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Abstract

This paper estimates the perceptions, determinants and barriers regarding the
adoption of climate change adaptation options among Nepalese rice farmers.
A multi-stage sampling technique was used to source respondents for the
study, and structured questionnaire techniques were used to collect data from
773 households across seven districts (3 from Terai and 4 from the hilly re-
gion of Nepal). A binomial logistic regression model was used to detangle the
determinants for the adoption of climate change adaptation options among
farmers. The results revealed that approximately 80.7% of the farmers per-
ceived change in temperature, and 90% believed that there was a decrease in
rainfall in the 30-year period. In total, 77% of farming households responded
that rice production and yield has decreased due to such changes, which has
forced them to adopt available adaptation options. This study found that 12
adaptation options have been mainly used by rice farmers, and among them,
there has been an increasing use of chemical fertilizer, climate-smart rice veri-
ties, and changes in nursery date, which are the first three adoption options.
Overall, 71% of farmers adopt such adaptation options to protect themselves
from perceived risk. However, farmers are facing several barriers, such as cap-
ital inadequacy, high cost of agricultural inputs, poor adaptation information
provided to farmers, inadequate access to credit facilities and inadequate
awareness about adaptation regarding the adoption of such options. Binomial
regression results revealed that several factors influence a farmer’s choice in
adaptation measures. Our findings suggest the need for greater investment to
remove these barriers and institutional shortcomings and help to improve a
rice farmer’s wellbeing.
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1. Introduction

The concept of climate change adaptation has recently been popularized, as cli-
mate scientists and the IPCC have predicted that the global temperature will rise
by 4°C in 2100, and for such a situation, mitigation efforts will not work among
both developed and developing countries, unless these efforts are widely ac-
cepted from the lowest policy level [1] [2]. Under these uncertainties, society
knows enough to build possible scenarios on which to base decision making in
both developed and developing countries [3]. However, farmers and policy
makers in developing countries are further encouraged to adapt to climate
change over time, since they are unable to mitigate climate change due to many
socio-economic and institutional shortcomings [4]. Adaptation in agriculture,
along with rice production, has been presented for a very long time, but a lack of
proper adaptation practices based on weather variability and a changing climate
is still a common problem in developing countries, including Nepal [5].

Rice is the primary food staple; it is the most important staple crops in South
Asia and ranks first in Nepal in terms of production and livelihood [6] [7]. It is
cultivated at an altitude from 300 m above sea level in the Terai plain to 3000 m
above sea level in the Jumla valley in Nepal [8] [9]. Rice can be cultivated in irri-
gated and rainfed lowlands and uplands [10]. Rainfed rice covers 79% of rice
areas, and 21% of rice areas are fully or partially irrigated [9] [11]. It accounts for
42.54% of the total area and 52.50% of total food grain production, provides em-
ployment for 70% of the population and contributes to 33.5% of the total GDP
and 20% of the agricultural GDP. Further, rainfed rice also meets more than
50% of the total caloric requirement of Nepalese people, with an annual calorie
per capita consumption of approximately 100 kg of milled rice [7] [9] [11]. The
national average yield of rice production is 3171 t/ha, greater than the national
average yield of cereal products (2570 t/ha) [12]. From the consumption side,
rice consumption in Nepal is 79.9 kg of milled rice per person per year [6].
Hence, poor rice crop prompts farmers to grow other cereal crops for food secu-
rity [13].

[14] reported that rice production will double in South Asia by 2020. Fur-
thermore, the IPCC has shown that every 1°C increase in temperature will lead
to a 10% decline in rice yields. Similarly, [15] stated that Nepal has already faced
the adverse effects of climate change on rice production in the Terai region. The
average temperature during rice production has already crossed the threshold
level and increased further. Even the rate of rice production for the last two
decades was 1.4% per year, which was less than required. Likewise, rice areas
have seen production decline from east to west due to large variations in rainfall
and socioeconomic conditions [16]. These consequences have affected 37 dis-
tricts of Nepal, mostly hills and mountainous regions; approximately 70 percent
of subsistence rice producers have already faced food deficits, and further food

shortage will create problems in malnutrition, starvation and inflation [15] [17].

DOI: 10.4236/as.2018.93021

273 Agricultural Sciences


https://doi.org/10.4236/as.2018.93021

N. Devkota et al.

[18] remarked that the extent of the impact of climate change on agriculture
in Nepal has been affected partly by the nature of climate change and partly by
adaptation practice dependency, as well as the ability for society to innovate
technologies to mitigate climate. Agro-scientists have developed crop varieties
that are resistant to erratic climate, such as drought tolerant, cold tolerant and
submergence tolerant varieties, but the size of the required resources is likely to
be well beyond their adaptive capacity [19].

From this approach, adaptations for rice production in Nepal can undergo
many behavioral changes that can act to minimize harm or maximize gains from
weather variability and climate change, such as in households, firms or govern-
ments [20]. These efficient adaptations help to maximize net benefits [20] [21].
Therefore, better adaptation knowledge and perceptions regarding new adapta-
tion options should be well known. It is obvious that every adaptation is not ad-
vantageous for farmers [22], but knowing whether farmers have certain qualities,
such as education, knowledge and other qualities, can encourage them towards
better adaptation and coping strategies. Many determinant factors play a key
role in climate change adaptation, and whether farmers are likely to adapt new
technologies depends upon where the adaptation is done.

In Nepal, numerous studies have been performed on the effects of climate
change on agriculture [8] [13] [22] [23] [24] [25], rice production [15] [16] [26]
and climate change adaptation [24] [27] [28] [29] [30] [31]. Despite the interest
in climate change adaptations at the local and regional levels, little literature is
available on issues such as determinants, perceptions and barriers that affect the
adoption of climate change adaptation options for rice production. Therefore,
this study aims to fulfill this research gap.

The remaining part of this paper is organized into three sections. The next
section will represent the overall methodology of the study, where materials and
methods will be discussed. Then, the results and the discussion of key issues will

be presented, followed by concluding remarks.

2. Materials and Methods

2.1. Theoretical Framework

Different choices are associated with different levels of utility [32]. Therefore,
individual households generally reflect their preferences for different coping
strategies based on their understanding. However, [33] and [34] opined that the
decision regarding whether or not to adopt any adaptation options is considered
to be under the general framework of utility and profit maximization. Further-
more, it is assumed that a rational farmer uses adaptation methods only when
the net benefit from using such a method is significantly greater than the cost of
not doing so [20]. Although the benefit is not directly observed, the action of
economic agents is observed through the choices they make [33]. Suppose that

Y; and Y, represent a household’s benefit for two choices, which are denoted

DOI: 10.4236/as.2018.93021

274 Agricultural Sciences


https://doi.org/10.4236/as.2018.93021

N. Devkota et al.

by U; and U,, respectively.
The linear regression model could then be specified as:

U, =8/X +¢ and U, =X, +¢ (1)

In the case of the adaptation method, if a household decides to use option j, it
follows that the perceived benefit from option jis greater than the benefit from
other options (i.e., k) which is depicted as:

Uij(ﬂJ{Xi+gj)>Uik(ﬁk,Xi+gk)'k¢j (2)

where U; and U, are the perceived benefits for adaptation options ; and

k, respectively, by farmer 7 X,

. is the vector of explanatory variables that influ-

ences the choice of the adaptation options, f; and f, are the parameters to
be estimated, and &; and &, are the error terms assumed to be independently
and identically distributed [27] [33].

The probability that a household will use method ;j from the set of climate

change adaptation options could then be defined as follows

U; >U, /X)

=P(Y,
(ﬂjx +&;- B X —5 >0/X)
=P((B - B) X +&, -5 >0/X)

:p(ﬂ X, +é& >0/X)= (,3 Xi)

P

(3)

where P is the probability function, U;, U, and X, are as defined above,

ij »
&' =&;—¢ is the random disturbance term, B"=p;—f is the vector of
unknown parameters that can be interpreted as the net influence of the vector of
explanatory variables that influences adaptation, and F ( ﬁ"Xi) is the cumula-
tive distribution function of &" evaluated at S*X;. The exact distribution of F
depends on the distribution of the random disturbance term, & [33] [34].
Depending on the assumed distribution that the random disturbance term
follows, several qualitative choice models, such as linear probability, logit or
probit models, can be estimated [32] [33] [34]. The logit and probit models are
the most common models used in the literature, as such models have desirable
statistical properties with probability values ranging and bound within 0 and 1

[34].

2.2. Econometric Specification of the Model

As discussed above, researchers have generally estimated the general framework
of utility and profit maximization when measuring perception and determi-
nants. To measure this estimation, recent studies in South Asia have been con-
ducted [35] [36]. Following previous studies, a logit regression model was se-
lected to identify the significant variable that determines whether or not youth
rural rice farmers are adopting available adaptation options.

Suppose Yis the available adaptation option to the farmer, which is a random

variable, and X represents socioeconomic, institutional, social and other factors.
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For such a dichotomous outcome, the inferential statistical analysis used in this
study is a logit model [36] [37]. The effect of X on the response probabilities,

P(y=j/x), can be estimated using a binary logit model, which is expressed

as
P(Y,/X)=F(Z,)- e _ 1
' YVol4et 14
e’ 1
P(Y, =J/X)=F(Z, )]=——=
(I / I) ( J) 1+eZ. 1+e*2i
Zi=Bo+ PRy o+ B X + 1 (4)

The logit regression equation that is used to ascertain variables influencing
determinants and perception when adopting adaptation options available to

farmers is
Y =By + BiX+ BoXo + ByXa + LyXy -+ BosXos + g (5)

The choice of explanatory (independent) variables used in this study is based
on data availability and a review of the literature [35]. From the numerous stu-
dies that have been performed to measure a farmer’s perception, determinants
and barriers, it has been found that determinants and perception are heavily in-
fluenced by socio-economic, institutional and social factors [13] [33] [34] [36]
[38] [39].

Socio-economic characteristics include age, education, gender, household size,
farm size, farming experience and wealth (ie., household assets) [24]. Institu-
tional factors consist of access to extension services and climate information,
credit availability and tenure status [38] [39]. Finally, social factors include far-
mer-to-farmer extension services and the number of relatives living nearby [33]
[40]. These determinants may assist or restrict adaptation choices. As [41]
rightly remarked, farmers are the first people confronting climate variability and
changes in the agriculture system [41]. Therefore, it is essential to understand
the perception and determinants of farmers and their adaptation strategies to
climatic changes in order to diminish vulnerability and enhance the overall resi-
lience of the system [37] [41] [42] [43]. Based on several previous studies, the
hypothesized variables that affect adaptation option decisions by rice farmers in

our analysis are presented in Table 1.

2.3. Study Area

This study was performed in 7 districts that ranged from the hilly to Terai belts
of Nepal and excluded the mountain belt'. The rice production environments of
Nepal can be classified into Terai (60 - 900 m above sea), hilly (1100 - 1500 m

above sea) and mountain (greater than 1500 m above sea), which contain 75

"This is because rice cultivation practices on the mountain belt are very rare and typically different
that in the study area. Similarly, the rice cultivation period, cultivation techniques and adoption of
adaptation differ from the remaining two belts.
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Table 1. The overall characteristics affecting determinants for the adoption of adaptation options among rural rice farmers.

Explanatory Variables Mean SD Description Expected Sign?
Age 47.743 13.14 Continuous ()
Marital status 0.9301 0.255 Dummy takes the value 1 if married and 0 otherwise ()
Gender 0.7089 0.455  Dummy takes the value 1 if the gender is male and 0 otherwise (*)
Household head 0.7956 0.404 Dummy takes the value 1 if the HH head is male and 0 otherwise (+)
. . Dummy takes the value 1 if the main occupation is farming and 0
Main occupation 0.9483 0.222 K (+)
otherwise
Household size 6.4489 2918 Continuous (%)
. Dummy takes the value 1 if education is higher than the secondary
Level of education 0.0776 0.268 X (+)
level and 0 otherwise
Native 0.8396 0.367 Dummy takes the value 1 if farmers are native and 0 otherwise (+)
Total farmland 0.6755 0.783 Continuous (+)
Total income 20,171.52 22,235.46 Continuous (+)
L L Dummy takes the value 1 if the farmer has received irrigation facilities
Irrigation facilities 0.4515 0.498 K (-)
and 0 otherwise
Fertility of land 0.4373 0.496  Dummy takes the value 1 if land is fertile and 0 otherwise =)
. Dummy takes the value 1 if the farmer has access to credit and 0 oth-
Credit 0.1358 0.343 K (%)
erwise
. Dummy takes the value 1 if the farmer has off-farm activities and 0
Off-farm activities 0.7671 0.898 K (%)
otherwise
Received weather Dummy takes the value 1 if the farmer has received weather related
) i 0.7141 0.452 | ) . (+)
information information and 0 otherwise
Farm experience 29.009 13.29 Continuous (+)
. . Dummy takes the value 1 if the farmer has access to market informa-
Market information 0.4424 0.497 . . (+)
tion and 0 otherwise
. Dummy takes the value 1 if the farmer has access to roads and 0
Distance of road 0.7257 0.446 K (+)
otherwise
L . Dummy takes the value 1 if the farmer has an organization
Organization membership 0.2096 0.407 K K (+)
membership and 0 otherwise
Training 0.0530 0224 Dumm.y takes the value 1 if the farmer has received training and 0 )
otherwise
. ) Dummy takes the value 1 if the farmer has access to extension services
Extension service 0.3221 0.468 K (%)
and 0 otherwise
Dummy takes the value 1 if the farmer has access to a market center
Access to market center 0.2186 0.414 K (+)
and 0 otherwise
Dummy takes the value 1 if the farmer has access to subsidies and 0
Availability of subsidies 0.0750 0264 oy Vel " +)
otherwise
Climate change knowledge 07529 0432 Dummy takef the value 1 if the farmer has climate change knowledge )
and 0 otherwise
Hilly region 0.5666 0.496 Dummy takes the value 1 if the farmer belongs to a hilly region and 0 @

otherwise

Source: Researchers’ calculation/assumption.

“Sign of expected sigh represent the sigh of the variables.
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percent, 23 percent and 2 percent of the total area, respectively. The Terai belt is
considered the grain basket of Nepal and has fertile agricultural land [44]. Three
study districts come from the Terai Belt, and four come from the hilly belt. The
reason behind choosing 7 districts is that there is one district from each state.
Nepal is a landlocked, least developed country, located in the southern part of
the world which is situated at the foothills of the Himalayas between 26°22'N
and 30°27'N north latitude and 80°04'E and 88°12'E with the altitudinal varia-
tion extends from a mere 60 m to 8848 m above sea level (Devkota & Phuyal,
2016). Nepal has observed varying temperatures, with a 0.04°C increase per year
in Terai and a 0.09°C increase per year in the Himalayas, where there is a higher
rate of increase in winter [13]. The recorded rates of warming in the Himalayas
are significantly higher than the global average since temperature in Nepal has
increased by 1.8°C during last 32 years [8] [45] [46]. The distribution of rainfall
has a wide range and is mostly linked with monsoon winds blowing from the
Bay of Bengal. Nepal receives 80% of its rainfall during the monsoon season
where the mean annual precipitation were found to be around 1800 mm [47]
[48]. The main season for rice receives monsoon rain. Terai districts normally
fall in irrigated rice fields, while hilly districts cover both irrigated and rain-fed
rice fields due to topographical variations. [35] remarked that average household
characteristics play an important role in shaping the decision-making process

for climate change adaptation.

2.4. Sampling, Questionnaire and Data Collection

The study area selection was made based on rice pocket areas from different
ecological zones in Nepal. As [35] mentioned in their study, such a study area
selection was made based on rice cropping regardless of cropping patterns, irri-
gation networks and climate prone zones. To select the study sites, this study
used multi-sampling techniques. In the first stage, the seven districts of Nepal
(one each from each state) were randomly selected for the overall study area.
Telephone inquiries were made to each district agricultural office in order to
collect rice pocket areas, which were mostly rice cultivated areas, within the dis-
trict. In the second stage, 14 VDC’s (two from each district) were selected as the
rice pocket area. Further telephone inquiries were made to each VDC secretary
and social mobilizer in order to cross-check the given information from each
district agricultural office. In the third stage, 28 rice pocket wards (two wards
from each VDC), based on the information provided by the VDC secretary and
social mobilizer, were selected. In the fourth stage, 28 farmers were selected from

each ward on a convenience* basis. During our field visit, we found that the in-

*VDC stands for Village Development Committee

*This study encountered difficulties in selecting farmers on the first day, since most farmers are not
available in their houses when the enumerator was present in the area, which effected the selection
procedure during sampling due to the availability of farmers in their home at the time of data collec-
tion. However, precautions were taken in regard to the distance to each household for the question-
naires. After every HH questionnaire was filled, few surrounding houses were left in regard to cov-
erage of the entire study area.
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formation provided was correct, and the selected VDCs were the best rice pocket
VDCs’ in the district. We excluded urban cities and VDCs under the assumption
that cities and urban VDCs may be influenced by market-based adaptations. Se-
lecting VDCs, therefore, had the advantage of a lesser influence by this market
driven adoption, which was the primary reason to select VDC as the study area.
The overall district, VDC, ward selection and number of respondents from each
PSU are presented in Table 2.

The survey was conducted between January and February of 2017. For the da-
ta collection, a total of 773 farmers were interviewed, irrespective of gender,
farm size or tenancy status, through a farm household survey. Interviews were
conducted for the 2016 crop year since the main season rice cultivation in Nepal
occurs from June/July to October/November of each year. A fully structured
questionnaire was used to gather information on socioeconomic and other cha-
racteristics of adaptation. Prior to the study, a pre-testing of the questionnaire
was performed to avoid missing any important information. The enumerators
received field training on the study objectives and the farm household survey.
Both descriptive and inferential statistics were performed. STATA version 13
was used for statistical purposes. All necessary correction checks, such as multi-
collinearity and heteroscedasticity, were performed and corrected as needed,
which is depicted in Table 3.

3. Data Analysis and Presentation
3.1. Socio-Economic Characteristics of the Respondents

A majority of respondents, 87.97%, were within the working age (15 to 64 years),
and 33% of respondents were youths involved in rice cultivation. This indicates a
potential for active labor participation in rice production in Nepal. The average
age of the respondents was 46.5 years, ranging from the highest age of 86 years
to the lowest age of 18 years. Most of the respondents were male (70.1%), while
the rest were female. Two noticeable facts about the low participation were the
language barrier in Terai and the male as the household head. In both situations,
females were less likely to respond to the enumerator with the presence of her
husband and the laws in their home. Among the respondents, 93% were mar-
ried, and 79.6% were the household head. The average HH size of the respon-
dents was approximately 6 members. It was also observed that 649 (83.9%) res-
pondents were local people living in the area for very long period of time, while
16.1% migrated for their betterment and farming purposes.

The education level of the farmers may be helpful when searching for infor-
mation from various sources on agro-farming issues on the verge of a changing
climate and adaptation strategies. In total, 67.5% of the respondents had a for-
mal education, ranging from primary (41.52%) to college level education
(10.2%), whereas only 65 respondents (8.4%) received a vocational education.

Most of the rural farmers (98%) in the study area declared agriculture as their

°In each selected ward, rice farm households contained more than 90% of respondents.
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Table 2. Study districts, VDC, wards and respondents.

Number of farmers

District VDC Selected wards® ) .
interviewed
Godak 3&4 56
Tlam
Sangrumba 2&5 56
Manaharwa 7&9 56
Bara
Rampurwa 5&6 55
Bhimsth 3&4 52
Sindhuli Hmstan
Kapilakot 6 &9 54
S . Thumpokhari 5&8 54
angja
yang) Swarek 7&38 55
Dang Manpur. 1&6 56
Goltakuri 2&3 56
Surkhet Babiyachal.lr 2&38 56
Kunathari 1&2 55
Kailali Narayanpur 1&2 56
Manuwa 3&6 56
Total 14 28 773

Source: Researchers’ calculation.

Table 3. Hypothesis testing for model significance and predictive power.

Degree
X2 ff )2 2log Model
Adaptation options - AIC*  correctness® Pseudo-R?
P P (chi-square) freedom level® likelihoods u
(%)
(df)
No adaptation 156.68 25 0.00 -327.95 707.89 79.43 0.28
Using climate smart
. 176.36 25 0.00 —434.15 920.29 70.00 0.19
verities
Denser plantation
56.05 25 0.00 -274.94 601.88 86.80 0.09
of local seeds
Selecting short
. i 116.61 25 0.00 —-395.76  843.55 76.20 0.16
duration rice crops
Rice crop switching 84.91 25 0.00 -155.19  362.39 93.66 0.20
Use of chemical
. 154.17 25 0.00 —-413.50 879.01 74.26 0.20
fertilizers
Use of vitamins 151.25 25 0.00 —-222.06 496.125 86.29 0.34
Change in land size 81.64 25 0.00 -111.49 274.977 95.86 0.18
Off-farm activities 87.36 25 0.00 -85.07  220.133 96.45 0.24
Change in nursery
58.49 25 0.00 —453.93  959.856 70.12 0.06
date
Changi i
anging planting 68.32 25 0.00 —420.53  893.060 74.51 0.09
dates
Change in
132.83 25 0.00 -214.07 480.137 89.78 0.48

irrigation practice

*AIC (Akaike information criterion) measures the relative quality of the statistical model. ®Plevel shows the
statistical significance needed to reject the null hypothesis (HO). “This is based on the classification table.
Source: Modified from [35].

®Each selected ward represent to primary sample unit (PSU) to collected HH information regarding
perception, determinations and barriers of climate change adaptation.

DOI: 10.4236/as.2018.93021 280 Agricultural Sciences


https://doi.org/10.4236/as.2018.93021

N. Devkota et al.

major occupation. The average land holdings of such farmers were 26.70 kattha,
among which the average rice growing land was 20.15 kattha. This shows that
people only had more available land holdings and rice cultivation when the land
was suitable. In addition, there may be several other causes, such as upland, dry
land and other types of land, that restrict rice farmers to cultivating less land

than they actually possess.

3.2. Climate Change Perception among Rice Farmers

Perception is one of the most important factors determining the willingness to
accept adaptation options, and it is considered the first step in the process for a
farmer’s adaptation to climate change [40] [49]. Farmers should first perceive
that there is climate change in order to take necessary adaptive strategies [39]. A
better understanding about perception helps to develop and design effective
plans and policies to support successful adaptations in the agricultural sector,
including rice production. The surveyed farmer household respondents were
asked about their perception of climate change in regard to various climate va-
riables over the past 30 years. Temperature was separated into maximum tem-
perature, minimum temperature, day time temperature, night time temperature,
summer temperature and winter temperature, and precipitation was divided into
increased, decreased, consistent and unknown precipitation.

This study found that approximately 81% of rice farming households have
heard of and talked about climate change. Districts such as Bara (95%) and
Syangja (91%) had a greater percentage of respondents that have heard of and
talked about climate change when compared to other districts. A total of 80.7%
of the respondents mentioned that they were aware of changing temperature.
Among the rice farmers, 80% of the farmers mentioned that temperature has in-
creased during the 30-year time span. Approximately 77% of respondents stated
that there has been an increase in maximum temperature, as well as an increase
in minimum temperature (89%), day time temperature (90%), night time tem-
perature (84%), summer temperature (90%) and winter temperature (53%).
Similar to temperature, 90% of farmers stated that precipitation has deceased
sharply during the past 30 years. Their major observations showed that rainfall
patterns have decreased, along with the change in timing for rain. Farmers stated
that before the most recent 30 years, rainfall was regular and predicted, but now
it is irregular and unpredictable. Such a sharp decrease in rainfall makes it hard-
er for them to cultivate their farmland.

As a result, production in the study area has already been impacted by such
climatic variations. Overall, 91% of farmers argued that there has been a change
in production among them; a total of 77% mentioned that their production has
decreased, 12% believed that their production has increased, and 2% felt no
change in production at all, while the remaining 9% were unsure about the
change. This shows that a majority of farmers are facing a food problem due to

changes in temperature and rainfall patterns.
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3.3. Farm Level Adaptation Strategies

Discovering adaptation strategies made by farmers is useful to obtain an under-
standing of the adaptive capacity of an agricultural system [42] Farmers in the
study area were asked to reveal their major adaptation strategies in response to
climate change, and the farmers identified that there are 12 major adaptation
strategies that are commonly used in practice. Such adaptation options were first
selected from the literature and discussed with experts before posing them di-
rectly to the farmers. Farmers were also asked to add new adaptation options, if
any, during the HH survey, but no additional adaptation options were found.
Figure 1 shows the major and common adaptation strategies adopted by farmers
in order to cope with a changing climate.

Among farmers, 73% argued that they have been adopting several adaptation
options for rice farming, while 27% had not yet started any adaptation mechan-
ism. It was also observed that in the hilly districts, there were still less adaptation
practices that have prevailed. Among the study districts, farmers belonging to
Terai had adopted more in comparison to farmers living in the hilly region.
Farmers from Ilam and Surkhet had a low adaptation to available adaptation op-
tions as only 30% of the farmers from Ilam and 40% of those from Surkhet had

adopted options for their rice farm.

3.4. Knowledge of Climate Change Adaptation Strategies

Several studies, including governmental as well as academic studies, have shown
that rice farmers in Nepal have initiated several domestic activities and actions to
respond to climate change in their fields [24] [25] [28] [29] [50]. However, such
adaptations are different based on location, as stated above. Our study revealed

that rice farmers have a sufficient knowledge of climate change and its impact on

Alternative Irrigation Practice
Build Water Harvesting System
Change in Planting Dates
Change in Nursery Date
Off-farm Activties

Changing Size of Land

Use of Vitamins

Incr ing use of Chemical Fertilizers 47
Rice Crop Switching

Use of Short Duration Rice Verities
Denser Plantation of Local Seeds
Use of Climate Smart Verities

No Adapation

0 50 100 150 200 250 300 350 400 450 500

B Number of HH adopting A ion Opti

9 P P

Figure 1. Main adaptation practices of farmers in the study area.
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their farmland. A total of more than 90% of rice farm households believe that
climate change can reduce their soil fertility, negatively affect their rice produc-
tion and increase the invasion of pests and diseases that hamper rice production.
Similarly, 80% of the abovementioned farmers state that climate change may
cause extreme changes in weather conditions, which can cause sickness among
farming families. They believe that this can be reduced with supplementary irri-
gation practices that are meant for coping with climate change. Likewise, more
than 60% of farmers argue that such changes in climate can be mitigated by
seeking out early warning information, planting improved verities of rice seeds
and participating in workshops and conferences related to rice farming. Only
half of the respondents mention the shifting of the planting date and insuring

crops against risk as coping mechanisms.

3.5. Barriers when Adopting Available Adaptation Options

Barriers of adaptation can be defined as factors, conditions or obstacles that are
believed to reduce the effectiveness of the farmers’ adaptation strategies [51]
[52]. The major farmer adaptation barriers are socio-ecological factors, psycho-
logical factors and resource constraints, which arise due to poverty levels, lack of
information and communication on adaptive measures, lack of access to credit,
and the perception of the importance of climate change and adaptation. Such
barriers can be overcome with creative management, changed thinking and
concerned effort [33] [52].

It is not easy to adopt available adaptation options, and as expressed by the
farmers, this difficulty is due to one of these causes. Rice farmers were asked to
state the factors that hinder them from adopting available adaptation options. It
was found that Nepalese rice farmers face various hindrances when adopting
available adaptation options best for them. Factors such as inadequate capital,
poor access to weather forecasts and climate change information, and inadequate
awareness programs on climate change from governmental and non-governmental
agencies were major barriers for more than 90% of farmers. Similarly, more than
80% of farmers stated that the high cost of improved seeds, fertilizers and irriga-
tion, the inadequate knowledge of coping mechanisms and resiliency and the
inadequate access to credit facilities were major among the given hindrances to
rice farmers. Furthermore, there were several other barriers that rice farmers are
facing, such as insufficiency of manpower, inadequate government policies and
old farming technology and equipment. Among the barriers, the top five barriers
that the rice farmers cope with in a changing climate can be observed in Figure
2.

Farmers argued that capital inadequacy was the first barrier, as they are poor.
Most of the other adaptations were also related to price, which is again related to
capital. They mentioned that the high cost of fertilizer and the lack of credit
access hinder their adaptation capacity, along with insufficient information and

inadequate awareness.
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Figure 2. Top five barriers for rice farmers when coping with a changing climate.

3.6. Determinants for the Adoption of Climate Change Adaptation
Options

Determinants of adaptation options refer to the factors that decisively affect the
nature or outcome of the adaptations. The IPCC defined climate change deter-
minants as “the considerable attention that has been devoted to the characteris-
tics of systems that influence their propensity or ability to adapt and/or their
priority for adaptation measures”. Knowing the determinants of choice for cli-
mate change adaptation strategies is very vital in developing intervention meas-
ures for those key perceived determinants to improve adaptive capacities of far-
mers [37]. The statistical and econometric software STATA (version 13) was
used to estimate the parameters of the multiple regression that determined the
climate change adaptation options.

As such, the binomial logit regression model (with cross-sectional data) was
adopted to check the determinant factors for the adoption of adaptation options.
Such data analyses involved two problems: the heteroscedasticity of the error
term and multicollinearity among explanatory variables [53]. The Collin test was
performed to address the problem of multicollinearity and found that the VIF
score for all models was less than 2. The Collin test was used against the
Breusch-Pagan test for multicollinearity in this analysis since the Collin test al-
lows for the direct estimation of multicollinearity after a logit regression, while
the Breusch-Pagan test requires OLS estimation. Similarly, we estimated a robust
logit regression in order to the prevent model of heteroscedasticity.

Some post estimation tests, such as the fit test and the classification table test,
were also performed to understand the fit of our model. We tested all of our

models for the significance and accuracy of the predictions. A classification table
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(shown in Table 3) was used to measure the extent to which our model accuracy
predicted dependent variables. [35] argued that a higher percentage from the
calculation indicates a better fit of the model.

The post estimation found that the overall percentage correctness for all mod-
els was more than 70%, which confirmed a better fit of all models used in our
study. Similarly, the x2 value was significant, and the value of the Pseudo-R?
ranged from 0.06 to 0.48, which indicated that all model selected for this study
fit and can accurately estimate the determinants and the perception of farmers
for the adoption of climate change adaptation options.

Since the study aims to measure individual adaptation options, we have 12
different dependent variables (ie., adaptation options for the farmers) for the
same explanatory variables. In terms of F and R* values, the overall mean regres-
sion of the variable is jointly important in the implicated adoption of available
adaptation options for the farmers. For simplicity, this study explains the models

per its regression result, which is given in Appendix 1.

3.7.Model 1: No Adaptation

In Model 1, eight variables were found to significantly affect the rice growing
farmers’ choice to not adapt. Such variables were household size, irrigation facil-
ities, availability of credit, access to roads, extension service availability, access to
market centers, availability of subsidies and farmers who lived in the hilly re-
gion. Among these significant variables, availability of credit, access to roads and
farmers who lived in the hilly region were significant at the 1% level of signific-
ance, which indicated the probability of high level association with the no adap-
tation model. However, road access and credit availability had negative signs,
which revealed that if the credit availability for the farmers was sufficient and
road access was near the household, the probability of adaptation increased sig-
nificantly, with other conditions remaining the same. Farmers who lived in hilly
regions resulted in a significant and positive sign, meaning that if the farmers
lived in a hilly region, the probability of the adoption of given adaptation op-
tions was lower compared to those farmers who lived in Terai. Variables such as
irrigation facilities, extension services and availability of subsidies were statisti-
cally significant at the 5% level of significance. Here, the availability of subsidies
and extension services also had a negative sign, indicating that based on availa-
bility, the probability of adaptation by rice farmers increased. On the other hand,
irrigation facilities showed a positive sign, meaning the more irrigation availabil-
ity there was for the farmers, the less likely the adoption of available adaptation
options. Other variables, such as household size and market center, showed sta-
tistical significance at the 10% level of significance, which indicated a lower as-
sociation between the dependent variable. The household size resulted in a nega-
tive sign, meaning that the probability of adaptation increased with the increase
in household size. In addition, market access showed a positive sign, which sig-
nified that the probability of adaptation was lower as the farmer gained easy

market access (this variable contradicted our hypothesis).
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3.8. Model 2: Change in Rice Verities

In Model 2, eight variables were found to significantly affect the rice-growing
farmers’ changes in rice verities. Such variables were main occupation, total
farmland, fertility, access to roads, membership in an organization, availability
of subsidies, knowledge about climate change and living in a hilly region.
Among these significant variables, total farmland, availability of subsidies and
living in a hilly region were significant at the 1% level of significance, which in-
dicated the probability of a high-level association with changes in rice varieties.
However, all variables had a negative sign, which revealed that if a farmer pos-
sessed more farmland, received available subsidies and lived in a hilly region, the
probability of changes in rice variability was lower. Variables such as main oc-
cupation, distance to roads, membership in an organization and knowledge on
climate change were statistically significant at the 5% level of significance.
Among these variables, the distance to roads, membership in an organization
and knowledge on climate change were positively associated with the dependent
variables, which signified that the probability of changes in rice varieties in-
creased per the increase in given variables. However, main occupation had a
negative sign, which indicated that the probability for changing rice variability
was negative. Apart from this, fertility was statistically significant at the 10% lev-
el of significance and possessed a negative sign; this indicated that the probabili-
ty of change in rice varieties negatively depended upon fertility level. If farmers

had fertile land, there were fewer adoptions of adaptation options.

3.9. Model 3: Denser Plantation of Rice

In Model 3, seven variables were found to significantly affect the denser planta-
tion of rice as an adaptation option for the farmers. Such variables were gender,
market information, knowledge of climate change, level of education, received
weather information, access to roads and living in a hilly region. Hilly regions
showed statistical significance at the 1% level of significance and possessed a
negative sign, which implied that the probability of planting denser rice was less
in hilly regions compared to the Terai region. Similarly, gender, market infor-
mation and climate change knowledge showed statistically significant at the 5%
level of significance and had a positive sign. This implies that the probability for
the denser plantation of rice increased for male gender, possession of market in-
formation and receipt of climate change knowledge. Additionally, the level of
education, received weather information and access to road distance were statis-
tically significant at the 10% level of significance. Here, received weather infor-
mation and access to road distance had positive signs, indicating that the proba-
bility of increasing the denser plantation of rice increased based on information
and road access, but the level of education showed a negative sign, indicating
that such an adaptation practice decreased when it had a significantly negative
sign. The major reason might be that education provides various other tech-

niques and adaptation options to rice farmers other than denser planting.
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3.10. Model 4: Use of Short Duration Rice Varieties

In Model 4, ten variables were found to significantly affect the use of short dura-
tion rice varieties as an adaptation option for farmers. Such variables were age,
irrigation, off-farm activities, access to roads, membership in an organization,
availability of subsidies, total farmland, fertility and farmers who lived in hilly
regions. Variables such as age, irrigation, off-farm activities, farm experience,
access to roads, membership in an organization, availability of subsidies and
farmers who lived in hilly regions were statistically significant at the 1% level of
significance. Some variables, such as irrigation, off-farm activities, farm expe-
rience and farmers who lived in hilly regions, were negatively associated with the
dependent variables, meaning that the probability of using short duration of va-
rieties was lower with the increase in the use of mentioned variables. However,
some variables, such as age, road-distance, membership in an organization and
availability of subsidies had a positive sign, indicating that the probability of use
for short duration rice varieties increased with the increase in age per year, dis-
tance to road access, membership in an organization and availability of subsi-
dies. Similarly, total farmland and fertility were negatively associated with the
use short duration of rice varieties at the 5% and 10% level of significance, re-
spectively. This signified that as total farmland and fertility increased, the proba-
bility of use of short duration rice varieties decreased, and vice versa.

3.11. Model 5: Rice Crop Switching

In Model 5, seven variables were found to significantly affect rice crop switching
as an adaptation option for farmers. Such variables were credit, market informa-
tion, member of an organization, irrigation, training, household head and fertil-
ity. In this model, explanatory variables such as access to credit, market infor-
mation and member of organizations were statistically significant at the 1% level
and had a positive sign. This indicated that the probability of rice crop switching
increased with an increase in access to credit, market information and organiza-
tion memberships. Similarly, irrigation and training were statistically significant
at the 5% level of significance and both had negative signs. This indicated that
the probability of rice crop switching decreased if there was a sufficient level of
irrigation availability and proper training for rice farmers. Likewise, household
head and fertility level were statistically significant at the 10% level of signific-
ance. Household head was positively significant with rice crop switching, which
meant that if the household head was male, then the probability of crop switch-
ing was higher. However, fertility was significant with a negative sign, indicating
that the probability of not changing the rice crop was high with more fertile
land. Only degraded or unsuitable land for the rice cultivation of land-holding
farmers switched their farm practice.

3.12. Model 6: Increase in the Use of Fertilizer

In Model 6, six variables were found to significantly affect the increase in the use
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of fertilizer as an adaptation option for farmers. Such variables were irrigation,
fertility, total farmland, road access, extension services and people who lived in
the hilly region. Access to roads, extension services to farmers and people living
in the hilly region were statistically significant at the 1% level of significance.
Two variables (i.e., access to roads and extension services) had positive signs, in-
dicating that the probability of increasing the use of fertilizer increased with
road access and agricultural extension services available to farmers. However,
the hilly region showed a negative sign, indicating that the probability of using
fertilizer by hilly farmers was less compared to farmers from Terai. Similarly, ir-
rigation and fertility were significant statistically at the 5% level of significance
and had negative signs, which indicated that with the availability of irrigation
and fertility of soil, the probability of the increasing use of fertilizer decreased.
Studies argued that proper irrigation and proper fertile land required less ferti-
lizer compared to others. Likewise, total farmland was statistically significant at
the 10% level of significance and had a negative sign, which indicated that far-

mers with more farmland had a lower probability of using more fertilizer.

3.13. Model 7: Use of Vitamins

In Model 7, six variables were found to significantly affect the use of vitamins as
an adaptation option for farmers. Such variables were the availability of credit,
access to the market center, access to roads, extension services, whether the
people were native and whether the people lived in a hilly region. Among the
significant variables, availability of credit, access to the market center and living
in hilly regions were statistically significant at the 1% level of significance. Here,
credit and access to the market center had positive signs, which indicated that
the probability of using vitamins increased with the availability of credit to far-
mers, as well as market access. However, farmers living in a hilly region had a
negative sign, which showed that the probability of using vitamins by farmers
was less compared to famers living in Terai. Variables such as road access and
extension services had statistical significance at the 5% level of significance.
Here, distance to roads showed a positive relationship between the use of vita-
mins, while extension services were negatively significant. This signifies that the
probability of using vitamins increased with access to roads, whereas extension
services helping farmers by providing timely information and methods for cop-
ing reduced the use of vitamins. However, native people had statistical signific-
ance at the 10% level of significance and a negative sign, meaning that the prob-
ability of using vitamins increased among migrated farmers. This may be the

reason why there was less experience on new farmland.

3.14. Model 8: Changing Land Size

In Model 8, five variables were found to significantly affect changing land size as
an adaptation option for farmers. Such variables were received weather informa-

tion, market information, availability of subsidies, access to the market center
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and people who lived in hilly region. Availability of subsidies had statistical sig-
nificance at the 1% level of significance and a positive sign, which indicated that
the probability of changing land size increased with the availability of subsidies.
Variables such as received weather information and market information were
statistically significant at the 1% level of significance and had a positive sign.
This implied that the probability of changing land size increased with weather
information received and proper market information. Similarly, the market cen-
ter and people who lived in hilly regions were statistically significant at the 10%
level of significance and had a positive sign. This indicated that the probability of
changing land size increased with the increase in access to the market center and

people who lived in the hilly region.

3.15. Model 9: Off-Farm Activities

In Model 9, five variables were found to significantly affect off-farm activities as
an adaptation option for farmers. Such variables were main occupation, house-
hold size, farm experience, off-farm activities and people who lived in a hilly re-
gion. Variables such as farm experience, people who lived in a hilly region and
off-farm activities were statistically significant at the 1% level of significance.
Off-farm activities and farm experience had a positive sign, which indicated that
the probability of having off-farm activities decreased with the farmers’ in-
volvement in off-farm activities and farm experience. However, people who lived
in a hilly region showed a positive sign with off-farm activities, which signified
that the probability of having off-farm activities was high for a farm household
containing people who lived in a hilly region. Similarly, variables such as main
occupation and household size were significant at the 5% level of significance.
Main occupation had a negative sign, which indicated that the farmers were less
likely to work on off-farm activities. On the other hand, household size had a
positive sign, which indicated that the probability of having off-farm activities
increased with the size of the household. If the household had a large family,
they were likely to have members involved with off-farm activities compared to

households with less family members.

3.16. Model 10: Change in Nursery Data

In Model 10, four variables were found to significantly affect the change in nur-
sery date as an adaptation option for farmers. Such variables were gender, mar-
ket center, irrigation facilities and availability of subsidies. Two variables (ie., ir-
rigation facilities and availability of subsidies) were statistically significant at the
1% level of significance. Here, irrigation facilities had negative significance,
which indicated that the probability of change in nursery date reduced with the
availability of irrigation facilities. However, the availability of subsidies had a
positive sign, indicating that the probability of change in nursery date increased
with the availability of subsidies. Likewise, variables such as gender and access

market centers were statistically significant at the 5% level of significance and
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had a positive sign. This indicated that the probability of change in nursery date

increased as male gender and access to market center increased.

3.17.Model 11: Change in Planting Date

In Model 11, seven variables were found to significantly affect the change in
planting date as an adaptation option for farmers. Such variables were household
size, fertility, access to market center, irrigation facilities, access of subsidies,
credit availability and extension services. Variables such as irrigation facilities,
access to market center and subsidies were statistically significant at the 1% level
of significance. Irrigation facilities had a negative sign, which indicated that the
probability of change in planting date decreased with the availability of irrigation
facilities. However, access to the market center and the availability of subsidies
had a positive sign, which indicated that the probability of a change in planting
date increased with access to the market center and the availability of subsidies.
Similarly, credit availability was statistically significant at the 5% level of signi-
ficance. It had a negative sign, which indicated that the probability of a change in
planting date decreased with credit availability. In regard to credit, farmers were
less fearful of cultivating their farms from climatic anomalies. This helps them
farm on time. Household size, extension services and fertility were statistically
significant at the 10% level of significance. Household size showed a negative
sign, which indicated that the probability of a change in planting date decreased
with the increase in household size, and vice versa. Unlike household size, fertil-
ity and extension services had a positive sign, which signified that probability of
a change in planting date increased with the fertility of land and the availability

of extension services.

3.18. Model 12: Use of Alternative Irrigation

In Model 12, nine variables were found to significantly affect alternative irriga-
tion as an adaptation option for farmers. Such variables were main occupation,
irrigation facilities, training, access to the market center, credit availability,
market information, access to roads, and whether the people were native and
lived in a hilly region. Explanatory variables, such as irrigation facility, credit
availability and people who lived in a hilly region were statistically significant at
1% level of significance, but irrigation and hilly regions had negative sign, while
credit facilities had a positive sign. This indicated that the probability of using
alternative irrigation was lower for farmers who already had irrigation facilities
and lived in hilly regions. However, credit showed a positive sign, indicating that
the probability of using alternate irrigation increased with the increase in credit
facilities for farmers. Similarly, market information, native people, access to
roads, training and access to the market center were statistically significant at the
5% level of significance. Market information showed a positive sign, which indi-
cated that the probability of using alternative irrigation increased with proper

market information given to the farmers. Apart from this, native people, road
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distance, training and access to the market center had negative signs, indicating
that the probability of using alternative irrigation decreased among native far-
mers compared to migrated farmers, as well as farmers who received proper
training and had access to roads and market information. Likewise, the main
occupation was statistically significant at the 10% level of significance and
showed a positive sign, which indicated that the probability of using alternative
irrigation remained high for farmers whose main occupation was solely farming

compared to people who had several occupations.

4. Conclusion

This paper examines the perception, determinants and barriers for the adoption
of climate change adaptation options among Nepalese rice farmers. This study
uses a binomial logit model to access determinants of the farmers’ adaption
choices in the face of climate change. The dependent variables are 11 adaptation
options, as well as a no-adaptation option, while the explanatory variables are
socio-economic and other relevant factors. It is found that the majority of res-
pondents for all districts have heard about climate change. Approximately 80.7%
of respondents from rural farmlands stated that temperature has increased dur-
ing the 30-year time period, whereas more than 90% of farmers believed that
rainfall has decreased for the same period. Such fluctuations in climatic anoma-
lies have hampered rice production, and greater than 90% of the farmers argued
about this. To protect their land from such changes, 73% of farming households
have taken adaptive measures, which they believe to help in limiting the adverse
impact of climate change on their rice farming. Such adaptations are high in the
Terai region and low in the hilly region. The major adaptation options that far-
mers use in rice farming are changes in rice varieties, denser plantation of rice,
use of short duration rice varieties, rice crop switching, increase in the use of fer-
tilizer, use of vitamins, changing land size, off-farm activities, changes in nursery
date, changes in planting date and the use of alternative irrigation. Rice farmers
in the study area had a sufficient knowledge on climate change and its impact,
and more than 90% believed that climate change can reduce their soil fertility,
negatively affect their rice production and increase the invasion of pests and
diseases that hamper with rice production. Furthermore, 80% of farmers argue
that climate change may cause extreme changes in weather conditions, which
can cause sickness among farming families. Farmers believe that such impacts
can be reduced with supplementary irrigation practices. Overall, more than 60%
of farmers also state that seeking early warning information, planting improved
verities of rice seeds and participation in workshops and conferences related to
rice farming could be other coping mechanisms. Farmers have been facing many
barriers to the adoption of such adaptation options that are available to them.
Farmers have been hindered by several barriers; among them, the top five hin-
drances are the inadequacy of capital, high cost of agricultural inputs, poor

adaptation information, inadequate access to credit facilities and inadequate

DOI: 10.4236/as.2018.93021

291 Agricultural Sciences


https://doi.org/10.4236/as.2018.93021

N. Devkota et al.

awareness of the adaptation options they could adopt on their farmlands. The
results from the binomial logit model specify that most of the variables are sta-
tistically significant. Various adaptation strategies are significant, but the signi-
ficance of the variables differ with different models, which indicates that all
adaptation options are not influenced by the same variables. The no adaptation
model finds that household size, irrigation facilities, availability of credit, access
to roads, extension service availability, access to the market center, and the
availability of subsidies are significant factor, and farmers who live in a hilly re-
gion had a statistically significant relationship with these variables. As different
adaptation strategies are followed by the farmers, there are several different va-
riables influencing these adaptations, as discussed earlier. This indicates that
adaptation strategies for farmers differ with adaptation options, as well as the
knowledge that they perceive regarding such adaptation options. Therefore,
government policy should target the improvement of these significant determi-
nants to boost farmer adaptations and thus reduce vulnerability. For example,
investment in education, the supply of enough agricultural inputs, providing
awareness about the use of chemical fertilizers and other adaptation options can
be used as appropriate policy options in order to minimize the effect of climate

change on rural farmland in Nepal.
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Observations 773 773 773 773 773 773 773 773 733 773 773 773
Standard errors are in parentheses. ***p < 0.01, **p < 0.05, *p < 0.
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