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Abstract
Climate change affects the livelihood of farmers in a variety of ways. Farmers’ indige-
nous knowledge influences their perception of climate-related issues. A perception-based,
semi-structured questionnaire survey of 530 households was performed to gather infor-
mation about the awareness of, indicators for, and determinants of climate change. The
survey covered three ecological regions of Nepal. The statistical analysis was done with a
chi-square (χ2) test and a binary logistic regression (BLR) model to screen farmers’
perception of climate change. This study shows that socio-economic and agricultural
characteristics of the farmers directly influence their perception of climate change.
Farmers have identified climate change indicators in various forms, e.g., an increase in
temperature (99.2% of those surveyed), a decrease in precipitation (98.9%), and an
increase in climate-induced diseases and pests (96.8%) for agricultural crops. Observed
precipitation (− 16.093 mm/year; p = 0.055) and temperature (0.0539 °C/year; p = 0.007)
between 2000 and 2015 are both consistent with farmers’ perception. The selected
independent variables are significantly correlated with the dependent variables, as con-
firmed by the BLR model, where χ2 = 83 with p = 0.002. The BLR shows there is a
strong relationship between farmers’ perception of climate change and the group of
descriptive variables, with a coefficient of determination of 85%. The biophysical
characteristics and impact variables were the most important determinants. It is important
that organizations and policymakers in Nepal develop adaptation strategies that improve
the livelihoods of farmers. These strategies include introducing drought-tolerant crops,
developing disease- and pest-tolerant seeds, constructing irrigation systems, and building
hospitals.
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1 Introduction

Climate change refers to changes in meteorological conditions over decadal and longer-term
periods (IPCC 2014a; Kaufman et al. 2009; Travis et al. 2018) and can have a negative impact
on agricultural systems (Tesfahunegn et al. 2016). Farming in the Himalayan countries tends to
be more susceptible to climate change compared with other sectors and regions (Khanal et al.
2018; Negi et al. 2017; Rahut and Micevska 2012), and the Intergovernmental Panel on
Climate Change (IPCC) reports that agricultural activities in the Himalayan region are greatly
affected by climate change (IPCC 2014b; Manandhar et al. 2011). Agricultural activities began
to become particularly affected after the 1990s, due to increasing trends in temperature and
drought events and decreasing trends in precipitation (Paudel et al. 2016). The impact of
climate change varies regionally and is more serious in developing countries, such as Nepal
(Shrestha and Aryal 2011), where the majority of farmers practice rain-fed farming (CBS
2012). Farmers’ perception and indigenous knowledge are very important not only for
understanding these problems but also for solving them by involving local people in an
effective away (Metz 1989; Ives 1987; Ives and Messerli 1989). Farmers’ indigenous knowl-
edge also provides multiple solutions to minimize environmental risk, in favor of nature and
society, between upstream and downstream regions (Ives and Messerli 1989; Blaikie and
Muldavin 2004). Several previous studies (Bhatt et al. 2014; Chapagain et al. 2017; Devkota
et al. 2017; Dhakal et al. 2016; Sujakhu et al. 2016) have demonstrated that climate change is a
challenge for agricultural production because of decreasing precipitation, increasing short-term
heavy rainfall, and more frequent droughts, and it is therefore important to study farmers’
views of climate change, including the associated indicators and determinants. This knowledge
can be used to develop community-based and farmer-friendly adaptation strategies and
programs.

The farmer’s perception of climate change plays a vital role in developing mitigation
and adaptation strategies for land use and farming activities (Mertz et al. 2009; Pröbstl-
Haider et al. 2016). In fact, some farmers in the Himalayan region successfully mitigate
the impact of climate change by diversifying and rotating crops, adjusting planting times
(early and late), and selecting crops suitable for the landscape and the time of year (Aase
and Chapagain 2017; Negi et al. 2017). The theoretical basis for adaptation strategies in
the Himalayas suggests that there are three basic elements for mountain adaptation:
creating zones for vertical production, selecting the right production approach by the
inhabitants, and planning production (Guillet et al. 1983). Further, these adaptation
strategies include the interaction between social, agricultural, and land tenure systems,
as well as productivity and the possible modification of existing strategies. A recent
study in Nepal (CBS 2017) indicated that common adaptation measures include the use
of chemical fertilizers, mixed cropping with new crop varieties, and increased investment
in preventing climate-induced disease in livestock. In addition, based on location,
farmers have educated themselves about the impact of climate change, as manifested
in early or late rainfall and the drying up of rivers, reservoirs, and ponds. However, they
are not completely aware of the possible impacts on their livelihood and the economy
(Tesfahunegn et al. 2016; Uprety et al. 2017), and a detailed study, therefore, on farmers’
understanding of climate change can reduce knowledge gaps for both farmers and
planners.

Studies done in various parts of the world have suggested that temperature change and
erratic rainfall are often accompanied by floods (Bielders et al. 2003; Devkota et al.
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2017; Tripathi et al. 2014). Many farmers are aware of climate change, but how they
respond, the impact they experience, their understanding of the reasons, and the costs to
them vary (Hou et al. 2015; Hou et al. 2017; Tang et al. 2018; Tesfahunegn et al. 2016).
Conversely, some farmers may not care about or notice climate change (Deressa et al.
2009). For example, a lack of involvement in agricultural activities, lack of experience,
and illiteracy or low education levels may decrease awareness of climate change. Some
farmers view climate change in a scientific way while others have a religious perspective
(Kemausuor et al. 2011), and their awareness of climate change depends on their
education level, local long-term climate observation experience, past and present status
of resources, and the availability of climate-related information (Tesfahunegn et al.
2016). In addition, some farmers’ perceptions and adaptation practices vary with the
type of vertical production zone and the cultural setting (Guillet et al. 1983; Manandhar
et al. 2011).

Those who are directly associated with farming activities may have a great deal of
information about climate change. Studies have shown the importance of including the
knowledge of farmers in formulating suitable adaptation plans and policies and in
developing technological measures to improve farmers’ livelihoods and economic status
(Devkota et al. 2017; Khanal et al. 2018; Manandhar et al. 2011; Mertz et al. 2009;
Pandey and Bardsley 2015; Pröbstl-Haider et al. 2016; Sujakhu et al. 2016). Farmers’
perception of climate change, covering all the ecological regions of Nepal, is not well
documented, and most previous studies have concentrated on specific locations in Hill
and Mountain regions, with limited attention given to the Tarai region. A perception-
based climate change study in west Nepal, covering two ecological regions (Mountain
and Tarai), noted that Mountain farmers have somehow benefitted while Tarai farmers
have mainly lost out mostly (Manandhar et al. 2011). Moreover, the Tarai region’s
farmers mostly indicated changes in temperature, untimely erratic rainfall, and flood
indicators of climate change, while the Mountain farmers observed changes in precipi-
tation and temperature, and more crop diseases, again indicators of climate change.
Studies covering Mountain and Hill ecological regions, the Budhi Gandaki River basin,
and the Melamchi Valley in Nepal found that farmers are highly aware of changes in
temperature, rainfall, and increasing numbers of drought and flood events as climate
change indicators (Devkota et al. 2017; Sujakhu et al. 2016). A further study covering
part of the Tarai region, within the West Rapti River Basin, indicated that the temperature
has risen over the past 20 years, and that people’s perception was consistent with the
recorded changing trend in climate (Devkota 2014). These kinds of studies have helped
reduce the knowledge gaps of farmers and planners; consequently, better climate-change
adaptation plans that positively impact the livelihoods of farmers can be developed
(Devkota et al. 2017). The perception of peoples’/farmers’ also helps to determine
whether the existing adaptation practices are effective in minimizing the impact of
climate change on farmers (CBS 2017; Mertz et al. 2009).

The opinions of farmers on climate change and on suitable adaptation measures are
considered at two different stages of the decision-making process (Bryan et al. 2009;
Valdivia et al. 2010): (1) understanding climate change and its consequences and (2) the
use of this knowledge to choose suitable adaptation practices (Tesfahunegn et al. 2016).
Technological adaptations depend mainly on factors that influence farmers’ understand-
ing of climate change and how they implement adaptation policies (Adger et al. 2003).
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The most effective types of adaptation involve how farmers’ knowledge and understand-
ing is taken into account (Nguyen et al. 2016).

Farmers’ perception of climate change has emerged as an interesting issue for both
researchers and policymakers because of increasing climate change risk. Their livelihood is
highly vulnerable to climate change, particularly in countries like Nepal which has limited land
suitable for agriculture. Despite that the impact of climate change on farmers is increasing in
Nepal, the number of studies of its indicators and determinants, covering the whole country
and all its ecological regions, are limited. Therefore, the goals of this study are to assess
farmers’ socio-economic, agricultural, and biophysical characteristics as indicators of their
awareness of climate change and to analyze the determinant factors for farmers’ understanding
of climate change in Nepal. The findings of the study can be utilized to formulate adaptation
strategy in Nepal, as well as to increase the adaptive capacity of farmers.

2 Materials and methods

2.1 Study area

This study of farmers’ perception covered three ecological regions (Mountain, Hill, and Tarai)
of Nepal (Fig. 1 and Supplementary Information Table SI1), in the central Himalayan region
between latitudes 26°22′ and 30°27′N and longitudes 80°04′ and 88°12′E. Nepal shares a
border with China and India, its population is 26.4 million (CBS 2012), and it has a land area
of 147,181 km2 (LRMP 1986). The geography of the country is unique. It is a mountainous
country with seven provinces and 77 districts. Although Nepal is in a subtropical zone, the
climate varies because of the vast topographical differences between the southern Tarai plain
and the northern High Mountain regions (Shrestha and Aryal 2011).

Fig. 1 Topographic distribution and sampling sites of the study area (Nepal)
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2.2 Household questionnaire survey, sample size, and sampling procedure

Farmers’ perceptions have been widely used in screening status, driving factors (Paudel et al.
2019), climate change impacts, and adaptation strategy (Bhandari et al. 2018; Devkota et al.
2017; Pradhan et al. 2015). This study applied household survey (HHS), a commonly used
method, to find the indicators and determinants of farmers’ perception of climate change in
Nepal. A semi-structured questionnaire was developed (Supplementary Information 2), and the
survey was carried out in 50 households in the Koshi River Basin (KRB) in eastern Nepal, in
2014 (Fig. 1). Additionally, an extensive HHS was carried out in 2015, with 480 question-
naires covering the remaining regions of the country. The questionnaire was mainly adminis-
tered to the elderly household head, who understood the climate history of their location. A
total of 530 households were surveyed, covering the three ecological regions of the country,
from south to north and east to west. This study sampled over 10% of the households of the
sampled settlement, and after selecting a settlement for sampling, we implemented a random
sampling method with 32 HHS in each settlement, in 15 districts of the country, in 2015 (Fig. 1
and Supplementary Information Table SI1). We also used a survey of 50 households conducted
in the KRB in 2014, bringing the total sample size to 530 HHS.

The survey was conducted by a researcher who employed nine enumerators and conducted
interviews in the selected sample sites. The enumerators were well trained by the researchers
about handling interviews with local farmers and were also trained in how to screen and focus on
the main issues: farmers’ perception of climate change, indicators, socio-economic status, and
agricultural characteristics. We used the Nepali national language, which is the common tongue
understood by all. In a few cases, in the Tarai region, the survey was conducted in the local
language to the best of our ability. We also conducted a series of focus group discussions (FGDs)
to involve a small group of senior and elderly local people, including farmers, teachers, and local
community leaders. The purpose of this widely used method (Bernués et al. 2016) is to acquire
information from a group of respondents (the target population), at predetermined places and
times, so the information we gathered from HHS could be supplemented and verified.

2.3 Sources of data

Both secondary and primary data sources were used in this study. The observed climate
datasets (annual mean temperature and total precipitation) of the country from 2000 to 2015
(115 stations for temperature and 272 stations for precipitation) were obtained from the
Department of Hydrology and Meteorology, Government of Nepal. The observed climate
datasets were compiled and analyzed to determine the trend in climate change in Nepal. This
provided the basis to assess the differences between farmers’ perceptions and scientific
observations. The main source of primary data was the household survey and FGDs.

2.4 Description of explanatory variables

The dependent variable is farmers’ perception of climate change, which is widely used in
similar studies (Arunrat et al. 2017; Devkota 2014; Mertz et al. 2009). Using the theoretical
background of previous studies (Khanal et al. 2018; Tesfahunegn et al. 2016) and character-
istics of the interviewed farmers, we selected various variables for statistical analysis. The
appropriate descriptive variables are listed and details analyzed in Supplementary Information
Table SI3, and their hypothesized effects are presented in Table 1.
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2.5 Data analysis

A chi-square (χ2) nonparametric test and binary logistic regression (BLR) model were applied,
and also a descriptive method (percentage and frequency). For the calculations and analysis,

Table 1 Assigned variables in the binary logistic regression and descriptions of their hypothesized impact

Variables Dummy variable and explanation Impact

Dependent
Farmers’ awareness of climate
change

1 for perceived climate change, 0 if not

Independent: household characteristics
Age of respondent Respondent’s age in yearsa ±
Gender of respondent 1 if male, 0 if not ±
Wealth of respondent 1 if wealthy, 0 if not +
Education of respondent 1 if literateb respondent, 0 if not +
Family size of respondent Total number of family membersa ±
Total livestock owned Total number of livestock owned by a respondent’s familya +

Independent: agricultural
characteristics
Total land farmer owned 1 if land > 20 ropani (1.02 ha) in Mountain and Hill or > 20 kattha

(0.68 ha) in Tarai, 0 if not
+

Land tenure system 1 if land transferrable to farmer’s family (in this situation the farmer
feels more secure), 0 if not

+

Use of machinery for farm
work

1 if uses machinery for farm work, 0 if not +

Off-farm income of farmer 1 if off-farm income, 0 if not –
Availability of irrigation
facilities

1 if irrigation facilities available, 0 if not –

Rain-fed cultivation practices 1 if practices rain-fed cultivation, 0 if not +
Soil management practices 1 if practices soil management, 0 if not +
Water harvesting practices 1 if has structures and practices of harvesting, 0 if not +

Independent: biophysical
variables
Temperature change 1 if observed change, 0 if not +
Precipitation change 1 if observed change, 0 if not +
Increase in droughts 1 if perceived, 0 if not +
Increase in floods 1 if observed, 0 if not +
Climate-induced diseases and
pests

1 if noticed, 0 if not +

Change in crops 1 if noticed, 0 if not +
Land use changes 1 if noticed, 0 if not +
Vegetation changes 1 if noticed, 0 if not +
Soil characteristics 1 if fertile, 0 if not ±

Independent: impact variables
Experienced adverse impact on
staple crops

1 if adverse impact on staple crop, 0 if not +

Experienced adverse impact on
vegetation

1 if adverse impact on vegetation, 0 if not +

Experienced adverse impact on
livestock

1 if adverse impact on livestock, 0 if not +

Experienced adverse impact on
human health

1 if adverse impact on health, 0 if not +

Experienced adverse impact
from disasters

1 if adverse impact from disasters, 0 if not +

a Dummy variable for continuous independent variables
b Literate refers to primary, secondary, or read and write education
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we used IBM SPSS Statistics 20 (SPSS 2011). We also tested for multicollinearity special
effects among the independent variables using a Spearman nonparametric correlation. The
majority of the variables were correlated with a correlation coefficient of r < ± 0.35, with some
up to ± 0.40. We confirmed that, based on these test results and consistent with previous
studies (Bhandari et al. 2018; Tesfahunegn et al. 2016), multicollinearity among the indepen-
dent variables was not a problem.

In this study, the majority of the variables have a qualitative basis perceived by farmers;
thus, we used a chi-square (χ2) test, as has been commonly used in qualitative analysis (Agresti
1996; Tesfahunegn et al. 2016):

χ2 ¼ ∑
Oi−Eið Þ2
Ei

¼ O1−E1ð Þ2
E1

þ O2−E2ð Þ2
E2

þ…þ On−Enð Þ2
En

ð1Þ

In this expression, O1, O2,…, On are the observed frequencies and E1, E2,, …, En are the
corresponding expected or theoretical frequencies.

We further applied the BLR model to screen the contributing variables, which weighted the
perception of local farmers of climate change. The BLR model is appropriate for calculating
discrete values of a forked dependent variable from independent variables, which may result in
continuous, discrete, or forked variables, or consolidation of these variables (Retherford and
Choe 1993). In the BLR model, the dependent variable is forked with a dummy value of 1 or
0. If the farmer perceived climate change, we assigned 1, if not, we assigned 0. Data
assignments were made from the household survey in binary form, as well as from a mixture
of discrete and continuous independent variables (Supplementary Information Table SI3 and
Table 1).

This study employed the BLR model to analyze the correlation between the dependent and
independent variables (Retherford and Choe 1993). The model was defined as follows:

In
P

1−P

� �
¼ β0 þ β1x1 þ β2x2 þ β3x3 þ…þ βkxk ð2Þ

In this expression, P / (1 − P) is the odds ratio, P is the probability of a farmer perceiving
climate change, and 1 − P denotes the probability of not perceiving climate change. Also, β0 is
the intercept; x1, x2,…, and xk are the independent variables, and β1 , β2,…, and βk are partial
regression coefficients. If the odds ratio is above 1, the relationship between the independent
variable and the dependent variable is known as a positive relationship. When the value is 1,
there is no relationship, and if the value is below 1, it shows a negative relationship (Field
2009). To determine the accuracy of the logistic regression model, Nagelkerke’s R2 was
calculated (Nagelkerke 1991).

Moreover, based on the daily observed climate records of 115 stations for temperature and
272 stations for precipitation between 2000 and 2015, we calculated the annual mean
temperature and annual total precipitation. We then performed a simple linear regression to
analyze inter-annual trends in annual mean temperature and annual total precipitation, respec-
tively, and we determined the significance of variation via an f test to calculate a confidence
level. In addition, the term, “socio-economic characteristics” refers to farmers’ demographic
and economic activity related characteristics, including age, gender, education, health, family
size, livestock, economic status, and monthly income, while “agricultural characteristics”
refers to the farm-related characteristics of the farmers.
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3 Results and discussion

3.1 Farmers’ socio-economic and agricultural characteristics

3.1.1 Socio-economic characteristics

Farmers were interviewed and information about different variables was gathered. The socio-
economic characteristics of the farmers are summarized in Table 2. Of the respondents, 71.3%
were male and 28.7% were female. In Nepal, the decision at household level is dominated by
the male. So, the number of male household head is obvious. However, in a few, females also
take the responsibility as household head. Moreover, if household head is absent during the
time of interview, then we considered his/her spouse as household head. Out of 530 HHS,
86.8% of farmers had both parents alive, 0.4% were divorced, and 12.8% were widowed.
Thus, there were significant differences in the marital status of the respondents. The literacy of
the respondents was 68.3%, with different levels of education from preschool to college and
above. The physical health of the respondents varied, with 64.1% possessing good, 25.9%
general, 7.9% poor, and 2.1% very poor health. The majority of the farmers were in good
physical health. Thus, they were able to actively participate in agricultural activities and
directly experience climate change and its impacts on livelihood and agriculture. The average
age and family size of the respondents were 55.5 years (range 36–91) and 5.7 members (range
1–19). These variables changed slightly across the country’s ecological regions (Table 2).

The HHS was used to assess the economic status of farmers based on family income. The
proportion of farmers with a low family income (63.8%) was much higher than with a medium
(20.8%) or a high income (15.5%). This shows that the majority of farmers had low economic
status, and even when they focused on agricultural activities, their production levels were not
satisfactory. Thus, their livelihood was even more vulnerable to climate change. The majority
of the farmers who responded to the field survey produced only enough for their family to
survive, with no surplus commercial excess. Furthermore, in some places, agricultural pro-
duction was not even sufficient for the family, particularly in the high mountain areas of the
mid- and far-western regions of the country. This was also reported in a previous study of the
region (Humla, Nepal) (Gautam and Andersen 2016). The average monthly income from off-
farm activities of each family surveyed, including remittances, was about 23,166 Nepalese
rupees (NRS) (about US$220, with an approximate exchange rate of 105 NRS = US$1, in
2015). In most households, some family members were engaged in off-farm activities and
went abroad to work (labor migration), sending remittances to their family. Off-farm income
helped farmers maintain their livelihood but was not enough to allow them to adapt to climate
change. The average number of livestock was 7.3 per household. We assumed that farmers’
socio-economic characteristics and their agricultural practices influenced their perception of
climate change and its indicators. The socio-economic characteristics varied slightly across
different regions of the country, as summarized in Table 2.

3.1.2 Agricultural characteristics

The area of agricultural land owned by farmers varied by region, the average being 0.62 ha,
with a range of 0.02 to 5.08 ha (Table 3). The land tenure system was 96.2% privately owned
and 3.8% rented. A private land ownership policy exists in Nepal, where land can easily be
transferred to children, providing security for farmers and encouraging them to try different
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climate-change adaptation strategies, such as new crops and cropping systems. This is directly
associated with the agricultural system, availability of water resources, and irrigation practices.
Among the farmers surveyed, 55.5% practiced rain-fed cultivation and 44.5% full or partially
irrigated cultivation. The highest proportion (53.9%), practicing rain-fed cultivation, was in the
Hill region. This illustrates that farmers have experience with both rain-fed agriculture and
irrigated cultivation, which provides knowledge for understanding climate change and its
impact on agriculture and livelihood.

The proportion of farmers who practiced water harvesting was 75.5%, while 24.5% did not.
More farmers in the Mountain regions of the country used water harvesting (86.7%), a group
which had a particularly strong understanding of climate change and its impact on agriculture.
Only 7.9% farmers practiced soil management, while the majority of farmers were unaware of
it (92.1%). The majority of farmers had lower quality or infertile land (67.9%), with only
32.1% of farmers having fertile soil for cultivation. Signs of climate change are more apparent
to farmers with lower quality or infertile soil, because the impact on them is greater. In the
Tarai region, more farmers had fertile land (54.7%), compared with other regions of the
country. The percentage of respondents using modern agricultural machinery was 49.8%,
e.g., a tractor for plowing or a pumping set or water pump for irrigation; however, many
farmers (50.2%) still practiced traditional agriculture and were more vulnerable to even small

Table 2 Characteristics of household heads for surveyed farmers in Nepal

Household head
characteristics

Details Total
number

By ecological region (%)

Percent Mountain Hill Tarai

Gender of respondent Male 378 71.3 71.1 71.9 74.2
Female 152 28.7 28.9 28.1 25.8

Respondent marital
status

Both parents alive 460 86.8 85.2 88.3 89.8
Divorced 2 0.4 0.0 0.0 0.0
Widowed 68 12.8 14.8 11.7 10.2

Level of education Illiterate 168 31.7 33.6 22.7 35.2
Preschool/ Informal 67 12.6 16.4 14.1 10.8
Primary (1–5) 67 12.6 11.7 14.1 12.5
Junior high school (6–10) 122 23.1 21.1 26.6 18.0
Senior high school (11–12) 58 10.9 10.9 12.4 10.2
University (B.A.) and above 48 9.1 6.3 10.1 13.3

Age of respondent
(years)

Average age (range 36–91) 55.5 55.3 55.9 55.5

Physical health Good 340 64.1 65.6 70.3 66.4
General 137 25.9 22.7 26.6 24.2
Poor 42 7.9 10.9 2.3 6.3
Very poor 11 2.1 0.8 0.8 3.1

Family size of
respondent

Average family size ( range
1–19)

5.7 6.1 5.6 6.1

Total livestock owned Average livestock size 7.3 9.2 7.1 5.2
Economic statusa High 82 15.5 14.8 11.7 22.7

Medium 110 20.8 23.4 24.2 12.5
Low 338 63.8 61.7 64.1 64.8

Monthly average
income (NRS)

Off-farm family income
including remittance

23,166 15,391.9 27,863.7 16,271.6

Total values were calculated based on 530 HHS. Values by ecological region were calculated based on 384 HHS
(four sites and 128 HHS in each ecological region) in Nepal
a Economic status refers to: low: below 50,000 NRS/year, medium: 50,000 to 300,000 NRS/year, and high:
above 300,000 NRS/year, where NRS is Nepalese rupees. Sources: Field Survey 2014 and 2015
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variations in climate. Only 10.9% of the farmers in the Mountain regions used machinery;
however, the majority of the farmers in the Tarai region used machinery (86.7%). Based on
farmers’ agricultural characteristics and practices, we can generalize that the respondents’
characteristics could influence their perception of climate change and its indicators.

3.2 Farmers’ perception of climate change and its impact

The indicators of climate change perceived by farmers are summarized in Table 4. Temper-
ature change was the most common indicator of climate change in Nepal, which was perceived
by 99.2% of those surveyed. Other highly perceived indicators were rainfall (98.9%), climate-
induced diseases and pests (96.8%), changes in vegetation species and diversity (96.0%), and
drought frequency (80.2%). The χ2 (chi-square) test demonstrated that these were highly
perceived indicators of climate change. A smaller proportion of respondents noticed changes
in flood frequency (16.4%) or changes in crop types (20%) as indicators of climate change.
Table 4 summarizes the indicators of climate change, as perceived by the surveyed farmers in
different ecological regions of Nepal. Temperature change was the most highly perceived
indicator in the Mountain region, while precipitation change was perceived more by the
farmers of the Hill and Tarai regions. Drought events were commonly noted by the residents
who live in the Mountain and Hill regions but were perceived slightly less in the Tarai region.
Additionally, climate-induced diseases and pests were experienced more in the Tarai and Hill
regions than in the Mountain region. Changes in vegetation were observed by a slightly higher
number of the farmers of Tarai region compared with the Hill and Mountain regions. Flood
events were observed more in the Hill and Tarai regions than in the Mountain region, and crop
changes were noticed more in the Tarai and Mountain regions than in the Hill region.

The farmers who were surveyed and participated in group discussions noted increasing
temperatures and decreasing precipitation from 2004/05 to 2014/15. The observed climate records
(115 stations for temperature and 272 stations for precipitation) of the Department of Hydrology
and Meteorology, Nepal, between 2000 and 2015, show that the annual mean temperature

Table 3 Agricultural characteristics of surveyed farmers in Nepal

Agricultural
characteristics

Details Total
number

Percent By ecological region (%)

Mountain Hill Tarai

Total land owned (ha) Average land area (range
0.02–5.08 ha)

0.62 ha 0.66 ha 0.56
ha

0.63
ha

Land tenure system Land owned 510 96.2 100 99.2 93.0
Land rented 20 3.8 0 0.8 7.0

Farming practices Rain-fed cultivation 294 55.5 44.5 53.9 47.7
Irrigated cultivation 236 44.5 55.5 46.1 52.3

Water harvesting practices Yes 400 75.5 86.7 85.2 82.0
No 130 24.5 13.3 14.8 18.0

Practices soil
management

Yes 42 7.9 15.6 4.7 9.4
No 488 92.1 84.4 95.3 90.6

Characteristics of soil Fertile 170 32.1 8.6 27.3 54.7
Normal or infertile 360 67.9 91.4 72.7 45.3

Uses machinery for farm
work

Yes 264 49.8 10.9 45.3 86.7
No 266 50.2 89.1 54.7 13.3

Total values were calculated based on 530 HHS and values by ecological region were calculated based on 384
HHS (4 sites and 128 HHS in each ecological region) in Nepal
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significantly increased by 0.05 °C/year (Fig. 2). In the same period, the change in annual
precipitation was − 16.09 mm/year. This study reveals that local farmers’ perception of climate
change is not only consistent with the observed data obtained from meteorological stations in
Nepal but also with the observed trend reported at the global scale. Furthermore, the historical
long-term average temperature in Nepal trended upward by 0.06 °C/year between 1977 and 1994
(Shrestha et al. 1999) and continued to increase through 2000 (Shrestha and Aryal 2011). Thus,
farmers’ perception of climate change is consistent with observed climate records.

Previous studies in Nepal have examined how farmers and other people perceive climate
changes at specific locations. A study of the Budhi Gandaki River Basin found that local
farmers perceived an increased frequency of floods (Devkota et al. 2017). However, our study
covered three ecological regions of Nepal, and we found that a smaller proportion of farmers
perceived this as a sign of climate change. This inconsistency may be because Devkota et al.
(2017) covered only one river basin, whereas our study covered the entire country.

Table 4 Perceived indicators of climate change for surveyed farmers in Nepal

Indicators National responses (%) Ecological region responses (%)

Mountain Hill Tarai

Yes No χ2 test Yes No Yes No Yes No

Temperature change 526 (99.2) 4 (0.8) 0.000 99.2 0.8 99.1 0.9 98.4 1.6
Precipitation change 524 (98.9) 6 (1.1) 0.000 98.4 1.6 99.2 0.8 99.2 0.8
Increase in droughts 425 (80.2) 105 (19.8) 0.016 90.6 9.4 90.6 9.4 86.7 13.3
Increase in floods 87 (16.4) 443 (83.6) 0.581 11.7 88.3 23.4 76.6 18.8 81.3
Increase in climate-induced

diseases and pests
513 (96.8) 17 (3.2) 0.000 96.1 3.9 97.7 2.3 98.4 1.6

Change in crops 106 (20) 424 (80) 0.503 16.4 83.6 9.4 90.6 20.3 79.7
Vegetation changes 509 (96.0) 21 (4.0) 0.000 97.7 2.3 93.8 6.3 98.4 1.6

χ2 (two-tailed); probability level p ≤ 0.05. National level results were calculated based on 530 HHS and values
by ecological regions were calculated based on 384 HHS (four sites and 128 HHS in each ecological region) in
Nepal. Sources: Field Survey 2014 and 2015

Slope : 0.0539 /a; R² = 0.4114, P=0.007
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Fig. 2 Observed station-based annual mean temperature and total precipitation trends in Nepal between 2000 and
2015 (Data source: DHM, Nepal)
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The surveyed farmers’ perceived adverse impacts of climate change in Nepal comprise five
major sectors: adverse impact on staple crops (98.7%), adverse impact on human health
(97.9%), adverse impact on vegetation (94.7%), adverse impact from disasters (particularly
hailstorms) (90.4%), and an adverse impact on livestock (88.3%). These are strongly perceived
impacts of climate change, all over the country. The χ2 test (Table 5) also found that these
sectors were highly impacted by climate change. Such impacts are also noted by other studies,
mainly on the agricultural sector in Koshi Basin (Bhatt et al. 2014) and in the Tarai plain
(Dhakal et al. 2016). Such adverse impacts on the vegetation sector have also been reported
(Baniya et al. 2018; Zhang et al. 2013). Table 5 summarizes the impacts of climate change, as
perceived by the surveyed farmers in the different ecological regions of Nepal.

Farmers perceived that climate change had a significant impact on livestock and perceived
that the frequency of climate-change-induced disease increased. A study of the Mustang
District, which is in a high mountain region, found that farmers perceived a negative impact
from climate change on livestock, and that climate change has had a large impact on livestock
production in that region (Koirala and Shrestha 2017). The results from HHS and FGDs
indicate that most farmers noticed an adverse impact on human health, with many having
suffered from diseases, such as viral influenza, Japanese encephalitis, and dengue fever,
diseases perceived as strong indicators of climate change. These results are supported by a
recent study of climate change and human health in Nepal (Dhital et al. 2016). Another study
of community perception in the Tanahu District also found an adverse impact of climate
change on human health in recent years (Mishra et al. 2015). In addition, farmers noted that
climate change has resulted in disasters, such as crop-damaging hailstorms, occurring more
frequently than in previous decades. Over the past decade, farmers have perceived significant
changes in climate, with the impact on crops being very negative.

3.3 Determinant of farmers’ perception of climate change

The descriptive variables of the BLRmodel are presented in Table 6. χ2 = 83, with a probability of
0.002, and the correct prediction value is 85%. These values indicate that there is a statistically
significant relationship between the hypothesized independent variables and the dependent variable
(farmers’ perception of climate change). Nagelkerke’s R2 = 0.853, which verifies that the BLR
model was appropriate for use in this study. We calculated β for the independent variables; a

Table 5 Perceived adverse impact of climate change for surveyed farmers in Nepal

Impact National responses (%) Ecological region responses (%)

Mountain Hill Tarai

Yes No χ2 test Yes No Yes No Yes No

Adverse impact on staple crops 523 (98.7) 7 (1.3) 0.000 99.2 0.8 98.5 1.5 97.7 2.3
Adverse impact on human health 519 (97.9) 11 (2.1) 0.000 97.7 2.3 98.4 1.6 97.6 2.4
Adverse impact on vegetation 502 (94.7) 28 (5.3) 0.001 94.5 4.7 93.0 7.0 97.5 2.5
Adverse impact from disasters 479 (90.4) 51 (9.6) 0.010 90.6 9.4 92.2 7.8 89.1 10.9
Adverse impact on livestock 468 (88.3) 62 (11.7) 0.013 92.2 7.8 87.5 12.5 95.3 4.7

χ2 (two-tailed); probability level p ≤ 0.05. National level results were calculated based on 530 HHS and values
by ecological regions were calculated based on 384 HHS (four sites and 128 HHS in each ecological region) in
Nepal. Sources: Field Survey 2014 and 2015
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positive value indicates that farmers perceived the variable as a strong indicator of climate change,
with the reverse being true for a negative value. For example, temperature change (3.238) is a
strong indicator of climate change for farmers, while soil management experience (− 4.882) is not.
The Wald value of the statistical analysis (Table 6) indicates that the independent variables have a
strong influence on the dependent variable. The odds ratios suggest that there is a significant
association between farmers’ perception of climate change and assigned variables (Table 6). The
odds ratio is highest for temperature change (10.120) and lowest for soil management practices
(0.046), and therefore, the majority of the independent variables are significantly associated with
the dependent variable.

The majority of the biophysical and impact variables are highly significant for farmers’
perception of climate change (Table 6). Temperature and precipitation changes; climate-induced
diseases and pests; and adverse impacts on staple crops, vegetation, livestock, and human health
are all strong determinant factors for climate change in Nepal. Previous studies in Nepal, based on
a BLRmodel, found that the dependent variables were influenced by socio-economic and climatic
factors, and related variables (Paudel et al. 2016). A study of theMelamchi Valley in central Nepal
noted that around 95% of the respondents perceived an increase in temperature and a decrease in
precipitation over the last two decades (Sujakhu et al. 2016). In the Budhi Gandaki River Basin, in
the western mountain region, 81% of respondents recognized climate change, with 83% noting
changes in the amount of precipitation as an indicator (Devkota et al. 2017).We also constructed a
BLRmodel, using each ecological region to screen for the determinants of farmers’ perception of
climate change. The outcomes of the majority variables from the three ecological regions also
came out in the same line of a national analysis (Supplementary Information Table SI4.1
(Mountain), SI4.2 (Hill), and Table SI4.3 (Tarai)). To analyze these results by ecological region,
the biophysical and impact determinant variables of farmers’ perception of climate change, such
as temperature change, frequency of drought event, adverse impact on staple crops, and adverse
impact from disaster, suggested that farmers’ livelihoods suffered more in the Hill and Mountain
regions than in the Tarai region. A farmer from the eastern Hill District Panchthar shared his
experience with us during the field survey: “He has had an orange orchard with good production
for about 10–15 years, but recently, the orchard has dried up, except for a few orange trees, due to
frequent drought events and climate-induced diseases and pests”. However, the results suggested
that the flood events, adverse impact from disasters, and the adverse impact on livestock were
experienced more by the farmers in the Hill and Tarai regions compared with the Mountain
region; the former also suffering a greater loss in livelihood. Thus, it is evident that further
adaptation strategies and programs need to focus on community-based and farmer-friendly
adaptation strategies based on the ecological regions in Nepal.

3.4 Implications for developing adaptation strategies

Climate change and its impact directly affect farmers’ livelihoods, through lost agricultural
income, and result in decreased agricultural production (Paudel et al. 2017; Poudel et al. 2017),
particularly in lower-income countries (Thornton et al. 2018). Furthermore, climate change
impacts farmers’ health and results in increased medical expenses, due to various climate-
change-induced diseases (Dhital et al. 2016). Similarly, because of climate change, disasters
and the associated loss of life and property for farmers have increased (Devkota et al. 2017),
and farmers must understand this and adapt accordingly.

Our study found that 523 (98.7%) household heads noted that climate change impacted
farmers’ livelihoods and that better adaptation practices must be developed. Farmers expressed
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that they are trying to employ several adaptation strategies to cope with the negative impacts,
such as the intensification of the use of agricultural inputs, diversifying and rotating crops,
diversification of occupation, and migration including short-term labor migration; however,
these strategies are not effective enough in the absence of appropriate technologies and their
adaptation. Thus, farmers expect subsidies in the form of loans, irrigation systems, and
hospitals from the government to make a better living, and to adapt to changing climatic
scenarios. There is a need for community authorities and organizations to develop adaptation
strategies that are based on geographical location, which was also suggested by the farmers
during the FGD. To determine which level of government or what type of organization can
best assist, it is important to consider the specific needs of farmers. Adaptation strategies must
be formulated based on indigenous knowledge and local geography. This study demonstrates

Table 6 Descriptive variables used in the BLR model to estimate farmers’ perception of climate change in Nepal

Variables β SE Wald Sig. (p) Odds ratio

Independent: household characteristics
Age of respondent 0.076 0.048 2.562 0.102 1.079
Gender of respondent 0.053 0.071 0.369 0.202 1.056
Wealth of respondent 0.748 1.004 0.554 0.451 2.112
Education of respondent 0.769 1.004 0.585 0.033* 2.157
Family size of respondent 0.044 0.230 0.037 0.655 1.045

Independent: agricultural characteristics
Total land farmer owns 0.037 0.046 0.531 0.292 1.087
Land tenure system 2.185 1.178 3.441 0.026* 8.895
Use of machinery for farm work 1.099 1.158 0.900 0.323 3.000
Off-farm income of farmer 0.741 1.003 0.551 0.450 2.110
Availability of irrigation facilities 0.223 1.003 0.047 0.124 0.848
Rain-fed cultivation practices 0.221 1.001 4.041 0.023* 1.801
Soil management practices − 4.882 0.501 0.347 0.555 0.046
Water harvesting practices 3.011 1.212 3.331 0.593 2.049
Total livestock owned 0.058 0.102 0.326 0.068 1.060

Independent: biophysical variables
Temperature change 3.238 1.037 7.121 0.000** 10.120
Precipitation change 3.169 1.021 6.230 0.000** 9.110
Increase in droughts 2.403 1.173 4.732 0.013* 5.080
Increase in floods − 3.013 1.076 3.514 0.376 0.076
Increase in climate-induced diseases and pests 3.018 1.186 15.689 0.000** 9.001
Change in crops − 3.225 1.006 3.214 0.314 0.071
Land use changes − 3.413 1.116 3.003 0.317 0.803
Vegetation changes 2.939 1.179 14.166 0.000** 8.512
Soil characteristics 0.351 1.158 0.092 0.757 0.962

Independent: impact variables
Experienced adverse impact on staple crops 3.020 1.259 22.483 0.000** 9.003
Experienced adverse impact on vegetation 2.776 1.173 12.201 0.000** 7.813
Experienced adverse impact on livestock 2.532 1.161 5.948 0.001** 6.059
Experienced adverse impact on human health 2.893 1.078 6.130 0.000** 8.031
Experienced adverse impact from disasters 2.584 1.087 5.670 0.000** 7.610
Model constant 3.875 0.502 0.015* 31.000
Model χ2 83 0.002**
Model Nagelkerke’s R2 0.853
Model correct prediction 85%

β is the estimated coefficient; SE is standard error; p is probability, and R is the coefficient of determination.
Sources: Field Survey 2014 and 2015

**Probability level p ≤ 0.01; *p ≤ 0.05; without asterisks value are non-significant at p > 0.05
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that farmers’ perception and meteorological observations increase understanding of climate
change and its impact on their livelihoods in Nepal. Using this knowledge, better plans and
policies can be developed for the sustainable improvement of agriculture. The indicators and
determinants of perceptions analyzed in the study can be utilized to formulate suitable
adaptation strategies for different ecological regions of the country. It is important that local
farmers, scientists, policymakers, and responsible organizations work together at a community
level to formulate scientifically sound solutions to the agricultural impacts of climate change.

4 Conclusion

This study used a perception-based approach to assess the indicators and determinant factors in
farmers’ perception of climate change in Nepal. Farmers’ socio-economic and agricultural charac-
teristics were considered in examining the impact of climate change on their livelihoods. The socio-
economic, agricultural, and biophysical characteristics of the farmers were shown to have a
significant influence on their perception of climate change and its impact on their livelihood. Most
farmers noticed trends of increasing temperature and decreasing precipitation as strong indicators
of climate change consistent with the results of observed climate data between 2000 and 2015. A
BLR analysis indicated that the important determinant variables for the respondents’ perception of
climate changewere changes in precipitation and temperature, education status, and the agricultural
system (rain-fed or irrigated). Furthermore, the odds ratios indicated that there is a strong
association between farmers’ perceptions of climate change and its adverse impact on staple crops,
vegetation, livestock, and human health. Based on the findings of this study, there is a need for the
government, responsible organizations, and policymakers to introduce scientifically sound adap-
tation strategies, such as drought-tolerant crops, disease- and pest-resistant seeds, irrigation facil-
ities, and hospitals. Moreover, educational programs and training that improve farmers’ livelihoods
should be implemented. This study demonstrated the importance of considering the experience of
farmers in developing adaptation plans. The results can contribute to the development of climate-
resilient communities in Nepal, and insights and actions from Nepal and Nepali farmers’would be
useful to serve broader populations around the world.
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