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Abstract

Introduction: Costs related to road crashes represent an important societal burden. Additionally they constitute an
essential input variable to assess the cost efficiency of road safety measures. While most attention is usually spent
on costs related to fatal crashes, this paper focuses on costs related to serious injuries.

Method: A review of these costs is presented based on different data sets and methods.

Results: A survey collecting crash cost estimates in European countries shows considerable variation in the costs
related to serious injuries. The reported cost per serious injury varies between €28,205 and €975,074 and the total
costs related to serious injuries vary between 0.04% and 2.7% of a country’s GDP. The applied methodology to
estimate human costs appears to have a large influence. Other potential explanations are the applied definition for
seriously injured victims, the registration procedure of crashes with serious injuries and the cost components that
are included. Detailed analyses of medical costs and production loss that are based on country-specific datasets
show the importance of assessing medical costs on the long term and taking into account the variation of these
costs for different subgroups of traffic victims. A comparison of approaches to estimate monetary values for human
costs shows that most countries use the Willingness To Pay method. While having a sound theoretical background,
this method is rather limited in the specification of injuries. The use of Quality Adjusted Life Years gives the
possibility to provide values for a larger diversity of injury types.

Keywords: Serious injuries, Costs, Road safety policy

1 Introduction

Road crash cost estimates can be used in economic assess-
ments of road safety programs. These costs reflect the
monetary valuation of the benefits of road safety improve-
ments. Different studies have been dedicated to road crash
costs and the costs of fatalities [30], while not much atten-
tion has been given to the costs of serious injuries. How-
ever, the consequences of serious road injuries might
represent important societal costs. Given their high num-
ber, large health impact and their slow reduction over the
last decades (as opposed to fatal injuries), serious road in-
juries are more commonly being adopted as an additional
road safety performance indicator [27], for example by the

* Correspondence: Annelies.Schoeters@vias.be
Wias institute, Brussels, Belgium
Full list of author information is available at the end of the article

@ Springer Open

European Commission [13]. The definition of serious road
traffic injuries differs between EU member states. While
most countries use police data and define these victims as
casualties admitted to a hospital, other countries use hos-
pital data and base their definition on the injury severity
level [28]. In 2013 the European Commission established
a common definition for serious injuries as nonfatal road
traffic casualties with an injury level of MAIS3+' [14].

! According to the AIS (Abbreviated Injury Scale) system every
individual injury described in a 7 digit code of which the last digits
indicate the mortality risk in an ordinal scale ranging from AIS 1 —
superficial injury; to AIS 6 — no medical treatment possible, i.e. 100%
mortality risk [4]. In order to summarise the whole body injury
severity, especially for victims with multiple injuries, the Maximum
AIS (MAIS) is used.

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12544-020-00448-0&domain=pdf
http://orcid.org/0000-0001-6308-5628
http://creativecommons.org/licenses/by/4.0/
mailto:Annelies.Schoeters@vias.be

Schoeters et al. European Transport Research Review (2020) 12:58

However the methodologies for estimating MAIS3+ cas-
ualties still differ widely among EU countries.

Research about costs of serious injuries so far has
been scarce. This is probably related to the fact that
serious injuries are only relatively recently really used
as a performance indicator. This paper tries to fill
this knowledge gap in an elementary way. The paper
presents the results of a review of these costs in 32
European countries that was conducted in the frame-
work of the H2020 project SafetyCube. Next to
comparing the official cost estimates in European
countries, this paper examines three cost components
that are most relevant for serious injuries in more
detail. Medical costs and costs related to production
loss are examined by identifying their influencing
factors. Finally more insight in human costs is pro-
vided by discussing and comparing three approaches
to put monetary values to human costs.

The socio-economic costs of serious road injuries
consist of different cost components. Based on classi-
fications in the international literature [3, 26, 29, 30],
we distinguish six cost components for road crashes
and casualties:

e Medical costs

e Production loss: the loss of production or productive
capacities

e Human costs: immaterial cost of lost quality of life
and lost life years

e Administrative costs: police, fire service, insurance,
legal costs

e DProperty damage: damage to vehicles, infrastructure,
freight and personal property

e Other costs, such as costs of congestion resulting
from road crashes, vehicle unavailability and funeral
costs

A further classification of these cost components based
on the European COST313 guidelines [3] distinguishes
between “injury-related costs” and “crash-related costs”.
The injury-related costs, which are most relevant for ser-
ious road injuries, are: medical costs, costs related to
production loss, human costs and certain cost items that
are categorized as other costs.

Section 2 describes the cost estimates in the different
European countries that were collected by means of a
survey. It further examines the origin of the observed
differences between countries. Section 3 provides add-
itional insight into the factors influencing medical costs
and costs related to production loss, using different
country-specific studies. Finally, since human costs rep-
resent the largest share in the costs related to serious in-
juries, the different approaches to calculate this type of
cost are examined and compared.
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2 Costs of serious road injuries in the European
countries

2.1 Data collection

By means of a survey that was carried out in 2016, crash
cost estimates were collected for 32 European countries
(EU28 + Iceland, Norway, Serbia and Switzerland). The
data collection was a joint effort between the EU pro-
jects SafetyCube (https://www.safetycube-project.eu/)*
and InDeV (http://www.indev-project.eu/). The survey
included questions concerning the national cost esti-
mates per crash and per casualty by level of severity, the
cost estimates per cost component and the total costs of
crashes. Furthermore information was inquired on the
methodology that was applied for assessing such figures
and the databases that were used. The collected informa-
tion was integrated into a SQLite database and multiple
consistency checks were carried out, resulting in several
corrections. In order to be able to compare costs from
different countries, all values are expressed in EUR price
level 2015 and adjusted for relative income differences
using Purchasing Power Parities (PPP) from Eurostat.

2.2 The costs related to serious injuries compared
between the different European countries

The results of the survey indicate that the official na-
tional cost estimates for serious injuries differ consider-
ably between the European countries. This is the case
for both the unit cost per serious injury and the total
costs related to serious injuries (Table 1). The values for
the cost per serious injury range from €28,205 in Latvia
to €975,074 in Poland. The median value is €254,777.
Geographically, the values per serious injury appear to
be higher in Northern European countries and in some
Eastern European countries (Poland, Estonia and
Hungary) (Fig. 1).

With regards to the total costs related to serious injur-
ies, these costs are presented as a percentage of the
Gross Domestic Product (GDP) of a country using data
for 2015 from Eurostat. In that way, the effect of factors
influencing the number of casualties, such as the num-
ber of inhabitants and the size of the country, are can-
celled out so comparisons between countries are more
meaningful [12, 29]. As can be seen in Table 1, total
costs related to serious injuries as a percentage of GDP
also vary considerably. The total costs range from 0.04%
of GDP in Ireland to 2.7% of GDP in Poland. The me-
dian percentage is 0.3%. As opposed to the unit cost per
serious injury, there is no clear geographical pattern
(Fig. 2).

The results of the survey can be found in the SafetyCube project
deliverable 7.3: Costs related to serious road injuries .


https://www.safetycube-project.eu/
http://www.indev-project.eu/
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Table 1 Cost per serious injury and total costs related to serious injuries as percentage of GDP, per country (EUR 2015, adjusted for PPP)

Country Cost per serious injury Total costs related to serious injuries as % of GDP
Austria 381,285 1.18

Belgium 307,364 045

Bulgaria 220,390 1.33

Croatia 290,042 2.11

Cyprus 135,535 0.29

Czech Republic 295,199 048

Denmark 344,536 023

Estonia 959,011 2.21

Finland 671,383 0.17

France 368,029 0.45

Germany 119,480 0.27

Greece 252,277 0.12

Hungary 501,194 2.59

lceland 364,914 043

Ireland 225511 0.04

[taly 211,860 0.55

Latvia 28,205 0.51

Lithuania 89,804 0.94

Luxembourg NA NA

Malta 203913 0.70

Netherlands 269,149 0.74

Norway 845,812 0.19

Poland 975,074 265

Portugal 136,365 0.20

Romania NA NA

Serbia NA NA

Slovakia 141,504 0.20

Slovenia 247550 0.75

Spain 254,777 046

Sweden 399,728 0.21

Switzerland 214,023 0.49

United Kingdom 227,979 0.20

2.3 Potential explanations for differences in the cost With regards to the total costs related to serious injur-
estimates between European countries ies, a supplementary potential explanation is:
There are several potential explanations for the large dif-

ferences observed in the unit costs related to serious in- o differences in the level of road safety.

juries. Among these explanations are:
2.3.1 Definition of a serious injury

e differences in the definition of a serious injury; The survey shows that the definition of a serious injury
e differences in the cost components and cost items that is applied in national cost estimations varies strongly
that have been included; between the surveyed countries. While it is difficult to find
e differences in the methodology used to calculate the  a pattern, it seems that countries where a serious injury is
cost components; defined more strictly, i.e. by a hospital admission of more
e differences in the reporting rate of serious injuries. than 48h or by permanent disability payments, have a

e differences in the GDP per capita. higher cost per serious injury. Countries that use a
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Fig. 1 Unit cost per serious injury (EUR 2015, adjusted for PPP)

definition of a hospital admission of more than 24 h show
on the other hand, average to low costs per unit (€368,029
to €11,948). However, the large variation in the unit costs
among countries that use the same definition indicates
that there are also other factors on the basis of the ob-
served differences.

2.3.2 Cost components and items included

Based on classifications in the international literature [3,
26, 29, 30], we have defined six cost components that
should be included in the calculation of the costs of ser-
ious injuries. Table 2 shows the number of countries that
have included each cost component in the cost per serious
injury. It is notable that not all countries have included
the same components. Furthermore most countries have
included the injury-related cost components, while the
crash-related components are included by only 6 to 10
countries. These differences could probably explain part
of the variability in the cost per serious injury.

Besides including a different number of cost compo-
nents, the contribution of the cost components to the
unit cost per serious injury, also differs between coun-
tries (Fig. 3). While in most countries the human cost
component contributes the most to the unit costs of ser-
ious injuries, in some countries the costs related to pro-
duction loss and the medical costs take a large part.

Further differences can arise from different cost items
that are included in the estimation of specific cost com-
ponents. With regards to medical costs, most countries
include the costs related to in-patient treatment, out-
patient treatment and the emergency department. Non-
hospital treatment and costs related to aids and appli-
ances are included in fewer countries. Regarding the
costs related to production loss, most countries only in-
clude future (market) production loss, while only a few
countries also include non-market loss or friction costs.

2.3.3 Methodology

Based on the international literature, we have also de-
fined good practices regarding the methodology to esti-
mate the different components. While all countries
generally use the recommended method to calculate
medical costs (Restitution Cost method®) and costs re-
lated to production loss (Human Capital method®), the

3This approach implies a calculation of the costs of the resources that
are necessary to restore road casualties to the situation, which would
exist if they had not been involved in a road crash. If available, market
prices are used to calculate these costs [30].

*This approach implies that the value for society of the loss of
productive capacities is calculated. In general, these costs are
calculated by multiplying the period of time road casualties are not
able to work due to the crash by a valuation of the production per
person per unit of time [30].
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Fig. 2 Total costs related to serious injuries as percentage of GDP

method used to calculate human costs differs among
countries. While the Willingness To Pay (WTP) method
is generally recommended, other methods such as the
Human Capital approach and the Restitution Costs ap-
proach are also used by some countries. In this case the
Restitution Costs method means that the valuation of
the quality of life is based on compensation payments by
courts or insurances.

Variation in the method used to calculate human costs
can have a large influence on the costs related to serious
injuries because human costs generally represent a very
large share of the cost per serious injury. The positive
relationship between the human cost component of a
serious injury and the unit cost of a serious injury is il-
lustrated in Fig. 4. A linear regression was calculated to
predict the unit cost of a serious injury based on the hu-
man cost component. A significant regression equation
was found (F(1,18) =39.94, p <0.001) with an Adjusted

R® of 0.6721. The unit cost of a serious injury equals
49.730 + 1.301 (human cost component). Moreover, the
effect of the applied method is demonstrated in Fig. 4
Countries that used the WTP method show the largest
human cost (and thus cost per serious injury); if a factor
‘WTP — non-WTP is included in a linear regression
model, the fraction of explained variation increases to
0.88 (Adjusted R” = 0.8756, p < 0.001).

2.3.4 Reporting rate

Differences in the reporting rate of serious injuries by
the police or by hospitals also explain some variation in
the cost per serious injury. A higher reporting rate usu-
ally implies that more injuries of a lower severity are in-
cluded in the cost calculations. This results in a
relatively lower value per serious injury. When the
reporting rate is presented as the number of serious in-
juries relative to the number of fatalities, it is shown that

Table 2 Number of countries for which cost components are included in the calculation of the cost per serious injury

Injury-related cost components

Crash-related cost components

Medical costs 16
Production loss 17
Human costs 21

Property damage 6
Administrative costs 10

Other costs 9
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a higher reporting rate is accompanied by relatively  2.3.5 Level of road safety

lower costs of a serious injury. After exclusion of two Regarding the differences in the total costs of serious in-
outliers, a linear regression shows that the reporting rate  juries as a percentage of GDP, there are several explana-
explains 23% of the variation of the cost of serious injur-  tions. Next to the influence of the unit cost of a serious

ies (Adjusted R* = 0.23, p < 0.01). injury, for which the explanations are given above, these
e N\
1000000 -
L]
750000 -
L]
Method
= ® Human capital
=
o} ® Other
o -
@ SRGO0H ® Restitution costs
8 © Willingness to pay
(&) °
e * NA
L
L ® L
250000 - o
° L r L ]
[
L]
0- . U ' ' .
0 100000 200000 300000 400000

Human costs per unit

Fig. 4 Relation between cost per serious injury and human cost per serious injury, for different methods to calculate human costs (EUR 2015,
adjusted for PPP)
.




Schoeters et al. European Transport Research Review (2020) 12:58 Page 7 of 12
p
L]
L ]
L ]
—_ L ]
o
a 2
(O]
X
[72]
2
E
=5
2] L
>
)
= L
[
(7]
2" .
[$]
s .
L]
L
L]
. » ~ . *
L .
e %
.. °
0- L]
0.0 05 10 15
Number of serious injuries per 1000 inhabitants
Fig. 5 Relation between number of serious injuries per million inhabitants, and total costs related to serious injuries as percentage of GDP
(outliers are included)

variations can reflect differences in the level of road
safety. A better road safety performance should result in
lower road crash costs. The relationship between the
number of serious injuries per inhabitant and the total
costs of serious injuries as percentage of GDP is examined
in Fig. 5. The linear regression shows however no relation-
ship (Adjusted R =-0.02, p >0.1). After removing 5 out-
liers (Poland, Hungary, Estonia, Croatia and Bulgaria), the
relationship becomes highly significant and the level of
road safety explains 40% of the variability of the costs as a
percentage of GDP (Adjusted R”=0.40, p <0.001). Apart
from the fact that all outliers are situated in Eastern
Europe, there is not enough information to give an ex-
planation why the effect is absent in these countries. Fur-
ther research is necessary to give more insights.

3 An insight in the factors influencing medical
costs and costs related to production loss

The results of the survey on crash costs show further-
more the relevance of medical costs and costs related to
production loss for serious injuries. These cost compo-
nents represent on average 18% of the cost of a serious
injury. Different studies conducted in European coun-
tries that provide more detailed analyses on medical
costs and costs related to production loss are consulted
to get more insight in the factors that influence these
cost components. This information can contribute to a
better estimation of these costs and can support policy-
makers in defining a policy to reduce these costs.

3.1 Factors influencing medical costs
Table 3 gives an overview of the consulted studies that
deal with medical costs of road casualties. All studies in-
cluded hospitalized road casualties.

All studies showed that certain characteristics of road
victims have a significant influence on the amount of
medical costs. Devos [11] showed that an older age, a
low socio-economic status, a higher severity of injuries,
certain types of injuries, and certain pre-existing comor-
bidities lead to significantly higher acute hospital costs.
The influence of most of these characteristics was con-
firmed in a study by Achit [1] in which the total amount
of medical costs attributable to a road crash was exam-
ined. Moreover, Achit identified higher costs for male
victims and for motorcyclists. This implies that when es-
timating medical costs for cost-benefit analysis, one
should ideally take into account certain characteristics of
potential traffic victims such as the age, socio-economic
status and health state. Another implication for policy-
makers is that an increasingly older population (with
more comorbidities) can increase future medical costs.

Moreover Devos et al. [11] and Achit [1] identified
the long-term cost trajectories of all medical costs
that are related to road injuries. Both studies found
that medical costs were still significantly higher 1 year
after the occurrence of the road crash. This finding
stresses the importance of including non-hospital
costs and more generally non-acute medical costs in
the estimation of medical costs of seriously injured
road casualties.
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Table 3 Description of the studies that provide more detailed analyses on medical costs

Database used Dependent variable Influencing factors Country
Devos, 2017 [10] Linked hospital- medical insurance Acute hospital costs Socio-demographic characteristics Belgium
dataset, covering the whole and clinical conditions
Belgian population
Devos et al, 2017 [11] Linked hospital- medical insurance All medical costs attributable Road user type and injury severity Belgium
dataset, covering the whole to a road injury until 1 year
Belgian population after the crash
Achit, 2015 [1] Insurance database, representative All medical costs attributable Age, gender, road user type, injury France

sample for the French population

to a road injury until 4 years
after the crash

severity, medical spending before
the crash

Furthermore, characteristics of the road victims and
their injuries also seem to have an influence on the long
term cost trajectory of their medical costs attributable to
a road crash. Devos et al. [11] found that cost patterns 1
year after a road crash, generally show a large increase
in medical costs immediately after the crash followed by
a steady decrease. A comparison of the cost trajectories
of different injury severities shows similar patterns that
differ in magnitude. The initial increase of costs appears
to be much larger for more severe injuries. Achit [1]
identified three groups on the basis of the cost pattern
over the 4 years after the crash. While for the majority
of the road victims the medical costs have disappeared
after 2 years, this is not the case for two types of victims.
The first of these types shows a very high increase of
medical costs during the first year after the crash, which
only disappears after 4 years. This group consists of
slightly older and more severely injured victims. The
second group are the victims that had already higher
medical costs previous to the crash and were in a worse
health state. They are characterized by an older age and
a longer hospital stay. For these victims the medical
costs further increase after the occurrence of the crash
and remain on a higher level, even 4 years after the
crash. These findings lead to the recommendation that
when estimating longer term medical costs, one should
also take into account different trajectories according to
the characteristics of the victim population.

This detailed information allows policymakers and re-
searchers to estimate medical costs more accurately by
taking into account the variation for different subgroups
of traffic victims and the total amount of costs on the
long term. It also serves as an additional source of infor-
mation when calculating the total burden of road injur-
ies. Here the variation and total long-term costs should
be taken into account. For example, the analyses show
the high impact on medical costs of certain comorbidi-
ties. With an increasingly older population, the propor-
tion of victims with comorbidities will increase, resulting
in higher costs even if the total number of traffic victims
stagnates or decreases. Furthermore, this detailed ana-
lysis can assist policymakers in improving policy aimed
at reducing these medical costs.

3.2 Factors influencing costs related to production loss
Two studies were consulted to give an insight in the
costs of serious road injuries related to production loss.
Table 4 gives more details on these studies.

The average revenue loss resulting from a road crash
is examined by Achit and Carnis [2]. This study indi-
cated that the average revenue loss appears to increase
with increasing injury severity, but the study also found
that there is a threshold at a severity level of MAIS 3.
Furthermore, the study examined the influence of the
professional category and found a large variation. The
average revenue loss due to a road crash can differ be-
tween different professional categories due to a different
average length of absence and different average wage
levels.

Further, the study by Papadakaki et al. [20] identified
the amount of indirect costs (which includes production
loss) due to a road crash. Despite the absence of signifi-
cant results, the study indicates a lower level of indirect
costs among women, older victims and pedestrians.
Contrary to the findings of Achit and Carnis [2] the
study found the costs among victims with MAIS 1-2 to
be slightly higher than those for victims with MAIS 3+
injuries. Especially this last finding needs further
research.

These results provide insight into the determinants of
production loss. They can help policymakers and re-
searchers in estimating production loss for different
types of injury severities by taking into account the vic-
tim’s characteristics such as the professional category.

4 A comparison of different approaches to
estimate human costs

Human costs represent the pain, grief, sorrow and
mainly the loss of quality of life due to the injuries
caused by a road crash [31]. Contrary to medical costs
and costs related to production loss, the human costs of
road casualties have no market value. To facilitate inclu-
sion of these costs in a cost-benefit analysis, there are
different approaches to attribute a monetary value to
this type of consequences. Data analysis in section 2 has
indicated that this cost component generally represents
a very large share of the costs related to serious injuries
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Table 4 Description of the studies that provide more detailed analyses on medical costs

Database used

Dependent variable

Influencing factors Country

Achit & Carnis (2014) [2] Five year cohort follow-up study with
1372 patients that were admitted to

an emergency department of a hospital

Papadakaki et al, 2016 [20] One year cohort follow-up study with
120 patients admitted in the intensive

care units of 7 hospitals

Average revenue loss

Indirect costs (including
production loss)

France, Rhone
department

Injury severity, type of
professional category

Age, gender, road user
type and injury severity

Germany, Greece
and Italy

and that variation in the method has a large influence
on the cost estimates. This section will discuss and com-
pare three approaches to estimate these costs: the Will-
ingness To Pay (WTP) approach, the Quality Adjusted
Life Years (QALYs) approach and the court awards
approach.

4.1 Different approaches to estimate human costs

4.1.1 Willingness to pay

The WTP method is the method that is generally rec-
ommended to estimate human costs [31]. The survey on
crash costs showed that the majority of the European
countries use the WTP method, and that this method is
related to the highest costs.

An (individual) WTP study estimates the amount of
money a potential victim is willing to pay for a risk reduc-
tion. This amount is determined by the probability an ad-
verse event (such as a road crash) occurs and the amount
of distress the victim would suffer from this event. A
WTP study gives a monetary value that potential victims
are ‘willing to pay’ for a specific risk reduction. This value
will be the result of a trade-off between money and loss of
quality of life, and could be determined through a utility
maximization process [15]. This value for a risk reduction
gives an indication of the value of life (or the value of
quality of life) as assigned by society. A WTP study does
not measure the value of a specific individual life, but of a
statistical (i.e. unspecified) life. The valuation occurs ex
ante, before the incident occurs: it is the willingness to pay
for reducing the probability of becoming a victim that is
estimated [5]. Methods to asses this trade-off are based on
actual behaviour (revealed preference) or by surveys in
which respondents are asked how much they would pay
for more safety (stated preference).

Most WTP studies focus on the value of a statistical
life (VOSL) and thus on the estimation of human costs
of fatalities. Information about the value of the quality of
life and thus about the human cost of serious and slight
injuries is relatively poor compared to the human costs
of fatalities. WTP studies regarding injuries are very
complex, among other reasons because of large varia-
tions in the severity of injuries and the impact of these
injuries on the quality of life. Nevertheless, there are ex-
amples of thorough WTP studies in the UK [19],
Sweden [21, 22] and Belgium [9]. In these studies, WTP

methods are used to value the health impact of non-fatal
road crashes in an indirect way. Using surveys, respon-
dents are asked to make choices between different sce-
narios regarding health states resulting from a road
crash. In these studies the value of an injury is deter-
mined relative to the VOSL. Next to that WTP studies
can also determine the monetary valuation of road injur-
ies in a direct way by asking how much money people
are willing to pay for a lower non-fatal risk.

4.1.2 QALY
The QALY approach is mainly applied for cost-utility
analyses in the field of public health, but can also be ap-
plied to road safety. A QALY expresses impacts of dis-
eases or injuries on the quality of life combining the
years of life lost (YLL) and vyears lived with disability
(YLD). The severity of the injuries is expressed in dis-
ability weights, ranging from 0 (death) to 1 (perfect
health). The QALY for a specific injury is calculated by
multiplying the number of years lived with quality of life
loss due to an injury, with a disability weight for this im-
pact on quality of life. There exist different methods to
determine the disability weights for specific injuries. For
several injury categories, the number of QALYs is esti-
mated and multiplied by a monetary value per QALY.
This monetary value per QALY reflects the human
costs and is estimated using the WTP method. In gen-
eral there are two approaches to estimate a WTP value
of a QALY [23]. Firstly, the WTP can be derived directly
by a contingent valuation study. In this approach people
are asked about the amount of money they are willing to
pay for a specific health improvement. Secondly, a mon-
etary value of a QALY can be derived from the VOSL.
Since the VOSL represents the value of all remaining life
years at a specific age, it can be translated into a value
per life year (which is equal to a QALY) on the basis of
(average) age, life expectancy and a discount rate.

4.1.3 Court awards

In the court awards approach human costs are estimated
as restitution costs to restore the road victim in its ori-
ginal state before the occurrence of the road crash. This
approach uses the ‘pretium doloris’ compensations
awarded by courts to traffic victims as an indication of
human costs. The compensation for immaterial damage
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is not based on the individual preference of the road
users, but consists of a judgement of a fair value by the
judicial system. To be consistent with economic welfare
theory, this value should reflect the trade-off individuals
make between money and loss of quality of life, which is
determined through a utility maximization process [15].
In general the estimations for human costs by courts are
much lower than those obtained in WTP studies. The
method is applied in a few countries, for example
Germany [6] and Australia [8].

4.2 A comparison between different approaches

When selecting the appropriate method to estimate hu-
man costs of serious injuries for cost-benefit analyses
the methods can be compared based on the quality of
the resulting estimates and on their practicability. In this
section the strengths and weaknesses of the methods are
assessed by the reliability of their results, their level of
detail, fairness, consistency with economic welfare the-
ory, data availability and complexity. Consistency with
economic welfare theory is crucial since this is the basis
of cost-benefit analysis. This means that costs of serious
injuries, as an input for cost-benefit analysis should be
economic values that are recognized as expressions of
individual/household preferences (see for example [7]).
Moreover, values to be used in a cost-benefit analysis
should be based on risks, which implies that the valu-
ation of a risk reduction should occur ex ante [18, 24].

One of the strengths of the WTP method is that it is
based on individual preferences, which implies that the
method is consistent with economic welfare theory. Be-
sides, the values are determined before the occurrence of
the crash, so they can be used as an input for cost-benefit
analyses. There exists a large consensus among re-
searchers concerning the importance of individual choices.
This technique is therefore used in different research areas
to elicit the value of a risk reduction, for example environ-
mental, transport, occupational and fire risks ([16]: [17]).
On the other hand, the WTP method is criticized for its
complex method for eliciting values for the quality of life.
Especially stated preference methods where the trade-off
between money and risk reduction is simulated by ques-
tionnaires in which people are asked how much they
would pay for more safety, are prone to several potential
biases. This leads to a large variability of results [5, 6]. Fur-
thermore, a WTP study only provides global information
and cannot reflect the great diversity of types of road in-
juries, their severity and health consequences.

Since the QALY approach is based on a WTP value, this
method shares most of the strengths and weaknesses of
the WTP approach. However, while the QALY approach
has not been commonly used to estimate costs of road in-
juries, it has a large advantage above the direct WTP ap-
proach: the great level of detail makes the QALY
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approach more applicable for valuing non-fatal injuries.
The QALY concept has the ability to compare diseases
and injuries with different impacts on mortality and mor-
bidity, or in the case of road safety, fatalities and injuries
of different severities. While direct WTP studies distin-
guish between only three to nine injury types or health
states after a crash, the QALY approach enables estimat-
ing WTP values for a large diversity of injury types. How-
ever, it was found that values based on QALYs were lower
than values based on direct WTP studies [25]. This is be-
cause the valuation of improving the quality of life appears
to be lower than the estimation of extending life, and the
direct WTP approach uses the value of life to derive hu-
man costs of injuries. Therefore, it can be argued that
QALY values that are based on extending a life would re-
sult in an overestimation of human costs of non-fatal in-
juries. However, more research into the question of why
the direct WTP approach results in higher values than the
QALY approach is recommended.

A large advantage of the court awards approach is its
practicability: the data is readily available and no complex
study has to be conducted. However, the approach has
some fundamental limitations. One of the major weak-
nesses is that the values in the court award approach are
not based on individual preferences and therefore are not
consistent with economic welfare theory. Furthermore,
court award values are determined ex post and thus do
not reflect the value of a risk reduction of the occurrence
of an uncertain event. Next to that these values concern a
specific individual case, and do not indicate the value of a
statistical life. Moreover, the amounts awarded by judges
vary widely. The level of compensation payments for im-
material costs is very dependent on the type of judicial
system and the type of settlement. It is not always very
clear how court amounts are defined and whether they ac-
tually compensate the victims.

Globally there exists very little information on the
human costs of injuries. For future cost-benefit ana-
lyses, it can be recommended to use WTP studies or
QALYs to estimate the monetary values of non-fatal
road injuries, since these approaches accord to the
principles of the economic welfare theory. QALYs are
more complex to estimate but have the advantage of
giving more detailed information on different types of
injuries. Since there are different types of WTP
methods as well as different methods to determine
the value of a QALY, further research on the most
suitable method to determine the monetary valuation
of preventing road injuries is recommended. For cost-
benefit analyses it is not advised to use the court
awards approach because of its unpredictability (the
awards are among others highly dependent on the
type of judicial system) and because it has no founda-
tion in the economic welfare theory.
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5 Conclusion

Costs of road casualties are an important input variable
to evaluate road safety measures. Since serious injuries
are a relatively new road safety indicator, the research
on this topic is still scarce. This paper presents the re-
sults of a review of these costs that was conducted in the
framework of the H2020 project SafetyCube. Next to a
comparison of the official cost estimates in European
countries, three cost components that are most relevant
for serious injuries are examined in more detail. The fac-
tors that influence medical costs and production loss are
looked into and three approaches to put monetary
values to human costs are discussed and compared.

The cost information that was collected by means of a
survey in 32 European countries revealed that the costs re-
lated to serious injuries vary considerably between coun-
tries. The reported cost per serious injury varies between
€28,205 and €975,074 and the total costs vary between
0.04% and 2.7% of a country’s GDP. Differences can be ex-
plained by whether or not the WTP method is used for
calculating the human costs, differences in the definition
of a serious injury and differences in the cost components
that are included. Moreover, the reporting rate of serious
injuries appeared to be associated with the cost per serious
injury. The relation of the level of road safety and the total
costs was less clear. It is recommended to develop a com-
mon methodology for all European countries in order to
enhance international comparability of cost estimates.

More detailed information on medical costs and pro-
duction loss is given by national studies from different
European countries. Age, socio-economic status, type of
injury, injury severity, health status (pre-existing comor-
bidities) and road user type appear to have a significant in-
fluence on the medical costs attributable to a road crash.
Particularly older victims with a worse health status (and
more comorbidities) show higher acute and long term
costs. This has implications for researchers and policy-
makers in assessing the (future) medical costs of potential
traffic victims. Furthermore the importance of assessing
medical costs on the long term was shown. The studies
found a significantly higher level of medical costs attribut-
able to the road crash the first year after the crash.

Concerning production loss, it was shown that revenue
loss increases when injury severity is higher, although
MAIS 4 and MAIS 5 injuries do not lead to much higher
production losses than MAIS 3 injuries. Furthermore, the
revenue loss differs between professional groups, which
could be explained by the average wage and the average
length of absence inherent to a certain profession.

With regards to human costs of serious injuries, most
countries use the WTP method. This method is com-
pared with two alternative approaches: the QALY ap-
proach and the court awards approach. Whereas WTP
studies are mainly constituted to measure the human
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costs of fatalities, WTP studies that specifically estimate
the human costs of non-fatal injuries are rare and rather
limited in the specification of road injuries. Using the
WTP method to estimate the value of QALYs on the
other hand gives the possibility of providing values for a
large diversity of injury types.

While the WTP approach and the QALY approach
use complex studies, for which there are some methodo-
logical issues, the court awards approach makes use of
existing information. The compensation payments to
road injuries awarded by courts are in most cases how-
ever much lower than the values obtained in the other
methods and are characterized by a huge unpredictabil-
ity since they are highly dependent on the judicial sys-
tem. Since these values are not based on individual
preferences and they are determined ex post and apply
to a specific case, it is advised not to use them in a cost-
benefit analysis. WTP and QALY approaches are more
suitable for determining the monetary valuation of pre-
venting road injuries to be used in cost-benefit analysis.
Given the diversity of these methods, further research
on WTP and QALY methods is recommended.
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