.48

United States

0.29

1.18

3.94

5.41

Mean values

0.04

0.88

2.62

3.54

Netherlands

0.06

t.t7

0.00

r.23

Great

A recent meta-analysis of value of life estimates for occupational and hansport safety
included a total of 168 value of life estimates @lvik 1995D). The majority of these
estimates referred to transport safety. In the analysis, a distinction wÍrs made between
four methods for estimating willingness-to-pay for a risk reduction corresponding to the
prevention of one death, generally known as the <value of statistical life>. The fow
methods that have been used in studies of the value of statistical life are:

Studies of the stated preferences of road users concerning their willingness-to-pay for
reductions in traffic accident fatality risks. All studies belonging to this category have
used the contingent valuation method.
Studies of the revealed preferences of road users in situations where there is a choice
of behaviour involving different levels of risk. Examples of choices that have been
studied include the wearing or non-wearing of seat belts, the wearing or non-wearing
of crash helmets, the choice of when to replace wom tyres on cars and speed choice
on motorways. In all these choices, road users trade off reduced risk against other

commodities, like travel time, convenience or direct monetary outlays.
Studies of the stated preferences of public bodies, like highway agencies, in terms of
official accident costs to be used in cost-benefit analyses. This category is identical to
the cost estimates given in table 10 above.
Studies of the revealed preferences of public bodies, that is of the implicit economic
valuation made, for examples, when deciding on motor vehicle safety standards,
speed limits or other safety regulations.
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The subject of studies of stated preferences is the explicitly stated economic valuations
ofeither road users or public bodies. Studies ofrevealed preferences, on the other hand,
refer to implicit valuations of safety, which the analyst makes explicit by modelling the
choice in which safety was traded off against other commodities and the factors that
were relevant in this choice.

For each of these valuation methods, the meta-analysis classified studies according to
validity, relying on widely accepted criteria of scientific rigour. The main result of the
analysis was that there are disturbingly large disparities in value of life estimates. The
estimates for the value of life vary enormously. No convincing explanation can be given
for this enoÍmous diversity. The meta-analysis indicated that value of life estimates are
inversely related to the level of risk. The lower the level of risk, the higher the value of
life. This variation in the value of life across risk levels was found both for occupational
and transport safety, but was more pronounced for occupational safety than for transport
safety. The variation in value of life estimates across risk levels means that the
prevailing level of risk should always be considered in deciding on the value of life to
be used in cost-benefit analyses of public safety projects.

Mean value of life estimates were generally higher than median values. In contingent
valuation studies, this skewness is often the result of a few very high answers to
questions concerning the willingness-to-pay for a specific change in risk. The fact that
mean values are very sensitive to a few outliers make them unsuitable as a measure of
the typical level of willingness-to-pay for reduced risk. It has therefore been suggested
to use median values as the measure of central tendency in contingent valuation studies.
This has been done in a number of studies (Jones-Lee, Hammerton and Abbott 1983,
Miller and Guria 1991, Persson and Cedervall 1991, Kidholm 1995).

Despite the enormous variations in mean values of life, there was a convergence in
median values for transport safety in the studies that were classified as the most valid
ones (Elvik 1995D). There were altogether 23 estimates of the median value of life that
were regarded as having reasonably high validity. These estimates converged on a value
of about 3.7 million guilders, irrespective of the method used to estimate the value of

life.

Based on this survey of the literature concerning valuation of lost quality of life, a
preliminary value of 3 million guilders for one fatality is proposed for The Netherlands.
To this value, the net loss of output and the direct costs should be added to get the total

value of preventing a road accident fatality. In 1993-prices, this value then becomes, in
rounded figures, 3.2 million guilders, of which 3.0 million guilders is the valuation of
lost quality of life, about 0.15 million net lost output and about 0.05 million direct costs.
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The comprehensive costs of non-fatal injuries

Before deriving comprehensive accident costs for non-fatal injuries, it is perhaps
instructive to say a few words about the meaning of the term <lost quality of life> and
the various aspects of this concept.

In Norway, a detailed survey was made of a sample of accident victims in order to
describe the long term consequences of a traffic injury for the daily lives of the victims
(Haukeland 1991). The data collected in this survey were then converted to an index of
the overall quality of life by means of health state indexes, also known as QALYindexes (QALY: Quality Adjusted Life Year) @lvik 1993C,1995E). A QALY-index
measures the quality of life by assigning values between 0 and 1 to various health states,
depending on how crippling or serious the various health states are. A condition of
perfect health is given the value of 1.0. Death is given the value of 0.0. States that are
below perfect health, but preferred to death, have values between 0 and 1. States that are
regarded as worse than death have negative values. Based on the Norwegian survey of
accident victims eight dimensions of health state, or quality of life, were identified:

I Presence and pain or discomfort
2

Bodily appearance, ability to move limbs and need for continuous medication

3

Ability to take part in paid work and go to school

4 Self care in basic needs (eating, dressing, going to the toilet) and
and outdoors)
5

mobility (indoors

Ability to do household work (shopping, cooking, cleaning)

6 Participation

in leisure activities (sports, cultural events, etc)

7

Family and social relationships (loss of friends and social contacts)

8

Mental consequences (loss of sleep, problems remembering, concentrating, etc)

For each dimension, a two, three or four step scale was developed to describe the level
of functioning. For household work, for example, the scale was: (1) I can do it like I
used to before, (2) I have stopped doing the heaviest work, (3) I am no longer able to do
any household work. The scores of each accident victim on each of the scales measuring
the various aspects of quality of life were matched onto corresponding items on four
different QAlY-indexes. In this way, the quality of life corresponding to a certain
health state described in terms of the eight dimensions listed above, was estimated on a
scale going from 0 to I (Elvik 1993C, 1995E).

The Norwegian study concluded that, if the loss of quality of life in case of death (the
loss of a number of years of living with perfect health) is assigned the value of 1,000,
the corresponding values for other levels of injury severity were 250 for a very severe
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injury, 80 for a severe injury and l0 for a slight injury. This implies that the costs of lost
quality of life in case of, for example, a severe injury should be set atSYo of the costs of
lost quality of life in case of death.

It is beyond the scope of this report to perform a detailed analysis of the long term
consequences of road accident injury in The Netherlands. It is, however, as suggested by
Nord (1992) and Elvik (1995E), possible to get an idea of the right order of magnitude
for an economic valuation of lost quality of life for injuries other than death by relying
on the so called <equivalence methoó)or person trade-offmethod for assigning QALYscores.

The basic idea is the following: Suppose that N persons are killed every year in road
accidents and X times N sustain severe injuries and Y times N sustain slight injuries.
Based on official Dutch accident statistics for 1993 N in that year wÍrs 1,252. X was
9.23 (there were 9.23 times as many severe injuries as the number of deaths) and Y was
28.77 (28.77 slight injuries per death). If a policy target has been set to reduce the total
number of road accident injuries, and if govemment is indifferent with respect to the
distribution of the prevented injuries across severity levels, a prograÍrme that reduced
all injuries by a certain percent irrespective of severity level, would for each death
prevented, prevent an additionalg.23 severe injuries and28.77 slight injwies.
According to the equivalence method, the appropriate relative economic valuations for a
safety prograÍnme of this kind would be 1.000 for a fatality,119.23 - 0.108 for a severe
injury and 1128.77 = 0.035 for a slight injury. In other words, preventing 9.23 severe
injuries represents the same benefit as preventing one death. The benefits of preventing
injuries with different levels of severity are valued in inverse proportion to the
frequency of occurrence of those injuries. Any other relative valuation would be
inconsistent with a policy target of maximizing the number of injuries prevented.

The Dutch goveÍïrment has, however, set a long term target of reducing the number of
fatalities by 50% and the number of severe injuries by 40%.No quantified long term
target has been set for reducing the number of slight injuries. For the purpose of the
estimation made here it will be assumed that the WHO target of a25oÁ reduction in the
incidence of unintentional injury applies to the slight injuries. These policy targets
imply that the relative economic valuation of preventing one severe injury is 0.09,
preventing one death has the value of 1.00. The relative economic valuation of
preventing one slight injury is 0.02.

if

It is now possible to propose preliminary comprehensive road accident costs for The
Netherlands for use in cost-benefit analyses of road safety measrues. Table 1l
summarizes these costs in rounded values.

I
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Table I I: Preliminary comprehensive road accident costs
values. Amount in guilders 1993-prices.

for

The Netherlands in

round

Amount in guilders in 1993-prices
Severity level

Direct costs

Lost output

Quality of life

Total costs

Cost rates per injured person
Fatal injury

55,000

145,000

3,000,000

3,200,000

Severe injury

50,000

210,000

270,000

530,000

Slight injury

10,000

20,000

60,000

90,000

All levels

20,000

65,000

185,000

270,000

Cost rates per accident

Fatal accident

65,000

160,000

3,275,000

3,500,000

Severe accident

75,000

225,000

310,000

610,000

Slight accident

11,000

19,000

70,000

100,000

All accidents

25,000

75,000

210,000

310,000

The preliminary comprehensive cost figures are substantially higher than those
estimated on the basis of current Dutch road accident costs. The average comprehensive
cost of a personal injury is about 270,000 guilders. The average comprehensive cost of
an injury accident is about 310,000 guilders. The corresponding values estimated in
table 10 were about 110,000 guilders for a personal injury and about 125,000 guilders
for an i.rj,rry accident.

5.4 Guidelines for a study of the willingness-to-pay for road safefy
the Dutch population

of

It is important to stress once again the highly preliminary nature of the cost estimates
made in the previous section and the resulting uncertainty of the cost figures. It is hardly
surprising that the results of studies of the costs of lost quality of life are regarded with
considerable skepticism both by policy makers and by researchers. This skepticism is
very understandable considering the numerous sources of uncertainty and error in value
of life studies. It is therefore essential to try to veriff the cost estimates given in this
report by conducting a survey of the willingness-to-pay of the Dutch population for
improving road safety. In this section, some guidelines for the design and analysis of
such a study will be given, based on the experience gained by previous studies in this
area and general methodological considerations (Jones-Lee, Hammerton and Abbott
1983, Mitchell and Carson 1989, Miller and Guria 1991, Persson and Cedervall 1991,
Arrow et al 1993, Elvik 1993C, Kidholm 1995).

I
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Before presenting these guidelines, it is important to point out that the major function of
an economic valuation of lost quality of life is to reflect the priority that society assigns
to improving road safety, as opposed to other objectives. If improving road safety is
regarded as very important, a high value ought to be given to preventing accidents.
Political priorities are a matter of personal preferences and political will. Objectively
correct priorities do not exist. In that sense, no objectively correct valuation oflost
quality of life exists. A study designed to elicit the valuation that reflects the priority
that society really wants to assign to road safety can nevertheless get results that are
objectively right or wrong. The point is that it is not easy to assess the validity of
valuation studies. The guidelines given below will hopefully make this task easier.

I

Samplingframe
Studies designed to elicit the valuation of road safety ought to be representative of
the general population of individuals who are old enough to legally drive a motor
vehicle (16 years or older).
Sample size

A net sample size of at least 1,000 individuals should be strived for. Answers to
valuation questions tend to vary a lot, making estimates of mean or median values
unreliable in smaller samples.
Questionnaire design

Any questionnaire used should be pretested. Pretesting is needed to formulate easily
understandable questions and to check the duration of an interview.
Method for administering questionnaire
Home interviews are preferred to mailed questionnaires. Home interviews gives a
higher response rate, makes it easier to clariff difficult questions and gives more
opportunities for testing how well subjects understand the questions.
Types of questions to be included

Three main types of questions ought to be included in any survey of the
willingness-to-pay for road safety: (a) Questions designed to elicit willingness-topay. These can be framed in a number of ways, (b) Questions designed to probe
subject rationality and knowledge about risks in road traffrc, (c) Questions about
background characteristics, including at a minimum: age, sex, income, car
ownership, annual driving distance and accident experience.
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Framing of wíllingness-to-pay questíons
The framing of questions about willingness-to-pay for road safety requires very
careful consideration. The major choices involved in framing these questions
concem: (a) The type of good subjects are asked to value (private or public), (b)
The vehicle of payment for the good (taxes or private expendinues), (c) The size
and nature ofthe changes in risk (increase or decrease; percentage changes), (d) The
use or non-use of proposed amounts to be paid on response cards (cards used or
not), (e) Asking explicitly for willingness-to-pay or presenting choices in which
willingness-to-pay is implicit, (f) Trying to elicit valuations of several nonmarketed goods at the same time or asking for the valuation ofjust one good.
Preferably, all these aspects ought to be pretested before conducting the survey.

Testing reliability by means of repeated interviews

It is useful to test the within-subject reliability of

answers by conducting a followup interview of some subjects some time after the main interview (3-6 months).

Testingfor skewness in answers
Answers to willingness-to-pay questions are generally skewed to the right. This
means that a few very high answers inflate mean values. Any study should include
testing for skewness and should present both mean and median values of
willingness-to-pay

Testíngfor cost elements íncluded in willingness-to-pay

It is important to know which cost elements are included in the amounts people are
willing to pay for safety. Questions should be asked to clariff if willingness-to-pay
includes: (a) Direct costs, (b) Lost output (lost income from the respondent's point
of view) and (c) Inconvenience for other household members caused by an injury or
death of the respondent.

10 Testing subject rationality
It is important to know whether answers in willingness-to-pay surveys are based on
rational considerations or are just random numbers pulled out of the air. A well
designed survey should test for this by asking subjects a number of questions
designed to probe: (a) Their knowledge about risks in road traffic, (b) Their
understanding of risk and probability concepts and (c) The extent to which their
behaviour conforms to normative principles of rational choice under uncertainty.

This checklist is not exhaustive. It does, however, include the items that are widely
regarded as most decisive in designing a successful willingness-to-pay survey. More
detailed guidelines can be found in the studies quoted above.

I
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6 EVTDENCE OF THE SAFETY EFFECTS OF

ROAD SAFETY MEASURES
This chapter presents evidence of the safety effects of the potentially effective road
safety measures that were identified in chapter 4. The evidence presented is, whenever
possible, based on the Norwegian Traffrc Safety Handbook
@lvik, Vaa and óswik
1989) and material prepared for the ongoing revision of this book @lvik 1995C, Elvik,
Borger and Vaa 1995, Elvik, 1996, Elvik and Borger , 1996). The estimates presented in
this chapter will be included in the forthcoming edition of tlie Traffic Safety Handbook,
due to be published in 1997.

6.1 Meta-analysis and the quality of evidence of safety effects
In the revision of the Traffic Safety Handbook currently under way, quantitative metaanalysis is used to summarize the results of studies that have evaluated the safety effects
of each of the measures included in the book. Quantitative meta-analysis is a family of
statistical techniques for summarizing evidence from evaluation studies in the form of
weighted estimates of mean effects. The meta-analyses made for the Traffic Safety
Handbook rely on the logodds method (Fleiss 1981, Elvik 19948). It is beyond the
scope of this report to describe this technique of meta-analysis in detail. An illushation
of the technique and some results of an analysis is found in a recently published paper
(Elvik 1995F), containing a meta-analysis of evidence from studies that have evaluated
the safety effects of guardrails and crash cushions (impact attenuators).

So far evidence of safety effects from evaluation studies has been examined for about 90
safety measures that are to be included in the forthcoming edition of Traffrc Safety
Handbook. Meta-analysis has been used to summarize the evidence for nearly all of
those measures. A total of some 130 safety measures will be presented in the

forthcoming edition of the Traffic Safety Handbook.

It is not always possible to use meta-analysis to summarize

evidence from evaluation
studies. For some safety measures, very few or no evaluation studies have been
published. This will be the case with respect to all new safety measures, that is safety
measures that have so far only been implemented on a limited experimental basis or not
at all. In other cases, the evidence that has been published is unsuitable for metaanalysis for other reasons, like insuffrcient information concerning the number of
accidents the results are based on. Meta-analysis is only possible when the number of
accidents used in an evaluation studv is known.

For safety measures that will be included in the forthcoming edition of the Traffic
Safety Handbook, but where the evidence from evaluation studies has so far not been
examined, results based on meta-analyses are generally not available. For these

|
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measures, the results presented in this chapter will be based on previous literature
snrveys. This is the case with respect to, for example, police enforcement (Zaal1994).

The evidence of safety effects presented in this chapter can, therefore, be divided into
three groups with respect to its level of detail and scientific quality:

1 Documented effects based on meta-analyses
For some of the safety measures, estimates of effects from a large number of
evaluation studies exist and have been summarized by means of meta-analysis. The
estimates of safety effects given for these measures are the best suppoÍed ones given
in this report.

2

Documented effects based on traditional literature surveys
For some safety measures, results of meta-analyses are as yet not available. For these
measures, evidence of safety effects is based on more traditional literature surveys, in
which a quantitative synthesis of evidence is generally not included.

3

Theoretícal effects based on known relatíonships between riskfactors and
accidents
Some of the safety measures included in this report are new measures. For these
measures, any estimate of expected safety effects must of necessity be hypothetical.

This is the case with respect to, for example, speed limiters on cars. Such devices
have not yet been introduced on a wide scale anywhere. Their actual safety effects
are therefore unknown. It is possible, however, to estimate hypothetical effects based
on the known relationship between driving speed and accidents, relying on the
assumption that speed limiters on cars will guarantee perfect compliance with posted
speed limits.

These three groups represent varying levels of uncertainty with respect to the effects of
the safety measures. In meta-analyses, the statistical uncertainty of the mean safety
effect is estimated and presented as a95oÁ confidence interval. A similar measure of
uncertainty cannot be defined for safety measures where the evidence of effects is based

on informal literature surveys or on theoretical calculations. It is therefore not possible
to quantiff the uncertainty of the safety effects in a comparable way for all safety
measures.

For safety meÍIsures belonging to group 1, the uncertainty of the estimated mean safety
effect will be presented in terms of a95Yo confidence interval for the true mean effect.
For safety measures belonging to group 2, a judgmental confidence interval, not based
on statistical estimation, will be presented. The judgmental confidence interval is based

I
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on the range of results obtained in evaluation studies. It is intended to encompass the
range within which the results of most evaluation studies lie. Finally, for measures

belonging to group 3, a judgmental confidence interval for the safety effects will also be
presented. This confidence interval is, however, not based on the range of results fourd
in previous evaluation studies, as there does, in general, not exist any previous
evaluation studies for measures in group 3. It is rather based on the choice of
assumptions made in calculating the expected safety effects. Depending on how the
assumptions are defined in detail, the calculations may give different results.

6.2 Effects of measures documented in meta-analyses
Table 12 presents the safety effects of measures as documented in meta-analyses. The
figures given in the table refer to injury accidents only. Within the time available for
preparing this report, it was not possible to obtain suffrciently detailed inÍbrmation
concerning the number of property damage only accidents to make use of any estimates
ofeffects for those accidents.

Some comments will be given concerning the estimates of safety effects presented in
table 12. All the estimates refer to target accidents exclusively. For a definition of the
target accidents of each measure, the reader is referred to table 4 of chapter 4. Moreover,
all estimates refer to the locations or groups where the safety measure is implemented,
not to the system wide effects of implementing a certain measure.

No evaluation study has been found that strictly refers to truck lanes. In table 12, it has
been assumed that the effects of introducing truck lanes will be similar to those of
constructing passing lanes or truck climbing lanes on rural roads.
The estimated effects of daytime running lights, high mounted brake lights, driver side
airbags and rear seat belts refer to the intrinsic effects of these measures, that is the
effect they have for each car or user. The effects of introducing a law will depend,
among other things, on the level of compliance. A law will be regarded as beneficial if
the benefits exceed the costs based on the intrinsic effects of the measures.

The effects of speed limiters on moped were estimated on the basis of a Norwegian
study (Fosser and Christensen 1992).

I
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Table

I2: Safety fficts of measures estimated in meta-analyses of evaluation studies
Percent change in number

of

target injury accidents

Area of application

Lower
95%

Best
estimate

Upper

Measure

Cycle lanes

Urban arterial roads

-35

-30

-25

Roundabouts

Three arm junctions

-40

-30

-20

Four arm junctions

-50

-40

-30

Blackspot treatment

Each blackspot

-40

-30

-20

Truck lanes

Rural multilane roads

-30

-20

-10

New road lighting

All unlit

-JJ

-30

-25

Upgrading road lighting

Lit

roads

-25

-15

-5

Shoulder rumble strips

Rural roads

-45

-25

-5

More 30 kmh zones

Urban access roads

-30

-25

-20

limit

80 kmh to 60 kmh

-25

-20

-15

Junction speed limit

80 kmh to 60 kmh

-30

-25

-20

Speed reduction at
pedestrian crossings

Pedestrian crossings on
busy roads

-60

-JJ

Upgrading pedestrian

Application of refuges

crossings

and fences

-25

-15

-5

Mopeds off cycle tracks

Prohibition

-60

-50

-40

Daytime running lights

Law requiring use (g)

-15

-t2

-10

High mounted brake
lights

Law requiring use (g)

-15

-12

-10

Driver side airbags

Law requiring use ($)

-30

-25

-20

Rear seat belts

Law requiring use (g)

-40

-25

-10

Speed limiters on mopeds Law requiring use (g)

-20

-15

-5

Training of 6-12 year old
children

-25

-15

-5

Increased speed
enforcement

Doubling
Trebling

-10
-15

-5
-10

0
-5

Extending automatic
speed enforcement

All roads

-25

-20

-15

Reduced speed

Ch

ild pedestrian training

roads

($) Estimate refers to intrinsic effect of measure (effect for each carluser)
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6.3 Effects of measures documented in informal literature surveys
Table l3 lists judgmentally determined effects of measures for which no meta-analysis
is available. The effects are more uncertain than those listed in table 12 and require a
few more comments.
The expected effects of a system of optimal speed limits must be estimated by means of
a model of the relationship between speed, travel time, accidents and environmental
pollution. Similar comments apply to the effects of speed limiters on heavy vehicles and
on cars in general. The possibility of developing such a model is discussed more in
detail in a subsequent section ofthe report.

Table 13: Safety efects of measures derivedfrom informal literature surveys
Percent change in number
target injury accidents
Measure

Area of application

Optimal speed limits

All

Lower
95%

roads

vehicles

Law requiring use (g)

Speed limiters on all cars

Law requiring use

-25

Provisional licensing

New drivers

-15

of Doubling

Increased enforcement

of Doubling

Trebling

Upper
9s%

Best
estimate

Est mated by m odel

Speed limiters on heavy

Increased enforcement
drinking and driving

of

-5

-10
-15

I'
-ro

-15

-10

-5

|

0

-)

0

-r0

-5

i;i

]

seat belt wearing

-10

Trebling

-15

Drinking and driving

-50

0

-5

License withdrawal for

drinking and driving

-40

I

-30

As far as provisional licensing is concerned, this measure has been conceived of as a
package consisting of: (l) a provisional license issued for two years only for new
drivers, combined with (2) a point demerit system for new drivers and (3) a graduated
license system, involving, for example, nighttime curfews in the first year of driving. A
recent evaluation in the United States suggests that a system having one or more of
these elements is effective in reducing accidents among new drivers (Jones 1994).

License withdrawals have been shown to reduce the number of accidents during the
withdrawal period by some 30-50% (Elvik, Vaa and Ostvik 1989). This may seem to be
a sulprisingly small effect, but some drivers go on driving even if they have lost their
license. It would therefore be too optimistic to expect this measure to be 100 percent
effective.

I
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Ordinary police enforcement is often effective in reducing the number of accidents, but
it is difficult to make general statements concerning its effects. Literature surveys
(Koornstra and Christensen 1991, Bjórnskau and Elvik l992,Yaa 1993,Zaal l994,Yaa
and Glad 1995) concerning the effects of police enforcement suggest that the effects of
enforcement on accidents depend on:

Initial violation rate
The higher the violation rate, the larger is the potential for reducing the prevalence of
behaviour that contributes to accidents. On the other hand, a very high violation rate
makes it impossible for the police to apprehend all violators and may lead to a more
generous tolerance levels in enforcing the law (accepting, for example, moderate
speed violations).

I n itial

e nfo

rc e me nt level

When the initial risk of apprehension is very low, enforcement must be substantially
increased in order to achieve a sufficiently high risk ofapprehension to deter drivers
from violating road traffic law.

Scale of increase in enforcement activity
The more the amount of enforcement activity is increased from a certain baseline
level, the larger will be the effects on accident rate.

4 Method

of enforcement

Clearly visible and publicly aÍrnounced enforcement by means of uniformed police is
more effective than non-publicized civilian enforcement. Automatic enforcement can
give a much higher risk of apprehension than traditional methods of enforcement.

It is difficult to estimate the effect on accidents of stepping up enforcement without
making more specific assumptions with respect to each of the points listed above.

The upper limit on what can be achieved by means of enforcement is represented by the
number of accidents that can be said to be caused by violations. Accordingto Zaal
(1994, p 27) it has been estimated that eliminating traffic law violations could reduce
the number of injury accidents by up to 40Yo. This, then, is the upper limit of the
accident reduction that can be achieved by means of enforcement. An estimate for
Norway (Bjórnskau and Elvik 1992) suggests that eliminating speeding, drinking and
driving and the non-wearing of seat belts could reduce the number of injury accidents by
some 20-300Á. For moderate increases in enforcement, however, the likely effects are
smaller, in the order of 10-20% accident reduction.
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6.4 Theoretical estimates of safety effects of measures
As far as the following safety measures aÍe concerned, the only estimate of their safety
effects that can be made at present is a theoretical estimate based on known
relationships between the risk factors influenced by these measures, on the one hand,
and accident occurrence on the other hand:

Optimal speed limits
Speed limiters on heavy vehicles
Speed limiters on cars

New licensing age system for motor vehicles

Optimal speed limits have not been estimated, because sufficiently detailed data about
driving speeds on various types of roads in The Netherlands could not be collected
within the time available for this project.

With respect to speed limiters on heavy vehicles, a simulation study has been made in
Sweden (Carlsson, Nilsson and Wretling 1992). A rather small effect of 2Yo decline in
the number of accidents was estimated. Forcing heavy vehicles not to exceed about 90
km/h was expected to lead to more frequent overtakings, partly offsetting the
advantages of reduced speed.

The potential effect of speed limiters on all cars was recently estimated for Norway
(Elvik 19968). A decline in injury accidents of l5Yo (range ftom2}Yoto 10%) was
estimated. Since speeding violations seem to be somewhat more frequent in The
Netherlands than in Norway, a judgemental estimate of 20Yo decline in injury accidents
in The Netherlands (range from25Yoto l5%) is proposed. This estimate assumes that all
motor vehicles are equipped with speed limiters from a certain date.

As far as changing the licensing age system is concemed, the only change that makes
sense from a traffic safety point of view is to raise the minimum age at which you are
allowed to ride a moped. The minimum age for moped drivers is currently 16 years. The
minimum age for motorcycles and cars is l8 years.

There are two main options. The simplest option is just to raise the minimum age for
moped driving to l8 years, while leaving other age limits unaffected. This would make
driving a motor vehicle illegal for persons of the ages of 16 and l7 years, thus reducing

I:\TST-AVD\2

I

89\REPORT2.DOC

49

their mobility. In case such a change was made, three types of effect would be likely to
occur in this age group:

I

Cancellation of tríps
Some of the trips currently made by moped would simply be cancelled. This is likely
to happen for some trips made just for the pleasure of driving.

2

Transfer of trips to other modes of travel
Some trips would be transferred to other modes of travel, the three most likely modes
being cycling, using public transport and being transported by car Írs a passenger.

3 lllegal moped driving
Some 16 and 17 year olds would continue to drive mopeds illegally, just as some
drivers who have lost their licenses go on driving without their licenses.

The net effect on safety depends on the relative strengths of these three partial effects
and is very difficult to predict. Trip cancellation witl reduce the number of accidents, in
direct proportion to the number of trips that are cancelled. The net contribution of
transfer of trips to other modes is also likely to be a reduction in the number of
accidents. Cycling has a high risk level, whereas both public transport and travelling as
a car passenger has a lower risk level than riding a moped. Illegal moped driving will
contribute to accidents, the more so the more illegal driving there is.

Since there is no way of knowing in advance the relative contributions of the partial

effects, it is very difficult to predict safety effects. A very simple set of assumptions
would be to assume that 1/3 of the current moped trips are cancelled, Il3 are transferred
to other modes and l/3 continue to be made illegally. Under this set of assumptions, the
net reduction in the number of accidents involving 16 and 17 year old moped drivers
would be in the order of 50-67%.

Another possible effect of raising the minimum age for driving a moped would be an
increase in moped driving Írmong drivers l8 years old or older. Again, predicting the
magnitude of such an effect is almost impossible. If moped driving were to increase
ÍImong 18 year olds, there might be less car driving in this age group. Some youngsters
might postpone getting a car driver's license until they were, say,20 years old. The net
effect of such changes would be an increase in the number of accidents among l8 and
l9 year olds, since moped driving is more dangerous than car driving.
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A more complex option is to raise the minimum age for moped driving to 18 years, but,
at the same time, lower it to 16 years for car driving. This would make motorized
transport just as available to young people as it is at present and not reduce their
mobility. The net effect of such a change in the licensing age system would depend on
the following partial effects:

1

Trip generationfor cars
Lowering the minimum age for car driving to 16 years would make car driving
available to two additional age cohorts in the population. This would generate more
car travel.

2

Tronsfer of tripsfrom other modes of travel
Some of the car trips made by 16 or l7 year old drivers would be trips that are now
made by other modes of travel. The competing modes of travel for young people

generally involve a higher risk level than car driving.

3

Spillover effects to higher age cohorts
When a new licensing age system had been in force for a few yeÍus, it might generate
spillover effects to higher age cohorts (above 18 years), for example by reducing
moped and motorcycle driving in these age cohorts, because they had acquired the
habit of driving cars.

Again, the net effects resulting from the various partial effects are very diffrcult to
estimate. More car driving will lead to more accidents, but if this driving replaces even
more dangerous activities, the net result might still be a reduction in the number of
accidents. Any spillover effects to higher age cohorts are also likely to be favourable for
road safety. Driving a car is safer, even for young drivers, than riding a moped or
motorcycle or an ordinary bicycle for that matter. Moreover, in a system of the kind
envisaged above, an l8 year old car driver could already have two years ofexperience,
and would, in that case, probably have a lower accident rate than current 18 year old car
drivers do.

Since the net result of the various partial effects resulting from changes in the driver
licensing system are impossible to predict, even if the intended changes are described in
great detail, it has been decided to leave out this measure from the cost-effectiveness
and cost-benefit analysis. The results would be too uncertain and might be
misinterpreted.
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7 THE COST-BFFECTTVBNESS AND COST-

BENEFIT RATIO OF SAFETY MEASURES
This chapter pulls together the elements that have been defined in previous chapters to
produce preliminary estimates of the cost effectiveness and cost-benefit ratio of road
safety measures in The Netherlands. Before presenting and discussing these estimates,
the assumptions which they are based on will be presented. In addition to the
assumptions already made in previous chapters concerning accident costs and the safety
effects of the measures, the assumptions made concern: (1) cost rates for travel time,
vehicle operating costs and environmental pollution, (2) implementation costs of the
measures, (3) effects of the measrues on mobility and environmental factors and (4)
general characteristics of the traffrc system in terms of traffic volume and accident rates.

7.1 Cost rates for travel time, vehicle operating costs and

environmental pollution
Within the time available for this project, it has not been possible to obtain the required
information on Dutch valuations of travel time, vehicle operating costs and
environmental pollution. The same applies to costs of implementing the measures. As a
preliminary solution, it was therefore decided to use Norwegian valuations and cost
figures and convert these to Guilders by means of the cuïency exchange rate for 1995
and the purchasing power parity for private consumption between Norway and The
Netherlands.

The average cuÍrency exchange rate in 1995 was 3.95, that is one Guilder cost 3.95
Norwegian kroner. The purchasing power parity was 0.70, that is a basket of goods
costing a Norwegian 100 kroner would cost the equivalent of 70 Norwegian kroner in
The Netherlands. Hence, a measure costing, say, 1,000,000 Norwegian kroner, wÍls
estimated to cost (1,000,000 /3.95) x 0,70 : ll7 ,215 Guilders.

The mean cost of travel time was estimated to l5 Guilders per vehicle hour of driving
for all types of motor vehicle combined.

The mean vehicle operating cost was estimated to 0.1 8 Guilders per kilometre of driving
for all types of motor vehicle combined.

The mean cost of pollution and traffic noise was, based on Eriksen and Hovi (1995),
estimated to 0.08 Guilders per kilometre of driving for all types of motor vehicle
combined.
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In view of the simple way in which these costs have been estimated, it was not regarded
as defensible to break them down according to, for example, type of traffic environment
(rural versus urban) and type of vehicle, although both factors are known to influence
the level of these costs. The main point of estimating them, was to include them in a
simple way in the cost-benefit analyses to get an impression of their order of magnitude.
It is not claimed that the results are strictly correct. It would clearly be preferable to use
Dutch figures.

7.2 Dírect implementation costs

for the measures

The direct costs of implementing the measures included in the cost-benefit analysis is
given in appendix 1.

Appendix
co

1 contains a printout of an Excel spreadsheet that was created in preparing the
st-effectiveness and cost-benefit analvsi s

7.3 General characteristics of the transport system and accident rates
In order to estimate the expected number of accidents or injuries prevented per unit
implementation for a certain safety measure, the following model has been used:

of

Number of accidents prevented = Traffic exposure x Accident rate x Effectiveness
The product of traffic exposure and accident rate gives the expected number of accidents
or injwies before the safety measure is applied. In the model used, the expected annual
number of accidents has been estimated. Multiplying the expected annual number of
accidents by an estimate of the percentage effectiveness of each measure gives the
expected annual number of prevented accidents or injuries.

To illustrate this procedure, consider the case of converting a four arm junction to a
roundabout. It has been assumed that the normal accident rate for a four arm junction is
0.30 injury accidents per million entering vehicles. For an AADT of 7,500, this gives an
annual expected number of accidents of:

Annual expected number of accidents

: 7,500 x 365 x 0.30 x 10-6 : 0.821.

Roundabouts reduce the number of accidents in four arm junctions by about 40Yo (best
estimate). The expected annual number of prevented accidents is:

Expected annual number of prevented accidents: 0.821 x 0.40

I

:\TST-AVD9 I 89\REPORT2.DOC

:0.329.

53

This benefit is in turn converted to monetary terms by multiplying it with the average
cost of an injury accident (310,000) and the accumulated discount factor for 40 years
(13.332), giving a present value of saved accident costs of 1,357,884 Guilders.

It is obvious that the assumptions made with respect to accident rate and traffrc exposure
are very important for the results of the analysis. Tables 14 and 15 present normal
accident rates for roadway elements and road user groups for The Netherlands.

The accident rates for roadway elements are about l0 years old and may have changed
somewhat since then. It is nevertheless not likely that the changes since 1986 implies
that the results will be misleading. The major changes are likely to be an increase in
trafhc volume and a decline in accident rate. The product of the two may, however, not
have changed much.

Table 14: Normal accident ratesfor roadway elementsfor The Netherlands. Source:
Poppe 1993

of

Injury accidents per
million vehicle
kilometres

Type of element

Characteristics
element

Motorway

More than 4 lanes

81,252

0.07

4 lanes

31,451

0.07

With median

16,957

0.15

5,877

0.10

Two lanes

18,314

0.27

Single lane

4,927

0.30

Two lanes

1,396

0.51

314

0.85

Motor traffic road

Without median
Rural highway

All

purpose road

Single lane

Mean

AADT

Urban arterial

All

types

4,471

t.33

Access road

All

types

636

0.74

Four arm junction

Unchannelized

1,676

0.32

Partly channelized

7,446

0.31

Fully channelized

18,012

0.17

Signalized

65,549

0.20

2,766

0.05

Partly channelized

10,145

0.10

Fully channelized

33,750

a.t2

Signalized

39,833

0.08

Three arm junction

I:\TST-AVD\2

I

Unchannelized

89\REPORT2.DOC

54

Table 15: Normal accident rates for road user groups in The Netherlands. Source:
Poppe 1993
Injured road users per million personkilometer by modei of travel

Victim
age

Car driver

Car passenger

Motorcyclist

Moped
rider

Cyclist

Pedestrian

Alt

1.07

t.27

0.53

t2-14

0. 09

l5-

17

0.20

t2.57

0.72

1.05

|.t7

l8-

19

0.66

0.34

5.64

0.68

0.95

0.53

20-24

0.42

0.25

4.24

9.17

0.75

0.65

0.41

)s-)a

0.22

0.15

2.99

5.90

0.66

0.47

0.28

30-39

0.1 I

0.10

3.76

4.52

0.56

0.35

0.18

40-49

0.10

0.09

0.91

5.24

0.63

0.41

0.l5

50-59

0.08

0.10

4.64

0.73

0.51

0.15

60-64

0.08

0.10

0.76

0.51

0.17

65-

0.t7

0.

8.83

|.l9

1.03

0.28

0.15

0.17

8.23

0.85

0.9r

0.30

All

ages

l5
2.96

The accident rates for various road user groups are from 1991 and are based on offrcial
accident statistics and the national household travel survey, now running peÍmanently in
The Netherlands.

For the pulpose of estimating the benefits of license withdrawal for drinking and
driving, it has been assumed that a drinking driver has an accident rate which is about 9
times the average accident rate of car drivers. Furthermore, it has been assumed that
about 30% ofall injury accidents occur in darkness.

7.4 Estimates of cost-effectiveness and cost-benefit ratio for safetv
measures
This section contains the results of the estimates that have been made of the costeffectiveness and cost-benefit ratio of the safety meÍrsures.
Table l6 presents the estimated cost-effectiveness of the measures, defined in terms of
the number of prevented injury accidents per million Guilders spent to implement the
measure. Typical values are given for each measure. More detailed results are found in
Appendix l.
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Table I6: Cost-efectiveness of road safeD/ measures in The Netherlands. Number
prevented injury accidents per million Guilders spent to implement measure.
Safetv measure

Prevented accidents
per million Guilders

Rank by costeffectiveness

Cycle lanes on urban roads

29.28

8

Roundabouts

17.52

l3

Blackspot treatment

73.00

5

Truck lanes

1.03

23

Road lighting

7.30

l5

Upgrading road lighting

5.63

18

Shoulder rumble strips

34.76

7

30 kmh zones (residential)

19.77

I2

260.71

a

Junction speed limit 80 to 60 kmh

529.84

2

Speed reduction at pedestrian crossings

r44.54

4

65.70

6

2000.00

1

6.72

16

26.73

10

Driver side airbags

6.36

t7

Rear seat belts

1.91

22

Child pedestrian training (6-9 years)

0.58

24

Child pedestrian training (9-12 years)

0.15

25

Provisional licensing system

16.81

t4

Increased speed enforcement

19.92

lt

4.95

l9

27.68

9

Automatic speed enforcement

3.78

2l

License withdrawal for drinking

4.04

20

Speed

limit

80 to 60 kmh

Upgrading pedestrian crossings
Mopeds off cycle tracks

Daytime running lights

High mounted brake lights

Increased drinking/driving enforcement
Increased seat belt enforcement

of

J

The most cost effective measure is to prohibit mopeds from using cycle tracks. The
costs of this measure are unknown, but it has been assumed that it can be implemented
at the cost of 5,000 Guilders per kilometre of road. Moreover, the number of accidents

I
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per kilometre of road was assumed to be close to the value given in Hagenziekers report

(lee4).

Other highly cost-effective measures include the reduction of speed limits on rural all
purpose roads and at junctions and pedestrian crossings. Blackspot treatment ranks fifth
by cost-effectiveness and upgrading pedestrian crossings sixth. The least cost-effective
measures include child pedestrian training, for which the cost figures are very uncertain,
and truck lanes.

This ranking is based on the best estimate of the safety effects of each measure and does
not take uncertainty with respect to safety effects and implementation costs into
account. Uncertainty can affect the ranking only to the extent that it is greater for some
measures than for others. Even then, however, it is not obvious that it would be correct
to let the priorities among the measures be inÍluenced by uncertainty (see eg Arrow and
Lind 1970, for a discussion of this).

The ranking given in Table 16 does not say anything about the maximum potential for
preventing accidents and injuries by using the various measures. A measure can be very
cost-effective, yet not always have a large potential for affecting the total number of
accidents. If, for example, the upgrading of pedestrian crossings is applicable to just a
few locations, only a few accidents can be prevented by this measures, although it is
highly cost-effective.

Moreover, the ranking in Table 16 disregards the effects of the measures on mobility
and environmental factors. These eflects have been included in Table 17, in which the
measures are ranked by benefit-cost ratio. Negative values mean that net benefits are
negative. This can occur when, for example, increases in the costs of travel time are
greater than the savings in accident costs.

Once again, banning mopeds from cycle tracks comes out on top of the list. It has the
highest benefit-cost ratio. Other measrues with highly favourable benefit-cost ratios
include reducing junction speed limits from 80 to 60 kmlh, blackspot treatment and
upgrading pedestrian crossings. Three measures have negative benefit-cost ratios. They
are 30 km/h zones in residential areas, reducing speed limits on rural highways from 80
to 60 km/h and increasing speed enforcement. Several comments are called for with
respect to these results.

Extending the use of 30 kmlh zones in residential areas will impose some delay on
drivers. If the standard costs of travel time are applied, it turns out that the costs of this
delay exceed the value of the accident cost savings.

I
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Table 17: Benefit-cost ratio of road safety measures in The Netherlands. Benefits
divided by costs. Typical values, more detailed values in Appendix I.
Safety measure

Benefit-cost ratio

Rank by benefitcost ratio

Cycle lanes on urban roads

9.08

7

Roundabouts

6.79

10

22.63

J

Truck lanes

0.16

20

Road lighting

2.26

t2

Upgrading road lighting

r.75

I4

Shoulder rumble strips

10.78

6

30 kmh zones (residential)

-8.11

25

-r.74

24

t4t.87

2

Speed reduction at pedestrian crossings

t2.87

5

Upgrading pedestrian crossings

20.36

4

619.94

I

Daytime running lights

2.08

l3

High mounted brake lights

8.30

8

Driver side airbags

t.72

l5

Rear seat belts

0.52

l8

Child pedestrian training (6-9 years)

0.16

2l

Child pedestrian training (9-12 years)

0.04

22

Provisional licensing system

4.54

1l

Increased speed enforcement

-0.11

23

Increased drinking/driving enforcement

1.54

16

Increased seat belt enforcement

7.47

9

Automatic speed enforcement

0.38

T9

License withdrawal for drinking

1.09

T7

Blackspot treatment

Speed

limit

80 to 60 kmh

Junction speed limit 80 to 60 kmh

Mopeds off cycle tracks

It is, however, rather doubtful if this result correctly reflects the considerations that
society emphasizes in designing the traffic system in residential areas. Residential roads
are access roads; they are not meant to carry through traffrc nor to serve large traffic
volumes. They are typically rather short; a driver will rarely drive more than one
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kilometre along an access road to reach his home. Hence, any delay imposed by speed
reducing measures should be measured in seconds. rather than minutes.

The growth of traffrc has reduced the environmental amenity of many residential areas.
This has reduced the quality of life in many ways. It has become less pleasant to be
outdoors. Windows are kept shut to avoid noise and pollution. Children have to be kept
indoors and are only allowed outdoors under the supervision of a parent or an older
sibling. Particularly the reduction of the freedom of children to play outdoors is seen by
many as a major problem imposed by motor trafÍic in residential areas.

The idea of 30 kmftr zones in residential areas is to try to restore some of the
environmental qualities that have been lost or reduced by the growth of traffic. Hence,
this measure is not primarily intended to ease the flow of traffic or to improve driving
conditions in the traditional sense of the term. It is therefore almost absurd to assess the
costs and benefits of traffrc restraint in residential areas in terms of its effects on the
quality of traffic (in terms of accident rate and driving speed) alone. An adequate costbenefit analysis of this measure requires different terms of reference.

As far as reducing the speed limit on rural roads from 80 to 60 km/tr is concerned, this
measure does indeed give a favourable benefit-cost ratio on all purpose rural collector
roads. These are smaller roads that carry little traffrc, but have a comparatively high
accident rate. On these roads, therefore, it is a good idea to try to reduce the accident
rate by reducing speed.

Similar comments apply to increased speed enforcement. This measure does give a
favourable benefit-cost ratio on smaller rural roads and on urban arterial roads.
Automatic speed enforcement gives a favourable benefit-cost ratio on urban arterial
roads. Otherwise, this measure could be attractive on limited road sections with a high
accident rate related to a speeding problem.

Again, uncertainty has not been considered. It has to be stressed, however, that the
analyses reported here are highly preliminary. It would be desirable to conduct more
detailed analyses and critically examine all assumptions made before basing policy
priorities on the results of cost-benefit analyses. Within the time available for this
project, it was not possible to conduct such detailed analyses.
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8 SUMMARY AND CONCLUSIONS
The objective of this report was to define a framework for cost-benefit analysis of the
Dutch Road Safety Plan. This involved defining the following elements of such a
framework:

I The implications of the Dutch concept of sustainable safety for road safety policy
2 The role of formal techniques for priority setting in road safety policy making
3 Screening potentially effective road safety meÍlsures for inclusion in a programme
4 Estimating road accident costs appropriate for use in cost-benefit analysis
5 Estimating the safety effects of potentially effective road safety measures
6 Estimating the effects on mobility and the environment of road safety measures
7 Estimating cost-effectiveness and cost-benefit ratio for proposed road safety
measures

The Dutch concept of sustainable safety is discussed in Chapter2.Ingeneral, the
concept of sustainability refers to the possibility of prolonging a certain path of
development into the future without reducing the quality of life for future generations or
their freedom to choose a different path of development. As far as road safety is
concerned, neither the current level of accidents nor its expected future development can
be regarded as sustainable. It is, of course, very diffrcult to predict the wishes of future
generations with respect to road safety. It seems most likely, however, that the demand
for safety will grow in the future and that future generations will not tolerate the present
level of accidents. It is concluded that the main implications of the concept of
sustainability for road safety policy are: (l) that long term, quantified targets aiming for
a drastic reduction in the number of accidents should be set, (2) that resources should be
utilized in the most efficient manner possible in seeking to realize these targets and, (3)
that there ought to be a larger room for experimenting with new road safety measures,
subject to the condition that proper evaluations are made of the effects of all such
experiments.

The role of formal techniques for priority setting in road safety policy making is
discussed in chapter 3. Two commonly used formal techniques are discussed: costeffectiveness analysis and cost-benefit analysis. Cost-effectiveness analysis is the
simpler of these techniques. In cost-effectiveness analysis, the safety effect of a measure
is related to the direct costs of implementing it. Other possible effects of a measure, like
effects on mobility and the environment, do not enter the analysis. A ranking of safety
measures by cost-effectiveness compares them in terms of their safety effects
exclusively. Cost-benefit analysis is designed to include all the effects of a measure that
are relevant for policy making, not just the safety effects. To make different effects
comparable, they are all converted to monetary values. Cost-benefit analysis is based on
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economic welfare theory. Economic welfare theory embodies certain principles
concerning the valuation of commodities that do not have market prices. The basic
principle is to value all commodities according to the amounts that people are willing to
pay to obtain them. Although more inclusive than cost-effectiveness, cost-benefit
analysis does not take account of all considerations that are likely to be relevant in
policy making. More specifically, cost-benefit analysis is based on a criterion of
efficiency exclusively and disregards all distributional obj ectives.

A more basic problem in applying formal techniques for priority setting is that they are
applied to ready made lists of measures, but do not tell the user how to obtain these lists.
A successful application of formal techniques for priority setting therefore relies on a
careful selection of the safety measures to which the techniques are applied. It is
important to make sure that all potentially effective measures are included. In chapter 4,
potentially effective safety measures Íre screened by applying three criteria: (1)
Potential or known effectiveness in reducing the number of accidents or their severity. A
safety measure is regarded as potentially eftective if it is known to influence favourably
risk factors that contribute to accident occunence. A safety measure is regarded as
known to be effective if its effectiveness is documented in previous evaluation studies.
(2) Scope for implementation, defined according to target accidents and the level of
previous implementation of safety measures within the target accidents. A measure is
classified as having a safety potential if it is not already fully implemented. An example
of a measure that has been fully implemented is crash helmets for motorcyclists, since
virtually lA0% of riders wear helmets. (3) The possibility of defining a suitable
implementation perforÍnance function for a safety measure, to ensure that it is
implemented according to the principle of diminishing marginal returns. In chapter 4
these criteria were applied to a set of measures compiled from various sources. A total
of 25 of these measures were carried forward to the formal analysis. These include
measures in the areas of road design, traffic control, vehicle design, vehicle occupant
protection devices, road user training and police enforcement. The most common
reasons for excluding measures from the formal analysis were: (l) The measure was, on
the basis of evaluation studies, not regarded as effective in reducing the number of
accidents or injuries, (2) The measure was too complex to meaningfully estimate its
effects on safety. Examples of rather complex measures include reforming the driver
licensing age system and introducing road pricing.

Chapter 5 contains a critical analysis of current Dutch road accident costs. This analysis
is carried out in four stages. The first part of the analysis is a breakdown of the current
cost estimates on a per accident and per injury basis. This breakdown is somewhat
rough and based on a number of simplifuing assumptions, but hopefully gives a correct
impression of the order of magnitude of the cost per accident and per injured person for
death, serious injuries (hospital treated) and slight injuries. The second part of the
analysis is a critical examination of the current Dutch road accident costs on the basis of
EU-recommendations for the estimation of such costs. An important element of these
recommendations, based on the economic theory of welfare, is that an economic
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valuation of lost quality of life (also refened to as loss of welfare or pain, grief and
suffering) ought to be included in road accident costs. This cost element can be
estimated by studying the willingness-to-pay for safety improvements. Current Dutch
road accident costs do not include a valuation of lost quality of life and are, therefore,
not suitable for use in cost-benefit analysis and are likely to seriously understate the
benehts to society of improving road safety. The third part of the analysis consists of a
highly preliminary estimate for more comprehensive accident costs for The Netherlands,
including an economic valuation of lost quality of life. The cost estimate is derived by
relying on official estimates of road accident costs in other countries, where a valuation
of lost quality of life is included, and by examining the results of a recent meta-analysis
of value of life estimates for occupational and transport safety.The comprehensive cost
estimates proposed, and the current Dutch road accident costs, given per injured person
and in rounded values, are compared below:

Injury severity
Fatal injury
Severe

injury

Slight injllry
Mean for all injuries

Current Dutch costs

Comprehensive costs

1,110,000

3,2o0,ooo

260,000

530,000

25,000

90,000

110,000

270,000

The comprehensive costs are substantially higher than current costs for all levels of
injury severity. It must be stressed once more, however, that the estimates for
comprehensive costs are highly preliminary. In the fourth part of the analysis, guidelines
for testing the validity of the comprehensive costs by conducting a survey of the
willingness-to-pay of the Dutch population for road safety are proposed.

Chapter 6 presents evidence of the safety effects of the measures that survived the
screening of chapter 4. The amount and quality of evidence concerning the safety effects
of these measure varies from one measures to the other. Three groups are formed on the
basis of the amount and quality of currently available evidence of safety effects: (1)
Measures whose effects can be estimated on the basis of meta-analyses of the results of
previous evaluation studies, (2) Measures whose effects can be estimated on the basis of
informal literature surveys and (3) New measures, whose effects must be determined
theoretically. The new measures include optimal speed limits, speed limiters on cars and
a new licensing age system. The main points of procedures that can be used to estimate
theoretically the safety effects of new measures are outlined.

Chapter 7 contains preliminary estimates of the cost-effectiveness and cost-benefit ratios
of the 25 safety measures covered by this report. The effects of the measures on
mobility and the environment are discussed. Mobility can be defined as the product of
traffic volume and driving speed (the distance covered in a given time). With respect to
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mobility, converting junctions to roundabouts can shorten mean waiting times at
junctions with a high traffic volume. Road lighting is also likely to have a favourable
impact on mobility. Measures that reduce driving speeds reduce mobility. In general, the
environmental pollution caused by road traffic is favourably affected by reducing
driving speeds down to at least 30 kmh.

The cost-effectiveness and benefit-cost ratio of the 25 measures was estimated.
Measures that ranked high according to cost-effectiveness include prohibiting mopeds

from using cycle tracks, reducing the speed limit on rural roads from 80 to 60 km/h,
reducing the speed limit in junctions from 80 to 60 km/h and reducing speed at
pedestrian crossings. Measures that ranked low according to cost-effectiveness include
child pedestrian training and truck lanes.

When measures were ranked according to benefit-cost ratio prohibiting mopeds from
using cycle tracks once again come out on top of the list. Other measures ranked high by
this criterion include reducing speed limits at junctions, blackspot treatment and
upgrading pedestrian crossings. Measures ranked low according to benefit-cost ratio
include extending 30 kmlh zones in residential areas, lowering speed limits and
increasing speed enforcement. Increases in travel time account for these results. In the
case of 30 km,/h zones in residential areas, however, the results of the cost-benefit
analysis are highly questionnable and unlikely to adequately reflect the arguments that
are most important in deciding whether to introduce traffic calming measures or not.

It was not possible within the time available for this work to estimate the total potential
for reducing the number of accidents or injwies in The Netherlands if road safety
measures are applied strictly according to formal criteria of effectiveness. The target for

if

reducing the number of accidents is very ambitious and unlikely to be realized merely
present policies are continued. If it were to be the case that this target cannot be realized
just by using measures whose benefits exceed their costs, some would see this as a

dilemma. It might strike many as counterintuitive and maybe also ethically unacceptable
if a cost-benefit analysis indicated that it was not profitable for society to reduce the
number of accidents to realize the target set by the government.

On the other hand, improving safety carries a cost, either in the form of direct outlays or
in the form of reduced mobility or reduced benefits of transport. The main objective of
the formal techniques of priority setting is to make the tradeoffs that have to be made
between safety on the one hand and costs and mobility on the other as explicit as
possible. It is hoped that this will help in making discussions about the choices more
enlightened and thereby possibly also make the choices easier.

I

iTST-AVD\2 I 89\REPORT2.DOC

63

REFERENCES
Alfaro, J-L.; Chapuis, M.; Fabre, F. (Eds):
COST 313. Socioeconomic cost of road accidents. Report EUR 15464 EN. Brussels,
Commission of the European Communities, 1994.
Arrow, K. J.; Lind, R. C.
Uncertainty and the Evaluation of Public Investnment Decisions. American
Economic Review, 60, 364-378, 1970.
Arrow, K. J.; Solow, R. H.; Portney, P.R.; Leamer, E.E.; Radner, R.; Shuman, H.
Report of the NOAA Panel on Contingent Valuation. The Federal Register, 58, 10,
4602-4614, t993.
Bjórnskau, T.
Trafikksikkerhet i Vest-Agder. Notat 964. Oslo, Transportókonomisk institutt, 1991.
Bjórnskau, T.; Elvik, R.
Can road traffrc law enforcement permanently reduce the number of accidents?
Accident Analysis and Prevention, 24, 507 -520, 1992.
Brundtland, G. H. (Ed).
Our Common Future. Report of the World Commission on Environment and
Development. Oxford, Oxford University Press, 1987.
Desaigues, B; Rabl A.
Reference Values for Human

Life: An Econometric Analysis of a Contingent
valuation in France. In Schwab christe, N. G.; soguel N. c. @ds): contingent
Valuation, Transport Safety and the value of Life, 85-112. Boston, Mass, Kluwer
Academic Publishers, 1995.

Dutch Ministry of Transport, Public Works and Water Management.
Long term policy for road safety. Transport Structure Plan. Den H*g, 199

1.

Elvik, R.
Sammenhengen mellom endringer i giennomsnittsfart og endringer i ulykkestall.
Arbeidsdokument TST/00 661 88. Oslo, Transportókonomisk institutt, 1 988.

Elvik, R.
Quantified road safety targets: a useful tool for policy making? Accident Analysis
and Prevention, 25, 569-583, 1993A.
Elvik, R.
Hvor rasjonell er trafikksikkerhetspolitikken? Rapport 175. Oslo,
Transportókonomisk institutt, I 9938.
Elvik, R.
Ókonomisk verdsetting av velferdstap ved trafikkulykker. Dokumentasjonsrapport.
Rapport 203. Oslo, Transportókonomisk institutt, 1993C.
Elvik, R.
The external costs of trafÍic injury: definition, estimation and possibilities for
internalization. Accident Analysis and Preven tion, 26, 7 19 -7 32, 199 4 A.

I

:\TST-AVDE

l 89\REPORT2. DOC

64

Elvik, R.
Meta-analyse av effektmaalinger av trafikksikkerhetstiltak. Rapport 232. Oslo,
Transportókonomisk institutt, 1 9948.

Elvik, R.
An analysis of offical economic valuations of traffrc accident fatalities in 20
motorized countries. Accident Analysis and prevention,2T ,237 -247 , 1995A.

Elvik, R.
Does prior knowledge of safety effect help to predict how effective a measure
be? Forthcoming in Accident Analysis and prevention, 19958.

will

Elvik, R.
Utkast til reviderte tiltakskapitler om vegutforming og vegutstyr. Arbeidsdokument
T5T/0650/95. Oslo, Transportókonomisk institutt, I 995C.

Elvik, R.
A meta-analysis of value of life estimates for occupational and transport safety. Paper
submitted to Accident Analysis and prevention, 1995D.

Elvik, R.
The validity of using health state indexes in measuring the consequences of traffic
injury for public health. Social science and Medicine, 40, 1385-139g, 1995E.

Elvik, R.
The safety value of guardrails and crash cushions: a meta-analysis of evidence from
evaluation studies. Accident Analysis and Prevention,2T , 523-549,1995F.

Elvik, R.
Utkast til reviderte tiltakskapitler i Trafikksikkerhetshandboka: Kjoretoykontroll og
verkstedgodkjenning. Arbeidsdokument TST/0745/96. Oslo, Transportokonomisk
institutt, 1996.

Elvik, R.; Borger, A.
Utkast til reviderte tiltakskapitler i Trafikksikkerhetshandboka: Trafikantopplaring
o

g informasj on. Arbeidsdokument T ST / 07 3 0 /96.

O

slo, Transportokonomisk institutt,

1996.

Elvik, R.; Borger, A.; Vaa, T.
Utkast til reviderte tiltakskapitler om trafikkregulering. Arbeidsdokument
TST/0687/95. Oslo, Transportókonomisk institutt, I 995.
Elvik, R.; Muskaug, R.
Konsekvensanalyser og trafikksikkerhet. Rapport 281. Oslo, Transportókonomisk
institutt, 1994.

Elvik, R.; Vaa, T.; óstvik, E.
Trafikksikkerhetshandbok. Revidert utgave. Oslo, Transportókonomisk institutt,
1989.

Eriksen, K.S.; Hovi,I. B.
Transportmidlenes marginale kostnadsansvar. Tol-notat
Transportokonomisk institutt, 1 995.

I:\TST-AVD\2

I

89\REPORT2.DOC

I0I

9. oslo.

65

Fosser, S.

Bilbelte- og hjelmbruk fra1973 til 1993. Notat 996. Oslo, Transportókonomisk
institutt, 1995.
Fridstróm, L.; Rand, L.
Markedet for lange reiser i Norge. Rapport 220. Oslo, Transportókonomisk institutt,
1993.
Hagenzieker, M. P.
Are mopeds a type of motorcycle or a type of bicycle? swow Reporr D-94-26.
Leidschendam, SWOV Institute for Road Safety Research, 1994.
Haukeland, J. V.
Velferdstap ved trafikkulykker. Rapport 92. Oslo, Transportókonomisk institutt,
I 991.

Hunt, J. G.
Pedestrian safety and delay at crossing facilities in the United Kingdom. Proceedings
(17'34) of Road Safety and Traffic Environment in Europe, Gothenburg, Sweden,
September 26-28,1990. Report 363A. Linkóping, swedish Road and rraÍfrc
Research Institute (VTI), 1990.
Ingebrigtsen, S.
Risikofaktorer ved ferdsel med moped og motorsykkel. Rapport 66. oslo,
Transportókonomisk institutt, I 990.
Insurance Institute for Highway Safety.
Airbags Save Lives. Status Report, 30,3,March 18, 1995.
Jones, B.

The effectiveness of provisional licensing in Oregon: An analysis of traffrc safety
benefits. Joumal of Safety Research, 25,33-46,1994.
Jones-Lee, M. W.
Valuation of changes in the probability of death by road accident. Journal
Transport Economics and Policy , 3, 37 -47 , 1969 .

of

Jones-Lee, M.W.; Hammerton, M.; Abbott, V.
The value of transport safety. Results of a national sample survey. Report to the
Department of rransport. Newcastle, university of Newcastle-upon-Tyne,
Department of Economics, 1983.
Jones-Lee, M.W.; Loomes, G.
Preference-Based Values of Safety for Public Transport Modes. In Schwab Christe,
N. G.; Soguel N. C. (Eds): Contingent Valuation, Transport Safety and the Value of

Life, 157-170. Boston, Mass, Kluwer Academic Publishers.

1995.

Kahane, C. J.
An Evaluation of Center High Mounted Stop Lamps Based on 1987 Data. Report
DOT HS 807 442. Washington DC, US Department of Transportation, National
Highway Traffic Safety Administration, 1989.

I:\TST-AVD\2

I

89\REPORT2.DOC

66

Kidholm, K.
Estimation af betalingsvilje for forebyggelse af personskader ved trafikulykker.
Udgivelse 21 i serien: Aftrandlinger fra det samfi,rndsvidenskabelige fakuitet pà
Odense Universitet. Odense, 1995.
Koornstra, M. J.; Christensen, J. @ds):
Enforcement and Rewarding. Strategies and Effects. Proceedings of the International
Road Safety Symposium in copenhagen, Denmark, September 19-21, 1990.
Leidschendam, SWov, l99l (published on behalf of OECD, ECMT, and SWov).
McKinsey.
Naar en slagvaardig verkeersveiligheidsbeleid. Eindrapport. Amsterdam, McKinsey
and Company, 1985.

Miller, T.R.; Guria, J.
The value of statistical life in New Zealand. Market research on road safety.
wellington, NZ, Ministry of Transport, Land rransport Division, 1991.
Miller, T. R.; Viner, J. G.; Rossman, S.; pindus N.; Gellert W.; Douglass, J.;
Dillingham, A.; Blomquist, G. C.
The costs of highway crashes. Report FHWA-RD-91-055. washington DC, uS
Department of rransportation, Federal Highway Administration, I 99 1 .

Mishan, E. J.
Evaluation of life and limb: a theoretical approach. Journal of Political Economy, 79,
687-705, t971.
Mishan, E. J.
Cost-Benefit Analysis. An Informal Introduction. Fourth Edition. London. UnwinHyman, 1988.

Mitchell, R.C.; Carson, R. T.
Using Surveys to Value Public Goods: The Contingent Valuation Method.
Baltimore, MD, The Johns Hopkins University Press (for Resources for the Future,
Washington DC), 1989.
Muizelaar, J.; Mathijssen, M. p.M.; Wesemann, p.
Kosten van de verkeersonveiligheid in Nederland 1993. Vertrouwelijk concept
1995. Leidschendam, SWOV, 1995.

I-I2-

Miikinen, T.; Oei, H-L.
Automatic enforcement of speed and red light violations. Applications, experiences
and developments. Report R-92-58. Leidschendam,

swov . lgg2.

Nilsson, G.
Hastigheter, olycksrisker och skadeftljder i olika vàgmiljóer .Rapport277.
Linkóping, Statens vàg- och trafikinstitut (VTI), 1994.
Nord, E.
Efficiency and priority setting. Some problems in cost-effectivness analysis of health
care. Report F2. oslo, National Institute for public Health, 1992.

I

:\TST-AVDV I 89\REPORT2.DOC

67

OECD Scientific Expert Group.
Targeted Road Safety Programmes. Paris, OECD, 1994.
Persson, U.; Cedervall, M.

The value of risk reduction: Results of a Swedish sample survey. IFIE Working Paper
199l:6. Lund, The Swedish Institute for Health Economics. 1991.

Schelling, T. C.
The life you save may be your own. In chase, S. B. @d): problems in public
Expenditure Analysis, 127-176. Washington DC, The Brookings Institution, 1968.
Slop, M.
State of affairs regarding the Dutch concept of sustainable road safety. Paper
presented at the conference <Strategic Highway Research Program and Traffic Safety
on Two continents>>, Prague, The czech Republic, september 20-22,1995.

Selensminde, K.; Hammer, F.
Verdsetting av miljogoder ved bruk av samvalganalyse. Tol-rapport 251. oslo,
Transportokonomisk institutt, 199 4.
Vegdirekloratet. Handbok 140. Konsekvensanalyser. Oslo, VegdirekÍoratet, 1995.
Vágverket. Nationellt trafiksiikerhetsprogram 1995-2000. Trafiksiikerhetsrapport 1994.
BorlÊinge, Vágverket, 1 995.
Vaa, T. Politiets trafikkontroller: virkning paa atferd og ulykker. Rapport 204. Oslo,
Transportókonomisk institutt, 1993.
Vaa, T.; Glad, A. Pàvirkning av fart: En vurdering av politioverváking, automatisk
trafikkontroll, sanksjoner mot regelbrudd, informasjonskampanjer, individuell og
kollektiv tilbakemelding. TOl-notat 1006. Oslo, Transportokonomisk institutt, 1995.
Waard, D. De; Rooijers, T. An experimental study to evaluate the effectiveness of
different methods and intensities of law enforcement on driving speed on motorways.
Accident Analysis and Prevent ion, 26, 7 5 | -7 65, I99 4.

Whitelegg, J. Transport for a sustainable future. The case for Europe. London, John

V/iley, 1994.
Zaal,D. Traffic Law Enforcement: A Review of the Literature. Report 53. Canberra,
Australia, Federal Offrce for Road Safety, 1994 (published jointly with SWOV and
Monash University Accident Research Centre).

I:\TST-AVDU I 89\REPORTz. DOC

68

APPENIDIX 1:
SPREADSHEET FOR
C OST-EFFECTIVEI{E S S AI{ALYSIS

AND COST-BEI\EFIT AI\ALYSN

CBA.XLS

Safe$ measure

lnvestment Operation
NPV of
cost per unit cost per unit totalcost

Cycle lanes on urban roads

125000

Roundabouts

250000

12500

200000

Blackspot treatment
Truck Ianes

Road

lighting

Upgrading road lighting

50000
250000

2500

100000

5000

80000

4000

60000

3000

60000

3000

50000
80000

2500
4000

50000
60000

2500
3000

45000

2250

35000

1750

35000

1750

Type oÍ Context of
unit
implementation

291650 1km
291650
291650
250000 1 junc
250000
250000
200000
200000
200000
50000 1 spot
50000
283330 1km
283330
283330
283330
283330
283330
283330
283330
283330
166660 1km
166660
166660
I 33328
1 33328
1 33328
99996
99996
99996
99996
99996
99996
83330
1 33328
1 33328
1 33328
83330
99996 1km
99996
99996
74997
74997
74997
58331
58331
58331
58331

Urban arterial

X-junction

f-junction

Mostly junction

Motoruay-A

Motorway-B

Ruralhighway

Motonray-A

Motonrvay-B

Ruralhiqhwav

All purpose rural

Ruralcollectors
Urban arterials

Residential roads
Motorway-A

Motonrvay-B

Ruralhighway

All purpose rural

5833'l
58331

30000

1

500

49998

Ruralcollectors
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45000

Shoulder rumble strips

30 kmh zones (residential)

2250

30000
6000

1500

5000

1000

4000

750

3000

500

1

500

30000

Speed limit 80 to 60 kmh

Junction speed limit 80 to 60 kmh

2000

200

2000

200

2500

200

74997i
74997
74997
49998
25998 1km
25998
25998
8332
18332
1 8332
1 3999
13999
I 3999
9666
9666
9666
30000

Uóan artenals

Residential roads
Motonrvay-A

Motonvay-B

1

Rural highway

All purpose rural

lkm

30000
30000
4666 1km
4666
4666
4666
4666
4666
5166 1 iunc

Residential roads

Rural highway

Allpurpose rural

X-junction

5166
5166

2000

Speed reduction pedestrtan crs

U p g ra d i n

g

ped estri a n

5000

crossings

5000

Mopeds off cycle tracks
Daytime running lights
High mounted brake lights
Driver side airbag
Rear seat belts

Child pedestrian training (6-9)
Child pedestrian training (9-12)
P rovisi onal I i cen si ng system
I ncreased speed enforcement

In

c

reased

D UI

enforcem ent

200

5000
50

40
500
500
500
500

5000000
Doubling

Doublinq

T-junction

4666
4666
4666
5000
5000
5000
5000
5000
5000
5000
50
40
500
500

315000000
31 5000000
1 000000
6913000
60 18073784
85860s7
20052076
9447354
1012024
32164068
2664638
60
7268804

1 crs

Urban arterial

1 crs

Urban arterial

1km

Exp road
Intrinsic effect
lntrinsic effect
lntrinsic effect
lntrinsic effect

1 car
1 car
1 car

1 car
1 child
1 child
1 driver
Total
Total
Total
Total
Total
otal
Total
otal

Totaleffect
Totaleffect
Totaleffect
Motoruay-A
Motorway-B
Rural highway

All purpose rural
Ruralcollector
Urban arterial

Residentíalroad
Motonvav-A
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3453088
8064422
3799479
407010
12935549

l

Increased seat belt enforcement
A uto m ati c speed e nfo rcem e nt

Doubling
200000

60
14000

License withdrawals for DlJt

1

800

Total
Total
Total
Total
Total
1071648 Total
37000000 Total
386648 1km
386648
386648
386648
386648
386648
386648
1800 1 driver

Motonray-B
Rural highway

All purpose rurat
Ruralcollector
Urban arterial

Residentialroad

lAllroads
Motonray-A
Motonrvay-B

Rural highway
All purpose road

Ruralcollector
Urban arterial

Residentialroad

Allroads

Notes for police enforcement:
Activity

Current police budget (millfl)
Current police force (men)
Mgan cost per manyear
Adjusted to 1993level
Costs of traffic enforcement (mill)
Manyears in traffic enforcement
Adjusted capacity estimate
Manhours worked per manyear
ïotal manhours traffic police
Kilometres of public road
Manhours per kilometre per year
Rounded capacig per kilometre
Mean cost of one manhour
Rounded mean cost

Summary of speed data for
vari ous measures affecti ng speed
Motonrvay-A
N4otorway-B

Rural highway
All purpose rural road
Rural collector road
Urban arterial
Residential roads
All types of road

Share

Cost

4200

40500 Speed
103704 Alcohol
1 1 0000 Seat belts
184 Other

50
20

20

o/o

92
37
37
18

o/o
o/o

10%

í673
1700 Total
1 850
3095050
106800
29
30
59,45
60

Current
speed limit

100

o/o

184

Million Mean speed in
vehkms :ase oÍ 50%
above
fewer violations

Current
Violation
mean speed rate (%)

120

108

17

671 5

100
80
80
80
50
50

102

55
50
45

31

80
78

90

7450

62

I

50

50

40

10

3510
376
11950
990

32

341 81

106
96
75
74
61
4e
39

29.10.96
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Accident

ïrafÍic

rate

exposure
1,30
1,30
1,30

9000
4500

0,30
0,30
0,30
0,10
0,10

5000
7500
3750
20000
1 0000
5000
7500
5000
75000
37500
1 5000
12000
6000
3000
10000
5000
2500
75000
37500
1 5000
12000
6000
3000
I 0000
5000
2500
2800

0,10

0,50
0,50
0,01
0,01
0,01

0,02
0,02
0,02
0,03
0,03
0,03
0,02
0,02
0,02
0,03
0,03
0,03
0,10
0,10
0,10
0,16
0,16
0,16
0,30
0,40
0,40
0,40
4,25
0,02

0,02
0,02
0,03
0,03
0,03
0,09
0,09
0,09
0,14
0,14
0,14
0,25

SWOV

2250
1

1400

700
300
9000
4500
2000
650
75000
37500
1 5000
1 2000
6000
3000
10000

5000
2500
2800
1400
700
300

Effect oÍ
measure
0,30
0,30
0,30
0,40
0,40
0,40
0,30
0.30
0,30
0,30
0,30
0,20
0,20
0,20
0,20
0,20
0,20
0,20
0,20
0,20
0,30
0,30
0,30
0,30
0,30
0,30
0,30
0,30
0,30
0,30
0,30
0,30
0,30
0,30
0,30
0,30
0,30
0,15
0,15
0,15
0,15
0,15
0,15
0,15
0,15
0,15
0,15
0,15
0,15
0,15

Annual accs NPV acc
prevented
cost saved

1,29'l

5294890

0,641

2647445

0,320
0,657
0,329
0,164
0,219

Vehicle hours NPV veh
saved/added

hours

NPV
polls/a

ía

1323723

2715328

7604

1520681

72993

152'l
0
10139

304136

36496

0

0

2027575

97324
48662

0,055
0,411
0,274
0,055
0,027

357664
678832
905109
452555
226277
1697080
1131387
226277
113139

0,011

45255

0,013
0,007
0,003

27153

0,1 10

0,022
0,011

0,005
0,164
0,082
0,033
0,039
0,020
0,010
0,1 10

0,055
0,027
0,049
0,025
0,012
0,010
0,394
0,1 97

0,088
0,018

0,074
0,037
0,015
0,016
0,008
0,004
0,049
0,025
0,012
0,021

1

2028
0

40551 5
0

U

54307
13577
9051 1

45255
22628
678832
339416
135766
162920
81460

40730
452555
226277
113139

202745
101372
50686

40730
1629197
814599
362044

73540
305474
152737
61 095
67883

33942
16971
203650
1 01 825
50912
88701

0,011

44350

0,005
0,004

22175
16971

Side 4
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0,35
0,35
0,35
0,22

0,02
0,02
0,02

0,03
0,03
0,03
0,08
0,08
0,08
0,13
0,13
0,13

0,75
0,75

0,75
0,25
0,25
0,25
0,50
0,50
0,50
0,30
0,30
0,30
0,10
0,10
0,10
0,10
0,10
0,10
0,10
0,10
0,10

9000
4500
2000
650
75000
37500
1 5000
12000
6000
3000
I 0000
5000
2500
2800
1400

700
300
650
330
1 0000
5000
2500
2800
1

1400

700
1 5000
7500
3750
20000
10000

5000
9000
4500
2000
9000
4500
2000

1,50

0,20

14000

0,07

14000

0,10
0,15
350
175
608
2003
2305
6789
11719

14000
4000
630
630
608

31702

3102

1519
33481

2501 0

1

2003

1976

657
3995
3055

5786
1 976

0,'15

0,15
0,15
0,15
0,25
0,25
0,25
0,25
0,25
0,25
0,25
0,25
0,25
0,25
0,25
0,25
0,25
0,25
0,25
0,20
0,20
0,20
0,20
0,20
0,20
0,25
0,25
0,25
0,25
0,25
0,25
0,33
0,33
0,33
0,15
0,15
0,15
0,50
0,12
0,12
0,25
0,25
0,20
0,10
0,10
0,03
0,09
0,10
0,08
0,02
0,12
0,04
0,01

0,172
0,086
0,038
0,008

0,123
0,062
0,025
0,033
0,016

0,008
0,073

0,037
0,018
0,033
0,017
0,008
0,089

712774
356387
1 58394
32358
509124

254562
825
35766
67883
33942
301 703
1 50852
1

01

1

75426
137275
68637
3431 9

367701
183850
93339

-3954

-790754

-6326C

-1977
-1004

-395377

-3163C

-200730

754258
377129

-5069
-2535

88564

-1267

0,051

422384
211192

0,026
0,411
0,205
0,103

05596
1697080
848540
424270

-1419
-710
-355

-16058
243309
121655
60827
68127
34063
17032

0,1 83

754258

0,091
0,108

377129
188564
448429

0,054

224015

0,024

99562
203650
1 01 825
45255
3099690
104

0,044
0,023
0,1 83

0,091

0,046

0,102

0,046

0,049
0,025
0,011

0,750
0,000
0,000

0,000
0,000
70,000
17,500

60,800
59,280
59,1 30

399.500
244,400
62,040
3001.200
231,440
19.760

1

1

-1521

-760
-380
-2028
-1014
-507

-1597
-798
-355

3788
-506894
-253447
-283861

-1 01

-141930
-70965
-304136
-1 52068

-760U

72993
36496
18248

-40551 5

97324

-202758

48662
24331

-1 01

379

-319343
-159672
-70965

332
861

258
49593600
12398400
31403808
1 8376800
1 8330300
12384s000

75764000
19232400
930372000

71746400

-3804583
-2533235
-8399375
-3061538
-585645
-22557600
-3887500

-57068750
-37998529
-125990625

45923077
-8784677
-338364000
-58312500

6125600
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2305
6789
11719

657
3995
3055

31702

3102
25010

1519
33481
1

5786
10241
35000
6000
5000
1400

0,07
0,12
0,30
0,50
0,85

315

1,30

0,75

4500
650

1,30

14000

Mean
speed
100% cpl
104
90
70

0,10
0,05
0,20
0,20
0,20
0,07
0,25
0,09
0,40

1024JA0
0,045
0,053
0,110
0,051

0,007
0,534
0,014
0,007

2036700
12384500
9470500
9616200
77531000
17936600
276507000
184793

-2484

217226

-1217

452555

-1521
-355

211192
28273
2206204
58832
1

Millveh

Accident

Accident

kms
today

hours

reduction
50% compl

reduction
100% cpl

today

27393
5742
1

59
38

6,570
39.950
30,550
31,020
250,100
57,860

Millveh

69
41

0,01
0,01
0,01
0,01
0,01
0,01

3439
5970
3631

1

8798
7775

253,64
56,29
167,99
76,54
58,56
375,96
194,38

-496756
-243309
-304136
-70965

-32

€387

-2738

-547445
-26358

-132

966

Accident

Current
reduction
no of
speed limiters accidents

Expected

accidents
50% compl

0,963
0,886
0,879
0,900
0,968
0,846

4,672

141345.922

3102
25010

21168

0,951

0,903

37781,641

5786

5500

0,927

0,779
0,766
0,783
0,906

64332.686
3169,028
28219,800

1

5858.1 36

3429,803

976

657
3995
3055

43581

Rounded

1

903

582
351

1

2750
3003

3841

I
0
0
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NPV total
benefits
5294890

2647445

Benefit-

cost ratio

58.567

17,24

8750
8750
1 8750
1 5000
1 s000
1 5000
3750
3750

35,040
17,520
8,760

906732

4.53

226277
1697080
1131387
226277
113139

1,13

54307
13577
9051 I

45255
22628
678832
339416
1 35766
162920
81460
40730

452555
226277
1 13139

6,79
2,72

33,94
22,63
0,80
0,40
0,16
0,19
0,10
0,05
0,32
0,16
0,09
4,07
2,04
0,81
1,22
0,61
0,31

4,53
2,26
1,13

202745
101372

2.03

50686

0,51

40730

0,49

1629197
814599

12,22
6,11

362044
305474

2,72
0,88
3,05

152737
61 09s
67883

0,61
0,91

73540

33942
16971
203650
101825

per mill

21875
21875
21875

15,15

27153

Accs prev

18,15
9,08
4,54

1323723
4309002
1698297
678832
3030008

45255

Annual
costs

1,01

1,53

0,45
0,23
3,49

1
1

21250
21250
21250
21250
21250
21250

29,283

'14,u2

14,600

7,300
3,650
109.500

73,000

2,576
1.288
0,515
0.618
0,309

0,155

2125A

1,031

21250
21250

0,515
0,258

12500
12500
12500
1 0000
1 0000
1 0000
7500
7500
7500
7500
7500
7500
6250
1 0000
1 0000
1 0000
6250
7500
7500
7500
5625
5625

13,140

6,570

2,628
3,942
1,971
0,986
14,600

7,300
3,650
6,541

3,270
1,635
1,577

39,420
19,710
8,760
2,847
9,855

4,928
1,971

2,920
1,460

0,730
11,263

1.75

s625
4375
4375

0,87

4375

88701

1,52

44350
22175

0,76
0,38
0,34

4375
4375
4375

2,816
4,906

5091 2

16971

3750

5,631

2,453
1,226
1,095
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712774
356387
1 58394
32358
509124

254562

9,50
4,75
2,11

0,65
19,58

3,70

33942

1,85

301 703

21,55

50852

10,78

75426

5,39

137275
68637
34319

14,20

486314

-16,21
-8,11

1

1

01

-243157
-123449
-16221
-8110

4055
206650
103325

51663
1465937
732968
366484
446067

223033
111517
128686
64343
28597
203650
101825
45255
3099690
104

332
861

258
49593600
12398400
31403808
-38691 950

9668229
-2145625
29840923

-1

10447723
592008000
13433900
6125600

1

9,79
3,92

825
35766
67883

1

5625
5625
5625
3750

7,41

725
725
725
2250
2250
2250

7,10
3,55

4,11
-3,48
-0,87
44,28
22,14
11,07

283,74
141,87
70,94
95,59
47,80
23,90
25,74
12,87

5,72
40,73
20,36
9,05
619,94
2,08
8,30

1

3,16
10,32
18,41

5,04
0,84

'12,635

23,891

11,%5
5,973

69,524
34,762
17,381

45,814
22.907
1

1,453

39,542
19,771
10,038
521,429

375
375

144,ilo

375
375

131,400

64,240
65,70C

375
29.200
375 2000,00c

1,72
0,52

-0,1

15,330
6,813
2,088
63,173
31,587

350
350 260,714
350 130,357
350 292,000
350 146.000
350
73,000
388 1059,677
388 529,839
388 264,919
350 521,429
350 260,714
350 130,357
375 289,080

-1,74

0,16
0,04
4,54
-2,14
-2,29

950

950
1 950
1375
1375
1375
1050
1 050
1 050
1

30,66C

50

6,72C

4
55
55

26,727
6,364
1,909
0,583
0,146
16,816
3,280
6,887
19,923

12001 5000
1

2001 5000
361 5499
18073784
8586057

20052076
9447354

25,870

1012024
32164068
2664638

61,303
93,309
86,856

7268804

2.7't8
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2036700
12384500
9470500
9616200
77531 000
1 7936600
276507000
-31 1963

-0,81

-26083
148418
140227
21886
32474

-0,07
0,38
0,36
0,06
4,29
0,08

I 966

1,09

1658759

0,59

3453088

1,903

1,54

8464422

4,954

2,49
23,63
5,99

3799479
407010
12935549
1071648
37000000
29000
29000
29000
29000
29000
29000
29000
1 800

8,041

16,74

7,47

76,214
19,334
53,992

27,678

1,U2
1,812
3,776
1,762
0,236
18,407
0,491

4,U4

Exp
accs
100

0Á

1832

512
3059
2391
2809
16817

5222
32641
-25 %
-25 o/o
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