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A B S T R A C T

An increasing number of stated preference studies adopt both monetary and non-monetary pay-
ment modes to elicit preferences for goods and services in developing and transition countries. The
extent to which these alternative payment modes approximate the underlying human preferences
for these goods and services is poorly understood. The circumstances under which monetary and
non-monetary welfare measures can be combined for efficient estimation of welfare measures and
to guide public resource allocation also remain unclear. In a split-sample design, we present
a choice experiment on the purchase of flood insurance in which insurance premiums are paid in
money, labour time and harvests. We use an integrated choice-modeling framework to test for
differences in relative scale parameters among these three alternative payment modes. We find
that the relative scale parameters for non-monetary payment modes are lower than the relative
scale for monetary payment mode. We argue that the two non-monetary payment modes exhibit
higher degrees of uncertainties in the choice experiment. We discuss possible causes and the
implications of these results for the design of stated preference studies and the use of resulting
welfare measures in cost-benefit analyses.
1. Introduction

The use of non-monetary numeraires to elicit stated preferences for non-market goods and services has been in vogue in developing
and emerging countries for over two decades. Some of the early uses of non-monetary payment modes in stated preferences include
Swallow and Woudyalew (1994); Shyamsundar and Kramer (1996) and Echessah et al. (1997). The main motivation for using the non-
monetary numeraires in these earlier applications is to present scenarios that are more familiar and realistic in economies with high
degrees of subsistence (Whittington, 2010). For instance, Shyamsundar and Kramer (1996) use rice to value tropical rainforest pro-
tection among local peoples of Madagascar as cash transactions are uncommon among these peoples. However, recent studies have
provided additional arguments to suggest that non-monetary numeraires are, in fact, more preferable to monetary exchanges for non-
market goods and services in these countries. For instance, Asquith et al. (2008) find that respondents prefer non-monetary payments to
monetary payments in exchange for environmental services. Moreover, Brouwer et al. (2008) show in a follow-up survey that zero
monetary bids can be eliminated in stated preference studies by the adoption of non-monetary num�eraires. Furthermore, O'Garra (2009)
suggests that the respondents with lexicographic preferences may find non-monetary exchanges such as time more acceptable in ex-
change for environmental goods and services. These factors may account for the further uses of non-monetary numeraires for stated
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preference elicitation in developing countries (see e.g. Brouwer et al., 2008; O'Garra, 2009; Rai and Scarborough, 2013; Vondolia et al.,
2014; Gibson et al., 2016).

The increasing use of non-monetary payment modes for stated preference elicitation often in parallel with monetary payment modes
raises questions regarding which of these payment modes produce good approximations of the underlying welfare measures. From
a standard economic theory, largely based on time allocation model (Becker, 1965), one can deduce that the payment mode should be
irrelevant to the estimation of welfare measures. This is because different payment modes are convertible as have been demonstrated by
studies that derive welfare measures for different payment modes (see Larson and Shaikh, 2002; Eom and Larson, 2006). However, Lee
et al. (2015) conclude from experimental studies that decisions in money and time domains influence the stability of consumer pref-
erences. Specifically, Lee et al. (2015) observe that decisions in money are processed analytically and decisions in time are processed
affectively. The insight is that there are qualitative differences in the processing of decisions in money and time; and thus consumer
preferences are unstable.

The adoption of different payment modes in stated preference elicitation has bearings on resource allocations decisions. One of the
main uses of stated preferences is to provide welfare measures for use in cost-benefit analyses (see Navrud and Pruckner, 1997).
Theoretically, the use of non-monetary numeraires in evaluations have long been noted to depend on whether good is question is
a public good or private good (see e.g. Brekke, 1997; Dreze, 1998). Specifically, Brekke (1997) notes that the choice of num�eraire
matters in the evaluation of public goods provision but not in the purchase of private goods. This is because the choice of num�eraires
requires normalization of prices and marginal utility; and these normalizations make the choice of num�eraires to matter for public goods
but not for private goods (Brekke, 1997). In addition, Dreze (1998) assesses the consequences of num�eraire for private goods, and notes
that under market imperfections e.g. rationing and market segmentation, the choice of num�eraire matters for private goods as well. On
this account, one would be interested to know the implications of conducting stated preferences in monetary and non-monetary pay-
ment modes in order to address some of the effects of payment modes in project evaluations using different numeraires.

A number of studies have investigated the effects of using non-monetary numeraires rather thanmonetary payments largely based on
contingent valuation (CV) studies. The CV studies that compare non-monetary paymentmodes with monetary paymentmodes often find
that respondents are more likely to state a positive willingness-to-pay (WTP) under non-monetary payment modes (see e.g. Brouwer
et al., 2008; Vondolia et al., 2014). Vondolia et al. (2014) attribute some of these disparities in CV responses to experience with these
modes of payments. In many of these studies, the respondents usually prefer to contribute time rather than contribute money (Whit-
tington et al., 1990). Consequently, the welfare estimates from CV studies have been found to be higher under non-monetary numer-
aires. For example, Echessah et al. (1997) use the average wage rate of a casual worker to convert WTP in time into monetary measure
and observe that the mean WTP is higher when labour payment mode is used. O'Garra (2009) finds in a CV study on the valuation of
fishing grounds that willingness to contribute time is three time higher than WTP estimated in monetary value when the adjusted wage
rate is used to convert the willingness to contribute time into monetary value. In a choice experiment, Rai and Scarborough (2013) find
that the shadow value of household labour is lower than the market wage rate among farm households.

The above anomalies have been used to question the extent to which resultant non-monetary welfare measures can be used to
evaluate the allocation of scarce resources. The main thrust of this criticism is an assessment of the use of non-monetary payment
vehicles by Ahlheim et al. (2010, 2017) who present theoretical and empirical results to argue that the adoption of alternative payment
modes such as labour time in CV studies cannot be relied upon for decisions on the allocation of funds for public projects. This is because
the “dollar is a dollar” rule does not hold for welfare estimates elicited using alternative payment modes. Secondly, the evidence on the
quality of survey responses under monetary and non-monetary payment modes from CV studies are inconclusive. Larson et al. (2004)
found that in CV the mean standard error of WTP in money terms was $1.29, while the mean standard error of WTP in terms of time was
5.93 h. This implies that the willingness to pay time is noisier than the willingness to pay money because the latter is a more familiar
mechanism for value expression than former. In a similar test of uncertainty in CV, Pondorfer and Rehdanz (2015) compare the un-
certainties in stated willingness to contribute time and money for a local public good using CV and find that the uncertainty is reduced
when WTP is elicited in labour rather than in money.

Few choice experiments have assessed the effects of payment options. Gyrd-Hansen and Skjoldborg (2008) compare the reactions to
out-of-pocket payments with tax payments. The results indicate that the opposition towards out-of-pocket payments is more pronounced
than in tax payments. In addition, it was found that focus shifted from the quality attributes and this could induce higher levels of
random error. However, it is not possible to link these shifts in quality attributes to changes in preferences as scale parameter is con-
founded with parameter estimates (see Hess and Rose, 2012). The present study contributes to the existing applications on the use of
non-monetary payment vehicles in stated preference elicitation by examining the effects of different numeraires on survey responses in
choice experiments in a developing country context. The specific aim is to assess uncertainties among money, labour time and harvests
payment modes in using split sample choice experiments on the demand for a private good (i.e. flood insurance) among smallholder
farmers in a developing country. The choice of private good is to provide the minimum levels of market distortions against which to
evaluate differences in uncertainties among the three payment modes. The choice of these non-monetary payment modes were informed
by the applications in the literature in which labour time and harvest are adopted to elicit preferences in stated preference surveys.
Furthermore, the purchase of insurance using labour time is one of interventions proposed to the increase the purchase of insurance for
climate change adaptation (Bals et al., 2006; Oxfam America, 2012).

For the estimation, we adopt an integrated modeling framework to test for differences in relative scale parameters corresponding to
the three different payment modes. In the integrated modeling framework, we jointly model choice experiments conducted on the
purchase of flood insurance in which insurance premiums are required in money, labour time and harvest to allow relative scale pa-
rameters to differ among these three payment vehicles. We find that the relative scale parameters for non-monetary payment modes of
labour time and harvests are lower than the relative scale for monetary payment mode. Given the similarities in context for the choice
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experiments e.g. complexities and estimations, we interpret these results to mean that these non-monetary payment modes exhibit
higher degrees of uncertainties. These findings suggest that the requirements for sensitivity analyses in cost-benefit analyses using non-
monetary welfare estimates from stated preferences are higher. This is mainly because the responses under these non-monetary payment
modes are noisier.

The rest of the paper is structured as follows: Section 2 presents the derivation of welfare under multiple constraints and section 3
focusses on the integrated econometric modelling of choice experiments under multiple payment modes. This is followed by
a description of the study area and the design of the choice experiments in section four. Section 5 presents the results from the choice
experiments, and section six concludes.
2. Welfare estimates under monetary and non-monetary payment modes

Non-monetary payment is a common method for mobilizing resources for natural resource management in many countries. Many
people make non-monetary payments each year to support such causes as environment. In addition, national programmes such as
working-for-water in South Africa require communities to commit labour to eradicate invasive alien species. Similarly, national pro-
grammes exist in Ghana and Rwanda to mobilize non-monetary resources to support environmental cleanliness. Furthermore, there are
calls to require the payment of insurance premiums in both monetary and in-kind premiums (Ahuja and Jutting, 2004; Bals et al., 2006;
Oxfam America, 2012). In a stated preference study, Brouwer et al. (2008) use a two-step procedure to investigate the role of in-kind
num�eraires on zeromonetary bids, and find that the responses from the second step indicate that 40% of these zeromonetary bids switch
from zero monetary bids to positive non-monetary bids. Specifically, 75% of these respondents opt for household labour, 20% opt for
paying with part of their harvests, and the remaining 5% are willing to contribute land for the construction of an embankment to
alleviate flood damages. Furthermore, Rai and Scarborough (2014) also report that only 35% elected to complete the choice experiment
in monetary terms whilst 65% chose to complete the choice experiment in labour contributions. We can conclude that the adoption of
non-monetary payment modes in stated preference studies in developing and emerging countries reduces the proportion of zero bids and
increases the average willingness-to-pay.

Theoretically, preferences can be elicited in different paymentmodes (Larson et al., 2004; Eom and Larson, 2006) and this can be one
way to address constraint heterogeneity in stated preferences. Phaneuf (2013) defines constraint heterogeneity to refer situations in
which choices of respondents depend on multiple constraints; and income constraint is one of these constraints. Since harvest (i.e. rice)
can easily be converted intomoney income, the derivation of welfaremeasures can easily be handled within the single income constraint
models. With this simplification, we adopt the framework in Larson and Shaikh (2001), and Eom and Larson (2006) to derive welfare
measures for money and labour under the two constraints case. Assume that an individual consumer derives utility from the choice of
four activities: consumption activities (ci); labour supply (zi); leisure (li) and working for flood insurance (hi) in addition to flood in-
surance (q) which is exogenously determined. The consumer chooses these activities to maximize utility subject to income and time
constraints. The money price of the consumption good is pc, the money price of leisure is pl, the money price of insurance work is ph and
the money cost of labour supply is w.

With the above notations, we can formally write the utility function of the individual as uðci; li; hi; qÞ and the utility function satisfies
the following properties: ∂uð⋅Þ=∂ci > 0, ∂uð⋅Þ=∂li >0; ∂uð⋅Þ=∂hi > 0 and ∂uð⋅Þ=∂q> 0. One main problem with the use of multiple prices is
path-dependency problem in which the order in which prices change can affect the welfare measures (Johansson, 1991, 1996) and this
imposes additional restrictions on the utility functions. The two utility functions with required properties to address the path-
dependency problem are homothetic and quasi-linear utility functions (Johansson, 1991). The money budget constraint is Eiþ wzi ¼
pccþ plliþ phhi with Ei being the other income in addition to wage income. The time constraint is Ti ¼ ziþ liþ hiþ ci. In addition to these
two constraints, we impose a minimum insurance work ℏ � 0. With this, the insurance work constraint becomes h � ℏ . The objective of
the consumer is to maximize the utility subject to the above three constraints. With some adjustments, we can write the Lagrangian of
optimization problem (Eom and Larson, 2006) as:

L ¼ uðci; li; hi; qÞ þ λðEi þ wzi � pcc� plli � phhiÞ þ μððTi � ℏÞ � li � hi � ciÞ þ ηðh� ℏÞ (1)

The first-order necessary conditions are given by the following:

∂L
∂z

¼ λw� μ ¼ 0 (2)

∂L
∂c

¼ ucð⋅Þ � λpc � μ ¼ 0 (3)

∂L
∂l

¼ ulð⋅Þ � λpl � μ ¼ 0 (4)

∂L
∂h

¼ uhð⋅Þ � λph � μþ η ¼ 0 (5)

The above first-order necessary conditions are easy to interpret. Equation (2) can be re-written as λ=μ ¼ w and this means that the
marginal value of time is the wage rate. Similarly, we can rewrite equations (3) and (4) as ucð⋅Þ=λ ¼ pcþ w and ulð⋅Þ=λ ¼ plþ w
3
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respectively. These conditions equate the marginal cost of consumption and leisure with their respective full marginal costs. Finally,
equation (4) means the marginal cost of insurance work is equal to marginal value of insurance work time when uhð⋅Þ=λ ¼ phþ w� ϖ
with ϖ ¼ η=λ being the value of saving insurance work time. For the value of insurance work time to be positive and less than the value
of time for other uses of time requires that we impose the assumption that the constraints are continuously binding with μ> η>0 (see
Eom and Larson, 2006). This is equivalent to w>w� ϖ >0. These assumptions impose restrictions on the arguments for both indirect
utility functions and demand functions (Larson and Shaikh, 2001). Eom and Larson (2006) build on these to argue that these restrictions
are met when full prices and full budget are the arguments of demand and indirect utility functions. The concept of full prices entail both
the money prices of activities and their time prices converted using the corresponding shadow value of time. Also, the full budget
comprises money income in addition to the shadow value of each time constraint. We can now state the indirect utility function in the
form VðpFc ; pFl ; pFh ;MF ; qÞ where pFc≡pcþ w, pFl ≡plþ w, pFh≡phþ ðw� ϖÞ andMF≡Eþ wT� ϖℏ. The specification of indirect utility function
in full prices and full budget can now be used to derive willingness-to-pay in different scarce resources.

The path-dependency problem restricts the analyses of changes in prices using Hicksian demand conceptions and for this, one must
assume that the expenditure function is twice differentiable (Johansson, 1996). We adopt the framework of Eom and Larson (2006) to
derive the Hicksian compensating surplus for the two-constraint model in which both time and money as scarce. Following this, we
derive the Hicksian compensating surplus measure of willingness to pay in money for flood insurance as:

VðpF ;E þ wT � ηℏ�WTPm; q1Þ≡VðpF ;E þ wT � ηℏ; q0Þ (6)
where Vð⋅Þ is the indirect utility function; q0 is the status quo of flood insurance; q1 refers to some qualitative improvement in flood
insurance;WTPm is the willingness to pay for the flood insurance, pF is the vector of full prices. The willingness-to-pay in labour time can

be derived in the same way. In this case, the willingness to pay in time represents a payment if the time being increased is less valuable to
the individual (Eom and Larson, 2006). This is because the individual must accept an increase in time in exchange for the flood in-
surance and this must require a reduction in time for consumption, leisure and labour time. The willingness to pay additional time,
WTPt , can be defined as time compensating surplus implicitly (Eom and Larson, 2006) as:

VðpF ;E þ wT � ηðℏþWTPtÞ; q1Þ≡VðpF ;E þ wT � ηℏ; q0Þ (7)

Analogously, the willingness to pay in harvest can be derived using the indirect utility function. In this case, the harvest willingness
to pay, WTPr , can be stated as:

VðpF ;E þ wT � ηℏ� prWTPr; q1Þ≡VðpF ;E þ wT � ηℏ; q0Þ (8)

where pr is the price of the harvest.
It must be noted that the indirect utility functions can be inverted to generate the minimum expenditure function instead. For

instance, one can derive from equation (6), the money willingness to pay can stated as:

MF �WTPm ¼ gðpF ; q1;V0Þ (9)

The corresponding willingness to pay in time and harvest can derived from equations (7) and (8) respectively. Since RHS of equation
(9) is the same for all the three payment modes, we can state the equality among the three payment modes as:

MF �WTPm ¼ MF � ηWTPt ¼ MF � prWTPm (10)

From equation (10), one can easily see that the relationship between WTPm and WTPt is WTPm=WTPt ¼ η. The relation between
WTPm and WTPr is WTPm=WTPr ¼ pr . However, market imperfections could distort the relationship between these willingness to pay
values. For instance, labour market failure could result in situations in which WTPm≠ηWTPt just as imperfections in rice market will
result in WTPm≠prWTPr .

3. Choice modelling of alternative payments modes

In this study, we use discrete choice experiments (DCEs) to elicit preferences for reductions in flood risk and attributes of flood
insurance. In DCEs, respondents are presented with a series of choice tasks. The choice set consists of two (2) or more alternatives, which
are described by attributes and their levels. The respondents then choose their preferred alternative in each choice task. Despite the
hypothetical nature of these tasks, Vossler et al. (2012) has found that incentives are preserved in these choices. For the specification of
the utility function for flood insurance, we follow Brouwer et al. (2014) to assume that the purchase of flood insurance follows a random-
parameter error components specification of the utility function. The random-parameter error components model caters for inter-
alternative correlation between alternatives. The random-parameter specification of utility function combines both the random
parameter and error components, and this addresses the problems of independence of irrelevant alternative (IIA) and unobserved
heterogeneity (Scarpa et al., 2005). The modelling framework for the random parameter error components model (RP-ECM) of Scarpa
et al. (2005) provides a convenient way of capturing the changes the non-SQ alternatives provide relative to the SQ as these changes may
not share the same preference structure. Biases are expected when this SQ effect are ignored. As a result, Scarpa et al. (2005) proposes
ECM specification with SQ alternative-specific constant.

Under the choice modelling framework, the utility from purchasing the flood insurance, based on the notion that utility is derived
from attributes (Lancaster, 1966). With this, we can specify the utility function for money, labour and harvest respectively as:
4
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Unit ¼ ∇mðbxnit þ βmmnitÞ þ εi þ enit (11)

Unit ¼ ∇lðbxnit þ βllnitÞ þ εi þ enit (12)

Unit ¼ ∇rðbxnit þ βrrnitÞ þ εi þ enit (13)

Equation (11) denotes utility from flood insurance under monetary payment; equation (12) is for utility from flood insurance under
labour payment mode and equation (13) denotes utility from flood insurance under harvest payment mode. In equations (11)–(13), Unit

refers to the utility for respondent n for alternative i at choice occasion t , x denotes non-price attributes of the flood insurance including
the alternative specific constant (asc), b is the taste parameters for the non-price attributes, m is the monetary insurance premium, βm is
the marginal (dis)utility of money, l is the labour time insurance premium, βl is the marginal (dis)utility of labour time, r is the harvest
(here: rice) insurance premium, βr is the marginal (dis)utility of harvest, ∇m, ∇l and ∇r are scale parameters for monetary, labour time
and harvest payment modes respectively, and e, are the unobserved utility components which are assumed to be independently and
identically type I extreme value distributed (Gumbel). The error component, ε, is distributed Nð0; σ2Þ. With a comparable magnitude of
reductions in flood risk or transfer of risk, an integrated choice modelling framework can combine the three alternative payment modes
for the joint estimation of WTP values under multiple resource constraints. The integrated framework is informed the fact that presence
of all attributes in choice experiments is only required for simplification (Manski, 1977). The integrated utility function combining the
above three utility functions and correcting for scale parameter differences can be specified as:

Unit ¼ ∇ðbxnit þ βmmnit im þ βllnit il þ βrrnit irÞ þ εi þ enit (14)

il is an indicator variable taking on the value of 1 if for labour insurance premium and zero otherwise, and ir is an indicator variable
which takes a value of 1 for a rice insurance premium and zero otherwise. The relative scale parameter is defined as∇ ¼ ð∇mð1� il� irÞþ
∇lilþ ∇r irÞ=∇m.

Since preferences elicited in different numeraires can be related within a utility-consistent model of choice (Larson et al., 2004), the
choices under different payment modes can pooled in a joint estimation. The joint estimation procedure offers a number of advantages
(Adamowicz et al., 1994). First, the joint estimation adds more information by providing more data points. In addition, the relative scale
parameters can be estimated under the joint estimation. The introduction of relative scale parameters homogenizes the variance
components (Adamowicz et al., 1994). Furthermore, combining responses to choices under different environmental quality and dif-
ferent metrics for payment provides a more complete perspective (Larson et al., 2004). Given that presenting all the three payment
modes to respondents in a choice experiments can add further choice task complexity, we choose to present a given payment metric to
a respondent. In CV study, Larson et al. (2004) provides all respondent with the complete set of paymentmetrics. Themain problemwith
this is that the order of changes in prices affect the welfare measure because of the path-dependency problem. As compared to speci-
fications of utility functions in which all attributes are observed for some alternatives and decision makers, the specification of utility
function in equation (3) allows for the exclusion of some of the attributes from some of the alternatives and decision makers. This
framework is also similar to the one adopted in Gyrd-Hansen and Skjoldborg (2008) to disentangle the impact of payment vehicle per se
from the price effects in choice experiment. Similarly, Hess et al. (2012) assess the consistency and fungibility of monetary valuations in
transport. In addition to valuation and choosing issues, Hess et al. (2012) consider concerns raised by using two separately collected
studies to infer trade-offs; and this is addressed by using data collected from the same respondents in the same survey. In our study, we
use a homogeneous sample of smallholder irrigation farmers who engage in similar economic activities and live in the same commu-
nities with the same market opportunities.

To further simplify equation (14), we redefine both price and non-price attributes to be z, taste parameters including the alternative
specific constant as α and specify the utility functions for the alternatives in the choice experiment as:

Unit ¼ ∇αznit þ εi þ enit (15)

With a panel of T discrete choices for each respondent n, the joint probability of sequence of T choices fy1; y2; y3; :::; yTg by an
individual is given (see Marsh et al., 2011) as:

Pðy1; y2; :::; yT Þ ¼ ∫
α

∫
ε

YT

t¼1

expð∇αzit þ εiÞP
jexp

�
∇αzjt þ εj

�φ
�
ε
��σ2

�
f ðαjθÞdεdα (16)

Note that the above formulation of utility functions and probability follows Scarpa et al. (2008) in which the error component is
placed on the SQ alternative as compared to Walker et al. (2007) in which the error components can be placed on non-SQ alternatives.
The integral from equation (5) does not have closed-form. However, it can be simulated by averaging over a number of draws from
assumed distribution (Revelt and Train, 1998). In our study, this is approximated in the log-likelihood function by numerical simulation
by using 500 Halton draws.

A number of choice experiments have analyzed factors that could affect the scale parameters and explore the implications of these
results for the quality of survey responses. Louviere and Eagle (2006) find that the scale parameter is inversely related to the variance of
the idiosyncratic error term. This means that if the scale parameter increases, then the deterministic part of utility is assigned a greater
weight relative to the unexplained component of utility. Alternatively, if the scale parameter decreases, then the deterministic part of
5
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utility is assigned lower weight relative to the error term. The increased scale parameter is interpreted as evidence of more determined
choices and this corresponds with less random choices. Swait and Louviere (1993) list the omission of relevant variables from the
specification of the utility function and choice task complexity (i.e. higher number of alternatives and attributes) to lead to more random
choices. In addition, Hess and Rose (2012) note that the scale parameter is confounded with the deterministic component of utility.
Specifically, the scale is inversely related to the error variance within the choice data. Therefore, a larger error variance leads to smaller
parameters of the deterministic component of the utility and vice versa. Furthermore, Liebe et al. (2015) use scale parameters to test for
differences in survey quality and implicit prices between twomobile devices in web choice experiments. They find that the relative scale
parameters for surveys conducted using tablets and smartphone do not differ. In a recent paper, Hess and Train (2017) reiterates the
impossibility of disentangling the scale parameter from preference heterogeneity; and suggest that variations in the scale parameter may
arise from differences in unincluded factors e.g. correlations among the attributes.
4. Study area and the design of choice experiments

We undertake the present study among smallholder irrigation rice farmers at Weta/Afife Irrigation Scheme (WAIS) in the Volta River
Basin in Ghana. Currently, the Ghana Irrigation Development Authority manages WAIS. Since the 1980s, the devolution of natural
resource management has been an important government policy in Ghana especially in the management of irrigation schemes (see
Ofori, 2000). This could be linked with structural adjustment programme during which project management were required to recover
user fees from farmers to pay for the costs of pumping irrigation water (Amanor, 2015). Under devolution, communities are required to
make monetary and non-monetary payments to support natural resource management. Different payment options for maintaining
irrigation infrastructure have been implemented in WAIS (see Vondolia et al., 2014). Agbanyo (2012) finds that labour is a costly factor
of production among farmers at WAIS since labour costs take significant component of production costs. This could account for the
highly mechanized farming in which farmers adopt labour-saving technologies such as tractors and harvesters to reduce the cost of
production.

Data on demand for flood insurance is not readily available (see Cummins and Mahul, 2009). Therefore, we elicited preferences for
reductions in flood risk as well as attributes of flood insurance using hypothetical choices of farmers in a choice experiment. The data
collection started with focus group discussions in July 2015. During the focus group discussions, discussions were held with the
management of the WAIS and farmers concerning natural disasters that affect irrigation farming in the study area. Flood disaster was
identified to be relevant. In addition, the focus group discussions and literature were used to identify attributes for the purchase of flood
insurance. The pilot and main surveys were conducted from November 2015 to February 2016. We used face-to-face interview since
other survey administrations modes (e.g. phone, internet and mail, etc.) are not possible (see Durand-Morat et al., 2016). For the main
survey, irrigation rice farmers were randomly selected from communities/villages and farms. In total, we interviewed 398 irrigation
farmers: 132 of these respondents were required to pay flood insurance premium with the labour time, 133 of these respondents were
asked to pay flood insurance premium with harvest (rice) and 133 of these respondents were to pay a monetary insurance premium.
Each respondent makes 12 hypothetical choices in the three choice experiments.

The survey was revised three times before the priors were used to generate efficient design for the MNL model. Efficient designs for
the MNL model are sufficient for the estimation of panel mixed logit models (see Bliemer and Rose, 2010). The design was created using
Ngene (ChoiceMetrics, 2014). The attributes and attribute levels are presented in Table 1. Five attributes define each alternative, and
each attribute has three levels. The attributes were based on focus group discussions among the farmers and Brouwer et al. (2014). Since
we allow the farmers to assist in identification of relevant attributes, a number of attributes such as provider of the insurance scheme
were not included among the attributes. However, during the focus group discussions and the main survey, the general assumption is
that the government is the provider of the hypothetical flood insurance. In addition, we also assume that flooding incidence destroys rice
yields. This is likely to be the case when rice yields are submerged for longer days (see Dar et al., 2013). The final attributes are:

i. Flood occurrence - refers to the number of years it will take a flood incidence to recur, and this has three levels of 6, 8 and 10
years. These levels may be justified based on the natural cycle for the occurrence of El Nino and El Nina (see e.g. Cai et al., 2014).

ii. Insurance coverage - the number of bags of 50 kg of rice that insurance company will pay if flood disaster occurs. The attribute
levels are 12 bags, 21 bags and 30 bags.

iii. Probability of flood damage - refers to how likely a farmer is affected by flood. This attribute is presented as the number of
farmers affected by flood out of every 6 farmers. The three levels identified are two (2) in about every 6 farmers, three (3) in about
every 6 farmers and four (4) in about every 6 farmers. These levels were informed by discussions with extension officers at WAIS
that 5 out of the 11 sections are flood prone.
Table 1
Attributes and attribute levels in the choice experiment.

Attribute Plot size (ha) Flood occurence Probability of damage Coverage
(per ha)

Monetary premium
(GHS)

Labour premium
(Hours)

Rice premium
(50 kg bag)

Level 1 1 Once in every 6 years 2 in every 6 farmers 12 (50 kg) bags 150 15 2
Level 2 2 Once in every 8 years 3 in every 6 farmers 21 (50 kg) bags 300 30 4
Level 3 3 Once in every 10 years 4 in every 6 farmers 30 (50 kg) bags 450 45 6
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iv. Cost of purchasing the flood insurance per ha, which is stated in money (in Ghana Cedis, GHS), rice (number of 50 kg bags) and in
labour working hours. Each of these modes of insurance premium has three identical levels of 150 GHS1 (≈15 h≈ 2 (50 kg) bags
of rice), 300 GHS (≈30 h≈ 4 (50 kg) bags of rice) and 450 GHS (≈45 h≈ 6 (50 kg) bags of rice) per ha. The market exchange rates
were used in the conversion and the exchanges rates were pretested in the pilot surveys as well.

In addition to these attributes, we introduce plot size to fix the context for the purchase of flood insurance. The plot size also has three
levels of 1 ha, 2 ha and 3 ha, which the respondents are asked to assume they have when making the choosing among the three al-
ternatives during the choice experiments. The average plot size is 3.87 ha (see next section). Except for the differences in the payments of
insurance premium in money, labour time or harvests, all the surveys in these three subsamples are identical.

We expect that an increase in risk exposure (i.e. a reduction in flood occurrence and an increase in probability of damage occurring)
will make respondents more likely to purchase flood insurance. Furthermore, we expect insurance coverage will increase with the
purchase of flood insurance whilst an increase in premium (i.e. in monetary, harvest and labour time) will make respondents less likely
to purchase flood insurance under the three payment modes. Samples of the a choice card each for each of the payment modes for paying
insurance premium are presented in Figs. 1–3 below.

5. Results

In this section, we first discuss the descriptive statistics of the three sub-samples of farmers from WAIS and then discuss the results
from the random parameter error components model. The emphasis of this section is on comparing the relative scale parameters for the
three modes of paying for the insurance premium for the flood risk transfer. Finally, we present and discuss the marginal WTP estimates
for the attributes.

5.1. Descriptive statistics

Table 2 presents the descriptive statistics of the sample of farmers fromWAIS. The three sub-samples are identical. About 34% of the
respondents are female farmers. The average age of farmers is about 48 years with about 24 years of farming experience. Slightly more
than half of the farmers has more than primary education. The average household size is about 7. Each farmer has on average 4 ha in rice
farming. Average seasonal income from rice farming is slightly less than 2000 GHS. In addition to cultivation of rice, farmers cultivate
vegetables, maize and cassava. Furthermore, a high proportion of these farmers engage in alternative employment; income from farming
is about the same as income from alternative employment. Specifically, Vondolia et al. (2014) estimate that slightly more than 55% of
the farmers engage in alternative employment.

Although none of the farmers has purchased flood insurance, most of the farmers have enrolled into the National Health Insurance
Scheme (NHIS). About 62% of the respondents indicate that they have enrolled in NHIS. There is no relationship between the NHIS and
the hypothetical flood insurance that was presented in the choice experiment. Flooding of rice fields is considered by the respondents to
be an important natural disaster that affects irrigation farming. On a scale from 1 to 6, with 1 indicating “not important all” and 6
indicating “very important”, the average Likert score is 5.37. A high incidence of flooding appear more destructive to the farmers
relative to other natural disasters. On the average, farmers had experienced flood every other year over the past 10 years. The relevance
of the flooding to irrigation farming is further supported by the perceptions among the farmers that flood trends and durations are
increasing. More than 70% of the farmers see the flood trends and duration to be increasing. Furthermore, the farmers think that
flooding is likely to recur within the next five years. In addition, the chances of flood affecting the farmers within the next five years is
equally high. Thus, the choices the farmers are requested to make here, although hypothetical should be very realistic to the farmers. As
part of the survey, we sought to classify the respondents into various degrees of risk aversion based on an experiment in Binswanger
(1980). Given that choice experiment is in itself repetitive, we implemented single hypothetical risk experiment. Consistent with the
interpretations of Binswanger (1980), non-responses were classified as riskless choices. Responses indicate that about 39% of the re-
spondents can be classified as risk-averse. However, this percentage appears higher among the respondents who were interviewed with
monetary payment mode version of the questionnaire. This could be attributed to high non-responses to the hypothetical risk experi-
ment recorded under labour and harvest versions of the questionnaire.

The shares of farmers who choose not to buy insurance under the three payment modes are presented in Fig. 4. The choices appear to
show that all the three alternatives are equally chosen. Respondents appear to behave consistently under the three payment modes. For
instance, the proportions of respondents who do not purchase the flood insurance went up under the three payment modes during the
fourth, eighth and eleventh choice cards. The same patterns were exhibited under all choice occasions.

5.2. Estimation results from the integrated random-parameter error components model

Following Brouwer et al. (2014), we estimate the results of a random-parameter error components framework to analyse the demand
for flood insurance among smallholder farmers. In order to overcome the over-identification problem, we define the error component on
1 At the time of the survey, the exchange was 1 GHS¼ 0.26 US dollars. The price level ratio of PPP conversion factor (GDP) to market exchange rate in 2015 was 0.33
(World Bank, http://data.worldbank.org/indicator/PA.NUS.PPPC.RF?end¼2015&start¼2014). This means that one requires 0.33 US dollars to buy one US dollar
worth of goods in Ghana around the time of the survey.
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Fig. 1. A sample of choice card with payment of insurance premium in money.
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the SQ alternative of not purchasing the flood insurance following Scarpa et al. (2008). That is, we fixed the variance for non-SQ al-
ternatives at zero. Because analytical solution does not exists, we use simulated the log-likelihood function to derive the parameter
values. In addition, we fix the relative scale parameter for the monetary insurance premium at 1. The models were estimated using R
(CMC, 2017). The results are presented in Table 3.

In Table 3, we present the results for both the multinomial logit (MNL) model and random-parameter error-components (RP-EC)
model with correlations. The MNL model was only presented to assess how the RP-EC model compares with the MNL. Henceforth, we
discuss only the results from the RP-EC model. The RP-EC results indicate that as flood return period increases, the likelihood of farmers
purchasing flood insurance falls. This is because the mean of flood return period is negative and statistically significant. In addition to
the mean of flood occurrence, the standard deviation of flood occurrence is statistically significant. This means that there is hetero-
geneity in preferences for increases in flood return period. The insurance coverage is positive and statistically significant meaning that
8



Fig. 2. A sample of choice card with payment of insurance premium in harvest.
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the probability of purchasing flood insurance increases with the insurance coverage. Therefore, farmers are more likely to purchase
flood insurance when the compensations for flood disasters are high. In addition, the standard deviation of insurance coverage is
statistically significant. This implies that there is heterogeneity in preferences for insurance coverage. Both the mean and standard
deviation of plot size are statistically significant. This means that the probability of purchasing insurance falls as the plot size increases.
In addition, the statistical significance of standard deviation for plot size means that there is heterogeneity in the preferences for plot
size. Although the mean of probability of damage is not statistically significant in the RP-EC model, its standard deviation is significant.
This also means that there is heterogeneity in preferences for reductions in flood probability.

The insurance premiums, in all its three forms of monetary, labour time and harvest, are statistically at 1% level. This implies that, in
accordance with economic theory, as the insurance premiums increase, the probability of purchasing flood insurance falls. This result
holds for all the three modes for paying the insurance premium. The two relative scale parameters for labour time and harvest insurance
9



Fig. 3. A sample of choice card with payment of insurance premium in labour time.
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premiums are statistically different from zero. Five out of the six correlation terms are statistically significant.2 This means that there are
correlations among the attributes.

The specification of the random-parameter error components model is good. All the attributes that are statistically significant have
the expected signs and consistent under both MNL and RP-EC models. The variance is statistically significant and the estimated total
unobserved component of utility associated with alternatives gives a total variance of 100.82. It is only the probability attribute that is
not statistically significant at 10% level. Generally, processing of probability attributes is difficult in stated preferences especially among
farmers in developing countries. The statistical insignificance of the probability attribute could also be due to the high probability values
2 The results of correlation are not presented in Table 3.

10



Table 2
Descriptive statistics for each of the three subsamples and total sample.

VARIABLES LABOUR
TIME

HARVEST MONETARY TOTAL

Gender (¼1 if female) 0.31 0.36 0.34 0.34
Age (in years) 49.4 48.01 47.86 48.43
Education (percentage with above primary education) 54.33 62.59 60.16 59.08
Household size (number of household members) 7.07 6.73 6.56 6.78
Experience in in farming (in years) 25.13 25.0 24.04 24.74
Average rice plot size (in ha) 4.74 3.56 3.32 3.87
Average seasonal farm income (in GHS) 2065.62 2187.33 1593.91 1948.68
Perceptions of importance of flooding (1–6 Likert scale with 1¼ “not important at all” and 6¼ “very important”) 5.06 5.71 5.345 5.37
Perceptions of importance of other natural disasters (1–6 Likert scale with 1¼ “not important at all” and 6¼ “very
important”)

4.24 3.91 4.156 4.10

Average number of flood damages in past 10 years 5.33 4.85 5.810 5.32
Respondents who perceive flood trends to be increasing (%) 65.91 72.73 74.81 71.14
Respondents who perceive flood durations to be increasing (%) 64.12 74.24 74.05 70.81
Risk of flood occurrence in next 5 years (1–6 Likert scale with 1¼ “very unlikely” and 6¼ “very likely”) 4.82 5.38 4.857 5.022
Risk of farmer suffering flood damages (1–6 Likert scale with 1¼ “very unlikely” and 6¼ “very likely”) 4.26 4.83 4.38 4.49
Respondents identified with risk aversion (%) 31.06 33.83 53.38 39.44
Number of respondents 132 133 133 398
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adopted in this study.

5.3. Statistical tests on relative scale parameters

From the results in Table 3, the relative scale parameters for labour time and harvest were found to be statistically significantly
different from zero. Given that our intention is to test whether these non-monetary numeraires produce are more or less certain (noisier)
relative to the monetary numeraire, the relevant statistical test is to test whether the relative scale parameters for labour time and
harvest are statistically different from one. The test results indicate that both relative scale parameters are statistically different from 1 at
1% significance level. The corresponding t-values for relative scale parameters for labour and harvest payment modes are �13.73 and
�41.81 respectively. The relative scale parameters for labour time and harvest are 0.2414 and 0.2172 respectively. This means that both
relative scale parameters for the non-monetary numeraires are less than 1. Therefore, the absolute values for the scale parameters for the
non-monetary payments modes are less than the scale parameter for monetary payment for flood insurance. Given the similarities in the
context for the choice experiment e.g. number of attributes, alternatives, estimation method, we interpret these results to mean that the
responses under the non-monetary numeraires of labour time and harvest are more uncertain as compared to the responses under the
monetary numeraire.

These findings support Larson et al. (2004) that responses in leisure time in CV aremore uncertain than responses in money.We have
presented the first evidence using choice experiment to document that non-monetary payment modes are more uncertain as compared to
monetary payment mode. It should also be noted that we adopted a private good, that is, the purchase of a private good, flood insurance,
among smallholder commercial farmers. Furthermore, we have found that the results of Larson et al. (2004) apply to another non-
monetary numeraire, harvest, which have been adopted in stated preference elicitation in developing countries (see e.g. Shyamsun-
dar and Kramer, 1996; Brouwer et al., 2008). The reasons for the differences in scale parameters between monetary and non-monetary
payment modes could be many. Among them could be the fact that although a unit of money could purchase a given unit of goods and
services, a certain amount of labour time could accomplish varying degrees of tasks. In addition, for harvest, the plausible explanation
could be the fluctuations in the price (valuations) of the produce within the year. This will make respondents to have different values for
a unit of produce/harvest and could explain the higher variation in the use of harvest as a numeraire for stated preference elicitation.
Furthermore, it can also be argued that the respondents are more familiar with monetary transactions than non-monetary exchanges and
these different degrees of uses and experiences could induce different levels of uncertainties during the choice experiments.

These results have a number of implications for the conduct of stated preferences and the uses of welfare estimates from stated
preferences in project evaluations in developing countries. Specifically, these results indicate that the requirements for sensitivity
analyses are higher for non-monetary welfare estimates from stated preferences. Also, since non-monetary payment modes are more
uncertain, requirements for precision in the framing of stated preference scenarios are more relevant. Despite the higher uncertainties of
non-monetary payment modes, the behavior of respondents appear to be similar under both monetary and non-monetary payment
modes. For instance, the purchases of flood insurance fall when insurance premiums are high irrespective of the payment mode. This
could be attributed to stability of human preference under monetary and non-monetary payment modes.

5.4. Marginal willingness-to-pay

The marginal WTP values are presented in Table 4. Since all non-premium attributes are random but the premium attributes are non-
random, the marginal WTP is simulated based on the procedure of Krinsky and Robb (1986) in which we use the means and standard
deviations presented in Table 3 to generate 10000 draws. Except probability of farmer suffering damage, all the marginal WTP values
presented in Table 4 are statistically different from zero at 1% significance level. The marginal WTP for insurance coverage is 11.24 GHS
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Fig. 4. The choice shares for Status Quo (SQ) alternative (i.e. no flood insurance) for the three numeraires for paying insurance premium.

Table 3
Results of integrated multinomial logit and random-parameter error-components models.

MNL MODEL RP-EC MODEL

Parameter estimates Rob. Standard errors Parameter estimates Rob. Standard errors

Alternative specific constant (asc) �0.9072*** 0.2313 �10.512*** 1.2376
Interaction of asc and risk aversion 0.9351*** 0.2751 0.6657*** 0.0859
Mean of plot size �0.0688 0.0542 �0.856*** 0.2921
Mean of flood return �0.1551*** 0.0183 �0.5022*** 0.0681
Mean of coverage 0.0474*** 0.0087 0.1409*** 0.0267
Mean of probability �0.0067 0.031 �0.0062 0.0557
Premium (money) �0.1386*** 0.0337 �1.251*** 0.1909
Premium (labour) �0.175*** 0.0366 �3.2258*** 0.8077
Premium (harvest) �0.0407*** 0.0181 �0.8621*** 0.2247
Standard deviation of plot size NA NA �1.3836*** 0.2624
Standard deviation of flood return NA NA �0.5406*** 0.061
Standard deviation of coverage NA NA �0.0753*** 0.0282
Standard deviation of probability NA NA 0.2814*** 0.0626
Relative scale for money (Fixed) 1 NA 1 NA
Relative scale for labour time 0.7623*** 0.1158 0.2414*** 0.0553
Relative scale for harvest 0.1397 0.1044 0.2172*** 0.0187
Sigma 1 (Fixed) NA NA 0 NA
Sigma 2 (Fixed) NA NA 0 NA
Sigma 3 NA NA �10.041*** 0.9299
Model diagnostics
LL(final) �5114.509 �2849.679
LL(0) �5227.197 �5227.197
Adj. rho-sq 0.020 0.450
AIC/n 2.154 1.207
BIC/n 2.169 1.237
n(observations) 4758 4758
r(respondents) 398 398
k(parameters) 11 22

***significant at 1% level.
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per annum, 0.44 labour time per annum and 1.66 kg of rice per annum. The marginal WTP for reducing the frequency of flood by one
year is 40.23 GHS, 1.56 labour hours and 5.80 kg of rice produce. Similarly, the marginal WTP for insuring 1 ha of rice field against flood
damage is 68.22 GHS, 2.65 labour time and 9.90 kg of rice. The marginal WTP for reducing probability of suffering flood damage is not
12



Table 4
Marginal willingness to pay in money, labour time and harvest.

MONETARY
(GHS)

LABOUR TIME
(HOURS)

HARVEST
(KG RICE)

PLOT SIZE �68.216*** �2.645*** �9.899***
FLOOD RETURN PERIOD 40.228*** 1.560*** 5.798***
INSURANCE COVERAGE (100 kg) 11.238*** 0.436*** 1.630***
PROBABILITY �0.059 �0.002 �0.008

***Significant at 1% level.
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statistically significant.

6. Conclusions

The choice of a particular numeraires in project evaluation has been noted to affect the provision of public goods and under some
circumstance the purchase of private goods. With an increasing use of non-monetary numeraires in environmental management and
stated preferences elicitation in developing countries, it is important to understand the implications of preferences elicited in these non-
monetary numeraires. For these non-monetary welfare measures to be useful in project evaluation, it is relevant to know circumstance
surrounding the elicitation of these preferences including the quality of survey responses under these non-monetary numeraires are
comparable to those with under monetary elicitation of stated preferences. The present study contributes to the existing studies by
assessing uncertainties in survey responses under non-monetary stated preference elicitation. First, we found that the behavior of re-
spondents towards the three payment modes are similar. For instance, the shares of respondents who choose not to purchase flood
insurance are the same for the three payment modes. Similarly, the purchase of insurance increases when insurance premiums are low
irrespective of payment mode. Secondly, we found that relative scale parameters for non-monetary payment modes are lower than
relative scale parameter for monetary payment mode. We argue that this result means that the quality of survey responses under both
non-monetary stated preference elicitation are more uncertain as compared to responses under monetary stated preference elicitation.
In other words, the responses under non-monetary stated preferences elicitation are noisier for both labour time and harvest than re-
sponses under monetary stated preference elicitation. Finally, we also present marginal willingness-to-pay for reductions in flood risk
among farmers in a developing country.

These findings offer a number of suggestions for project evaluation and stated preferences surveys using non-monetary numeraires.
For project evaluation, the findings of the present study suggest that the requirements of sensitivity analyses in project evaluations based
on welfare estimates from non-monetary numeraires are higher. The findings of the present study also suggest further attempts should
be made in survey design and implementation to address some of the sources of uncertainties surrounding the use of non-monetary
numeraires in stated preference elicitation such as clarity on the activities that would be procured with non-monetary payments.

Statement of contribution

The paper makes an original contribution to the existing literature on the use of alternative payment modes in stated preferences
with a particular emphasis on choice experiments in developing countries. Specifically, the paper makes the first contribution by using
split-sample choice experiments to test whether non-monetary payment modes (i.e. labour time and harvest) are more uncertain relative
to monetary payment modes. In addition, we present a framework to analyze choice experiments conducted under alternative payment
modes. Furthermore, we compared marginal willingness to pay values under both monetary and non-monetary payment modes. Based
on the findings, we make recommendations for the use of non-monetary payment modes for the design and implementation of choice
experiments using these non-monetary payment modes in developing countries and explore the implications of these findings for the use
of non-monetary welfare estimates in monetary cost-benefit analyses.
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