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Multi-level determinants of crop choice to water stress in smallholder irrigation
system of Central Nepal
Bhuwan Thapa a* and Tauhidur Rahmanb*
aSchool of Geography & Development, Udall Center for Studies in Public Policy, University of Arizona, Tucson, AZ, USA; bDepartment of Agricultural
and Resource Economics, University of Arizona, Tucson, AZ, USA

ABSTRACT
Change in crop choice is a common adaptation strategy for global change. However, its drivers are not
well understood. We investigate the multilevel determinants of smallholders’ crop choice in irrigated
agriculture of Central Nepal. We build upon previous studies and consider four levels of determinants:
households, irrigation systems, local and regional market systems, and climatic conditions. Using
primary survey data of 316 farmers from 9 farmer-managed irrigation systems in the Trishuli-Narayani
sub-basin of Central Nepal, among other results, we document that smallholder farmers are likely to
choose rice during the monsoon season if they are experienced and farm in the irrigation systems fed
by large rivers. Water stress affects the crop choice mainly in two ways. In irrigation systems fed by
large rivers, farmers located towards the tail-end of the canal are less likely to plant rice due to water
stress. Farmers living in the irrigation systems that are fed by small and medium-size rivers are more
likely to choose less water-demanding crops. Market integration is also a key determinant of crop
choice. We discuss the implications of our findings for climate-resilient adaptation strategies in Central
Nepal.
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1. Introduction

Sustainability of rural agriculture and livelihood is increasingly
impacted by multi-level drivers of change, including competing
water demand, labour migration, market integration, and
extreme climate events (Warner et al., 2015). Smallholder farm-
ing1, which accounts for 50 percent of the global farmland and
more than half of the world’s food production (Samberg et al.,
2016), is vulnerable to these stresses because of greater exposure
to environmental stresses and limited adaptive capacity (Rapso-
manikis, 2017; Roka, 2017). In Nepal, there are 2.7 million farms
with an average landholding of 0.5 hectares, which contribute to
up to 70 percent of the country’s total food production (Rapso-
manikis, 2017; Roka, 2017). However, in recent decades, these
smallholder farmers have come under increasing stress from
urbanization, market integration, water scarcity, competing
water demands, and climate variability and change (Bastakoti
et al., 2010; Döll, 2002; Pokharel, 2015; Scott et al., 2019).

Water stress2 in irrigation systems is burgeoning in rural
and urban areas of Nepal, partly driven by increasing popu-
lation, land use changes, and climate variability and change
(Scott et al., 2019). It occurs when there is a significant
decrease in water supply relative to irrigation demand in the
system, driven by a decrease in water availability at the irriga-
tion intake, competing water demand from other sectors,
inadequate irrigation infrastructure, and poor water manage-
ment (Bastakoti et al., 2015; Thapa & Scott, 2019). In particu-
lar, along with other changes, Nepal has also witnessed

changes in the precipitation trend (Douglas, 2009; Panthi
et al., 2015). In the Gandaki River Basin of Central and Wes-
tern Nepal, where our study sub-basin is located, there is a
decreasing trend of pre-monsoon and winter rainfall in the
Mountain region. Similarly, from 1966 to 2015, there was an
increase in extreme precipitation events in the western moun-
tainous regions and mixed changes in other regions including
the Gandaki Basin (Talchabhadel et al., 2018). These changes,
along with other drivers of change, contribute to water stress in
the irrigation system by altering the intensity and timing of
water availability.

To cope with these challenges, farmers have been adapting
their agricultural practices (Chhetri et al., 2013), of which
change in crop choice is one of the most frequently adopted
strategies (Dury et al., 2013). Crop choice is a dynamic process,
affected by social, economic, cultural, and biophysical factors
(Beckford, 2002; Dury et al., 2013). Among all the crops
grown in Nepal, rice is one of the main staple crops and a
key constituent of the country’s food security. However, rice
production is affected by multilevel factors, such as variability
of rainfall and market integration. The lowland rice variety,
common in Nepal and other Asia countries, consumes 2–3
times more water per hectare than other staple crops
(GRiSP, 2003). These water-intensive crops will face signifi-
cant water stress as climate change worsens the water avail-
ability during the pre-monsoon season when there is a high
irrigation demand. This, along with the market integration at
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the national and local levels, has been discussed as some of the
motivations for farmers to choose cash crops such as veg-
etables over rice (Thapa et al., 2018). However, to the best of
our knowledge, a systematic analysis of the multilevel determi-
nants of crop choice of smallholder farmers in Nepal is lacking.

The main objective of this paper is to assess the multilevel
determinants of farmers’ crop choice in irrigated agriculture
of Central Nepal. Using a survey data of 316 farmers, sampled
from 9 farmer-managed irrigation systems (FMIS) in the
Trishuli-Narayani sub-basin, we examine the relative impor-
tance of household, irrigation system, regional market, and cli-
mate conditions as the potential determinants of crop choice.
We apply a multilevel discrete choice model to assess the
determinants because crop choice decision at a household
level is not only affected by the household characteristics but
also by multilevel phenomena such as regional market inte-
gration and global climate variability and change (Bastakoti
et al., 2010; Cifdaloz et al., 2010).

This study contributes to the existing literature in at least
three significant areas. First, although rice is the primary staple
food crop in Nepal, in recent years, increasing numbers of
farmers have opted for other crops such as vegetables and
citrus fruits (Piya et al., 2013). The reasons for this change in
crop choice have not been comprehensively examined. In par-
ticular, to the best of our knowledge, the previous studies have
not simultaneously considered the household characteristics,
local and regional market conditions, irrigation institutions,
and climate-related factors as multilevel determinants of
crop choice. Second, studies on the roles of irrigation insti-
tutions and collective action on system-level water delivery
are limited because they do not account for the contributions
of hydrological infrastructure that are affected by regional and
global changes. Ghimire et al. (2015) and Upadhyaya et al.
(1993) studied factors affecting the adoption of improved
rice varieties by including household, farm, institutional, and
technology characteristics in Nepal. However, they did not
incorporate irrigation system-level factors. Third, irrigation
system-level studies are limited in capturing the variability in
farmer’s decision-making processes at multiple spatial scales
including regional and global drivers of change (Bastakoti
et al., 2010; Bhatta et al., 2006; Cifdaloz et al., 2010). This
study attempts to fill these gaps in the literature by providing
a more comprehensive analysis of the multilevel determinants
of smallholder farmers’ choice of lowland rice during the mon-
soon season in Central Nepal. We pay attention to the role of
water stress, which has strong linkages with climate variability
and changes observed in Nepal. Thus, we capture the context
of crop choice at multiple levels including climate variability.

The remainder of the paper is organized as follows. In Section
2, we discuss the theoretical framework, which informs the sub-
sequent empirical analysis. Section 3 describes the study area,
data, and empiricalmodel.Wepresent the results in Section4 fol-
lowed by the discussion and conclusion in Section 5 that also
highlights the policy implications of our findings.

2. Theoretical framework

We outline a generalized schematic framework (Figure 1) of
crop choice. In this framework, the primary outcome – crop

choice decision – is influenced by multilevel factors such as
household and socioeconomic factors (e.g. age, education,
and income); biophysical and agronomic factors (e.g. climate,
slope, and soil type); irrigation system-level factors (e.g. insti-
tutional rules and irrigation infrastructure); and market factors
(e.g. distance to market and crop marketed) (Table 1). Accord-
ingly, we analyze the multilevel determinants of crop choice in
Nepal.

Household and socioeconomic factors: Demographic and
socioeconomic characteristics of farmers are the first level of
factors that influence their agricultural decisions including
crop choice. Age, educational attainment, training, income,
and farm size have been identified as important determinants
of crop choice and crop diversification (Adesina & Zinnah,
1993; Bezabih & Sarr, 2012; Seo & Mendelsohn, 2008).
Younger farmers are more knowledgeable than older farmers
about new practices and are willing to bear the risk (Adesina
& Zinnah, 1993). The ability to take risks is higher for farmers
with larger landholding (Khanal & Mishra, 2017; Langyintuo
& Mungoma, 2008). Education, training, and visits by exten-
sion services strengthen the farmers’ knowledge of new crops
and positively affect the crop diversification (Deressa et al.,
2009; Tambo & Abdoulaye, 2012).

Biophysical and agronomical factors: The biophysical and
agronomical factors such as cropland location, soil type, cli-
mate, and slope are significant determinants of crop choice.
In Nepal, rice is grown in all agroecological zones, from the
subtropical climatic region of the lowland Terai and the valley
to the higher altitudes of 1,500 and 3,050 m above sea level –
the highest elevations in the world known to grow rice (Chhe-
tri & Easterling, 2010; FAO, 2018b). Our study area is in the
Hills and Terai regions which are suitable for rice cultivation.
The location of agricultural land in the irrigation system is
another biophysical attribute that determines water stress.
Generally, tail-end farmers receive less water compared to
farmers at the head and middle sections (Lam, 1998). In a
hilly area, a slope greater than 45 percent is not considered
suitable for holding the water required for rice cultivation
(Chhetri & Easterling, 2010). For moderate and less slopy
areas (less than 45 percent), the farmers tend to create terrace
(also called khet) where the land is bunded3 to make it suitable
for puddle rice farming (Rana et al., 2009).

Irrigation system-level factors: Crop choice is also affected
by irrigation system-level factors such as hydrological infra-
structure and institutional rules of the irrigation system. In
Nepal, rice is mostly grown on irrigated plots where irrigation
is supplied by FMIS. These irrigation systems are generally
built using low-cost technology appropriate for heterogeneous
local conditions. Their performance can be measured and
assessed by the attributes of farm productivity and delivery
of water quality and quantity (Molden et al., 1998; Svendsen
& Small, 1990). Studies have shown that FMIS with indigenous
water management rules provides more reliable sources of
adequate water supply than those managed by government
agencies, also called Agency-managed Irrigation Systems
(AIMS) (Bastakoti & Shivakoti, 2012; Lam, 1998). For
example, the rules devised by the farmers for water distri-
bution and allocation are more flexible to local conditions
such as soil type and socioeconomic factors than the rules
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crafted by agency engineers in AIMS who are often located at
remote locations and have limited information on the local
context.

Market factors: Proximity to market helps farmers in at least
two ways. It provides them with easier access to inputs (e.g.
hybrid seed, fertilizers, and pesticides). Market proximity also
influences farmers’ crop choice. For example, vegetables are
preferred crops among the farmers located closer to market
and road networks (Ghimire et al., 2015; Thapa et al., 2018).

3. Methods

3.1. Study area and data collection

The study area is located in the Trishuli-Narayani sub-basin of
the Gandaki River Basin (GRB) of Central and Western Nepal,
which has a total catchment area of 46,300 km2 (Figure 2).
Originating in the mountainous region of Central Nepal and
Tibet, the Trishuli is a major river system providing water
for agriculture, households, and energy for millions of people
living in the basin and beyond. Agroecologically, GRB is
divided into Mountains, Hills, and Terai region. We chose
Trishuli-Narayani sub-basin because it is one of the highly
productive basins in the county that also has undergone
rapid socio-environmental changes as a result of market inte-
gration, urbanization, and environmental degradation.

There are about 350 FMIS in the Trishuli-Narayani sub-
basin (DOI, 2007). From a preliminary survey of 25 FMIS,
we randomly selected 9 FMIS based on two considerations:
the size of the river used for canal intake and the agroecological
zone (Table 2). The size of the river used for canal intake
directly contributes to water stress and the potential adap-
tation mechanism. Eight of the FMIS are in the hilly region
and one FMIS is in the Terai region. The heterogeneity of
agro-ecoregions captures the diversity in climatic conditions,
culture, ethnic compositions, which, in turn, influences adap-
tation (Gentle & Maraseni, 2012).

A comprehensive household survey of farmers was con-
ducted using structured questionnaires during the post-

monsoon season of 2016. Approximately 30–45 households
were randomly selected from each FMIS, stratified by the
canal’s head, middle, and tail sections. The sampling was stra-
tified by the sections of the canal because farmers at the tail
section are generally more water-stressed than farmers at the
head and middle sections of the irrigation system (Anderies
& Janssen, 2011; Lam, 1998; Martin & Yoder, 1988).

In addition, 9 focus group discussions (FGD), one in each
FMIS, were conducted with the current and previous govern-
ing members of the irrigation system also referred to as the
Water User Association (WUA). Open-ended questionnaires
were used to collect information on the history of irrigation
system management, water stress period, coping and adap-
tation strategies, and infrastructure conditions.

We also conducted a transect walk in each irrigation system
(Oudwater & Martin, 2003), where we surveyed the canal from
the tail to the head section and estimated the river discharge
using field measurements and farmers’ insight. This infor-
mation was used to categorize the river size.

3.2. Measurements of variables

We are interested in analyzing the multilevel determinants of
crop choice. Therefore, our dependent variable of interest is
crop choice. The crop choice of a farmer is represented by a
binary variable that takes the value of 1 if the farmer’s choice
during the monsoon season (May – September) of 2016 was
rice, and 0 if the choice was other crops.4 Figure 3 shows the
frequency distribution of non-rice crops in the sample. The
most frequently chosen non-rice crops are vegetable, mainly
Cabbage, Cauliflower, Tomato, Radish, Green Peas, Bitter
gourd, and Chili pepper.

We capture the context for crop choice at four levels: house-
hold, irrigation system, regional, and global. The household-
level variables include socio-demographic characteristics like
age, education, landholding, income source, and crop intensity
(Table 1)We capture the four distinct but related aspects of the
irrigation system-level characteristics: hydrological infrastruc-
ture, institutional rules, WUA performances, and perceived

Figure 1. Schematic diagram of key factors affecting farmers’ crop choice (Source: Author).
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Table 1. Description of the key variables.

Type Variables Description
Hypothesized

effect Associated literature Coded

Dependent
variable: Crop
choice

Rice Farmer plant rice NA NA Binary (1 = Rice, 0 = Others)
Categorical (1 = Fallow, 2 =
Other crop, 3 = Rice)1

Other crops Farmer plant other crops (e.g.
vegetables, millet)

NA NA

Fallow Monsoon crop intensity is less than or
equal to 50

NA NA

Household and
socioeconomic
factors

Age of
household
head

Age of the head of household + Adesina and Zinnah (1993); Seo
and Mendelsohn (2008)

Discrete

Education The education level of the head of the
household

+ Below et al. (2012); Bezabih
and Sarr (2012); Deressa et al.
(2009); Seo and Mendelsohn
(2008); Yang et al. (2017)

Categorical (1 = No formal
education, 2 = less than
10th grade of education, 3
= 10th grade or higher
education)

Training Participation in agricultural training in
the last 10 years

+ Deressa et al. (2009); Tambo
and Abdoulaye (2012)

Dummy (1 = Yes, 0 = No)

Income from
agriculture

Self-reported percentage of income
from agriculture

+ Deressa et al. (2009) Continuous

Agriculture
landholding

Total irrigable landholding in ropani + Adesina and Zinnah (1993);
Becerril and Abdulai (2010);
Tambo and Abdoulaye (2012)

Continuous

Biophysical &
agronomical
factors

Tail-end
location

Location of the cropland towards the
end of the irrigation canal

- Abdulai et al. (2011); Lam
(1998)

Dummy (1 = Tail, 0 = Other)

Crop intensity The fraction of the cultivated area that
is harvested that is calculated as the
ratio of the harvested irrigated areas
over the area equipped for full
irrigation

+ NA Continuous

Temperature
trend

Change in the mean temperature
during monsoon season

Bezabih and Sarr (2012); Jain
et al. (2015); Moniruzzaman
(2015)

Continuous

Rainfall trend Change in the mean rainfall during the
monsoon season

Bezabih and Sarr (2012); Jain
et al. (2015); Moniruzzaman
(2015)

Continuous

Market factors Travel time Travel time required to travel to the
nearby marketplace weighted by
mode of transportation. The travel by
foot is weighted 2.25 times more
than that by automobile.

- Tambo and Abdoulaye (2012);
Waldman et al. (2017)

Continuous

Crop marketed Percentage of total crop harvested in a
year that is sold in the market

Continuous

Irrigation-system
level factors

River
categoryWUA

River category based on estimated lean
discharge: small-size river (lean flow
<1,000 L per seconds), medium-size
river (lean flow 1,000 - 10,000 L per
seconds), and large-size rivers (lean
flow>10,000 L per seconds)

- NA Categorical
(1 = small, 2 = medium, 3 =
large rivers)

Institutional
Rules
IndexWUA

It is the summation of three types of
rules and policies of WUA as dummy
variables: (i) irrigation water fees, (ii)
time-based water allocation rule, (iii)
water guards assigned for effective
delivery.

NA Lam (1998) Discrete (Range: 0–3)

Performance
Index

It is the summation of farmers’
perception of four organizational
processes and institutional
leadership: (i) labour mobilization
ability, (ii) financial transparency, (iii)
ability to collect external fund, (iv)
perception of the social image of the
WUA committee members. All
variables are dummy variables.

- Thapa et al. (2016) Discrete (Range: 0–4)

Water Delivery
Index

It is the summation of farmers’
perception of water delivery through
five variables: (i) adequacy, (ii)
timeliness, (iii) reliability, (iv)
deprivation, and (v) flexibility of
farmers’ access to water. All variables
are dummy variables.

- Lam (1998) Discrete (Range: 0–5)

Agroecology Terai Dummy for Terai region NA NA Dummy (0 = Other, 1 = Terai)

Note: WUA: Irrigation-system level variable, 1: The categorical variable was also used to estimate a multilevel multinomial model of farmers’ crop choice. However, we
excluded this iteration from our analysis due to the small number of observations on fallow land (n = 21).
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water delivery. Distance to market and total crops marketed
are used as proxies for regional market integration. Precipi-
tation and temperature trend are used to capture regional
and global variables.

The water stress level of an irrigation system is directly
linked to its hydrological infrastructure which is captured
using two variables: category of water source (river in our
case), and percent of the canal that is concrete. FMIS that
divert water from large rivers generally have a larger volume
of water for distribution compared to the irrigation systems
that divert water from small- and medium-sized rivers. The
irrigation systems that rely on small water sources are more
likely to be water-stressed than those that rely on large sources,
which is likely to further worsen with climate variability and
change and competing demands for limited water. Therefore,
the river is classified into three categories based on river dis-
charge during the lean period: small-size rivers (lean flow
<1,000 L per second), medium-size river (lean flow 1,000–
10,000 L per second), and large-size rivers (lean flow>10,000
L per seconds).5 An irrigation system with adequate water
can face water stress if the physical infrastructure is not well
maintained. Therefore, we include the percent of the canal
that is concrete as another indicator of hydrological
infrastructure.

Adequate infrastructure is not enough for timely and equi-
table delivery of water to farmers. Well-crafted rules and
enforcement mechanisms are also required (Uphoff, 2005).
For example, rules and norms set out by WUA and enforced

through voluntary mechanisms can promote behaviors for col-
lective benefits and help maintain the overall agricultural pro-
ductivity despite poor infrastructure. Following Bastakoti et al.
(2015) and Lam (1998), we develop an irrigation system-level
index to evaluate the density of institutional rules for water
management in an irrigation system. We incorporate three
types of rules to construct Institutional Rules Index (IRI): irri-
gation water fee to farmers (Fi), time-based water allocation
(Ri)

6, and water guards to deliver water in an effective and
timely manner (Gi). The IRI is defined as follows:

IRIi =
∑

(Fi + Ri + Gi)

Each rule is a dummy variable, which takes the value of 1 if it is
present; otherwise 0. Then by construction, IRIi takes the dis-
crete values between 0 and 3.

One of the common challenges to local institutions is their
elite capture and power play that discourages marginal farmers
to express their concerns (Iversen et al., 2006; Lund & Saito-
Jensen, 2013). The organizational processes such as financial
transparency, decision-making processes, and social image of
leadership are some of the basic institutional factors that can
foster effective adaptation (Gupta et al., 2010; Thapa et al.,
2016). We calculate the institutional process, Performance
Index (PI), based on the farmer’s perception of the leadership
and institutional processes, which is measured via four dimen-
sions: labour mobilization ability (Li), financial transparency
(Ti), ability to collect external fund (Fi), and the perception

Figure 2. Study area.

Table 2. Distribution of farmer-managed irrigation systems and households.

River Category

Hills Terai Total

FMIS Households FMIS Households FMIS Households

Small 2 51 0 0 2 51
Medium 2 63 1 38 3 101
Large 4 164 0 0 4 164
Total 9 316
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of the social image of the WUA committee members (Si). The
PI is defined as follows:

PIi =
∑

(Li + Ti + Fi + Si )

All of the variables are dummy variables. Thus, the PI score
ranges between 0 and 4.

The main function of the irrigation system is to deliver
water in an adequate, timely, and fair manner (Martin &
Yoder, 1988; Pradhan, 1989). Following Lam (1998), we con-
struct a Water Delivery Index (WDI) to capture farmers’ per-
ception of water delivery. It is based on five considerations:
adequacy (Ai), timeliness (Ti), reliability (Ri), deprivation
(Di), and flexibility (Fi). Water adequacy and timeliness refer
to farmers’ perception of adequate and timely delivery of
water. Farmers achieve reliable water supply when they can
predict the availability of water. Equity measures any depri-
vation on receiving the water whereas flexibility focuses on
alteration of the water allocation rules according to the

farmers’ needs. WDI is defined as:

WDIi =
∑

(Ai + Ti + Ri + Di + Fi)

All of the five variables are dummy variables. WDI is a farmer-
level variable where WDIi takes the discrete values between 0
and 5 for farmer i.

We include farmers’ crop intensity to capture the effects of
agricultural productivity on their crop choice (Table 3). Crop
intensity, defined as the fraction of cultivated area that is har-
vested over a year and measured in percentage (FAO, 2018a),
is an indicator of agricultural productivity. For example, a 100
percent crop intensity of a farmer means that all the irrigable
land is cropped for one season, or partially cropped over mul-
tiple seasons (Lam, 1998). Similarly, a crop intensity of 300 sig-
nifies that all agricultural land is harvested three times a year.

The level of integration with the local and regional market
is an important consideration in farmers’ crop choice. The
share of the total annual crop harvest that is sold in the market
is taken as a proxy for a farmers’ level of market integration.
We expect that farmers who are more integrated with the

Figure 3. Frequency distribution of non-rice crops.

Table 3. Summary statistics.

Rice (n = 253) Other crop (n = 63)

Variable Mean SD Min Max Mean SD Min Max

Age of household head 51.82 13.80 19 79 49.79 11.65 18 76
Education 1.91 0.72 1 3 1.86 0.72 1 3
Training 0.26 0.44 0 1 0.37 0.49 0 1
Agricultural land holding 8.62 6.91 1 39 8.39 6.04 1 26
Income from agriculture 82.27 23.37 25 100 73.41 27.89 20 100
Tail-end location 0.26 0.44 0 1 0.41 0.50 0 1
Crop intensity 274.39 44.79 83 420 219.90 77.08 40 400
Crop marketed 22.50 28.04 0 100 33.15 36.72 0 100
Travel time 1.64 1.14 0.5 5 1.94 1.45 0.5 5
River category 2.49 0.70 1 3 1.81 0.67 1 3
Concrete canal 45.55 20.37 20 75 37.30 17.66 20 75
Institutional Rules Index 1.30 1.15 0 3 1.71 1.14 0 3
Performance Index 7.48 1.00 0 4 3.24 1.17 0 4
Water Delivery Index 8.30 1.35 0 5 2.54 1.49 0 5
Decadal monsoon precipitation trend (Tau) 0.48 0.07 0.37931 0.58621 0.48 0.07 0.37931 0.58621
Decadal monsoon temperature trend (Tau) 0.86 0.01 0.85376 0.88698 0.87 0.01 0.85376 0.88698
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market produce more cash crops for higher revenue from the
nearby market than those that are less integrated. The positive
relationship between market proximity and cash crop has been
documented in Nepal (Thapa et al., 2018).

Last but not the least, we incorporate the long-term precipi-
tation and temperature trend as the regional and global vari-
ables affecting the cropping decision. The data for
precipitation and temperature were obtained from the Center
for Environmental Data Analysis (CEDA).7 The monthly total
precipitation and average temperature data were obtained
from the HadISD dataset (v2.0.2.2017f) for Nepal from 1981
to 2017. The dataset is at 0.5 o x 0.5o grid scale. In line with
Panthi et al. (2015), we group the data into four seasons:
pre-monsoon (March-May), monsoon (June-September),
post-monsoon (October-November), and winter (December-
February). Then we use Mann-Kendall test for monotonic
trend, a non-parametric method, to calculate the decadal
trend (decadal moving average) since it is more suitable for
non-normality in a short record and the presence of outliers
(Panthi et al., 2015). The tau and Sen’s slope values were cal-
culated using Microsoft Excel’s XLSTAT function and Stata
version 15 (Tables 4 and 5).

3.3. Multilevel discrete choice model

A farmer’s crop choice is modeled as an outcome of a multile-
vel discrete choice process, where crop choice is a binary
decision between monsoon rice and other crops. Multilevel
models are commonly used for analyzing hierarchical and
nested relationships (Goldstein, 1997; McCord et al., 2018).
By the nature of our sample design, the farmers are nested at
four levels of hierarchies: a farmer is nested within FMIS
and the FMIS is nested in an economic region (e.g. local and
regional market), which is nested within one of the four cli-
mate regions. Consequently, farmers from the same FMIS
and climate region are expected to face similar institutional
and climatic environment. Multilevel models are also robust

for smaller group sizes (Moineddin et al., 2007), which in
our case is 9 FMIS and 4 climate regions.

Following (Goldstein, 1997), we estimate versions of the
following basic regression model:

yij = b0 + b1xij + (u0j + u1jxij + e0ij)

var(e0ij) = s2
e0

where j is for the institutional class ( j = 1… J) and i is a farmer
(i = 1… nj). yij is crop choice, xij a vector of explanatory vari-
ables, u0j & u1j are the fixed residual variables at two levels, and
e0ij is the overall residual term.

4. Results

The result from the multilevel discrete choice model is pre-
sented in Table 6. It highlights the determinants of crop choice
at household, irrigation system, regional and global levels. At
the household level, age is a significant determinant of crop
choice. Elder farmers are more likely to choose rice over
other crops. The educational attainment and training of farm-
ers are not significant, suggesting that they are not constraints
to the adoption of non-rice crops that are technologically less
advanced. Landholding size is also not a significant factor. But
this is not a surprising result, given that our sample consists
mostly of smallholder farmers in the Hills that have smaller
landholding size than farmers in the Tarai region.

The household crop intensity has a small but positive effect
on the choice of rice, which can be partly explained by two
reasons. First, the farmers who choose other crops over rice
may fallow a section of their land for some time to accommo-
date the crop cycle of non-rice crops. For example, in Gomati
FMIS, located in the hilly district of Dhading, farmers left their

Table 4. The Mann-Kendall’s tau value for the decadal seasonal trend in
precipitation (millimeter/year) in four climate grid-regions of the Gandaki River
Basin (1986-2016).

GridID Pre-monsoon Monsoon Post-monsoon Total monsoon

29 −0.2731** 0.5862*** 0.2184 0.0897
40 −0.1914 0.5356*** 0.2551** 0.0115
102 −0.1484 0.4942*** 0.2230 0.0437
109 −0.0839 0.3793*** 0.2919** −0.0483
*** Trend at α = 0.001 level of significance, **Trend at α = 0.05 level of signifi-
cance, * Trend at α = 0.10 level of significance.

Table 5. The Mann-Kendall’s tau value for the decadal seasonal trend in
temperature (o C) in four climate grid-regions of the Gandaki River Basin
(1986-2016).

GridID Pre-monsoon Monsoon Post-monsoon

29 0.7204*** 0.8698*** 0.5194***
40 0.7621*** 0.8870*** 0.5582***
102 0.7535*** 0.8538*** 0.5409***
109 0.7720*** 0.8624*** 0.5856***

*** Trend at α = 0.001 level of significance, **Trend at α = 0.05 level of signifi-
cance, * Trend at α = 0.10 level of significance.

Table 6. Multilevel determinants of crop choice.

Crop choice (1 = Rice,0 = Other crops) Odd Ratio SE

Age of household head 1.03269** 0.018677
Education 0.75736 0.255918
Training 0.611345 0.27992
Agricultural landholding 1.057685 0.03864
Income from agriculture 1.010129 0.008811
Tail-end location 0.017303** 0.035784
Crop marketed 0.973104** 0.011516
Travel time 0.84415 0.169135
River category 16.02565*** 1.17E+01
Concrete canal 1.02342 0.033574
Institutional Rules Index 0.402227 0.265245
Performance Index 1.242765 0.343859
Water Delivery Index 1.104347 0.208382
Decadal monsoon precipitation trend (Tau) 7.20E+10** 7.08E+11
Decadal monsoon temperature trend (Tau) 9.48E-27** 2.30E-25
Crop intensity 1.014295*** 0.004887
Tail-location x crop marketed 1.02297 0.016562
Tail-location x crop intensity 1.010071 0.00794
Terai dummy 0.056221 1.19E-01
Constant 7.75E+13 5.87E+14
Random effect
Variance -climate region 4.03E-34 8.14E-18
Variance – FMIS institutions 8.11E-36 2.92E-18
Wald Chi2 58.31
Log-likelihood −81.3194
Number of observations 316
Number of FMIS institutions 9
Number of climate regions 4

*** Significant at 1%, ** Significant at 5%, * Significant at 10%.
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land fallow for a month after harvesting maize in June/July
because they intended to sow radish in September/October.
Second, some farmers leave part of their agricultural plot fal-
low for a few months because of water scarcity and other
factors.

At the irrigation system level, we find that water stress
affects crop choice via two distinct mechanisms. Within an
irrigation system, we find that farmers at the tail-section of
the irrigation system are less likely to farm rice than those at
the head and the middle sections of the systems. A farmer at
Tallo Rupsepani FMIS in Rasuwa district said, “Since I am at
the tail-end, I have to wait for a quite long time until the farm-
ers at the head and middle sections of the canal irrigate their
plots, as a result, I sometimes hardly get the water on time
to prepare my land for rice cultivation.” Thus, the farmers at
the tail-sections of the systems can be expected to choose
non-rice crops, requiring less water, due to water shortage
exacerbated by climate variability and change.

The size of the irrigation source, which is a river in our case,
is another irrigation system-level variable that influences water
stress and therefore the crop choice. The irrigation system that
diverts water from large rivers is more likely to choose rice
over other crops, compared to farmers in an irrigation system
that diverts water from small- and medium-sized rivers. The
farmers located in large rivers have plenty of water to divert
during the pre-monsoon season for rice cultivation, whereas
the farmers fed by small- and medium-sized rivers have lim-
ited supply to distribute. They often face seasonal water stress
during the pre-monsoon and dry period which limits their
crop choice.

At the irrigation system level, we also consider institutional
characteristics via three indices. However, the IRI, PI, andWDI
are not significant. This could be due to the lack of variability in
the variables that constitute the indices (Table 3). However, the
WDI becomes a significant determinant of crop choice when
irrigation system-level variables (e.g. IRI, river category, and

concrete canal) are dropped from the model (Table 7). This
suggests with better water delivery, farmers are more likely to
choose rice crop during monsoon season.

The crop choice is also influenced by regional and global
factors, notably the market integration and climate variability
and change. One of the variables of market integration, the
crop sold in the market, is negatively associated with paddy
farmers. For a one percent increase in the share of total crop
harvest sold in the market, the odds of choosing rice crop
decrease by a factor of 0.97. This implies that the rice farmers
may be motivated by self-consumption. Conversely, the farm-
ers who plant other crops may be harvesting cash crops,
mainly the vegetables, instead of rice to be sold in the market.

We also find that climate variability and change is a signifi-
cant determinant of crop choice. The monsoon precipitation
trend is significantly increasing in all the study areas whereas
the pre-monsoon precipitation trend is decreasing only in
the Terai region (Tables 4 and 5). Similarly, the post-monsoon
trend is slightly increasing in some hilly and mountainous
regions. In contrast, there is a consistently increasing tempera-
ture trend in the study area. For every unit increase in the
monsoon precipitation, the odd ratio for choosing rice
increases more than that for temperature. The increase in
monsoon precipitation increases water availability, which in
turn, increases the odds of choosing rice over other crops.

4.1. Further robustness check

The robustness check is conducted to assess the sensitivity of
the results to exclusion of correlated factors. From Table 7,
we find that WDI becomes statistically significant when the
other irrigation system-level factors are excluded from the
model (see Specification 1). This suggests that farmers are
more likely to choose rice crop over other crops if they per-
ceive water is being delivered effectively.

Table 7. Further robustness check.

Specification 1 Specification 2 Specification 3

Binomial model (1 = Rice,0 = Other crops) Odd ratio Std. Err. Odd ratio Std. Err. Odd ratio Std. Err.

Household-level variables
Age of household head 1.02200 0.01427 1.03030* 0.01848 1.03269* 0.01868
Education 1.36610 0.35533 0.78701 0.25850 0.75736 0.25592
Training 0.62743 0.23010 0.55358 0.24857 0.61135 0.27992
Agricultural landholding 1.00182 0.02828 1.05394 0.03828 1.05769 0.03864
Income from agriculture 1.01201* 0.00724 1.01227 0.00896 1.01013 0.00881
Tail-end location 0.34904 0.52973 0.039811* 0.07583 0.017302** 0.03578
Crop intensity 1.01420*** 0.00428 1.01454*** 0.00491 1.01429*** 0.00489
Crop marketed 0.98223** 0.00726 0.96985*** 0.01109 0.97310** 0.01152
Travel time 0.84416 0.10955 0.80047 0.16074 0.84415 0.16913
Performance Index 0.97096 0.16309 1.04949 0.26071 1.24277 0.34386
Water Delivery Index 1.48119*** 0.17999 1.13804 0.21590 1.10435 0.20838
Tail-location x Crop marketed 1.00285 0.01287 1.02424 0.01584 1.02297 0.01656
Tail-location x crop intensity 1.00316 0.00632 1.00663 0.00737 1.01007 0.00794
Terai dummy 3.40441 2.84543 0.83863 1.17765 0.05622 0.11854
Constant 0.00702*** 0.01160 0.00048*** 0.00116 2.75E+13 5.87E+14
Irrigation system-level variables
River category 15.26793*** 9.86745 16.02565*** 11.66761
Concrete canal (percent) 0.97980 0.02241 1.02342 0.03357
Institutional Rules Index 0.63231 0.25344 0.40223 0.26524
Regional variables
Decadal monsoon precipitation trend (Tau) 7.2 E +10** 7.08E+11
Decadal monsoon temperature trend (Tau) 9.48E-27** 0.00000
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However, when irrigation-system level factors are included,
three changes occur at household level variables – age of
household and interaction effect of crop marketed at tail-end
location becomes statistically significant, and the WDI
becomes statistically insignificant. These changes suggest that
institutional characteristics capture the dynamics that are
reflected in household characteristics. When regional climatic
trends are included, the income from agriculture and crop
marketed at the tail section of the irrigation system are ren-
dered insignificant.

5. Discussion and conclusion

5.1. Discussion

The increasing globalization and global environmental change
generate a highly interconnected system in which decisions at
small scales are influenced by and influence processes at the
global scale in unpredicted and novel ways (Anderies & Jans-
sen, 2011). In this paper, we attempt to understand the multi-
level determinants of crop choice in the context of irrigated
agriculture. More specifically, we study the influence of the
multi-level processes to smallholder farmers who produce a
significant amount of the world’s food. We focus on factors
at four levels: household, irrigation system, regional, and glo-
bal levels.

Since crop choice decisions are made by individuals, it is
affected by their household socio-demographic characteristics.
We found that older farmers are more likely to choose rice
than other crops. This is consistent with the previous studies
that show that younger farmers are more likely to take risks
and adopt new or alternative crops than older farmers (Ade-
sina & Zinnah, 1993; Bezabih & Sarr, 2012; Yang et al.,
2017). Education and training are insignificant determinants
of rice crop choice, but it may hold significant for crops like
mushrooms that involves advance technology (Lambert &
Ozioma, 2011). Landholding size is also not a significant fac-
tor, which on the face of it seems contrary to previous findings
(Adesina & Zinnah, 1993; Becerril & Abdulai, 2010). However,
since the study area is mostly located in the Hills, most farmers
have small landholding size.

The crop choice is also affected by water stress that is driven
by two irrigation system-level factors – the hydrological infra-
structure of the irrigation system and farmers’ location within
that system. Since rice cultivation requires a significant
amount of water during the pre-monsoon season, farmers pre-
fer rice cultivation only if the irrigation system has a consistent
supply of water, which is generally possible in sources fed by
large and medium-sized rivers. However, within the irrigation
system, farmers at the tail-end of the canal are less likely to
farm rice than those at the head and the middle end. This is
partly because farmers at the tail-end generally receive less
water due to seepage loss and potential theft by farmers located
above them which are also documented in other regions (Jans-
sen et al., 2011; Lam, 1998).

In addition to the individual and irrigation system-level fac-
tors, it is important to understand the role of the market in
farmers’ crop choice decisions. We find that those who pro-
duce for markets are more likely to choose non-rice crops.

Rice is generally replaced with vegetables as they are grown
mostly to sell in the market. Switching to cash crops is a com-
mon adaptation and coping mechanism for smallholder farm-
ers in Nepal and other regions (Bhattarai et al., 2015; D’haen
et al., 2014). Also, the economic return from agriculture pro-
duction, facilitated by access to the market, is a strong determi-
nant of crop choice (Ghimire et al., 2015).

At the irrigation system level, the variables IRI, PI, and
WDI are insignificant determinants of crop choice. While
these indices capture distinct but related aspects of irrigation
system characteristics, the statistical significance of WDI, in
particular, signifies that it is sensitive to the inclusion of
other indices and measures of irrigation system characteristics.
This suggests that rice, which requires more water, is more
likely to be the crop choice in irrigation systems that have
good water delivery system in place. These rules help farmers
towards adequate and equitable water delivery for water-inten-
sive crops such as rice.

Finally, the larger-scale patterns of climate variability and
change also affect household-level crop choice decisions. We
find that the decadal monsoon precipitation trend is significant
and has a positive effect on rice crop choice. Likewise, the dec-
adal monsoon temperature trend is significant and has a nega-
tive effect on rice crop choice. This suggests that the region
with higher precipitation trends may lead farmers to choose
rice crop, whereas, in the areas with lower precipitation, farm-
ers may opt for less water-intensive crops such as vegetables.
However, since the variability in timing and intensity of pre-
cipitation is critical for agricultural decision making, climate
change will likely affect them (Krishnan et al., 2019; Turner
& Annamalai, 2012).

5.2. Policy implications

Crop choice is a commonly used coping and adaptation strat-
egy by many smallholder farmers across developing countries
(Moniruzzaman, 2015; Piya et al., 2013). Therefore, a sound
understanding of the multilevel factors of crop choice by
smallholder farmers has important policy implications for
food security and agricultural adaptation to global change.

This study highlights the spatial dimension of crop choice
in the context of irrigated agriculture and water stress. Farmers
at the tail-end of the canal and those in irrigation system fed by
seasonal springs are subject to more water stress compared to
those located in the head – and middle-sections of the canal
and in the systems fed by large rivers. While irrigation infra-
structure can help to cope with water stress (Finger et al.,
2011), smallholder farmers can be vulnerable to water stress
due to their location within the system and the system’s hydro-
logical characteristics. These factors need to be considered in
understanding the climate vulnerability of smallholder farmers
and effective adaptation actions.

Beside climate variability and change, agricultural decision
makings are also influenced by regional markets (Bastakoti
et al., 2010). This study identifies market integration and cli-
mate variability and change as two regional and global drivers
of change affecting the crop choice. The effective adaptation
programmes must consider all the drivers and their possible
interactions, beyond the individual characteristics of farmers.
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The study also highlights the need to focus on institutional
strengthening. At the irrigation system level, we find that the
WDI that captures water delivery in adequate, timely and
fair manner is an important determinant of rice crop choice
when hydrological infrastructure is not incorporated. This
suggests that adequacy and timeliness of water delivery are
critical for rice crop choice. Thus, our findings echo the impor-
tance of policies that strengthen community-based institutions
as an adaptation strategy (Amaru & Chhetri, 2013; Rodima-
Taylor, 2012; Thapa & Scott, 2019).

Our findings also have direct implications for the food
security of smallholding farmers in Nepal. Since rice is a staple
crop in Nepal, it is a preferred crop choice of smallholder
farmers. But its cultivation will become increasingly less feas-
ible especially in water stress areas. We find that older farmers
are more likely to choose rice over other crops, controlling for
the effects of other multilevel factors. This suggests targeted
outreach education may be required in the region to
strengthen food security and agricultural adaptation. Another
implication of our finding is that farmers in less water stress
areas are more likely to continue with rice cultivation, which
may hinder achieving higher productivity and returns from
switching to non-rice crops (e.g. vegetables).

5.3. Limitation

Our study has at least two limitations that must be taken into
consideration while interpreting the results. First, we measure
market integration as the share of total annual crop harvest
that is sold in the market and travel time to the nearby market
as proxies for farmer level market integration. While they are
expected to be highly correlated with actual market inte-
gration, they are not perfect measures as market integration
depends on a variety of demand and supply factors. Second,
our measures of irrigation system characteristics have limit-
ations. For example, IRI is measured at the irrigation system
level, which means it has less variability. Similarly, while we
measure PI and WDI following earlier studies, they could
have been even more comprehensive if more detailed data
were available.

5.4. Conclusion

We analyze the multilevel determinants of rice crop choice
during monsoon season in Central Nepal. Among the house-
hold level factors, we find that older farmers are more likely
to choose rice over non-rice crops than younger farmers.
Water stress affects crop choice in two ways. First, within an
irrigation system, farmers located at the tail section of the
canal are more likely to plant other crops than the farmers at
the head and middle section of the canal due to water
shortages. Second, the farmers in the irrigation systems that
are fed by large rivers are likely to choose rice over non-rice
crops. In contrast, in the irrigation systems that are fed by
small- and medium-size rivers, farmers are likely to choose
less water-demanding crops. Market integration is one of the
key regional determinants of crop choice. Farmers with greater
market integration are likely to choose non-rice crops. We also
find that regional precipitation and temperature trends

directly affect the irrigation system and farmers’ crop choice.
The increasing trend of monsoon precipitation positively
influences farmers to choose rice while the temperature
trend has the opposite effect. Understanding the multi-level
determinants of crop choice contributes to agricultural adap-
tation and food security policies.

Notes

1. Farms with less than 0.2–0.5 hectares.
2. It refers to supply of water relative to a farmer’s perceptions of the

irrigation demand for the crop at a given period of time (Yoder,
1994). It is a result of biophysical and climatic changes, infrastruc-
ture conditions, institutional rules of water allocation and distri-
bution, and socioeconomic status of farmers.

3. Bunds are corners of the irrigated land that is raised by a few centi-
meters to hold water.

4. Alternatively, we define crop choice as a categorical variable (1=
rice, 2= non-rice crop, 3=fallow land) and estimate a multinomial
model of crop choice. We note that observations on fallow land is
very small (n = 21).

5. We do not include the length of command area canal since it is
highly correlated with the hydrological infrastructure.

6. The default is order-based water rotation system (e.g., head to tail).
7. Center for Environmental Data Analysis. (2016). Retrieved from:

http://catalogue.ceda.ac.uk.
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