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Abstract: The government of Afghanistan promotes saffron production as a means to achieve
economic development while reducing the widely spread opium cultivation in the country by
providing necessary support to its farmers via saffron farmer service centers. This study investigates
the causal effects of relevant attributes of potential saffron production promotion policies on the
participation probabilities of saffron farmers. This study applies a randomized conjoint experiment
to primary survey data of 298 farmers in Herat Province, which is perceived by the government
as the center of saffron production in the country. The proposed hypothetical saffron production
promotion policy consists of six attributes, namely, provision of machinery equipment, weather-based
crop insurance, accessibility to long-term loans, location of saffron farmer service centers, provider
of services, and annual payment. In the randomized conjoint experiment design, the respondents
rank two alternative policies and policies against the status quo. The desirable policy comprises the
machinery provision, long-term (up to 5 years) loan accessibility, an easily accessible service center,
and policy implementation by international non-governmental organizations (NGOs). The estimated
results reveal that saffron farmers are highly supportive of the proposed saffron promotion policy
and that their willingness to pay is as high as 17% of their per capita income.

Keywords: saffron production promotion policy; randomized conjoint experiment; willingness to
pay; Afghanistan

1. Introduction

In Afghanistan, more than 70 percent of the population, including most of the poor, reside in
rural areas [1] and their livelihoods depend on agricultural activity [2,3]. As agriculture accounts
for a large share of the economy, policy makers and international donors have devoted considerable
attention to this sector. The major crops range from grapes and almonds to opium [1], which is
traditionally cultivated as a source of income. With the help of international organizations and
NGOs, the government of Afghanistan is promoting the replacement of opium cultivation with
saffron cultivation, particularly surrounding the Pashtun Zarghun and Ghoriyan districts of Herat
Province [4], where opium cultivation has essentially been the only type of agricultural production
in which local farmers have engaged. The government of Afghanistan is aiming to increase saffron
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production by replacing opium production [4]; thus, currently, there is an urgent need for an effective
saffron production promotion policy. To achieve this goal, the government plans to provide financial
and physical support to its farmers via saffron farmer service centers. Thus, this study aims to
identify the design of saffron production promotion policy that best meets the needs of saffron farmers
by measuring the farmers’ participation probabilities conditional on relevant aspects of potential
policies by applying the randomized conjoint experiment proposed by Hainmueller et al. [5] to a field
experiment conducted in Herat Province, Afghanistan. The government of Afghanistan promotes
saffron production as a means to achieve more sustainable economic development while eradicating
the widely spread cultivation of opium. Opium cultivation is considered one of the greatest challenges
in terms of long-term security, development, and effective governance [6]. Saffron cultivation can
deliver the same or even higher incomes for farmers without adverse effects on society [7]. According
to a cost-benefit analysis by the Danish Committee for Aid to Afghan Refugees, the daily income for
one jerib (0.2 hectares) of saffron cultivation is calculated to be $33 [8].

The government has distributed free saffron bulbs and provided training programs to farmers in
an effort to increase saffron production over the past 15 years. These efforts appear to have had an
effect; the Ministry of Agriculture, Irrigation, and Livestock reports that land in Afghanistan under
saffron cultivation has increased by 123% from 2016 to 2018. Currently, approximately 23,950 farmers,
including 20 percent women, are growing saffron in 33 provinces [9], and saffron has become one
of Afghanistan’s most significant exports. Afghanistan is currently known for producing the finest
saffron products, which have earned a global reputation for excellence. For three consecutive years, the
International Taste Institute in Brussels has rated Afghanistan’s saffron among the world’s best [10].

Saffron (Crocus sativus L.) is a member of the Iridaceae family, and the plant’s stigmas have been
used since ancient times as a dye and cosmetic preparation and for medicinal purposes. Approximately
75,000 crocus flowers or 225,000 stigmas are required to make one pound of this unique spice [11],
and saffron is the most expensive spice worldwide for its value by weight, reaching up to 20,000
euro per kilogram [12]. The high price of saffron is partially due to its high labor requirement [12].
On one hectare of land under saffron cultivation, 205 persons are employed per day [13]. Therefore,
the cultivation and production of saffron creates numerous job opportunities, especially for women,
who perform more than 80 percent of the activities, including collecting flowers, separating the
stigmas, drying the saffron, and sorting and grading the final product [14]. There are four different
aspects of potentially relevant assistance that could be provided by the government, namely, financial
services, mechanization services, insurance services, and farmer service centers. Saffron requires
serious investment due to the high cost of saffron bulbs and its high labor requirement, and saffron only
begins to provide a return in the second year of cultivation [7]. These issues pose significant challenges
for saffron farmers as their access to credit is limited [15]. According to the literature, farmers in
developing countries who have access to formal credit have increased agricultural productivity and
household incomes [16]. This finding suggests that in our context, access to such credit could also
increase saffron production and improve farmers’ livelihoods by modernizing the production process.

The mechanization of saffron production can directly affect land and labor productivity and
further increase farmers’ income and quality of life. For example, drying saffron at air temperature
requires up to several days, while drying it with an electric dryer or oven is faster and yields higher
quality saffron [17,18]. However, to date, mechanization has not been implemented in the production
process as many Afghan farmers still use human labor and oxen to plow the land [19]. Additionally,
farmers in developing countries are vulnerable to a range of risks, particularly weather risk, which can
trap farmers and households in poverty [20]. For instance, reports suggest that saffron farmers in
Kashmir, India suffered a tragic 65 percent decline in production [21] due to erratic rain and floods.
The government of India assisted its farmers by providing an insurance scheme, which could be
applied by the government of Afghanistan.

To meet these needs of saffron farmers in Afghanistan, service centers can play a key role in
facilitating and advancing these aims. These centers are designed to support the farming community
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by providing farmers with other much-needed agricultural assistance, such as market information,
training classes, management of labor shortages, and quality bulbs, fertilizer, and manure in addition
to the provision of machinery equipment and insurance and financial services.

This study uses a randomized conjoint experiment following Hainmueller et al. [5] to gain an
understanding of the causal effects of production promotion policy aspects on saffron farmers’ policy
acceptance probability. In the experiment, we presented a pair of hypothetical saffron production
promotion policies consisting of six attributes, namely, the provision of machinery equipment,
weather-based crop insurance, accessibility to long-term loans, location of Saffron Production Promotion
Service Center (SPPSC), organizer of the policy, and annual payment for providing these services,
to the participants. Then, we asked the participants to rank the alternative policies with different
levels of these attributes and their willingness to participate. Through the experiment, we obtained
primary survey data of 298 farmers. The results show that saffron farmers are highly supportive of the
proposed saffron production promotion policy comprising the machinery provision, long-term (up to
five years) loan accessibility, easily accessible SPPSC, and implementation of the policy by international
NGOs. The lower bound of the willingness to pay (WTP) is estimated as high as 17% of the farmers’
per capita income.

This paper is organized as follows. The following section discusses previous literary work and
the background of the agriculture sector of Afghanistan. Section 3 presents our data and empirical
strategy, followed by a presentation of the results in Section 4. Finally, Section 5 concludes the paper.

2. Literature Review

Agriculture can be the primary source of growth in developing countries and can reduce
poverty [22]; however, to achieve these goals, a broad range of policy instruments are needed to
render farming more productive and sustainable. Studies have estimated the benefits of formal
credit [23–25], mechanization [26,27], insurance [28–32], and agriculture infrastructure for increasing
farm productivity and household income in developing countries.

Based on a survey conducted in peanut-growing areas in Niger in West Africa and applying
conjoint and ordered Probit analyses, Baidu-Forson et al. [33] found that across all regional and
gender subgroups, respondent groundnut farmers attach vital importance to access to credit. Similarly,
Moahid and Maharjan [15] conducted a survey of 292 farming households in rural Afghanistan and
found that smallholders have little participation in formal credit and remote farmers have limited
access to formal credit. They suggest that expansion of formal credit to rural smallholders is crucial
for increasing agricultural productivity. Das et al. [34] analyzed the impact of agricultural credit
on agriculture production in India using a dynamic panel data analysis with instrumental variables
using Arellano–Bond regression and found that the amount of agricultural credit has a positive and
statistically significant effect on agriculture production and that the effect can be observed immediately.

These authors further note that agricultural credit and modern technology are essential for
realizing higher productivity. Wang et al. [35] investigated whether a crop insurance program is
effective in China and used a stochastic simulation model to show that the program increased farmers’
welfare. Regarding Afghanistan, Matin [19] argues that the mechanization of agriculture has a direct
effect on land and labor productivity, the environment, farm income, and the quality of life of farmers.
These previous studies utilized methods, such as conventional conjoint analysis and parametric
approaches, to capture the impact of farmer support policies. Rather than using approaches that rely on
restrictive assumptions, this study uses a randomized conjoint field experiment to identify the impact
of potential saffron production promotion policy attributes on its acceptance by the rural farmers in
Afghanistan. Hainmueller et al. [5] restructured the conventional conjoint analysis into a randomized
experimental design to estimate the causal effect of each policy component on respondent’s choice
probabilities without misspecification bias. This new conjoint analysis randomly assigns the attribute
levels in each alternative policy while constructing the choice sets, allowing us to identify the causal
effects of policy attributes on farmers’ policy acceptance decision non-parametrically.
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In recent years, researchers’ interest has been growing in estimating the willingness to pay (WTP)
of farmers for different agricultural policies for example, promotion of agricultural technology, fertilizer,
post-harvest cold storage, and information services [36–39]. We define WTP as the amount that a farmer
is willing to pay for a specific good or service. Shee et al. [37] conducted a stated preference-based
contingent valuation experiment in Tanzania to estimate farmers’ willingness to pay for hybrid maize
seed and inorganic fertilizer. They found that farmers’ WTP for hybrid maize seed was 61 percent
higher than the local market price and for local inorganic fertilizer was 15 percent lower than the
market price. Maalouf and Chalak [36] measured farmers’ WTP for a post-harvest storage facility in
Bekaa valley, Lebanon and found that the majority of the farmers were worrying about the post-harvest
losses. They suggested that the farmers should be provided subsidized prices as a great majority of the
farmers have the lowest WTP for post-harvest storage facilities. Similarly, Ouédraogo et al. [39] applied
a contingent valuation method to measure farmers’ WTP for climate information services including
seasonal climate forecast, decadal climate information, daily climate information, and agro-advisories
in northern Burkina Faso and found that nearly one third of the respondents were ready to pay for these
services. Regarding crop insurance, Fahad and Jing [31] conducted a study in Khyber Pakhtunkhwa
province, Pakistan using a contingent valuation approach to evaluate demand for weather-based
crop insurance. They found that a large parcel of landholders were willing to buy the insurance
and the majority of smallholders were reluctant to pay for the crop insurance. This literature has
acknowledged the importance of developing relevant policies based on informed decision-making
processes by governments in developing countries.

Another contribution we make to the literature is the estimation of the lower bound of respondents’
WTP non-parametrically from our randomized conjoint experiment results. We conduct a welfare
analysis to compute the potential welfare gain obtained by introducing the new saffron production
promotion policy, which includes both pre- and post-harvest services in a single policy package.

Agriculture is the main pillar of Afghanistan’s economy, which is the sole source of livelihood
for the rural poor [40]; employing 52.6 percent of the rural population [41]. Gross domestic product
(GDP) of Afghanistan is USD 20.5 billion including 3 percent from opium poppy cultivation [41].
Wheat is the major cereal crop and a staple food for Afghanistan [3]. However, wheat and other cereal
crops such as rice are cultivated for subsistence purposes only. For the rural population, agricultural
products including fruits, opium poppy, and recently saffron are the sources of income that could
potentially leverage the rural economy of Afghanistan. Among them, opium significantly contributes
to the GDP of Afghanistan [41], providing about two hundred thousand of full-time equivalent jobs to
local and migrant workers [42]. However, opium cultivation poses other risks to the country, such as
health, security, corruption, and financing insurgents [43]. Since the 1980s and during the war time,
Afghanistan has become the world’s leading producer and exporter of opium [44]. After the fall of
the Taliban in 2002, the government of Afghanistan, with the support of the international community,
initiated efforts to counter the production of illicit drugs [45]. Several policies were put in place to
eradicate opium cultivation including forced eradication and providing cash compensation to the
farmers for eradicating the opium crop. However, this policy failed because compensation did not
ensure that the farmer would not grow the opium crop again the next year [45]. Forced eradication
without providing alternative source of income also proved ineffective and negatively affected the
population’s income [45]. Therefore, the government of Afghanistan, with the help of the international
community, has been promoting licit agricultural production through the introduction of several
development programs; for instance, the National Horticulture and Livestock Program (NHLP),
implemented by the Ministry of Agriculture, Irrigation, and Livestock (MAIL), aims to improve rural
populations’ livelihood through promotion of horticulture and livestock [46]; the Comprehensive
Agriculture and Rural Development Facility (CARD-F), one of the key development programs of the
government of Afghanistan to increase employment, income, and business opportunities in rural
areas through the promotion and implementation of agricultural value chains [47]; and the Rural
Enterprise Development Program (AREDP), implemented by the Ministry of Rural Rehabilitation and
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Development, aims to increase rural income and employment through strengthening market linkage
and value chains for rural enterprises in Afghanistan [48]. Remarkably, in recent years MAIL and
other national and international organizations have initiated numerous programs for the promotion
of saffron, which is thought to replace opium cultivation in Afghanistan. The government plans to
increase the production of the saffron harvest to 100 tons annually by 2028 [49].

Though there is no empirical evidence available showing that saffron can be the best alternative
for opium, reports [42] indicate that there is a strong correlation between opium poppy and saffron
cultivation. According to the United Nations Office on Drugs and Crime (UNODC) [42], opium
cultivation has decreased by 46 percent in Herat Province, while the Ministry of Agriculture, Irrigation,
and Livestock of Afghanistan [9] reports that in the same year saffron cultivation has been doubled.
This argument leads to discussion on farmers’ crop choice, which is, however, out of the scope of
this study. Caiserman et. al [50], in a study in Bekaa Valley, Lebanon, discussed farmers’ crop choice.
They argued that among other factors, market dynamics and agricultural subsidies influence farmers’
crop choice. In Afghanistan, the government has made enormous efforts for saffron marketing in
China, India, and Gulf countries. Programs such as AREDP provide financial support to saffron
enterprises in Herat to participate in commercial exhibitions in other countries for developing market
linkages [48]. According to the World Bank [4], AREDP has supported 10 national level exhibitions for
saffron enterprises. Moreover, the government has distributed hundreds of tons of saffron corm to
farmers in the last two years, which has resulted in an increase in saffron cultivation [49].

3. Materials and Methods

3.1. Description of the Study Area and Content of the Survey Instruments

This study was conducted in the Ghoriyan, Pashtun Zarghun, and Injil districts located in the
western, southeastern, and central parts of Herat Province, respectively, as shown in Figure 1.Sustainability 2020, 12, x FOR PEER REVIEW 6 of 16 
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Before saffron cultivation began in the province, agriculture was predominantly opium cultivation.
Pashtun Zarghun and Ghoriyan were among the first districts to practice saffron cultivation [51].
Currently, Herat Province accounts for 90 percent of Afghan saffron production [52]. The further
promotion of saffron production in the region is a top-listed policy agenda for the government of
Afghanistan, rendering the area ideal for this study.

The data used in this study were collected via a survey of saffron farmers in three districts of
Herat Province, Afghanistan in December 2018 and January 2019. A stratified random sampling
design was used to select the respondents. First, three districts in Herat Province were chosen based
on saffron production, namely, the districts of Pashtun Zarghun, Ghoriyan, and Injil. Second, five
villages were randomly selected from each district. Third, within each village, fifteen to twenty five
saffron farmers were randomly chosen from the community list. This procedure yielded a sample of
298 saffron farmers, who were surveyed using face-to-face interviews guided by a questionnaire.

The survey was organized into three parts. The first part asked a set of socioeconomic and
demographic questions regarding the farmers’ gender, education, farming experience, and farm size.
The second part of the survey described a scenario to ensure that the participants understood the
meaning of the hypothetical policies and how to rank the different choices based on tiered preferences;
the participants were also informed of the assumptions made in the scenarios. The third part included
the conjoint experiment questionnaire sheets on which the respondents were asked to state their
preferences among the available policy alternatives. The following section describes the design of the
experiment in detail.

3.2. Design of the Choice Experiment

In each round of our randomized conjoint experiment, the respondents were presented with two
different hypothetical policies and an opt-out option, which we call “status quo” in the following text,
to allow them to accept neither of the policies. These three alternative choices are labeled choices A, B,
and C. The respondents were asked to rank these three choices in each round of the experiment, and
we repeated this process five times per respondent.

The hypothetical policies presented to the respondents consisted of six attributes describing
potentially relevant support for saffron farmers to facilitate and increase saffron production. Thus, these
attributes refer to the challenges and constraints faced by farmers, particularly in Afghanistan,
as discussed in the previous section. The attributes and their levels are shown in Table 1.

Table 1. List of attributes and their levels.

Attribute Level 1 Level 2 Level 3 Level 4

1 Saffron Agriculture Crop Insurance Not Insured Insured

2 Saffron Production Loan
Repayment time Short-term (1–2 years) Long-term (up to 5 years)

3 SPPSC* Organizer Afghanistan
Government Local NGOs International

NGOs
4 Location Injil Pashtun Zarghun Ghoriyan
5 Machinery Not Available Plough only Drying only Plough + Drying
6 Service Fee Payment (annually) AFN 8000 AFN 4000 AFN 2000 AFN 1000

SPPSC (Saffron Production Promotion Service Center).

The first attribute is insurance, which has two levels (uninsured and insured). Insurance refers
to (weather-based) crop insurance covering farmers’ crop losses due to adverse weather conditions,
such as drought, flood, and storms. The insurance supposedly covers AFN 30 thousand per jerib
of land, and the insurance premium is included in the service fee payment. The second attribute
is a loan term, which has two levels (short term, i.e., 1–2 years, and long term, i.e., up to 5 years).
The loan term refers to the repayment period of a loan of AFN 50,000–100,000, which will be given to
the farmers to purchase saffron bulbs, fertilizers, and other equipment. The third attribute is the body
of service provider, which has three levels (the Afghan government, local NGOs, and international
NGOs). “Organizer” refers to the operator that will implement the saffron production promotion
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policy program. The fourth attribute is the location of the saffron farmer service center, which has three
levels (Injil, Pashtun Zarghun, and Ghoriyan). Injil and Pashtun Zarghun are the closest districts to the
Herat provincial capital, and Ghoriyan is the furthest at approximately 80 kilometers away from the
provincial capital of Herat. The saffron farmer service center will offer its facilities to farmers who join
the policy program and inform them of the services available. The fifth attribute is machinery, which
has four levels (no machinery, plough, drying, and plough and drying). Machinery indicates that the
organization administering the program will provide plows and drying machinery to farmers because
farmers in rural areas of the country still use oxen and open-air methods to plow fields and dry saffron.
The sixth and final attribute is the annual membership fee paid by registered saffron farmers, which
has four levels (AFN 8000, 4000, 2000, and 1000).

Based on the attribute and level settings, 2980 policy alternatives can be potentially constructed; of
these alternatives, two are randomly selected and paired to create a choice set, and the choice sets are
offered to the respondents along with the status quo of not participating in the program as an outside
option. Each respondent is asked to rank these three alternatives in each choice set, which is repeated
five times.

The scenario described to the respondents prior to the choice experiment is as follows:
Suppose that we were to propose several hypothetical policies to increase saffron production.

First, I will show you three options (A, B, and C) of hypothetical policies, and then, you will rank (1, 2,
and 3) these three choices in the order of your preference. Regarding choices A and B, each choice is a
set of 6 attributes. You will answer the question five times.

The proposed hypothetical policies all share the following assumptions:
Assume that there will be (1) a Saffron Production Promotion Service Center (SPPSC) that will

make its facilities available only to those farmers who join the program, and we will ask about your
preferences regarding its services. (2) Any money collected is fully and appropriately used to improve
saffron production. (3) There will be a loan of AFN 50,000–100,000, and we will ask about your
preferences regarding its terms. (4) The government is given priority to implement the program.

3.3. Descriptive Statistics

The descriptive characteristics of the saffron farmers who participated in the survey are reported
in Table 2.

Table 2. Descriptive characteristics of the saffron farmers.

Variable Obs. Mean Std. Dev. Min Max

Age 292 41.41 12.92 18 80
Gender 298 0.96 0.19 0 1

Marital status 296 0.93 0.26 0 1
Household size 296 7.89 3.97 2 32

Years of education 296 5.32 5.22 0 17
Years of farming experience 291 4.65 2.87 1 16

Farming lot size (jeribs) 289 2.81 2.93 0.5 20

Notes: The number of observations is 298. Age, gender, and years of education is that of household heads. For
gender, 1 indicates male and 0 indicates female. For marital status, 1 indicates married and 0 indicates single. One
jerib is equal to 2000 square meters.

In our sample, 39.5 percent of the saffron producers were aged below 35 years. Slightly more than
a quarter of the respondents (27.5 percent) were aged between 36 and 49 years, and 32 percent were
aged 50 or above, with a mean age of 41.41 years. Since our survey is conducted with household heads,
most respondents are male. The family size ranges between two and 32 members, with an average
size of 7.89 members. Years of education has a large variation with slightly less than 40 percent of
the respondents having no formal education. Nearly 26 percent of the household heads completed
primary school, nearly 15 percent completed secondary education, and 20 percent were high school
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or college graduates. The household with the largest amount of land under saffron cultivation had
20 jeribs (one jerib is equal to 2000 m2), while the respondent with the least amount of land under
saffron cultivation had 0.5 jerib. Nearly one-third of the households had a farm size in the range of
3–5 jeribs, and the share of households with a small farm size below 2 jeribs was 62 percent. Only
9 percent had a farm size above 6 jeribs.

Most households acquired their land through inheritance, and the remaining 18 and 11 percent
of respondents obtained their land through leases and purchases, respectively. Regarding saffron
farming experience, nearly 71 percent of the respondents had 1–5 years of experience, 25 percent of
the respondents had 6–10 years of experience, and only 3 percent of the respondents had more than
10 years of saffron farming experience. As noted above, this distribution reflects the fact that saffron
cultivation was popularized after 2001.

3.4. Empirical Strategy

One of our research objectives was to estimate the impact of each saffron promotion policy attribute
on saffron farmers’ policy accepting probabilities. Specifically, we estimated the average marginal
component effect (AMCE) of each attribute on internal and external choice probabilities. The internal
choice probability indicates the likelihood that one of two hypothetical policies was preferred over the
alternative policy. In turn, the external choice probability indicates the likelihood that a hypothetical
policy was preferred over the status quo without any policy in place.

Regarding the internal choice probability, the hypothetical policy with the higher ranking was
assigned a choice indicator of one, and the choice indicator of the alternative policy was zero, without
reference to the ranking of the status-quo option. The external choice probability compares the ranking
of hypothetical policies and the status quo. Thus, if both policy A and policy B received a higher
ranking than the status quo, both policies have an external choice indicator of 1.

To estimate the causal effects or the internal and external choice probabilities, we followed the
approach proposed by Hainmueller et al. [5]. As the attribute levels were randomly assigned, ordinary
least squares (OLS) was simply used to estimate the AMCE of each attribute as a coefficient from a
linear regression of the choice indicator based on the set of dummy variables for the attribute levels.
The population model is as follows:

yit j = β0 +
L∑

l=1

Dl∑
d=2

βldαit jld + uit j (1)

where αit jld is a dummy variable for the dth level of attribute l of policy j = {A, B} in task t of
respondent i, L is the number of attributes, Dl is the number of levels of attribute l, βld is the coefficient
to be estimated as AMCE, and uit j denotes the error term. (Clustered-robust standard errors at the
respondent level are used in all regressions.)

Then, yit j = {0, 1} is the binary choice indicator of policy j in task t of respondent i. In the
estimation of the internal choice probability, yit j = 1 if the preference ranking of policy j is higher
than that of its alternative policy. In the estimation of the external choice probability, yit j = 1 if the
preference ranking of policy j is greater than that of the status quo.

This approach has two main advantages. First, the conditional independence holds due to the
purely random selection of the attribute levels in each choice set. The average conditional component
effect (ACCE) is the impact of a change in a level of one attribute on the choice probability conditional
on the other attributes. Given the conditional independence, ACCE is simply obtained by comparing
the proportion of outcome yit j with different levels of the attribute of interest given the other attributes’
levels. Then, this ACCE is integrated over all plausible combinations of the other attributes to yield the
AMCE that has the overall effect of changing an attribute on the outcome.

The second advantage is that our estimation of the causal effect is non-parametric, and thus, this
method does not rely on any restrictive assumptions, such as assumptions related to the functional
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specification of preference or error distribution. Thus, β̂ld consistently estimates the causal effect of a
change in an attribute level on the respondents’ choice probability.

Finally, we conducted a welfare analysis to compute the potential welfare gain obtained by
introducing the new saffron production promotion policy. We performed this analysis by estimating
the respondents’ willingness to pay (WTP) in accepting the policy. Our study enables us to partially
identify the WTP distribution that yields the lower bound of the average WTP for accepting the
proposed policy.

4. Results

The AMCE of the policy attributes on the internal and external choice probabilities are depicted
in Figures 2 and 3, respectively. In the figures, a solid circle represents a point estimate of AMCE,
and the horizontal bar represents the cluster-robust 95 percent confidence interval. The six attributes
included in the estimation are shown on the left side of the figure, and for each attribute, the baseline is
represented by a solid circle on a vertical line without a confidence interval or “wings”. The levels
used as the baseline supposedly define the “worst-case scenario” and include not insured, shortest
term loan, the provider being the government of Afghanistan, saffron production promotion service
center (SPPSC) location being at the district farthest from the home district of the farmer, no machinery,
and an annual payment of AFN 8000. The government is initially set as the baseline for or the
“least-preferred” level of the service provider attribute because Afghan citizens assume that NGOs
have higher credibility and transparency than their government [53,54].

Not Insured
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No Machinery
Plough
Drying

Plough+Drying

8,000 AFN
4,000 AFN
2,000 AFN
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LOAN-TERM

SPPSC-ORGANIZER 
Government
Local NGOs 

International NGOs

SPPSC-LOCATION 
Other District     
Home District

MACHINERY

FEE 

0 .1 .2 .3 .4 .5

Figure 2. Average marginal component effect (AMCE) of policy attributes on the internal choice
probability. Source: Authors’ survey.
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Figure 3. AMCE of policy attributes on the external choice probability. Source: Authors’ survey.

4.1. Internal Choice Probability

The internal choice probability addresses the likelihood that a policy alternative is preferred over
the other alternative policies. The results indicate that the attributes SPPSC organizer, SPPSC location,
machinery, and annual fee have a statistically significant and positive AMCE on the internal choice
probability. No significant results are observed with the attribute insurance.

Regarding the crop insurance attribute, level two insured has no significant and clear result
compared to the baseline of uninsured. Regarding the loan term attribute, level two—a long term of
up to 5 years—can increase the internal choice probability by approximately 13 percent relative to the
baseline, i.e., short-term loan of 1–2 years. Furthermore, regarding the attribute of an SPPSC organizer,
level two local NGOs is significantly estimated (one-sided) to increase a respondent’s internal choice
probability by approximately 4 percent, while level three international NGOs is estimated to increase
a respondent’s choice probability by nearly 15 percent compared to the baseline of the government
being the operator. Moreover, regarding attribute SPPSC location, the respondents’ choice probability
is estimated to increase by approximately 18 percent with an SPPSC located in the respondents’ home
district compared to the baseline of an SPPSC located in another district.

Regarding the machinery attribute, level two—provision of ploughing machine only—increases
the respondents’ choice probability by 16 percent, while the impact of level three—provision of drying
machine only—is nearly 30 percent. Level four—providing both ploughing and drying machines—has
the highest impact and increases the respondents’ internal choice probability by nearly 50 percent; all
figures above are relative to the baseline level of no machinery service provision.

Finally, regarding the annual membership fee attribute, level two, i.e., AFN 4000, can increase
the respondents’ internal choice probability by approximately 10 percent, level three, i.e., AFN 2000,
is estimated to increase slightly less than 20 percent of the respondents’ internal choice probability,
while the corresponding value of level four, i.e., AFN 1000, is approximately 25 percent; all figures are
relative to the baseline of an AFN 8000 annual fee.
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4.2. External Choice Probability

The external choice probability is the likelihood that a respondent chooses to accept a policy
alternative rather than opting out and choosing the status quo. As shown in Figure 3, the estimation
results of the AMCE on the external choice probability follow the same pattern as those of the internal
choice probability in general; however, the magnitude of the effect is slightly lower than that of the
internal choice probability.

According to the results of the insurance attribute, providing crop insurance shows a statistically
insignificant increase in the respondents’ choice probability by approximately 2 percent relative
to the baseline of uninsured. Regarding the loan term attribute, level two—long term of up to 5
years—increases the respondents’ external choice probability by nearly 5 percent relative to the baseline
of a short-term loan. This result is consistent with that of the internal choice probability as shown
above. These results seem to reflect the fact that saffron farmers face liquidity constraints with limited
capacity to invest and save. Saffron requires substantial investment not only due to its high labor
requirement and high cost of the saffron bulb but also because it begins to provide a return only in the
second year.

Regarding the SPPSC organizer attribute, level two—local NGOs—shows a similar effect as that
shown on the internal choice probability, which is currently estimated to increase the respondents’
external choice probability by nearly 3 percent. The international NGOs level (level three) has apparent
results and is estimated to increase the respondents’ policy acceptance probability by 5 percent relative
to the baseline, i.e., the sponsor being the government of Afghanistan. Regarding the location of SPPSC
attribute, a service center located in the respondents’ home district clearly increases the respondents’
external choice probability by 6 percent relative to the baseline (SPPSC located in another district). This
finding indicates that the location of the SPPSC is important to saffron farmers.

Furthermore, regarding the attribute machinery, the second level plough only, the third level dryer
only, and the forth level—both plough and dryer—are estimated to strictly increase the respondents’
policy acceptance probability by approximately 16 percent, 20 percent, and 24 percent, respectively,
relative to the baseline of no machinery provision. Regarding the annual fee payment attribute, level
two AFN 4000, level three AFN 2000, and level four, i.e., AFN 1000, are estimated to increase the
probability by approximately 4 percent, 5 percent, and 7 percent, respectively, relative to the baseline
annual payment of AFN 8000.

Additionally, the estimated constant term in the external choice probability analysis is as large
as 0.58, indicating that regardless of how the levels of the attributes change, most saffron farmers
(58 percent or above) favor the proposed agricultural policy programs. Thus, it seems that saffron
farmers are dissatisfied with the current situation without such services in place and call for urgent
policy interventions.

4.3. Welfare Analysis

In this section, we compute the lower bound of the willingness to pay to engage in the saffron
production promotion policy. Here, we show the methodology used for the minimum willingness to pay
(WTP) computation and then provide the estimated WTP lower bound, followed by an interpretation
of the computed figures and the limitation of our results.

The WTP is a monetary amount that people are willing to pay in exchange for receiving proposed
services. The WTP is computed based on the distribution of peoples’ WTP between or above given
levels of payment. We perform this computation by multiplying the share of peoples’ WTP between
two neighboring levels of payment by the lower of these levels of payments and then sum all the
payment levels.

In our context, the computation of the lower bound of WTP is as follows. We first estimate the
marginal choice probabilities by the following regression:

yit j = β0 + β4000 × Dit j4000 + β2000 × Dit j2000 + β1000 × Dit j1000 + uit j, (2)
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where yit j is a dummy variable indicating yit j = 1 when the preference rank of policy j by individual i
in task t is higher than the status quo; Dit j4000, Dit j2000, and Dit j1000 are dummy variables representing
the payment levels 4000 AFN, 2000 AFN, and 1000 AFN, respectively, while 8000 AFN remains the
baseline; β4000, β2000, and β1000 are coefficients; and uit j is the error term. The regression yielded the
estimated coefficients β4000 = .04, β2000 = .049, β1000 = .078, and β0 = .823, which is constant.

Then, we compute the lower bound of the average WTP as follows:

WTPLowerbound = 8000× β0 + 4000× β4000 + 2000× [β2000 − β4000] + 1000× [β1000 − β2000]. (3)

By replacing the values of the estimated coefficients in the equation above, we obtain the following:

WTPLowerbound = 6799.3 (96.52), (4)

where the standard error is in parentheses.
The estimated lower bound of the WTP is 6799 AFN (which is equivalent to 87 USD) or as high as

17% of their per capita income. This finding indicates that the farmers are highly supportive of and
enthusiastic to join the policy. Most respondents (more than three quarters) are willing to pay at least
AFN 8000 and above.

However, only approximately 8 percent of the respondents’ willingness to pay is between AFN
1000 and AFN 8000. Higher levels of the payment attribute could have resulted in an even higher WTP
estimate. This augmentation of the payment levels could be explored in future work.

5. Concluding Remarks

In developing countries, agriculture is the primary source of employment and income for the
majority of the population. In recent years, researchers’ interest has been growing to empirically
estimate the impact of agricultural development policies in developing countries using conventional
conjoint analysis and other parametric approaches, such as a contingent valuation method, to capture
the impact of farmer support policies.

This study estimates the preferences of saffron farmers in Herat Province, Afghanistan, particularly
their acceptance probability of proposed saffron production promotion policies, based on a randomized
conjoint experiment. The results show that inter alia, a saffron production promotion policy including
a machinery service provision greatly increases farmers’ policy acceptance probability because these
farmers are smallholders, are mostly poor, and cannot afford to buy the expensive machinery necessary
for saffron production. The significant result indicating that a longer loan term impacts both the
internal and external choice probabilities suggests that these farmers also face liquidity constraints;
these farmers typically do not have access to formal credit or lending and can only secure loans from
family and friends or money lenders with high interest rates. The results strongly suggest that the
respondents have an increased probability based on the location of the SPPSC. Thus, the location of the
service center is highly important, and farmers strongly prefer to have an SPPSC in their home district.
The results also indicate that the respondents believe that international NGOs should implement the
programs, likely because the respondents had a favorable past experience with international NGOs
who supported and encouraged the farmers to grow saffron by providing productivity enhancing
services, such as free saffron bulbs and brief training courses. The external choice probability results
indicate that the proposed policy has major support from saffron farmers regardless of its attribute
levels. Therefore, the ideal saffron production promotion policy includes packages of provision of
necessary machinery services, long-term loans, multiple small but easily accessible saffron promotion
service centers instead of one center far from saffron farms, and services rendered by international
NGOs; such a policy will gain overwhelming support from saffron farmers in Afghanistan.
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