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A cost-benefit analysis in a road safety context fundamentally analyzes the advantage of higher safety or lower risk. It can help
determine if increasing spending on road safety programs is cost-effective. This study estimates the value of statistical life
(VSL)—the amount of money that might be justified to save one person’s life. The VSL is calculated using the willingness to
pay (WTP) data obtained through a contingent valuation survey. Three discrete choice models are developed: log-logistic, log-
normal, and Weibull. The log-logistic model outperforms the log-normal and Weibull models, comparing Akaike’s
Information Criterion (AIC) and Bayesian Information Criterion (BIC) values. We consider the log-logistic model’s mean and
median WTP values to estimate the VSL value in the Ethiopian road transport safety context. The VSL estimate in the
Ethiopian road transport safety context is 53.52 million ETB (USD 1.07 million). The respondents’ median WTP is ETB
714.44 (USD 14.23). Although the study is in Ethiopia, the findings can be applied to other low- and middle-income countries
(LMICs) for the same purpose with modifications. The research findings will aid in a better understanding of the economic
efficiencies of increased spending on road safety initiatives. Future research could compare current trends in road safety
investment to the amount that should be spent based on the economic justifications from this study.

1. Introduction

Transportation is one of the vital driving engines of global
economic development [1]. Despite its importance, trans-
port has several negative externalities. Road traffic crashes
are among the most dominant transport externalities.
According to the 2020 World Health Organization (WHO)
global status report on road safety, road crashes cost 1.35
million lives annually and cause more than 500 million casu-
alties [2]. While there is a significant increase in traffic vol-
ume, the number of people killed or injured in road traffic
crashes has decreased in recent years. Increased road safety
is aided by implementing safety innovations in cars, infra-

structure, and traffic behavior [3]. There is no guarantee that
these reductions in traffic accidents will continue, especially
when introducing and implementing further safety enhance-
ments places a growing load on household and government
budgets. A cost-benefit analysis can, thus, help determine
the economic efficiency of increased spending on road safety
policies [4].

Human life’s valuation is commonly discussed in the lit-
erature, sometimes focusing on any such calculation’s
unethical nature. However, the advantage of increased safety
or risk reduction is assessed in a cost-benefit analysis. The
value of a statistical life (VSL) is the amount of money that
can be justified to save one person’s life. It is the estimation
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of the value of a change in risk that saves one life rather than
the estimation of a specific individual’s life worth [5]. In this
study, we are interested in the monetary value of increased
safety, particularly in the value of reducing the risk of mor-
tality. Economists commonly refer to the economic worth
of reducing mortality risks as the “value of life.” This expres-
sion has an evident, uncontroversial meaning for individuals
familiar with the lexicon. Others may object because it
appears to indicate that human life can be valued when it
should be “priceless.” The term “value of life” is a shortened
version of the term “statistical life value,” which refers to the
monetary value of a mortality risk reduction that prevents
one statistical death. As a result, it should not be construed
as a measure of how much people are ready to spend to save
a specific life [6]. The value of statistical life does not mea-
sure what a person is willing to pay to avoid certain death
but what a group is willing to pay to reduce the risk of
death [7].

Although the willingness to pay (WTP) technique may
be used to assess the price of any nonmarket product, it is
critical to analyze it carefully in the context of road safety.
A cost-benefit analysis in road safety should focus on the
WTP for lowering the probability of becoming a fatal victim
or suffering a significant injury because of a road traffic crash
among a particular demographic group. This method is con-
sistent with the evaluation of transportation projects, in
which implementation should be decided before the occur-
rence of a specific incident [8].

According to past studies, VSL estimate findings are sen-
sitive to the sectors examined, the estimating techniques uti-
lized, the risk reduction levels, and the demographic and
economic characteristics of the studied population [9]. The
sector chosen in this study to estimate the VSL is the trans-
port sector, and the context is road safety. The risk reduction
level is a fifty percent reduction in road traffic fatalities. The
investigated population is in Addis Ababa, the capital city of
Ethiopia, and the demography is quite mixed. It is a diverse
economic society with the highest exposure to the risk of
road traffic crashes. The study is conducted based on
respondents’ WTP collected using an online survey and a
contingent valuation method (CVM) for eliciting the WTP
information [10]. We chose the CVM statistical approach
because it is very flexible, making it feasible to value a wider
range of nonmarket commodities and services than is con-
ceivable with any other nonmarket valuation technique.
Due to its flexibility, the CVM approach has been exten-
sively utilized for assessing the value of statistical life in
numerous countries across various fields, from health to
environment and transportation. This is especially useful
when comparing the VSL estimates from this study to those
from other nations in a similar context or when comparing
the estimates across different disciplines to help develop a
global policy [11]. In a road traffic safety context, VSL is cal-
culated by looking at the link between an individual’s WTP
for a marginal reduction and the probability of being killed
in a road traffic crash.

Empirically, the marginal rate of substitution (MRS) is
estimated by dividing WTP by the change in initial risk.
For practical reasons, this change cannot be “marginal,” so
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the difference is denoted as p. This quotient is interpreted
as the value of a risk reduction or the VSL [10]. The contin-
gent valuation method (CVM), a survey-based approach,
directly examines the amount of money people are ready
to pay for a specified reduction in the risk of death in a
hypothetical scenario. CVM excels at capturing economic
loss and disutility [12]. Correlation analyses are also imple-
mented in this study incorporating the explanatory vari-
ables. This approach will explain how WTP is affected by
different variables.

Although several VSL studies have been conducted in
the US and other developed countries, few have been con-
ducted in the developing world, according to the literature
evaluated in this study and the World Bank Research Group
report [9]. The study is novel primarily because of this. As
far as the researchers are aware and the databases searched,
it is the first VSL investigation in the context of road safety
in Ethiopia, which makes it unique. Though there are a
few studies in low- and middle-income countries, they pri-
marily aim at estimating the willingness to pay for risk
reductions. However, this work advances the analysis by
evaluating the VSL in addition to modeling and comparing
the willingness to pay for risk reduction. Other low- and
middle-income countries with Ethiopia-like demographic
characteristics can use the study’s findings with certain
adjustments.

The study’s first objective is to elicit the WTP and esti-
mate VSL in the road safety context of Ethiopian transport
to assist in the cost-benefit analysis of the additional invest-
ment in road safety improvements. The second objective is
to fill the gap in the literature on VSL estimation in the road
safety context of low- and middle-income African countries.
It is essential to make the study since transferring VSL esti-
mates with calibrations from developed countries does not
give accurate information for the cost-benefit analysis. The
income elasticity of VSL in the developing countries is high
and so does the disparity between the VSL estimates. The
third objective is to formulate policy recommendations
based on the findings of this study.

The paper is generally organized into six sections. The
first section is the opening section, which summarizes the
study’s context and describes the investigation’s topic, objec-
tives, and scope. The second section explores the literature to
map the existing discussion and identify the gaps. The third
section explains the general steps followed in the study and
the methodologies used to collect and analyze the data. It
also expounds on the underlying mathematical theory that
reinforces the analysis. The fourth section deals with inter-
preting the study’s key findings and results. The fifth section
discusses the policy implications of the findings. The sixth
and final chapter comprises the study’s implementations,
limitations, recommendations for future works, and con-
cluding remarks.

2. Literature Review

We conducted a comprehensive literature review to map the
existing knowledge, identify the gaps, and formulate the
research questions. Scopus and Web of Science databases
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were used to extract the extant literature. On Scopus, we ran
the following Boolean operator and extracted 13 documents:
TITLE - ABS - Key ((contingent AND valuation OR willing-
ness AND to AND pay OR value AND of AND statistical
AND life OR value AND of AND life) AND (road AND safety
OR road AND transport OR transport OR traffic AND
safety)). We used the following key search term on Web of
Science and extracted 17 documents: ALL = (contingent val-
uation, road safety, willingness to pay, value of statistical life,
VSL, and value of life). In both databases, the search was
refined from 2010 to 2021, and document types were defined
as full articles and conference papers. After combining the
results from the two databases and removing six duplicate
documents, 24 documents were finally picked for analysis.

The literature can be summarized into four main catego-
ries based on the nature of the composition, as shown in
Table 1, to map the existing knowledge and identify the gap.

Direct elicitation of the VSL or WTP based on various
methodologies, ranging from contingent valuation to dis-
crete choice experiment, is the first and largest category. It
is evident from the findings of these researches [13-23] that
the values vary significantly.

The meta-analysis, the second category of the literature,
is an indirect approach to eliciting VSL estimation by linking
many direct investigations. In their meta-analysis, [33]
employed 26 foreign contingent valuation (CV) studies to
empirically determine adjustment factors for “out of con-
text” benefit transfer (BT) purposes. They also discovered
that VSL estimations for road safety should be multiplied
by 1.8 before being used in the context of air pollution
[34]. A global meta-analysis of stated preference surveys of
mortality risk valuation calculated the VSL to be between
2.4 and 7.4 million US dollars.

Studies based on any comparison fall under the third
category of the literature. [25] compared CV approaches
based on the chaining method and found that VSL values
for reducing child fatalities highly exceed those for adults,
confirming previous assumptions. Finally, they replicated
the chaining strategy in a large, nationally representative
sample of parents for the first time. [26] looked at the exis-
tence of a cancer premium associated with road traffic acci-
dents, sudden cardiac arrest, and amyotrophic lateral
sclerosis (ALS). They discovered that VSL drastically
changes between situations, with ALS having the highest
VSL and road traffic accidents having the lowest. [27] found
that respondents place a higher value on the effects of severe
accidents than fatal ones after comparing the WTP for non-
fatal and fatal traffic accidents. Having evaluated stated and
observed WTP for traffic safety and traffic safety equipment,
[29] concluded that the stated and observed WTP are not
consistent. [28] found out that the effect of the cause of
death is as significant as the effect of other sources of VSL
heterogeneity. [30] conducted a VSL study in Italy and the
Czech Republic using similar protocols. They discovered
that when the reason for death is not considered, child and
adult VSL are not significantly different in Italy. At the same
time, the difference is minimal in the Czech Republic. They
distinguish between child and adult VSLs based on the cause
of death. They found that values vary at a 1% level for respi-

ratory disorders and road traffic accidents but not cancer
risks. Using a choice experiment survey in Sweden, [31]
assessed VSL estimates for driving, drowning, and fire inci-
dents. According to the researchers, the VSLs for fire and
drowning incidents were around one-third lower than those
for traffic accidents. They concluded that, while respondents
are more concerned about traffic accidents, this does not
explain the disparity in VSL estimates. There was no statisti-
cally significant difference between fire and drowning acci-
dents. [32] employed a stated preference survey to show
that WTP for a private risk reduction is three times higher
than WTP for a public risk reduction and that some of the
differences can be explained by respondents’ sentiments
towards privately and publicly delivered commodities in
general.

The fourth and last category of studies comprises those
conducted on the methods. [8] summarized the literature’s
most popular approaches for analyzing the VSL and con-
cluded that the stated choice (SC) approach eliminates some
of the alternative approaches’ most notable flaws while also
providing significant flexibility that can be used to resolve
its shortcomings. [35] examined 12 VSL studies conducted
in Sweden since 1996 and found some issues with the esti-
mates’ validity, including the fact that VSL is highly con-
nected to the extent of the mortality risk reduction,
indicating significant scale insensitivity.

There are grey areas in the literature, and African coun-
tries are among them. Numerous VSL studies are conducted
in Africa in contexts other than road safety, e.g., alcohol-
related harms in South Africa [36], malaria control in Zanzi-
bar [37], prevention of mother-to-child transmission ser-
vices in a Nigerian hospital [38], and water hyacinth
control in Ethiopia [39]. In the literature that we examined
since 2010, we found only one VSL study conducted in the
road transport context in Sudan in 2015 [21] from African
countries, according to the databases searched. Even though
low- and middle-income countries (LMIC) are the ones who
suffer the most from transportation-related issues and road
traffic crashes, there is essentially little to no research on
the economic justifications for road safety measures. This
study is aimed at filling this huge gap.

3. Methodology

3.1. General Procedure. From defining the valuation problem
to eliciting the WTP and VSL values and reporting the
results, the current study followed the steps presented in
Figure 1.

There are numerous approaches to estimating the VSL.
The direct approach, scaling approach, and meta-analysis
are the most common and broader approaches. This study
employed the contingent valuation-based stated survey, a
straightforward approach to estimating WTP. The CV
approach was first presented by Ciriacy-Wantrup [40],
who believed that preventing soil erosion creates certain
“additional market advantages” that are public goods in
nature, and one of the feasible means of evaluating these
benefits is to elicit individuals’ WTP for these benefits using
a survey method [41, 42]. Davis [43], however, was the first
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TaBLE 1: Summary of literature in descending chronological order (source: authors).
No. Authors VSL CV CE R MA Country of study VSL estimates (currency) Ref.
Category I: direct VSL estimation
1 Sénchez et al. (2021) v N<d = = = Spain 1.3M-1.7M (EUR) [13]
2 Mon et al. (2019) N N - = = Myanmar 87K-163K (USD) [14]
3 Fliigel et al. (2019) — N < - = = Norway 46M-58M (NOK) [15]
4 Mon et al. (2018) N N - = = Myanmar 98K-136K (USD) [16]
5 Mon et al. (2018) v N<d = = = Myanmar 122K-136K (USD) [17]
6 Niroomand and Jenkins (2017) v — N = = Cyprus 699K (SIC) [18]
7 Yang et al. (2016) v N<d - = = China 505K-587K (USD) [19]
8 Niroomand and Jenkins (2016) N — N < = = Cyprus 315K-1.1M (SIC) [20]
9 Mofadal et al. (2015) N N<d - = = Sudan 19K-101K (USD) [21]
10 Le et al. (2015) N — N = = Singapore 1.9M (SGD) [22]
11 Liu and Zhao (2011) v v = = = China L11IM-1.56M (CNY)  [23]
12 Rheinberger (2011) v — N = = Switzerland 6.0-7.8M (CHF) [24]
Category II: comparative approaches
13 Balmford et al. (2019) _ = = = United Kingdom — [25]
14 Olofsson et al. (2019) — N<d = = = Sweden — [26]
15 Haddak (2016) v N<d - = = France — [27]
16 Alberini and S¢asny (2013) v — N = = Italy — [28]
17 Andersson (2013) N N - = = Sweden — [29]
18 Alberini and S¢asny (2013) v — 4 — — Ttaly and Czech Rep. — [30]
19 Carlsson et al. (2010) — — < = = Sweden — [31]
20 Svensson and Vredin Johansson (2010) v e — [32]
Category III: meta-analysis
21 Dekker et al. (2011) — - - — v Global 26 international CV [33]
22 Lindhjem et al. (2011) v - - — v Global 2.4-7.4M (USD) [34]
Category IV: review
23 Bahamonde-Birke et al. (2015) — —  — o\ = Global — [8]
24 Hultkrantz and Svensson (2015) v —  — A = Sweden — [35]

Note: VSL: value of statistical life; CV: contingent valuation; CE: choice experiment; R: review; MA: meta-analysis; EUR: euro; USD: United States dollars;
NOK: Norwegian krone; SIC: Swiss coin; SGD: Singapore dollar; CYN: Chinese yuan; CHF: Swiss franc.

to utilize the contingent valuation technique empirically
when they evaluated the advantages of geese hunting
through a survey of goose hunters. The CV method is the
most common method used today in many disciplines
[44]. In many countries, it is also a popular method for eli-
citing WTP for risk reduction or safety enhancement in
the context of road safety.

3.2. Data Collection and Preparation. The study is conducted
in Addis Ababa, the capital city of Ethiopia. The question-
naire is designed to have three sections. The first section asks
respondents about their demographic information such as
age, gender, marital status, income, education, accident seen,
and the accident involved. The second section explains the
crisis caused by road traffic crashes, the number of lives lost,
the property damage every year globally, and the magnitude
of the economic burden it imposes, as a piece of background
information for the respondents. This section is essential
because the respondents’ WTP depends on their scientific
knowledge of the subject [45]. The third section is the

double-bound dichotomous choices (DBDC) given to the
respondents. The survey questions ask the respondents, for
example, “Are you willing to pay Ethiopian Birr (ETB) 400
annually to reduce road traffic fatalities by fifty percent
annually?” Suppose the survey respondents’ answer is yes.
In that case, they will be asked for a follow-up question,
“Are you willing to pay ETB 800 annually to reduce road
traffic fatalities by fifty percent annually?”

Suppose the respondents’ answer to the first question is
no. In that case, the follow-up question will be, “Are you
willing to pay ETB 200 annually to reduce road traffic fatal-
ities by fifty percent annually?” The lower bound is assumed
to be zero for respondents who answer “no” to both the ini-
tial and the follow-up questions. The upper bound is infinity
for respondents who answer “yes” to both the initial and the
follow-up questions [46]. Thus, the WTP is interval cen-
sored. Using both the first and second replies significantly
boosts the statistical power of the WTP estimate, resulting
in a much narrower confidence interval for the WTP esti-
mate for any given sample size [47]. Four sets of amounts
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problem

h 4

Defining the valuation

Preliminary decisions
about the survey

(i) How to conduct the survey

(ii) How large the sample size should be
(iii) Who will be surveyed
(iv) And related issues

h 4

Actual survey designing

(i) Initial interviews and focus groups
(ii) Developing draft content of the bid
questions
(iii) Pre-testing the quesionnaire

Data collection

v

(iv) Designing the final quesionnaire

Implementing the survey

(i) Selecting the survey sample
(ii) Distributing the questionnaire
(iii) Tracking the progress of responses

(i) Exporting responses from Google
Forms to Excel

Eliciting the WTP and VSL

Compiling the data

(ii) Cleaning data
(iii) Coding the dichotomous bound
responses in numerical representa-

A

tions

(i) Importing the excel file to R Studio
(ii) Importing DCchoice and other

Data analysis

Analyzing the data

relevant R packages (Icens, MASS,
Ecdat, Ecfun, survival, perm,
MLEcens, interval, splines)

A

(iii) Developing models (Log-normal,
log-logistic, and Weibull)

(i) Explaining model parameter esti-

Interpreting the results

mates
(ii) Estimating the value of statistical
life

Reporting the results

(iii) Analyzing policy implications

FiGurek 1: Theoretical framework of the study (source: authors).

(200, 400, 800, and 1600 ETB) are used in this survey, as
shown in Table 2.

The sampling technique employed in this study is snow-
ball or network sampling. Start with a few participants and
then ask them to nominate or recommend others known
to have the profile attributes or desired characteristics. An
Internet-based contingent valuation survey was established
in this study. Then, a valid questionnaire was filtered after
pretreatment. The survey was conducted from December
2020 to August 2021 and was initially distributed to 1000

respondents. After the missing entries of observations were
removed, the original data set contains 750 observations,
including bids and replies to the DBDC survey, and packed
to DCchoice, a subset of the original data, into a data frame
object.

After a cluster analysis based on a k-means algorithm,
we determined these four initial bids and income categories.
With fifty random experimental open format surveys, we
queried the maximum WTP and monthly income. Then,
we analyzed four clusters and rounded off the cluster centers
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TABLE 2: Sets of bid information (source: authors).

Income range in ETB Less than 5,000 5,000-9,999 10,000-19,999 More than 20,000
Initial question bid 200 400 800 1600
Follow-up question low 100 200 400 800
Follow-up question high 400 800 1600 3200

TaBLE 3: WTP intervals for four initial bids (source: authors).

Initial bid Yes-yes Yes-no No-yes No-no

200 [200, +00) [200,400] [100,200] (-00,100]

400 [400, +00) [400,800] [200,400] (-00,200]

800 [800, +00) [800,1600] [400,800] (-00,400]

1600 [1600, +00) [1600,3200] [800,1600] (-00,800]

TaBLE 4: Description of variables (source: authors).

Variable Definition Category

GEN Gender 1 if female, 0 otherwise.

AGE Age group in years 1 if 18-29, 2 if 30-39, 3 if 40-54, 4 if >55.

EDU Educational level 1 if college diploma and below, 2 if bachelor, 3 if masters, 4 if PhD and above.

SEEN Accident seen 1 if seen, 0 otherwise.

INV Accident involved 1 if involved, 0 otherwise.

MAR Marital status 1 if married, 0 otherwise.

INC Income group in ETB 1 if less than 5,000, 2 if 5,000-9,999, 3 if 10,000-19,999, 4 if more than 20,000.
TaBLE 5: Acceptance probability, mean, and median WTP functions.

Distribution Acceptance probability Mean Median

o o o
Log-normal D(a— B1n (1)) exp <B) exp (2_[32) exp (B)

1
1+exp (—a+ fIn (1))

Log-logistic

Weibull exp {—exp (-a+f1n (1))}

(3
exp (9/)
(In (2))°

w G-
=)

Source: [44, 53]. Note: in the log-logistic and Weibull distributions, a finite median exists when 3> 1. Otherwise, it becomes infinity [54].

to the nearest multiple of 100 and considered them as initial
bids, while we considered four ranges of the clusters along
the horizontal axis as income levels. The bids were asked
in Ethiopian birr [48]. The WTP intervals for the four initial
bids are presented in Table 3. The final questionnaire dis-
tributed to the respondents can be found in Supplementary
Materials (available here) of this article.

The seven sociodemographic variables are coded as fol-
lows. Income denotes monthly household income in ETB
and is categorized as one for less than 5,000, two for 5,000-
9,999, three for 10,000-19,999, and four for more than
20,000. Age is coded as one for respondents between 18
and 29 years old, two for 30-39, three for 40-54, and four
for those above 55 years old. Education is coded as one for
college diploma and below, two for bachelor’s, three for mas-
ter’s, and four for PhD and above. Gender is coded as one if

the respondent is female and zero otherwise. “Accident
seen” is coded as one if the respondent has seen an accident
before and zero otherwise. “Accident involved” is coded as
one if the respondent experienced an accident and zero oth-
erwise. Marital status is coded as one if the respondent is
married and zero otherwise. Gender, accident seen, the acci-
dent involved, and marital status are all dummy variables.
All the variables considered in the analysis are described in
Table 4.

3.3. Data Analysis Methods. The data from this study’s
double-bound dichotomous choice survey were analyzed
using the DCchoice package for R [49]. The model selection
criteria were minimizing AIC and BIC values. Individual
variables’ and models’ statistical significances were also mea-
sured. The goal is to determine the mean or median WTP
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WTP

;}

Income

o

WTP Gen Age Education Income

FIGURE 2: WTP against the profile of the respondents that are among the explanatory variables (source: authors).

TaBLE 6: Correlations (source: authors).

WTP Gen Age Education Income
Pearson correlation 1 -0.274** -0.041 0.224** 0.663**
WTP Sig. (2-tailed) 0.000 0.258 0.000 0.000
N 750 750 750 750 750
Pearson correlation -0.274** 1 -0.169** -0.282%* -0.285**
Gen Sig. (2-tailed) 0.000 0.000 0.000 0.000
N 750 750 750 750 750
Pearson correlation -0.041 -0.169** 1 0.138** 0.175**
Age Sig. (2-tailed) 0.258 0.000 0.000 0.000
N 750 750 750 750 750
Pearson correlation 0.224** -0.282** 0.138** 1 0.440**
Education Sig. (2-tailed) 0.000 0.000 0.000 0.000
N 750 750 750 750 750
Pearson correlation 0.663** -0.285** 0.175** 0.440** 1
Income Sig. (2-tailed) 0.000 0.000 0.000 0.000
N 750 750 750 750 750

**Correlation is significant at the 0.01 level (2-tailed).

for the proposed change based on the responses to the WTP  sidered a price that half of the population would be willing to
questions. Even though both the mean and the median are  pay and a value that most of the community supports.

valid measures of central tendency, most studies have Furthermore, various technical considerations must be
focused on the median WTP. The median WTP can be con-  made while determining the mean WTP, complicating the
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TaBLE 7: Correlations of different combinations against WTP (source: authors).

MLEDU FLEDU MHEDU FHEDU FLINC MHINC FHINC MLINC
Pearson correlation 0.209* 0.171* 0.152** a 0.908** 0.518"" 0.131 0.184**
Sig. (2-tailed) 0.016 0.036 0.005 0.000 0.000 0.193 0.007
N 131 152 344 123 175 261 100 214

Correlation is significant at 0.01 (**) and 0.05 (*) levels (2-tailed), respectively. a: cannot be computed because at least one of the variables is constant.

TABLE 8: Parameter estimates of the log-normal model (source: authors).

Estimate Std. error Z value p value
Intercept 6.64316 0.34976 18.994 <2.2e-16 ***
Gender -0.34313 0.09074 -3.781 0.000156 ***
Age -0.31801 0.05364 -5.929 <2.2e-16 ***
Education 0.25290 0.05469 4.624 4e-06 ***
Accident seen 0.86526 0.16088 5.378 <2.2e-16 ***
Accident involved 0.15981 0.09467 1.688 0.091396 .
Married 0.27533 0.08385 3.284 0.001025 **
Log(bid) -1.13555 0.04029 -28.186 <2.2e-16 ***
Log-likelihood -992.564903

LR statistic

p value <0.001
AIC 2001.129805
BIC 2038.090391
Iterations 5713
Convergence True
Distribution Log-normal

118.108 on 6 degree of freedom (DF)

WTP estimates:

Mean =1080.016

Mean = 999.7369, i.e., truncated with the max bid

Mean = 1049.144, i.e., truncated with the max bid with adjustment
Median = 732.8736

Significance codes: 0 “***” 0.001 “**” 0.01 “*” 0.05 “” 0.1 “” 1.

analysis. The “yes”/“no” data from the responses to the WTP
survey question was coded as 'yes =1 and no =0. So, the
response variable is a dichotomous [0, 1] variable in the sta-
tistical analysis. Therefore, we applied the general statistical
procedures for the dichotomous data for CV analysis.
Although several R packages can be used to analyze CV
data, this study employed the DCchoice package distributed
from the Comprehensive R Archive Network (CRAN) [50].
The DCchoice package (i) is explicitly created for CV analy-
sis; (ii) includes a range of additional features that add value
to CV studies, such as the ability to estimate nonparametric
models; and (iii) is (relatively) easy to use. The log-logistic
model derived from the random utility function examines
the binary response data received through the double-
bounded dichotomous choice format [51]. Related parame-
ters, median, and mean WTP are derived from the maxi-
mum likelihood estimation. According to the random
utility theory, an individual’s indirect utility function, U(q,

¥), consists of a systematic component, V(g,y), and a ran-
dom component, e. The former is determined by the attri-
bute variables related to the alternative, whereas the latter
cannot be observed and is, thus, random to the analyst.

U(gy)=V(gy) +¢& (1)

where q represents the level of provision of nonmarket
goods and y represents an individual’s demographic profile
like income, age, gender, and education, among others.
However, the study refers to only “income” for simplicity.
One fundamental assumption is that everyone is certain of
their utility function and wishes to maximize it. The indirect
utility function can take many forms, and the simplest form
is the linear utility model, given by

ijocj+/3y+sjj=0,1, (2)
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where « is constant and f is the marginal utility of income.
When respondent # is offered an amount of money ¢, as the
first bid, then Y represents the second bid when respondent
n’s answer is “yes” to the first initial bid, whereas L repre-
sents the second bid when the respondent answers “no” to
the initial bid. Moreover, respondent #n’s maximum WTP
is represented by y.

The probability of respondent #’s answer to be “yes” to
both the first and second bids (P”?), i.e., when they are will-
ing to pay both amounts, is given by

«

P?(t,,t)) =Pr(t, <y, t;) <y;)=Pr(t,) <y;)=1-F(t)).

n

3)

Likewise, the probability of respondent n’s answer to be
“no” to both the first and second bids (P™), i.e., when they
are unwilling to pay both amounts, is given by

P (t,th) =Pr(y; <t,,yn<th) =Pr(y; <tr) =F(t). (4)

n

«

The probability of respondent #n’s answer to be “yes” to
the first bid and “no” to the second bid (P’") or “no” to
the first bid and “yes” to the second bid (P"), i.e., when they
are willing to pay one of the amounts offered, are given by,
respectively

P (1, t]) =Pr(t, <yr yn <t])=Pr(t,<y; <tl) = F(t]) - F(t,),
PV (t,, 1) =Pr(y; <t,y,>ts) =Pr(t; <y, <t,) = F(t,) - F(t}).

(5)

Therefore, the corresponding log-likelihood function for
independent observations of a given sample N is written as
follows:

n
InL= ) [dIn {P?(t,t])}+d)" In {P™(t,,t1)} ©

n=1

+d) In {P"(t,, 1))} +d In {P7(t,, 1) }]

where &7, d", &, and d” are binary-valued indicator
variables. For example, & is equal to one if respondent n
answers “yes” to both the first bid ¢, and the second bid ¢tV
and zero otherwise. The above log-likelihood equation can
be rewritten in the following form to estimate parameters
accordingly:

n

L= [dIn {exp (a-Bt7)}

+d" In {1-exp (a—ptr)} (7)
+d)" In {exp (a— ft,) —exp (a—pt)))}
+d? In {exp (a—pt;) —exp (a—Bt,)}].

Then, it can be expressed using a log-normal, log-logis-
tic, and Weibull cumulative density function (CDF) [52],

as shown in Table 5, where t is the bid offered for the
respondent.

The model’s mean and median WTP are estimated using
the predicted coefficients from each model [51]. Once the
WTP value is estimated, the next step is estimating the
VSL—the amount an individual is willing to pay to reduce
one fatality. The formula to calculate the VSL is given by
[16].

mean or median WTP

Ap

VSL (MRS) = ; (8)

where Ap is the probability of risk reduction. The correlation
analysis and descriptive statistics are conducted using the
IBM SPSS Statistics 25 software. Correlation analysis is con-
ducted in this study incorporating the explanatory variables
to explain how WTP is affected by different variables and
their combinations.

4. Results and Discussions

4.1. Descriptive Statistics. A total of 1000 people were invited
to fill out the survey, and 823 responded. After cleaning
responses with missing entries, 750 of them were finally
bundled with the DCchoice package as a data frame. 37%
of the respondents are female, and 63% are male. 92% of
the respondents had seen a traffic accident happen to others
before, while 8% had not. 25% of the respondents had been
involved in a traffic accident themselves. In comparison,
75% of them had not experienced an accident at all. 54%
of the respondents are married, while the remaining 46%
are not.

The relationship between the demographic characteris-
tics, including gender, age, education, and income, and peo-
ple’s willingness to pay for risk reductions are shown in
Figure 2. The respondents’ willingness to pay rises as their
income levels do. Given that costs grow in proportion to
earnings, this seems obvious. When respondents’ ages rise,
their willingness to pay rises for age groups 1 and 2, but it
falls for age groups 3 and 4. As people get older, their per-
ception of death might also change. The alternative explana-
tion is that older people may be more susceptible to and
concerned about mortality from other causes in addition to
those brought on by traffic crashes. Due to the nature of con-
tingent valuation surveys, where respondents may not be
aware of the extent of the risk they are being asked to
assume, respondents’ willingness to pay also rises as their
education level does. In this case, those with higher levels
of education are more likely to comprehend the risks and
demonstrate a willingness to pay for risk reduction. Male
respondents are more willing to spend than female respon-
dents are. This may be explained by the nature of their prior
exposure to transportation or mobility systems.

Correlations and statistical significance values are pre-
sented in Table 6. Income has the strongest correlation with
WTP compared to other variables and is statistically signifi-
cant at a 99% confidence level. In contrast, age is not a sta-
tistically significant variable.
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TABLE 9: Parameter estimates of the log-logistic model (source: authors).

Estimate Std. error Z value p value

Intercept 11.01571 0.61388 17.944 <2.2e-16 ***
Gender -0.55847 0.15118 -3.694 0.000221 ***
Age -0.47396 0.08986 -5.275 <2.2e-16 ***
Education 0.51626 0.09228 5.594 <2.2e-16 ***
Accident seen 1.61644 0.29585 5.464 <2.2e-16 ***
Accident involved 0.32372 0.15870 2.040 0.041359 *
Married 0.45683 0.14353 3.183 0.001458 **
Log(bid) -1.97137 0.07876 -25.031 <2.2e-16 ***
Log-likelihood -990.363963
LR statistic 123.200 on 6 DF
p value <0.001
AIC 1996.727927
BIC 2033.688513
Iterations 5118
Convergence True
Distribution Log-normal

WTP estimates:
Mean =1138.83

Mean = 970.2766, i.e., truncated with the max bid

Mean = 1020.762, i.e., truncated with the max bid with adjustment

Median = 714.4393

Significance codes: 0 “***” 0.001 “**” 0.01 “*” 0.05 “.” 0.1 “” 1.

The influence of other combinations of subgroups under
different variables was also tested for their impact against
WTP. Eight combinations were identified and, namely, they
are less educated male (MLEDU), less educated female
(FLEDU), highly educated male (MHEDU), highly educated
female (FHEDU), low-income male (MLINC), low-income
female (FLINC), high-income male (MHINC), and high-
income female (FHINC). The low-income female (FLINC)
combination has the highest impact on the WTP for risk
reduction, followed by the high-income male (MHINC).
Table 7 summarizes the estimates of each combination.
Except for FHINC, the correlation of other combinations
with the WTP is statistically significant.

4.2. Model Estimation. We estimated the three models the
log-normal, the log-logistic, and the Weibull and presented
the results below. The models are compared with Akaike’s
Information Criterion (AIC) and Bayesian Information Cri-
terion (BIC). Table 8 presents the parameter estimates of the
log-normal model. The model is accepted as it is statistically
significant. All the variables are statistically significant at a
99.99% confidence level except for “married” and “accident
involved”, which are statistically significant at 99% and
90% confidence levels, respectively.

The parameter estimates of the log-logistic model are
presented in Table 9. The model is accepted as it is statisti-
cally significant. All the variables are statistically significant
at a 99.99% confidence level except for “married” and “acci-

dent involved”, which are statistically significant at 99% and
95% confidence levels, respectively.

The parameter estimates of the Weibull model are pre-
sented in Table 10. The model is accepted as it is statistically
significant. All the variables except for “accident involved”
are statistically significant at a 99.99% confidence level.

The DCchoice package for R comes with the Krinsky
and Robb method (kr) and the bootstrap (bo) method of
constructing confidence intervals (CI) for different WTP
estimates. Both methods depend on the simulation tech-
niques of varying settings.

The confidence intervals of WTP estimates from the log-
normal, log-logistic, and Weibull models are presented in
Tables 11-13. The default 1000 iterations (boots) and 95%
CI are considered for the estimation.

In both confidence interval generation approaches, the
log-normal model parameter estimates of the bid satisfy
the criteria for the presence of a finite mean WTP.

In both confidence interval generation approaches, the
log-logistic model parameter estimates of the bid satisfy the
criteria for the presence of a finite mean WTP.

In both confidence interval generation approaches, the
Weibull model parameter estimates of the bid satisfy the cri-
teria for the presence of a finite mean WTP.

The indicator “Convergence” in all three models is
“True”, which indicates that the optimization was successful
in achieving convergence. Returning the lowest AIC and BIC
values and the highest Loglikelihood ratio compared to the
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TABLE 10: Parameter estimates of the Weibull model (source: authors).

Estimate Std. error Z value p value
Intercept 8.01325 0.41347 19.3804 <2e-16 ***
Gender -0.61336 0.10339 -5.9324 <2e-16 ***
Age -0.36989 0.05966 -6.2001 <2e-16 ***
Education 0.27540 0.06038 4.5614 5e-06 ***
Accident seen 0.72847 0.16249 4.4831 7e-06 ***
Accident involved -0.03251 0.10282 -0.3162 0.7519
Married 0.45536 0.09000 5.0596 <2e-16 ***
Log(bid) -1.23593 0.04586 -26.9514 <2e-16 ***
Log-likelihood -1022.225879
LR statistic 138.870 on 6 DF
p value <0.001
AIC 2060.451758
BIC 2097.412344
Iterations 61 14
Convergence True
Distribution Weibull
WTP estimates:
Mean = 1099.226
Mean = 1015.419, i.e., truncated with the max bid
Mean = 1067.647, i.e., truncated with the max bid with adjustment
Median = 747.1968
Significance codes: 0 “***” 0.001 “**” 0.01 “*” 0.05 “> 0.1 “”

TaBLE 11: Confidence intervals for the WTP of the log-normal model (source: authors).
. Krinsky and Robb Bootstra

Estimate LB Y UB LB P UB
Mean 1080.02 986.44 1197.50 973.80 1197.94
Truncated mean 999.74 934.69 1071.89 924.64 1075.14
Adjusted truncated mean 1049.14 968.96 1142.31 954.31 1149.35
Median 732.87 685.74 785.72 678.88 786.38

TasLE 12: Confidence intervals for the WTP of log-logistic model (source: authors).
. Krinsky an B g

Estimate . sky and Robb B . ootstrap B
Mean 1138.83 1027.70 1281.16 993.70 1291.06
Truncated mean 970.28 906.02 1034.38 886.31 1045.31
Adjusted truncated mean 1020.76 942.61 1105.76 920.41 1116.08
Median 714.44 666.94 764.62 656.34 772.09

TasLE 13: Confidence intervals for the WTP of the Weibull model (source: authors).

Estimate . Krinsky and RobbUB . Bootstrap B
Mean 1013.57 942.78 1087.04 924.85 1097.71
Truncated mean 999.02 934.00 1062.44 915.52 1072.78
Adjusted truncated mean 1021.77 948.03 1098.27 929.19 1110.06
Median 806.85 744.97 862.03 742.11 869.89
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F1GURE 3: The simulated mean, median, truncated mean, and adjusted truncated mean of the WTP empirical distribution (source: authors).

TaBLE 14: VSL in Ethiopia (1USD =50ETB as of February 2022,
according to the National Bank of Ethiopia) (source: authors).

WTP VSL

ETB Ap (x100,000 pop)  ETB x 10°

(USD) USD x 10°
Mean 1020.76 (20.42) 13.35 76.46 (1.53)
Median ~ 714.44 (14.23) 13.35 53.52 (1.07)

other two models, the log-logistic appears to be the best
model. We run the log-logistic model with 51 iterations of
the objective function and 18 evaluations of the objective
function’s gradient.

Density curves of the empirical distribution of the simu-
lated, mean, truncated mean, median, and adjusted trun-
cated mean of the WTP for the selected model (i.e., log-
logistic model) are constructed with both simulation tech-
niques (kr and bo) as shown in Figure 3. In both the Krinsky
and Robb and the bootstrap confidence interval simulations,
the highest and the lowest WTP amounts are found in the
mean and the median, respectively, while the WTP amounts
of the simulated truncated and adjusted truncated mean are
closer. The final VSL estimation can be presented as a range
instead of a single VSL estimate. In that case, the WTP
amount with the highest density of the simulated median
is considered a lower value of the range or the WTP amount,
whereas the highest density of the simulated mean is
regarded as a higher value of the range.

Since the log-logistic model is the best, the final WTP
value to be considered in the VSL estimation would be
714.44 ETB. Ethiopia’s road traffic death rate is 26.7 per
100,000 population, according to the WHO global status
report on road safety [2]. The value taken for a 50% risk
reduction is 13.35 per 100,000 population. The VSL esti-
mates in Ethiopia’s road transport safety context are calcu-
lated, and the results are presented in Table 14.

The study elicits the WTP of the Ethiopian transport
stakeholders for a reduced risk of road traffic fatalities and
evaluates the VSL. Therefore, the respondents’ mean WTP
is ETB 1020.76 (USD 20.42), while their median WTP is

ETB 71444 (USD 14.23). According to the mean and
median WTP estimates, the VSL is found to be ETB 76.46
million (USD 1.53 million) and ETB 53.52 million (USD
1.07 million), respectively. If we compare the VSL estimate
based on the median WTP finding in this study—USD
1.07 million—it is less than the average VSL estimate of
the literature reviewed in the second section of this study—-
USD 2.14 million. In their global meta-analysis of mortality
risk valuation, [34] found a median VSL value of approxi-
mately USD 2.4 million as being comparable. In the litera-
ture that we examined in this study, we can witness a
considerable disparity in the VSL estimates from the lowest,
i.e, USD 19-101K for Sudan, to the highest, i.e., CHF 6-7.8M
for Switzerland. Income elasticity of VSL is responsible for
the disparity between the VSL estimates in this study and
the global average. To ensure reliable data for the cost-
benefit analysis of investments in improving road safety, it
is crucial to conduct a VSL study that is geographical and
context specific instead of transferring the VSL estimates of
the developed nations because VSL estimates are sensitive
and differ greatly across different countries and circum-
stances. The sensitivity of the method is even more signifi-
cant in low- and middle-income countries.

5. Policy Implications

The value of statistical life estimates will be a significant
input in regulations and policies’ cost-benefit analysis. To
overcome market failures in road traffic fatality risks, gov-
ernments can make better-informed judgments and inter-
ventions. Before the implementation of the VSL
methodology in regulatory impact analysis, governments
used to assign a finite benefit value to these risks. Ethiopia
and other low- and middle-income countries’ transport reg-
ulatory bodies can use the findings of this study in the cost-
benefit analysis (CBA) of additional investment in road
safety improvements. Based on a meta-analysis, the Organi-
zation for Economic Cooperation and Development
(OECD) recently developed an eight-step mechanism to
transfer VSL estimates from current studies in environmen-
tal, health, and transportation policies [55]. The OECD
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recommends estimating VSL for countries within the OECD
by transferring VSL from studies with similar demographic
characteristics and adjusting for income using gross domes-
tic product (GDP) per capita and income elasticity. In the
same vein, the results in the current study are transferrable
to other low- and middle-income countries with comparable
demographic characteristics to Ethiopia’s. The results will
help formulate a more comprehensive road safety policy
and plan that includes suitable strategies, priorities, quantifi-
able goals, and relevant actions.

6. Conclusions

This study is a first attempt to elicit the willingness to pay
estimates in the road safety context of Ethiopian transport
and analyzes the value of statistical life. It can also be trans-
ferred to other low- and middle-income countries, especially
in Africa, where such studies are scarce but have similar
demographic characteristics. The study will contribute to a
better understanding of the economic efficiency of addi-
tional spending on road safety improvement policies.
Authorities or decision-makers can introduce a broad range
of safety enhancements in vehicles, infrastructure, traffic
behavior, and management and regulations to increase road
safety based on the findings of this study by making a cost-
benefit analysis. The first key finding of the study is the
respondents’ median and mean WTP estimates and the
VSL estimates. Given that most studies have focused on
the median WTP, it can be concluded that the VSL estimate
in the Ethiopian road transport safety context is 53.52 mil-
lion ETB (USD 1.07 million). Another finding from this
study is that age, gender, education, and income level all
influence respondents’ WTP to a varying degree, while
income has the most significant impact. This research, there-
fore, provides insights for future studies as it is a novel study
based on a well-established reliable approach and a relatively
big sample size, and the findings are transferrable. The first
limitation of the study is that the study used a uniform road
traffic fatality rate for all types of road users. The second lim-
itation is that during the VSL analysis, the traffic crash data
are considered from the 2018 WHO global status report on
road safety. The crash data in the WHO report vary from
the data reported by the traffic police, which may affect the
WTP and VSL estimates. The third limitation is that the
scale bias as one of the fundamental concerns in all WTP
surveys is whether respondents grasp the extent of the risk
changes they are being asked to value or not and people’s
preferences have not yet been developed. Future research
can be carried out to compare the current trends of road
safety investments to the amounts that should be spent
based on the economic justification of this study so that gov-
ernments and relevant stakeholders can maximize their
investments to help improve road safety and reduce prop-
erty and life loss that occur due to road traffic crashes.
Future studies can avoid scale bias in the CV approach by
using visual assistance throughout the survey. Other
advanced stated preference methods like choice experiments
can be used to elicit the VSL. They can compare with the
findings of this study. Different traffic fatality rates should
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also be used for different road users. The questionnaire
should be designed with different risk reduction levels to
examine insensitivity to scale. As Ethiopia and other low-
and middle-income countries are grappling with the conse-
quences of transport externalities, mainly road traffic
crashes, this study significantly contributes to assisting poli-
cymakers in their cost-benefit analysis of additional invest-
ments in road safety improvements.
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