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Abstract
Through the implementation of a choice experiment among Nepalese urban consumers,
this paper aims to evaluate the effectiveness of a niche product development as marketoriented instrument for the conservation of endangered crops landraces.We compare
establisheddiscrete choice models (conditional logit, random parameter logit and latent
class) with the novel generalized multinomial logit model in WTP space to account for
the preference and the scale heterogeneity effect on the WTP for the finger millet crop.
The estimations are utilized to evaluate the impact that a potential price premium has
on local   rural   farmers’   opportunity   costs of cultivating the finger millet. Results
confirm that, by controlling for heterogeneity, there are segments of population with a
WTP that ensures an efficient increase in FM area cultivated. Further, the success of
the niche market can attract public investments on the development and conservation
of the entire stock of neglected and underutilized local species thereby safeguarding the
related agrobiodiversity ecosystem services.
Keywords: Agricultural biodiversity, niche market, , Nepal, choice experiment, scale
heterogeneity, WTP.
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1.

Introduction

Recently, aniche product development is rising as an efficientmarket-based instrument to
ensure the conservation of endangered local cropsand the associated agricultural biodiversity
(Narloch et al., 2011; Pirard, 2012). Marketinga local landraces (LL) by-products can be a
winning strategy whether those varieties embed unique characteristics that consumers are
willing to pay at a level that allow farmers to obtain a price premium (Smale et al., 2004). The
attainable gross margin should indeed incentivizes producers to maintain the local NUS
cultivationrather than switching to a reduced mix of modernvarieties (MV).
In many developing countries, marketimperfections push the observedLLmarketprice below
what isrequired forde facto conservation purposes. A sub-optimal premium may arisesby
reason of scarce awareness that consumers have about the presence of valuable attributes.
Asymmetric information about the LL total economic value determinesa limited market price
signal (Gauchan et al., 2005).
The success of the niche marketrequires the existence of at least one segment of population
willing to pay (WTP) a price premium for the attributes possessed by the LL.
The creation of a niche market for food products has conventionally be designedfor consumers
in developed countries (Krishna et al., 2010, Bacon, 2005), but if the objective in terms of safe
minimum standard (SMS) area to preserve is modest and the potential for international trading
is poor, a marketing restricted to the local context may resultin an effectiveconservation
strategy (Kidd and Dorward, 2004).
In this contextwe estimate the WTP for the attributes related tothe finger millet landraces
(Eleusine Coracana) among Nepalese consumers.Finger millet (FM) is a cereal crop
considered an underutilized speciesby reasons of historical lack of research and scarce demand
(Rana and Sthapit, 2012). Despite this condition, finger millet is still the fourth cereal crop
cultivated in Nepal but its trend is continuously decreasing1.
The increasing development of national programs, which focus on the dissemination of high
yielding MV, has the effect of reducing the LL cultivation. This causes the detrimental of the
agro-genetic diversity that insteadis safeguarded by the cultivation of a broad set of LL
(Harlan, 1972). The local varieties are aby-product of a centuries-old selection process
realized byfarmers in rareagro-ecological zones therefore being highly adapted to marginal
environments (Asrat et al., 2010; Cavatassi et al., 2011) and lower inputs requirements(Grùere
et al., 2009).
By preserving a large variety of LL, farmersbenefit of private use values as the maintenance of
agricultural productivity due to the functions of the soil biota2. This proliferates in a biodiverse agro-ecosystem and works as natural substitute for fertilizers or pesticides thorugh the
facilitation of droughts, pests and diseases management (Pascual and Perrings, 2007). The
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area is decreased from 268,473 ha in 2009/2010 to 200,949 ha in 2011/2012 (MoAC, 2010; CBS, 2013).
The full set of soil microbes that contributes to provides ecosystem services as protection against pests, plant
pathogens presence and soil formation (Callaway et al., 2004).
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conservation ofLL helps farmers in constituting a genetic portfolio of species that guarantees a
private insurance against the harvesting loss (Di Falco and Chavas, 2009, Di Falco et al.,
2007), but also minimizes a set of local and global public risks (Weitzman, 2000). In fact,the
traditional varieties allow to better cope with thefuture effects of climate change. With
uncertain climatic impacts the chance to exploit the mixtures of genetic variability embodied
in rare local crops reducesthe hazard on the discounted social damage(Jarvis et al., 2008;
Pascual et al., 2011).
The stock of genetic variability degenerateswhen single lines or F1 hybrids varieties become
dominants (Lipper and Cooper, 2009). While the MV are genetically uniform, a LL is not. The
shifting towards standardized MV, pushed by the agro-intensification programs, not only can
damage the productivity in the long-term(Callaway et al., 2004), but also causes the
underproduction of the aforementioned public goods.
Being grown and selected in the mid-hill regions of Nepal for centuries as relay crop for
maize, the FM local varieties are hardy and resilient to varied agro-climatic adversities. They
playa fundamental role in ensuring farmers against pests, drought and climatic shocks in
marginal soilscharacterized by the scarcity of irrigation and inputs facilities (Padulosi et al,
2009).
Nevertheless, the Nepalese farmerslivelihood strategies rely on few cash crops, as maize and
paddy, and the FM is grown for subsistence purpose. The achievable gross margins from FM
are very low because the farm gate price cannot incorporate the uniqueattributesabout which
urban consumers are unaware.In fact, FMis considered a poor-status food being associated to
farmers’ consumptionduring the food-shortage periods (Adhikary, 2012).
Despite its scarce demand, someFM landraces from the mid-hill region are a more nutritious
cereal than the others mainly consumed in Nepal (Shobana et al., 2012) and possess several
health benefits related to their polyphenol and calcium content (Chetan and Malleshi, 2007).
Further, the low levels of sugar let their consumption desirablefor diabetic persons
(Chandrashekar, 2010). Thanks to the high proportion of diabetics in the Nepalese urban
population, such a featuremay bean incredible attractive for the development of a niche food
product (Bhattarai and Singh, 2003; 2007).
Local middlemen and retailers dealing with FM traderevealthat the organic production and the
mid-hill origin are two other important consumption determinants for urban Nepalese
consumers. The rural FM cultivation is based on organic production process. The natural
adaptability of FM reduces the requirement of chemicals and pesticidescompared with other
less resilient crops (Bhandari et al., 2010). An increasing concerning about the organic
production among Nepalese (Bhatta et al., 2009)make this attribute potentially highly valued
in the market. With regard tothe product origin, it is recognized that some mid-hill varieties
are tastierthanvarieties from different agro-ecological zones (Upreti and Upreti, 2002).
In this paper we utilize a choice experiment (CE), conducted with a local organization (LIBIRD) in the city of Pokhara,to assess the WTP of urban consumers for the origin, the
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production process and the sugar content attributes associated to a FM product. The WTP
estimates areutilizedto verify whether the niche market can determines the arising of a price
premium that could incentivizelocal farmers to maintain the FM cultivation.
The success of such instrument is dependent by the higher margins that farmers could
obtaincompared to alternative crops. The most precise estimate of the consumers WTP is
required to make the conservation strategy effective in ensuring a SMS area preservation. To
this end, in this paper we carefully tackle the heterogeneity issue. Ignoring the source of
heterogeneitycan produce upward biasedWTP by generating erroneous previsions on the
actually preservableFM area.
The presence of heterogeneity in the choice experimentis accounted both at preference and
scale level by means of the generalized multinomial logit model(Fiebig et al., 2010) in WTP
space that has been recognized more efficient than a WTP in preference space
estimation(Train and Weeks, 2005).
Utilizing the results we simulate the area of FM thatthe niche product price could ensure. To
this end, we use data on opportunity costs that farmers from three peri-urban villages around
Pokhara could face after a niche market implementation.
To the best of our knowledge, there are no researches that try to empirically evaluate the effect
of a niche market development on the agricultural biodiversity conservation. Further, this
paper inserts in the literature on CE by focusing on the recent debate about the presence of the
scale heterogeneity (Greene and Hensher, 2010; Hoyos, 2010) and the efficiency of the
estimations in WTP space (Collins and Vossler, 2009; Hole and Kolstad, 2012) by verifying
the impact on the preservation instrument effectiveness.
The paper is organised as follows: the next section describes the CE design and the data
description. Section 3 describes the econometric framework. Section 4 presents the
results.Section 5 discusses the results and the policy implications. Section 6 concludes.
2.

Choice experiment design and data description

CE Design
CE are becoming popular in eliciting preferences for food attributes (Burton et al., 2001;
Rigby and Burton, 2005; Lusk et al., 2003; Lusk and Schroeder, 2004; Chang et al., 2012). In
a CE respondents are presented with a series of alternative products and asked to choose their
most preferred.
This paper utilizes a CE design to elicit the preference and recover theWTP for 1 kg of FM
flour attributes among Nepalese consumers. As shown in table 1, four traits with different
levels are included in the CE. Origin denotes the source of the finger millet. It can origin from
the hills around Pokhara or from the plans (Terai). The production process can be organic or
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not organic. The sugar content indicates whether the level of sugar in the product is low,
medium or high. The last attribute is the price of 1 kg3in current Nepalese Rupees (NPR4).
The attributes and the levels definitions are based on interviews, conducted in April 2012 in
Pokhara, both with middlemen, processor and retailers dealing with finger millet marketing
and on LI-BIRD experts’ opinions. Only a limited number of levels for each attribute are
considered in order to reduce complexity (Bateman et al., 2002) and avoid thenon-attendance
response bias (Campbell et al., 2011).
Table 1: Finger millet flour attribute and levels used in the CE
Attribute

Levels

Origin

1. Grown in the Pokhara hills
2. Grown in the Terai

Production process

1. Organic production
2. Not organic production

Sugar content

1. Low
2. Medium
3. High

Price for 1 Kg.

1. 55 NPR
2. 60 NPR
3. 65 NPR

A full factorial design depicted 36 product profiles from the levels described. From this set, 12
choice scenarios have been selected with anorthogonalisation process to recover the main
effects. The 12 choice scenarios were half randomly blocked in two different versions and the
respondent has been proposed to choose in each of the 6 choice scenarios for only one block.
Every  choice  displays  two  alternatives  and  the  “Neither of the two”  option.  An  example  of  a  
choice scenario is reported in the appendix A.
CE data description
The CE data were collected during September 2012 in four main markets of Pokharathat sell
finger millet products. Consumers have been personally interviewed after the grocery
shopping in order to better simulate the replication of the consumption experience. The CE
produced 3834 observations.
We also collected data on sex, education, income, diabetic status and family size to explicitly
account for observable preferences heterogeneity in the econometric estimations.In table 2
descriptive statistics for the sample are compared with the Nepalese population
statistics.Gender and diabetic status are dummy variables, annual per capita income,
educational status, NUS and FM consumption are ordered categorical variables while the age
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The current market value is 50 NPR. Nevertheless, middlemen and retailers declared to be willing to pay an higher
price to providers for FM quality products. Here we assume that the increase in consumer price may fluctuate between
the 5% and the 15%.
4
US$=98,38 NPR (15/01/2014).
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and the family members are continuous. The code and meaning of the variables are described
in the appendix B.
All the sample averages agree with the population statistics with the exception of the lower
sample meanof age that can be influenced by the low attitude of young people to participate in
the foodpurchasing.
The FM consumption variablecomes from a series of debriefing questions on   respondents’  
acquaintance about LL and it represents the average family consumption.
Table 2: CE and population socio-economic descriptive
Variables

Min

Max

Sex

0

1

Age

17

70

Diabetic status

0

1

Annual pc income (class)

1

3

Family members

1

20

Educationalstatus

1

4

FM consumption

0

4

Sample mean
(SD)
N=213
0.455
(0.498)
30.685
(10.924)
0.164
(0.371)
2.075
(0.66)
(98-294 US$1)
5.488
(2.673)
2.493
(0.859)
1.98
(1.3)

Nepal
(SD)
N=26,494,504
0,51
21.2
0.15-0.19
2
(109 US$)
4.88
2

Farmers’opportunity costs data description
Data on FM and the best alternative crop (maize) production costs and revenues are recovered
by interviewing 180 rural households, corresponding to the 30% of the residing households, in
the mid-hill villages of Arba, Lekhnat and Pumdibhumdi.
These villages, placed near Pokhara, have been targeted as FM value addition project sites by
international and local NGOs5. The main efforts focused on the FM agricultural practices and
processing improvements.Moreover has been encouraged the establishment of farmers’
cooperatives with the aim to both facilitate the fixing of regular supply contracts with
middlemen and enlarge the aggregate scale of production that is actually limited by the small
size of households’ lands. Descriptive farmers’ statistics are reported in the appendix C.
3. Econometric specification
Among the stated preference technique, the CE is the most theoretical founded since it can
relies on both the Lancaster’s   characteristics theory of value (Lancaster, 1966) and the
random utility theory of Luce (1959) and Mc Fadden (1973). As described by Lancaster, since
the consumers derive utility from the characteristics associated to a good, so the CE allows
respondent to choose an alternative that is completely described by different levels of its
5

Bioversity international and LI-BIRD implemented value addition projects in these villages since the 1998 with the
aim to ensure farmers livelihood and agrobiodiversity conservation (Bhandari et al. 2010).
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attributes. Moreover, since the utility achievable from a chosen alternative is also dependent
by factors that are not directly observables, the estimation of preferences for attributes
involves unobservable components as in the random utility model (RUM) framework. Thus,
the utility of an individual n from the alternative j in the choice scenario t, can be well
represented as:
1.

𝑈𝑛𝑗𝑡 = 𝑉𝑛𝑗𝑡 +

𝜀 𝑛𝑗𝑡
𝜎𝑛

∀𝑗 = 1, … 𝑖, 𝑗, … , 𝐽,

where 𝐽 is the complete set of available alternatives, t=1,…,T represents the set of the choice
scenario and𝜎𝑛 is the individual scale parameter of the idiosyncratic term𝜀𝑛𝑗𝑡 iid extreme value
(gumbel) distributed with variance 𝜎 2 (𝜋 2 /6).
A common specification for the deterministic component in (1) is:
2.

𝑉𝑛𝑗𝑡 = 𝛽𝑛′ 𝑥𝑛𝑗𝑡 + Z′𝜑𝑛 ,

where 𝑥𝑛𝑗𝑡 is an observable vector of choice specific attributesassociated to j and may include
an alternative specific constants (ASC) to catch the preference for unobserved attributes,
while𝜑𝑛 is a vector of individual socio-economic variables.
The probability that respondent n chooses the alternative i over the alternative j in the choice
scenario t is given by:
3.

𝑃𝑛𝑖𝑡 = 𝑃 𝑈𝑛𝑖𝑡 > 𝑈𝑛𝑗𝑡 = 𝑃 𝑉𝑛𝑖𝑡 + 𝜀𝑛𝑖𝑡 > 𝑉𝑛𝑗𝑡 + 𝜀𝑛𝑗𝑡 = 𝑃 𝜀𝑛𝑗𝑡 −𝜀𝑛𝑖𝑡 < 𝑉𝑛𝑖𝑡 − 𝑉𝑛𝑗𝑡 ∀𝑗 ≠
𝑖

The unconditional probability isequal to:
4.

exp 𝛽 𝑛′ 𝑥 𝑛𝑖𝑡
′
𝑗 ∈𝐽 exp 𝛽 𝑛 𝑥 𝑛𝑗𝑡

𝑃𝑛𝑖𝑡 = ∑

In estimating (4) we followa recent formulation (Fiebig et al., 2010)that models (1) with the
so-called generalized multinomial logit (GMNL) where:
5.

𝛽𝑛 = 𝜎𝑛 𝛽 + {𝛾 + 𝜎𝑛 (1 − 𝛾)}𝜂𝑛

In (5)𝜂𝑛 is a parameter for the individual standard deviation around the mean 𝛽 of preferences
for attributes in the CE, while𝛾 is a weighting parameter indicating how the variance in
residual preference heterogeneity varies with individual scale.
This formulation has three attractive characteristics. First, under opportune assumptions it
allows to control for both the preferences and the scale heterogeneity (Hensher and Greene,
2010). Second, it is a suitable structure to obtain estimates in WTP space (Hole and Kolstad,
2012). Third, it nests all the other multinomial models usually adopted in any stated
preference technique or, generally, in categorical dependent data (Keane and Wasi, 2013).
For𝜎𝑛 = 𝜎 = 1 andVar(𝜂𝑛 ) = 0,the (5) falls back into a conditional logit model with𝛽𝑛 = 𝛽.
The conditional logit model assumes complete homogeneity, other than being based on the
independence of irrelevant alternatives (Small and Hsiao, 1985).
For a 𝜎𝑛 = 𝜎 = 1 andvar(𝜂𝑛 ) ≠ 0 then 𝛽𝑛 =𝛽+𝜂𝑛 we obtain a mixed logit (MIXL), or also
called random parameter logit.In a MIXL the coefficient vector 𝛽 varies across the population
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according to a density function𝑓(𝛽𝑛 ) to be specifiedand allows for correlation among
coefficients. In a MIXL the unconditional probability (4) can be expressed as:
6.

𝑃𝑛𝑖𝑡 = ∫ ∑

exp 𝛽 𝑛′ 𝑥 𝑛𝑖𝑡

′
𝑗 ∈𝐶 exp 𝛽 𝑛 𝑥 𝑛𝑗𝑡

𝑓(𝛽𝑛 )𝑑𝛽𝑛 ,

where 𝛽𝑛 = 𝛽̅ + 𝜂𝑛 , and𝜂𝑛 ~𝑀𝑉𝑁(0, Σ).
Alternatively, a latent class model (LC) can be estimated for a𝛽𝑛 = 𝛽𝑞 (Bhat, 1997; Boxall and
Adamowicz, 2002; Birol et al., 2006). A LC model can be imagined as a semi-parametric
MIXL with discrete distribution of parameters (Kaczan et al., 2013; Green and Hensher,
2013).In a LC, the preferences within the classes are homogenous, while the preferences
between the classes are heterogeneous. A LC model affords to control for the source of
heterogeneity since the individual probability of belonging to class q, 𝐻𝑛𝑞 ,depends by the
individual socio-economics variables 𝜑:
7.

exp 𝑧 𝑛′ 𝜑 𝑞
′
𝑞 ∈𝑄 exp 𝑧 𝑛 𝜑 𝑞

𝐻𝑛𝑞 = ∑

.

However, both the MIXL and LC fail in accounting for the scale heterogeneity whichLouviere
et al. (1999, 2002) underline to constitutea high proportion of the total individual
heterogeneity.
In reality there are many reasons why 𝜎should vary across respondents. The scale of the error
term, being inversely related to the error variance, implies that the choice behaviour manifests
a more random dynamic for some respondents than for others (Gu et al., 2013). In a CE
setting, where each respondents face multiple choice scenarios in which is asked to choose,
individual unobservabledeterminants of decision may varies in each scenario and this degree
of randomness is likely to be heterogeneous among respondents. Failing in consideringthe
scale heterogeneity may introduce biases in utility andproduce upward biased WTP (Train and
Weeks, 2005).
The WTP from a CE is obtained as the negative of the ratio between an attribute coefficient
and the price coefficient.Since all the models that account for preferences heterogeneity
requires assumption on coefficients density function, this assumptions impacts also on the
WTP distribution. For example, to obtain the WTP for a normal distributed coefficient usually
the price coefficient is held fixed so has to have normal distributed WTP. However, it may be
unrealistic to have a constant preference on price attribute across individuals.
Moreover, a fixed price coefficient implies a constant scale parameter (Train and Weeks,
2005). In this case potentialvariance in scale will be attributed to a variation in WTP leading
toahighly skewed distribution. A solution is to assume a price coefficient as (minus) lognormally distributed with the aim to constraint preference to be negative. However, this
produces a ratio of a normal on a log- normal with high proportion of respondent willing to
pay untenable high amounts and replicating the consequence of an overestimated WTP.
Train and Weeks (2005) suggest to directly obtaining estimation in WTP space. Many recent
studies has found that this settings produce more realistic values for WTP distributions
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(Louviere et. al., 2005;Scarpa et al., 2008; Thiene and Scarpa, 2009; Scarpa and Willis, 2010;
Hensher and Greene, 2010).
From (5) if we isolate the price attribute 𝑤𝑛 and multiply by 𝜎𝑛 we get:
8.

′
𝑈𝑛𝑗𝑡 = 𝜎𝑛 𝛼𝑛 (𝑤𝑛 + 𝑥𝑛𝑗𝑡
𝑐𝑛 ) + 𝜀𝑛𝑗𝑡 ,

where𝛼𝑛 is the coefficient of the price attribute normalized to 1, while 𝑐𝑛 = −(𝛽𝑛 /𝛼𝑛 ) is the
WTP6. This reparametrization provides direct estimates of WTP avoiding the above
mentioned problems on distributional assumption for preferences.
As we said, the GMNL with correlated coefficients7 provides a suitable structure to obtain
models in WTP space by also controlling for both preferences and scale heterogeneity. From
(5), for a 𝜎𝑛 ≠ 𝜎,var(𝜂𝑛 ) ≠ 0 and γ=0 we get a𝛽𝑛 =(𝛽+𝜂𝑛 )𝜎𝑛 . Fiebig et al.(2010) assume
a𝜎𝑛 = exp(𝜎 + Z′𝜑𝑛 + 𝜏𝜀0𝑛 ), with 𝜀0𝑛 ~𝑁(0,1). Since 𝜎 cannot be separately identified from
other parameters, a convenient normalization is to set it equal to −𝜏 2 /2, so has to have, for a
log-normal variable, an E[𝜎𝑛 ] = 1(ignoring the observed individual heterogeneity 𝜑𝑛 ). This
formulation is called the GMNL2 and is formally equivalent to (8).
The log-likelihood for the GMNL2 is given by:
9.

𝐽
𝑇
𝐿𝐿(𝛽, 𝜏, Σ) = ∑𝑁
𝑛 =1 𝑙𝑛 ∫ ∏𝑡=1 ∏𝑗 =1

𝑒𝑥𝑝 𝛽 𝑛′ 𝑥 𝑛𝑖𝑡

∑𝑗 ∈𝐶 𝑒𝑥𝑝 𝛽 𝑛′ 𝑥 𝑛𝑗𝑡

𝑦 𝑛𝑖𝑡

𝑓(𝛽𝑛 )𝑑𝛽𝑛 ,

where 𝑦𝑛𝑖𝑡 is a dummy equal to 1 when the alternative i is chosen in the choice scenario t.The
integral in (9) does not have a closed form representation and the true model parameters must
be evaluated via simulated maximum log-likelihood (Gu et al, 2013).
4. Results
Estimation in preference space
Table 3 presents the results in preference space from the CL and the MIXL estimations. In the
CL all the coefficients have the expected signs and are highly significant at less than 1% level.
The entire set of attributes of the CE are relevant in the choice of an alternative and, ceteris
paribus,having a product from the Pokhara hills, with organic production, medium or low
level contents of sugar, increases the probability that a finger millet product is preferred.
As expected, the price has a negative marginal effect.The positive and significant coefficient
for ASC indicates that positive utility impacts are associated to unobservable attributes of
products by the non-consumers.
As we underlined, the CL assumes the IIA property. If the IIA property is violated CL
estimates are biased. The Hausman and McFadden test (1984) for IIA violation is presented in
the appendix D.
The CL model neither accounts for the heterogeneity in the utility. The MIXL permits to
control for the heterogeneity in the preferences. The MIXL I in table 3 is a random parameter
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The preference for price is constrained to be negative in 8.
From 8, since the scale parameterenters multiplicatively in all other parameters of the model variables, if those are
assumed to be uncorrelated is like to assume that there is no scale heterogeneity.
7
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model with uncorrelated coefficients, while the MIXL II allows for coefficient correlation (the
coefficient correlation matrix is reported in the appendix E). Further, we assume that all the
attributes coefficients are normally distributed with the exception of the price. The distribution
simulation for the log-likelihood isbased on 500 random draws.
Table 3: CL and MIXL estimation results
(CL)
VARIABLES
asc
origin
production
Sugar: Med
Sugar: Low
price

1.935***
(0.594)
0.576***
(0.0941)
0.959***
(0.0932)
0.566***
(0.100)
0.528***
(0.114)
-0.0295***
(0.0102)

(MIXL I)
Mean
SD
(se)
(se)
3.168***
(0.691)
0.649***
(0.108)
1.137***
(0.132)
0.659***
(0.118)
0.632***
(0.131)
-0.0357***
(0.0113)

1.921***
(0.260)
-0.376
(0.292)
0.828***
(0.189)
0.478**
(0.194)
0.0101
(0.278)

(MIXL II)
Mean
SD
(se)
(se)
3.394***
(0.774)
0.674***
(0.117)
1.203***
(0.156)
0.706***
(0.155)
0.735***
(0.169)
-0.0395***
(0.0125)

Observations 3,834
3,834
ll_0
-1404
-1124
ll
-1124
-1066
nrep
500
Standard errors in parentheses*** p<0.01, ** p<0.05, * p<0.1

2.315***
(0.335)
0.557***
(0.264)
0.999***
(0.221)
1.256***
(0.238)
1.141***
(0.254)

3,834
-1124
-1054
500

In both the MIXL models the mean of the preferences for attributes results significant andof
expected sign. The presence of unobserved preference heterogeneity is represented by the
significant coefficients of the standard deviations. The MIXL II producesa high heterogeneity
for all the attributes implying also preferences for decreasing levels. This result agrees with
prior literature that supports a high variability in preferences for unfamiliar products (Chang et
al., 2012; Rigby and Burton, 2005).
All the models assign a similar rank to the attributes. The production process is the most
preferred probably because there exist a high level of information about its benefits and it is a
valuable characteristic for any food products across consumers. The coefficients for the sugar
content are estimated with respect to the base level of high content. In CL and MIXL I we
note that the coefficient of medium content is slightly higher than the low content
coefficientsby indicating a decreasing marginal utility.
In table 4 we present the estimation results obtained with the LC model.The optimal number
of classesis obtained by estimating the model with an increasing number of segments and
comparing the estimation results on the basis of AIC and BIC statistics (Nylund et al., 2007).
In our case the optimal segmentation is equal to 3 (see appendix F).
In the upper part of table 4 arereported the three segment utility functions, while in the lower
part are showed the segment functions for the socio-economic variables that affect the
composition of the classes.
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The third class coefficients are normalized to zero,therefore the coefficients of the other
classes are interpreted relatively to this segment.
Table 4: LC estimation results
(LC)
VARIABLES

1

2

3

Utility function
asc
origin
production
sugar: Low
sugar: Med
price

1.211
(1.486)
0.454**
(0.215)
0.178
(0.218)
-0.169
(0.249)
0.00450
(0.216)
0.0149
(0.0274)

4.040*
5.491***
(2.383)
(1.540)
0.599*
0.940***
(0.348)
(0.194)
1.182***
2.663***
(0.337)
(0.488)
0.695**
2.077***
(0.351)
(0.473)
0.292
1.912***
(0.356)
(0.358)
-0.0975** -0.0925***
(0.0427)
(0.0265)

Segment function
Sex

-2.032*** -1.295**
(0.685)
(0.598)
Age
-0.0667** -0.0118
(0.0325)
(0.0261)
Diabetic status
0.00613 -0.226***
(0.703)
(0.096)
Family members
0.370**
0.159
(0.181)
(0.153)
Annual income (class)
-0.296
0.175
(0.457)
(0.199)
Education
-1.249***
-0.559
(0.462)
(0.357)
cons
4.521**
1.319
(2.159)
(1.825)
Osbervations
3,834
-1039.454
ll_0
-1039.453
ll
Standard errors in parentheses*** p<0.01, ** p<0.05, * p<0.1

The sample segmentation highlights that exist portions of the population for which not all the
attributes are significant in determining preferences for an alternative. For example, the first
class values as determinant only the production attribute. In the second class the medium
sugar content is notrelevant. This attribute could be perceived as non-separable from the high
content, but separable from the low content that is indeed significant.
Being a female or the increase in age and education status decrease the possibility to be in the
first class. Belonging to the second class is negatively related to the female status and the
diabetic condition.
The main advantagein using a LC is the possibility to obtain a clusterization of the population
that produces the  coordinates  to  identify  an  “ideal”  consumer  for the nicheproduct. In the LC,
the respondents are assigned to eachclass on the basis of the largest probability score in the

11

posterior probability obtained from the segment estimation results.The descriptive statisticsfor
each class areillustrated in table 5.
Table 5: Segment descriptive statistics

Sex

1
(36.9%)
0.269***

2
(19.9%)
0.372***

3
(43.2%)
0.612***

Age

30.224*

32.930***

30.049***

Diabetic status

0.209***

0.163

0.136***

Income class

1.955***

2.047

2.165***

Family members

6.940***

5.209***

4.660***

Education

2.179***

2.419***

2.728***

FM consumption

2.068***

1.658***

1.898***

* significant at 10%; ** significant at 5%; *** significant at 1%

The first class, that represents the 36.9% of the sample, is characterized by the lowest
proportion of female and the highest proportion of diabetic persons. The first class hasboth the
lowest income and educational level but the highest number of family members. On the
contrary, the third class, which accounts for the 43.2% of the population, is characterized by
the highest income and educational level as well as the smallest number of family
members.Moreover the third segment has a very high proportion of female respondents.
Two main considerations arise. First, the first class represents the low social status segment of
the population, while the third is the wealthy portion. Second, by using the statistics from the
debriefing questions on the  respondents’  FM consumption, we can see that the first class has
the highest consumption. This confirms that the FM is considered a poor status food.
Moreover, this also strengthens the hypothesis that consumers are unaware of characteristics
incorporated in FM: respondents in the first class are also those that do not recognize any
value to the FM attributes. This consideration is also proved by the fact that, despite the high
proportion of diabetic person in the first class, the attributes of sugar content are not
significant.
Estimation in WTP space
While the MIXL and LC allowaccounting preferences heterogeneity, they fail in considering
the scale heterogeneity. To consider both, we present in table 6 the results from the GMNL2.
The model is reparametrized in WTP space and the coefficients represent the marginal WTP
for each attributes8 expressed in NRS. All the WTP coefficients are assumed to be normally
distributed and correlated.
For all the attributes there is a significant WTP, while the preference heterogeneity is
observable only in the coefficient of production process. The absence of preference
heterogeneity for other attributes indicate that all the previous models were assigning a
8

The price coefficient was normalized to be log-normal and constrained to 1.
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proportion of the scale variability to the variability in preferences. In reality, there is a high
scale heterogeneity as indicated by the significant coefficient of the tau parameter (the SD of
the scale parameter).
The attribute with the highest WTP is the organic production followed by the medium sugar,
the low sugar and the origin of the FM.
Table 6: WTP Space (GMNL2) estimation results
Pri
Origin
Production
Sugar:Low
Sugar: Medium

Mean
-0.033***
(0.016)
7.78***
(3.214)
16.82***
(6.95)
11.18***
(4.14)
11.34***
(4.59)

tau

SD
4.11
(9.133)
10.67***
(8.6)
5.699
(4.709)
5.93
(5.934)

0.9***
(0.1357)

const

-3.49***
(0.46)

Obs
3834
ll
-1105.44
-1162
ll_0
500
Nrep
Standard errors in parentheses*** p<0.01, ** p<0.05, * p<0.1

In table 7 the WTP estimated fromall the previous models,and its upper and lower bounds, are
compared. With the exception of the GMNL2, all the WTP are calculated as the ratio of the
attribute coefficient on the price coefficient. The WTP estimates from table 6 are widely lower
than those obtained from CL, MIXL I, MIXL II and LC.
In table 7, by using the individual probability from the LC model, we also estimate the
average classes WTP in WTP space as obtained from coefficients of GMNL2.
Table 7: WTP mean and bounds (NRS)
CL
Origin
Production
Sugar:Low
Sugar:
Medium

19.56
(11.7-40.1)
32.55
(20.0-68.2)
17.93
(10.5-36.0)
19.2
(11.5-39.7)

NMIXL1
18.18
(11.2-34.3)
31.84
(20.1-61.3)
17.7
(11-32.4)
18.45
(11.5-34.4)

NMIXL2
17.06
(10.6-32.2)
30.45
(18.9-56.6)
18.59
(10.9-35.4)
17.86
(10.2-34.8)

LC
Class 2

Class 3

6.49
(3.5-34.4)
11.89
(6.55-63.0)
6.9
(3.8-36.6)

10.98
(7-25)
29.85
(19.1-67.9)
21.78
(13.9-49.6)
20.35
(13-46.3)

GMNL2
Class 2
Class 3
3.6
(2.1-7)
6.9
(3.2-15.9)
5.16
(3-10.5)
5.09
(3-8.7)

10.79
(4.9-18.8)
24.65
(8.3-41.4)
15.58
(6.8-24.8)
15.84
(7.2-26.4)

It is straightforward to see that the mean WTP decreases as we move from a CL to more
sophisticated models. In particular, the estimates obtained in WTP space have the tightest
intervals for upper and lower bounds in all the classes (see appendix G for the WTP densities).
This confirms that the estimations in preference space and the related distributional
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assumption, have consequence on the WTP distribution. Moreover we confirm that controlling
for the presence of scale heterogeneity consistently reduces the variability in WTP.
Farmers’ price premium
We use the WTP results to estimate the potential farm gate pricearising from the hypothetical
introduction of aFM niche product.
To let the niche market development be aneffective instruments for agrobiodiversity
conservation, the price premium that farmers could obtain must guarantee a gross margin
higher than the alternative crops (Smale, 2004). In the mid-hills, the FM is exclusively grown
as relay crop for maize on the rainfed land. These crops are grown as complementary for
subsistence reasons in poor environments, but a marginal variation in the relative gross margin
could determines a competition withdifferent rainfed land allocations.
In figure 1 we illustrate the gross margins that farmers from the three project sites could
obtain,on average,by marketing different niche products in comparison with the margins from
maize. The niche product A corresponds to a 1 Kg. FM flour package from the hills around
Pokhara (origin attribute), the product B guarantees the origin and the organic production
(production attribute), while the product C has the same attributes of B plus a low sugar
content.
Figure 1: average farmers gross margins

According to the farmers’ survey, the current gross margin for 1 kg of FM grain is around
1.16 NRS.
The potential margins from the marketing of the three niche products is obtained by utilizing
the WTP estimations with the GMNL2 model in WTP space from a representative consumers
of the third class. Assuming that all the consumers surplus can be extracted, the total WTP for
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the attributes in the niche products are added to the baseline margins in the same proportion of
the final price that farmers obtain at the current baseline9.
The margin of maize is estimated at the local varieties mix still grown at the project sites. The
total production costs per hectare and the farm gate price are the same for FM and maize
(recovered from data in appendix C). Nevertheless, being the maize more productive, the
production cost for 1 Kg is lower than FM and the related gross margin results to be equal to
23,4 NPR/Kg.In this context, only the niche product C could allow to get a margin (28.2 NPR)
that is above the current maize margin (20.5 NPR).
Further, in the recent years the central Nepalese government has released a number of
improved maize varieties. The most promising in terms of productivity is the karnanataka-3
with a yield of around 5 t/ha against an average of 3.6 t/ha of the local maize species (Tiwari
et al., 2009) and an average of 1.15 t/ha of FM.
Since the adoption of modern varieties is rapidly increasing in Nepal (MoAC, 2012), we also
compare the FM niche gross margins with the simulated gross margin from the karnanataka-3
(26.6 NPR) that let the FM opportunity costs increases. The product C can compete also with
the improved maize variety.
What is the effect on the conservation of a SMS of FM area in the project sites? The niche
market has the advantage to place the “weight” of conservation on the farmers with the lower
opportunity costs. Figure 2 illustrates the variation of FM area according to the variation of
thefarm gate price for 1 kg of FM grain niche product C.The area changes in response to the
achievement   of   the   individual   “reservation”   price   that   let   be profitable the switching of the
entire area to the FM cultivation.
Normalizing to 1 the total villages’ rainfed area, at the current farm gate price of 30 NRS/kg,
the FM occupies an half, while the other half is devoted to the local maize varieties. This
baseline is represented by the intersection between the black curve and the solid line. Instead,
at the baseline, the introduction of the karnanataka-3 could originate around the 11%
decreases of FM area (red curve).
Forecasting  the  impact  of  the  niche  market  depends  by  the  prevision  on  consumers’  WTP  for  
the niche product. According to the GMNL2 in WTP space targeted to the third class (one
point-short dashed line), the introduction of the niche product C results in a FM area increase,
over the baseline, equal to 5 and 10% when the best alternative are the local and the
karnanataka-3 varieties respectively.
Otherwise, ignoring the sources of heterogeneity produces an overestimation of FM area
variation. For example, the CL or the MIXL estimations produce a potential increase in FM
area equal, respectively, to 9 and 8% in the case of local maize alternative and 15 and 14%
when the best alternative is the karnanataka-3.
9

Currently, farmers sell 1 kg of grain to middlemen or retailers at 30 NRP. Being the current consumer price equal to
50 NRP for Kg, the farm gate /consumer price is equal to 0.6.
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On the contrary, without discriminating the population target according to the socio-economic
characteristics of the related classes, we may incur in an underestimation of WTP (as resulting
from the aggregate GMNL2 in WTP space) that forecasts the 2 and the 9% area increases.
Figure 2: FM area

Discussion and policy implications
We demonstrated that a niche market development can be an effective instrument to guarantee
the conservation of NUS endangered species and the related agricultural biodiversity.
However, some considerations must be carefully explored.
First, as we investigated, the heterogeneity matters. Our FM CE experiment focused on the
potential implementation of a local niche market. Thus, the sample of respondents has been
drawn from the urban consumers ofPokhara. In this terms,the heterogeneity effect on WTP,
and consequently on the conserved FM area,resulted restricted than that from a spatially
enlarged sample as a country oran international food market. Ignoring the preference and/or
the scale heterogeneity could produces biased suboptimal outcomes with respect the
previsions for which the conservation project budget is allocated.
Second, the effect of an increase of the farm gate price on FM area is estimated without
accounting for competition among farmers within the same village or against operators from
different districts or countries. Actually, a niche market should rely on some entry barriers
avoiding competition and reduction in margins (Grùere et al., 2006).In our case, the farmers
from the peri-urban villages of Pokhara benefit from natural barriers represented by the lower
cost of compliance to levelsofattributes for which consumers are willing to pay.
Moreover, the segmentation of population according to the LC model, recalled in the
GMNL2, provides a base for a product discrimination that could help niche producers to
distinguish themselves from other competitors. For example, the mid-hill origin of the FM is
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not replicable, but a FM product without such characteristics can be destined to consumers
belonging to the second class at a lower market price.
The chance for product discrimination may also help to reduce the leakage effect10 on other
landraces within the same species.For example, since not all the FM landracescontain the
same level of sugar, creating a product without this characteristic, which is targeted to
individuals in the second class and produced by farmers with lower opportunity costs of
production, allows conserving the genetic diversity of that species.Moreover, in the event that
some landraces do not embed the characteristic demanded by the consumers, a combined
approach with PES schemes has been suggested as winning strategy to reach the overall
genetic diversity conservation objectives (Krishna et al, 2013; Greiner and Stanley, 2012).
Regarding the intra-village competition it is likely that big-holders, exploiting lower marginal
unitary production costs, could throw out the other farmers (Borner et al., 2010). From the
conservation point of view if only one competitor can ensure the SMS, the efficiency of the
niche market as instrument is guaranteed anyway. Otherwise some equity issues on the
instrument could arise. If the objective of the intervention is also increase the farmers’ wealth,
then, the niche market creates an explicit trade-off. A common solution is to incentivize
farmers to establish a cooperative able to take advantage of scale economies. Further, the
cooperative endows farmers with a stronger bargainingpowerinrespect to other actorsof the
value chain (Kruikssen et al, 2009)by facilitating the setting of regular provision contracts at a
fixed price that incentivize farmers to participate in the niche market. Moreover, participating
in a cooperative, the per capita additional provision costs, as a formal labelling expenditure,
are almost negligible (Sheperd, 2007).
Third, as recently underlined (Krishna et al., 2013), smallholders in developing countries may
show land allocation decisions that maximize their utility from consumption instead than
maximizing profits from crops production. In our baseline, this is evident from the fact that
farmers grow the FM although the margins are lower than those from maize. Values linked to
tradition, religion and taste characteristics, of which farmers have complete information,
incentivizes them to maintain a significant proportion of area 11. Nevertheless, as the farmers
walk away from the economic marginalization it is likely to observe a change in the farmers
optimization behaviour that risks to results in a decreasing FM area.
Fourth, the success of a niche marketfor one local speciescouldattract investments from the
public sector. The public investments should create a pulling effectsthat increases the interest
for NUS local varieties, incentivizing national agricultural programs aiming to protect the
local agricultural biodiversity, refining the formal system of labelling or reviewingthe
subsidize to improved varieties oragricultural highly-intensiveprograms (Neilson 2008).
Social policies aiming to increase the instruction of young women have an indirect effect on
10

The leakage effects verifies when a NUS crop crowds out other endangered species following interventions for the
conservation of the former (Narloch et al., 2011).
11
In this terms, the margin differential may be adopted as estimates of the total economic value that farmers assign to
the FM.
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the ability of the market to demand local NUS products. The market segmentation shown as
the target class for the FM niche product is in fact characterized by high proportion of young
women with high level of education and, in general, by higher income. Programs aiming to
increases the literacy rate have also the effect to capture all the people in the first class. Those,
for example, have the highest proportion of diabetic. Despite their consumption of FM
products is higher than the other classes they are not willing to pay for the FM attributes.
Increasing the health education by means of national awareness programs should have the
effect to let arise a positive WTP by opening an additional marketing channel for the niche
products.Supporting an increasing national welfare, thus, helps to sustain the local market of
NUS. Further, a higher per capita income will increase the scale of the niche food products
demand with potential development for regional specialization that shoulddetermine a nondecreasing farmers gross margins and a long-term sustainability for agro-biodiversity
conservation purposes.

5. Conclusion
This article provides an economic assessment about the effectiveness of a niche market
development as instrument for ensuring the conservation of endangered crops landraces and
the associated agricultural biodiversity.
The analysis is based on a choice (CE) experiment conducted in the city of Pokhara,
Nepal.The objective of the CE is to estimate the WTP for consumption attributes embedded in
the finger millet (FM).Thisis alocal landrace(LL) for which the actualobserved market value is
below the potential total economic value.
The CE results are utilized to simulate the impact that a FM niche market could have on the
opportunity costs variation of FM growing farmers in three peri-urban villages around
Pokhara.
At present, the literature on niche market development as instrument for the agro-biodiversity
conservation is quite limited and no existing research implements a CE to verify the impact of
the instrument on de facto conservation. In particular we also methodologically insert in the
recent debate about the heterogeneity effect on the economic valuation. To this end, we
compare established models (CL, RPL and LC) with the novel generalized multinomial model
in WTP space (GMNL2)to explicitly account for the impact of the preference and the scale
heterogeneity.
Some major findings from the estimated models are the following.
The presence of the heterogeneity confirms to highly influence the individual WTP
estimations. The weight of the unobservable preference heterogeneity results to be consistent
in all the CE attributes and for all the estimated models. Moreover, the variability in
preferences allows segmenting the population according to observable respondents’ socioeconomic characteristics. Thus, the segmentsalso constitute a potential market target for the
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niche product: young and educated women in the upper income class have the highest WTP
for FM attributes andrank the organic production, the mid-hill origin and the low sugar
content as determinants for a product preference.
Moreover, a certain degree of randomness in the individual choice decisions has been
estimated from the existence of the scale heterogeneity. Ignoring the control for this term
places a proportion of the total variability on variation of the WTP. The WTP from the
GMNL2model produces lower and more realistic estimates confirming the results from the
related literature (Greene and Hensher, 2010; Train and Weeks, 2005).This WTP, categorized
by segments, constitutes the optimal base for the simulation of a potential farm gate price for a
FM niche product.
Farmers participating in the niche marketobtaingross margins that incentivize them to
maintain the FM cultivation instead switching to few modern varieties. Increase in FM area
range between the 2 and the 15% according to different models estimation. This confirms both
the effectiveness and the efficiency (farmers that preserve the FM area are those with the
lower opportunity costs) of the niche market in ensuring the conservation.
Concluding, this paper shows the chance for a local landraceniche product demand also in
developing countries like Nepal. The success of the niche market for one landrace, it is likely
to attract public policies aiming to invest on the entire stock of local NUS as part of national
strategiesfor  improving  rural  households’  wealth. Consequently, the conservation of a broader
mix of species, ensured by an existing demand from particular segments of population, allows
maintaining the social values associated to the agricultural biodiversity ecosystem services.
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Appendix
A. Example of choice
card
If you would buy 1 Kg of finger millet flour, which of the below options would you choose?

Package A
o
o
o
o

Package B
o
o
o
o

Grown in the Pokhara Hills
Organic production
High sugar content
Price for 1Kg: 55 NRs

I would buy (circle one):

Package A

Package B

Grown in the Pokhara Hills
Not Organic production
Low sugar content
Price for 1Kg: 60 NRs
Neitherof the two

B. Socio-economic CE respondents’ variables.
Table 2 variables meaning
Variable

Meaning

Sex

0 = respondent is a male
1 = respondent is a female

Age

Age of respondent

Diabetic status

0 = not diabetic members in the family
1 = at least one diabetic member in the family

Income class

0 = annual hh income between 0 and 10,000 NRs
1= annual hh income between 10,000 and 30,000 NRs
2 = annual hh income above 30,000 NRs

Family members

Number  of  hh’s  components

Educational status

1 = if respondent has no education
2 = if respondent has the primary education
3 = if respondent has the secondary education
4 = if respondent has a university degree

NUS consumption

0 = if the hh never consume NUS products
1 = if the hh consume NUS product once at year
2 = if the hh consume NUS once a month
3 = if the hh consume NUS once a week
4 = if the hh consume NUS almost every day.

C. Farmers descriptive statistics
Farmers opportunity costs statistics
HH annual income
Finger millet area (ha)
Maize area (ha)
Finger millet yield (t/ha)
Local maize yield (t/ha)
Karnanataka-3 yield (t/ha)
Finger millet unit production cost (NPR/Kg.)
Maize unit production cost (NPR/Kg.)

88,622
(67,533)
0.09
(0.08)
0.1
(0.08)
1.15
(1.08)
3.6
(1.09)
5.06
(1.09)
28.9
(15.7)
10.5
(36.1)
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Source: Farmers survey
D. Hausman and Mc-Fadden test for IIA violation.
Table4 : IIA test
chi2

d.o.f.

p-value

Alternative 1

7.54

5

0.27

Alternative 2

7.22

5

0.3

Neither option

18.03

5

0.002

E. Beta correlation matrix
MIXL 2 coefficients correlation
Origin
1
0.24
0.52
0.35

Origin
Production
Sugar: Low
Sugar: Medium

Production

Sugar: Low

Sugar: Medium

1
0.15
0.07

1
0.92

1

F. LC classes’ definition
Optimal number of classes
Segment

ll

Parameters

AIC

CAIC

BIC

2

-1069.07

3

-1043.83

19

2176.13

2258.994

2239.994

32

2151.653

2291.214

2259.214

4

-1024.6

45

2139.208

2337.688

2290.467

pdf

0

0

.01

.05

pdf

.02

.1

.03

.04

.15

G. WTP density comparison

10

WTP Origin

20

30

-20

0

20

WTP Production

NMIXL1

NMIXL1

NMIXL2

NMIXL2

GMNL2

GMNL2

40

60

0

.02

pdf

.04

.06

.08

0

-20

0

20

WTP Low Sugar

40

60

NMIXL2

GMNL2

21

.3

.08

.2

.06

.1

pdf

pdf

.04

0

.02
0

-20

0

20

40

WTP Medium Sugar

0

60

5

10

Classes WTP, Origin

NMIXL1

Class 1

NMIXL2

Class 2

GMNL2

Class 3

15

20

0

.02

pdf
.04

.06

.08

-40

0

10

20

Classes WTP, Production

30

40

Class 1
Class 2

pdf

0

0

.05

.05

.1

.1

pdf

.15

.15

.2

.2

.25

Class 3

5

10

15

Classes WTP, Low Sugar

20

25

5

10

15

Classes WTP, Medium Sugar

Class 1

Class 1

Class 2

Class 2

Class 3

Class 3

20

25
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