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Abstract

To guide investments in ecosystem-based adaptation (EbA) in developing countries,
numerous stated preference valuation studies have been implemented to assess the value of
ecosystem services. These studies increasingly use time payments as an alternative to money.
There is limited knowledge, however, about how to convert time to money and how the
type of payment affects willingness to pay (WTP). In this study, the results of choice exper-
iments using time and money payments are compared in the context of EbA measures in
Vietnam. Six, of which five individual-specific, conversion rates are applied. WTP estimates
are found to be higher for time payments. Moreover, the type of payment vehicle as well as
the conversion rate has substantial effect on mean WTP and WTP distributions. We discuss
implications of these results for the conversion of time to money and the use of resulting
WTP estimates in cost benefit analyses in developing countries.

Keywords: discrete choice experiments; ecosystem-based adaptation; environmental valuation; monetary
payment vehicle; time payment vehicle; willingness-to-pay

JEL classification: C1; Q5; Q51; Q57

1. Introduction

Developing countries are highly vulnerable to current and future climate change (Parker,
2006; Jongman et al., 2015). Apart from mitigating climate change, there is a need
to increase adaptation efforts. Besides structural measures, such as seawalls or dikes,
adaptation efforts can include ecosystem-based adaptation (EbA) measures. EbA uses
biodiversity and ecosystem services (ES) as part of an adaptation strategy, and includes
the sustainable management and restoration of ecosytems to help people adapt to the
adverse effects of climate change (Secretariat of the Convention on Biological Diver-
sity, 2009). Moreover, EbA could play a role in the achievement of several Sustainable
Development Goals and in compliance to the Sendai Framework for Disaster Reduc-
tion, policies that are at the heart of current climate adaptation discussions. Next to
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its adaptation potential, EbA can prevent or revert ongoing environmental degradation
that is threatening human health and life-support systems (Gupta et al., 2019; UN Envi-
ronment, 2019). However, in spite of its potential benefits, current investment in EbA
is limited; for instance, less than 1 per cent of total investments in water resources
management is spent on ecosystem-based solutions (WWAP/UN-Water, 2018).

To guide investments and to make well-informed decisions on the implementation
and design of EbA, there is a need for accurate estimation of the welfare effects of these
measures. Stated preference valuation studies can fill this gap by providing information
to decision makers on the economic value of the ES that are affected by the EbA measures.
The results of these studies, however, are subject to criticism concerning challenges that
are specific to developing countries, such as language barriers, differences in cultural
context, and comparatively limited use of money as a form of income or medium of
exchange (Whittington, 2002; Alam, 2006; Christie et al., 2012; Gibson et al., 2016).

In stated preference valuation studies, it is common practice to incorporate a mon-
etary payment, such as a monthly contribution to a fund or increases in tax payments.
This payment vehicle is required for the calculation of willingness to pay (WTP). In a
developing country context, however, a lack of market integration and dependence on
subsistence livelihoods implies that many households may have low monetary incomes,
and hence using a monetary payment vehicle can lead to a number of interrelated prob-
lems regarding WTP (Alam, 2006; Kenter et al., 2011; Gibson et al., 2016). First, the
resulting WTP values might be an underestimation because respondents do not have
the financial resources required to express their preferences for the ES. Second, limited
incomes and lack of familiarity with money payments for goods and services in gen-
eral, and ES in particular, may result in methodological issues such as non-attendance
or protesting behaviour (Gibson et al., 2016). Third, due to the previous two problems,
the results of a valuation study using a monetary payment vehicle might fail to accu-
rately represent certain groups in society, such as subsistence or poorer households, due
to their (missing) relation with money (Alam, 2006; Gibson et al., 2016).

This problem stems from households in developing countries facing relatively tight
monetary constraints, although they are not necessarily poor in terms of time and
natural resources. Moreover, WTP is a function of a person’s wealth rather than mon-
etary income and, especially in developing countries, non-monetary goods may be a
significant component of someone’s wealth. Alternative payment vehicles that have
therefore been trialed in developing country contexts include bags of rice (Shyamsundar
and Kramer, 1996) and meals (Diafas et al., 2017). The most popular alternative to a
monetary payment vehicle, however, is payment in terms of time (e.g., Hardner, 1996;
Kamuanga et al., 2001; Hung et al., 2007; O’Garra, 2009; Abramson et al., 2011; Casiwan-
Launio et al., 2011; Rai and Scarborough, 2013; Vondolia et al., 2014; Gibson et al., 2016;
Pondorfer and Rehdanz, 2018; Vondolia and Navrud, 2019). In general, the studies that
use time payment vehicles find that this payment vehicle is highly accepted by respon-
dents, and is often preferred over money payments (Kamuanga et al., 2001; Alam, 2006;
Hung et al., 2007; O’Garra, 2009; Abramson et al., 2011; Casiwan-Launio et al., 2011; Rai
and Scarborough, 2013; Vondolia et al., 2014).

However, there are also several problematic issues with using time as a payment vehi-
cle. One that especially stands out is the conversion of time to money values. This step is
required for the estimation of monetary WTP estimates that can be used in cost benefit
analyses. So far, stated preference studies in developing countries that convert time into
money have mostly applied a generic market wage rate as the conversion rate (Alam,
2006; O’Garra, 2009; Vondolia et al., 2014; Gibson et al., 2016). This approach is often
criticized due to heterogeneity in wages and values of time (Czajkowski et al., 2019;
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Lloyd-Smith et al., 2019) as well as because respondents might intend to invest leisure
time rather than working time. Rai and Scarborough (2013) and Abramson et al. (2011)
both estimate values of time that are lower than the market wage rate by calculating the
opportunity cost of labor from discrete choice experiments that included both types of
payment. Consequently, some studies used a so-called leisure rate based on the study
by Cesario (1976), which finds that the value of leisure time is between 25-50 per cent
of the wage rate, and is being applied in the literature as 1/3 of the wage rate (O’Garra,
2009; Casiwan-Launio et al., 2011). However, there are more recent studies that show
that the value of leisure time can be much higher than 1/3 of the wage rate and differs
per, for instance, income group and employment situation (Feather and Shaw, 1999;
Alvarez-Farizo et al., 2001; Larson and Shaikh, 2004; Larson et al., 2004; Lee and Kim,
2005; Jara-Diaz et al., 2008).

Only a few of those studies that convert the obtained time values into money there-
after compare the WTP estimates that result from both time and money payment
vehicles (Alam, 2006; O’Garra, 2009; Casiwan-Launio et al., 2011; Vondolia et al., 2014;
Gibson et al., 2016). These studies have drawn varying conclusions regarding the differ-
ences in WTP estimates resulting from time and money payment vehicles. Of the studies
that used a generic market wage rate to convert time into money, two find higher WTP
estimates for the time payment vehicle (Alam, 2006; O’Garra, 2009), one finds compa-
rable WTP estimates (Gibson et al., 2016) and one finds lower estimates for the time
payment vehicle (Vondolia et al., 2014). One study applied an individual-specific daily
income and found comparable WTP distributions for both payment vehicles (Tilahun et
al.,2015). Then, for the comparisons that were made using a generic leisure rate based on
Cesario (1976), Casiwan-Launio et al. (2011) found higher WTP estimates for the time
payment vehicle while O’Garra (2009) found comparable WTP estimates. In conclu-
sion, the literature is inconclusive about the differences in WTP across time and money
payment vehicles and the conclusion can also differ depending on the time-to-money
conversion rate that is applied.

This study is the first to conduct a stated preference valuation study in the context
of the implementation of EbA measures in a developing country context and compare
the WTP estimates of time and money payment vehicles using six conversion rates.
These conversion rates include the commonly applied generic market wage rate and five
individual-specific time-to-money conversion rates. These five conversion rates include
individual-specific wage rates, two different leisure rates and two weighted values of
time. The results add to the limited literature about how WTP estimates differ across
time and money payment vehicles and on the use of time-to-money conversion rates,
information that is crucial for the estimation of accurate welfare effects of EbA mea-
sures. The results can be used by stated preference practitioners to improve the quality
of information provided to decision-makers and to guide investments in EbA.

The remainder of the paper is structured as follows. Section 2 outlines the study sites
included in this research and the methods that are applied. Section 3 describes the results,
and section 4 provides a discussion of the results and draws conclusions.

2. Study sites and methods
2.1 Study sites

Vietnam is an Asian developing country that is currently experiencing rapid exploitation
of natural resources, climate change impacts and population growth. Vietnam is further-
more considered as one of the most vulnerable countries with respect to climate-related
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Figure 1. Location of Thua Thién-Hué province and the case study sites Hué City (16°28'41.8”N 107°34'49.2"'E)
and Quang LOi commune (16°37'24.8"'N 107°27/24.1"'E).

Source: Hudson et al. (2019), based on Esn, HERE, Carmin, OpenStreetMap contributers and the GIS user
community.

hazards (e.g., Dasgupta et al., 2009). This study focusses on the province of Thua

Thién-Hug, a coastal province in Central Vietnam, where frequent flood events - a
total of 40 between 1975 and 2005 (Bubeck et al., 2012) - have resulted in high dam-
age costs and loss of life, and are expected to increase in frequency. In November 2007,
typhoon Damrey caused a flood that resulted in the loss of nine lives and US$36 million
in damages (KTTV, 2017; Vietnam News, 2017).

Therefore, with the broader purpose of examining the benefits of investing in EbA

measures, two study sites within Thua Thién-Hué province (see figure 1) were selected
for implementation of community-led EbA measures as part of the Global Resilience

Partnership Water Window. The first is an urban study site, the old town of Hué City,
and the second is a coastal study site, Quang L9i commune in the coastal district of Quang

Dién. In both sites, the community was involved in the design of the adaptation measures
and community events were organized to communicate the benefits and management
aspects of the implemented measures.!

Adjacent to Quang L9i commune, in the Tam Giang lagoon, a mangrove forest is
being restored by replanting mangroves so as to create a buffer against storm and flood
events. Simultaneously, the mangroves are also expected to increase the abundance of
seafood, improve the overall water quality, provide erosion control, attract tourists,

1See DKKV (2019) for more information on the project and implementation.
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and positively influence rice and aquaculture production. Many of Thua Thién-Hué’s
coastal communities suffer from poverty resulting from unstable livelihoods and insuf-
ficient resources to recover from disasters. Mangrove restoration can potentially provide
additional means to improve income security.

In the old town of Hué City, a network of existing urban ponds are being restored
to increase drainage capacity, similarly aimed at reducing flood and storm damages.
Currently the connections between the ponds are blocked, which means the water
flow is limited or stopped completely. Ancillary benefits are a cooling effect, improved
aesthetics, suitability for recreation activities, tourist attraction, and increases in aqua-

culture and lotus production. Hué City is located on the Perfume River and has around
350,000 inhabitants. The city is a popular tourist destination due to its historic monu-
ments, such as the Imperial City, and earned the status of UNESCO World Heritage Site
in 1993.

2.2 Methods

2.2.1 Survey approach

In order to estimate the benefits of EbA, a discrete choice experiment (DCE), embed-
ded in a household survey, was applied. To develop the DCE and household survey, an
exploratory pre-test survey was implemented first, followed by a pilot test, after which
the main study was conducted. In preparation for the field work, a team of 14 local enu-
merators, consisting of staff from Centre for Social Research and Development (CSRD)

and students from Hué University, received a four-day training.

Data collection took place between June and September 2017. For each test, 80
respondents were surveyed. For the main study, 505 respondents were interviewed in
the coastal as well as the urban study site. In each site, the sampling frame consisted of
an estimate of the number of households. Although an official list of households was not
available, community leaders were able to provide a reliable estimate for the sampling
procedure. The target was to interview household heads or their partners. Respondents
were asked to respond on their own behalf, although some questions focused on the
entire household, including questions related to food consumption, income and income
sources, and resource extraction. In both study sites, areas were selected that evidently

benefited from the restoration activites. In Hué City this includes households living in
the old town near the ponds. In Quang L9i commune this includes households from
eight villages living on the lagoon side of the road adjacent to the mangroves. In the latter,
households were sampled according to each village’s relative size in terms of households.
Respondents were interviewed in their homes and, to ensure a representative sample, the
households were randomly selected. If a household had already participated in the pilot
survey, they were excluded from the DCE sample. The respondents were evenly divided
between the experiment with a time payment vehicle and the experiment with a money
payment vehicle. This was done by presenting the first respondent with a time exper-
iment, the second with a money experiment, the third with a time experiment, and so
on. Kobo Toolbox software was used to record the answers of each interview.? More
details on the sampling approach can be found in Hudson et al. (2019), who note that
the sample is representative of the province as a whole.

2See https://www.kobotoolbox.org/ for access to this software.
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2.2.2 Discrete choice experiment

The DCE is a stated preference valuation method that is used to elicit values of respon-
dents for specified changes in a good or service. It involves asking survey respondents
to make repeated choices between multi-attribute descriptions of a good or service. By
observing the trade-offs that are made between attributes, it is possible to estimate their
relative values. The main theoretical underpinnings of the DCE method are derived
from the characteristics theory of value (Lancaster, 1966) and random utility theory
(McFadden, 1974; Hanley et al., 1998). The choice experiment method attempts to mea-
sure the preferences that people have for characteristics of the goods and services they
consume, which in this study are the quality and quantity of ES.?

Pre-test survey. The pre-test survey was aimed at measuring the suitability of vari-
ous payment vehicles as well as at making a selection of the most important ES that are
affected by the EbA measures. To select the payment vehicles, respondents were asked
to score a list of payment vehicles based on coverage, trust, acceptability and practicality
(Morrison et al., 2000). In both coastal and urban study sites, the two payment vehi-
cles that scored highest and are therefore perceived as most credible and consequential
were a monthly monetary contribution to a community fund for the EbA measures and
time spent on the EbA measures. The information on the most important ES was used
to select the other attributes for the DCE. For the coastal area, the selected ES included
protection from storms and floods, abundance of seafood in the lagoon, and tourism
to the mangroves. In the urban area, protection from storms and floods, suitability for

recreation, and tourism in Hué City were selected as the most relevant ES. Other ques-
tions in the survey concerned the measurement of current levels of the ES enjoyed by the
respondents as well as the respondents’ maximum WTP via each payment vehicle, so as
to obtain an initial range of maximum WTP. The answers to these questions provided
input for the selection of attribute levels in the DCE.

Pilot test. To ensure consequentiality, plausible levels for the payment vehicles and
ES as well as sufficient information on the handling of payments and delivery of the ES
are essential (Carson and Groves, 2007; Johnston et al., 2017). Therefore, the pilot test
was implemented aimed at examining the credibility of the presented situations, clar-
ity of the choice questions, descriptions of the attributes, and pictures used to describe
the attribute levels. Moreover, the pilot test was used to estimate an initial value of time
in order to relate the attribute levels of both payment vehicles in the DCE for the pur-
pose of comparability. The pilot test choice cards included both payment vehicles as
well as the three ES attributes, each of which contained four attribute levels. By includ-
ing both payment vehicles in one experiment, we aimed to obtain the opportunity cost
of time following Rai and Scarborough (2013). Each choice card included three options:
Management A, Management B and an opt-out called ‘No Management’, for which all
the attributes are at their least favorable level (i.e., low) and the payment vehicles at
their most favorable level (i.e., 0). The opt-out described the current situation in the
communities as based on the pre-test survey results, and was found to be credible by
the respondents. The pilot also tested the remaining questions in the survey. To fur-
ther ensure plausible payment levels and to estimate an initial value of time, additional
questions were included asking for the respondents’ maximum WTP for the restoration
activities via the community fund and via the time spent on restoration activities.

3See Johnston et al. (2017) for an introduction, history and set of guidelines on stated preference studies
on environmental goods.
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Main DCE. The attribute types and attribute levels for both the coastal and urban
choice experiment can be found in tables 1 and 2. Two different experiments were
designed for each area, one for each payment vehicle. Due to choice formulation issues
during the pilot test, which resulted in insufficient quality priors, we used an orthog-
onal instead of a D-efficient statistical design for the DCE, in which dominant choices
were identified and adjusted. To have similar levels of payment for the time and the
monetary experiments, we relate the attribute levels using a value of time obtained from
the pilot survey. For this we use the pilot survey questions on maximum WTP for the
restoration activities via both time and money. This value of time is calculated by divid-
ing each respondents’ WTP for the restoration activities via the community fund by the
willingness to spend time on the restoration activities, and by taking the median of the
resulting variable (see equation (1)). For the urban study site, this resulted in a value of
time of 5,000 Vietnamese dong (VND) per hour; for the coastal study site, this was a little
over VND3,000 per hour.* The results to these pilot survey questions were also used to
decide on the payment levels in all experiments.

) ) Maximum WTP per respondent via community fund
Value of time = median

Maximum WTP per respondent via time in hours

(1)
As shown in tables 1 and 2, the attributes have four levels and the payment vehicles have
five. The same design was used for both the time and money payment vehicles in both
coastal and urban experiments. For each experiment, 60 choice cards were generated
that were divided over six versions. Three management options are presented on each
choice card. The attribute levels that are included in the opt-out (No Management) were
only used to describe this option and did not occur in either Management A or B.

The payment vehicles were presented to the respondents as coercive, meaning that
everyone in the community would be asked to contribute time or money to the project.
The payment vehicles were similar in terms of description so that the work that would be
undertaken is the same whether paid for with collected money or volunteered time. This
includes guarding and cleaning the restored ecosystems, building fences or look-outs,
enforcing regulations and planting of trees. Vossler et al. (2012) note that truthful pref-
erence revelation is possible when respondents believe they have at least a weak chance
of influencing the decision. To ensure consequentiality of the valuation scenario, the
introductory text to the survey and framing used in the DCE laid out the project part-
ners, funding agencies and use of the survey results. For instance, it was explained that
the answers to the survey and DCE could potentially serve as input for the design of
future community management plans. The pictures included on the choice cards were
improved after the pilot test to ensure their effectiveness by enhancing understanding
by the respondents. Vietnamese translations of the choice cards were used (see figure 2
for English examples).

Analysis of the DCE. Prior to the analysis, so-called protesters were excluded from
the sample. A respondent was identified as a protester if he or she selected the ‘No Man-
agement’ option in all of the presented choices and indicated (in a follow-up question)
that the motivation to do so was either a lack of trust, lack of responsibility, or unwill-
ingness to weigh the different attributes against each other (e.g., Meyerhoff and Liebe,
2010; Meyerhoff et al., 2014). In the coastal sample, nine protesters were identified of
which five were part of the time payment vehicle sample and four of the money payment

4US$1 ~ VND23,000 and thus VND5,000 &~ US$0.22 and VND3,000 VND ~ US$0.13.
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Table 1. Attributes and attribute levels for the coastal discrete choice experiment

Protection from storms and floods (in % reduction in damages) 4 50; 67;83 0 50;67; 83 0

Seafood abundance in the lagoon (in % increases in 4 10; 20; 30 0 10; 20; 30 0
abundance)

Tourism to the mangrove area (in number of tourists per year) 4 500; 650; 800 350 500; 650; 800 350

Time spent tending and cleaning the mangrove area (in days, 5 1,2;3;4 0 - -
8 h perday)

Monthly contribution to a community mangrove fund (in VND - - 25,000; 50,000; 0

per month)

75,000; 1,000,000
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Table 2. Attributes and attribute levels for the urban discrete choice experiment

Protection from storms and floods (in % reduction in 4 50;67; 83 0 50;67; 83 0
damages)

Suitability for recreation and other activities (in changes of 4 Low; medium; high  Very low Low; medium; high Very low
suitability level)

Tourism in Hue city (in % increase in tourists) 4 5;10; 15 0 5;10; 15 0

Time spent tending and cleaning the ponds (in days, 8 h per 5 0.5;1;2;3 0 - -
day)

Monthly contribution to a community pond fund (in VND - - 20,000; 40,000; 80,000; 1,200,000 0

per month)
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Figure 2. Example of choice cards for the coastal experiment with time payment vehicle (on the left) and the urban experiment with money payment vehicle (on the right). Note that
in the urban and coastal surveys, both time and money payment vehicles were used.
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vehicle sample. In the urban sample, there were ten protesters in total, five in both of the
samples.

The data of the DCE was analyzed using a random parameters logit (RPL) model in
order to obtain individual-specific coefficients for each attribute (e.g., Brouwer et al.,
2010; Koetse and Brouwer, 2016), implying that we can assess WTP distributions for the
time experiment (WTPyime) and the money experiment (WTPoney). All ES attributes
are included in the model as continuous variables, and for each attribute 3,200 Halton
draws are taken from the triangular distribution (based on Czajkowski and Budzinski,
2019). Those are restricted to positive values for the protection, seafood and recreation
attributes due to theoretically expected positive preferences. For tourism the draws are
taken from the triangular distribution without restriction since positive as well as neg-
ative preferences can be expected here. Triangular distributions are applied in order to
be able to clearly visualize the WTP distributions for both payment vehicles and the dif-
ferent conversion rates, while there is a minimal reduction in model fit compared to
the normal distribution. The payment vehicle values are redefined to be the negative of
the variable and thereafter included in the model with a lognormal distribution and the
standard deviation restricted to 0, following the new baseline model to estimate WTP as
suggested by Carson and Czajkowski (2019).

For the purpose of analyzing heterogeneity across the site-specific samples, additional
models were estimated. These models include interaction terms between the payment
vehicle and socio-demographic variables. The draws for the payment vehicles in these
models are taken from negatively-restricted triangular distributions. Conventionally,
when applying alognormal distribution it is necessary to take the exponential of the coef-
ficient for the payment vehicles in order to calculate WTP. This step is avoided through
the application of triangular distributions and therefore makes it easier to interpret the
coefficients of the interactions and the effects on WTP in these models. Moreover, for
the purpose of investigating the interaction effects, this adjustment does not affect the
results.

Values for the time attribute were converted to monetary values in the data set (i.e.,
before model estimation) by applying six alternative time-to-money conversion rates as
described in the upcoming section. Using the output from the RPL models, the Krin-
sky and Robb (1986) procedure was applied to obtain 95 per cent confidence intervals
of mean WTP estimates. Subsequently, respondent-specific parameter estimates were
used to estimate a WTP for each respondent for each attribute, allowing for a clear
visualization of differences in WTP distributions for the different payment vehicle exper-
iments and for the six conversion rates. Mann-Whitney U tests were applied to assess
whether WTP distributions are significantly different between the two payment vehicle
experiments and across the six conversion rates.

2.2.3 Household survey

The questionnaires used in the household surveys were to a large extent identical for both
study sites (i.e., coastal and urban), consisting of eight main sections including 71 ques-
tions on: (1) Dependence on ES; (2) Environmental perceptions; (3) Happiness; (4) Risk
perceptions; (5) DCE and DCE debriefing; (6) Community life; (7) Flood experiences; (8)
Household life and demographics. The only differences can be found in the first section,
since the ES that are delivered by the mangroves differ from those delivered by the urban
ponds and those questions concern the use of specific services. The questionnaire was

developed in close consultation with CSRD in Hué City in Vietnam, Potsdam University
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and Vrije University (VU) Amsterdam, and was translated into Vietnamese. During the
pre-test survey and pilot, the questions were tested to check the clarity and consistency,
and adjustments were made accordingly. The results of the household survey are used
for the calculation of the conversion rates.

Time-to-money conversion rates. Six different types of conversion rates were used to
take the required step of converting the willingness to spend time into monetary values.
The first conversion rate involves the commonly applied generic market wage rate which
the majority of valuation studies use. The following three are a wage and two different
leisure rates, using individual-specific instead of generic wage values. The last two con-
version rates are individual-specific weighted values of time that are based on additional
information besides wages only.

Generic wage rate (VoT (wages, generic)): At the time of this research, the daily market
wage rate for activities such as guarding, cleaning, building, planting trees and enforce-

ment of regulations was VND130,000 in Quang L9i and VND150,000 in Hué City. This
rate is applied to each respondent in the respective study site.

Individual-specific wage rate (VoT (wages, individual)): The survey included questions on
daily wages for each respondent as well as the number of hours of paid work per day. This
information was used to value an eight-hour work day per respondent. This approach is
comparable to the one taken by Tilahun et al. (2015).

Individual-specific leisure rate (VoT eisure low) and V0T (eisure high)): Adopting the
individual-specific information on daily wages as specified above, the wage rate was
transformed into two leisure rates by multiplying the wage rate with leisure rate J, either
1/3 or 1.2, together presenting the lower and upper bounds of leisure values that can
be found in the literature (Cesario, 1976; Feather and Shaw, 1999; Alvarez-Farizo et al.,
2001; Larson et al., 2004; Lee and Kim, 2005; Jara-Diaz et al., 2008).

Individual-specific weighted value of time (VoT (weighted low) and VoT (weighted high)): In
the calculation of this conversion rate, we assume that more than one activity could be
sacrificed to contribute time and that this decision would depend on the composition
of the current time spendings. Therefore, we assume that a person’s value of time is not
fully determined by either the value of work or by the value of leisure time, but that this
value of time is instead determined by the range of work and leisure activities that a per-
son participates in. We also assume that a person’s value of time is a weighted value of
the time spent on all these activities. For the calculation of this conversion rate, data on
paid and unpaid hours of work (i.e., household work, subsistence activities) per day was
used, as well as hours of leisure time for each respondent. For this we assume that respon-
dents cannot exceed 18 h of work per day (including both paid and unpaid work) and
that sleeping is included in leisure time. When the respondents’ stated number of work-
ing hours exceeded this number, the number of hours was rescaled downwards so that
the total equalled 18. A weighted value of time was calculated assuming that the value of
unpaid work equals around 69 per cent of the value of leisure (based on Lee and Kim,
2005, and Eom and Larson, 2006). As such, the wage rate was applied for paid work time,
one of the two leisure rates for the value of leisure time, and the appropriate rate depend-
ing on the selected leisure rate for unpaid work time. The value of time holds for a full
day, so the 24 h were divided by three in order to obtain the value of an eight-hour day
(see equation (2) for a summary of this calculation, where [ refers to the applied leisure
rate). For those respondents that did not have a paid job, and thus there was no infor-
mation on daily wage or paid work hours, the average daily wage rate of the total sample
(i.e., of all coastal or all urban respondents) was used to calculate the value of leisure time
and unpaid work time for these respondents. It has been shown that unemployed and
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retired people also have positive values for time (Lloyd-Smith et al., 2019), and therefore
those respondents were included.

(Paid work hours + 0.69 x I x unpaid work hours

+1 x leisure hours) x wage

VOT(weighted) = 3 . (2)

In order to be able to make the calculations for the six time-to-money conversion rates,
113 respondents were eliminated from the samples because of missing data, irregulari-
ties in the data, and outliers regarding the variables that were needed for the calculations.
After eliminating those respondents, there were 178 and 202 respondents left in the
coastal and urban time experiment samples, respectively. Regarding the analyses for the
money payment vehicle, all respondents were included in these samples since there was
no indication that the missing or irregular answers to the relevant survey questions reveal
irregular choice behavior in the DCE.

3. Results
3.1 Data characteristics

Tables 3 and 4 show the results for the key sample characteristics. In each site, Kruskal-
Wallis and Chi-squared tests were applied to test for differences across the money and
time samples as well as the money and reduced time samples, which are the samples that
are compared in the next sections of this paper. In the coastal samples, income levels
are found to be significantly higher in the time and reduced time samples, and income
from wages is found to be significantly higher in the reduced time sample. No significant
differences were identified across the urban samples. A follow-up question on the per-
ceived realism of the presented changes was included in the questionnaire. The results
for this question show that the respondents (on average) agree with the statement, which
suggests that respondents perceived the presented scenario as consequential. The statis-
tical tests reveal that the level of realism is significantly higher in the coastal time sample
compared to the coastal money sample.

The study sites differ in terms of socio-economic background. Table 4 shows that
in the urban study site, income from wage labor on average accounts for more than 57
per cent of the household income. Many urban respondents participate in wage labor or
small businesses, making wages the most important income source. Furthermore wage
labor income serves as a proxy for market integration (e.g., Ensminger and Henrich,
2014; Vasco et al.,2017). The results in table 3 indicate that the level of market integration
differs substantially between the urban and coastal study sites. In the coastal study site,
most of the respondents (70 per cent) are fishermen and around 90 per cent of the fish
catch is sold at market. The household income in this study site is therefore mostly made
up of income from fisheries from the Tam Giang lagoon (54 per cent on average).

The values of time per day that were estimated through the five individual-
specific conversion rates are lowest for the urban VoT (eisure 1ow)> averaging VND59,000
(~US$2.5), and highest for the coastal VoT geisure high))» averaging VND280,000
(~US$12). The values are higher for men and higher in the coastal sample, and are
positively correlated with household income. In the urban sample, the values of time
are furthermore positively correlated with education and negatively correlated with age
(except for VOT (weighted high))- In the coastal sample, age is negatively correlated with
VoT (eisure high) and positively correlated with VoT yages) and Vo T (weighted high)» while for
education, negative correlations are identified with VOT (eisure high) and VO T (weighted low)-
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Table 3. Sample characteristics for both choice experiments in the coastal area

Sample values: mean (sd)

Time Money
payment Time payment payment
vehicle, vehicle, N =178 vehicle,

Variables Description N =253 (reduced sample) N =252
Age Age of respondent 47.47 46.97 48.43
(13.09) (13.47) (13.53)
Education level Education of respondent 2.29 2.25 2.27
= ofiotie] (1.06) (1.11) (1.09)
education,
2 =primary,
3 =secondary,
4 = high school,
5 =technical,
6 = university)
Gender Gender of respondent 0.42 0.42 0.47
(male=0, female=1) (0.50) (0.50) (0.50)
Income Monthly household 6.77 million 7.22 million 6.25 million
income in VND (426 million) ~ (4.08 million) ~ (4.19 million)
(continuous based on
averages of categories)
Wage labor Percentage of household 9.68 11.57 6.87
income income from wage (23.33) (24.72) (18.98)
labor
Consequentiality Level of agreement 6.52 6.48 6.31
(Likert scale, 0 to 10) (1.68) (1.77) (1.53)

with the statement: ‘I
believe the changes
shown in the
experiment can take
place in reality’

3.2 Model estimation results and mean WTP estimates

The results of the RPL models are presented in table 5 and appendix A in the online
appendix. All the coefficients have the expected sign (i.e., positive for the ES and neg-
ative for the payment vehicles) and are significant at the 10 per cent level at least. As
indicated by the larger coefficients, a percentage increase in seafood abundance (coastal)
and a change in the level of recreation suitability (urban) are the attributes that the com-
munities derive most utility from, followed by the specified changes in protection in the
coastal area and changes in tourism in the urban area.

The results of the Krinsky and Robb simulations are presented in tables 6 and 7.
The numbers presented in these tables are marginal WTP for the changes in ES (ie.,
the WTP per percentage increase in tourism or seafood abundance, or for an increase
in the level of recreation suitability). The WTP estimates are highest when the time
payments are converted with VoT ejsure highy and lowest for the money payments. The
differences in WTP estimates resulting from both experiments are large, but the extent
of the difference depends on the ES and conversion rate. For instance, the WTP for
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Table 4. Sample characteristics for both choice experiments in the urban area

Sample values: mean (sd)

Time Money
payment Time payment payment
vehicle, vehicle, N =202 vehicle,

Variables Description N =253 (reduced sample) N =252
Age Age of respondent 48.45 47.55 47.87
(13.50) (13.32) (12.73)
Education level Education of respondent 3.89 3.89 3.88
(1=no formal (1.53) (1.56) (1.55)
education,
2 =primary,
3=secondary,
4 = high school,
5 = technical,
6 = university)
Gender Gender of respondent 0.45 0.45 0.46
(male=0, female=1) (0.50) (0.50) (0.50)
Income Monthly household 9.74 million 9.48 million 9.08 million
income in VND (6.6million)  (5.32million) ~ (4.96 million)
(continuous based on
averages of categories)
Wage labor Percentage of household 57.67 63.71 59.76
income income from wage (41.98) (41.28) (42.43)
labor
Consequentiality Level of agreement 6.33 6.30 6.30
(Likert scale, 0 to 10) (1.59) (1.62) (1.45)

with the statement: ‘I
believe the changes
shown in the
experiment can take
place in reality’

a given increase in seafood abundance is about 20 times larger when estimated via
VoT (eisure highy compared to the WTP resulting from the money payment vehicle. The
WTP for a given increase in tourism in the urban study site is about 3.5 times larger when
using VoT (eisure low) compared to the money payment vehicle. There are also large dif-
ferences in WTP estimates across the conversion rates. Most importantly, the differences
in WTP from VOT (ages,generic) and VOT (yages individual) differ substantially and show that
not accounting for heterogeneity in wages results in an underestimation of WTP. Over-
all the differences in WTP estimates are substantial, depending on the payment vehicle
that is used, but also the conversion rate has a strong effect on the WTP estimates that
are obtained.

In section 3.1, it was shown that income and income from wage labor differ signifi-
cantly across the coastal money and reduced time samples. Namely, households with a
higher income and more income from wage labor were overrepresented in the reduced
time samples. No significant differences were identified across the urban samples. The
results of the RPL models with the interactions are used to analyze the effect of the
sample differences in the coastal study site. The results of these models are included in
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Table 5. Results of the RPL models for both coastal and urban experiments

Coastal experiments

Urban experiments

Money payment vehicle

Time payment vehicle

Money payment vehicle

Time payment vehicle

Attribute Coefficient SE Coefficient SE Coefficient SE Coefficient SE

Means of random parameters
Protection from storms and floods 0.005* 0.003 0.006*** 0.002 0.007*** 0.002 0.013*** 0.002
Seafood abundance 0.092*** 0.004 0.096*** 0.004 - - - -
Recreation suitability - - - - 0.308*** 0.025 0.362*** 0.027
Tourism 0.001** 0.000 0.001*** 0.000 0.029*** 0.009 0.039*** 0.008
Time payments - - —1.211*** 0.073 - - —1.065*** 0.072
Money payments —4.235*** 0.063 - - —4.548*** 0.052 - -
ASC opt-out —41.544** 11.696 —57.666"** 18.108 —12.775** 3.082 —22.017*** 5.938

Standard deviations of random parameters
Protection from storms and floods 0.005* 0.003 0.006*** 0.002 0.007*** 0.002 0.013*** 0.002
Seafood abundance 0.092*** 0.004 0.096*** 0.004 - - - -
Recreation suitability - - 0.308*** 0.025 0.362*** 0.027
Tourism 0.001** 0.000 0.002 0.001 0.167*** 0.025 0.182*** 0.024
Time payments = = 0.0 = = = 0.0 =
Money payments 0.0 - - - 0.0 - - -
ASC opt-out 49.678*** 12.873 64.830*** 18.959 15.468*** 3.310 28.587*** 6.376

Observations 2,480 2,480 2,470 2,480

N 248 248 247 248

AlIC 3,228 3,177 3,677 3,565

Pseudo R? (adjusted) 0.41 0.42 0.33 0.35

Log likelihood —1,606 —1,581 —1,831 —1,775

Statistical significance: *10%; **5%; ***1%.
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Protection from 320* 0.021***
storms and floods
Per 1% reduction in
damages

3,928***

8,629***

2,866***

Table 6. Results of the Krinsky and Robb simulations for the coastal experiments in Vietnamese dong per household per month (US$1 ~ VND23,000)

10,039***

4,114***

9,174***

Seafood abundance 6,378*** 0.323***
in the lagoon Per
1% increase in
abundance

45,835***

116,613***

38,564***

134,143***

55,631***

120,884***

Tourism to the 42** 0.002***
mangrove area Per
extra visiting tourist
each year

410**

987**

327**

1,119**

464

1,031**

Statistical significance: *10%; **5%; ***1%.
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Protection from 641*** 0.038*** 9,555***
storms and floods
Per 1% reduction in
damages

16,279***

5,426***

Table 7. Results of the Krinsky and Robb simulations for the urban experiments in Vietnamese dong per household per month (US$1 ~ VND23,000)

26,270***

8,643***

17,287***

Recreation suitability 29.061*** 1,049*** 221,293***
Perincrease in
recreation level

381,924***

127,308***

624,224***

202,315***

404,812***

Tourism to the 2,757 0.113*** 17,788***
mangrove area Per
extra visiting tourist
each year

29,681***

9,894***

45,736**

15,335***

31,440

Statistical significance: ***1%.
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appendix B. For the income variable, a significant positive effect was found for the money
payments while no significant effect was found for the time payments. Households with
a higher income were under-represented in the coastal money sample, and therefore
accounting for this sample difference would lead to an increase in the estimated mean
WTPmoney. For the income from wage labor variable, no significant effect was found
for the money payments while a significant negative effect was found for the time pay-
ments. Since households with more income from wage labor were over-represented in
the time sample, accounting for this sample difference would lead to an increase in the
estimated mean WTP values for all the time estimations. Both of the described results
are consistent with theory. Households with a higher income are willing to pay more in
terms of money and households with more income from wage labor (i.e., a higher degree
of market integration) are willing to pay less in terms of time. Additionally, the models
including interactions show that several other variables may explain both people’s pref-
erences and differences in WTP between time and money payment vehicles in rural and
urban areas. Income, gender, age and education all have different effects (in terms of
magnitude of the coefficient and/or in terms of sign) on time and money preferences in
both the coastal and the urban areas.

Due to significant differences across the coastal samples, we calculate the effects on
WTP when accounting for this heterogeneity as a robustness check. The difference in
WTPmoney is calculated by applying the results of the interaction models in appendix B to
the different sample compositions (i.e., gender, age, education level, household income
and income from wage labor). Based on this calculation, we find that mean WTPyoney
would increase by 1.35 per cent when the time sample composition instead of the money
sample composition is applied. Similarly, WTPime would increase by 0.63 per cent when
the money sample composition instead of the time sample composition is applied. These
differences in WTP are negligible compared to the minimum of 604 per cent difference
in WTP that we find between both payment vehicles in the coastal area (see table 6).
The identified sample differences therefore do not affect the presented conclusions on
differences in WTP resulting from the time and money payment experiments.

3.3 Comparison of WTP distributions

Figure 3 presents an overview of the coastal WTP distributions that result from the cal-
culation of respondent-specific WTP values using the RPL model outcomes. As with
the results of the Krinsky and Robb simulations, higher WTP estimates are found for
the time experiment for all conversion rates. Yet, these distributions appear to be more
dispersed compared to the distribution of the WTP values for the money payments.
As shown in figure 4, WTP distributions from experiments in the urban study site
reveal comparable patterns to the coastal results in terms of the shape of WTP distri-
butions. Compared to the coastal results, however, the distributions for all conversion
rates overlap more for the tourism attribute.

With respect to the more dispersed WTP distributions for the time experiments, no
differences are found in the data related to how easy or difficult the respondents find it to
make choices in the two experiments, levels of certainty about the choices or the num-
ber of protest votes. Since payment vehicles were presented as coercive, the dispersed
distributions could also be explained by differences in trust, acceptability and expected
cooperation between the two types of payment. Namely, issues such as free riding could
play a role in the choice-making process given the public good characteristics of flood
protection. A list of follow-up questions was included in the questionnaire to investigate
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Figure 3. Willingness to pay (WTP) distributions for money and time (using six different conversion rates) for the coastal attributes ‘protection from storms and floods’ (left panel),
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perceived differences in these aspects across the types of payment. Three statements were
included to measure expected cooperation, asking for the respondent’s level of agree-
ment (Likert scale, 0-10) regarding if all community members are able to contribute
either time or money, if they expect their community members to also do so, and whether
this would be easy to enforce. In both study sites, comparable means but higher variance
(i.e., standard deviation) were identified in the reduced time samples for the second state-
ment. Significantly higher means and lower variance were identified for the first and last
statements (Kruskal-Wallis tests, urban: p=0.015 and p = 0.091, coastal: p =0.001 and
p=0.042, both respectively). In addition, a higher level and lower variance for trust in
the time payments were identified in the urban study site (Kruskal-Wallis, p = 0.000) and
the same result was found for acceptability concerning time contributions in the coastal
study site (Kruskal-Wallis, p=0.000). Overall the results presented in this paragraph
suggest that these aspects do not explain the more dispersed WTP time distributions.

The higher dispersions are more likely to be a reflection of the fact that people have
different perceptions of time, while this is less the case for money payments. There can
be differences in how people perceive time used for leisure and time spent working.
Moreover, working time can include farming, fishing or trading, which may all result
in different values of time across respondents. This suggests that more understanding is
needed on how people perceive and value time in choice experiments, potentially leading
to more accurate WTP estimates and WTP distributions.

To investigate whether the WTP distributions are significantly different between the
two experiments and between the different conversion rates, Mann-Whitney U tests
are applied to all the different distributions per attribute. The results of these analyses
show that the differences between distributions are statistically significant at the 10 per
cent level at least, except for the comparison of VoT yages individual) and VOT (weighted high)
as well as the comparison of VoT (wages generic) and VOT (yeighted low)> both for the urban
tourism attribute.> In conclusion, the graphical presentation of WTP distributions in
figures 3 and 4, the Krinsky and Robb simulation results in tables 6 and 7, and results
from the Mann-Whitney U tests all together reveal that the payment vehicle used, as well
as the conversion rates, substantially affects WTP estimates and WTP distributions.

4. Conclusions and discussion

The main objective of this paper was to assess differences in the results of choice experi-
ments that aim to value changes in ES as a result of EbA measures, using time and money
as payment vehicles in a developing country context, and with a specific focus on the
time-to-money conversion rate. There is a need to obtain more accurate WTP estimates
of EbA measures in order to guide investments in EbA. The payment vehicle is an impor-
tant element of a choice experiment, and stated preference studies in general, since it is
required for calculating WTP. Due to subsistence livelihoods, lower incomes and limited
market integration, the use of a standard money payment vehicle can be problematic in
the context of developing countries and can lead to inaccurate WTP estimates (Alam,
2006; Kenter et al., 2011; Gibson et al., 2016). Time-based payment vehicles have fre-
quently been used as an alternative to money, but only a limited number of studies have
compared results from different payment vehicles, and their findings are ambiguous. In
this paper, we therefore aimed to compare WTP estimates resulting from choice experi-
ments that use time and money payment vehicles. Moreover, we address the crucial issue

SDetailed results from the Mann-Whitney U tests are available upon request from the authors.
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of how to convert time into money in more detail, especially because most previous stud-
ies only use a generic market wage rate and thus ignore heterogeneity in the value of time
across respondents. In this study, we propose and apply an alternative approach which is
more comprehensive and individual-specific. This approach includes applying a range
of individual-specific rates alongside the commonly applied generic market wage rate.
This range includes an individual-specific wage rate, two different leisures rates and two
weighted values of time.

In the results of this study, the WTP estimates are higher with a time payment vehicle
for all conversion rates. This finding could be interpreted to mean that a time pay-
ment vehicle performs better by allowing respondents to make choices that fully reflect
their preferences. These findings correspond to those from a number of previous stud-
ies where higher WTP values were found in experiments using time payment vehicles
(Alam, 2006; Casiwan-Launio et al., 2011) but also contrasts with the opposite and
inconclusive findings of others which include differing conclusions depending on the
conversion rate (O’Garra, 2009; Vondolia et al., 2014; Gibson et al., 2016). The more
dispersed distributions that are found for the converted time values are in line with
previous studies that identified increased confidence intervals and uncertainty in time
experiments (Larson et al., 2004; Vondolia and Navrud, 2019).

In contrast to previous studies, we are the first to apply five alternative conversion
rates that are all individual-specific next to the commonly applied generic market wage
rate. We find that applying a generic instead of individual-specific market rate results
in an underestimation of WTP, aligning with the findings presented in Tilahun et al.
(2015). We argue that the weighted value of time is a more suitable conversion rate than
the rates widely applied in the literature. However, there are some uncertainties related
to our conversion approaches. A concern related to the use of a daily wage is that peo-
ple in developing countries might not work a set number of days per week or might
participate in seasonal work. At the same time, many might work in informal settings
such as trading. They therefore do not receive a formal wage and thus appear in the
data as a respondent without earnings. Additional individual-specific information could
therefore be used to refine the conversion rates and better capture the differences in per-
ceptions of time, possibly leading to more accurate WTP estimates. A second concern
relates to the applied wage fractions for the estimation of leisure and unpaid work time
values. These fractions are based on the range found in previous studies, of which none
was conducted in a developing country context, while differences in these factors across
the developed and developing world could be expected.

Based on our findings we have four recommendations for stated preferences studies
that aim to estimate the welfare effects of EbA in developing countries. First, we encour-
age practitioners of stated preference studies to consider using a time payment vehicle
in developing country contexts. The payment vehicle is highly accepted, as indicated
by the positive values and limited protest votes recorded in the data set, and results in
higher WTP estimates, possibly because respondents can express their preferences more
freely. Second, we encourage future studies that use a time payment vehicle to apply
individual-specific time-to-money conversion rates to account for heterogeneity in time
values across respondents. Third, we show that converted time values can differ substan-
tially, based on the conversion rate; we therefore want to highlight the need for sensitivity
analyses when converted time values are used in cost benefit analyses, for instance by
providing a lower and upper range estimate based on different conversion rates. Fourth,
due to the challenges faced when converting time to money, we also suggest presenting
time values supplementary to the converted and thus monetary values in the final results
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of stated preference studies. For the purpose of solely selecting a suitable EbA measure,
time values are just as informative and do not include the added uncertainties that come
with converting time to monetary values.

There are several issues that deserve attention in further research. First, the devel-
opment and application of a suitable conversion rate is an important aspect for stated
preference studies that use time payments, since this conversion rate is crucial for the
quality and reliability of the WTP estimates. In many studies, including this one, time
values are transformed into monetary values with measures based on the wage rate. How-
ever, previous findings by Lloyd-Smith et al. (2019) and Czajkowski et al. (2019) suggest
that values of time depend to a large extent on other factors besides wages. Future stated
preference studies that use time as the payment vehicle may focus on assessing these
other factors, and by doing so derive more suitable values of time. For example, fur-
ther improvement could come from detailed information on current time allocation, the
monetary values that are attached to the different activities conducted by the respondent,
and information on which current activity the respondent would be giving up in order
to be able to contribute time. This could go hand in hand with the exploration of con-
version rates that are not based on wages to start with. This type of conversion rate could
be promising due to lower information needs and elimination of wage and leisure value
related uncertainties.

Second, future studies may focus on investigating the drivers of the disparities in
WTP estimates so that more information becomes available on when, and why, a time
or money payment vehicle is more appropriate to use in certain socio-economic and
cultural contexts. Gibson et al. (2016) and Casiwan-Launio et al. (2011) both hint at the
influence of market integration on WTP disparities, of which we also find evidence in
this study. More extensive analyses and further study would be necessary to reveal and
confirm the relevant factors that may underlie the conclusions presented in this paper.
Preferences for time and money clearly vary across important dimensions, which could
also include personal values and perceptions. Lastly, we want to invite researchers to
conduct studies on the value of leisure time in developing countries, since to the best of
our knowledge no such study is available yet.

Supplementary material. The supplementary material for this article can be found at https://doi.org/10.
1017/81355770X20000108.
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