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RE-VALUATION OF THE COST OF ROAD ACCIDENT
CASUALTIES: 1992 REVISION

ABSTRACT

Since 1988, the Department of Transport has used a
Willingness to Pay approach to value road accident
fatalities by considering what people would be willing to
pay to reduce the risk of being killed in a road accident.
The value of non-fatal accidents has continued to be
based on a Human Capital approach. The methods used
for costing accidents are being revised so that non-fatal
accidents are costed in a comparable way to fatal
accidents, and to ensure that the costs are based on up-
to-date information about the consequences of road
accidents. The report summarises TRL research on
casualty-related costs: the distribution of injury severity
among casualties with ‘serious’ and ‘slight’ injuries,
studies of the value of avoidance of road accident
injuries, and estimates of thé lost contribution to the
economy which result from road accident injuries. The
report presents revised estimates of the average cost per
casualty; a further report will consider accident-related
costs. The implications of the revised costs for total
accident costs and their application to cost benefit
analysis of road schemes and road safety measures are
discussed, and comparisons are made with accident
costing in other countries.

1. INTRODUCTION

The benefits of new roads, road improvements, safety
schemes and other transport projects are calculated in
terms of the saving of time and accidents. To assess the
value of proposed schemes, the costs of implementation
are offset against the benefits; benefits are estimated in
monetary terms so that they can be directly compared
against the costs. The distribution of spending on road
safety also depends partly on the value of savings in
accident costs which are likely to result from such
spending. Thus estimates of the cost of road accidents
are required for decisions on a variety of transport issues,
at a national and a local level.

The Department of Transport (DOT) is committed to
revising the methods used for costing road accidents. A
programme of TRL research on accident costing was
commissioned to provide information for use in revising
the costs. This report summarises the results of some of
the initial projects in the programme, leading to an
estimate of the present value of the economic conse-
quences of road accidents occurring in Great Britain in
1990. A further report will cover results of the later
projects and research on the consequences of road
accident injuries which are, of necessity, carried out over
a longer time period.

2. DEVELOPMENT OF ROAD
ACCIDENT COSTING

2.1 FATAL ACCIDENTS

Most countries use one of two approaches to costing
road accident casualties: Human Capital or Willingness
To Pay to reduce the risk of injury.

Between 1968 and 1987, DOT costed all road accident
casualties using the Human Capital approach. A value is
placed on the contribution which the casualty would have
made to the economy if the accident had not happened,
and to this is added the cost of medical treatment and
pain, grief and suffering. Accident-related costs (costs of
damage to vehicles and property, and police costs and
administration costs for insurance), are distributed
between the casualties in the accident.

Since 1988, DOT has used a Willingness To Pay ap-
proach to value road accident fatalities by considering
what people would be willing to pay to reduce the risk of
being killed in a road accident. The direct economic costs
(net output and medical costs) are-added to the amount
derived from the willingness to pay valuation to produce a
total cost of a fatality. The new approach was adopted
following recommendations from a review of relevant
research (Dalvi, 1988), and consultation among road
safety experts and other interested parties (Department
of Transport, 1988). The consultation showed strong
support for the proposed valuation of £500,000 for a
fatality, including the direct economic costs, and this
figure was adopted in 1988 and has been uprated each
year for changes in prices and GDP. The figure of
£500,000 was substantially higher than £283,000, which
was the previous value of a fatality based on the Human
Capital approach, in 1987 prices.

This new approach developed from welfare economics,
and was consistent with cost-benefit analysis in that
decisions reflect the preferences and attitudes to risk of
those likely to be affected by them. These preferences
are best measured in terms of what people would be
willing to pay to reduce the probability of being involved in
an accident, which reflects their willingness to pay for an
improvement in safety. The values used for road accident
fatalities were derived from stated preference surveys of
the general public (Jones-Lee, Hammerton and Philips,
1985) and revealed preferences from research on wage
rates in high risk occupations. The stated preference
method is similar to that used to derive the value of
leisure time savings, which is another important compo-
nent in the cost benefit analysis of road schemes.



2.2 NON-FATAL ACCIDENTS

At the time when fatalities were re-valued, there was no
similar research evidence for valuing non-fatal injuries
using revealed or stated preference methods, so esti-
mates of the costs of road accident injuries have contin-
ued to be based on the Human Capital approach.

Three main elements of cost are included:

- medical costs incurred in providing hospital and
ambulance services;

- loss of output resulting from the injury;

- anotional allowance for pain, grief and suffering
experienced by the casualty, and relatives and
friends.

This method used for valuing injuries was originally
devised in the 1960s (Dawson, 1967 and 1971). The
estimates have been uprated annually for inflation and
GDP growth and published in the Department of Trans-
port’s annual publication ‘Highways Economics Note 1°.
However much of the data on which the estimates are
calculated were collected in the 1960s. The only major
changes since costs were first calculated were a change
from net output to gross output (Dawson, 1971) and an
arbitrary increase of 50 per cent in the ‘pain, grief and

suffering’ component following the Leitch Committee
report in 1978. More minor changes occurred when
medical costs were updated from 1977 and when lost
output was re-calculated in 1979 using 1978 data on
earnings and activity rates, but using assumptions similar
to those made by Dawson about the consequences of
road accident injuries. In addition, there was an interim
increase in 1986 at the same time as the value of time
was increased.

While the two contrasting approaches are in use, the
costs of injury accidents are not comparable with the
costs of fatal accidents, and the relative weight given to
fatalities is disproportionately higher than the weight
given to injuries.

2.3 CURRENT ACCIDENT COSTS

Table 1 shows the costs derived for casualties and
accidents in 1990. The table shows the four main catego-
ries of accident and injury for which costs are calculated:
fatal, ‘serious’, ‘slight’ and damage only. The definitions
are listed in Appendix A, but it is important to note here
that the ‘serious’ category is broad, ranging for example
from a fractured finger, to death more than 30 days after
the accident.

Table 2 shows the average cost per accident derived for
1990. The costs are higher than the average cost per

TABLE 1

Accident costs in 1990

Severity Cost per casualty (£) Total accident cost (£M)
Fatal 664,940 3,627
Serious . 20,160 1,321
Slight 410 495
Damage only - 1,426
All 14,070 6,768

Source: Department of Transport, Highways Economics Note 1 (Nov 1991)

TABLE 2

Average cost per accident in 1990 (£)

Casualty-related

Accident-related

Type of accident Lost Medical Pain, Police & Damage
Output & grief & Insurance to Total

Ambulance suffering Admin Property
Fatal 739,420 490 2,930 742,840
Serious 2,380 2,910 17,530 390 2,270 25,930
Slight 40 140 330 300 1,630 2,440
njury 18,580 320 1,780 20,680
Damage only - - - 100 830 930

Source: Department of Transport, Highways Economics Note 1 (1991)



casualty of the same severity shown in Table 1. There
are two reasons for this. The severity of accidents is
defined by the severity of the most seriously injured
casualty involved, but because there is on average more
than one casualty per injury accident, this increases the
average cost per accident. Also, the costs can be divided
into two groups - those associated with the accident, and
those associated with the casualty; the average cost per
casualty does not include the accident-related costs.

The table shows that the accident-related costs (damage
to vehicles and property, costs of the police service and
the administrative costs of accident insurance) are
relatively low compared with the casualty-related costs
(loss of output, health service costs and pain, grief and
suffering). The difference between fatal accidents and
less severe accidents in the techniques used to estimate
costs is reflected in the fact that the casualty-related
costs of fatal accidents are presented as a single figure,
rather than split into separate components.

The costs shown in Tables 1 and 2 are derived for
accidents and casualties reported to the police and
recorded in Stats 19, the national accident statistics
database. Accidents are not all recorded, and research
shows that rates of under-reporting are higher for those
involving less severe injuries (James, 1991). Thus it is
likely that the average cost per injury accident, or per
damage only accident, would be lower if account were
taken of the number of un-reported accidents. This report
covers the cost of accidents reported in Stats 19. Re-
search is planned which will enable future cost estimates
to be derived to include accidents which are not reported
in Stats 19.

2.4 OPTIONS FOR REVISING THE
COST OF NON-FATAL
CASUALTIES

The Department of Transport consulted a number of
experts in the field of transport and health economics
about the most appropriate technique for re-valuing injury
accidents. Five groups were commissioned to review the
techniques and consider whether it was appropriate to
use similar methods for valuing both fatal and non-fatal
casualties.

The review considered relevant experience in Britain and
other countries, the feasibility and cost-effectiveness of
different techniques and the scope for linking the valua-
tion of injury with the value of life. '

The options considered by the experis as aiternatives to
the human capital approach are summarised here.

- Individuals’ willingness to pay to reduce the
risk of injury. There are several approaches to
eliciting values in this type of investigation. These
can be separated into two groups; stated prefer-
ence methods (known in the USA as conjoint
analysis), and revealed preference methods. First,
there are four approaches based on stated prefer-
ence.

a) Contingent valuation - how much individuals would
be prepared to pay to reduce the risk of injury from
a defined level to another specified level.

b) Standard gamble - individuals specify the level of
risk at which they would opt for treatment for an
injury, which if it succeeded would return them to
normal health, and if it failed would result in more
severe consequences, or in some cases, death.

¢) Risk change ratio - individuals trade off changes in
risk of different types of injury.

d) Contingent ranking - values are inferred from
individuals’ ranking, in order of preference, alterna-
tive injury types; scaling or scoring is a refinement
of this approach. An example is the visual analogue
scale; respondents are presented with a scale from
0 to 100 (least to most desirable) and asked to
place injury types at the point on the scale which
reflects their feeling about that injury.

Two of the approaches use revealed preferences.

e). Consumer market or avertive behaviour - the
purchase of safety devices is related to the conse-
quent reduction in risk of injury. Consumers are
assumed to perceive the risks involved accurately.

f) Hedonic wage, or compensating wage differential -
wages in high risk occupations are seen as a
balance between the amount the employer is willing
to pay for safety measures and the amount the
employees require to compensate them if risks are
higher. This approach assumes a free market
without national agreements, and that compensa-
tion payments are borne entirely by employers;
there is no clear parallel between workplace and
transport risk.

- Health status measures. The health status index
approach is used to evaluate health care options.
Two applications of this approach were considered:
through the concept of the quality-adjusted life year
(QALY), and through willingness to pay.

Using the QALY approach, a patient’s expected life
span is adjusted to take account of the quality of
that life expectancy, given the expected conse-
quences of their iliness. The approach was consid-
ered to need further development before it could be
applied to injuries.

The concept of descriptors of typical health profiles
which are used to derive health status measures
was considered to be a useful one to apply to the
willingness to pay methodology. This involves
dividing road accident injuries into a set of typical
injuries. For each injury a descriptive profile of the
common sequence of events following such injuries
would be developed. These ‘injury state descriptors’
could then be presented to samples of the general
public, asking their willingness to pay to reduce the
risks of incurring injuries with these consequences.



- Loss of relative utility approach. Utility is a
concept for assessing the value an individual
places on the consequences of different actions.
The relative utility loss approach has deveioped

from health status and quality of life measurements

in health care. Indices for measuring utility have

been developed by health economists and could be

applied to road accident injuries, presented as
‘injury state descriptors’, to produce utility scores
reflecting the relative undesirability or ioss associ-
ated with each of the injuries.

- The common law treatment of damages for
personal injury. Court awards are tailored to the
individual circumstances of each case but with
reference to a ‘tariff’ derived from other cases, so
values for different injuries could be determined.

However there is no corresponding value for death

and awards can be adjusted to reflect contributory
negligence.

- Life assurance and accident insurance. Values
reflect compensation for family members after

death, rather than personal value of life. There can

be various social and economic motivations for

buying such insurance, such as investment, or as a

requirement to cover a loan or mortgage. Also,
accident insurance could be argued to encourage
risky behaviour by creating an illusion of increased
safety.

- Valuations implied from public investment
decisions. Public sector-spending on safety and
legislative decisions associated with safety show
wide variations, suggesting that decisions are not
based on a consistent valuation of life or injury.

A number of the options considered had clear
limitations which suggested that they were either
unsuitable for application to valuing road accident
injuries, not sufficiently developed for use in this

field, or were not compatible with the willingness to

pay approach used to value fatal accidents. The
consensus among experts in health and transport
economics was that the willingness to pay ap-
proach should be applied, using injury state
descriptors as in health status measurement, but

that the various methods of eliciting values needed

to be tested before deciding which to use. In
parallel, further work investigating relative utility
loss approaches was recommended.

2.5 RESEARCH PROGRAMME

A research programme was designed to derive valuations
for injuries following the recommendations of the experts.

The costs borne by society are an important component
of the cost of injury and other research projects, on

resource costs and the number of casualties with injuries

of different levels of severity were also initiated.

The estimation of casualty costs combines WTP values
and the value of lost output and medical costs. The
research on injury valuation is designed to elicit ex ante

values: the values as assessed before an accident has
happened, or the value of avoiding an injury. The re-
search on resource costs is aimed at identifying ex post
costs or values: the cost to society of accidents which
have happened.

The components of the research programme, covering
casualty and accident costs, are outlined in Figure 1 and
explained in more detail below. This report is concerned
only with casualty related costs.

Distribution of casualties by severity. Hospital data
are linked with police-reported accident data to identify in
more detail the distribution of casualties within the
Department’s ‘serious’ and ‘slight’ categories. The
detailed distributions are used in ascribing weights to
individual injury state descriptors which together com-
prise injuries classified as ‘serious’; the weights are used
in grossing up injury valuations and estimates of direct
economic costs to a national level.

Costs of medical and support services and personal
costs. Two in-depth studies among road accident
patients are in progress. One covers patients with two
specific types of ‘slight’ and ‘serious’ injury (‘whiplash’
and limb fracture injuries) which have a high incidence of
residual disability, while the other study covers patients
with other types of injury. A technique for identifying the
costs of lost output, medical treatment, provision of
support services, personal costs and social security
payments has been developed, taking account of any
long-term disability resulting from the injuries.

Police costs. A survey of the time spent by police
officers dealing with road accidents of different levels of
severity is in progress.

Damage and Insurance costs. A survey of motorists
involved in accidents has been completed and a study of
motor insurance claims is in progress.

Willingness to Pay for Safety. Feasibility studies
assessed the effectiveness of a variety of techniques to
determine people’s value of road safety. These tested
different ways of eliciting Willingness To Pay and recom-
mended the techniques to be used in a large scale study.
National sample surveys were carried out to elicit values
from the general public. From the individual valuations for
a range of injury state descriptors of different severity,
aggregate values were derived, reflecting the average
people are willing to pay to avoid pain, grief and suffering
from road accident injuries. This is interpreted as being
equivalent to willingness to pay to reduce the risk of
being involved in an accident.

Relative utility loss. Work on the relative utility loss
approach examined alternative valuation methods. A set
of health status and quality of life measures were se-
lected and used by experts in health care and economics
to derive utility scores for the range of injury state
descriptors used in the Willingness to Pay surveys.

National hospital study of road accident injuries. A
continuous sample survey of road accident patients
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treated at hospitals is commencing in 1992. It will provide
detailed information on road accident injuries, including
cases which are not reported to the police. The results
will be used in estimating accident costs in future. It will
enable costs to be estimated for accidents which are not
recorded in Stats 19, thus contributing to estimates of the
full cost of road accidents to the community.

These research projects were designed to cover and
update the elements of road accident costs which had
been included in previous estimates. However the
research programme does not cover all aspects of the
cost to the community arising from road accidents, and
indeed current calculations of accident costs are recog-
nised to be minimum estimates because not all elements
are quantified.

Four components of the cost of accidents are excluded.
The first is the cost of delays to road users which foilow
from the congestion caused by road accidents. In cases
where injuries result in an extended period of impairment,
the cost of caring for that individual - in anxiety, stress
and loss of earnings for the carer - may be considerable,
but these costs are not covered here. Injuries such as
these may also reduce life expectancy, which in itself
affects the cost of accidents, for example by reducing the
time period over which the casualty is contributing to the
economy through production and consumption. There is
no information on the association between life expect-

ancy and disability, so this has not been taken account of
in the past, or in these revised estimates.

The fourth element which is excluded is Willingness to
Pay for other people’s safety; the experts who considered
the various options for revising the cost of non-fatal
accidents recommended that this should be included.
However this was not done, for two reasons. The results
of the feasibility study suggested that there was no
practical way of eliciting a value for altruism in a question-
naire survey. Moreover, recent theoretical work had
suggested that it may not be appropriate to take account
of willingness to pay for other people’s safety in public
sector decision-making, because aggregating individuals’
values would involve an element of ‘double counting’
(Bergstrom, 1982, Jones-Lee, 1991 and 1992). It would
be possible to augment values of safety in the future, to
take account of altruism, if it proved possible to identify
and measure altruistic concern in future research.

The remainder of the report presents the results of the
research on some of the projects on casualty-related
costs listed above. Section 3 summarises work on the
distribution of casualties with injuries of different levels of
severity. Section 4 looks at injury valuation and presents
the values derived for avoidance of a serious injury.
Resource costs related to casualties are examined in
Section 5. The research on medical costs is not yet
complete, but values are derived for lost output. Section



6 compares the approach adopted here with that used in
other countries. Section 7 summarises the elements of
casualty-related costs and describes the implications for
total accident costs and for the application of accident

costs to cost benefit analysis and appraisal of road safety
measures. Some of these sections present new research

on fatal accidents, while others are confined to non-fatal
accidents. A further report on accident-related costs is in
preparation.

3. THE DISTRIBUTION OF
INJURY SEVERITY AMONG
ROAD ACCIDENT
CASUALTIES

Section 2 mentioned that the injuries defined by DoT as
‘serious’ cover a wide range, from a fractured finger, to
those resulting in death more than 30 days after the
accident. Some injuries classified as ‘slight’ can have
long term effects; ‘whiplash’ neck injuries are the prime
example, often resulting in a prolonged period of tempo-
rary disability. In contrast, the majority of ‘slight’ injuries
are minor cuts and bruises which have only limited short
term consequences.

The distribution of injury severity within the ‘serious’ and
‘slight’ categories is subject to change. For example the
introduction of road safety measures can lead to reduc-
tions in injuries of a particular type and severity. To

derive injury costs it was important to subdivide the two

standard injury groups where possible, estimate costs for

the sub-groups and then calculate weighted average
costs for ‘serious’ and ‘slight’ injuries. Changes in the

distribution of injury severity in future years could then be
taken into account by re-weighting, and would not require

further research on the actual costs.

Two approaches to defining sub-groups of casualties
were adopted. Statistical analysis of data linking police
and hospital records of road accident patients was
carried out to estimate statistica! distributions of injury
severity for different types of road user, using clinical

information to describe severity. The information provided

by such a distribution will become increasingly useful as
links between ‘threat to life’ type scales and disability
scales improve.

In addition, a set of injury state descriptors was derived,
which together comprised the range of ‘serious’ injuries,
and which summarised in plain English the conse-

quences of injuries. The descriptors were derived for use

in the injury valuation research, to be presented to
members of the public and experts to elicit their
valuations; these are described in Section 3.2.

3.1 STATISTICAL ESTIMATES OF THE

INJURY SEVERITY DISTRIBUTION
- SERIOUS CASUALTIES

Data on road accident casualties treated at hospitals
which had been linked with casualty records in police

road accident data were used to estimate a national
distribution of injury severity among casualties with
injuries classified by DoT as ‘serious’. The research and
main results are summarised here; a more detailed
technical report is available from the authors.

The main source of hospital data was regional data from
Scotland; there is no comparable complete dataset for
England and Wales. Scottish Hospital In-Patient Statistics
(SHIPS) provide clinical information on injuries, length of
stay in hospital, age, gender and road user type. At TRL,
injuries are assigned scores on the Abbreviated Injury
Scale (AIS), which is explained in more detail below. TRL
also matches SHIPS records statistically with Stats19
police records for Scotland on the basis of basic details of
the casualty which are held in both databases.

The matched SHIPS casualties coded as ‘serious’ by the
police comprise 55 per cent of all ‘serious’ casualties in
Stats19 records for Scotland. The remaining 45 per cent
are casualties who were not treated as in-patients and
cases whose records could not be matched, through mis-
coding or lack of details on the items used for matching
records. One of the research projects in the programme
involved manual matching of police and hospital records
of casualties in the Greater Manchester area. This
showed that a quarter of the casualties recorded by the
police as ‘serious’ were treated as out-patients, which
suggested that a large proportion of the un-matched
cases in Scotland were likely to be people treated as
out-patients.

The SHIPS data were used to estimate a severity
probability distribution in terms of selected accident
variables (or the probability of an injury falling into a
particular severity category, given certain accident
circumstances). Two measures of severity were used,
producing two severity distributions - the Maximum
Abbreviated Injury Scale (MAIS), and length of stay in
hospital. These measures were selected because they
could be derived from the SHIPS data, and also in other
sources of information to be used in the programme of
work currently or in the future. However neither of the two
measures is ideal for the purpose; a scale which is
specifically designed to measure disability arising from
road accident injuries would be more suitable for accident
costing because it could reflect the economic conse-
quences of road accident injuries. Work on such a scale
is in progress in the USA and it may be possible to apply
it to accident cost estimates in future.

SHIPS data for the years 1983 to 1988 were combined to
generate satisfactory sample sizes. The data were
disaggregated across MAIS or length of stay by those
variables affecting injury severity (age, gender, road user
type and road type). Probability distributions were
calculated for each disaggregate group so that major
differences between Scotland and Great Britain in factors
associated with severity were taken into account before
deriving the national estimates. The resulting probabilities
were applied to the 1989 national accident data (the most
recent year available at the time) to produce an estimate
of the national distribution of injury severity within the
‘serious’ category.



3.1.1 MAIS distribution

The Abbreviated Injury Scale (AlS) was developed for
road accident research, and takes account of threat to
life, permanent impairment and energy dissipation
required to cause the injury. It provides equivalent
rankings of different types of injuries in different body
regions. Injuries are scaled between 1 (minor) and 6
(maximum, virtually unsurvivable). The Maximum AIS
(MALIS) is the highest single AIS score assigned to a
casualty and can be used to describe the overall injury
severity. Some of the categories were combined before
the severity probability distribution was calculated, and
casualties were classified according to whether they had
no or minor injury (MAIS 0-1), moderate injury (MAIS 2),
serious injury (MAIS 3), or severe, critical or life-threaten-
ing injury (MAIS 4-6).

Separate probability distributions were calculated for the
proportion of national Stats19 casualties who were likely
to be in-patients and non in-patients. The distribution for
in-patients was based on the MAIS distribution of the
matched casualties in SHIPS. The MAIS distribution for
the un-matched casualties was assumed to be the same
as the distribution for in-patients who stayed in hospital
for less than two nights who were of the same age,
gender and road user type. (This assumption was
supported by comparison of data on people treated as in-
patients and out-patients in Oxford and Greater Man-
chester.) The in-patient and non in-patient distributions
were then combined into an estimate of the national
distribution for all ‘serious’ casualties, disaggregated by
age, gender, road user type and type of road (urban, rural
and motorway). The separate road type distributions
were then summed to produce an overall estimate for all
types of road in Great Britain. The 95 per cent confidence
intervals for the distribution were estimated on the basis
of the standard errors and sample sizes of the severity
distribution for in-patients.

The resulting distributions for each road type are very
similar, as Table 3 shows, with between two-thirds and
three-quarters of injuries in the MAIS 2 group; examples
of such injuries in the DoT ‘serious’ category are: concus-
sion, dislocation of shoulder, traumatic amputation of
thumby/finger/toe. The proportion of casualties with life-
threatening injuries was very small - generally between
1.5 and 3 per cent; examples of such injuries are: injury
to heart and lung, crushing injury of hip/thigh, traumatic
amputation of leg(s) at or above knee.

Table 3 shows that on urban and rural roads, more
vulnerable road users (pedestrians, cyclists and motorcy-
clists) are more likely to sustain injuries of MAIS 3 and
less likely to sustain injuries of MAIS 2, compared with
vehicle occupants. ‘Serious’ injuries to car occupants on
rural roads and motorways were rather more likely to
score MAIS 3 or more than injuries on lower speed roads
in built-up areas. Similarly, ‘serious’ injuries to pedestri-
ans and cyclists on rural roads were more likely to score
MAIS 3 or more on rural than on urban roads.

3.1.2 Length of stay in hospital

Length of stay in hospital was selected as an alternative
indicator of injury severity. It is a good measure of in-
hospital medical costs (Galasko, 1986) and is also
correlated with disability (Galasko, 1986, Guria, 1990).
The SHIPS data includes total length of hospital stay
arising from road accident injuries by accumulating the
individual episodes of in-patient treatment. This was the
best available measure of disability resulting from road
accident injuries. On average, in-patients with ‘serious’
injuries stayed in hospital for 10.25 nights.

Length of stay in hospital was grouped into the following
categories: 0 nights; 1-3 nights; 4-10 nights; 11-30 nights;
31+ nights. Significance tests showed this to be the
optimum grouping, given that the objective was to divide
casualties into four or five groups. The 0 nights category
consisted of people admitted to hospital for treatment as
in-patients but who were discharged on the same day; 6
per cent of in-patients were in this category.

The method used to estimate a national distribution was
the same as for the MAIS data, except that un-matched
casualties were all assumed to be in the 0 nights cat-
egory. This assumption is open to question and may
result in an under-estimate of severity, in that some un-
matched casualties were in-patients for whom insufficient
data were available for matching; however there was no
other basis on which to assign un-matched casualties to
length of stay groups. Evidence from the research in
Greater Manchester suggests that this assumption may
have over-emphasised the proportion of casualties in the
0 nights category; of the casualties with ‘serious’ injuries
recorded in Stats 19, 30 per cent were either not treated
in hospital or did not stay overnight.

Assigning un-matched casualties to the 0 nights category
resulted in this being the largest group, accounting for
almost half of the casualties. Over all types of road and
road user, the proportion of casualties falls as length of
stay rises, as Table 4 shows, with around a quarter of
casualties in the 1-3 nights category and an eighth in the
4-10 nights category.

The proportion of casualties staying between 0-3 nights is
marginally greater on urban roads than rural roads,
reflecting the difference in injury severity shown in the
MAIS distribution. Pedestrians and motorcyclists are
more likely to stay in hospital for longer periods of time
than other road users.

Length of stay in hospital was longer for older people
than for other casualties in the same road user group
injured on the same type of road; this is particularly true
of car occupants, pedal cyclists and pedestrians, and in
the case of pedestrians and cyclists, child casualties are
more likely to have a long stay in hospital than young
adults. This may be accounted for by differences in
recovery rates or dependence on care, because the
MAIS distribution does not show such variations with age.



TABLE 3

Estimated national distribution of injury severity (MAIS) - ‘serious’ casualties

Road type/User MAIS % of Casualties 95% Confidence No. of casualties (100%)
Limits [No. In-patients for Cl]
Urban Roads

0-1 21 19to 21

2 68 66 to 71 10100

Car occupant 3 9 8to 11 [2828]
4-6 2 1to2
0-1 16 13to 18

2 63 60 to 67 7639

Motorcycle 3 19 17 to 21 [1890]
4-6 2 1t03
0-1 13 9to 16

2 76 71to 80 3864

Pedal Cycle 3 10 7t012 [824]
4-6 2 1t03
0-1 12 11t0 13

2 71 70t0 73 13852

Pedestrian 3 15 14to 16 [7510]
4-6 1 1to2
0-1 21 16to 27

2 67 61to 74 1454

Other 3 10 7t013 [532]
4-6 1 0.6to1
0-1 16 15t0 17

2 69 68 to 70 36909

Urban total 3 14 13to 14 [13584]
4-6 2 1to2

Rural Roads

0-1 20 18to 21

2 66 64 to 68 13652

Car occupant 3 12 11t0 13 [6244]
4-6 3 2t03
0-1 15 11to 18

2 62 58 to 67 3205

Motorcycle 3 20 17to 24 [1185]
4-6 3 1to4
0-1 13 6to 20

2 74 66 to 82 789

Pedal cycle 3 12 6t017 [264]
4-6 1 06to2
0-1 12 7t017

2 67 61to 74 844

Pedestrian 3 18 141022 [548]
4-6 3 1to5
0-1 21 16to 26

2 65 59 to 70 1388

Other 3 13 10to 16 [684]
4-6 1 1to 2
0-1 18 17 to 20

2 66 64 to 67 19878

Rural total 3 14 13to 15 [8925]
4-6 2 2t03




TABLE 3 CONTINUED

Road type/User MAIS % of Casualties 95% Confidence No. of casualties (100%)
Limits [No. In-patients for Cl]
Motorway

0-1 19 12 to 27

2 67 58to 76 1008

Car occupant 3 12 7to17 [244]
4-6 2 0.00to 5
0-1 21 14 to 27

Motorway total 2 67 59to 75 1418

(all users) 3 11 7to 16 [332]
4-6 1 0.00t0 3

All Roads

0-1 20 18 to 22

2 67 65 to 69 24760

Car occupant 3 1 10to 12 [9316]
4-6 2 2t03
0-1 15 12t0 19

2 63 59 to 67 10967

Motorcycle 3 19 17 to 22 [3093]
4-6 2 1t03
0-1 13 9to 17

2 75 70 to 80 4653

Pedal cycle 3 10 7t013 [1090]
4-6 2 06t03
0-1 12 11to 14

2 71 691073 14721

Pedestrian 3 15 141017 [8080]
4-6 2 1to2
0-1 22 16 to 27

2 66 59 to 72 3105

Other 3 11 8to 14 [1262]
4-6 1 0.6to1
0-1 17 16 to 18

2 68 66 to 69 58206

Grand total 3 14 13to 14 [22841]
4-6 2 2t02

3.1.3 Length of stay and MAIS compared

The tength of stay distribution is highly skewed. The
MAIS distribution is slightly skewed, with more casualties

The two methods of summarising injury severity pro- having minor injuries than life-threatening injuries, but
duced rather different distributions, but many of the peaks in one of the intermediate categories (MAIS 2).
differences between types of road and road user were The length of stay distribution shows a more even spread
reflected in both sets of distributions. This can be ex- of casualties between categories than the MAIS distribu-
plained by an association between length of stay in tion. This is partly because MAIS is a discrete, non-linear
hospital and MAIS, with MAIS and road user type being variable, whereas the length of stay distribution has been
reasonable predictors of length of stay for casualties with created by combining categories in a continuous, linear
‘serious’ injuries which are not life-threatening. More variable.

severe injuries use more medical resources and may
result in longer periods out of productive employment, but
some of the more disabling injuries are not life-threaten-

ing.



TABLE 4

Estimated national distribution of length of stay in hospital - ‘serious’ casualties

Road type/user Percentage distribution (nights) No. of
Casualties
0 1-3 4-10 11-30 31+ (=100%)

Urban roads

Car occupant 55 27 11 5 2 11117

Motorcycle 49 21 14 10 6 8217

Pedal cycle 58 24 10 4 3 3997

Pedestrian 41 27 14 10 8 14657

Other 65 19 8 5 3 1612

Urban total 49 25 12 8 5 39600

Rural roads

Car occupant 49 26 13 7 4 14824

Motorcycle 44 23 15 11 7 3441

Pedal cycle 51 23 13 9 4 798

Pedestrian 41 24 12 12 11 904

Other 51 25 12 7 4 1538

Rural total 48 25 14 8 5 21505

Motorways

Car occupant 51 - 266 13 7 3 1119

Motorway total (all users) 51 26 12 8 3 1526

All Roads

Car occupant 51 27 12 7 3 27060

Motorcycle 48 22 14 10 6 11783

Pedal cycle 57 24 11 5 3 4795

Pedestrian 41 27 14 10 8 15590

Other 58 23 10 6 3 3438

Grand total 49 25 13 8 5 62666
3.1.4 A national distribution The data for about 200 casualties recorded in Stats19

who had been treated in Greater Manchester hospitals

The suitability of this method of using the regional suggest a rather different distribution of injury severity;
database to derive national estimates was tested by fewer casualties had injuries scoring MAIS 2 (half as
estimating a national severity distribution for in-patients many as estimated from SHIPS), more scored MAIS 3
and comparing this with the actual severity distribution for and over (twice as many as estimated from SHIPS) and
in-patients in Scotland. The difference between the two more had a long hospital stay (15 per cent over 30 nights
distributions was minimal, which proved this to be a compared with the SHIPS estimate of 5 per cent) (Hopkin
robust basis for deriving national estimates. However the et al, 1992). These figures have not been applied to
database is rather small, which means that at the tail of national accident statistics to produce national estimates,
the MAIS distribution the confidence intervals show that but they do suggest that data for different areas may
the range in the proportion of casualties in the group is produce different estimates of the severity distribution.
wide in comparison with the size of the group. Given that The distributions based on local and regional studies
the cost of injuries in this group is likely to be high, this should therefore be regarded as provisional, providing
uncertainty could have a significant effect on overall the best estimates available; the national sample hospital
accident costs. survey will in time provide a large sample of road
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accident casualties from which better estimates of the
distribution of injury severity will be derived.

3.2 DEVELOPMENT OF INJURY
STATE DESCRIPTORS FOR
‘SERIOUS’ INJURIES

A set of descriptors of the range of injury states compris-
ing injuries defined by DoT as ‘serious’ was developed for
use in the injury valuation research. The objective was to
develop a set of descriptors which summarised the
consequences of injuries in terms which could readily be
understood both by members of the public in the sample
survey of willingness to pay for safety, and by experts
valuing injuries using the Relative Utility Loss Approach.
A maximum limit of ten injury state categories was set
(including normal health and death), because this was
considered to be the largest number of injury groups
which could be presented to members of the general
public and experts in the valuation surveys. This meant
that some simplification and generalisation was neces-
sary to ensure that the complete spectrum of ‘serious’
injuries was summarised in eight groups.

Injuries were summarised in terms of a number of
dimensions: extent and duration of pain or discomfort,
period of treatment in hospital, recovery period, conse-
quences for home and working life and level of residual
disability. The descriptors were developed by a working
group consisting of the research team carrying out the in-
depth studies of road accident patients (led by Professor
Galasko, Manchester University), the teams working on
injury valuation, researchers at TRL and representatives
of DoT and the Department of Health. The team drew
extensively on the experience of Professor Galasko in
treating road accident patients and researching the
consequences of their injuries.

The descriptors are listed in Table 5, which also shows a
shorthand letter code which was used for reference to
individual injury states during the survey work.

Before valuations for each injury descriptor could be
combined into an overall average value for all ‘serious’
injuries, the probability of a serious injury falling into each
of the categories described had to be estimated. There is
no source of data on the incidence of road accident
injuries which covers all the dimensions of the injury state
descriptors; most importantly, there is no information at a
national level on the extent and duration of disability
arising from road accident injuries and the restrictions of
such disability on home and working life. There are two
research projects in this programme on this topic, but
results for a range of injuries are not yet available.

The probability distribution was estimated on the basis of
the results of the statistical studies of police and hospital
data, work led by Professor Galasko on linking police and
hospital data for road accident casualties in Greater
Manchester, and the expert clinical judgement of Profes-
sor Galasko.

The probability distribution was developed in a two stage
process. The first stage was to estimate the order of
magnitude of the incidence of each type of injury for
presentation to respondents in the valuation surveys as
the relative risk of incurring these injuries. This estimate
was based largely on the clinical judgement of Professor
Galasko and his colleagues, informed by the early results
of the statistical estimates, and initial results of research
at Manchester University linking police and hospital
records. The figures were presented to respondents as
the annual risk in 100,000 of incurring an injury (calcu-
lated on the assumption of an annual average mileage by
car of 10,000) and are shown in the right hand column of
Table 6.

The starting point for the second stage estimated prob-
ability distribution was data on patients treated over a 6
month period at three hospitals in Greater Manchester
(Hopkin et al, 1992). The hospital records were linked
with police records, and 200 of the patients were found to
be recorded in the police accident statistics and classified
as having ‘serious’ injuries. Professor Galasko’s team
then examined the information from the medical records
on the injuries sustained by those patients, and assigned
each patient to one of the injury states.

Before a probability distribution was calculated, some
adjustments were made to ensure that descriptors
comprised the best possible representation of the
spectrum of ‘serious’ injuries. Some patients with ‘slight’
injuries had been mis-classified by the police as ‘serious’.
These were assigned to the most appropriate category in
the distribution; for those with ‘whiplash’ neck injuries,
this was group X because such injuries typically involve
some pain or discomfort, some restrictions to work and
leisure, with return to normal health within 1 to 3 years. In
addition, the Stats19 data for the area covered by the
hospitals were compared with the number of patients
treated by the hospitals, and this showed that a small
number of casualties were classified as ‘serious’ but did
not appear in the hospital records. These may have been
patients who attended the hospital but did not wait to be
treated, people treated by GPs, or casualties whose
injuries were incorrectly classified by the police as
‘serious’. To ensure that the probability distribution
reflected casualties recorded in Stats 19, these casual-
ties, which together comprised about 5 per cent of
‘serious’ casualties in Stats 19, were added to those in
injury group F. Similarly, patients with no injury who were
mis-classified by the police as ‘serious’ were assigned to
this group. The justification was that group F was the
category for casualties not treated as in-patients which
did not involve any permanent disability.

The final estimated probability distribution is shown in
Table 6. This is the distribution which was used to weight
values derived in the injury valuation studies to derive an
overall average value for avoidance of a ‘serious’ injury.

11



TABLE 5

Injury state descriptors

Injury
code

Description

Summary description

No overnight stay in hospital (seen as an out-patient);
experience slight to moderate pain for 2-7 days followed

by some pain/discomfort for several weeks; some

restrictions to work/leisure activities for several weeks/months;
after 3-4 months, return to normal health with no

permanent disability.

In hospital 2-7 days in slight to moderate pain; after hospital,
some pain/discomfort for several weeks; some restrictions
to work and/or leisure activities for several weeks/months;
after 3-4 months, return to normal health with

no permanent disability.

In hospital 1-4 weeks in slight to moderate pain; after hospital,
some pain/discomfort, gradually reducing; some restrictions to
work and leisure activities, steadily improving, after 1-3 years,
return to normal health with no permanent disability.

No overnight stay in hospital (seen as out-patient); moderate
to severe pain for 1-4 weeks; thereafter, some pain gradually
reducing but may recur when you take part in some activities;
some permanent restrictions to leisure and possibly some
work activities.

In hospital 1-4 weeks in moderate to severe pain; after hospital,
some pain gradually reducing, but may recur when taking part
in some activities; some permanent restrictions to leisure and
possibly some work activities.

In hospital several weeks, possibly several months in moderate
to severe pain; after hospital, continuing permanent pain,
possibly requiring frequent medication; substantial and
permanent restrictions to work and leisure activities; possibly
some prominent scarring.

In hospital several weeks, possibly several months; loss of use
of legs and possibly other limbs due to paralysis and/or
amputation; after hospital, permanently confined to a
wheelchair and dependent on others for many physical needs,
including dressing and toiletting.

In hospital several weeks, possibly several months due to head
injuries resulting in severe permanent brain damage; after
hospital, mental and physical abilities greatly reduced
permanently; dependent on others for many physical needs,
including feeding and toiletting.

Immediate unconsciousness, followed by death

Your normal state of health

Recover 3-4 months
(Out-patient)

Recover 3-4 months
(In-patient)

Recover 1-3 years

Mild permanent disability
(Out-patient)

Mild permanent disability

(In-patient)

Some permanent disability

with scarring

Paraplegia/ quadriplegia

Severe head

Death

Normal health
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TABLE 6

Percentage distribution of injury state descriptors: ‘serious’ casualties

Injury state % of casualties
Recover 3-4 months (Out-patient): F 19
Recover 3-4 months (In-patient): W 15
Recover 1-3 years (In-patient): X 31.5
Mild permanent disability (Out-patient): V 6
Mild permanent disability (In-patient): S 13
Some permanent disability with scarring: R 14
Paraplegia/quadriplegia & severe head injuries: L & N 1.5

Total 100

3.3 CASUALTIES WITH ‘SLIGHT’
INJURIES

To develop estimates for some elements of accident
costs, casualties with injuries defined by DoT as ‘slight’
were to be divided into two groups - those with ‘whiplash’
neck injury, and those with other injuries.

The only source of data available for estimating the
incidence of ‘whiplash’ among casualties with ‘slight’
injuries recorded by the police is the data from the study
at Manchester University linking police and hospital
records. The study included about 1000 patients who
were treated in hospital and recorded by the police in
Stats19 as having ‘slight’ injuries. Of these, 32 per cent
had a ‘whiplash’ neck injury.

Casualties with minor injuries do not all seek hospital
treatment, so this proportion was modified to take
account of the fact that there were likely to be casualties
with non-whiplash ‘slight’ injuries recorded in Stats19 but
not in the hospital database. Data from Stats19 for the
immediate area around the hospitals showed that 61 per
cent of the casualties recorded in Stats19 as ‘slight’ had
been treated in hospital. It was assumed that the casual-
ties not receiving hospital treatment did not have ‘whip-
lash’ neck injuries. The probability of a casualty recorded
by the police as ‘slight’ having a ‘whiplash’ neck injury
was then estimated to be 20 per cent.

Until results of research in other areas is available, this
estimate is clearly a rather unsatisfactory basis for
estimating the proportion of ‘slight’ injuries in national
accident statistics which are ‘whiplash’ injuries. A survey
of road accident patients treaied at three hospitais in
different types of area in July and August 1991 showed
that a quarter of patients with ‘slight’ injuries had ‘whip-
lash’; this suggests that the Manchester results are not
atypical, but because the sample casualties have not
been matched against police records, it is not possible to
assess how many casualties recorded by the police had
‘whiplash’ injuries. The result does however suggest that
the figure of 20 per cent of ‘slight’ injuries having ‘whip-
lash’ is likely to be a reasonable approximation.

3.4 INJURY SEVERITY MEASURES
APPLIED TO COMPONENTS OF
ACCIDENT COSTS

The various measures of the distribution of injury severity
were applied to different components of accident costs.
The way in which injury information was applied to the
various elements of cost are summarised in Table 7.

Some sources of information only provided sufficient
detail on injuries to enable casualties or accidents to be
classified broadly as ‘fatal’, ‘serious’, ‘slight’ or ‘damage
only’. Thus in the case of police time, for example, an
overall average cost was estimated for each of these
categories.

The sample for the work on lost output and medical costs
is drawn from hospital casualty records, so clinical
measures of injury severity will be available. Cost
estimates can be based on aggregating average costs for
subdivisions of the ‘serious’ and ‘slight’ categories
weighted according to the estimated probability distribu-
tion. The preliminary estimates developed in this report
are however calculated without subdividing the severity
categories, because they are based on early results from
the hospital studies.

For the estimates of injury valuation, values were calcu-
lated for each injury state descriptor, and an overalt
average value calculated by weighting according to the
relative probabilities estimated for each injury state.

4. VALUATION OF NON-FATAL
ROAD ACCIDENT INJURIES

Section 2 showed that the components of accident costs
to be incorporated in the revised calculations are divided
into two groups: the resource costs, and the subjective
costs, or the value placed by society on avoiding road
accident injuries. This section summarises the research
which derived values for avoidance of ‘serious’ and
‘slight’ injuries.
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TABLE 7

Application of severity distributions

DOT Severity Subdivided by

Component of cost

Fatal -
Serious -
Slight -

Damage only -

Serious MAIS and length of stay distribution
Slight ‘Whiplash’ & other injuries
Serious Injury state descriptors

Police, damage, lost output, medical
Police, damage

Police, damage

Police, damage

Medical, support, lost output

Medical, support, lost output, value of
avoidance of injury

Value of avoidance of injury

The aim of the research was to derive values which were
linked with the DoT figure for the value of avoidance of a
fatality (£500,000 in 1987 prices) so that the costing
methods for fatal and non-fatal casualties would be
consistent and therefore the figures used would be
directly comparable. It was also important to derive
values for a range of injuries of different levels of severity
within the ‘serious’ category which could be weighted to
produce an overall average value of avoidance of a
‘serious’ injury. This would enable the figures to be re-
worked to take account of any future changes in the
distribution of injury severity within the ‘serious’ category,
without collecting new data.

The approach adopted was to derive indirect estimates of
the value of non-fatal injuries relative to the value of a
fatality. Values were derived for the injury state
descriptors for ‘serious’ casualties (shown in Table 5) in
relation to ‘normal health’ and ‘death’. The value for some
of the ‘slight’ injuries was derived in a similar way. The
pilot survey for the willingness to pay study showed that
respondents considered ‘whiplash’ neck injuries to be a
littie better than ‘serious’ injuries in group X (recover in 1-
3 years), but markedly worse than those in group W
(recover in 3-4 months). The values of injuries in groups
X and W relation to death could be used to determine a
value for ‘whiplash’ neck injuries. For the remaining
‘slight’ injuries, respondents in the Contingent Valuation
survey provided a valuation for an injury involving minor
cuts and bruises.

Two research projects were carried out. One applied the
willingness to pay approach through surveys of the
general public; the research was carried out at the
University of Newcastle upon Tyne and the University of
York, with the survey carried out by the TRL interviewers.
The other project applied the relative utility loss approach
through a group of experts, but also drew on previous
work with the general public; this work was carried out by
the University of East Anglia. The results were then
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examined by Dalvi, an independent expert who had been
closely involved in deriving a value for the avoidance of a
fatality, and consensus estimates for the overall value of
avoidance of a ‘serious’ and a ‘slight’ injury were sug-
gested. The basis for the values therefore took account of
both public opinion and the views of experts in health
economics and health care of road accident casualties.
Public consultation among transport and safety profes-
sionals was also carried out to ensure that the values had
the support of practitioners.

This approach contrasts markedly with the way in which
values for the subjective element of injury costs, termed
‘pain grief and suffering’, were derived in the past.

4.1 PAIN, GRIEF AND SUFFERING

The values set by Dawson in 1967 for what he termed
the subjective cost of casualties were £5,000 for a
fatality, £200 for a ‘serious’ injury and £0 for a ‘slight’

injury.

Dawson argued that there must be a cost which the
community would be prepared to pay to avoid the
suffering and bereavement which follow from injury or
death. If this was not so, then adopting the strictly
financial view would mean that the loss to society of a
road accident fatality could be measured by the present
value of their future paid work minus the present value of
their future consumption. For people not in paid employ-
ment this resulted in a negative value, which implied that
society would benefit, for example, from pensioners being
killed in road accidents. The value of £5,000 for a fatality
was the minimum amount which ensured that the total
average cost of a death calculated in this way was
positive for fatalities in each age and sex group; in other
words it was approximately equivalent to the discounted
value of future consumption of an average non-produc-
tive individual.



Having set the minimum amount which society is pre-
pared to spend to save a life at £5,000, Dawson then set
an arbitrary average value of £200 for avoidance of pain,
grief and suffering in the case of ‘serious’ injuries. For
‘slight’ injuries and damage-only accidents, Dawson
argued that the value was so small that it would have little
effect on the total cost, and it was therefore set at £0.
Valuing ‘subjective’ accident costs at this level meant that
they comprised 20 per cent of the total cost of accidents.

In 1971, when Dawson revised the basis of costing lost
output from net output to gross output, he decided to
retain the value of £5,000 per fatality for pain, grief and
suffering. However the value for a ‘serious’ injury was
more than doubled, to £500, and a value of £10 was set
for a ‘slight’ injury, at 1968 prices; thus the value for a
‘slight’ injury was set at 2 per cent of the value for a
‘serious’ injury.

These values per casualty were up-rated for inflation and
GDP until 1978. In 1977, the Leitch Committee on Trunk
Road Assessment reviewed accident costs applied by
DoT (Leitch, 1978); by comparison with those in use in
other countries, the figures were considered to be too
low. The committee recommended that to increase
values for accident costs without changing the overall
approach, the allowance for pain, grief and suffering
should be increased by 50 per cent. The argument in
favour of increasing this element was that the principals
of cost benefit analysis justified using an amount which
the average individual would be willing to pay to reduce
the risk of injury or death in a road accident, and that DoT
should find out what this amount was. Research on
spending to reduce risk suggested that values based on
this approach would be substantially higher than those
based on Dawson’s reasoning. Since 1978, therefore, the
‘pain, grief and suffering’ component has been a more
significant element of accident costs.

In June 1990 prices, the value of ‘pain, grief and suffer-
ing’ for a ‘serious’ casualty was £15,205, which repre-
sented 75 per cent of the total cost. For a ‘slight’ injury,
the value was £267, or 65 per cent of the total cost; as
when originally set by Dawson, this figure is 2 per cent of
the value for a ‘serious’ injury.

4.2 WILLINGNESS TO PAY FOR
SAFETY

The theoretical basis of this approach is that public sector
decisions which improve safety lead to a reduction in the
risk of an individual being killed or injured. Thus a safety
improvement can be regarded as avoiding a ‘statistical’
injury. For small reductions in risk, Jones-Lee (1989) has
shown that the aggregate value for society’s willingness
to pay to avoid a statistical injury can be approximated by
the marginal rate of substitution of wealth for the probabil-
ity of incurring an injury, and that the mean of individual
values across the affected population represent the
aggregate marginal rate of substitution of wealth.

Within the context of a utility-maximising framework,
Jones-Lee (1989) has also shown that at all levels of

variation in the risk of injury and death, the ratio of the
marginal rate of substitution of wealth for the risk of all
injuries to the marginal rate of substitution of wealth for
the risk of death can be approximated by the ratio
between the change in risk of injury and the change in
risk of death.

The techniques used in the willingness to pay surveys
and the relative utility loss approach all applied this
theory in different ways. After testing the feasibility of a
range of approaches in the pilot surveys, the willingness
to pay surveys used two techniques: standard gamble
and contingent valuation, in combination with contingent
ranking.

4.2.1 The national sample survey

A national sample survey of individuals aged 17 and over
who had experience of car travel as a driver or passen-
ger in the last year was carried out in the summer of
1991. The sampling units were stratified into conurba-
tions and other areas, and further stratified by the
proportion of households in a professional/managerial
socio-economic group and the proportion of households
with a car. The addresses were randomly selected from
the Postcode Address File for each of the sampling units.
Within each household identified at these addresses, a
random selection procedure was used to identify one
eligible person for interview; the results were subse-
quently weighted by household size.

Two questionnaires were used, one containing standard
gamble {SG) questions and the other containing contin-
gent valuation (CV) questions; both questionnaires
included contingent ranking questions and tests of risk
comprehension. Respondents were randomly allocated
to two samples, one for each of the two questionnaires.

Completed questionnaires were obtained for over 900
respondents, split between the two samples. About 100
of the respondents completed both questionnaires by
taking part in a second follow-up interview which also
explored the reasons for some of the responses to the
initial questionnaire. This enabled direct within-subject
comparisons to be made of the responses to the SG and
CV questions.

The samples were shown to be representative of the
population of Great Britain in terms of age, gender,
occupational background and household income.
However there were more drivers in both samples (74 per
cent in the SG sample and 66 per cent in the CV sample)
than in the population (52 per cent) and there were more
people in car-owning households in the SG sample than
in the population; this was to be expected given that the
questionnaire was presented as being focused on road
safety, which is probably of more interest to drivers than
non-drivers.

The response to the risk test questions was good, with 85
per cent of responses correct in the SG sample and 97
per cent correct in the CV sample. This was attributed to
the thorough explanation of risk at the start of each
interview, and the credibility of the scenarios presented in
the risk tests.
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In answering the questions, respondents were asked to
concentrate only on the personal, non-financial effects
(such as pain, distress and disability), and ignore direct
financial effects. Over 90 per cent of respondents in the
SG sample and over 80 per cent of the CV sample
subsequently reported that they had been able to do this.

The survey is summarised more fully in Jones-Lee,
Loomes, O'Reilly and Philips (1993); this section
presents an outline of the methods and the results and
shows how they were used to derive overall values for
avoidance of injury.

422 Contingent ranking

Respondents in both samples were asked to rank the 10
injury state descriptors shown in Table 5 so that respond-
ents’ views of the relative ‘badness’ of the injuries could
be assessed and to familiarise respondents with the ten
injury state descriptions. They were then asked to place
each injury state on a scale from 0 (worst) to 100 (best).
The results were similar for the two samples. They
showed that many people regarded severe permanent
brain damage (injury L) as being as bad as or worse than
death, and that quadriplegia/paraplegia (injury N) is on
average considered to be only slightly better than death.
The results also showed that the less severe injuries
tended to be placed further away from normal health and
closer to death, than had been expected.

4.2.3 Standard gamble

Respondents were asked to suppose that they had
suffered a given road accident injury which, if treated in
the normal way, would have a given prognosis. They
were then asked to suppose that an alternative medical
treatment was available which, if successful, would return
them to normal health, but if unsuccessful, would leave
them in a specified health state that would usually be
regarded as worse than the prognosis associated with
normal treatment.

In some questions this ‘worse’ health state was K (death);
where this was not so, the combinations of injury states
for treatment and as the ‘worse’ prognosis were such that
it was possible to derive values in relation to death from
pairs of other responses. To avoid overloading respond-
ents, the questions covered a sub-set of the injury states
shown in Table 5 (K, R, S, X, W and J). The results of the
‘Contingent Ranking exercise were used to interpolate
estimates for L, N, V and F, by interpreting these states
as equivalent to those for which questions had been
asked: L=N=K, V=X, and F=W.

For each proposed ‘treatment’, respondents were asked
to state:

i) the greatest risk of failure at which they were sure
they would accept the alternative treatment;

ii} the lowest risk of failure at which they were sure
they would reject the alternative treatment;
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i) the risk of failure which would make it most difficult
for them to decide whether or not to take the
alternative treatment.

The guestionnaire presented respondents with a range of
possible risks in 100 to choose from, each set out both in
terms of chances of success and chances of failure.
There were was also an option to specify a risk of failure
of less than 1 in 100, and an option not to accept the
treatment at any risk of failure.

The greatest risk of failure selected for accepting the
risky treatment was interpreted as the minimum estimate
for that respondent of the ratio of the marginal rate of
substitution for risk of injury for the two injury states (or of
injury to death, in some of the questions). The lowest risk
of failure at which the risky treatment would be accepted
was interpreted as the maximum estimate for that
respondent. The point where it was most difficult to
decide was interpreted as the probability of failure at
which the respondent was indifferent between accepting
and rejecting the treatment, or the ‘best estimate’ for that
respondent.

The ratio of the marginal rate of substitution of wealth for
the risk of ‘serious’ injury to the marginal rate of substitu-
tion of wealth for death was calculated as the weighted
average of the corresponding ratios for each of the
individual injury states. The weights used were those
estimated as the probability of a ‘serious’ injury reported
by the police in accident statistics being of that type; the
probabilities are those shown as the proportion of
casualties in Table 6. The results are summarised in
Section 4.2.5, and in more detail in Jones-Lee, Loomes,
O'Reilly and Philips (1993).

4.2.4 Contingent valuation

Respondents were asked how much they were prepared
to pay for a hypothetical safety device that could reduce
the risk of given injuries by a specified amount, and that
had to be renewed annually.

The injury states presented to respondents were K, R, S,
X and W, with the results being interpolated for the
remaining injuries in the same way as for the SG ques-
tions. The six risk reduction scenarios were: reduce the
annual risks of K, R and S by 4 in 100,000 (denoted as
K1, R1 and S1) and reduce the annual risks of S, W and
X by 12 in 100,000 (denoted as S2, W2 and X2). For
each scenario, a showcard was used to depict the current
level of risk as shaded squares on graph paper. The two
different risk reductions presented for injury S meant that
it was possible to test each respondent’s ability to adjust
for different risks.

The current level of risk presented to respondents was
that shown in the right hand column of Table 6. At the
time of the survey, this was the best estimate available of
the magnitude of these risks. However as explained in
Section 3.2, these differ from the risk levels used as
weights in combining the results to overall values for a



‘serious’ injury; these are depicted as the proportion of
casualties in Table 6.

For each proposed reduction in risk of injury, respondents
were asked to state:

i) the largest annual amount that they were sure they
would pay for the safety device;

i} the smailest annual amount which they were sure
they would not pay for the safety device;

iii) the annual amount which would make it most
difficult for them to decide whether or buy the safety
device.

The gquestionnaire presented respondents with a range of
possible sums of money to choose from, from £0 through
varying intervals to £500, and then ‘more than £500’.

The largest sum selected as the amount they would pay
was interpreted as the minimum estimate for that re-
spondent of willingness to pay to reduce the specified risk
of incurring that injury. The smallest sum selected as the
amount they would not pay was interpreted as the
maximum estimate for that respondent. The point where
it was most difficult to decide was interpreted as the ‘best
estimate’ of that respondent’s willingness to pay.

The marginal rates of substitution were estimated by
dividing the reported amounts people were willing to pay
by the corresponding reduction in risk. The weighted
value for all ‘serious’ injuries was calculated using the
same weights as for the SG results. Two overall values
were produced, based on the responses to the two
different risk reductions for injury S. The results are
outlined in Section 4.2.5, but are summarised more fully
in Jones-Lee, Loomes O’Reilly and Philips (1993)

4.2.5 Results of the national surveys

Table 8 shows the ratios of marginal rates of substitution
of wealth for risk of injuries to marginal rates of substitu-
tion of wealth for the risk of death (M, ), based on the
means of individual ratios. The table also shows the
weighted overall ratios for all ‘serious’ injuries (M/M,);
these have been calculated on the basis of the proportion
of casualties in each injury state shown in Table 6'. In
each case, results for respondents’ ‘best’ estimates and
minimum and maximum ratios are shown. Other ratios
were also calculated, based on the medians of individual
ratios, and based on the ratios of overall means and
medians. For the purpose of deriving an overall value of a
‘serious’ injury, it was decided that for consistency with
social cost-benefit analysis, it would be most appropriate
to use mean values. Thus the results presented here are
based on means; for analysis of the median responses,
see Jones-Lee, Loomes, O'Reilly and Philips (1993).

The table shows that the best estimate of the overall ratio
for the SG sample was 0.095, with a minimum of 0.086
and a maximum of 0.122. The ratios obtained using the
CV technique are mostly three or four times larger than
those using the SG technique, and ten times larger in the
case of W, the least severe injury type. Thus the best
estimates of the overall ratio based on different levels of
risk reduction in S were 0.375 and 0.328, with minimum
values of 0.29 and 0.25 and maximum values of 0.54 and
0.47.

The disparities between the estimates were accounted
for largely by upward biases affecting the CV responses.
The results for injury S showed that respondents in the
CV sample were insensitive to the risk reductions being
presented to them. Also, respondents in the CV sample
appeared not to have differentiated adequately between
the levels of severity represented by the injury descrip-

' The ratios of M/M, differ from those presented in the main text of the summary report of the survey, which was based on the earlier

estimates of probabilities presented to respondents in the survey.

TABLE 8

Ratios of marginal rates of substitution of wealth for risk of injuries to marginal rates of substitution for risk of death*

Standard Gamble Contingent Valuation
Injury type Best Minimum Maximum Best Minimum Maximum
M /M, 0.233 0.203 0.310 0.872 0.661 1.272
MJ/M, 0.151 0.122 0.195 - - -
M,/M, - - 0.631 0.482 0.928
M /M, - - - 0.263 0.202 0.384
M,/M, 0.055 0.051 0.069 0.229 0.176 0.336
M, /M, 0.020 0.022 0.036 0.207 0.160 0.299
All serious
M/M, 0.0947 0.0859 0.1219 - - -
M,/M, - - 0.3754 0.2906 0.5414
MM, - - 0.3275 0.2542 0.4707

*based on means of individual responses
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tions. The result is that the marginal rates of substitution
estimated for the CV sample do not decline as fast as
might be expected, between the more severe and the
less severe injuries. As mentioned earlier, this result was
also apparent in the ranking and scaling questions.

The researchers offered two possible explanations for the
apparent bias in the CV responses: some respondents
appeared to have a ‘personal safety expenditure budget’
which they assigned to all safety improvements, regard-
less of the severity of the injury or the reduction in risk; in
the case of some of the temporary injury states, respond-
ents may not have taken account of the duration of pain
in relation to their life expectancy, and therefore over-
estimated their valuations.

in contrast, the researchers considered that the SG
responses did not appear to have been subject to any
major biases. The scenario presented to these respond-
ents was simple and credible. They could focus more
readily on risks to themselves, independently of others,
than in the case of the CV questions. Also, the scenario
forced people to weigh up their future lifetime in one
injury state against their future lifetime in another, thereby
avoiding placing excessive weight on the relatively short
initial period of pain and discomfort associated with the
less severe injuries.

The results of the follow-up surveys, in which a sub-
sample of respondents answered both sets of questions,
showed that the disparities between the two samples also
occurred between individuals. For most people answering
both questionnaires, the value of injury implied by the SG
questions was lower than that implied by the CV ques-
tions, and the disparity became more marked with
decreasing severity of injury.

The fact that respondents in the CV questionnaire did not
seem to take account of the different reductions in risk
offered for injury S, suggests that the difference between
the risk levels presented in the questionnaire and those
implied by the finai estimates of the probability of incur-
ring those injuries will not have had any significant effect
on the results.

Analysis of the variations in valuations with socio-
economic and demographic characteristics suggested
that most of the variance was accounted for by differ-
ences in individual personality and psychological disposi-
tion, rather than demographic or economic factors, or
previous accident experience.

In the course of the work on willingness to pay, the
researchers developed a procedure which produced
estimates of M/M, purely on the basis of the ranking
data; this was termed the Rank-Ratio Argument. The
advantage of this technique was that it enable a third set
of estimates to be derived, which were independent of
the SG and CV results, and which applied to both
samples of respondents. For details of the procedure,
see Jones-Lee, Loomes, O’Reilly and Philips (1993); in
summary, it relies on there being a ‘standard order’ for
the ranking of injury states, and a group of respondents

whose replies do not conform to this standard. By
“trimming out’ different proportions of the respondents
with the most disordered rankings, a ‘conservative’
estimate of M/M, was obtained. The results suggested a
‘best’ estimate of M/M, of 0.085; the significance of this
figure lies in its proximity to the estimate of 0.095 ob-
tained from the SG sample.

4.2.6 Willingness to pay and the value of a
‘serious’ injury

The researchers working on the willingness to pay survey
recommended that the value of avoidance of a ‘serious’
injury should be set in the range of the ‘best’ estimates
derived from the Rank-Ratio and Standard Gamble
results. These suggested values of 8.5 per cent to 9.5 per
cent of the value of avoidance of a fatality. Section 5.1
will show that for fatalities, the current estimate of
medical and ambulance costs is £434, and Section 5.2
derives a new estimate for net fost output. Subtracting
these estimates of net lost output and medical and
ambulance costs from the June 1990 total for the aver-
age casualty-related cost of a fatality leaves a figure of
£617,672 for the willingness-to-pay component of the
value of avoidance of a fatality. At June 1990 prices, this
implies a value of between £52,500 and £58,500 for the
pure willingness to pay component of the value of
avoidance of a ‘serious’ injury.?

4.3 RELATIVE UTILITY LOSS

Section 2.4 showed that the group of experts working
with DoT to develop the research programme on injury
valuation recommended exploratory work on relative
utility loss, in parallel with the willingness to pay study, to
produce utility scores reflecting the undesirability or loss
associated with road accident injuries.

The first stage of this study reviewed international
research and literature on measuring relative utility loss
and identified four indices which might be suitable to
apply to road accident injuries (lves and Kemp, 1992). No
single scale was considered to be entirely appropriate,
and in the long term, it was suggested that DoT should
examine the feasibility of applying a functional capacity
index which is currently under development in the USA.

In the second stage, utility losses were calculated for the
injury state descriptors shown in Table 5, using four
indices recommended in the review, plus a Visual
Analogue Scale. These were then converted into a
monetary value by calculating the number of lost years of
functioning associated with each type of injury, weighting
the injury states to combine them into an overall number
of years lost for all serious injuries, and then using the
DoT value of a fatality to represent lost years as a
monetary value. Full details of the research are reported
in lves, Soby, Ball and Kemp (1993), but an outline of
how overall values for a ‘serious’ injury were derived
using the various indices, is presented here.

2 These values are different from those presented in the project reports for two reasons. As mentioned earlier, the improved
estimates of the probabilities of occurrence of the various injury states became available after the main text of the report was

18 completed. In addition the original reports were based on rounded estimates of the value of lost output for a fatality which
determines the size of the willingness to pay component of a fatality.



4.3.1 Utility scales

Visual Analogue Scale. As in the Contingent Ranking
section of the willingness to pay survey, raters were
asked to place each injury state on a scale ranging from
0 to 100.

Rosser’s Classification of lliness States. This index
was constructed by Rosser and Watts (1978) to assess
severity of illness on the basis of two dimensions -
disability and distress. There were eight levels of disabil-
ity (ranging from no disability to unconscious) and four
levels of distress (from no distress to severe distress),
which combined into 29 possible health states. A group of
70 people, consisting of doctors, nurses, medical pa-
tients, psychiatric patients and healthy volunteers were
asked to rate the 29 states. A ‘magnitude estimation’
method of scaling was used by asking respondents to
compare pairs of health states and say how much worse
they thought one was, compared to the other. No upper
limit was set on the possible values, which caused
problems for interpretation of the results because the
psychiatric patients provided some extreme ratings. Each
health state was considered in two different ways; first,
they were to think of them as treatable, but stable if left
untreated; then they were to be considered as permanent
and untreatable.

Torrance’s Health Classification Index. The original
purpose of this index was to assess the health outcome
for newborn children receiving intensive care treatment
(Torrance, 1982). There were several levels on each of
four dimensions - physical function (mobility and physical
activity), role function (self care and role activity), social-
emotional function (emotional well-being and social
activity) and health problems - which combined into 960
health states. A sample of 112 parents of school children
were asked to rate the levels of each dimension using a
visual analogue scale, and assuming that each health
state was permanent. To find the relation between the
dimensions, Time Trade-Off (derived from Standard
Gamble) was used to elicit people’s preferences for being
in a healith state for a specified time, or being healthy for
a shorter period of time and then dying; by varying the
duration of these states, a point of indifference between
the two alternatives could be established. The data were
combined to produce values for the 960 health states.

EuroQol Descriptive Index. A group of experts from
several European countries is developing a standardised
method of describing and valuing health states which is
not specific to particular diseases, and which can be used
in large scale self-completion surveys of the general
public in different European countries (EuroQol Group,
1990). The index has six dimensions - mobility, self-care,
main activity, social relationships, pain and mood - and
each of these has two or three dimensions, which
combine into 216 possible health states. Samples of the
general public in different countries have rated the scales
using ‘magnitude estimation’, with the range of possible
scores limited to between 0 and 100, and assuming that
the iliness lasts for a year.

Rosser-Revisited/York Valuation of Health Project.
The health states were developed from those used in
Rosser’s Classification of lliness States. Compared with
the original study, a larger and more representative
sample of people were used to provide ratings (140
members of the general public), and they were asked to
imagine that the health state would last for 20 years, after
which they would die. The valuation matrix used in this
study was based on the results of scaling using magni-
tude estimation (with an upper limit), although a variety of
other techniques had also been used to produce scores.

4.3.2 Mapping and scoring the injury state
descriptors

A group of 10 experts was selected whose valuations of
the set of injury descriptors were to be measured. Some
were economists, in health and transport, and the rest
were research nurses working with patients involved in
the work at Manchester University on the consequences
of road accident injuries.

The experts were asked to rank each of the ten injury
state descriptors shown in Table 5 on the visual analogue
scale. For scaling the injuries using the other four indices,
the injury state descriptors were sub-divided into the
various phases of recovery, and the experts were asked
to map each phase of each injury state, onto each of the
four scales.

The point at which each expert mapped each phase of
each injury state was then converted into a utility score
from the matrix derived from the scores assigned from
the sample of people involved in the original study which
set up the scale. It was assumed that all four utility
scaling matrices applied to a duration of one year
(although this was true only for EuroQol). For each phase
of each injury state, the median relative utility score was
then weighted by the duration of that phase and the
weighted scores for each phase were summed. Because
the duration of phases was described in terms of a time
span, this produced a minimum and maximum number of
lost years of functioning for each injury state. For lack of
better information, it was assumed that utility loss is
directly proportional to the time spent in each phase of
the consequences of the injury. For permanent injuries, it
was assumed that the duration was half the remaining life
span of an average working age road accident casualty -
39 years.

The number of lost years of functioning computed for
each injury state was then weighted by the proportion of
‘serious’ casualties having that type of injury (shown in
Table 6) to produce an overall number of lost years of
functioning for ‘serious’ injuries. The lost years of func-
tioning were then discounted. The value of life used by
DoT for the value of avoidance of a fatality was then used
to calculate the value of a life year, which enabled this
number of years to be converted to a monetary value; the
value of a life year was discounted. The full report shows
the results of applying a range of discount rates from 0 to
10 per cent, and that the results were similar for all
discount rates quoted because discounting lost years of
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functioning compensates for the increasing value of a life
year as the discount rate is increased.

4.3.3 Resulits of relative utility loss study

The value of a ‘serious’ injury estimated using each of the
scaling techniques is summarised in Table 9. The
estimates are based on the value of avoidance of a
fatality of £617,672, as explained in Section 4.2.6, and
weighting using the revised proportion of casualties in
each injury state group; the values are therefore different
from those presented in the full report of the study. A0
per cent discount rate was selected by DoT for calculat-
ing the value of a life year, on the basis that there is
some controversy as to whether discount rates should be
applied in this situation, and that the estimates did not
vary much between different discount rates. This is the
rate used for deriving the values in Table 9.

Although the scaling matrices were constructed on the
basis of very different samples, and some sweeping
assumptions were made in deriving values from them,
three of the techniques produced very similar results. The
Rosser index produced much lower values, which was
attributed to the use of unbounded magnitude estimation
to derive scores. The value derived from the visual
analogue scale, which is methodologically similar to the
contingent ranking exercise in the willingness to pay
surveys, is in line with the estimates derived from the
Contingent Valuation survey.

4.4 A CONSENSUS ESTIMATE FOR
THE VALUE OF AVOIDANCE OF
‘SERIOUS’ INJURY

Dalvi, the independent expert who had been involved in
deriving a consensus estimate for the DoT value of
avoidance of a road accident fatality, was asked to
recommend a consensus estimate on the basis of the
results of the relative utility loss and willingness to pay
studies, and evidence from other countries.

Dalvi (1992) pointed out that there were in fact possible
downward biases in the SG technique, which had not
been considered in comparing the results with the CV
survey, which was recognised as having upward biases.

However there was no evidence available which enabled
the combined effect of these biases to be estimated.

Dalvi maintains that if consumer behaviour complies with
conventional expected utility theory, different methods of
measuring consumer choices under conditions of uncer-
tainty should produce the same estimates of the values
being traded. However he concluded that the relative
utility loss approach employed in the research had not
complied with conventional expected utility theory
because it approached valuation ex post rather than ex
ante (see Section 2.5), and it was based on participants
completing a choiceless and riskless task. Thus Dalvi
concluded that there was in principle no reason to expect
that the relative utility loss study should produce similar
values of avoidance of injury to those produced from the
willingness to pay study. He also considered that the
limitations of the original samples used to obtain utility
loss scores and the arbitrary selection of 10 experts cast
doubt on the robustness of the relative utility loss results.

He therefore based his recommendation of a consensus
value for a ‘serious’ injury on the results of the willingness
to pay study. Taking account of the fact that CV appeared
to involve upward biases, the Rank Ratio argument
appeared to set a minimum value, and that there ap-
peared to be some factors causing unquantified down-
ward bias in the SG figures, Dalvi recommended a value
10 per cent higher than that produced by the SG survey.
However DoT recommended using the SG results in the
absence of firm evidence of downward biases in the SG
results. Given that the 1988 consensus estimate for the
value of avoidance of a fatality was set ‘conservatively’ at
£500,000, the most consistent approach was to opt for
the valuation based on the actual SG result, recognising
that this too may be a ‘conservative’ estimate.

At a value of £617,672 for the willingness to pay compo-
nent of a fatality (see Section 4.2.6), this suggests a
value of £58,494 for avoidance of a ‘serious’ injury.

4.5 VALUATION OF ‘SLIGHT’
INJURIES

The Contingent Valuation questionnaire in the willingness
to pay survey included a question about the sum of

TABLE 9

Value of avoidance of a ‘serious’ injury estimated using relative utility loss scales

Scaling method Minimum Maximum
Rosser-revisited £110,000 £115,000
Torrance £131,000 £135,000
EuroQol £116,000 £122,000
Rosser £22,000 £23,000

Visual analogue scale

£229,300
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money that would ‘just make up for’ an injury involving
minor cuts and bruises and a quick and complete
recovery. The best estimate of this amount of money was
£102, on average, with the minimum averaging £77 and
the maximum averaging £136.

It has already been shown that values for injury states W
and X could be used to derive values for avoidance of
‘whiplash’ injuries, the more severe component of injuries
classified by DoT as ‘slight’. Assuming that half of
‘whiplash’ injuries are equivalent to W and half are
equivalent to X, and that 20 per cent of all ‘slight’ casual-
ties in Stats19 have ‘whiplash’ neck injuries and that the
value of avoidance of a fatality is £617,672, an overall
value of avoidance of a ‘slight’ injury can be estimated,
using the results of both the willingness to pay surveys
and the relative utility loss study.

On the basis of the values derived in the willingness to
pay surveys the value of avoidance of a ‘slight’ injury is
estimated at £4405. Taking the figure of £102 from the
willingness to pay survey, combining this with the relative
utility loss for X and W, and discounting the Iost years of
functioning at a rate of 0 per cent, produces a relative
utility loss-based estimate of £1665 for the vaiue of
avoidance of a ‘slight’ injury.

5. CASUALTY RESOURCE
COSTS

The resource costs associated with each road accident
casualty can be broadly divided into the provision of
medical and other support services, loss of contribution
to the economy (lost output) and costs of to the individual

(or their family) of adapting to the consequences of injury.

Depending on the nature and severity of the injury, these
costs may be incurred immediately after the accident, or
may continue in subsequent years. Costs therefore need
to be discounted to present vaiues to produce an overall
cost in the year of the accident.

To date, the cost of medical and ambulance services and
lost output have been included in the calculations, but
costs of social services and other forms of support, and
personal costs have been excluded. The only element of
personal cost included was in Dawson’s 1971 revision,
which calculated the cost of bringing forward funeral
expenses to the year of the accident from the year when
the fatality would normally have been expected to occur.

This section covers the cost of medical and ambulance
services and lost output. The research in progress
(outlined in Section 2.5) will enable better estimates of
these costs to be calculated, and will also provide
information on social services and other support and
personal costs. The estimates provided here are there-
fore seen as an interim revision of the resource costs
associated with each road accident casualty.

5.1 MEDICAL AND AMBULANCE
COSTS

Since 1977 these costs have been based on data
provided by the Department of Health. The June 1990
costs are based on unit costs and rates of treatment for
1984/85, which have been uprated each year for inflation
and growth in GDP. The basis for the calculations is
summarised here. Until the results of the research in
Manchester are available, the estimates will continue to
be based on the information and assumptions outlined
here.

5.1.1 Fatalities

DoT assume fatalities are admitted as in-patients in a
quarter of cases, with an average length of stay per in-
patient of 4.6 nights. A quarter of these in-patients are
assumed to require blood transfusions, at an average
rate of 6 pints per patient receiving blood. The medical
costs for fatalities also include one ambulance journey,
one attendance at an Accident and Emergency Depart-
ment, capital costs for the ambulance service (5.4 per
cent) and the hospital and blood transfusion service (18.9
per cent), and an overall administrative overhead of 3.9
per cent.

These costs were estimated to total £434 per fatality in
June 1990 prices.

5.1.2 ‘Serious’ injuries

DoT assume patients with ‘serious’ injuries are in-patients
in 94 per cent of cases, with each in-patient staying in
hospital for an average of 11.7 nights. As in the case of
fatalities, a quarter of in-patients are assumed to require
6 pints of blood. In addition, the in-patients are assumed
to make an average of 4 visits to out-patient departments.
All ‘serious’ casualties are assumed to make one ambu-
lance journey and one visit to an Accident and Emer-
gency Department, and the costs also include an allow-
ance for artificial limbs and appliances. The capital costs
of the ambulance service, the hospital, the blood transfu-
sion service and an overall administrative overhead are
added at the same percentage rates as for fatalities.

At June 1990 prices, the total cost per ‘serious’ casualty
was estimated at £2,499. ’

The information presented in Section 3 suggests that the
proportion of ‘serious’ casualties treated as in-patients is
substantially less that is assumed in these calculations,
and that the average length of stay for in-patients is also
rather different. However until more accurate information
on unit costs and rates of use of all elements of health
and ambulance service costs are available, no attempt
will be made to make an interim revision of these esti-
mates.

5.1.3 ‘Slight’ casualties
For ‘slight’ casualties, DoT assumes that half require

hospital treatment in an Accident and Emergency
Department on one occasion and are taken by ambu-
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lance to hospital. No further treatment is included in the
estimates. Capital costs of the ambulance and hospital
service are added in the same way as for fatalities, as is
the administrative overhead on all the costs.

In June 1990 prices, these costs were estimated to
amount to £112 per ‘slight’ casualty.

The preliminary results of work in Manchester suggest
that the proportion of ‘slight’ casualties treated in hospital
is rather less than half, but this may be balanced by the
number requiring treatment on more than one occasion.
There is not yet sufficient information available to provide
a basis for improving on the current method of estimation.

5.2 LOST OUTPUT

Different methods are used for calculating the lost
contribution to the economy for fatalities and other
casualties; loss of future production is estimated for both
fatalities and non-fatal injuries. Loss of future consump-
tion is estimated separately in the case of fatalities, to
avoid double counting.

5.2.1 Fatal casualties: previous estimates

Dawson’s 1967 estimate of accident costs assumed that
a fatal road accident cost the community the removal of a
member of the community, without any form of replace-
ment. Replacement would take place if, for example, the
parents of a child killed in a road accident subsequently
bore an additional child or a worker’s death resulted in
the recruitment of an unemployed person to fill the
vacancy. In the extreme, it is sometimes argued that all
such fatalities can be replaced by additional children or
reduction in the pool of unemployed labour if a cross
section of the population is killed in road accidents.

Dawson calculated net lost output - in other words, lost
output was offset by loss of consumption of goods and
services. The justification for this approach was that the
costs should be ex post - refiecting the cost to the
community after the accident happened, which consisted
of the loss of the present value of an individual’s future
output and the gain in not having to provide for that
individual’s consumption.

This led to negative allowances for non-productive
individuals. To offset this the notional ‘pain grief and
suffering’ allowance was added to the costs, based on
the consumption of a non-productive person, to represent
the minimum value to society of that individual’s contin-
ued existence. See Section 4 for further details.

Dawson’s 1971 revision took a different view - that
figures for accident costs are needed to measure the
benefits of accidents prevented, and therefore the costs
need to be calculated for accidents which do not happen.
Thus the benefit of a fatality prevented should take
account of the fact that the individual is still alive and can
continue to consume. When this gross output method
was adopted, the ‘pain grief and suffering’ element was
retained.
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In the 1967 report, lost output was calculated separately
for males and females, for 14 age groups. It was as-
sumed that people killed in road accidents would have
had average current and future earnings and consump-
tion as other people of the same gender, and the same
life expectancy and rates of employment as other people
of the same age. Thus no account was taken of the
change in patterns of earning between age groups and
with progress through working life.

For males in each age group, the percentage working
and the expectation of working life of people working or
yet to start work were used to calculate a discounted
value of working years lost per head. Lost output was
then calculated as the number of fatalities in each age
group who were estimated to be working multiplied by the
discounted working years lost and the average annual
earned income for all males. The saving of consumption
was then calculated as the number of fatalities in each
age group multiplied by the discounted average expecta-
tion of life at that age and the average annual consump-
tion per head in the population of goods and services
(consumer expenditure and public authorities’ expendi-
ture). Loss of production and saving of consumption were
discounted at a rate of 6 per cent. Net lost output was
calculated by subtracting saved consumption from lost
production for each age group; values for each age group
were summed to a total per male fatality.

For females, the calculation was rather different, to take
account of the fact that some women take time out of
employment for domestic responsibilities and that
housewives' services represent a contribution to the
economy which is not reflected in statistics on earnings.
The following assumptions were made: output of house-
wives who were not in paid employment was valued at
the average wage of employed women; for employed
women who were also housewives there were two
elements of output: as employees and as housewives.
Output for housewives was valued at half the average
wage rate of employed women; married women were
assumed to be housewives while they were under 60.
The calculations were then as for men except that the
average value of lost production per head in each age
group was calculated from the proportion of women in
each age group who were married and the proportion of
married and single women in each age group who were
working then and projected to be working 10 years
ahead.

The average net lost output per fatality calculated by
Dawson in 1967 using 1963 figures, was £4,360 per male
and -£1,120 per female, averaging £2,880 for all fatali-
ties.

As mentioned earlier, Dawson revised his estimates in
1971, adopting a gross output approach. The current
values in use by DoT are based on a further re-calcula-
tion carried out in 1979, using data for 1978 and these
have been uprated each year for inflation and GDP.

The 1979 method is summarised in O’Reilly (1993}, but
the essential points are that gross output was estimated,
using a 5 per cent discount rate and Treasury-recom-



mended growth rates which varied between the short and
long term. The figures for earnings were based on
national income per capita, and therefore did not take
account of changes in income levels at different ages;
age-specific activity rates were applied to these overall
average income figures. The output of housewives and
employed women who were also housewives was valued
in the same way as in Dawson’s calculations.

At June 1990 prices, the gross lost output for fatalities
using this method of estimation averaged £194,698 per
fatality.

5.2.2 Revised estimate for fatalities

Lost output was calculated by assuming that current and
future incomes of fatalities would be equal to the average
for members of the population as a whole of the same
age and gender. In summary, the methodology used was
to estimate average earnings for various age and gender
groups and for every fatality, of a specified age and
gender, assume that they have average earnings and
that as they get older they will earn the average of the
subsequent age groups, taking into account activity rates,
general growth in the economy and mortality rates. The
stream of future income was discounted back to its
present value: gross lost output. In the case of fatal
casualties there is both a loss of potential productive
capacity and of consumption. The willingness to pay
component of the value of a fatality is considered to
include consumption, as the ability to consume is seen as
a benefit of being alive. Therefore consumption was
deducted from gross lost output to produce a figure for
net lost output per fatality.

As with Dawson’s estimates, this methodology implicitly
assumes that each person is unigue and irreplaceable
and there is therefore maximum loss from a fatality. It
also assumes that the at risk population is the same as
the average population.

The calculations were made in June 1990 prices, and
therefore figures for the number of fatalities in each age
group are from Stats19 for 1990, and data on earnings
and consumption are also for 1990. The method is
outlined here in Figure 2 and subsequent commentary,
but more detail is available in O’'Reilly (1993).

Characteristics of fatal casualties. Fatalities were
differentiated by age and gender. The Leitch committee
had recommended estimating lost output over the
population at risk, separating road user types, instead of
the whole population. However DoT considered this and
concluded that by using data on present and future
earnings according to the age and gender of fatalities,
rather than Dawson’s average income per male and
female, the estimates were more accurate than those
made at the time of the Leitch report. It was not consid-
ered appropriate to differentiate by mode since people
use many modes and vary their use at different times in
their lives. In any case, there are insufficient data on
earnings of road accident casualties by road user type to
make further improvements on the method adopted here.

The number of age groups was smaller than that used by
Dawson (11 instead of 14), so there was less sub-division
of people over retirement age; average values were
estimated for all those over the age of 70 in these
calculations.

Value of potential production. Future earnings were
estimated more accurately than in previous calculations.
The distribution of income by age groups was estimated
by combining the average income of employees and self
employed persons, according to the proportion of the
workforce they represent in each age and gender group.
Because there were no data available on the distribution
of income among self-employed people of different age
and gender groups, it was assumed that all those earning
(both employees and self employed people) had the
same distribution of income according to age as employ-
ees. Overheads were added to earnings; employers’
national insurance contributions were added to employ-
ees’ incomes and employees’ national insurance contri-
butions were added to earnings of self-employed people
to produce a figure for the total cost of maintaining a
productive member of the labour force.

Activity rate. Those classified as ‘active’ were people
working, those seeking work and those who are tempo-
rarily sick, plus those in the ‘other’ category of the
inactive. The ‘other’ inactive category were assumed to
include those who are making a contribution to the
economy but who are not paid for it; examples would
include household/family managers, unpaid carers and
voluntary workers. The latter are making a contribution to
the economy that would have to be replaced were they to
be killed in a road traffic accident. By including this group,
the figures for lost output reflect more accurately the
potential lost of productive capacity. Unlike Dawson’s
method, there was no additional allowance for the
contribution to household chores made by women in paid
employment, because it was considered that such tasks
were increasingly likely to be shared by males and
females.

Future income, discount and growth rates. The future
stream of income was estimated using life tables (for
1987-89) to take account of different lengths of life
expectancy for people of different age and gender
groups. It was assumed that income is worth more to an
individual at present than it is in the future. Therefore the
stream of future income, including overheads, was
discounted, also taking account of the future growth rate
of the economy. For each age group the net accumulated
effect of growth and discount rates were calculated. A 2
per cent long term growth rate was selected; the rate was
assumed to be positive and constant over the future
lifetime. This rate is typical in Cost Benefit Analysis, and
reflects historical performance of the UK economy. A
discount rate of 6 per cent was used, this being the rate
recommended by the Treasury for use in Social Cost
Benefit Analysis.

Consumption. The Department of Transport assumes

that for every fatality the economy loses both potential
production and consumption, and therefore it is
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FIGURE 2

Methodology for calculating lost output for fatalities

Males - each age group

— averag:a probability discount
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present value of gross future lost
earnings for age group

X

fatalities in age group

!

present value of gross future lost
earnings for fatalities in age group

X

average propensity to consume

!

net present value of future lost
earnings per fatality in age group

considered most appropriate to estimate the net effect by

deducting consumption from the estimated value of
potential productive capacity. There is some controversy
about this, and in France and Switzerland the figures for
gross output loss are used in Cost Benefit Analysis. The
approach adopted was similar to that used in Sweden.
There are no published statistics on the distribution of
consumption between age and gender groups of the

population, so the method of estimating the distribution of

consumption was less precise than the estimates for
income distribution. The average propensity to consume
in the UK in 1990 was calculated from figures in the
national income accounts for the value of personal

expenditure plus the value of government expenditure on

goods and services. The accounts showed that approxi-

mately 80 per cent of the value of personal incomes were

consumed. This suggested that the net lost output in

each age group would be equivalent to 20 per cent of the

gross figures. Applying the average per capita consump-
tion took account of the fact that gross income figures
included the unearned income attributed to the ‘other
inactive group (voluntary workers, unpaid carers and
household managers).
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Main results. The overall average value of net lost
output per fatality was estimated at £46,800 at a discount
rate of 6 per cent and a growth rate of 2 per cent.

Table 10 shows the overall values for lost output per fatal
casualty for males and females, and all casualties. The
table shows both net and gross values.

The results are presented in more detail in O'Reilly
(1992). The gross output estimate of £231,253 per fatality
represents a modest increase on the figure of £194,000,
which is the figure produced by uprating the 1979
estimate to 1990 prices.

5.2.3 Casualties with ‘serious’ injuries:
previous estimates

Dawson’s 1967 estimate assumed no replacement in the
labour market, as for fatalities. The estimate was based
on national statistics on claims for Industrial Injury Benefit
and Sickness Benefit. These showed the average length
of time off work for claimants who had been injured in
road accidents in the course of work, and for Sickness
Benefit claimants who had been injured in any kind of
accident. In the first year after the accident, it was



TABLE 10

Overall value of lost output per fatal casualty by gender

Males Females All casualties
Gross £264,899 £149,661 £231,253
Net £53,641 £30,306 £46,828

estimated that on average 41 working days were lost for
each casualty with ‘serious’ injuries and that 1 per cent of
casualties with such injuries would not have returned to
work at the end of the year.

The value of working time lost in the year after the
accident was calculated separately for males and
females. For males, lost output was the proportion
working multiplied by the number of casualties, multiplied
by 41 days, multiplied by the average earnings for al}
males. For females, the calculation for employees was
the same but an extra component was added: output for
housewives was calculated at half the average earnings
of employed women. The resulting figures averaged out
at a cost of £82 per ‘serious’ casualty in the year after the
accident.

For the second and subsequent years after the accident,
there were no data available on time off work resulting
from road accidents. Data on payments of permanent
disability pensions and Sickness Benefit were used to
derive two estimates of the present value of future lost
output arising from road accident injuries. It was therefore
implicitly assumed that the long term consequences of
road accidents are similar to the consequences of iliness
and injuries from other causes. The resulting estimates
averaged at £42 and £45 per casualty. A more extreme
estimate was also made, assuming that the 1 per cent of
casualties who did not recover in the first year were
unable to work for the rest of their working life. The
present value of the average cost per casualty of this
extreme estimate was £98. An intermediate figure was
decided on, of £66 per casualty in subsequent years,
bringing the total cost of lost output, when rounded, to
£150 per ‘serious’ casualty.

The 1979 revision also estimated lost output in the year
after the accident and in subsequent years in different
ways, and used Dawson’s assumption that 1 per cent of
casualties do not recover in the first year.

The assumed number of days off work in the first year
was similar to Dawson’s estimates: 40 for men and 43 for
women. The estimate improved on Dawson’s in that
average earnings of males and females in each age
group were estimated as a proportion of average earn-
ings for all males and females in 1978, and applied to the
age and gender distribution of casualties with ‘serious’
injuries to estimate the cost of the working days lost. The
calculation of earnings took account of the cost of
National Insurance and other overheads. The activity rate
for women assumed that married women not in employ-

ment were active - in other words, the contribution which
housewives make to the economy was taken into account
by applying earnings both to employed women and to
married women who were not in employment.

For the second and subsequent years after the accident,
data on compensation, payments of invalidity pension
and disability benefits were used to estimate recovery
rates and the cost of lost output for the 1 per cent of
casualties assumed to be out of productive work after the
first year, with costs in future years discounted to present
values. On average, the calculations implied that the total
number of working days lost as a result of ‘serious’
injuries averaged 67 days per ‘serious’ casualty.

In June 1990 prices, these estimates amounted to an
average of £2,455 per ‘serious’ casualty, or 12 per cent of
the total cost per casualty.

5.2.4 Casualties with ‘serious’ injuries -
revised estimates

The national statistics used previously to estimate
working days lost following accidents are no longer
available, so estimates have to be based on data col-
lected specifically to assess the consequences of road
accidents. Section 2.5 described two in-depth studies of
road accident patients, and the preliminary results of
these have been used to develop an interim revision of
the estimated cost of lost output from ‘serious’ injuries.

The first of these studies covered patients treated for two
specific types of injury ‘whiplash’ (classified by DoT as
‘slight’) and fracture injuries to upper or lower limbs
(classified by DoT as ‘serious’) at three hospitals in the
Greater Manchester area. The second study covered
samples of patients with all other injuries classified as
‘serious’ or ‘slight’ treated at the same hospitals over a
period of a year. Patients were interviewed shortly after
the accident and at 6 month intervals, to establish the
costs and consequences of the injury in detail, including
an assessment of time off work. The results for the first
two years for ‘whiplash’ and fracture patients are summa-
rised in Tunbridge et al, (1990) and Murray et al (1992).

To date, the results of interviews with ‘whiplash’ and
fracture patients are available over a two year period,
while for 470 of the other patients, data are available for
the year after the accident. The average number of days
off work in the year after the accident was 72 days for
fracture patients, 40 for those with other ‘serious’ injuries
aged 16-59, 9 for ‘serious’ casuaities aged 60 and over
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and 0 for those under the age of 16. In year 2, the
fracture patients lost an average of 63 days.

The figures for the fracture and other serious injuries
were weighted to reflect the overall probability of ‘serious’
patients treated at the three hospitals having fracture
injuries to upper or lower limbs. It was also assumed that
only those fracture patients aged 16-59 took time oft
work. The figures for lost output for the two types of injury
were then combined into a weighted average for all
serious injuries in year 1: 64 days for 16-59 year olds, 4
days for over 60s and O days for under 16s.

The estimate for lost output from ‘serious’ casualties was
calculated by combining three separate estimates: first,
the average loss of output after one year; then the loss of
output for those who did not recover after one year but
did eventually recover; and finally the ioss of output from
those ‘serious’ casualties that are permanently and
severely disabled.

The proportion of ‘serious’ casualties in each of these
three groups was estimated from the data on casualties
in Manchester which formed the basis for the proportion
of casualties in each injury state shown in Table 6. It was
assumed that those with permanent restrictions on
leisure activities would be able to resume paid employ-
ment within a year. (This assumption probably results in
an under-estimate of lost output.) Those in the ‘perma-
nent disability with scarring’ group (R) were assumed to
be spread evenly between those recovering in a year, in
1-3 years and not recovering. The resuiting figures for the
proportions estimated to recover within each time period
were: 61.8 per cent within a year, 36.5 per cent in 1-3
years and 1.7 per cent were assumed to be permanently
unable to work.

For those that recovered after one year, the average
annual income for each age group was calculated and
the average number of days off work from the in-depth
study in Manchester, for broad age groups, was applied.
The figures for days lost were for all casualties, averaged
over those that worked and those that did not, so there
was no need to apply activity rates.

For the people who took 1-3 years to recover, it might be
expected that more casualties would recover at the
beginning of that 3 year period than at the end. However,
in the absence of data it was assumed that on average
such people took 2 years to recover. The age distribution
of these casualties is not known so it was assumed that
they have the same age distribution as all ‘serious’
casualties. The income for the second year was dis-
counted at a rate of 6 per cent and a 2 per cent growth
rate was used to derive the present value of lost output in
this group.

Permanently and severely disabled people would not be
expected to return to work for their remaining lifetime.
Thus the gross lost output figures for fatalities could be
applied to these ‘serious’ casualties to reflect the present
value of the stream of future lost earnings. Such casual-
ties would continue to consume for the remainder of their
lifetime so consumption was not deducted. It is likely that
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the life expectancy of people in this group would be
reduced, and therefore a more accurate estimate of lost
output would take account of this by including only net,
rather than gross lost output for the number of years by
which life expectancy is reduced. However no information
on the effect of disabling injuries on life expectancy was
available, so the calculation estimated gross lost output
for the full lifespan of this group, assuming that life
expectancy was the same as for other people of the
same age and gender.

The estimates of lost output were made for ‘serious’
casualties in three age groups: 0-15, 16-59 and over 60,
and were made separately for men and women, although
the figures on number of working days lost were aver-
ages for casuaities in those age groups. This is clearly a
rather broad age grouping, and more accurate estimates
will be possible when more detailed data are available
from the study in Manchester. Figure 3 summarises how
the estimates were made.

The estimated lost output for each of the three groups of
casualties is shown in Table 11, and the overall average
value is shown as the weighted sum of the three groups.

The estimates are substantially higher than those based
on up-rating the values derived from earlier estimates.
There appear to be several factors explaining the differ-
ence. The data on time off work for the road accident
casualties in Greater Manchester show that the average
number of working days lost in the first year after the
injury is over a third higher than that estimated by
Dawson and assumed in the 1979 revision. The informa-
tion from Manchester on rates of recovery suggests that
a larger proportion of people take more than a year to
recover, and a larger proportion become permanently
unable to take paid employment, than the proportion
estimated by Dawson and assumed in 1979. Also the
value of gross earnings for those who become perma-
nently disabled is larger than Dawson estimated.

5.2.5 Casualties with ‘slight’ injuries - previous
estimates

At the time when Dawson'’s estimates were made there
was no information on the loss of working time due to
‘slight’ injuries. Dawson observed that a third of accidents
happened at weekends, and that many injuries of this
type are extremely minor, so he assumed that on aver-
age working people lost one working day as a result of
‘slight’ injuries.

He used the distribution of slight casualties between
males and females and different age groups and propor-
tions in employment in these groups to estimate the
number of ‘slight’ casualties who were working. At a rate
of one day per worker, the working days lost were
converted into working years lost by males and females
and divided by average male earnings and average
female earnings. This resulted in an average figure per
casualty of £2.1.

The 1979 revision of the lost output calculations again
assumed the loss of one working day per person, in the



FIGURE 3

Method for estimating lost output for ‘serious’ casualties

1. Lost output after one year

Age group
Average Average Average
Annual —®—— Daily X Days
Income Income Lost
X

Number of ‘serious’

casualties by age group

!

Lost output in first year per ‘serious’ casualty

2. Those that recover in 1-3 years

As above but apply to second year a discount rate for each age group

3. Those that never return to work

Take the gross present value of future lost earnings and apply the number of ‘serious’ casualties.

Combine 1, 2 and 3 according to the proportion accounted for by each in the distribution of ‘serious’ casualties.

TABLE 11

Estimated lost output for ‘serious’ casualties, 1990

Recovery period Male Female All casualties
Up to one year £2,514 £1,597 £1,911
1-3 years £8,838 £6,203 £7,015
Never return £294,033 £205,708 £264,146
Weighted sum £9,776 £6,746 £8,230

absence of any information on the consequences of
‘slight’ injuries. As in the case of ‘serious’ casualties, the
estimate improved on Dawson by estimating average
earnings of males and females in each age group as a
proportion of average earnings for all males and females,
and applying these to the age and gender distribution of
casualties with ‘slight’ injuries to produce the cost of the
working days lost. As with ‘serious’ casualties, the
calculation of earnings took account of the cost of
National Insurance and other overheads and the contri-

bution which housewives make to the economy was
taken into account by applying earnings both to employed
women and to married women who were not in employ-
ment.

These estimates have been uprated for inflation and
growth in GDP and in June 1990 prices, the average cost
of lost output per ‘slight’ casualty was estimated at £34,
or 8 per cent of the total cost per ‘slight’ casualty.
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5.2.6 Casualties with ‘slight’ injuries - revised
estimates

The preliminary results from the studies in Manchester
outlined in Section 5.2.4 were used to estimate average
figures for working days lost per casualty with ‘slight’
injuries requiring hospital treatment. The ‘whiplash’
patients lost 31 working days in year 1 on average, and a
further 11 days in year 2. It was assumed that all these
days were lost in the 16-59 year age group. The other
patients with ‘slight’ injuries aged 16-59 lost 13 days and
those over 60 lost 2 days in the first year; almost all of
this time was lost in the first 6 months after the accident.

About half of the total number of days lost by the 16-59
year olds was time off work taken by 7 individuals, who
all had between 100 and 200 days off sick. Their injuries,
although classified as ‘slight’, meant that they were
unable to carry out tasks required for their work; several
had back and neck sprains, one had a dislocation and
one had blurred vision brought on by the stress resulting
from the accident. One was made redundant after 198
days, and another took early retirement after 186 days.
Clearly these individuals had a substantial effect on the
average figure for lost output, but there is no reason to
believe that another sample of casualties with injuries
classified as ‘slight’ would not also include a few extreme
cases where the effect of the injury was to prevent the
casualty carrying out the physical tasks required for their
occupation over a prolonged period of time. It was
however considered that some downward adjustment of
the figures should be made, to reflect the fact that a large
proportion of the estimate of lost working days was based
on a few cases, and that while the research to derive the
final estimates of lost output is still in progress, it would
be appropriate to be cautious in estimating lost output.

Before weighting the figures, an allowance had to be
made for the casualties recorded by the police as ‘slight’
who did not require hospital treatment. Given the data on
fength of time off work for in-patients it was assumed that
those who were not in-patients took 2-3 days off work,
rather than the 1 day previously assumed by Dawson.
Assuming that this group took 2 or 3 days off work as a
result of their injuries reduced the average number of
days lost by 16-59 year olds to 13. Taking account of the
fact that about half of this time was accounted for by 7
individuals in a relatively small sample, it was decided to
estimate lost output on the basis of a round figure of 10

days lost per ‘slight’ casualty aged 16-59.

The method used in the calculation for lost output for
‘slight’ injuries was similar to that used for ‘serious’
injuries. The weighted average number of days off work
estimated from the Manchester study for year 1 provided
the figure for the 80 per cent of non-whiplash casualties
who were all assumed to recover within a year. Following
the assumptions used in estimating the value of avoid-
ance of a ‘slight’ injury, it was assumed that half of
‘whiplash’ casualties were equivalent to injury group W
(and therefore recover in less than a year), while the
other half take on average two years to recover. For the
10 per cent of ‘slight’ casualties who were assumed to
take more than a year to recover, a 6 per cent discount
rate and 2 per cent growth rate were applied to estimate
the present value of their lost earnings in the second
year. Table 12 shows the value of lost output per casualty
in the first year, the value per casualty taking between 1
and 3 years to recover, and the weighted sum assuming
that 90 per cent recover in the first year.

These estimates are over 30 times higher than the up-
rated values of the figures estimated by Dawson. His
assumption that injuries classified by the police and DoT
as ‘slight’ were so minor that they would only lead to one
day off work on average was clearly an under-estimate of
the severity of ‘slight’ injuries and their consequences.
‘Whiplash’ injuries clearly have a more severe disabling
effect than other injuries classified as ‘slight’, and at the
time when Dawson was working, such injuries were less
common and little was known about their effects. How-
ever, even the number of days off work in the first year
taken by non-whiplash patients was on average several
times greater than Dawson assumed to be the case for
all ‘slight’ injuries.

6. INTERNATIONAL
COMPARISONS: CASUALTY-
RELATED COSTS

Most developed countries put a vaiue on road safety.
Section 2 showed that there are a variety of approaches
to placing a cost on road accidents or a value on their
prevention: human capital (based on either gross or net

TABLE 12

Estimated lost output per ‘slight’ casualty

Recovery period Male Female All casualties
Up to one year £408 £284 £333
1-3 years (‘whiplash’) £9,057 £6,617 £7,312
Weighted sum £1,273 £917 £1,031
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output); life insurance; court awards; implicit public sector
valuation; and willingness to pay. The experts consulted
by DoT concluded that if values are to be used in cost
benefit analysis then the willingness to pay approach is
theoretically superior. This view is widely accepted in
other countries as the approach enables the preferences
of the road users to be taken into account in investment
decisions; however due to the difficulties involved in
measuring people’s WTP, many countries use other
approaches or combinations of approaches.

Estimates of casualty-related costs in developed coun-
tries involve combining a number of elements. Common
to all calculations are values for: medical costs; estimates
of lost output; and a subjective element for either ‘pain
grief and suffering’ or willingness to pay type values,
representing the welfare element in the costs of prevent-
ing road traffic accidents. Other less common elements
included in casualty-related costs are house conversion
costs resulting from disability, hospital visiting costs, as
included in Dutch calculations, and funeral costs, as in
the USA.

This section summarises the range of methods used in
other countries, and the types of information which form
the basis of the resulting estimates of casualty-related
costs.

6.1 METHODS OF CALCULATING
LOST OUTPUT

For lost output calculations there are a variety of ap-
proaches that can be adopted. As can be seen from the
latest calculations described in Section 5.2, many
assumptions have to be made and many of these depend
on the overall approach to costing of accidents. There is
the question of whether to use gross or net vaiues.
Typically, those countries that do not include WTP
elements in their costs tend to use gross output values -
such as France, Belgium, Norway and Germany. Very
few countries include WTP, and those that do tend to use
net lost output for costing fatalities - such as Sweden,
Finland and New Zealand. Others use net output if other
elements, such as ‘pain, grief and suffering’, are seen as
taking account of loss of consumption. Interestingly, the
USA and Switzerland use gross lost output values; the
latter then combines them with an estimate for ‘the social
willingness to pay’ i.e. the marginal cost of a life.

In some cases the figure for average per capita earnings
is used rather than a distribution of average earnings; this
is said to take account of the black market and other
productive activities that are not reported in the distribu-
tion of workers’ wages. The value of unpaid contributions
to productivity can also be taken account of by adjusting
activity rates to include them. In the USA, household
productivity is valued at the market value, so for example
domestic chores are valued at the average wages paid
for professional maid services. Household productivity is
measured for both full time and part time house keepers
and those with careers outside the home. Miller (1991)
estimated that for all injured persons, an average of 2.1
hours per day were devoted to household production

activities, and that these occurred every day of the week,
rather than for the standard working week. There are also
differences in definitions of the working population and
ages at which people start work and retire. In Luxem-
bourg, for example, it is assumed that people work from
the age of 20. There are also simple differences in the
definition of the number of working days per year - the
USA valuations assume 243 days whereas the estimates
in this report are based on 300 days.

The other main area of difference in lost output calcula-
tions is in discount rates. There is no definitive discount
rate for the calculation of lost output: a variety of rates
could be justified. Ideally, if using the willingness to pay
approach, the individuals’ time preference rate would be
used, but this is difficult to gauge. Also, the individuals’
rate of return on investment might be used, rather than
the rate of return in all markets. It could be argued that an
even higher rate is more appropriate since the final
values are to be used in public sector cost-benefit
analysis. A broad range of values for discount and growth
rates are used in different countries; Germany uses a 0
per cent discount rate and a 1 per cent growth rate; while
at the other extreme France and New Zealand use a 10
per cent discount rate and a 2 per cent growth rate; and
in Austria it is assumed that in the long term the social
time preference and growth rate will be equal. A study by
Miller et al (1984) recommends a 4 per cent discount
rate, which is currently used in the USA and is consid-
ered to reflect individuals’ social time preferences.

6.2 MEDICAL AND SUPPORT COSTS

Often it is impossible to obtain medical data on every
casualty and estimates have to be made. In Belgium, the
calculations are based on average costs of treatment
following accidents at work in transport undertakings. In
Germany, a sample of 6,000 cases of sickness or
accident between 1979-1980 is used as the basis for
estimating medical costs. In the Netherlands, it is possi-
ble to identify road accident casualty in-patients both in
hospital and in care/rehabilitation; to cost medical
operations, the average cost of an operation is multiplied
by 90 per cent of the number of road accident victims,
implying that 90 per cent of casualties are operated upon.
Also in the Netherlands house conversion costs are
included; the average cost of conversion is multiplied by
a fixed percentage of those disabled as a result of a road
accident. In Norway, medical costs are based on average
hospital costs but it is assumed that the cost of treating
road accident casualties is higher than average. The cost
of caring for disabled people is estimated for new addi-
tions to this category annually, but this underestimates
the total costs. In the USA, the medical costs of fatalities
are based on a study of trauma deaths in Maryland in
1986 (Rice et al, 1989). Funeral costs in the USA are
calculated by taking the difference between the value of
funeral costs in the present and the value at the end of
the expected life span, discounted at 4 per cent.
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6.3 DISABILITY AND LOST OUTPUT

Medical data are also used in lost output calculations,

providing details of life expectancy and disability following

injury. In the Netherlands, people who are disabled for
more than a year after the accident are separated into
two groups: those that recover within 14 years and those
that do not recover within 14 years (who are assumed to
be disabled for a further 15 years, i.e. the average
remaining lifetime). In Austria, it is assumed that 70 per
cent of out-patient treatment time is actual work lost. The
German calculation assumes that casualties are 25 per
cent unfit for work for a period of five years after the
accident. In Sweden, days off sick are estimated on the
basis of industrial accident statistics for varying degrees
of injury. In Luxembourg, casualty cost calculations
assume that severely injured casualties are 40 years old,
and assumptions are then made about the length of time
off work: all are assumed to be unable to work for 6
months, between 100 per cent and 20 per cent unable to
work for the next 6 months and then 20 per cent unable
to work for their remaining lifetime. in the USA, casualty
costs are based on the MAIS (threat to life) score and
data from a large sample of industrial compensation
claims; it is assumed that casualties with injuries scoring
MAIS 4 or 5 will have permanent and total disability
(Blincoe and Faigin, 1992).

Research in the USA found that people in the workforce

suffering ‘minor’ injuries in road accidents lost an average

of 3.2 working days (Miller and Luchter, 1988).

Insurance data on compensation and court awards are
also used for costing personal injury. The values pro-

duced by insurance companies are frequently modified in

calculations of the costs of accidents to take account of

unreported accidents and uninsured persons and the fact

that they only take account of the innocent party. In
Luxembourg, the insurance costs for personal injury are
multiplied by a coefficient, estimated by dividing the total
sum of damage to people by total compensation for
personal damage. Court awards or insurance data are
not always available, so for example in Germany it is
assumed that half of all transport users are insured and
that 40 per cent of all legal disputes are made as a result
of road traffic accidents.

6.4 ‘PAIN, GRIEF AND SUFFERING’
AND WILLINGNESS TO PAY

In some countries, such as Austria, insurance companies

compensate victims for private costs of the accident and
their pain, grief and suffering, and the value of compen-
sation awards can be used for accident costing. Court
awards are also used as a proxy for the cost of ‘pain,
grief and suffering’, as in Belgium, France and Austria,
and are often referred to as ‘grief payments’. In Spain,
the subjective costs of grief, pain and suffering of fatal
casualties and those who are permanently disabled are
set at 50 per cent of the value of lost production.

Elsewhere, values for prevention of accidents are
estimated on the basis of users’ Willingness To Pay, i.e.

a welfare loss estimate. In Finland a value for minimum
welfare loss is included, which is society’s willingness to
pay to provide resources to care for the victim. In Switzer-
land, there is a similar element termed ‘risk induced
costs’ which is a marginal value for saving a life. This
social WTP depends on the extent to which a person can
influence the accident risk. Sweden, like Great Britain,
uses willingness to pay estimates in valuing fatalities,
while for non-fatal casualties an estimate is made of
quality-adjusted life years using a general health index. In
addition, the USA uses WTP methods to estimate the
‘value of a life’.

6.5 THE VALUE OF AVOIDING ROAD
ACCIDENT CASUALTIES

A comparison of values in Europe was produced by
COST 3132 (Willeke and Beyhoff 1990). Costs, in ECUs,
are given per fatality. The highest values were for
countries that incorporated WTP elements such as
Finland, Sweden, Switzerland and Great Britain. The next
highest values, from Austria and the Federal Republic of
Germany, used gross values for lost output and did not
incorporate a discount rate.

The valuation methods for fatalities in New Zealand and
the USA are very similar to those used since 1988 in
Great Britain, and the actual monetary values are very
close; the figure for New Zealand is equivalent to about
£650,000 and for the USA is a minimum value of
£780,000, in 1992 prices.

From the same European review of methods for calculat-
ing accident costs, it is possible to consider the value of
severe injuries relative to the value of fatalities. Such
comparisons must be treated carefully because the
definitions of fatal and serious casualties vary between
countries. Estimates of the costs of severe casualties
range from 0.7 per cent of the value of a fatality in
Finland to nearly 29 per cent in Portugal. Sweden has the
next highest value of a severe injury in relation to its
value of a fatality - at 14 per cent, followed by Belgium -
11 per cent, Spain - 10 per cent, and France - 9 per cent.
The ratios for Germany, Norway and Austria were
between 3 and 5 per cent. By comparison, the revised
cost per casualty in Great Britain which is shown in the
following section is 10 per cent of the cost of a fatal
casualty. It is also worth noting that in some countries,
the resource costs associated with severely injured
casualties may be higher than the value of fatalities.

In all calculations of casualty costs, a number of assump-
tions and estimates have to be made due to the lack of
comprehensive economic, accident and health data. This
can result in wide variations in values using the same
broad approach. This revision of the casualty costs for
Great Britain represents a significant improvement, and
as better data become available further improvements to
the calculation of the human capital elements will be
made.

3 COST 313 is a Committee of European representatives of transport policy makers and researchers, who's objective is to
put a value on the socio-economic cost of road accidents. It is set up by the EC as part of European Co-operation in the Field
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7. SUMMARY OF REVISED
CASUALTY-RELATED COSTS

This section brings together the estimates presented for
the various components of casualty-related costs in the
earlier part of the report. It is important to bear in mind
that these represent an interim revision of the figures; the
figures which formed the basis for estimating lost output
for ‘serious’ and ‘slight’ casualties will be revised when
the research projects on the consequences of road
accident injuries are complete, and this research will aiso
enable up-to-date estimates of medical, support service
and ambulance costs to be developed.

Improvements in the data available in future will enable
further refinements to be made to the estimates of the
value of avoidance of injuries, and of the number of road
accident casualties with different degrees of injury and
disability, which will in turn affect estimates of lost output
and medical and support costs. The national sample
hospital survey which is commencing in November 1992
will be an important source of information, while research
on disability scaling for road accident injuries will enable
better predictions of the long term consequences of such
injuries to be made.

It is also important to stress that these estimates of
casualty-related costs represent minimum values for the
benefit to the economy of reducing the risk of injury for
accidents recorded in Stats19. As mentioned in Section
2.5, consequences of disability such as the reduction in
life expectancy and the cost to carers, are not included,
while it has only been possible to value personal safety,
rather than taking account of the value of other people’s
safety as well.

The revised estimates of the value of avoidance of injury
and lost output, combined with the current estimates of
medical and ambulance costs, result in a doubling of the
average cost per casualty compared with the previous
methods. Table 13 shows that the average cost per
casualty is now estimated at £27,000 compared with the
current figure of £14,000 shown in Table 1. It is likely that

the research on medical and support costs will result in
some further increase in the estimated average cost per
casuaity.

At this interim stage in revising the cost estimates, the
value of avoidance of injury accounts for a larger propor-
tion of the costs than in the previous estimates. In the
case of ‘serious’ injuries, this element comprises 85 per
cent of the costs, compared with a figure of 75 per cent
from the figures in Table 2; for ‘slight’ casualties, this has
increased from 65 per cent to 79 per cent. For non-fatal
injuries, the share of the casualty costs represented by
lost output has increased, and the relative contribution of
medical costs has decreased; this may be a temporary
feature until the medical costs have been revised.

The arbitrary ‘pain, grief and suffering’ value for ‘slight
casualties was set at 2 per cent of the value for ‘serious’
injuries; the willingness to pay value for the of avoidance
of a ‘slight’ injury is 8 per cent of the value for a ‘serious’
injury. The value of lost output for ‘slight’ casualties was 1
per cent of the value for ‘serious’ casualties in the
previous estimates, and is now 13 per cent of the value of
lost output for a ‘serious’ casualty. Thus the overall value
of a ‘slight’ casualty has moved closer to the value of a
‘serious’ injury. Much of the increase in the value of
‘slight’ casualty costs is due to the inclusion of whiplash
injuries within this category which have been found to
have much higher costs.

The increases in the casualty-related costs can be
explained by three main factors. The introduction of the
willingness to pay approach based on surveys of the
general public, superseding the arbitrary amounts for
‘pain, grief and suffering’, has increased the contribution
of the ‘subjective’ element of costs and linked the values
directly with the value of a fatality. The lost output
element has been estimated on the basis of better
information on time off work following road accidents, and
more refined techniques for estimating loss of earnings.
The estimates for both lost output and the value of
avoidance of injury have benefited from better information
on the nature of road accident injuries, and on their
consequences in terms of recovery rates and the extent
of long term disability.

TABLE 13
Summary of revised costs per casualty: June 1990
Severity Lost output Value of Medical Total
avoidance of injury & Ambulance
Fatal £46,828 £617,672 £434 £664,930
Serious £8,230 £58,494 £2,499 £69,220
Slight £1,031 £4,405 £112 £5,550
Average £3,007 £23,373 £540 £26,920
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Comparison of Tables 1 and 14 shows that the revised
estimates represent more than a 3-fold increase in the

cost of ‘serious’ casualties and a 13-fold increase in the
cost of ‘slight’ casualties.

The revision of the casualty-related costs affects the
average cost per accident. Table 14 shows the revised
accident costs, taking account of these revised casualty
costs. Compared with the previous figures shown in
Tables 1 and 2, the average cost of a fatal accident in
1990 increases by 3 per cent and the average cost of a
‘serious’ accident and a ‘slight’ accident increases by
more than three times. These changes also affect the
relative size of the total cost of accidents of different
levels of severity. The total cost of ‘serious’ accidents is
now higher than the cost of ‘fatal’ accidents, while the
total cost of ‘slight’ accidents is higher than the cost of
‘damage-only’ accidents; however the research on
accident-related costs may affect the relative scale of
damage-only accident costs. Together, the increases in
casualty-related costs mean an increase in the total cost
of injury accidents on the roads of Great Britain in 1990
from £5,300 million to £9,700 million; total accident costs
increase by 65 per cent from £6,800 million to £11,200
million.

In 1991 prices, the costs per casualty shown in Table 13
are: £683,200 per fatality, £71,000 per casualty with
‘serious’ injuries and £5,800 per casualty with ‘slight’
injuries. When these figures are applied to the number of
accidents and casualties recorded in 1991, and the
accident and casualty-related costs are uprated for
inflation and GDP growth, then the costs per accident in
1991 were: £786,480 per fatal accident, £85,990 per
‘serious’ accident, £9,290 per ‘slight’ accident and £960
per damage only accident. The total costs of injury
accidents in 1991 were £8,779 million. This is slightly
lower than the cost in 1990 because fewer accidents
were recorded in 1991 than in 1990, and in particular,
fatal accidents were down by 12%.

The methods introduced for valuing non-fatal injuries and
the revision of the estimates for lost output for fatalities

have brought the methods used for costing fatal and non-
fatal road accident injuries into line, so that the costs are
on a consistent basis. When the results are used in
evaluation of local road safety schemes, and decisions
on road safety priorities, the effect of these changes will
be to raise the relative priority given to saving injury
accidents.

The increase in the average cost per casuaity overall will
result in raising the prominence of accident savings
relative to time savings where COBA is used to evaluate
road schemes. The proportion of the benefits of the
average COBA scheme accounted for by accident
savings will increase from about 15% to about 25%.

The adoption of the willingness to pay approach to
valuing personal safety, and the refinement of the
estimates of lost output, have brought the methodology
used to value road accident injuries in Great Britain into
line with current thinking in road safety world-wide. The
improvement in methods for eliciting willingness to pay
values through the research summarised here represents
a significant advance, and as better data become
available, further improvements in estimates of the
human capital element of casualty costs in Great Britain
will be made.
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TABLE 14

Revised accident costs: 1990

Severity Cost per accident (£) Total accident cost (EM)
Fatal 767,500 3,644
Serious 84,320 4,296
Slight 8,860 1,796
Damage only 950 1,426
All 14,070 11,193

32



The authors wish to thank Kate McMahon, Economic
Adviser DoT, for her contributions to this programme of
work, particularly in the areas of injury valuation and lost
output calculation. In addition, the advice on injury
valuation of Andrew Burchell, Economic Adviser DoT,
and Henry Neuberger, Economic Adviser DoH is grate-
fully acknowledged.

9. REFERENCES

Bergstrom, T C (1982). When is a man’s life worth more
than his human capital? in Jones-Lee, M W (ed) The
value of life and safety, Amsterdam, North Holland, p 3-6.

Blincoe, L J and B M Faigin (1992). The economic cost of
motor vehicle crashes, 1990. Report DOT HS 907 976,
Plans and Policy, National Highway Traffic Safety
Administration, Washington DC.

Dalvi, M Q (1988). The value of life and safety: a search
for a consensus estimate. Department of Transpont,
London.

Dalvi, M Q (1992). The valuation of non-fatal road
casualty costs: estimation of consensus value. Report to
The Department of Transport.

Dawson, R F F (1967). Costs of road accidents in Great
Britain. RRL Laboratory Report 79, Road Research
Laboratory, Crowthorne.

Dawson, R F F {1971). Current costs of road accidents in
Great Britain. RRL Laboratory Report 396, Road Re-
search Laboratory, Crowthorne.

Department of Transport (1988). Valuation of road
accident fatalities. Department of Transport, London.

Department of Transport (1991). Road Accident Costs
1990. Highways Economics Note 1, Department of
Transport, London.

EuroQol Group (1990). Euroquol - a new facility for the
measurement of health-related quality of life. Health
Policy, 16. pp 199-208.

Galasko, C S B, Murray, P A, Hodson, M, Tunbridge, R J
and Everest, J (1986). Long term disability following road
traffic accidents. Department of Transport, TRRL Re-
search Report 59. Transport and Road Research Labora-
tory, Crowthorne.

Guria, J C {1990). Length of hospitalisation - an indicator
of social costs of disabilities arising from traffic injuries.
Accident Analysis and Prevention, 22, pp 60-64.

Hopkin, J M, P A Murray, M Pitcher and C S B Galasko
(1992). Police and hospital recording of road accident
casualties: a study in Greater Manchester. TRL Research
Report 379, Transport Research Laboratory, Crowthorne.

Ilves, D and Kemp, D (1992). Revaluation of non-fatal
casualty costs: a review of literature on relative utility loss
methodologies. TRL Contractor Report 307, Transport
Research Laboratory, Crowthorne.

lves, D, Soby, B, Ball, D and Kemp, R (1993). Revalua-
tion of non-fatal casualty costs: a report of the application
of the relative utility loss approach. TRL Contractor
Report 339, Transport Research Laboratory, Crowthorne.

James, H F (1991). Under-reporting of road traffic
accidents. In Traffic Engineering and Control, 32, 12,
574-583.

Jones-Lee, M W (1989). The value of avoidance of non-
fatal road injuries: an exploratory study. Report to the
Department of Transport. University of Newcastle upon
Tyne.

Jones-Lee, M W (1991). Altruism and the value of other
people’s safety. Journal of Risk and Uncertainty, 4,
213-9.

Jones-Lee, M W (1992). Paternalistic altruism and the
value of statistical life. Economic Journal, 102, 80-90.

Jones-Lee, M W, Hammerton, M and Philips, P R (1985).
The value of safety: results from a national sample
survey. Economic Journal, 95, pp 49-72.

Jones-Lee, M W, Loomes, G, O'Reilly, D M and Philips, P
R (1993). The vaiue of preventing non-fatal road injuries:
findings of a willingness-to-pay national sample survey.
TRL Contractor Report 330, Transport Research Labora-
tory, Crowthorne.

Leitch, G (1978). Report of the Advisory Committee on
Trunk Road Assessment, HMSO, London.

Miller, T R (1991). The comprehensive cost of motor
vehicle injuries by body region and AIS severity. 35th
proceedings of the Association for Advancement of
Automotive Medicine, Des Plaines, IL.

Miller, T R, K A Reinart and B E Whiting (1984). Alterna-
tive approaches to accident cost concepts: state of the
art. Federal Highway Administration, US Department of
Commerce, National Technical Information Service,
Washington DC.

O’Reilly, D M (1993). Costing road traffic accidents: the
value of lost output. Transport Research Laboratory
Working Paper WP/SRC/09. Transport Research
Laboratory, Crowthorne.

Murray P A, M Pitcher and C S B Galasko (1992). The
cost of long-term disability resulting from road traffic
accidents: two year follow-up report. TRL Contractor
Report 340. Transport Research Laboratory, Crowthorne.

Rice, D P, E J Mackenzie and Associates (1989). Cost of
injury in the United States: A Report to Congress.
Institute for Health and Aging, University of California and
Injury Prevention Center, The John Hopkins University,
San Francisco, CA.

33



Rosser, R and Watts V (1978). The measurement of
iliness. Journal of Operational Research, 29; 529-540.

Torrance, G W (1982). Multi-attribute utility theory as a
method of measuring social preferences for health states
in long term care. In Kane, R L and Kane, R A (eds)
Values and long term care. Lexington, Mass, Lexington
Books, D C Heath and Company, pp 127-156.

Tunbridge, R J, P A Murray, A M Kinsella and cSsSB
Galasko (1990). The cost of long term disability resulting
from road traffic accidents: interim report. TRRL Contrac-
tor Report 212, Transport and Road Research Labora-
tory, Crowthorne.

Willeke, R and S Beyhoff, (1990). Report on Action
COST 313 Economic Cost of Road Accidents. E C
Commission.

APPENDIX A

Department of Transport definitions of injury severity
of road accident casualties

Fatal

Death from a road accident which occurs within 30 days
of the accident.

Serious

Casualties who die as a result of their injuries more than
30 days after the accident.

All casualties who are admitted to hospital as an in-
patient as a result of their injuries.

Casualties who are not detained in hospital but have any
of the following injuries are also included: fractures,
concussion, internal injuries, crushings, severe lacera-
tions, and severe general shock requiring medical
treatment.

Slight
Casualties with injuries such as a sprain, bruise or cut

which are not judged to be severe, or slight shock
requiring roadside attention.
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