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Abstract
This paper reports on the first attempt to measure the value of statistical life (VSL) in the
context of mortality risk from air pollution in urban Bangladesh, using the contingent valuation
(CV) method. The CV survey was conducted in 2013 in Dhaka and Chittagong, the two most
densely populated cities in the country. We asked individuals willingness to pay (WTP) for
mortality risk reduction from air quality improvement program and found that willingness to
pay is correlated with the socio-economic characteristics, health status, and risk perception of
the respondents, consistently with existing studies. The bootstrapped mean of VSL is ranged
from 17,480-22,463 USD in purchasing power parity terms, which is equivalent to 9.78-12.57
times of GDP per capita of Bangladesh. Considering our study setting, the results we obtained
may be regarded as a lower bound of VSL estimates in the context of environmental risk
reductions in Bangladesh.
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1. Introduction
Bangladesh is one of the most densely populated countries in the world, and has been observing
rapid urbanisation in recent decades. From 1996 to 2016, Bangladesh’s urban population has
grown by 113%, from 27 million to 57 million, while total population add 34% during the same
period. The urbanisation rate reached to 35% in 2016 from 22% in 1996 1. The country’s largest
cities, such as Dhaka and Chittagong, are extremely heavily populated. For example, Dhaka city
is a one of the densest cities in the world having 14.5 million people in its Statistical
Metropolitan Area with population density reaching about 130 thousand per square kilometre in
some part of the city. 2
Rapid urbanization in such an overly populated country often creates serious health
related risks from various sources. According to Landrigan et al. (2017), 9 million people died
from environmental pollution across the world, thus 1 in 6 deaths is caused by pollution worldwide.
People of Bangladesh, especially those living in urban areas are increasingly exposed to such
risks. The latest Environmental Performance Index published by Yale University ranked
Bangladesh as the 8th worst among 180 countries. In terms of air pollution, the country is ranked
as the worst in the world (180th). 3 Recent World Health Organization data reveal that the air
quality in Dhaka reaches a yearly average of 90 µg/m3 of PM2.5, which is 9 times as high as the
WHO’s safety standard level. 4 Obviously, there is an urgent need for strong public interventions
to control current severe air pollution.
Quantifying the welfare cost of air pollution is a crucial step in motivating policymakers to appropriately prioritize environmental control. While it is not necessarily easy to
obtain reliable estimate for the welfare loss from fatalities (or morbidity) due to air pollution,
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4

https://data.worldbank.org/indicator/SP.POP.TOTL?end=2016&locations=BD&start=1995
http://www.citypopulation.de/php/bangladesh-dhaka.php
http://epi.yale.edu/country/bangladesh
http://breathelife2030.org/city-data-page/?city=110
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among a few popular methods, the contingent valuation (CV) method, which employs
hypothetical scenarios and asks the respondents’ willingness-to-pay (WTP) for a risk reduction
scheme, remains a popular approach for quantifying the benefits from such risk reduction. 5 In
the context of mortality risk, an individual’s WTP for mortality risk reduction can be converted
to the value of a statistical life (VSL) by dividing the stated WTP by the magnitude of risk
reduction in question (see Hammitt and Graham, 1999).
CV studies on fatal risk reduction has been mainly conducted in developed countries.6
Environmental hazards including ambient pollution are among the popular scenarios of the cause
of death in existing studies in developed countries, among others, such as traffic accidents and
diseases (OECD, 2012). However, in developing countries regardless of the cause of fatal risk,
fewer studies have been conducted for measuring the WTP for mortality risk reduction using the
contingent valuation method (e.g. Mahmud, 2009). CV studies on mortality risk caused by
environmental pollution is especially limited in the context of developing countries. China is the
most studied country in the developing world, with relatively large number of published
researches (e.g. Wang and Mullahy, 2006; Hammitt and Zhou, 2006; Guo et al., 2007). 7 Other
5

There is a emerging literature that exploits exogenous shocks to assess the cost of air pollution or
benefit of reducing air pollution. For example, Chang et al. (2016) use an exogenous fluctuation in
PM2.5 monitoring records to estimate the impact of air pollution on worker’s productivity. They find
that the benefit of reducing pollution is sizeable; the decline of PM2.5 concentration happened during
1999 and 2008 resulted in generating nearly 20 billion USD in benefit. Reviewing the recent evidence
on the negative impact of air pollution on labour market performance and human capital accumulation,
Zivin and Neidell (2018) argue the importance of a huge economy-wide benefit of clean air that reduces
less-severe health hazards to normal and healthy people.
6
A few reviews and meta-analysis papers have been published on contingent valuation for pollution
related mortality risk, such as OECD (2012), Kochi et al. (2006), Desaigues et al. (2011), Dekker et al.
(2011), and World Bank and Institute for Health Metrics and Evaluation (2016), which rely on studies
conducted in developed countries. On VSL studies including those using revealed preference approach,
there are several meta-analysis papers, such as Robinson (2017); Masterman and Viscusi (2018); Narain
and Sall (2016); Viscusi and Masterman (2017a,b); Lindhjem et al. (2011); Hoffmann et al. (2017);
Viscusi (2017), that discuss the extension of the scope to the context of developing countries.
7
More studies are found for China regarding WTP for air quality improved policies, as summarised in
Wang and Zhang (2009). However, in those studies, life saving scenario is not explicit and the VSL is
not reported (except for Wang and Mullahy (2006); Guo et al. (2007)). Wang and Zhang (2009)
conducted survey in April 2006 in 5 urban districts in Ji’ nan city, China. Their scenario was an
improvement in the city’s air quality from Class III status (at the time of survey) to Class II in the
Chinese standard. There was no life-saving implication in the scenario and they obtained 100 Chinese
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countries include India (Bhattacharya et al., 2007), Turkey (Tekesin and Ara, 2014), Thailand
(Vassanadumrongdee and Matsuoka, 2005; Gibson et al., 2007), Mongolia (Hoffmann et al.,
2012), and Brazil (Arigoni Ortiz et al., 2009). Consequently, estimates of VSL in emerging and
developing countries is scarce. In Table 1, we summarize the findings from the above mentioned
studies. 8
There exists a handful of studies focusing on VSL in the context of Bangladesh using
different methodological approaches. One approach is using the benefit transfer method, by
extrapolating the estimates obtained from meta-analysis of surveys conducted in developed
countries. For example, Miller (2000) suggests that a Bangladeshi VSL lies in the range between
USD30, 000 and USD1, 000, 000, or 131 - 2,762 times of per capita GDP. Robinson et al.
(2017)’s benefit transfer estimate for Bangladesh is 142,709 USD (in 2015 international dollar),
based on the international research using stated preference method. Viscusi and Masterman
(2017b) instead provides a benefit transfer estimate from the revealed preference studies in the
U.S. that gives 205,000 USD.
Apart from benefit transfer examples, Mahmud (2009) is the first and only example of
CV studies focusing on VSL using field survey in rural Bangladesh. However, the scenario used
was reductions in mortality risk by a vaccination program that would reduce the respondents’
mortality risk either by 25% or 50%. His estimates of mean VSL for rural Bangladeshis rages
from 103,074 Taka to 168,905 Taka (from 3.55 times to 5.82 times of GDP per capita). 9
In the context of willingness to pay for environmental improvement (which is not
necessarily linked to mortality), only one published study, to our knowledge, is Khan et al.

yuan of WTP to this pollution reduction problem (with 49.3% zero-WTP).
8
See also Figure A2 and Table C1 in Robinson et al. (2017) for the list of studies on VSL in developing
countries (not limited to environmental context).
9
As noted in the study, however, the purpose was rather methodological than providing a policy
relevant VSL, in that the study test the effectiveness of training on probability and risk on individuals
WTP for risk reduction and the offered risk reduction was rather large resulting in much smaller VSL
estimate compared to other international studies.
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(2014) that estimates WTP of Bangladeshi households for arsenic safe drinking water, by
applying a double discrete choice value elicitation approach. On average, households are willing
to pay about 5 percent of their disposable household income for getting access to arsenic safe
drinking water.10
To our knowledge, there is no study eliciting WTP for fatal risk reduction from air
pollution in the context of Bangladesh. To bridge this gap, we conducted a CV survey to elicit
individuals WTP for a reduction of mortality risk from air pollution in Dhaka and Chittagong,
the two largest cities in Bangladesh. 11 Ten sampling clusters were chosen from two cities (seven
from Dhaka and three from Chittagong), and a total of 1,000 household heads were randomly
selected for a face-to-face interview. A hypothetical scenario on reducing mortality risk from air
pollution was explained and their willingness-to-pay was obtained using open-ended questions. We
prefer open-ended questions to closed-ended ones because they provide more information, and are
less prone to overestimation (see Mahmud, 2009). We obtained 994 valid answers for the WTP
questions which were used in regression analyses to reveal the relationships between WTP and
respondents’ attributes such as age, income, education, health condition, and perception of
pollution risks to their health. The measured WTP are associated with individual characteristics
in similar ways as in past studies. Based on the regression analysis, we employed bootstrap
resampling to estimate the mean and median WTP as well as those confidence intervals. The
mean VSL is ranged from 17,480 to 22,463 USD in PPP, which is equivalent to 9.78-12.57 times
GDP per capita in the same year.

10

Their purpose is to measure WTP for practical alternatives to reduce risk of arsenic exposure, and
mortality risk reduction is not directly taken into the scope of study.
11
These large cities severely suffer from environmental pollutions, mainly due to the emissions from
vehicles. For example, according to Bangladesh Statistical Pocket Book 2007 published by the
Bangladesh Bureau of Statistics, it is estimated that air pollution causes 15,000 premature deaths in
Dhaka per year, implying that 125 people out of 10,000 die from air pollution in Dhaka every year.
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Our study may be subject to several types of bias. The first concern is scope bias as we
do not explicitly test for the sensitivity of stated values to the magnitude of risk reduction
assumed. Given that the magnitude of risk reduction we set (5 in 10,000) is relatively larger than
what is used in the existing international examples, VSL in our case is likely to be
underestimated. Furthermore, in our hypothetical scenario, fatal risk originates from
“environmental” source and it is reduced by a “public” intervention by the government. As
revealed by OECD (2012), “environmental” and “public” provisions in the risk scenario
significantly reduce the stated VSLs. Therefore, our scenario is by construction leaned towards
having lowered estimates for the VSL. Taking this background into account, we argue that the
estimate should be carefully interpreted as a potential “lower bound” of VSL in the context of
environmental risk reduction in Bangladesh.
The remaining part of this paper is structured as follows. In Section 2, we introduce the
study design including the details of data collection and description of data. Section 3 explains
the empirical strategies to estimate the determinants of WTP then describes the results, followed
by the estimation of the average and confidence interval of the mean and median VSL by using
sample bootstrapping. In Section 4, we discuss the validity of our estimates. The final section
concludes the paper.

2. Study Design
This study benefits from a household survey conducted by the JICA Research Institute in the
selected areas in Dhaka and Chittagong, from June 6 to July 17 in 2013. 12 Total 11 enumerators
trained by ERG conducted face-to-face interview by visiting the house of each respondents
randomly sampled as described below. The main purpose of the survey was to collect the data on
people’s stated preferences for hypothetical risk reduction programs implemented by the
12

The survey was implemented by the Economic Research Group (ERG) based in Dhaka.
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government. The total number of surveyed households was 1,000, with 700 from Dhaka and 300
from Chittagong.

2.1 Questionnaires
Stated preferences for mortality risk reductions were elicited through the two sections in the
survey questionnaire. The first section conducted a choice experiments among multiple risk
reduction programmes that were hypothetically designed to reduce mortality caused by several
type of risks (namely, traffic accidents, air pollution, water pollution, and maternity). In the
second part, the respondents were asked their willingness to pay for a government scheme to
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reduce air pollution in Dhaka (or Chittagong) that will reduce the risk of dying from air pollution.
The program was framed as a government intervention to control vehicle maintenance to reduce
pollutant emission from motorized vehicles, which can reduce the mortality rate in each city from
125 per 10,000 persons to 120 per 10,000.13 In this paper, we analyze the second part of the stated
preference survey focusing on WTP for mortality risk reduction from air pollution.
The enumerators explained to the respondents that the annual death caused by air
pollution in Dhaka counts 15,000, and that this number means that 125 people out of 10,000 dies
from air pollution per year given the population of Dhaka (12 million). Then, we gave a
hypothetical policy scenario that could reduce the mortality risk from 125/10,000 to 120/10,000,
though government intervention to control vehicle pollutant emission. The WTP is directly
measured through the following two questions:
Q1: “If you are told that the death risk in Dhaka due to air pollution can be reduced by
a government initiative from 125 out of 10000 to 120, would you then spend for
it?”
Q2: (For the respondent who answered “yes” to Q1) “What is the maximum amount
which you would be willing to pay annually to decrease your yearly death risk
from 125 out of 10000 to 120?”
For the respondent who answers “No” to the first question, the enumerator asks why he
or she does not want to pay for the program. 14
Before the respondents stated their preference on risk reduction programs, they were
asked to answer around 70 questions on their socio-economic characteristics and preferences,
13

The government of Bangladesh has already carried out reforms in the auto-rickshaw (three-wheeler)
sector in Dhaka to reduce air pollutant emissions. In 2003, it forced the owners to replace petrol engines
to CNG (compressed natural gas) engines. This transformation was well implemented and Bangladeshi
citizens are quite aware of that success.
14
Note that the magnitude of mortality risk reduction was a change of 0.05 percentage points. This is
ten times larger than the scenario used by Wang and Mullahy (2006) for Chongqing, China, but much
smaller than Mahmud (2009) used for rural Bangladesh.
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such as; household demographics, income and expenditure, asset holdings, incidence of death
and sickness, victimization experiences from accidents and other misfortunes, health conditions
(current condition as well as chronic disease history), smoking behaviour, and perception about
the health risk caused by environmental pollution of their residential areas. Just before they
entered the stated preference part, we provided training on the concept of probability and risk
reduction, followed by a test for ensuring the respondents’ understanding. The language of
implementation was Bangla and the questionnaire was field tested and revised to facilitate
understanding before the survey was conducted. To motivate their responses, a small gift was
offered to the respondents. 15 The questionnaire is provided in the Appendix.

2.2

Sampling Design

We conducted a stratified-cluster sampling for the two largest cities in Bangladesh, Dhaka and
Chittagong. Each city had three strata, based on the situation in surface water pollution level.
Out of six strata, two strata in Dhaka had three sampling clusters in each.
Therefore, the total number of clusters was ten. 100 households were selected at random
from each stratum, to construct the 1,000 sample households.

2.2.1 Selection of Strata and Clusters
As we focused only on major urban areas where people are more exposed to environmental risks
compared to rural areas, the selection of survey clusters in Dhaka and Chittagong was based on
actual level of environmental pollution to understand urban dwellers’ preferences for risk
reduction. At the time the survey was conducted, there was no information available for the spatial
variation of air pollution within these cities. However, for water pollution, geographically

15

The Gift is worth of 100 Taka either in cash or equivalent in kind, depending on the respondent’s
choice. 75% received cash, 20% received a gift, 1.5% were indifferent, and 1.5% declined to accept cash
or a gift
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detailed information was available both for Dhaka and Chittagong. For Dhaka, World Bank
(2006) identified water pollution level in different areas in Dhaka based on Biochemical oxygen
demand (BOD). BOD is the amount of dissolved oxygen needed by aerobic biological organisms
in a body of water to break down organic material present in a given water sample at certain
temperature over a specific time period. BOD exceeding 6 mg/l implies that the water is polluted
and not acceptable as pure drinking water. Depending on the level of BOD, the areas were
categorized as Red, Orange, Yellow and Blue.
The regions marked as Red represent the areas that have the most polluted water sources
in Dhaka. The Red regions denote the presence of BOD, 500% beyond the standard (6 mg/l).
Areas near the Buri ganga river, including Fatulla, Kutubpur, Shyampur, Sutrapur, Kotwali,
Lalbag, Kamrangirchar, Hazaribag, Adabar, Gabtali; areas near Tongi bridge, including
Machimpur, Abdullapur, Tongi bazar, Natun Bazar, Rajabari, and areas near the Balu river,
including Kayetpara, Balurpar, Baburjayga, Tejgaon, Kahelpara, Sarulia, Kanchpur, Siddhirganj,
Sona mia bazaar are marked as Red. Out of these areas, three, Kamrangirchar, Tongi bazar, and
Hazaribag, were randomly selected for the survey. This is our first sampling stratum and we refer
this as “Dhaka-Most Polluted” stratum in what follows. From this stratum, three sampling
clusters were randomly selected, giving 300 respondents in total.
The Orange regions represent mildly polluted areas attached to water bodies and
correspond to 200-500% beyond the standard level of BOD. Areas near the Turag river including
Shah Ali, Solahati, Mhimaghar, Diabari, Nalbhog; areas near the Sitalakhya river, including
Sombaria bazar, Nabigonj bazar, Dankunda bazar, Hajiganj, Nabinagar, Kashipur, Baktabali
bazar, Bhabaniganj; other areas near the Sitalakhya river including Noapara bazar, Rupsi bazar,
Purbagaon, Chhatian, Ulaba, and Kayetpara; and areas near the Balu river including Gobindapur,
Talia, Rayer dia bazar, Palashia, Bhaturia, and Purbachal are marked as Orange. Three of these
regions, Shah Ali, Diabari and Nabinagar were ran- domly selected for the survey. We label this
stratum with three clusters (300 respondents) as “Dhaka-Medium Polluted” stratum.
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The yellow regions correspond to less polluted water bodies containing 100-200% BOD
beyond the standard BOD level. This region was skipped due to the fact that pollution variation
is captured in Red and Orange regions. The blue regions have the least polluted water sources
within the BOD standard which are acceptable as sources of drinking water after conventional
treatment. Maniknagar is randomly chosen from the Blue stratum. This stratum is a singleton
cluster.
For Chittagong, the selection of the sampling cluster is based on the information
provided by a previous study of surface water quality in Chittagong (Zuthi et al., 2009).
Chittagong Water Supply and Sewerage Authority (CWASA) has divided its water supply
network into four routes. Zuthi et al. (2009) conducted an assessment of the water quality in all
the four routes. All the water samples collected from the different routes of CWASA distribution
had BOD5 concentrations greater than the permissible value of 0.20 parts per million (ppm).
Among the four routes, the Route 2 was found to be most severely polluted with average BOD5
level of 5.2 ppm. From the Route 2, Shershah Colony is randomely selected for our survey
cluster.
Route 1 was the second most severely polluted water route in Chittagong. The BOD5
concentration level was 3.6 ppm. From this route, Garibullah Shah Majar Road area was
randomly selected for the survey. The Route 4 was the least polluted among the four routes, and
an area consisting of Riazuddin Bazar and Enayet Bazar was randomly chosen from this route.
In summary, we set six strata based on city and water pollution levels, with three strata in
each city corresponding to the most-polluted, medium-polluted, and the least-polluted sections
of the city. We draw ten sampling clusters from these strata. For the first two strata, Dhaka-Most
Polluted and Dhaka-Medium Polluted, we have three clusters in each stratum. However, the
remaining four, we have only one cluster in each stratum, making these “singleton” strata.
Both World Bank (2006) and Zuthi et al. (2009) cover only the areas nearby water route
such as river, canal, and lakes. Since the random selection of clusters are made from the list of
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areas found in these two environmental studies, our cluster sampling frame does not correspond
to either administrative or statistical area in Dhaka and Chittagong. In addition, the areas are not
strictly defined, which means that the basic information necessary to construct a sampling frame
such as area size, boundary, and population were missing. Therefore, our sample only roughly
represents the urban and suburban population living nearby surface water, and it is impossible to
put sampling weights to produce strict representativeness.

2.2.2 Random Selection of Respondents
From each of the selected clusters in Dhaka and Chittagong, 100 households were drawn
randomly. As explained above, we did not have the documentation of sampling frame such as
total population in each area. In practice, randomization was carried out by a “random walk” of
enumerators, starting from a randomly chosen house and selecting the next household at a fixed
X-th interval. Depending on the approximate total number of households in these areas, the
randomization criteria such as choosing every 3rd or 5th or 7th or X-th household was selected
on the spot. In the case of rejection, the enumerator was asked to move to the next household and
follow the randomization accordingly.
Basically, the interval X set by enumerators for their random visits of household was
larger for the areas with more households. This implies that the probability of being selected for
a sample was smaller (i.e. weight should be high) for the populated area. This sampling method
roughly ensures that the total area is equally covered within each cluster. However, we
unfortunately do not have sufficient information on the population of our sampling clusters.
Furthermore, we cannot identify in which cluster the enumerator chose which skip rule (i.e. the
interval X) for selection of households. Under such condition, it is impossible to calculate the
sampling weight to recover the national or city-level representativeness, and our estimate may
therefore be biased from the population statistics at the national level or city level.

12

2.3 Description of the Data
Table 2 summarizes basic statistics of the variables used in the analysis. Out of total 1,000
respondents, 271 answered “No” to Q1, the question whether they have a willingness to pay for
the hypothetical government program to reduce mortality caused by air pollution either in Dhaka
or Chittagong (framed depending on the place of survey). However, among the 729 who said “yes”
to Q1, there are 16 respondents who failed to appropriately answer Q2 which asked them to
specify the amount they would be willing to pay. Out of those 16, 10 are revealed to have been
miscoded as “yes” for Q1 despite the true answer was “no”. The remaining 6 respondents seem to
have answered “yes”, but that was not successfully recorded to Q2. Thus, by dropping these 6
unsuccessful observations, the number of observations appropriate for analysing the WTP
became 994. The number of respondents who said they were willing to pay (Q1) and specified
the amount (Q2) was 713 out of 994 (71.7 %). The mean value of log WTP is 5.465,
corresponding to 236.3 Taka by taking exponential.
The average log per capita expenditure was 8.384 (its exponential value is 4376.5
Taka).16 This is equivalent to 168.6 USD in PPP of 2011 price, 50 % higher than the national
average of 112.2 USD according to the PovcalNet of the World Bank. This is reasonable because
we only sample from the urban population. The mean log age is 3.51 (its exponential is 33.4).
About 61% of respondents were male. More than 60% of respondents completed at least primary
school and were literate. Among them, 22.1% had tertiary or higher degrees.
The main monetary cost item associated with the damage from air pollution is medical
care. Therefore, the level of household’s medical expenditure might be related to its willingness
to pay for pollution reduction measures. The average share of medical care in total monthly
expenditure was 8.7 percent. As many as 29.0% regularly or sometimes smoked.
16

In terms of income earned, 64% falls in the middle-income class with their earnings being greater
than 10,000 Taka but less than 30,000 Taka monthly. More than a quarter of sample households earned
incomes greater than 30,000 Taka. Since income data is collected only by asking in which income
bracket the respondent’s household falls, we use monthly expenditure per capita as a proxy for the
household’ monetary earning in what follows.
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We also collected respondents’ perceptions regarding a few urban health risk factors,
such as water quality and air quality. For water quality, the average score on the health risk they
perceived from the neighbourhood water was 2.03, almost around the second lowest ranking
where the score is scaled from 1= very low risk to 5 = very high risk, and 2 is put a description as
“some risk”. Regarding air quality, perceived risk on health is higher than that for water with the
average score was 2.39, which is in between “some risk” and “moderate risk”. The perception of
own health condition as well as disease experiences were also recorded. The average self-reported
health score was 3.4, lying in between “fair” and “good”. A bit surprisingly, many has had
suffered from chronic diseases; 57.4% answered that they experienced undesirable health
conditions such as asthma, respiratory disease, bronchitis, chronic cough, diabetes, heart disease,
of high or low blood pressure.
Since air pollution mitigation policy to reduce fatal risk is basically a public policy with
strong externality, social capital of individual citizen might be relevant in determining whether
and how much he or she wants to contribute. For the proxy of social capital, we adopted a popular
GSS Trust question by asking respondents’ degree of agreement with the statement “Most
people can be trusted”, which measures the level of interpersonal trust. 17 The score is scaled
from 1 = “strongly disagree” to 6 = “strongly agree”. The average score was 3.59, which means
that people are almost neutral about this statement.
Column (6) of Table 2 shows the design effect for each variable, which is the ratio of the
variance when our complex sampling design is taken into account, to the variance assuming simple
random sampling. Design effect varies across variables, ranging from 0.17 to 13.52. In general,
design effects gets larger as intra-cluster correlation grows. While there are several variables for
which our sampling design outperform random sampling, it should be noted that variables which

17

The detail of this variable is explained in Mahmud and Sawada (2018).

14

is likely to be geographically correlated tend to have large design effect, such as expenditure,
highway travel frequency, and perception to health risk by environmental hazards.
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3. Estimting Determinants of WTP
Using the data presented in the preceding section, we first estimate the determinants of WTP
consisting of the determinants of probability to agree to pay for pollution reduction policy and
the determinants to the amount of WTP conditional on having any willingness. We employ the
commonly used “Two-part model” estimation. This approach (Duan et al., 1983; Wang and
Mullahy, 2006; Hammitt and Zhou, 2006) is used to separately estimate (i) the probability of
“yes” to the question of whether the respondent has a willingness to pay, and (ii) the amount of
WTP conditional on positive WTP. The first part, we estimate the following equation by Probit.

Prob(WTP > 0) = 𝑓𝑓1 (𝑥𝑥1 𝛽𝛽1 )

(1)

In (1), X1 summarizes the vector of determinants. The second step is the estimation of
WTP amount conditional on W T P > 0. Our estimation equation is the OLS as below:

ln(WTP|WTP > 0) = 𝑓𝑓2 (𝑥𝑥2 𝛽𝛽2 )

(2)

The vector of determinates, X2 can be different from X1. In the following analysis, we
use a common variable set, X = X1 = X2. 18
As explained above, our sampling is stratified and clustered. Therefore, estimation
should respect the complexity of the sampling design. Since the sampling weight attached to
each cluster is not recoverable, we compare the results across different sub-samples, to grasp
potential bias from unweighted aggregation. Furthermore, another technical difficulty arises

18

As a robustness check, we estimate the “Type-II Tobit” specification so that we can verify whether
the endogenous selection to answer the second part of the questionnaire (the amount) matters for the
results. The estimation Results were very similar to the Two-Part model results presented in the paper,
and are therefore not shown in this text for the sake of space.
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from the small number of clusters, where we have only three clusters in two strata in Dhaka, and
remaining six strata are singleton with only one cluster. As pointed out by Cameron and Miller
(2015), when the number of cluster is very few (below 30), standard bias correction methods for
the standard errors, such as White heteroskedasticity robust variance-covariance matrix
estimator, cannot always mitigate the over-rejection problem. For the estimation of standard
errors, we use the “wild cluster bootstrap” procedures according to the recommendation in
Cameron and Miller (2015). More specifically, “score wild bootstrap” by Kline and Santos
(2012) is used for the probit estimation, and “wild bootstrap procedure” of six-point version
proposed by Webb (2014) is used for the linear estimation of WTP amount. 19

3.1 Regression Results
Table 3 and Table 4 summarise the results of estimating equation (1) and equation (2), across
different sub-samples. Each column corresponds to a sub-sample we analyse. The standard
errors or p-values are not shown for the sake of space, while the star indicates the level of
significance calculated using wild cluster bootstrap methods as explained above. Column (1) is
for all the sample when ignoring the strata and treating the clusters as 10 independently and
randomly chosen ones. Column (2) restricts the analyses to the seven clusters from Dhaka,
ignoring the strata within them. Column (3) is the same for Chittagong. Two strata in Dhaka,
Dhaka-Most Polluted and Dhaka-Medium Polluted, have three clusters in each, enabling us to
use the wild bootstrap methods. The results for the Dhaka-Most Polluted stratum are shown in
Column (4), and those for the Dhaka- Medium Polluted stratum are in Column (5).
In general, we find a consistent pattern of estimates on expenditure, age, and educational
attainment. These three variables are the basic ones which are usually included in the existing
studies in other countries. The signs of our estimates are in line with those past studies; positive
19

In estimation, we benefit from a STATA command “boottest” (Roodman et al., 2018) for
bootstrapping.
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coefficient on the expenditure, negative on age, and positive for the educational attainment. The
significance of the coefficients varies across the sub-sample.
We included some unique variables and examine their relationship with the respondent’s
WTP. The first set of variables are related to the respondents’ attitude towards life and social
relationship, measured as trust, life satisfaction, and religiousness. Trust is negatively associated
with the probability of having a willingness to pay as in Table 3. Its coefficients are significant
when estimated overall the samples as in column (1), only for Dhaka (column (2)), and for
Chittagong (column (3)) in Table 3. For the amount of WTP conditional on having any
willingness to pay, trust does not show consistent results across different sub-samples. Life
satisfaction seems to have positive relationship both in the selection and level equations, while
results are not conclusive because they are insignificant for most of the sub-samples.
Variables related to the respondents’ asset holding are also included, namely, the number
of mobile phones per adult, possession of TV, agricultural land, and means of transport such as
motorbike and car. Asset holding is in general related positively to WTP. Especially, in the level
equation estimates shown in Table 4, number of mobile phones and possession of means of
transport consistently and positively significant across different sub-sample specifications. This
implies that the asset variables can improve the model’s explanatory power, while these asset
holding variable are correlated with income variables alone.
We asked the respondents’ frequency of using highway. This is the log of the number of
travels the respondent has made during past one year. Interestingly, this variable consistently has
a positive coefficient for both the selection equation and the level equation, with significance for
multiple cases. Potentially, this might happen because the variable is capturing the respondent’s
type of job or wealth which cannot be fully captured by the expenditure and asset variables.
Since mortality risk from air pollution is closely related with health, we examine the
association between WTP and a series of health related variables, including health related
activities such as medica expenditure share and smoking, self-reported health status, and
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objective health status as the incidence of chronic illness and air/water-borne diseases. There is
no outstanding variable with a strong relationship to WTP, either in the selection or in the level
equation.
We include variable related to the respondents’ experience on misfortunes so that we can
capture the potential impact of such experiences on WTP through affecting their risk preferences.
In general, none of the variables is very distinct in explaining the relationship both in the
selection and level equations. Being a victim of an accident is positively (but insignificantly)
related to the probability of having positive WTP in the selection equation. Contrarily, having a
sick elder member in household is consistently negatively related.
Regarding the respondents’ risk perception on the residential environment, high
perception of water and air pollution may be positively related to the amount of WTP conditional
on having any willingness to pay.
These three sets of variables, related to health, misfortunes, or environment, can capture
the respondents’ perception on probability of dying which is positively associated with the VSL
in theory, as described in Hammitt (2017). The results indicate that the first two category of
variables does not seem to strongly support this hypothesis, while it could apply to the third
category which is directly related to environmental pollution, the issues the mortality risk in the
survey is framed.
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3.2 Bootstrap Estimation of Mean (Median) WTP and VSL
Using the results of estimation of the selection and level equations in the previous
section, we now calculate the mean and median of WTP and their confidence intervals using
boot- strap resampling. The estimation results give the functional forms for the probability of
“yes” for Q1, Prob(𝑦𝑦1 = 1) = 𝑓𝑓1 (𝑥𝑥1′ 𝛽𝛽1 ), and the log of the WTP amount that is given as an

answer to Q2, ln(𝑦𝑦2 |𝑦𝑦1 = 1) = 𝑓𝑓2 (𝑥𝑥2′ 𝛽𝛽2 ). Using the obtained functional forms, we calculate

′
′
and 𝑥𝑥2𝑖𝑖
:
the predicted value of WTP of individual 𝑖𝑖, 𝑦𝑦�2𝑖𝑖 , conditional on observed 𝑥𝑥1𝑖𝑖
′ ̂
′ ̂
𝑦𝑦�2𝑖𝑖 = 𝑓𝑓1 �𝑥𝑥1𝑖𝑖
𝛽𝛽1 � × exp �𝑓𝑓2 �𝑥𝑥2𝑖𝑖
𝛽𝛽2 ��

(3)

The individual predicted values calculated by (3) is used to construct the mean or median
of WTP. Furthermore, we repeat the same procedure for the bootstrapped samples for 4,000 times
to obtain the confidence intervals for the mean (median) estimates using the results of the
previous section.
The VSL is obtained by dividing WTP by the magnitude of risk reduction in the scenario
(5/10,000). In order to construct confidence intervals for the mean (median) WTP, we use the
bootstrap re-sampling method. 20 The estimation procedure is as follows: the bootstrap
resampling is made at the cluster level. For each round of re-sampling, we estimate selection
equation and level equation on the bootstrapped samples, and calculate the predicted WTP using
(3) for each re-sampled observation. Mean (or median) WTP over this predicted WTP across
bootstrapped observations are then calculated. This process is repeated for 4,000 times to obtain
the bootstrapped average and confidence intervals for the mean WTP.

20

The procedure is similar to Wang and Mullahy (2006).
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Table 5 summarises the estimation results, across different sub-samples. The average
VSL in PPP USD ranges from 17,480 to 22,463. The average VSL is the smallest for the case of
all the sample is used, and it is the largest for the strata 2 (Dhaka-Medium Polluted). The
confidence interval is the narrowest for strata 2 with only 1,234 USD, while it becomes very large
for the case of Chittagong (16,632 USD). To understand the large variability of the estimated
VSLs, Table 7 show key descriptive statistics and predicted values of mean WTP and VSL of
each of 10 clusters. Chittagon’s wide confidence interval compared to other subgroup seems to
be caused by the ShehShah cluster (Column (8) of Table 7) whose average amount of willingness
to pay conditional on having any willingness to pay is very low (195.4 Taka) compared to other
clusters. DEFF (Design Effect) of each mean estimate is also reported in the table. Here, DEFF is
defined as the ratio of the variance of mean VSL by bootstrapping accounting for our complex
sampling design, to the variance of mean VSL calculated when the bootstrapping is carried out
by a simple random resampling from the pool of all 1,000 observations.
Table 6 shows the bootstrap estimation results of the median VSL. Compared with the
mean VSL, there is no systematic relationship between the estimated average median VSL and
the sample size. And the estimated values are all significantly smaller than those for mean VSL.
Bangladesh’s nominal GDP per capita in 2013 was 46,322 Taka. 21 Therefore, the
estimated mean VSL is about 9.78-12.57 times of GDP per capita (5.03-7.61 times for median
VSL estimate). This is much higher than the estimate of mean VSL by Mahmud (2009) at
between 3.55 times and 5.82 times GDP per capita at the time of survey. 22 However, in terms of
a multiple of GDP per capita, our estimated VSL is much smaller than CV studies in other
countries. For example, Wang and Mullahy (2006)’s result implies that the median VSL is 70.32
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https://data.worldbank.org/indicator/NY.GDP.PCAP.KN?locations=BD
The survey was done in 2003 and nominal GDP per capita then was 29,010 Taka. His mean VSL
estimates ranged from 103,074 Taka to 168,905 Taka, depending on different settings. However, the
study deals with very large risk reduction and VSL is inversely proportional to the size of the risk
reduction offered.
22
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times average nominal income, calculated from WTP for reducing mortality risk from air
pollution in Chongqing, China. Miller (2000) conducts a meta-analysis of 68 VSL studies in
developed countries and found that stated VSL is typically about 120 times of GDP per capita. In
Section 4, we will further discuss on the validity of our estimates and how we can position it
among the international examples.

4. Discussion on the Validity of Results
CV method is a widely used methodology to evaluate the monetary value of goods whose market
values cannot be observed directly. However, it has long been criticised for its reliability and
practical usefulness for policy making. Hausman (2012) summarises the methodological
limitations of contingent valuation method. He categorises the problems which are commonly
observed in the existing contingent valuation studies into three; (i) Hypothetical bias, (ii)
Discrepancy between willingness to pay (WTP) and willingness to accept (WTA), and (iii)
Scope bias.
The first problem, the hypothetical bias, stems from the fact that the contingent
valuation method relies on hypothetical questions about the non-market goods that are unfamiliar to the people in their daily life. Since hypothetical questions may not always be
associated with people’s actual experience, a substantial discrepancy between what they say and
what they do (if they actually face the situation) can emerge. Hausman (2012) reports
hypothetical bias usually overestimates the true price of a non-market good. Viscusi and
Masterman (2017b) assert that revealed preference studies using the Census of Fatal
Occupational Injuries (CFOI) of the U.S. are relatively favourable because they are not subject
to biases introduced by hypotheticals, instead of using stated preference results. In addition, they
suggest that the best way to calculate a VSL for a country with insufficient data is to “transfer a
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base VSL from the United States calculated using the labor market estimates”, by extrapolating
the country’s value from the US base value and the income elasticity of the VSL.
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Despite this universal scepticism to the stated preference approach, global evidence does
not always discourage the use of the method. By a parametric meta-regression analysis on the
studies in the U.S, U.S. Environmental Protection Agency’s Office of Policy (2016) revealed
that there is no distinct differences in the estimated VSL between the revealed preference studies
and the stated preference studies. 23 This is a counter-evidence to the common concern that the
stated preference method is highly susceptible to hypothetical bias (which is often supposed to
be a larger VSL estimate with the stated preference to the revealed preference).
We believe that our estimates are not significantly affected by the hypothetical bias.
Firstly, while the argument by Hausman (2012) focuses mainly on the cases of goods which are
distant from the need of fatal risk reduction, our scenario (fatal risk reduction) is more closely
tied to their daily decision making. Studies using revealed preference methods support that the
risk reduction is people’s daily issue and that they are willing to trade off money to reduce this.
For example, Viscusi and Aldy (2003) provide market evidence using revealed preference that
shows that people are willing to spend money to reduce their mortality risk in their daily life.
Since hypothetical questions work better for issues closely related to the daily life risk reduction
that are common and familiar than for unfamiliar public goods provision, it is reasonable to
assume that hypothetical bias is less of a concern in our case.
In addition, our questionnaire design helps respondents to think more realistically. In
existing studies, it is common to ask about WTP first followed by questions related to their
socio-economic characteristics of the respondents. In our case, we introduce respondents to
various risks people face in their daily life in Bangladesh, train and elicit their understanding of
risk concepts, their own risk perceptions. Also, we asked questions related to socio-economic
situation including income and consumption expenditures, cultural background, record of
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See Table 9. of U.S. Environmental Protection Agency’s Office of Policy (2016) for the detail. It
argues that the stated preference studies are about 15 percent lower on average than those from the
revealed preference studies, but this is not a statistically significant difference.
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individual health problems, etc. After these questions, the WTP questions were asked in the final
section of the questionnaire. This two-step structure encourages the respondents to consciously
reflect their own socio-economic as well as physical status, and provides the respondent a very
good setting in answering the valuation question more thoughtfully and credibly. 24
The discrepancy between WTP and WTA is not a major concern in the context of fatal
risk reduction, as in our case. First of all, NOAA panel report (Arrow et al., 1993) recommended
WTP instead of WTA in the context of contingent valuation studies. In addition, WTP seems
more appropriate regarding values for reducing mortality risk from air pollution, because the
policy implications of WTA values are not obvious in the context of improving air quality. 25
Scope bias challenges two assumptions of VSL: that respondents correctly understand
the probability of death (e.g. the fatal risk of 1/1000 is ten times more dangerous than the risk of
1/10000), and the willingness to pay is approximately linear with respect to the risk reduction
magnitude (which is called near-proportionality). In the literature of contingent valuation, a
“scope test” with multiple questions of different risk reduction magnitude is often conducted to
deal with this problem. Since we did not conduct a scope test with multiple questions of different
risk reduction magnitudes, our estimates of VSL potentially suffer from this problem. However,
while the lack of scope test could limit the reliability of our VSL estimate to some extent, we still
believe our analysis delivers useful information because the survey respondents received enough
training to understand the probability concept and the urban air pollution situation in Dhaka
(Chittagong). We provided examples and tested the respondents on their understanding of
probability, and they generally got high scores, as seen below. As Mahmud (2009) shows,
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As far as we know, there is no study examining the impact of the style of questionnaires, especially
about when the WTP questions are asked during the survey.
25
Due to this theoretical concern, most of the existing studies on mortality risk reduction have focused
on WTP. Gibson et al. (2007) measured both WTP and WTA for landmines removal programs in
Thailand, and it is the only previous case that compares the values from the two methods, to the best of
our knowledge. They find no significant difference between the two methods. Given these, we find that
our approach to use only WTP is appropriate.
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facilitating respondents’ better comprehension through training prior to the questioning WTP is
crucial in the mitigation of scope bias.

4.1 Respondents’ Understanding of Risk and Risk Reduction
In the following two subsections, we discuss the plausibility of our estimates from various
perspectives. Firstly, as we argued above, one of the important prerequisites for conducting
contingent valuation studies is the good understanding of the concept of risk and risk reduction
held by the respondents. Given generally low education profile of respondents where about 40%
of the respondents have only primary or lower-level education, we paid special attention in
training and examining their ability to correctly answer risk and risk reduction problems.
Before introducing our hypothetical risk reduction scenario and asking about their
willingness to pay for it, we explained the concepts of risk reduction in detail followed by an
examination. The exam checks that respondents correctly compare the level of risk and the
magnitude of risk reduction. The results are summarised in Table 8. Almost all the respondents
understood the concept of risk and risk reduction correctly. 98.7% of the respondents answered
correctly when they asked to compare the level of mortality risk between two roads. Furthermore,
99.1 % of them correctly chose the option among three hypothetical risk reductions. Out of total
1,000 respondents, 980 respondents (98%) answered the both question correctly. The 20
respondents who could not answer either of questions correctly received follow-up training until
they finally understood. 26
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In a regression analysis, we include dummy of making incorrect answers. However, this is not
significant (the result is not reported in Table 3 and Table 4)
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4.2 Assessment with Theory and Past Studies
We further argue the validity of our estimate from theoretical perspective. Hammitt (2017)
theoretically argues how income, mortality risk, health, life expectancy, and social norms, affect
the amount of VSL. According to the standard theory, income or expenditure is positively
associated with VSL, as expected. Instead, higher survival probability (due to healthier life,
etc.) can be negatively associated because of the “dead-anyway effect” (Pratt and Zeckhauser,
1996), reflecting that if current probability of death is high, the VSL is large because the
expected opportunity cost of current spending decreases. The impact of life expectancy at the
time of survey is ambiguous as is the expected future health status. The impact of framing risk
reduction as government programmes is also theoretically ambiguous. 27

27

Hammitt (2017) does not support simply transferring the VSL of one country to another, because the
theory suggests that VSL value can be affected by many factors not only income, such as life
expectancies and social norms, which are greatly diverse across nations.
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OECD (2012) (or Lindhjem et al. (2011)) 28, conducts a comprehensive meta-regression
of VSL on various stated preference studies in OECD countries, aiming at pinning down
relationships between VSL amount and characteristics of population and survey material. They
conclude that income and risk reduction size are positively and negatively associated with VSL,
with strongly significant coefficients. If the risk context is related to environ- mental issues,
there is also a strong indication that the stated VSL tends to be lower. If the risk reduction is
framed as a public good, the VSL is again likely to be lower compared to when it is being
considered as a private issue. 29
As a precious example of a non-OECD country which is comparable to ours, Guo et al.
(2007) used a stated preference survey in Chengdu, China, on the WTP for reducing the risk of
asthma and death from air pollution problem. Their survey was designed to analyse the impact of
design choice, which is relevant to our case: (1) whether the risk reduction measure is
contextualised as a public/governmental provision or as a private good, (2) in case it is a public
provision, how respondents’ belief in the effectiveness of government programs matters.
According to their analysis, framing the risk reduction as a public provision significantly reduces
the stated VSL, compared to the case where it is explained as a private good. Furthermore, they
found that respondent confidence in the effectiveness of government programs significantly
increase the VSL.
Our study context in Dhaka and Chittagong, Bangladesh, is a case of a very low income
country, with a scenario with relatively large magnitude of risk reduction (1/2000), and framed as
an environmental public goods. According to OECD (2012), this feature is strongly leaned to
smaller VSL estimates. If our VSL is perfectly align with the model of OECD (2012), the VSL
28

Specifically, chapter named ”Meta-regression analysis of value of statistical life estimates”.
According to one of the estimated results that is most relevant to our setting (Table 3.4 in OECD
(2012)), elasticity of VSL with respect to income is 0.783, with respect to the magnitude of risk
reduction is -0.577, respectively. If the cause of fatality is framed as an environmental issue, the value
of VSL declines by 0.606 (60.6%). If risk reduction program is framed as an public goods, it reduces the
stated VSL by 91.3%.
29
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should be 30,930 USD 30 Our mean estimates, ranging from 17,480 to 22,463 USD, are not
seriously far from this value based on OECD (2012)’s model. Our estimates is therefore largely
in line with past stated preference studies in OECD countries, with potentially hitting the lower
bound of VSL. 31

5. Conclusion
Even though cities in Bangladesh, especially the overly dense ones such as Dhaka and
Chittagong, have become increasingly affected by severe air pollution that causes fatal illness
among residents, there exists no study to measure people’s willingness to pay for reducing
mortality risk from air pollution. Our study is the first attempt to provide estimates of monetary
value of air pollution risk reduction using the contingent valuation method in Dhaka and
Chittagong.
Based on the collected data and regression results for selected individual characteristics,
we calculated the bootstrapped average of mean and median WTPs as well as those of a VSL.
The estimated mean VSL is ranged from 17,480 to 22,463 USD in PPP of or 9.78 to 12.57 times
GDP per capita in 2013. While this could be interpreted as a substantial private contribution to
30

Using the regression coefficient from the meta-analysis (see footnote 29 for detail), the VSL from our
survey consistent with their model can be calculated by,
30,930USD = 3mil. USD × �

−0.577

2023 0.783
1⁄2000
�
�
×�
30601
1⁄10000

× exp(−0.606) × exp(−0.913)

(4)

where, the mean VSL , the mean income (in GDP per capita), and risk reduction magnitude of OECD
(2012)’s study samples, were 3 million USD, 30,601 USD, and 1/10000, respectively. The annualized
average expenditure from our survey is 2,023 USD. The coefficients were taken from the Model V of
Table 3.4 of OECD (2012). If we use the coefficients of model IV of the same table, the value further
drops to 24,733 USD. Bangladesh is a country where people may attach especially lower value when the
risk reduction program is designed as a “government” program. In Bangladesh, the government can
collect fewer tax per GDP compared to other countries and only 1.2% of population pay income tax. It is
probable that many people do not think they are responsible for financing public policies and therefore
framing the hypothetical program as a governmental one could have a large negative impact.
31
We calculate the elasticity of VSL to expenditure by regressing log of predicted VSL on log of per
capita expenditure. For all the sample, the elasticity is .955. Only for Dhaka, it is .652, while it rises to
1.661 for Chittagong. For the Stratum 1 and the Stratum 2, it is .643 and .581, respectively. These values
are within the range found from past studies (e.g. Robinson et al., 2017; Viscusi and Masterman, 2017b;
OECD, 2012; Hammitt and Robinson, 2011).
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the risk reduction program with large externality, the estimated VSL is much smaller compared to
studies conducted in other countries. This might be related to scope bias, as suggested in earlier
literature in economics and psychology that argue that people tend to overestimate small risks
and underestimate large risks (e.g. Tversky and Kahneman, 1992; Viscusi, 1992; Kahneman and
Tversky, 2000).
In addition to this scope bias, our estimate could also be prone to bias due to aggregation of
unweighted observations. However, as examined in Section 4, our estimates are not out of the
range of the existing studies summarised in Robinson et al. (2017). Moreover, ours are not very
far from the value obtained from a benefit transfer exercise using the result of OECD (2012).
Given these potential issues surrounding the valuation exercise, it is important to carefully interpret the estimates and we should not treat them as generic (context free) VSL in
Bangladesh. Rather these may be regarded as a lower bound of benefit estimates for
environmental policies or programs aiming at fatal risk reductions.
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Appendix: Survey Questionnaire
This is an English translation of questionnaire for respondents in Dhaka. For those in Chittagong,
“Dhaka” is replaced by “Chittagong”.
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Abstract (In Japanese)

要約
本稿は、大気汚染による死亡という文脈で、バングラデシュ都市部住民の統計的生命価
値（value of statistical life）を仮想評価（contingent valuation）法を用いて計測した初の試
みを紹介している。仮想評価法による調査は、2013 年に同国で最も人口密度の高いダ
ッカ及びチッタゴンで実施された。調査では、死亡率を下げる大気汚染改善施策に対す
る個人の支払意思を聴取した。支払意思額と、調査対象者の社会・経済的特性、健康状
態、リスク認識等との相関は、他国の既存研究の例と整合的であった。ブートストラッ
プ法を用いて統計的生命価値の平均値の信頼区間を求めたところ、17,480 ドル～22,463
ドル（購買力平価換算）となり、これは 2013 年の同国一人当たり GDP の 9.78 倍～12.57
倍であった。この結果は、調査に用いた設定を考慮すると、環境リスクに対する同国市
民の統計的生命価値評価の下限を示していると考えられる。
キーワード：統計的生命価値、支払意思、仮想評価法、大気汚染、バングラデシュ
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