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Abstract
An important issue in analyzing accident blackspots is the estimation of severity levels of different types of accidents. This study aims to estimate

the severity level of accidents in Bahrain using crash costs. These crash costs were calculated by the Human Capital Approach (HCA) and total

reported costs from the victims. The data was collected from the General Directorate of Traffic, insurance companies, Ministry of Works (MoW)

and Ministry of Health. It was found, from the survey responses, that there was no significant effect of victim characteristics on the total cost of the

accidents.  The severity levels were found to be higher than those found in previous literature or adopted by local  authorities which could be

attributed to the economic conditions of Bahrain. Moreover, the weights found by both approaches were different from each other. Therefore, it

is recommended to use the HCA approach due to its comprehensive calculations involving future costs.
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 Introduction

Road  traffic  crashes  have  become  a  serious  issue  in  the
modern world. They are the leading cause of death in develop-
ing  countries  for  people  under  30  years  of  age.  Thousands  of
people  are  killed  and  injured  everyday  on  roads.  In  2015,  the
World Health Organization (WHO) predicted that the third lead-
ing  cause  of  crashes  in  2020  will  be  road  traffic  injuries  which
was the ninth leading cause in 1990[1].

In  Bahrain,  a  crash is  reported every 5 min[2].  Approximately
40% of  the people  involved in  these crashes  were reported to
be  under  25  years  of  age  during  2003−2010[3].  In  Bahrain,  the
death rate due to crashes was 3.66 deaths per 100,000 popula-
tion,  based  on  2017  population  statistics[4].  The  total  cost  of
traffic  crashes  includes  victim  related  costs,  administration
costs and property damage costs[5].  Cost of crash is one of the
major  factors  for  calculating  its  severity  level[6].  Estimation  of
severity  levels  is  one  of  the  basic  requirements  for  analyzing
crash  data  from  different  locations[7].  Crash  costs  can  be  used
for  comparative  analysis  of  different  locations  by  using  equal
basis of measurement i.e. monetary impact of crashes[8].

This  study  was  conducted  to  estimate  the  severity  levels  of
different types of crashes in Bahrain using their costs, by apply-
ing  two  different  approaches,  namely:  the  Human  Capital
Approach  (HCA)  and  total  reported  costs.  The  comparison  of
these  two  approaches,  despite  their  use  in  calculating  cost  of
crashes, to estimate severity levels of road traffic crashes is not
found  in  the  literature.  Then,  using  the  costs  obtained  by  the
two approaches, the relative weights of each of the crash sever-
ity  levels  were  found  and  compared  with  each  other.  These

severity levels were also compared with the results from other
studies.  The  comparison  of  crash  costs  from  different
approaches has been done by a number of researchers but the
current  study  utilizes  the  crash  severity  weights  for  this
comparison  which  has  also  not  been  found  in  the  literature.
The utilization of these weights would change the safety evalu-
ation of crash sites.

 Literature review

Crash costs are considered an important component for eval-
uation of program and policy measures related to road design
and safety improvement.  Moreover,  an awareness of the accu-
rate  estimate  of  crash  costs  enables  efficient  allocation  and
utilization  of  resources  and  budget  from  the  government
sector[9].  This  is  also substantiated by the fact that road condi-
tions  can  greatly  influence  the  crash  costs,  by  as  much  as
40%[10]. The evaluation of crash costs could be greatly impacted
by the type of method and approach used in calculation of the
costs.  The  main  components  of  these  costs  could  be  human
costs, production loss and property damage.

Human loss could be evaluated through a stated-preference
survey  by  inquiring  about  the  willingness-to-pay  (WTP)  from
the  respondents.  The  HCA  is  generally  used  for  estimating
production loss while property damage can be estimated from
the monetary  damages  caused due to  the  crashes[11].  Another
method  for  production  loss  calculation  is  the  friction  cost
method (FCM)[12]. There is not much literature found on the use
of FCM.
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The most important aspect of crash costs is related to deter-
mination of cost of human life.  The possible approaches to do
that  includes  WTP  and  value  of  preventing  a  fatality  (VPF),
which  is  also  known  as  value  of  a  statistical  life  (VSL).  HCA  is
also used for VSL estimation by government organizations[13].

There  exists  a  difference  of  opinion  among  researchers
related to the use of WTP and HCA approaches. This difference
is mainly associated with WTP being an ex-ante approach while
HCA  is  an ex-post approach.  A  detailed  discussion  regarding
WTP can be found in Giles[14].  The HCA approach incorporates
both  economic  and  epidemiological  damages  in  monetary
terms based upon the crash data[15].

WTP  has  been  reported  to  overestimate  the  crash  costs,  as
compared to HCA, which could be adjusted on the population
density  and income levels.  A combination of  both approaches
has  also  been  suggested  to  overcome  the  issues  with  both
methods[16]. Such a combination, also referred to as harmoniza-
tion,  is  advocated  for  the  comparison  of  international  crash
data  which is  evaluated in  diverse  manners  by  different  coun-
tries[17].  Such  harmonization  could  be  achieved  by  employing
different  methods  to  estimate  different  aspects  of  crash  costs.
Wijnen[18] has  attempted  to  do  that  with  the  use  of  WTP  for
human  costs,  HCA  for  production  losses  and  restitution  costs
for any other social costs.

There are limited studies available regarding the comparison
of  crash  cost  estimation  methods.  A  review  of  comparison  of
traditional approaches has shown that the main reason behind
this shortcoming is the lack of consensus related to techniques
and  their  components  among  different  stakeholders[19].  These
comparisons  have  included  the  comparison  on  the  basis  of
economic analysis related to effectiveness of countermeasures.
It  has  been  found  that  a  crash-based  approach  is  better  than
casualty-based approach for economic analysis[20]. On the other
hand,  the  casualty-based  approach  is  conveniently  applied
through hospital  record data and includes both fatal  and non-
fatal  injury  crashes[21].  Having  said  that,  there  exists  a  large
amount of literature that relies on the WTP method for calcula-
tion  of  crash  cost,  due  to  its  wider  application  to  different
geographical  regions[22,23].  This  also  includes  its  use  for
economic analysis of crashes and their resulting injuries[24].

The  review  of  the  literature  shows  that  different  methods
used  for  calculation  of  crash  costs  have  been  discussed  rigor-
ously,  which  points  to  the  importance  of  this  issue.  Secondly,
comparison  and  combination  of  these  methods  is  also  advo-
cated  in  some  of  the  more  recent  studies,  especially  those
concerning  international  data.  The  crash  costs  are  often  used
for  calculation  of  severity-related  parameters.  Naturally,  the
next  step  in  this  research  should  be  to  compare  and  identify
the  impact  of  different  estimation  methods  on  the  severity
parameters. Moreover, there is a lack of literature which tries to
determine  and  incorporate  any  hidden  costs  due  to  crashes.
The present study is an attempt to fill this gap by utilizing total
reported  crash  costs  and  compare  the  severity  parameters
based  upon  the  costs  calculated  by  HCA  and  reported  costs
with each other and those found in the literature.

 Method

The  methodology  of  this  study  follows  three  main  steps.
Firstly,  collection  of  crash  and  relevant  economic  data  from
different  sources.  Secondly,  use  of  data  to  estimate  the  crash

costs  with  different  approaches.  Lastly,  the  crash  severity
factors  were  calculated  using  the  crash  costs  for  different
approaches  and  compared  with  each  other  and  those  already
applied in the region and found in the literature. The methodol-
ogy is shown in Fig. 1.

HCA  estimates  the  loss  of  life  or  injury  on  current  or  future
levels  of  output.  This  method  considers  the  crash  cost  as  any
cost due to a crash incurred by the victim or any other organi-
zation  in  the  form  of  property  losses,  production  loss  or  any
other item related to the crash. This approach was used in the
estimation  for  traffic  costs  in  Kuwait[25],  Metro  Manila[26] and
Australia[14].  The  above-mentioned  studies  have  utilized  three
types of cost items in their analysis with HCA method including
victim-related costs, administrative costs and property damage,
they are shown in Fig. 2. It is an attempt to evaluate the value of
all costs that are considered to be components of crashes, this
includes  the  discounted  costs  for  vehicle  damage,  medical
costs  and  administrative  costs  (see Fig.  2 for  more  details).
Information obtained from the Statistics of General Directorate
of  Traffic[2],  insurance  companies,  highway  roads  sector  of  the
Ministry  of  Works  (MoW)  and  Ministry  of  Health[4,27],  was  used
to calculate the costs of crashes to society in 2017.

It  must  be  noted  that  some  components  that  were  consid-
ered  in  the  study  by  De  Leon  et  al.[26] were  excluded  in  this
study such as  pain,  grief  and suffering costs.  This  was done as
no reliable sources were found to estimate or determine these
costs.  Not  many  studies,  related  to  traffic  crashes  and  their
costs in Bahrain, were found, which also made it very difficult to
correlate  the  results  with  any  other  source.  The  procedure  to
estimate  the  cost  components  for  Bahrain  is  provided  below.
These  components  included  victim-related  costs,  property
damage costs and administrative costs.

 Victim-related costs

 Labor output loss
A  measure  that  considers  the  loss  of  financial  income

because of  the crash.  It  is  calculated by taking the average off
days taken by the victim due to the crash and multiplying it by
the  average  daily  wage  in  Bahrain.  The  research  team  inter-
viewed the doctors in the emergency department of Salmaniya
Hospital  (Bahrain),  where  the  majority  of  the  crash  cases  in
Bahrain  are  taken.  According  to  the  responses  collected  from
there  for  percentage  of  crashes  and  days  taken  off  by  the
victim,  a  weighted  average  was  calculated  to  be  3  d  loss  of
work.  These days include number of  days for which the victim
was  hospitalized  (if  required)  and  those  in  which  he/she  was
recommended  to  take  bed  rest.  The  average  wage  rate  for

Data Collection:
Crash data, economic data and survey

Estimation of Crash Costs:
HCA approach, direct from respondents

Estimation and Comparison of Severity Weights:
HCA approach, direct cost, local standards, previous 
literature 

 
Fig. 1    Research methodology.
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Bahrain  BHD  1077  per  month,  at  the  time  of  study,  was  taken
from an online source[28].

 Medical costs
A measure of the total medical costs per year caused by traf-

fic  crashes.  It  was  found  that  the  government's  total  medical
cost  is  BHD  3,532,296  per  year[4].  The  total  number  of  people
administered  to  hospitals  as  a  result  of  traffic  crashes  is  2,135
and the number of patients that arrive at the Emergency Room
(ER) is  66,000 patients per year according to the medical  crash
and  emergency  statistic  in  2017[27].  The  percentage  of  people
arriving at the ER due to road traffic crashes is found to be 3.2%
(2,135/66,000 × 100). Hence, the medical costs were calculated
by taking the same percentage of the total medical cost.

 Severe injuries/disabilities
A measure of cost of the disabilities that occur as a result of a

crash;  this  includes  the  health  care  provided  to  the  victim  for
the remaining years of life. Serious crashes are assumed to lead
to  severe  injuries  and  disabilities.  The  crash  victim  has  to  be
hospitalized for more than a day in the hospital due to serious
injuries, since one day observation is very common for any sort
of injury.

The  average  cost  is  found  by  applying  the  present  value
equation as shown in Eqn (1)[29].

PV = P(1+ r)n (1)
P is the average wage of a nurse, which is taken as BHD 600

as  per  the  hospital  records. n is  the  number  of  remaining  life
years affected by the crash for the victims. It  was calculated as
the  difference  of  life  expectancy  and  average  age  of  victims
involved in serious injury crashes in Bahrain; which were 77 and
32 years respectively, r is the effective discount rate, at the time
of study, taken from online sources[30].

 Fatalities
A measure of cost for the loss of the human life that has been

lost in a crash. The present value approach was applied to this

category,  wherein P is  the  average  wage  of  an  employee, n is
the  number  of  years  remaining  life  of  the  victims,  which  was
taken as per the previous value taken in case of disability.

 Administration cost

 Police administration cost
Includes  the  amount  paid  for  police  assistance  and  services

for  the  crash.  It  also  includes  the  investigation  costs  or  any
other  post-accident  issues  handled  by  the  police.  The  cost  is
BHD  16  for  the  person  at  fault  and  BHD  6  for  the  person
involved  in  the  crash.  The  number  of  crashes  and  number  of
people  involved  in  the  accidents  in  2017  are  1,151  and  1,961,
respectively.  The  total  cost  is  obtained  by  multiplying  each
categories' number by its cost.

 Insurance administration cost
Includes the amount paid by the person at fault for the insur-

ance  to  proceed  with  the  claim.  The  same  concept,  as  the
police  administration  cost,  is  applied  to  find  this  cost.  The
insured  party  (at  fault)  pays  the  administration  excess  for  the
insurance  company,  which  is  averaged  to  be  BHD  100,  as  per
information  provided  by  the  insurance  companies.  This  cost
includes  assistance  provided  by  the  insurance  company  in
terms of repair, administration costs, medical care, etc.

 Property damage

 Vehicle damage only
Includes the cost of vehicle repair damage that is caused by a

crash  as  well  as  the  towing  services.  Data  was  collected  from
insurance companies for the cost of car repairs and the number
of cars towed per month.

 Non-vehicle damage
Includes  the  cost  of  damage  done  to  objects  located  on

highways. The cost of the items as per 2017, obtained through
total  reported  costs  by  MoW,  are  shown  in Table  1.  The  infor-
mation  about  these  costs  was  taken  in-person  from  the

Victim Related Costs

Labour Output Loss Police

Administration Cost

Total Accident Cost

Insurance

Vehicle

Property Damage

Non-Vehicle

Traffic Signs

Lamp Post

Barriers

Trees

Repair

Towing

Medical

Fatalities
Compensation

Severe Injuries/
Disabilities Compensation

 
Fig. 2    Total crash cost using the Human Capital Approach.
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concerned  people  in  the  ministry.  The  cost  is  obtained  by
multiplying the number of objects impacted during crashes by
their cost and summing the totals.

The HCA method is  argued to  be  deficient  by  not  consider-
ing  the  cost  to  the  drivers,  which  can  change  due  to  factors
such  as  age,  educational  level  and  income[14].  Keeping  this  in
mind, an online questionnaire was used, for collecting personal
data related to crashes from the victims. In addition, responses
for fatal  and serious injuries were obtained by reaching out to
insurance companies to collect the required data as the victims
of these crashes were not available to fill in the form.

Finally,  weights  were  calculated  for  different  levels  of  acci-
dent  severity,  by  dividing  the  costs  of  severe  injury  and  fatal
accidents  with  the  cost  of  property  damage  and  minor  injury
accidents.  These  weights  are  commonly  used  for  aggregating
accidents at a particular location and estimate its safety[7].

 Results

Total  number  of  crashes  recorded  by  directorate  of  traffic
was 111,610 in 2017. The total cost of these crashes, using HCA,
are shown in Table 2, the distribution of different cost compo-
nents is shown in Fig. 3. The highest cost component was prop-
erty damage due to high number of property damage crashes
as these crashes constitute 95.2% of the total crashes in 2017.

The  second  highest  component  was  victim  related  costs
which is largely attributed to fatality costs.  The average age of
traffic crash related victims is 33 years which would mean that
the  victim's  family  loses  their  loved  one  at  a  relatively  young
age resulting in higher losses in earnings.

Survey data, comprising of 101 samples, were taken from the
crash  victims  for  calculating  the  severity  levels  using  the  total
reported  costs  reported  by  the  respondents  in  the  survey.
Initially,  an  online  questionnaire  was  distributed  randomly  for
the  purpose  of  collecting  personalized  data  related  to  acci-
dents  from  the  victims  for  this  survey.  The  distribution  of  this
sample  in  terms  of  gender  and  nationality  is  given  in Table  3.

The average age of respondents was 31 years with an average
income  of  BHD  750  approximately.  Eighty  five  percent  of
respondents  reported  having  accidents  with  other  vehicles,
12%  had  crashes  with  objects  while  the  remaining  had  acci-
dents with pedestrians. The distribution of crashes, in terms of
severity,  from  the  survey  respondents  is  shown  in Fig.  4.  The
survey was conducted online, however, responses for fatal acci-
dents  had  to  be  collected  from  family  members  of  victims  of
such accidents. Stratified sampling was used to collect a repre-
sentative  sample  of  the  victims  involved  in  the  crashes.  This
data had more than 50% males from other nationalities, which
was  in  accordance  with  the  statistics  published  by  the  traffic
directorate for the people involved in accidents. In addition, the
percentage  of  different  crash  casualties/severities  was  also
included in the survey as per population data.

A regression model was attempted using this data to predict
the  cost  of  crashes.  However,  the  model  did  not  show  any
meaningful relationships in terms of significance of variables on
crash  costs  which  could  be  attributed  to  many  factors  includ-
ing sample size and effect of unknown variables. Hence, it was
decided to directly take the average costs of severe injury, fatal
accidents and minor injury and property damage crashes from
the survey responses.

Table 1.    Cost of objects damaged in accidents during 2017.

Item Cost (BHD)
per object

Number of objects
damaged during
accidents in 2017

Total cost
(BHD)

Concrete barrier 100.00 96 9,600
Lamppost 35.00 16 560
Traffic signs 100.00 11 1,100
Trees 100.00 10 1,000

Table 2.    Total cost of road traffic crashes in 2017.

Category Cost (BHD)

Total victim related cost 4,778,060
Labor output loss 517
Medical cost 114,038
Severe injuries/disabilities cost 2,706,853
Fatalities cost 1,956,652

Total administration cost 153,382
Police administration cost 38,282
Insurance administration cost 115,100

Total property damage 44,267,060
Vehicle damage only 44,254,800
Non-vehicle costs 12,260

Total crash cost 49,198,502

90%

9.70%

0.30%

Property Damage Cost
Victim Related Cost
Total Administration Cost

 
Fig. 3    Distribution of cost components.

Table 3.    Distribution of gender and nationality.

Male Female Total

Bahraini 48% 16% 63%
Non-Bahraini 28% 9% 37%
Total gender 75% 25% 100%

74.30%

13.90%

9.90%

2%

Vehicle Damage Only

Minor Injuries

Severe Injuries

Fatality

 
Fig. 4    Crash severity distribution of survey respondents.
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It  should  be  noted  at  this  stage  that  the  minimum  age  of
survey respondents was 18 years. Hence, this should be consid-
ered as one of the limitations of the crash costs obtained from
the  survey.  The  average  cost  of  minor  injury  and  property
damage  crashes,  as  per  responses  of  the  survey,  was  approxi-
mately BHD 589, while that for severe injury accident and fatal
crashes  was  BHD  4,109  and  BHD  21,000.  Severity  levels  of
crashes are calculated as the ratio of average cost of a specific
severity to that of a property damage crash, as shown by Eqn (2).

Wi = CCi/CCPDMI (2)
Where Wi of crash severity 'i'  (Fatality or Severe Injury), CCi is the
crash  cost  for  crash  with  severity  level  'i'  and  CCPDMI is  the  crash
cost for crash with severity level of Car Damage and Minor Injury.

These  ratios  (severity  levels)  are  shown  in Table  4,  which
were  compared  with  that  calculated  by  the  HCA  approach  as
well.  Moreover,  these  severity  levels  were  compared  by  those
found in a previous study by De Leon et al.[26],  and those used
by the local authorities[31,32].

It  can be concluded,  from the comparison of  severity  levels,
that the levels found in this study are higher than those calcu-
lated in the previous study or used by local authorities. There is
also  a  vast  difference  between  the  levels  calculated  using  the
two  different  approaches  in  this  study.  Higher  levels  in  this
study  could  be  attributed  to  the  higher  economic  (income)
status of residents in Bahrain as it is regarded among the high-
income  countries[26].  Another  possible  reason  could  be  the
lower  age  of  victims  involved  in  severe  injury  and  fatal  acci-
dents which was 33 years, which is found to be much higher in
some of the other previous studies[33,34]. This also indicates the
need  to  update  the  similarity  levels  used  by  local  authorities
using actual costs instead of adopting from other region(s).

 Discussion and conclusions

This  study  was  carried  out  to  estimate  the  severity  levels  of
accidents using costs of traffic crashes in Bahrain for 2017 crash
data.  Two  different  approaches  were  attempted  for  calculating
the cost, namely, HCA and total reported costs. It was found that
the data from the traffic directorate does not classify minor injury
and  car  damage  crashes  separately.  Hence,  these  crashes  were
taken under a single category for calculation of costs. Moreover,
severity  weights  were  also  calculated  treating  the  minor  injury
and  car  damage  crashes  as  the  reference.  The  crash  data  was
taken  from  official  sources,  while  the  survey  for  the  reported
costs  had  a  representative  sample  according  to  distribution  of
people  involved  in  the  crashes.  Hence,  the  results  could  be
considered  valid  for  the  population  under  study  (i.e.,  Bahrain).
The  values  of  different  cost  components,  calculated  using  HCA,
were as follows: total victim related cost is BHD 4,778,060 repre-
senting 9.71% of  the total  cost,  total  administration cost  is  BHD
153,382  representing  0.31%  of  the  total  cost,  total  property
damage  cost  is  BHD  44,267,060  representing  90%  of  the  total
cost, and the total crash cost is BHD 49,198,502. The high propor-
tion of victim-related costs is related to the fatal crashes wherein

average  victim  age  was  found  to  be  32  years,  resulting  in  a
longer  period  of  loss  in  productivity.  This  points  to  the  need  to
investigate the involvement of young drivers in road crashes and
measures to curtail it.

In  the end,  the severity  levels  obtained by the HCA method
and total reported costs were compared to those calculated in
another  study  and  adopted  by  local  authorities.  It  was  found
that  severity  levels  calculated  in  this  study  were  higher  than
others.  Severity  levels  obtained  by  the  HCA  approach  were
14.78 and 94.07 for severe injury accidents and fatal accidents,
respectively.  One  the  other  hand,  these  values  by  using  total
reported costs were: 6.97 and 35.63. The HCA approach may be
considered  more  preferable  since  it  includes  future  effects  of
crashes in terms of loss of income and other items. On the other
hand, total reported costs can be considered as an indicator of
direct costs only.  On the basis of  this study,  it  is  highly recom-
mended to update the crash severity factors used locally which
may  result  in  reevaluation  of  safety  measures  and  economic
analysis  of  the  costs.  Secondly,  the  analysis  could  be  further
extended  to  evaluate  and  compare  the  severity  factors  for
other countries, in the same region as Bahrain.
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