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A B S T R A C T   

Climate change-related natural hazards severely affect farmers’ livelihoods. This study explores how farmers in 
the vulnerable western lowlands of Nepal are affected by floods, heatwaves, and cold spells, how they adapt, and 
the factors influencing their risk perception and intended adaptation behaviour. Data were collected through a 
survey of 350 randomly selected farming households from the Banke and Bardiya districts in the Tarai region. 
Farmers identified environmental risks as the most severe risks to their agricultural production, and their main 
adaptation strategies, including changes to planting dates and crop varieties and increasing the use of fertilisers 
and pesticides. Following protection motivation theory and using structural equation modelling, we found that 
farmers’ risk perception and adaptation behaviour in response to three specific hazards (floods, heatwaves, and 
cold spells). The flood impact model showed that self-efficacy, perceived responsibility, response cost, trust, and 
concern partially influenced flood risk perception. These, in turn, mediated affected farmers’ intended flood 
adaptation strategies. Flood damage experience thoroughly explained flood adaptation behaviour and was 
mediated by flood risk perception. Risk perception of flood has the significant mediation effects in the flood 
model, but heatwave and cold spell risk perception did not have any mediation effect in neither the heatwave nor 
the cold spells models. We attribute this discrepancy to the fact that slow and rapid onset hazards are perceived 
differently. These problems were compounded by farmers also lacking both awareness and the requisite 
knowledge of how to deal with the impacts of the climate change related slow-onset hazards that will become 
more frequent as climate change continues, unabated. These differences will need to be accommodated in sus-
tainable was in community awareness and disaster management programs to increase adaptive and resilient 
community capacity for the future.   

1. Introduction 

As the climate changes and becomes more volatile, the frequency and 
severity of natural hazards will increase [1]. Natural hazards cause 
significant physical damage to infrastructure, take people’s lives, and 
cause social, psychological, and economic harm to the affected popu-
lation [2]. Farmers in low-income countries are among the most 
vulnerable to these impacts because their socio-economic circumstances 
create both high levels of exposure and low levels of adaptive capacity 
[3,4]. 

To reduce the potential socio-economic impacts of natural hazards, 
timely investment in preparedness strategies is essential [5]. However, 
many disaster-prone developing countries are substantially under-
investing in disaster-resilient efforts due to a lack of financial resources 

to cover high upfront costs and inadequate institutional capacity [6]. To 
facilitate the latter, better information about how climate change affects 
farming communities and how these communities adapt or fail to adapt 
is a crucial prerequisite to stimulating and guiding efficient investments 
in rural areas, or on a communal or household level. Because pre-
paredness can be achieved through community or regional-wide infra-
structure investments, such as building dykes to prevent the effects of 
river flooding or using an early warning system to prepare for river 
flooding and cyclones, and by developing people’s adaptive and coping 
capacities [7] it is imperative to investigate these issues collectively. 
While attention tends to focus more on structural mitigation, comple-
mentary strategies aimed at building people’s adaptive capacities will 
complement structural activities and increase the likelihood that people 
will take precautionary measures to mitigate the impacts of natural 
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hazards [8]. Adaptive capacity depends on many factors, including 
people’s available financial resources and technical knowledge, their 
belief that they can adapt, their perceptions and awareness of the risk, 
and the severity and type of hazard [7]. Systematic research is thus 
required to understand how these factor act and interact in order to 
develop evidence-based or informed strategies. 

An essential precursor for effective preparedness and adaptation 
[9–11], risk perception is the subjective assessment of the probability of 
a natural hazard occurring and the consequences of hazards activities 
(severity) [2,12–14]. Differences in the characteristics of natural haz-
ards, for instance, their severity and frequency, can also lead to differ-
ences in the relationship between risk perceptions and adaptation [15]. 
There is a wide breadth of literature on the role of people’s risk 
perception for adaptation. Most studies focus either on general climate 
change perception adaptation strategies [4,16,17] or on single specific 
natural hazard, such as floods [18–22], hurricanes [23], wildfires [24], 
drought [25], or landslides [11]. With the exception of drought research 
[25], most of these hazards are sudden and briefly devastating. Little 
attention has been directed at how people cope with and adapt to 
multiple hazards and multiple climate change-related extreme weather 
events, which can be slow in their onset and long-lasting. Risk percep-
tion research has emerged to support decision-makers in their under-
standing about how people perceive and evaluate risk and to predict 
levels of preparedness and adaptation. Previous risk research has shown 
that risk perception differs between slow and sudden-onset hazards [26, 
27] and, therefore, the way farmers prepare and adapt. 

The aims of this study were to i) explore how farmers in the lowlands 
of Nepal (Tarai region) have previously adapted and, further, intend to 
adapt to the impacts of one sudden onset hazard (floods) and two slow- 
onset hazards (heatwaves and cold spells); ii) identify factors that 
determine risk perception of these three hazards; and iii) investigate the 
determinants that shape farmers’ preparedness for future adaptation. 

Among various underlying factors, psychological factors, such as risk 
perception, have gradually received recognition in the policy-making 
processes for climate change adaptation [28]. Though there has yet 
been a lack of research regarding the psychological aspects [29]. 
Without considering the socio-psychological factors, it would be chal-
lenging to develop a framework required to facilitate people’s under-
standing of their risk and how to translate this into practical strategies 
capable of mitigating climate change risk [4]. Given the current and 
anticipated future impact of climate-related extreme weather events, it 
is crucial to heighten farmer coping capacities and preparedness in order 
to minimise the damage. 

Our study contributes to this growing body of literature by providing 
evidence from Nepal with a unique focus on the psychological beliefs 
and processes that influence farmers’ adaptation behaviour in response 
to multiple natural hazards of different severity. Previous studies from 
Nepal have investigated farmers’ understanding of climate change, their 
risk beliefs, and their adaptation strategies at the households and farm 
levels, including changing cropping varieties, cropping type, water 
management, using pesticides, and planting drought and flood-tolerant 
crops varieties to minimise the agricultural losses [17,30–33]. However, 
these studies have largely ignored the psychological factors associated 
with adaptation-related behaviour changes. Understanding the psy-
chological processes is essential to providing a framework to inform the 
development of sustainable adaptive strategies. In particular, we 
contend that understanding the psychological processes that facilitate 
effective responses to climate-related hazards [34] through predicting 
the adoption of self-protective action can significantly, and more accu-
rately, complement current strategies based on socio-economic vari-
ables alone [35]. We applied a Climate Change Risk Perception Model 
[36] — pathway model that can detect direct and indirect effects of 
psycho-cognitive variables on risk perception and preparedness for 
intended adaptation — to help develop an understanding of the causal 
and mediational relationship between farmers’ socio-economic, psy-
chological, and experiential characteristics, and their influence on risk 

perception and adaptation behaviour in response to different natural 
hazards. 

Nepal was chosen as a case study because the country is one of the 
most vulnerable (ranked fourth in the world) to climate change-related 
disasters [37], and is profoundly affected by increasing floods and 
temperature extremes [17,20,30,38]. Between 1970 and 2013, nearly 
4000 floods were reported in Nepal, resulting in 3538 fatalities and 547 
injured people, while nearly 100,000 houses were destroyed and 
another 100,000 suffered property damage amounting to USD 6076 
million. In total, the floods affected around 0.5 million people, 500,000 
cattle were lost, and thousands of hectares of cropland were destroyed 
[39]. It is estimated that by 2030, an additional 200,000 people will be 
affected annually by river floods in Nepal [40]. 

Besides floods, heatwaves and cold spells have also caused a signif-
icant reduction in crop production in recent years and have compro-
mised farmers’ well-being, health, and productivity [16,30]. 
Throughout Nepal, there were a reported 647 cases of cold spells and 49 
cases of heatwaves between 1970 and 2013, with the cold spells 
resulting 269,000 ha of damaged cropland and an economic loss of USD 
835 million [39]. Of the cold-related deaths, 89% of deaths took place in 
the Terai region [30]. These three hazards have been predicted to in-
crease in severity as climate changes unabated, making a better under-
standing of how farmers in Nepal can effectively cope with the impacts 
essential. The results will help to guide policies and investments in Nepal 
to promote farmers’ resilience to climate change impacts. 

2. Risk perception and protection motivation theory 

Risk perception, understanding, and concern of natural hazards vary 
significantly across countries and regions due to personal, cultural, 
environmental, and governmental influences [41,42]. Risk perception is 
not only determined by the characteristics of the hazard and the threats 
it can present, but also by various psychological, cognitive, and social 
factors that relate to the individual experiences, emotion, trust, values, 
beliefs, and worldviews that influence people’s interpretation of their 
environment and the threats it may present [14,43,44]. Many factors 
directly affect risk perception, including knowledge and information 
[44], personal, and contextual factors [8,26,36,45,46]. Education, for 
example, is assumed to negatively relate to risk perception because 
cognitive ability improves risk assessment and decision-making skills 
[47]. An association with community organisations can have a positive 
impact on farmer’s risk perception and awareness due to frequent in-
formation exchange and discussions among community members [26]. 

Some of the earlier studies defined concern as a prominent emotional 
reaction to risk and used it as a proxy for risk perception [12]. Other 
studies [48] argue that concern and risk perception have a weak relation 
because an individual might be less concerned about a severe risk due to 
the presence of cognitive biases, such as unrealistic optimism resulting 
in people transferring perceived risk to others. Concerns or fear might 
also motivate people to adapt [49]. Personal experience with natural 
hazards can influence risk perceptions [50], particularly if this damage 
has been personally experienced [1,46]. 

Individuals with a high degree of trust in government-led adaptation 
measures perceive lower risks than individuals with limited trust [51]. 
Moreover, trust in government strategies can be negatively associated 
with farmers’ adaptation behaviour [8,18]. 

A high level of perceived risk is associated with an increased likeli-
hood of preparedness and adapting to natural hazards [24,49], although 
some studies found weak correlations between risk perception and 
disaster preparedness [52,53]. The relationship between risk perception 
and adaptation is often contextualised by the Protection Motivation 
Theory (PMT) [54]. The concept behind this is that farmers intend to 
take precautionary measures through two cognitive processes: threat 
appraisal and coping appraisal. Coping appraisal in our study relates to 
how farmers cope with climate change impacts and adapt, and consists 
of perceived response cost, self-efficacy, and perceived responsibility. 
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We slightly modified the coping appraisal component of response effi-
cacy and replaced it with perceived individual responsibility and the 
assumption that farmers’ perceived responsibility is one of the main 
determinants of farmer’s intended adaptation strategies [24]. Perceived 
response cost is the assumed cost of taking preventive strategies, which 
include the factors of finance, time, and effort, as well as self-efficacy — 
the belief farmers have in their own ability to adapt successfully [35,55]. 
Perceived individual responsibility is the belief that individual adapta-
tion behaviour is essential to minimising the risk and damage of a nat-
ural hazard [24]. 

Both response cost and self-efficacy can influence risk perception 
[50,55,56] and also have a direct impact on individual preparedness 
intentions [19,25,45,57,58]. People who expect that the benefits of 
adaptation outweigh the costs have a higher likelihood to adapt than 
those who expect that the costs exceed the benefits (positive and nega-
tive outcome expectancy [10]). Farmers who assume they can reduce or 
avoid the negative impacts of a natural hazard by changing their 
behaviour are less likely to perceive the risk [55]. 

In reference to farmers’ assessments of the severity of the hazard and 
potential damage [18], threat appraisal comprises perceived severity 
and perceived probability, which we define, following Grothmann and 
Reusswig [8], as risk perception in this study. A high-risk perception (i.e. 
a high threat appraisal) can lead to heightened adaptation intention, 
though it depends on an individual’s coping appraisal [59]. Coping 
appraisal was regarded as a better predictor of adaptation intention than 
threat appraisal or risk perception [8,19,35]. 

Factors that are expected to determine risk perception are also 
assumed to indirectly influence farmers’ preparedness intentions 
through threat appraisal (risk perception). For instance, education will 
shape preparedness intention, which mediates through risk perception. 
This is because educated people have abstract reasoning and anticipa-
tion skills, which help them adapt to and cope with disasters even 
though they do not have hazard experience [60]. 

Psychological and cognitive factors consist of self-efficacy [55] and 
perceived individual responsibility [24], both of which have an indirect 
impact on adaptation strategies mediated through risk perception. An 
individual with high self-efficacy and individual responsibility beliefs 
will have higher risk perception, which in turn has an indirect impact on 
adaptation behaviour [24]. Higher perceived response costs of potential 
preparedness strategies decrease the likelihood of undertaking these 
strategies [25,35,57], which will further increase exposure to disasters. 

Experiences with disasters in terms of financial loss or emotional 
impact heightens risk perception, which in turn increases preparedness 
strategies [1,23]. Having trust in government disaster adaptation stra-
tegies lessens the individual risk perception, which will, in turn, hamper 
individual preparedness intentions [18]. Farmers’ concern or worry 
about natural hazards in their community will have a positive associa-
tion with preparedness intention mediated through risk perception of 
natural hazards. Stronger attachments to community or place might 
induce an individual to take precautionary disaster measures [61]. 
Based on these findings, the following hypotheses were tested (see 
Fig. S1 and Table S1 in the Appendix for a description of the variables). 

H1. Farmers’ details, including gender (H1a), age (H1b), status as a 
member of a community organisation (H1c), and education (H1d) have 
direct impacts on risk perceptions. 

H2. Perceived self-efficacy (H2a), individual responsibility (H2b), and 
trust in government adaptation strategies (H2c) have direct negative 
impacts on risk perceptions, but response cost (H2d), damage experi-
ence (H2e), and concern of disasters (H2f) have a direct and positive 
impact on risk perception. 

H3. The likelihood of preparedness intention is positively and directly 
influenced by education (H3a), perceived self-efficacy (H3b), individual 
responsibility (H3c), previous damage experience (H3d), and risk 
perception (H3e), but negatively and directly influenced by trust (H3g), 

potential response costs (H3f), and concern (H3h). 

H4. Risk perception mediates the relationship between education and 
intended adaptation strategies of the respective extreme events. 

H5. Perceived self-efficacy, individual responsibility, and potential 
response costs (coping appraisal) have indirect impacts on intended 
adaptation strategies and are mediated by risk perception. 

H6. Trust, damage experience, and concern have an indirect impact on 
intended adaptation strategies and are mediated by risk perception. 

3. Methods 

3.1. Study area 

The Tarai region covers only 14% of the total land area of Nepal but 
contributes 72% of national rice production and 63% of wheat [62]. It is, 
therefore, referred to as the ‘granary’ of Nepal, with more than 84% of 
farm households actively engaged in rice production [63]. Paddy and 
wheat are the main cereal food crops grown in the monsoon and winter 
seasons in the western Tarai region, including Banke and Bardiya [16, 
63] where the study took place. Paddy rice and wheat account for 72% 
and 21% of the total cereal crop production in Bardiya, and to 55% and 
28% in the Banke district, respectively (in 2016/2017 [64]). Some 
farmers also grow vegetables, oilseed, and potatoes in the study area. 
Farmers typically transplant paddy in the second week of August and 
harvest during the second or third week of November; transplanting 
wheat in the first week of January and harvesting in the second week of 
May [32]. 

The Tarai region covers 22 districts (of a total of 77 districts in Nepal) 
and is home to more than half of the country’s population of 28.5 million 
people [64]. Based on both the climate change impact survey [33] and 
the outcome of discussions with Nepal Department of Hydrology and 
Meteorology (DHM) officials, the Banke and Bardiya districts were 
selected as a case study for this research. From these districts, two mu-
nicipalities and their respective wards1 were chosen for the survey (see 
Fig. 1). 

3.2. Sampling and data collection 

Within the Bardiya district, three wards (5, 8, and 12) of the Guleriya 
municipality and three wards (3, 4, and 5) of the Rapti Sonari rural 
municipality in the Banke district (study areas shaded black in Fig. 1) 
were purposively selected. These wards were chosen following discus-
sions with district-level government officials based on the frequency and 
intensity of extreme event occurrence in these areas. From each mu-
nicipality, farming households were selected by using random sampling 
(see Table S2 in Appendix). In total, 350 household heads were inter-
viewed, 52% from Rapti Sonari and the remaining 48% from Guleriya 
municipality. The survey was conducted between the first week of 
November 2017 and the third week of January 2018 by three experi-
enced and trained research assistants who spoke Nepali, the primary 
language used for the survey, and who could also understand Tharu and 
local dialects. 

A draft survey questionnaire was prepared based on a literature re-
view and expert consultation2 and tested in a pilot study with 15 re-
spondents randomly selected from a village within the study area. We 
chose this sample size for the pilot study based on recommendations by 

1 lower administrative division. 
2 Nine expert interviews were conducted: three with central government of-

ficials from the Ministry of Agriculture and Development, four with government 
officials from the two Banke and Bardiya district agricultural offices and district 
disaster committee (two from each district), and two with representatives from 
NGOs (one from each district). 
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Moore, Carter [65] to target at least 12 participants. Based on the 
feedback received from the pilot survey, the survey questionnaire was 
modified to ensure clarity. The revised final survey contained questions 
on farm characteristics, farmers’ perceived main agricultural risk, risk 
perception of all three extreme weather events (EWE; floods, heatwaves, 
and cold spells), and farmers’ existing adaptation strategies and inten-
ded preparedness strategies (see Table S1 for the key questions and 
variables and household survey questionnaire in the Appendix). 

Questions about the perceived future impacts of the EWEs on agri-
cultural production, farming and housing infrastructure, as well as about 
the farmers’ and their families based on past hazard experience were 
posed as four-point scale questions with possible responses ranging from 
Very unlikely, Quite unlikely, Quite likely, to Very likely (see Table S1 and 
household survey questionnaires in the Appendix). Ex-ante risk 
perception of various climate-related hazards is commonly assessed by 
using self-reported scale questions [e.g. 36, 49]. 

Each respondent was asked about their intended adaptation strategies 
for being better prepared and in order to minimise the future risk of 
floods, heatwaves, and cold spells. The intended adaptation strategies 
were listed as ‘taking out agricultural insurance’, ‘reducing assets ex-
posures’, ‘preparing for emergent facilities’, ‘improving communica-
tion’, ‘shifting to off-farm work’, ‘improving existing early warning 
systems’, ‘changing crop varieties or types’, and ‘altering crop planting 
dates’. These strategies were identified from existing literature [16,32, 

57,66], discussion with climate change experts in the district, and by 
interacting with farmers. 

3.3. Data analysis 

We applied a structural equation model (SEM) over traditional 
regression analysis. SEM is an innovative analytical and statistical 
technique by which to test the research hypotheses in a single process by 
modelling complex relationships between observed and latent variables 
[67]. SEM can analyse both direct and indirect effects between vari-
ables, and also estimate multiple and inter-related dependence re-
lationships simultaneously [1,4,18,23,29,68], while traditional 
regression can only analyse direct effects [67,69]. Mediation analysis 
explains the process and mechanism by which one variable affects 
another variable, and mediating variables are comprised of behavioural, 
social, biological, and psychological variables [70–72]. In the conven-
tional mediation approach [73], the significance of the relationships 
between direct and indirect variables are tested both before and after 
introducing a mediator to examine the partial and full mediation effects. 
However, the conventional approach has been challenged [71,72] 
because placing undue emphasis on significance relationship between 
independent and dependent variables can lead to a misleading result. 
Significant indirect effects can occur in the absence of insignificant total 
or direct effects [71,72]. 

Fig. 1. Map of the study area.  
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Fig. S2 in the Appendix shows a mediated effect in which an inde-
pendent variable exerts an indirect effect ða�bÞ through intervening 
variables ðMÞ on the dependent variable, as mentioned by Baron and 
Kenny [73]. When indirect ða�bÞ and direct effects ðcÞ are significant 
and point in the same direction, complementary mediation is reported. If 
direct and indirect effects point in a different direction, competitive 
mediation is indicated. Full mediation is indicated only when the indi-
rect effect ða�bÞ is significant [72]. 

The statistical software STATA was used for descriptive data analysis 
while the software SPSS (Statistical Package for the Social Sciences), 
precisely the module AMOS (Analysis of a Moment Structures) was used 
for the path analysis through structural equation models (SEM). Path 
analysis was employed to investigate the influence of individual self- 
reported characteristics on risk perception of natural hazards and 
farmers’ preparedness intention. Prior to the SEM, multivariate 
normality3 tests were performed. To address the issue of non-normality, 
bootstrapping was carried out to provide less biased estimates to help 
adjust for the non-normality of data distribution [74]. Model fit was 
judged using the guidelines provided by Byrne [69] and Bollen and Stine 
[74]. Path coefficients and the amount of variance explained by the 
model ðR2Þ were examined and the following goodness of fit measures 
were reported: The model x2, The Root Mean Squared Error of 
Approximation (RMSEA), Comparative Fit Index (CFI), Tucker Lewis 
Index (TLI), α2=df , and Standardized Root Mean Square Residual 
(SRMR). In order to evaluate the convergent validity of the measure-
ment model, the individual item reliability of latent variable risk 
perception of the three climatic extremes (the standardized loadings), 
average variance extracted (AVE) and composite reliability (CR) were 
assessed. 

4. Results 

4.1. Descriptive statistics 

Respondents’ mean age was 39 years, and most respondents were 
male (62%) (see Table 1). The average household family size was 
approximately eight, and the average landholding was 0.96 ha. A third 
of the respondents (33%) had no formal education, 36% had attended 
only primary school, and a minority (~9%) had completed a university 
degree. Most farmers (24%) had an annual income of between NPR 
100,000 and NPR 200,000, while 22% earned more than NPR 300,000.4 

Farmers were highly concerned about floods and less concerned 
about heatwaves and cold spells (see Table 2). The average risk 
perception index was higher for floods (14.5) than for heatwaves (11.4) 
or cold spells (10.9). Many respondents (78%) had experienced flood 
damage, while only 17% and 16% had experienced damages from 
heatwaves and cold spells in the previous ten years, respectively. Most 
respondents found existing coping mechanisms ineffective for any of the 
three hazards. More people thought that flood adaptation would be very 
costly (83%) than to heat waves (64%) or cold spells (61%). 

4.2. Perceived agricultural risk and current adaptation strategies 

Farmers perceived a range of risks related to their farming (see 
Fig. 2). Approximately 80% of respondents reported that drought, 

heatwaves, cold spells, and floods were the main climatic risks, 
excepting for excessive rainfall. More than 90% of the farmers perceived 
environmental risk5 as the primary agricultural risk, followed by bio-
logical risk (72%) and financial risk (46%) (see Fig. S3 in the Appendix). 

Farmers adapted to the impacts of cold spells by altering their fer-
tiliser and pesticides use, changing crop types and varieties, seeking off- 
farm employment, and applying better water management practices. 
During heat waves, farmers mostly applied better water management 
practices, altered fertiliser and pesticides use, and changed crop types 
and planting dates. In order to cope with floods, farmers’ primary 

Table 1 
Sample description (N ¼ 350).  

Variables  

Average age (years) (SD) 38.7 (12.9) 
Male (%) 62 
Average household size (heads) (SD) 7.8 (5.3) 
Mean level of education (SD) 2.2 (1.2) 
No formal education (%) 32.5 
Primary school (Years 1–5) (%) 35.7 
High school (Years 6–10) (%) 14.8 
Higher secondary education (Years 11–12) (%) 8.5 
University (above undergraduate level) (%) 8.5 
Average land Holding (ha) 1.0 (1.2) 
Annual household income 
<50,000 NPR (%) 10.2 
50,000–100,000 NPR (%) 22.5 
100,000–200,000 NPR (%) 23.7 
200,000–300,000 NPR (%) 21.7 
>300,000 NPR (%) 21.6 
Being a member of a community organisation (%) 72.5 

Note: SD: Standard deviation; NPR ¼ Nepalese Rupee (1 USD � 110 NPR). 

Table 2 
Description of variables used in the model.   

Floods Heatwaves Cold spells 

Concern about future impacts 
Not at all concerned 0.2 1.1 0.8 
A bit concerned 1.7 7.7 11.4 
Concerned 7.4 37.1 43.1 
Highly concerned 90.5 53.4 44.5 
Average risk perception (SD) 14.5 (1.9) 11.4 (2.1) 10.9 (2.3) 
Self-reported damage experience 
Minimal damage 0.8 4.2 4.6 
Slight damage 5.4 41.4 42.2 
Bad damage 16 37.7 37.7 
Severe damage 77.7 16.8 15.5 
Trust (satisfaction with government adaptation strategies) 
Very unsatisfied 58 72.5 68.2 
Unsatisfied 25.7 17.4 21.1 
Satisfied 12.8 8 8.8 
Very satisfied 3.4 2 1.7 
Potential response costs 
Not costly 5.1 7.4 12.8 
Slightly costly 10.8 28 26.8 
Very costly 51.7 51.7 50.2 
Extremely costly 32.2 12.8 10 
Importance of perceived responsibility for coping with disaster 
Not important at all 22.2 20.5 17.7 
Rather important 16.5 18 18.8 
Important 22.8 38 38.7 
Very Important 38.2 23.5 24.8 
Agreement that perceived self-efficacy for coping with disaster is important 
Strongly disagree 30 22.2 18.5 
Disagree 28.5 41.4 38.2 
Agree 38.5 34.2 41.4 
Strongly agree 3.2 2 1.7  

3 The multivariate kurtosis value was higher than 5.00 and the critical ratio 
greater than 1.96 or less than � 1.96 indicated that the data depart significantly 
from multivariate normality and violated the assumption of multivariate 
normality [60]. Multivariate kurtosis and critical ratios were reported to be 
8.80 and 4.49 in the cold spell model, 66.5 and 33.9 in the floods model, and 
16.6 and 8.9 in heat waves model, respectively.  

4 We also performed comparative descriptive statistics across two districts, 
but did not observe any significant differences in socio economic parameters. As 
such, only mean statistics have been reported. 

5 As farmers have identified environmental risk as the most severe agricul-
tural risk, the analysis focused on climate related environmental risk. 
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strategy was to seek off-farm employment, followed by changes in fer-
tiliser and pesticide use, as well as crop types and varieties (see Fig. 3). 

4.3. Preparedness to adapt 

The numbers of intended adaptation strategies varied from 0 to 7 for 
floods (median: 4) and from 0 to 8 for heatwaves and cold spells (me-
dians: 3). Strategies varied according to the nature of the hazard and 
were associated with short, medium, or long-term risk management. 

Almost all respondents (98%) intended to adapt to any of the three 
hazards. A small minority of farmers (less than 2%) did not intend to 
take any future adaptation measures, As they believed natural hazards to 
be an “act of God” and that they could not do anything to stop any 
damages except accepting the “bitter reality of nature”. 

To simplify the analysis, we grouped the intended adaptation stra-
tegies into six categories (see Table 3). Overall, 43% of the respondents 
intended to make changes to farm management. This was followed by 
seeking off-farm employment (16%), changing cultivation dates (14%), 

purchasing crop insurance (13%), awareness-raising (7%), and creating 
an emergency management plan (6%). 

Altering farm management techniques were highly preferred in 
response to all three hazards. Farm management techniques included 
the introduction of irrigation to protect crops from heat waves; water 
management, such as using sandbags, elevating the land, and con-
structing dikes and proper drainage to protect crops and their properties 
from flooding; and building tunnels to protect crops from cold spells. 
Farmers intended to apply pesticides and fertilisers to minimise the 
impacts of all three EWEs. 

4.4. Structural equation model fit statistics 

As the values of the goodness of fit statistics indices were below the 
threshold levels (α2=df < 3, CFI >0.90, SRMR<0.05, and TLI>0.90, 

Fig. 2. Types of risks perceived by farmers (in %; N ¼ 350).  

Fig. 3. Current risk management strategies in response to three natural di-
sasters (cold, heat and floods). 

Table 3 
Most preferred intended adaptation strategies by farmers in the Terai region of 
Nepal (frequencies in %; N ¼ 350).   

Natural Disaster (% of 
households)  

Intended Adaptation Strategies Floods Heatwaves Cold 
spells 

Overall 

Purchasing agriculture insurance 13.4 13.4 11.7 12.8 
Apply farm management techniques: 

Irrigation (HW), dykes, sandbags, 
land elevation, proper drainage 
(F), Fertiliser and pesticides (A), 
Tunnels (CS) 

52 39.4 37.4 42.9 

Emergency management plan: 
Shelter home (F), Post recovery 
and relief, selling valuables and 
assets (A) 

6.5 4.5 5.7 5.5 

Public awareness campaign and early 
warning, mobile SMS (A) 

7.7 6.5 7.5 7.2 

Seeking off-farm employment 8.2 22.2 17.1 16 
Changes in cultivation: planting date, 

crop types and crop varieties (A) 
11.2 13.4 18 14.2 

Note: A: for all three disasters, F: for floods, HW: for heatwaves; CS: for cold 
spells. 
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RMSEA<0.07), all three models had a good fit to the data [75]. Table S3 
in the appendices shows the relative chi-square ðα2 =dfÞ, RMSEA, CFI, 
SRMR, and TLI of all three models. 

Regarding the convergent validity of the measurement model, all the 
estimates of the observed variables were significant. After performing 
the reliability test, the risk perception6 of flood, heatwaves, and cold 
spells had factor loadings of over 0.60. Based on the rule of thumb, in-
dividual items were reliable if the factor loadings were above 0.60 [76]. 
Based on the validity test of all three models, CR for all constructs were 
greater than 0.70 and AVE of one construct was above 0.5 and rest of 
two constructs were close to 0.5 (See Table S4 in the Appendix). Taking 
all these into account, the models for all three hazards were acceptable 
[75]. 

4.5. Direct and indirect impacts on risk perceptions 

The floods, heatwaves, and cold spells models explained the variance 
in the risk perception by 54%, 44%, and 56% respectively. These models 
also explained the variance in the preparedness to adapt by 21%, 27%, 
and 21%, respectively. Being male was negatively correlated with flood 
risk perception (Hla) while gender had no impact on risk perception of 
heat waves and cold spells. Being a member of a community organisation 
was positively and significantly associated with risk perception of all 
three hazards (H1c). The structural equation model (see Fig. 4a, b, c) 
further showed that perceived self-efficacy beliefs (H2a) were negatively 
associated with risk perception in the flood and cold spell models, but not 
in the heatwave models. Perceived farmers’ responsibility (H2b) had a 
significant negative impact on heatwave risk perception. Potential 
response cost (H2d) had a significant direct and positive influence on risk 
perception of all three hazards. 

Having trust (H2c) in existing government adaptation strategies was 
negatively associated with risk perception in the flood model, but posi-
tively associated with risk perception in the cold spell model. Concern 
(H2e) and damage experience (H2f) had positive and direct impacts on 
risk perception in all three models (see Fig. 4a, b, c). 

4.6. Direct and indirect impacts on intended adaptation strategies 

Farmers’ adaptation intentions were directly and positively influ-
enced by education (H3a) in all three models (see Fig. 4a, b, and c). 
Having trust (H3g) in government strategies to cope with all three 
hazards was positively associated with the intention to adapt in all three 
models. The components of coping appraisal such as self-efficacy (H3b), 
individual responsibility (H3c), and response cost (H3f) were significant 
predictors of flood adaptation intention. Perceived responsibility, 
perceived costs of coping with heatwaves and trust were positively 
associated with the intention to adapt to heatwaves. Coping appraisal 
did not influence farmers’ intentions to adapt to cold spells (see Fig. 4c). 

Damage experience (H3d) had a positive significant direct impact on 
adaptation strategies only in the heatwave and cold spell models (see 
Fig. 4b and c). Concerns (H3h) about future floods in the community was 
a negative predictor of only intended flood adaptation strategies. Risk 
perception only had a direct impact (positive) on intended flood adap-
tation strategies (H3e; see Fig. 4a). 

There were mediation impacts of risk perception on the intention to 
adapt only in the flood model (see Table 4). Flood risk perception 
mediated the significant relationship between many of the coping 
appraisal variables (H5): perceived self-efficacy and intention to adapt 
(β ¼ 0.02, P < 0.1), personal responsibility and intention to adapt (β ¼
� 0.04, P < 0.05), and flood response cost and intention to adapt (β ¼
0.03, P < 0.05). Flood risk perception further mediated the relationship 

between trust and intention to adapt (H6, β ¼ � 0.03, P < 0.05) and 
worry and intention to adapt (H6, β ¼ 0.04, P < 0.05). Risk perception of 
floods fully mediated the relationship between damage experiences and 
intention to adapt (H6, β ¼ 0.10, P < 0.05). 

5. Discussion 

5.1. Perceived agricultural risk and current adaptation strategies 

Although farmers face multiple, recurring, and substantial risks to 
their agricultural production and livelihoods, our survey results 
confirmed that environmental risks were the most important. These 
include those biological risks associated with pest and disease outbreaks, 
invasive plants (weeds), and soil degradation. Among these environ-
mental risks, flooding, heat waves, and cold spells were identified as the 
three most severe natural hazards. To minimise the impacts of these 
hazards, farmers follow different strategies, dependant on the onset and 
severity of each hazard. 

Our study shows that in relying on the current adaptation strategies 
for slow-onset hazards, farmers were not well placed to cope with the 
increasing temperature extremes and their consequences. Problems with 
coping efficacy make relying on structural mitigation less tenable. For 
example, relying on irrigation and water management can be prob-
lematic during heatwaves, as heatwaves and droughts often occur 
together [77]. Using diesel generators to raise bore water to irrigate 
crops can also be very costly. Increased use of fertiliser and chemical 
pesticides during cold spells and floods, besides having detrimental ef-
fects on the environment, is also costly and can reduce farm profits 
substantially, particularly if the harvest then fails. 

Farmers were also found to have switched to high-yield rice (Gor-
akhnath, Taichin, Radha 4, Mansuli) from traditional rice (Rambhoj, 
Thapachiniya, Marsi, Didai, Mansara) varieties. Similarly, they switched 
to high-yield wheat (NL, Bhaskar, Khumaltar) from traditional wheat 
(RR21, Rato, Seto) varieties. They changed their crops because high- 
yield crop varieties are more cold-tolerant and require less water [16, 
78]. To cope with floods, farmers also increasingly use flood-tolerant 
crop varieties, which can survive short- and long-term submergence. 
Apart from changing crop varieties, the most common strategies for 
coping with flood impacts are to seek off-farm employment and to apply 
fertiliser and pesticides during submergence, in order to provide nutri-
ents to the crops and to support crops during growth stages after 
flooding. Increasing reliance on off-farm work eventually means a shift 
from farming to non-farming. The evidence that floods contribute to 
rural outmigration is a wide-spread trend has implications for food 
production in Nepal [79,80]. Rather than relying on structural measures 
(that are often developed through top-down processes), it becomes 
increasingly important to understand the social and psychological pro-
cesses that influence risk perception and how it can translate into 
adaptive preparedness. The latter strategies lay the foundation for 
farmers to become more responsive and adaptable to circumstances that 
are likely to be more dynamic in the future. This starts with under-
standing risk perception. 

5.2. Determinants of risk perception 

The structural equation model confirmed most of the hypotheses 
derived from the Protection Motivation Theory for all three natural 
hazards. Most components of the coping appraisal were predictors of 
risk perception with little difference across the three hazards, which was 
consistent with previous research [8,24,58]. Farmers who believed in 
their own capability to cope with a hazard (self-efficacy) were less likely 
to perceive risks from floods and cold spells. This might be because 
farmers felt safe relying on their own knowledge and capability of how 
to cope, which is supported by the finding that farmers who had a higher 
capability of avoiding the hazards had lower risk perceptions [11,35, 
49]. 

6 Perceived probability – farm damage, perceived probability – personal 
damage, perceived consequences infrastructure, and perceived severity were 
the four indicators of the latent variable of risk perception. 

N.K. Budhathoki et al.                                                                                                                                                                                                                         



International Journal of Disaster Risk Reduction 49 (2020) 101656

8

For heatwaves, however, those farmers who perceived themselves 
responsible for reducing the exposure to a hazard were less likely to 
perceive heatwave risks. This might be because the Tarai lowlands, in 
general, have a warm (tropical) climate, and farmers knew they needed 
to protect themselves from extreme heat exposure. As found elsewhere 
[57] farmers displayed a sense of responsibility and optimism, which 
made them less likely to perceive the risk of heatwaves. Farmers who 
thought that the response cost of intended adaptations strategies would 
be higher were more likely to perceive risk associated with each hazard 
because the majority of households were poor and had a low adaptation 
capacity [57,81]. 

Households who trusted or relied on a governmental flood contin-
gency plans had a lower risk perception, also found in studies by 
Grothmann and Reusswig [8] and Terpstra [18], while the opposite is 
true in the case of cold spells. This could be because, unlike floods, cold 
spells are harder to predict, and are a recent phenomenon in the study 
areas. While the Nepalese Government puts effort into alleviating 
damage from high-severity hazards, such as floods, minimal resources 
have yet been allocated to strategies that cope with slow onset hazards. 
Knowing this, farmers were alerted to the risk, at least of cold spells. 

The study found that, for all three EWEs, farmers who had experi-
enced these hazards were more likely to perceive their risk. This is 
consistent with previous studies [82–84], which stated that lived expe-
rience of the destructive direct damage of natural hazards is easier to 
remember and, therefore, translates into a higher perception of risk. 

As hypothesised, those farmers with concerns and worries about the 
potential future community impacts of each extreme event were more 
likely to perceive the risk of each of the three hazards. This is supported 
by the research of Zaalberg, Midden [19] and Miceli, Sotgiu [49]. This 

concern may also be a result of having, themselves, experienced such 
hazards, or having heard of affected peers, or media reports. Addition-
ally, a sense of belonging could make a significant contribution to higher 
risk perceptions [11,85]. 

Men had a lower risk perception of floods than women, which was 
not unexpected [2], while gender had no impact on heatwave and cold 
spell risk perceptions. Women are more risk-averse than men and more 
alert to all sorts of risks [86]. Another possibility may be that most male 
farmers in the study area were directly involved in flood disaster man-
agement during the flooding season and had, therefore, more experience 
in coping with floods and a higher belief that flood management stra-
tegies would be effective [2]. 

An association with community organisations was found to be 
positively associated with risk perception of all three EWEs, consistent 
with Wachinger, Renn [26]. This may be because information about 
threats to farming, including upcoming natural hazards, is exchanged in 
community association meetings, generating knowledge that heightens 
farmers’ alertness and perception of risk. 

5.3. Determinants of farmers’ adaptation behaviour 

Many of the coping appraisal factors also had direct impacts on 
adaptation behaviour. For instance, self-efficacy beliefs increased risk 
perception of floods, which in turn increased flood adaptation behav-
iour, as expected [20,25]. Self-efficacy is not significantly associated 
with intended adaptation to heatwaves and cold spells, but individual 
responsibility is only positively associated with flood and heatwave 
adaptation. These results point to differences in the role of coping 
appraisal for adaptation across each of the three hazards. The 

Fig. 4. Multilevel structural equation model paths for the preparedness analysis for three natural disasters (a: floods; b: Heat waves; c: cold spells).  
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Table 4 
Results of structural equation model with bootstrapping (n ¼ 1000) for three natural hazards with the dependent variables. 
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differences in the impact of coping appraisal on how farmers intend to 
adapt could be due to the differences in the severity of the hazards, as 
well as differences in experience and knowledge [1,46,51,54]. 

The expected response costs of floods and heatwaves increased the 
number of intended adaptation strategies for those hazards and con-
tradicted the earlier finding of Keshavarz and Karami [25], which stip-
ulate that the higher the response cost is perceived, the lower the 
probability of preparing and adapting. Despite higher response cost, 
farmers intended to the future implementation of more preparedness 
measures. However, farmers might not be able to afford expensive 
adaptation measures at the household level, thereby inducing them to 
implement cheaper and shorter-term measures for risk diversification, 
such as emergency management plans at the farm and household levels. 

Trust is positively associated with adaptation behaviour in response 
to all three hazards. Although farmers felt that they could trust the 
governmental adaptation plan and policies, they still intended to take 
their own adaptation measures. This was due to the poor implementa-
tion of governmental adaptation strategies, despite the well- 
documented policies and strategies. Too much trust or reliance on the 
government was found to have a negative impact on intended adapta-
tion. For instance, farmers received flood damage compensation, which 
might have demotivated farmers from implementing many adaptation 
strategies themselves, as shown elsewhere [14,61]. While education has 
no impact on risk perception, better-educated farmers applied more 
adaptation strategies in response to all three hazards, as expected [60]. 
With better education throughout rural Nepal, the awareness and 
knowledge of climate change impacts and natural hazards will increase, 
and it strengthens farmers’ adaptive capacity. Perceiving risks increase 
farmers’ preparedness strategies for all three hazards, also substantiated 
by Lee, Markowitz [41], Hoffmann and Muttarak [60] and Botzen, Aerts 
[87]. 

It was surprising to find that flood damage experience did not have 
an impact on intended flood adaptation strategies — though heatwave 
and cold spell adaptation did — given the severity of damages from 
floods, as compared to the slow-onset hazards. This contrasts with pre-
vious research by Richert, Erdlenbruch [45] and Spence, Poortinga [88]. 
This might have been a result of the negative outcome expectancy of 
some farmers, who thought that the potential benefits of adaptation 
were lower than the costs [10,89], such that they refrained from using 
some adaptation strategies. Another reason could be that farmers indi-
vidual efforts were futile to ensure safety from floods (pessimistic atti-
tude), thus, they were less willing to undertake preparedness measures 
[90]. These factors might have cancelled out the responses of those 
farmers who applied more strategies due to their experiences, thus 
leading to the variable insignificance. For heatwaves and cold spells, the 
positive impact of damage experience on adaptation was expected, since 
the experience of natural hazards directly lead to heightened protective 
behaviour [26]. 

Risk perception itself only had a direct and positive impact on 
adaptation behaviour in response to floods, consistent with other flood 
adaptation studies [2,9,24,35]. A lack of financial resources for adap-
tation and an underestimation of the risks of heatwaves and cold spells 
might be the reason for the insignificant relationship between risk 
perception and adaptation intention of heatwaves and cold spell 
respectively [8,79]. Another reason could be that a low level of belief in 
or a lack of knowledge about effective adaptation to these slow-onset 
hazards might impede their intended adaptation [35,49]. A possible 
explanation for this discrepancy could be that sudden-onset hazards, 
such as floods, cause immediate physical damage which can severely 
disrupt whole communities (e.g. evacuation, heightened mortality), 
which is more memorable than the damages of extreme heat and cold. 
Farmers were more likely to attribute damages from floods to high risks 
[91] than making the causal relationship between slow-onset hazards 
and damage [91]. 

5.4. Mediation effect of risk perception 

In the case of rapid onset hazard, risk perception of flood signifi-
cantly mediated the effects of coping appraisals, trust in government 
flood adaptation plan, damage experience, and concern towards com-
munity about future flooding damage on farmers’ intended flood 
adaptation strategies. Martin, Martin [24] stated that coping appraisals, 
such as self-efficacy beliefs and an individual sense of responsibility 
towards hazards protection influenced farmers decisions to undertake 
preparedness measures mediated through risk perception. 

The prior damage experience in agriculture had a significant indirect 
impact on preparedness behaviour for floods, mediated through risk 
perception of floods as found in Hoffmann and Muttarak [60], Demuth, 
Morss [23] and Demski, Capstick [1]. Having prior experience of di-
sasters may increase hazard awareness and risk perception about the 
potential threat of disaster and enhance their knowledge on how to 
recover in the aftermath of disasters, as well as teach them how to cope 
with potential future disasters, which in turn increases individual pre-
paredness strategies. 

Relating to slow-onset hazards, risk perception of heatwaves and 
cold spells was an insignificant mediator in the heatwaves and cold spell 
models. It might be, however, that there were omitted or undiscovered 
mediators that might be uncovered in future research [2,71]. Other 
possible explanations of such discrepancies in the research finding 
include the possibility that sudden onset hazards (such as floods) are 
quick and high-intensity events, which cause immediate physical dam-
ages, with risk perception being more readily attributed to the flood 
event [91]. In contrast, with slow-onset hazards, Zaidi [91] stated that 
the chain of causality (that underpins risk perception) is difficult to 
interpret, justify and estimate, since the impacts are continuously 
appearing, and adaptation strategies are implemented differently at 
various stage of hazards onset. 

5.5. Policy implications 

In 2017, the Nepalese government endorsed the Disaster Risk 
Reduction and Management Act, replacing the 1982 Natural Calamity 
Act. The new act focused on disaster risk management by addressing the 
four disaster management cycles, preparedness, response, rehabilita-
tion, and recovery. It also established a functional institutional set up 
from the central to the local levels for effective disaster management. 
However, while the revised act set out the responsibilities of the pro-
vincial governments, it failed to declare a disaster-prone zone using 
disaster mapping [92]. Most of the existing policies also emphasised 
rapid-onset hazards (including floods, earthquakes, landslides, and av-
alanches), rather than slow-onset hazards (such as cold spell and heat-
waves). It also assigned fewer responsibilities on the local governments, 
despite the Local Government Operation Act of 2017. At the same time, 
these existing disaster management policies provide more importance to 
recovery and response than to the preparedness and mitigation process. 

Our study found that the factors associated with farmers’ risk per-
ceptions and adaption behaviour depended on the specific natural 
hazard and that risk perception only directly affected the intended 
adaptation behaviour in response to floods, a severe and rapid onset 
hazard. There was no such response to heatwaves or cold spells. More-
over, risk perception only played a significant role in mediating the ef-
fects of coping appraisal and concern as to how farmers’ intention to 
enact flood adaptation measures and not in how they intended to adapt 
to heatwaves or cold spells. 

We attribute this to i) the different levels of awareness and knowl-
edge of potential damages and ii) the available adaptation strategies 
farmers have for each different hazard. So far, the Nepalese Government 
has focused its disaster management efforts on rapid-onset hazards, such 
as floods. Cold spells, however, are a relatively new phenomenon and 
farmers’ do not yet appear to have much experience on how to effec-
tively adapt. Risk communication, public education programs, and 
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extension services could be effective in promoting awareness and 
expertise in low cost coping strategies. Farmers exhibit high trust in 
government adaptation strategies and would probably be willing to heed 
such advice. 

One impediment to the adaptation of farmers is the high costs of 
coping with extreme temperatures (cooling, heating, and irrigation). 
These slow-onset hazards (heatwaves and cold spell) might not be more 
destructive than rapid onset hazard, but as climate change continues 
unabated, could become more frequent. The central government should, 
therefore, work with local government across all disasters, managing 
jointly with the affected stakeholders, including public, private, and 
civic organisations. The existing gaps that remain in effective imple-
mentation of disaster management in vulnerable marginal communities 
could be overcome through technical and financial support from the 
Nepalese Government or other donor organisations, and include sub-
sidies, loans, or complementary insurance,. 

6. Conclusion 

The study investigated how farmers in the vulnerable western Tarai 
region are affected by floods, heatwaves, and cold spells, how they 
adapt, and the factors influencing their risk perception and preparedness 
for intended adaptation. More than 90% of the respondents revealed 
that climate related-environmental risk is the leading agricultural risk 
among all the agricultural risks. Though farmers adopt similar adapta-
tion strategies, the rate of adaptation of these strategies varied across the 
three types of extreme weather event. During cold spells, farmers pri-
marily made changes to their fertiliser and pesticides use. Water man-
agement practice and seeking off-farm employment were the widely 
adopted strategies during heatwaves and flooding, respectively. Farm 
management techniques, followed by seeking off-farm employment, 
changes in cultivation, and purchasing agriculture insurance, were the 
highly preferred intended adaptation strategies for all three hazards. 

We found that farmers association with community organisations, 
the potential response costs, previous damage experience, and com-
munity concern or worry significantly and directly influenced the risk 
perception of each hazard. Coping appraisal was the significant pre-
dictor of intended flood preparedness behaviour after a controlling 
mediator, but education and trust positively associated with prepared-
ness intention across all three EWEs. The mediation analysis shows that 
coping appraisal components (self-efficacy belief, perceived individual 
responsibility, and the perceived response cost of a flood), trust on 
existing government flood adaptation strategies, flood damage experi-
ence, and concern about future flooding influenced farmers’ flood pre-
paredness behaviour through flood risk perception. However, there 
were no mediation effects in the case of slow-onset hazards. 
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