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Abstract 

 

 

Climate change is a pervasive global issue that threatens the livelihoods and wellbeing 

of billions living globally. Climate change is a risk multiplier impacting all ecosystems, 

society, and sectors of the economy. The agriculture sector is one such sector that is 

highly vulnerable to changes in climate. In a country like Nepal where rainfed 

agriculture is a dominant occupation and a key pillar of the country’s economy, climate 

change brings risks and negative consequences for on-farm production, farmers' 

livelihoods as well as on the country’s development. The impacts of climate change 

including rising temperatures, an increase in the frequency or intensity of extreme 

weather events such as drought, and shifts in the rainfall seasonality, can cause a decline 

in food production and threaten the quality of food supplies, leading to reduced food 

security. 

 

The rise in the global population will increase global demand for food which implies 

that agriculture needs to boost production and increase yields, among other things. The 

unprecedented risks posed by climate change potentially undermine the ability of farms 

and farm holders to grow adequate and quality food. The severity of these risks varies 

due to a range of underlying factors including low economic development, their 

location, existing biophysical and socioeconomic conditions, and institutional 

arrangements. While the impacts of climate change on food production as well as 

agricultural practices in Nepal have been documented, there is a dearth in scholarly 

literature that has assessed the impacts of climate change on household food security in 

Nepal incorporating farmers’ perspectives and in particular smallholder subsistence 

farmers. Furthermore, there is only modest literature that has examined geographical 

variations in those experiences and understandings. This PhD study aimed, therefore, to 

investigate the effects of climate change on agricultural practices and food security, 

with a focus on subsistence smallholder farmers in three main agro- ecological zones of 

Nepal known as The Mountains, Hills, and the Terai. 

 

The study aimed to respond to the primary research question: How are Nepalese 
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farming communities being impacted by climate change and how are they responding to 

ensure their continued food security? To answer this main research, question the study 

posed the following secondary research questions: 

 

Q1. How is climate changing and how is it impacting subsistence agriculture?  

Q2. What are the farmers experiencing and what is their understanding? 

a. Are there gender differences in understanding and experiencing?  

Q3. What is the state of food insecurity among these farmers? 

a. How is it being impacted by climate change? 

Q4. What adaptation strategies have been adopted by smallholder farmers to address 

threats to agricultural practices and food security from climate change and other 

pressures? 

 

Both the qualitative and qualitative data were collected using multiple methods to 

address the identified research questions. Methods included a narrative literature review, 

systematic review, face to face interviews with farmers, individual interviews with key 

informants and focus groups with the women's group. Climate data on temperature 

between 1971-2013 and rainfall between 1967-2013 were analysed. Additionally, 

secondary data on crop yield from 1980 to 2016 were also analysed to gain a better 

empirical understanding of the relations between climate change and yield pattern and 

to triangulate and validate the findings from the interviews. Quantitative data on cereal 

crop yields and climate data were systematically tabulated and further statistically 

analysed using software R. This study employed the Bayesian approach to statistical 

modelling. Besides, this study undertook an integrated risk assessment of food 

insecurity using the Bayesian Belief Network model to reflect how the risk of food 

insecurity is influenced under two scenarios: (1) current climate conditions and (2) the 

influences of different adaptation strategies employed. NVivo was used for content 

analysis for qualitative data obtained from the key informant interview and focus group 

data and analysis of transcripts from farmers' structured interviews. 

 

The findings showed that agricultural practices have undergone various changes over 

the past 30 years. Climate change impacts were experienced by farmers in all three 
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agro-ecological zones of Nepal. However, the impacts varied between these zones in 

terms of frequency and intensity. The effect of climate change was highly pronounced 

in the Mountains zone followed by the Hills and the Terai. The results confirmed that 

rural subsistence smallholder farmers dependent on rainfed agriculture are vulnerable to 

climate change impacts. 

 

Moreover, it disproportionately affects the poor farmers whose income hinges solely on 

agriculture and associated activities. Boosting agricultural production and empowering 

these smallholders is key to enhancing their food security. The experiences reported by 

farmers are well aligned with the trend of the climatic variables obtained from climate 

data analysis, highlighting the importance of perception-based survey in complementing 

climate research. 

 

The study demonstrated both the climatic and non-climatic factors are affecting 

agricultural practices as well as household food security of these farming communities. 

It is, therefore, difficult to isolate the influence of any of these factors. This was 

supported by the findings from the risk assessment undertaken by Bayesian modelling. 

Based on Bayesian modelling, the smallholder farmers mainly at the Mountain zone 

were at the risk of food insecurity. 

 

The measures to increase the adaptive capacity of these smallholders were found to help 

them manage the risk of food insecurity. Addressing the complicated and multifaceted 

concerns of climate change and food security needs multidisciplinary and multisectoral 

adaptation interventions acknowledging underlying biophysical, social, economic, 

geographical and environmental circumstances. 

 

Farmers have taken some actions to adapt and reduce the worsening impacts of climate 

change. Nevertheless, farmers encountered several barriers in effectively adapting to 

climate change. This study concluded there is an urgent need for a transformative level 

of intervention that warrants a coordinated action and collaboration between relevant 

stakeholders working in this field, including governments and non-governmental 

organizations, to target the most vulnerable and the needy smallholder farmers 
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addressing the constraints and pressures they face. Policy and decision-makers should 

work extensively and sensitively with smallholders to ensure the maintenance of their 

livelihood and to guarantee their food security. Combining local and scientific 

knowledge is needed to help direct research and tailor adaptation solutions that meet 

local conditions and needs. 

 

 

Keywords: climate change, food security, agro-ecological zones, climate change 

impacts, climate change adaptation, subsistence smallholder farmers 
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Chapter 1: Introduction  

 

 

“A hungry man can’t see right or wrong. He just sees food.” 

Pearl S. Buck 

 

This chapter lays the foundation for this study, presenting the background to the 

research, the research rationale, the focal research questions, an overview of the 

approach and an outline of the thesis structure. 

 

Declining food security is one of the major potential outcomes resulting from climate 

change, with significant adverse impacts on the subsistence economies of low-income 

countries. In Nepal, more than 50% of farmers are subsistence smallholders who mainly 

cultivate less than 0.5 ha (Central Bureau of Statistics 2011). While the extent to which 

Nepalese subsistence smallholder farming communities are aware of the possible 

impacts and projections of climate change in terms of food security is essential for 

ensuring their wellbeing and livelihoods, it is an under-researched topic. This study 

explores the knowledge of Nepalese subsistence smallholder farmers and identifies 

adaptation strategies that could contribute to maintaining or even increasing household 

food security. 

 

1.1 Background 

 

The Intergovernmental Panel on Climate Change (Intergovernmental Panel on Climate 

Change 2014c) defines climate change as a “change in the state of the climate that can 

be identified (e.g., by using statistical tests) by changes in the mean and the variability 

of its properties and that persists for an extended period, typically decades or longer.” 

The term, climate change, is used by the United Nations Framework Convention on 

Climate Change (UNFCCC) for the human-induced change in climate, which is 

changing the global atmosphere’s composition, along with the natural climate 

variability witnessed over comparable periods (Intergovernmental Panel on Climate 

Change 1995). In other words, climate change is the phenomenon resulting from 
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greenhouse gas (GHG) emissions caused by deforestation, fuel combustion, 

industrialization, and urbanization (Upreti 2004), and which causes variations in solar 

energy, temperatures, and precipitation. Climates all over the globe are changing, and 

these changes are accelerating rapidly. The atmospheric concentration of greenhouse 

gases (GHGs) mainly carbon dioxide (CO2) recorded continual and accelerated rise 

over the five years from 2015-2019. The same period is possibly the warmest period 

which exhibited an increase of 1.1 °C global temperature since the pre-industrial period. 

Several climate indicators had seen continued and accelerated trends such as 

accelerating increase in sea levels, a continuous decrease in Arctic sea-ice extent and ice 

mass loss in the glaciers, decreasing spring snow cover in the northern hemisphere 

(World Meteorological Organization 2019). Climate change is a pressing environmental 

issue impacting all human as well as natural systems. 

 

The past century has witnessed warming trends and rising temperature extremes across 

most of the Asian regions (Intergovernmental Panel on Climate Change 2013). The 

average temperature of the Earth has risen 0.8° C since the early 20th century, resulting 

in, among other things, an increase in extreme weather events, such as droughts, floods, 

cyclonic storms, and heatwaves. The global surface temperature is projected to increase 

an additional 2.4° C to 6.4° C towards the end of the 21st century, in the absence of any 

active and effective carbon mitigation strategies (Intergovernmental Panel on Climate 

Change 2007c, 2013). The observed mean land surface air temperature has increased 

markedly compared to the rise in global mean surface (land and ocean) temperature 

(GMST). Between the periods of 1850-1900 and 2006-2015, the GMST witnessed a 

global mean surface temperature rise of 0.87° C, whereas global mean land surface air 

temperature increased by 1.53° C (Intergovernmental Panel on Climate Change 2019a). 

It is vital to limit global warming to 1.5° C in order to prevent any inevitable and 

ruinous effects that demand extensive transformation in sectors including land uses, 

urban infrastructure, industries, and energy production (United Nations 2019). 

 

The entire Himalayan area has been subjected to major concerns in the context of 

climate change. This area observed extreme warming, starting in the mid-1990s, 

consequently triggering a loss of ice, which doubled from the year 2000 to the year 

2016. Similarly, the Hindu Kush Himalaya (HKH) region, which extends 3500 km over 
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part or all of eight countries from Myanmar in the east to Afghanistan in the west, 

including all of Nepal, experienced a considerably higher rate of temperature increase 

(0.2° C per decade) compared to that of the global average (Intergovernmental Panel on 

Climate Change 2007c). 

 

1.1.1 Climate Change and South Asia 

 

While climate change has impacted all countries around the globe regardless of their 

size, development, or economy, the South Asian countries, despite having relatively low 

per capita greenhouse gas emission profiles are among the countries most affected by 

global climate change (World Bank 2013). South Asia is comprised of eight countries: 

Nepal, India, China, Pakistan, Bangladesh, Bhutan, the Maldives, and Sri Lanka. South 

Asia is the world’s most heavily populated region and is considered especially prone to 

natural hazards related disasters and climate change (International Organization for 

Migration, 2020). It is the world’s most heavily populated region. South Asia is 

considered especially prone to natural hazard related disasters and climate change 

(International Organization for Migration, 2020). This is equally the case with Nepal, 

which contributes a mere 0.025% of the world’s total greenhouse gas emissions 

(Ministry of Environment 2011) but falls among the countries most vulnerable to 

climate change. 

 

1.1.2 Climate Change and Nepal 

 

Nepal is a landlocked country in South Asia bordered by two countries, India and 

China. The country is spread over 147,181 km and encompasses five physiographic 

regions (Land Resources Mapping Project 1986) called High Himalaya, High Mountain, 

Middle Mountain, Siwalik, and the Terai, each with distinct climatic conditions and 

altitudinal ranges. Based on altitude, crops, and livestock production systems, Nepal is 

recognized as having three distinct agro-ecological zones (AEZs), or land resource 

mapping units, called the Terai, the Hills, and the Mountains (Pariyar, 2005). The zones 

are categorized based on climate, landform, soils, and land cover, and characterised by a 

range of potential land uses and constraints (Food and Agriculture Organization of the 

United Nations 1996a). 



4 

Nepal is positioned in the southern extreme of South Asia in region known as Earth’s 

“Thi rd Pole” as they contain largest reserve of glacial ice excluding the polar regions. 

which lies between the Himalaya Hindu Kush Mountain range and the Tibetan Plateau. 

Nepal is one of the most vulnerable countries in terms of climate change because of its 

complex topography and low economic development (Ministry of Environment, 2010b). 

Owing to their complex topography, fragile ecosystems, and unstable geology, 

mountain countries like Nepal are sensitive even to minor changes in climate, and are, 

therefore, especially prone to natural disasters (Barry 1990; Ministry of Home Affairs 

2013; Rangwala & Miller 2012). Nepal ranges from 100 m in the plains to 8,850 m in 

the Himalayas (National Planning Commission 2010). This altitudinal variation (Bartlett 

et al. 2010; Dulal et al. 2010; Malla 2008) along with unstable geological condition, 

active tectonic processes, rugged topography, and climatic variability, make it even 

more susceptible to floods, landslides, soil erosion, slope failures, and landmass 

movements (Ministry of Home Affairs 2015). 

Nepal was ranked 4th in the list of most affected countries most affected by extreme

weather events in 2017 based on the Global Climate Risk Index 2019, with Puerto Rico 

being the first most affected and Sri Lanka and Dominica ranking as the 2nd and 3rd

most affected countries. Likewise, Nepal fell to 11th rank among the countries most

affected by weather-related loss events (e.g. floods, storms, and heatwaves) in the 20-

year period from 1998 to 2017 (Eckstein, Hutfils & Winges 2019). 

Based on a 2017 report by Nepal’s Department of Hydrology and Meteorology (DHM), 

Nepal is experiencing steady warming with a rise in maximum and minimum 

temperatures at an annual rate of 0.056º C and 0.002º C, respectively (Department of 

Hydrology and Meteorology 2017). Warming is generally higher in the mid-Hills and 

the Mountains than in the Terai zone. An annual rise of 0.068 to 0.086° C per year in 

maximum temperature was observed in the higher altitude areas of the country, whereas 

lower altitudes witnessed an increase in 0.021 to 0.030° C per year (Department of 

Hydrology and Meteorology 2017). The mean annual temperature is projected to 

increase by 3.8° C to 5.8° C during the years of 2060 to 2090 (Government of Nepal 

2016c). The rainfall pattern between 1971 and 2006 has been inconsistent, with fewer 
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rainy days and higher rain intensities leading to heavy rain in some periods and long 

periods of drought in others (Malla 2008). Furthermore, the climate data analysis from 

1971 to 2014 revealed that there has been no significant trend in precipitation in any 

season (Department of Hydrology and Meteorology 2017). In actuality, the HKH region 

exhibited a varying precipitation pattern with no clear increase or decrease (GuoYu & 

Shrestha 2017). 

 

1.1.3 Climate Change and Agriculture in Nepal 

 

No sector has remained untouched by the impacts of climate change in Nepal with 

impacts apparent in agriculture and food security, forest and biodiversity, water 

resources and energy, climate-induced disasters, urban settlements and infrastructures, 

and public health (Ministry of Environment 2010). The agriculture and food security 

sectors are particularly impacted in countries like Nepal, where most of the population 

depends on natural resources and rain-fed agriculture for their livelihood (McCarthy, 

Lipper & Zilberman 2018).  

 

Approximately 65% of the total population is involved in agriculture (Central Bureau of 

Statistics 2011). The agriculture sector, comprised of agriculture, forestry, and fisheries, 

accounts for 27.6% of the Gross Domestic Product (GDP) of the country (Government 

of Nepal 2018a). Agriculture chiefly involves traditional low-input farming practices, 

with most farmers relying on monsoonal rainfall. Only 40% of agricultural land is 

irrigated (Gentle & Maraseni 2012) rendering the agriculture sector exceedingly 

vulnerable to the impacts of climate change (Easterling et al. 2007; Intergovernmental 

Panel on Climate Change 2007c). With subsistence and low-value cereal production as 

the dominant basis of Nepalese agriculture, only 13% of its output is traded in markets. 

In addition, for many Nepalese farmers, there is a lack of economic prospects outside of 

subsistence agriculture (World Bank 2011). Low household income threatens household 

food security because of lack of sufficient money to meet the food needs (Asghar et al. 

2013). In addition, climate change is believed to further increase the vulnerability of 

those relying on low incomes (Kubik & May. 2018). 
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1.1.4 Climate Change and Food Security 

 

Food security is the “situation that exists when all people, at all times, have physical, 

social, and economic access to sufficient, safe, and nutritious food that meets their 

dietary needs and food preferences for an active and healthy life” (Food and Agriculture 

Organization of the United Nations 1996b). Food security concerns have persisted 

throughout global, international, national, and local levels. The impact of hunger 

affected more than 820 million people worldwide in 2018, challenging the attainment of 

the Zero Hunger target by 2030 (Food and Agriculture Organization of the United 

Nations et al. 2019). The Food and Agriculture Organization of the United Nations 

(2019) reported over two billion people without regular access to enough nutritious and 

safe food, and this includes 8% of the population in Europe and North America. South 

Asia had higher total food insecurity of 34.3% in 2018, and a huge number of 

undernourished people amongst other subregions in Asia. It is anticipated that food 

security issues will be even more critical in Asia as climate change is projected to have 

a tremendous impact by 2050 (Porter 2014). The combination of climate induced 

changes such as increasing temperature, increasing precipitation, water scarcity, the 

outbreak and spread of disease, and disasters are likely to affect food security in these 

regions particularly affecting those who subsist from locally grown foods (Nunn and 

Betzold 2018).  

 

Food security at the national level primarily refers to a population having enough food 

to meet its needs, often stated as its self-sufficiency in terms of food supply rather than 

the distribution of the available food within the population. A nation could be food 

secure provided it has enough local and national production or could mobilize food 

from the international market on time. Nevertheless, this does not automatically mean 

that food security exists at the household level. (Alam et al. 2016). 

 

This thesis is focused on food security at the household level. In this thesis, household 

food security is understood as the ability to obtain the food required by household 

members (Pinstrup-Andersen 2009), and every household should be able to obtain food 

or at least equal to their needs. This presents different challenges compared to food 

security at the national level and is affected by various factors, including the 
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demographic structure and geographic location of the household, economic conditions, 

and the ecological condition of farmlands (Pant 2013). Subsistence farming, involving 

farming and associated activities, is a livelihood strategy primarily to feed the farmers 

and their families, while occasionally selling a limited amount of surplus farm output 

(Barnett 2011). Smallholders are the ones relying predominantly on their farms for food 

and income, utilizing the family’s labour (Cornish 1998). 

 

Various factors, such as poor agricultural practices causing low agricultural productivity 

and inadequate infrastructure for sustainable food availability have created challenges in 

attaining greater food security (Altman, Hart & Jacobs 2009). Global environmental 

change, as well as climate changes, undermines food production (Myers et al. 2017), 

directly by disrupting agro-ecological conditions and affecting food production 

indirectly by altering growth and income distribution (Schmidhuber & Tubiello 2007). 

Climate change affects the food system and, hence, food security, by directly affecting 

crop production, and may alter supply-chain infrastructure, food prices, and market 

stability (Gregory, Ingram & Brklacich 2005). All four pillars of food security: food 

availability, access, utilization, and stability, are potentially affected by climate change 

(Intergovernmental Panel on Climate Change 2013). The projected rise by 2100 in 

temperature of 1.5°C is around the globe is likely to increase climate associated risks to 

global food security. The risk is projected to increase further with global warming of 

2°C (Intergovernmental Panel on Climate Change 2019a). Food production, or the 

availability of food, will be impacted varyingly depending on the regions. 

 

The IPCC’s fifth assessment report (AR5) predicted that, without adaptation, the 

production of major crops, such as rice, maize, and wheat, would be negatively affected 

during the late- 20th century in tropical and temperate regions at local temperature 

increases of 2° C or more (Porter 2014). A study by van Meijl et al. (2017) projected the 

negative impact of climate change on agriculture production in 2050. Climate extremes 

and changing patterns in the intensity and frequency of events, such as droughts and 

flooding, will impact the access to, and stability of, food supplies. Also, climate change 

is likely to affect the utilization of food through emerging health consequences 

(Intergovernmental Panel on Climate Change 2007b). The escalating occurrence of 

climate extremes, and the fluctuating trend of hydroclimatic variables, threaten global 
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food security both temporally and spatially (Chen et al. 2015; Zhao & Guo 2015). 

Household food security is significantly impacted by climate change (Hussain et al. 

2016) and can be assessed by the household’s exposure to climate hazards, their 

sensitivity to climate impacts, and their adaptive capacity (Preston, Yuen & Westaway 

2011). The effects of climate change, therefore, are likely to be complex, widespread, 

geographically and temporally variable, and influenced by socioeconomic conditions 

(Vermeulen, Campbell & Ingram 2012), which also influence the ability to mitigate the 

impacts through adaptation (Hasegawa et al. 2013). 

 

1.1.5 Food Security and Climate change in the Context of Nepal 

 

Nepal is a highly food insecure country despite remarkable recent development 

improvements (National Planning Commission & Central Bureau of Statistics 2013). 

Based on the Global Food Security Index 2018, Nepal is ranked 79th out of 113 

countries (The Economist Intelligence Unit Limited 2019) and only 48.2% of the 

households in Nepal are food secure (Ministry of Health, New ERA & ICF 2016). 

 

The Ministry of Agriculture; Land Management and Cooperatives (2018) states that 

food security and nutrition security in Nepal are often challenged by rising population, 

subsistence farming, lack of irrigated land, the rising prices of food, obstacles in 

transportation and distribution, insufficient food stock and diversity access, change in 

food habits, climatic shocks, less resilience to climatic events, proper coordination 

among stakeholders, and low food production. Chief among these factors causing 

poverty and food insecurity in Nepal is low agricultural productivity, which leads to 

limited availability of food and low purchasing power to acquire enough food. This 

suggests the importance of boosting agricultural yields to improve food security (Haq 

2003). 

 

With the food production growth rate being slower than the rate of population growth, 

Nepal has not been self-sufficient in food for several years (Adhikari 2010). The early 

1960s marked the highest agricultural productivity of Nepal amongst South Asian 

countries but it became the lowest in the subcontinent by the early 1990s (Tiwari 2007). 

From being a net food exporter in the early 1970s, Nepal has become a net food 
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importer by 1980s (Khadka 1991) and experienced a decrease in food production in the 

period of twenty years from the 1970s to 1990s. Since 1991/92 there has been food 

deficit in Nepal and this deficit has been growing from year to year (Joshi et al. 2010). 

A combination of factors including the global food crisis, global economic and climate 

change hit Nepal, which was already struggling with underlying poverty and declining 

domestic production. Nepal has also been a food deficit country due to its long-lasting 

internal conflicts and although these ended in 2006, they have affected significantly its 

food production and consequently food security. Since the end of 2007 and most of 

2008, Nepal was affected badly by the global food crisis leading to sharp inflation of 

food prices. Along with this, the adverse effects of drought, natural disasters and severe 

weather conditions has negatively affected national food production since 2005. Food 

production became unstable between 2006 and 2016, fluctuating between deficits and 

surpluses (National Planning Commission 2018). The devastating earthquake in 2015 

damaged agriculture and road infrastructure, consequently affecting both the availability 

of food and its accessibility (Peng et al. 2018). Furthermore, flooding in 2017 caused a 

huge impact on the food security of the larger population in Nepal, as highlighted by the 

National Planning Commission (2018). Several stressors including poor infrastructure 

particularly in remote parts of Nepal and in the Mountain zone; poverty; natural 

disasters such as earthquakes, flooding and landslides; outmigration, urbanization and 

climate change have all impacted food security in Nepal  

 

Climate change in particular, has impacted the agricultural system in Nepal. The 

manifestations of climate change, such as increasing temperatures and alterations in 

precipitation trends and extreme weather events, have already affected food security 

(Intergovernmental Panel on Climate Change 2019b) in Nepal (National Planning 

Commission 2018). 

 

1.1.6 Climate Change and Adaptation 

 

In a climate change context, ‘adaptation’ is the process of adjustment to actual or 

expected climate and its effects. In human systems, adaptation seeks to moderate or 

avoid harm or exploit beneficial opportunities. In some natural systems, human 

intervention may facilitate adjustment to an expected climate and its effects 
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(Intergovernmental Panel on Climate Change 2014b). Sustainable Development Goal 

(SDG) 13 stresses taking urgent action to combat climate change and its impacts 

(United Nations 2019) and adaptation actions can help manage climate risks that 

generally increase as global warming escalates. Global warming of 1.5° C above pre-

industrial levels presents grave risks to both natural and human systems 

(Intergovernmental Panel on Climate Change 2019a) yet, it can contribute to sustainable 

development and poverty reduction in the presence of other enabling factors 

(Intergovernmental Panel on Climate Change 2019a). Climate adaptation by farmers is 

especially important for their livelihood, considering their limited availability and 

access to resources, along with high dependence on rain for farming (Bakhsh & Kamran 

2019). Enabling smallholder food producers to adapt to the impacts of climate change 

improves their food security and in aggregate makes a substantial contribution to 

meeting the world’s hunger problem (United Nations 2019). Adaptation to climate 

change is already underway at different levels, including local, national, and 

international levels, and in different sectors. While adaptation is imperative for the HKH 

countries, its effectiveness is hindered by lack of information about existing 

autonomous responses, insufficient resources and, thus, there are calls for further 

systematic study, documentation, and validation of local-level adaptation and its 

integration with development plans and programmes (Wester et al. 2019). 

 

1.2 Research Rationale 

 

Sustainable Development Goal 2 aims to end hunger, achieve food security, improve 

nutrition, and promote sustainable agriculture by 2030. The Sustainable Development 

Goals (SDGs) report written by the United Nations (2019) emphasizes that achieving 

zero hunger and, consequently, food security, necessitates boosting farm production, 

increasing the earnings of smallholder food producers, guaranteeing the best possible 

market operation, applying resilient agriculture techniques, and destroying the 

intergenerational nexus of malnutrition. The complexities of the food insecurity issue in 

Nepal justify a comprehensive investigation (World Food Programme & Nepal 

Development Research Institute 2010). Sensitivity and vulnerability to climate change 

are evident among smallholder farmers, predominantly those dependent on rain-fed 

agriculture, as these farmers depend mostly on traditional farming practices which are 
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less able to cope with the consequences of a changing climate (Krishnamurthy et al. 

2013).  

 

The rising temperature in the Himalayas overall, and also in Nepal, is projected to cause 

a decline in crop yields of 5% to 30% by the 2050s, which will result in severe food 

insecurity at the local scale, and the situation is the same in Nepal (Dahal 2008; 

Intergovernmental Panel on Climate Change 2007c). Nepal is among the countries 

projected to be at risk of hunger by 2030 and 2050 due to the influences of climate 

change (International Food Policy Research Institute 2018). The incidence of irregular 

patterns of rainfall caused by climate variability over the last few decades in Nepal 

(Parthasarathy, Rupa Kumar & Kothawale 1992; Staubwasser et al. 2002) and 

decreasing rainfall after the 1960s, mainly in already food-deficit areas (Kothyari & 

Singh 1996), indicates that persistent variation in the climate might cause detrimental 

impacts on the food security of Nepal. Low rainfall monsoons coupled with sequential 

winter droughts, affecting 3.4 million people, demonstrate the extent to which food 

security is sensitive to changes in climate in Nepal (Kilpatrick 2011). Various climate-

induced disasters, primarily drought, hailstorms, diseases, and insects, have also been 

reported as causing food insecurity in Nepal (Central Bureau of Statistics 2017). 

 

The IPCC has emphasized that considerable and on-going reductions in GHG emissions 

along with adaptation can limit or mitigate climate change and its risks 

(Intergovernmental Panel on Climate Change 2014b). For Nepal, urgent action is a 

priority because of the high exposure and low adaptive capacity resulting from rapid 

growth in the population, high reliance on agriculture, shrinking farm size in the Terai 

region, persistent unplanned agriculture in climate risk-prone areas, and hydro-

meteorological hazards (Selvaraju 2014). The three main agro-ecological zones (AEZs) 

of the country are being affected by climate change impacts regarding different 

dimensions of the agricultural system, food production and, consequently, food security 

(Pokhrel & Pandey 2013). These climate change impacts (Bobojonov & Aw-Hassan 

2014; Malla 2008; Seo et al. 2008) are resulting in adaptation measures (Deressa et al. 

2009; Tesfaye & Seifu 2016) that are likely to vary between the zones. Severe impacts 

of climate change, such as severe flash floods and resultant landslides in the Hills and 

the Mountains have caused Nepalese farmers to lose their crops, while farmers residing 
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in Terai have been losing their crops due to cold and heatwave fluctuations (National 

Planning Commission 2018). 

 

Food security in developing and vulnerable countries like Nepal is in urgent need of 

regular investigation and assessment. Though, little evaluation of food security has been 

carried out with respect to climate change by drawing on the perceptions, 

understandings, and responses of the local community in the three different agro-

ecological zones of Nepal. This study has been designed to bridge this gap in the 

scholarly and applied literature. 

 

In the context of dire economic; social; and environmental circumstances, empowering 

small- scale farmers is imperative for their future livelihood and well-being. Moreover, 

farmers need to be able to contribute to development decision-making related to natural 

resources management, climate change adaptation, market access barriers, and finance 

and knowledge resources (United Nations 2019), by incorporating their understanding 

and perceptions of climate change (Silvestri et al. 2012). An improved understanding of 

climate change and adaptation issues among farmers enhances the likely 

implementation of adaptation practices to combat the effect of climate change (Hasan & 

Kumar 2019). 

 

Based on interviews with subsistence and smallholder farmers, women’s groups, and 

key informants, this study aims to assess the effects of climate change in the three main 

agro- ecological zones of Nepal on (1) smallholder agricultural production, particularly 

cereal crop yields, (2) local food security more generally, and (3) the adaptation 

strategies being employed. Besides, interview results are compared with available 

empirical data on crop yield and climate variability over recent decades. 

 

1.3 Research Questions 

 

The study poses and aims to answer the following primary research question: 

How are Nepalese farming communities being impacted by climate change and how are 

they responding to ensure their continued food security? 

Addressing the primary question will require investigating four additional secondary 
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questions shown in (Table 1.1). 

Table 1.1 Secondary research questions and related result chapters addressing 

these questions 

Research Questions Chapters 
Q1. How is climate changing and how is it impacting subsistence 
agriculture? 

Chapter 4 

Q2. What are the farmers experiencing and what is their understanding? 

a. Are there gender differences in understanding and experiencing?

Chapter 5 

Q3. What is the state of food insecurity among these farmers? 

a.How is it being impacted by climate change?

Chapter 6 

Q4. What adaptation strategies have been adopted by smallholder farmers 
to address threats to agricultural practices and food security from climate 
change and other pressures? 

Chapter 7 

1.4 Thesis Structure 

This thesis has been prepared as a series of published and unpublished papers along 

with more conventional chapters complying with the Griffith University (GU) 

guidelines on PhDs (Appendix I). It allows a thesis to be structured as a series of papers 

submitted, or about to be submitted, published/accepted papers, book, or book chapters. 

As a result, sections are organized in the form of papers, with each chapter having a 

separate methods section, causing an overlap in the description of the study area and 

justification of methods. There is, therefore, some repetition among the results chapters 

and discussion mainly in terms of empirical evidence and the literature cited. The papers 

may also have a different style of referencing as required by the respective journal or 

book. 

This thesis, therefore, consists of a total of nine chapters (Figure 1.1), including this 

introduction chapter (Chapter 1), which provides the background of the research and the 

primary and secondary research questions. Chapter 2 provides a review of the existing 

literature related to farmers’ perception, impacts of climate change, and response to the 

impacts of climate change and food security generally, and with a focus on Nepal, 

identifies their gaps and provides a justification for this study. Chapter 3 presents the 
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research design and methods used in the study, including a brief account of the study 

area, data collection technique, and data analysis. Chapters 4 through 8 report the 

findings from the quantitative and qualitative data analysis undertaken to address the 

research questions. Chapter 4 examines the impact of climate change on subsistence 

agriculture, specifically examining the effects of temperature and rainfall on the yield of 

major cereal crops in Nepal. Chapter 5 assesses farmers’ perceptions of the impact of 

climate change on agricultural production. Chapter 6 examines farmers’ state of food 

insecurity, the effect of climate change on it, and the adaptation measures being 

employed to overcome food insecurity. Chapter 7 considers the adaptation strategies 

employed by subsistence and smallholder farmers to combat the impacts of climate 

change. Chapter 8 synthesizes the finding from Chapter 4 to Chapter 8 and assesses the 

risk of food insecurity using Bayesian Belief Network Model, and Chapter 9 comprises 

the general discussion of findings of the research and presents conclusions, a summary 

of main findings, the policy implications, limitations of the current study, and 

suggestions for future research.
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Chapter 2: Literature Review 

 

 

While Chapter 1 reviewed the background literature and global discourse on climate 

change, its impacts and projections worldwide and, particularly, in Nepal in relation to 

agriculture and food security, this chapter involves a more thorough review of the 

existing literature related to climate change, agriculture, and food security in relation to 

smallholder farming communities and identification of the gaps in knowledge as 

reported in the literature. It is divided into sections focused on four different themes that 

were reviewed separately. The narrative literature review section expands concepts 

introduced in chapter 1 and thus involves a narrative review on the concept of food 

security and the remaining sections draw upon three major themes based on secondary 

questions of research. A portion of the chapter reviews in this chapter was published in 

the Climate and Development journal and has been formatted according to the journal 

requirement. The citation is as follows:  

 

Karki , S., Burton, P & Mackey, B (2019) The experiences and perceptions of farmers 

about the impacts of climate change and variability on crop production: A review, 

Climate, and Development, DOI: 10.1080/17565529.2019.1603096 

 

The adaptation strategies of farmers or farm households in response to the impacts of 

climate change are also presented in this chapter, in addition to scholarly literature 

assessing household food security in relation to climate change and its impacts. 

 

2.1 Narrative Literature Review 

 

In a speech delivered in 1941, the US President, Franklin D. Roosevelt, defined four 

freedoms for human beings as: freedom of speech, freedom to worship, freedom from 

fear and freedom from want (Franklin D. Roosevelt Presidential Library and Museum 

2016). One of these freedoms articulated in Roosevelt’s speech, ‘freedom from want’ 

was acknowledged to be a secure, adequate and suitable supply of food (Shaw 2007). 

Noting the importance of food, Roosevelt called in 1943 a United Nations Conference on 
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Food and Agriculture and, subsequently, the FAO (Food and Agriculture Organization) 

was established under the United Nations in 1945. 

 

The United Nations Universal Declaration of Human Rights (1948) emphasizes food as 

a fundamental human right. The Universal Declaration on the Eradication of Hunger 

and Malnutrition (1974) asserts that “every man, woman, and child have an inalienable 

right to be free from hunger and malnutrition.” The conceptualization and significance 

of food as a security issue were recognized globally during the World Food Conference 

in 1974 (van Heukelom 2011), where it was defined as the “Availability at all times of 

adequate world food supplies of basic foodstuffs to sustain a steady expansion of food 

consumption and to offset fluctuations in production and prices” (Food and Agriculture 

Organization of the United Nations 2006). 

 

The notion of food security has continued to evolve in terms of its scope, scale, and 

measurement (Maxwell & Devereux 2001). The United Nations (UN) initially defined 

Food security in terms of availability (Food and Agriculture Organization of the United 

Nations 2006), but the focus was then extended from food availability to food access, 

and in 1981, from a focus on global and national scales to include households and 

individuals (Devereux et al. 2004). Amartya Sen (Sen 1981) added entitlement issues 

and distribution to food security, defining it as just the issue of production and 

availability, emphasizing the dependence of food security on income and social and 

political power. The Food and Agriculture Organization of the United Nations (1983) 

shifted its focus on access to food, defining Food security as “Ensuring that all people at 

all times have both physical and economic access to the basic food that they need.”  

 

In 1986, the temporary dynamics of food insecurity were emphasized by the extremely 

persuasive World Bank Report on Poverty and Hunger (Clay 2003; World Bank 1986) 

which also highlighted food access, stating it as “access by all people at all times to 

enough food for an active, healthy life” (World Bank 1986). Approaches to measuring 

and reporting on food security developed, beginning with objective indicators like the 

calorie intake of a person and, from the 1990s, moving on to include more qualitative 

and subjective issues such as local perceptions and understanding, feelings of 

deprivation, social acceptability, and lack of choice (Frankenberger 1992). The United 
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States Agency for International Development (United States Agency for International 

Development 1992), defined food security as a situation wherein “all people at all times 

have both physical and economic access to sufficient food to meet their dietary needs 

for a productive and healthy life.” 

 

The definition most commonly used now and widely accepted as the definition of food 

security is that of the FAO (World Food Summit 1996): “Food security exists when all 

people, at all times, have physical and economic access to enough safe and nutritious 

food that meets their dietary needs and food preferences for an active and healthy 

lifestyle.” This definition has continued to be refined to include a reference to food 

availability, access, utilization, and stability (Food and Agriculture Organization of the 

United Nations 2006): Availability—the amount of food that is present in a country or 

area through all forms of domestic production, imports, food stocks, and food aid; 

Access—a household’s ability to acquire an adequate amount of food regularly through 

a combination of purchases, barter, borrowings, food assistance, or gifts; Utilization—

safe and nutritious food that meets their dietary needs; and Stability—that food is 

available, accessible, and can be utilized at all times. 

 

Food insecurity is categorized as “chronic food insecurity” when there is an inability to 

meet food needs on an on-going basis, while “transitory food insecurity” is the 

temporary phenomenon of not being able to meet food needs (Barnett 2011; Maxwell & 

Smith 1992). The latter sometimes is classified as “cyclical” if it occurs regularly, such 

as the lean season before harvest and “temporary food insecurity” is defined as resulting 

from a short-term, exogenous shock, such as floods, droughts (Maxwell & Devereux 

2001), ill health, or debt. Livelihood approaches, which comprise vulnerability, risk 

coping, and management concepts, were initially made popular by academics such as 

Chambers & Conway (1992) and are now fundamental to the developmental 

programmes of international organizations and are progressively used in emergency 

contexts. This has led to the development of the analysis of food insecurity as a social 

and political construct (Devereux 2000). 

 

There has also been growing emphasis on the ethical and human rights dimensions of 

food security, starting with the 1948 UN Declaration of Human Rights, which 
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recognized the Right to Food. The World Food Summit 1996 marked the formal 

adoption of the Right to Adequate Food, highlighting a rights-based approach to food 

security. The food sovereignty movement has also been progressing, which associates 

food security with justice rather than productivity (Holt-Giménez & Altieri 2013; Holt 

Giménez & Shattuck 2011). The term food security was redefined by La Via Campesina 

(The Way of the Peasant) as part of the global peasant movement (Martinez-Alier et al. 

2011) and emphasizes the right of people to make and shape food policy by themselves, 

and calls for a focus on ecologically sustainable food production and agrarian 

citizenship as suitable options, compared to the dominant model of capitalist, export-

based, and large-scale agriculture (Holt Giménez & Shattuck 2011; Patel 2009). 

 

Regardless of how it is defined, achieving food security and eradicating hunger has 

become a global priority of the world community. The World Food Summit (WFS) held 

in Rome in 1996, witnessed 182 governments committing “... to eradicate hunger in all 

countries, with an immediate view to reducing the number of undernourished people to 

half their present level no later than 2015.” The meeting of the world leaders in 2000 led 

to the adoption of the United Nations Millennium Declaration and the target of 

achieving eight Millennium Development Goals (MDGs), which were set out later, 

including that of halving the proportion of people suffering from hunger and extreme 

poverty rates. The MDGs were replaced by the SDGs in 2016 which consist of 17 

global goals designed to improve people’s lives and transform the world by 2030. Goal 

2 of the SDGs aims to “End hunger, achieve food security and improved nutrition, and 

promote sustainable agriculture” (United Nations 2019). 

 

Despite this progress, hunger remains the greatest challenge of all and has been on the 

rise since 2014. Worldwide, there were more than 820 million hungry people in the 

world in 2018, challenging the achievement of the Zero Hunger target (SDGs) by 2030 

(Food and Agriculture Organization of the United Nations et al. 2019). The challenge of 

feeding the projected 9.7 billion world population by 2050 (United Nations 2015) 

against declining agricultural productivity, varying diets, rising non-food demand for 

agricultural products, and the uncertainties emanating from the changing weather 

patterns, has been gathering much attention (Food and Agriculture Organizations of the 

United Nations & Organization for Economic Co-operation and Development 2018; 
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Regmi & Meade 2013). Global food insecurity is evident and persists today, with two 

billion of the world’s population still suffering from moderate or severe food insecurity 

and it has increased over the past five years between 2014 to 2018 (Food and 

Agriculture Organization of the United Nations et al. 2019). 

 

The reasons behind global food insecurity and the challenges to the attainment of global 

food security are multifaceted and interlinked. The increasing global population, along 

with the demographic changes and urbanization, results in increasing demand for food, 

as well as changes in the patterns of its demand. Degradation of natural resources, 

decreasing access to locally produced foods, lack of infrastructures, and communication 

channels and climate change exacerbate it (McCarthy et al. 2018). Furthermore, a 

decrease in water availability and the degradation of soils by salinization, nutrient, and 

organic matter depletion, elemental imbalance, and erosion, along with shifting diet 

preferences to animal products and land competition resulting from biofuel production 

and urbanization, all pose challenges to global food security (Lal 2013). All require 

additional efforts to develop and implement more effective interventions (United 

Nations 2019). Further, emerging patterns of globalization in terms of international 

trade liberalization, the opening of economies in both developed and developing 

countries, and the flow of information, capital, labour, and technology is likely to have 

significant impacts positive or negative on global food security (Kennedy, Nantel & 

Shetty 2004). 

 

Overall, climate change poses threats in some parts of the world while offering benefits 

in the production of food in others. The changing patterns of rainfall, increasing 

temperatures, weather extremities like floods, droughts, storms, and heatwaves, all 

affect food production and supply both directly and indirectly (Porter 2014). 

 

Climate change and variability affect different dimensions of food security, and the 

interconnection at different levels of these dimensions eventually undermines the 

capacity to guarantee secure food (Gregory, Ingram & Brklacich 2005). Food security is 

gauged at several scales: as security at one level will not necessarily enable it to be 

secure at another scale. The impacts of climate change on food security have been 

quantified at regional and global scales in various studies (e.g., ((Dawson, Perryman & 
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Osborne 2016; Fischer et al. 2005; Fischer et al. 2002; Funk & Brown 2009; Lobell, 

Schlenker & Costa-Roberts 2011; Nelson et al. 2010; Parry, Rosenzweig & Livermore 

2005; Parry et al. 2004; Tubiello & Fischer 2007)) through complex modelling 

combining Global Circulation Models (GCMs) and agro-ecological zone data. Crop 

models, and socioeconomic models (Alexandratos & Bruinsma 2012), based on 

opinions from experts and trend analyses (Golub et al. 2013; Nelson et al. 2014; Nelson 

et al. 2010) contribute to partial and general equilibrium economic models. Only a few 

studies have reviewed the impacts of climate change on food security in a systematic 

way using various literature and previous researches (Schmidhuber & Tubiello 2007; 

Tripathi et al. 2016; Vermeulen, Campbell & Ingram 2012; Wheeler & Von Braun 

2013). 

 

Food insecurity exists everywhere regardless of a country’s development, even in 

developed countries, such as the USA (Himmelgreen & Romero-Daza 2010). 

Nevertheless, South Asia and Sub-Saharan Africa are global hotspots for food insecurity 

(Lal 2013) and two-thirds of the undernourished people in the world reside in these two 

regions with the highest (277 million) in South Asia (United Nations 2019). Based on 

the 2019 Global Hunger Index (von Grebmer et al. 2019), South Asia has the highest 

scores of the Global Hunger Index (29.3) among all regions of the world and exhibits 

serious and persistent levels of hunger. 

 

South Asia, comprising more than 23% of the world’s population contributes less than 

3% of global output (GDP), with all countries in the region categorized as low or low-

middle- income countries. Despite some economic advances, the region has not 

experienced a noticeable decrease in poverty, hunger, or malnutrition (Commonwealth 

Secretariat 2014) and still accommodates one-third of the global population of poor 

people (The World Bank Group 2019). 

 

Poor farmers typically possess very small farms and are unable to afford effective 

equipment or farming techniques, which limits their ability to produce food. Escalating 

global food and fuel prices has been creating growing cost pressures in South Asian 

countries and according to Uddin & Haque (2015), food security issues remain one of 

the most serious problems South Asia has been tackling. Increasing demand for food 
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along with environmental degradation and decreasing productivity have further 

challenged food security in South Asia. Except for India, all other countries in South 

Asia have been net importers of food, with their domestic production being insufficient 

to meet requirements (Commonwealth Secretariat 2014). The 2018 Global Food Policy 

Report of the International Food Policy Research Institute (2018) stressed that the 

effects of climate change on agricultural productivity in South Asia need attention in 

terms of food security challenges. The report warned that “food systems in South Asia 

are at a crossroads” and highlighted the sensitivity of South Asian regions to the impacts 

of climate change, further challenging the achievement of food and nutrition security. 

South Asia is the region with the highest concentration of hunger and poverty and 

according to research by von Grebmer et al. (2019), a larger population in South Asia 

relies on rain-fed agriculture for their livelihood, making these regions prone to climate-

instigated hunger and food insecurity. The impacts of climate change on food security in 

South Asia have been well demonstrated in the studies of various researchers including 

(Bandara & Cai 2014; Cai, Bandara & Newth 2016; Hertel, Burke & Lobell 2010; 

Intergovernmental Panel on Climate Change 2019b; Knox et al. 2012; Bhandari 2018; 

Lobell et al. 2008). 

 

The Intergovernmental Panel on Climate Change (IPCC 2014 a) reported an increased 

risk of food insecurity, hunger, and livelihood loss in some countries in South Asia due 

to their high vulnerability to the impacts of changing climate. Nepal ranked 73rd out of 

117 countries based on the 2019 Global Hunger Index. With the Global Hunger Index 

score of 20.8, the level of hunger in Nepal fall into the “serious” category (von Grebmer 

et al. 2019) and ranks 103rd out of 162 countries in terms of sustainable development 

but is moderately improving in terms of its performance in achieving SDGs of zero 

hunger. Based on current assessments hunger is still a major challenge for Nepal (Sachs 

et al. 2019).  

 

The state of food security has remained almost constant between 2011 and 2016. Based 

on the 2016 Nepal Demographic and Health Survey (NDHS), around half (48%) of 

Nepalese households were food secure and could access food throughout the year 

(Ministry of Health, New ERA & ICF 2016). Nepal is currently in a food surplus 
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situation in terms of major cereals production, but 12 districts out of 77 are still in food 

deficit (Ministry of Agriculture; Land Management and Cooperatives 2018). 

Nepal exhibits extreme disparity in topography and as such extensive diversity in 

agriculture, economy, ecology as well as poor connectivity between regions (Figure 

2.1). The Hill and the Mountain zones of Nepal are immensely underprivileged in terms 

of food availability (Karmacharya 2011), illustrating how variation in production and 

availability coincides with geographical and regional variations.  

 

 

Figure 2.1 A map of Nepal showing agro-ecological zones and study districts 

 

Accordingly, food security varies by the agro-ecological zone (Table 2.1) with more 

food secure households in Terai (51%), followed by the Hill zone (46.8%), and then the 

Mountain zone (38.4%). Studies showed also that urban households were more food 

secure (54%) than rural households (38.8%) (Karmacharya 2011). Terai is known as the 

breadbasket of Nepal owing to its fertile and arable soil that supports food production. 

Along with the availability of irrigation facilities, access to agricultural inputs like 

improved seeds and chemical fertilizers could have created greater food security in the 

lowland Terai compared to the Hills and the Mountains (Joshi et al. 2017). 
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Table 2.1 Household food security in percentage (%) based on background 

characteristics, NDHS 2016 based on the Household Food Insecurity Access Scale 

(HFIAS) 

Background 
Characteristics 

Food 
Secure 

Mildly Food 
Insecure 

Moderately 
Food Insecure 

Severely 
Food 
Insecure 

 
Total 

Residence      

Urban 54.0 17.3 19.9 8.8 100.0 

Rural 38.4 23.5 26.0 11.7 100.0 

Agro-ecological 

Zone 

     

Mountain 38.4 18.8 28.9 13.8 100.0 

Hill  46.8 18.8 24.4 10.0 100.0 

Terai 51.0 20.7 19.1 9.2 100.0 

 

Various socioeconomic and biophysical factors such as limited access to transportation 

facilities and perhaps market, inadequate infrastructure (Rasul et al. 2014); harsh 

biophysical condition, constrained economic opportunities (Wester et al. 2019), 

pronounced effect of climate change are more likely to effect (Paudel 2016; Poudel & 

Shaw 2017) food security in high altitude regions compared to the lowlands. Therefore, 

food security stands as the ultimate challenge in Nepal, predominantly in the Hills and 

the Mountains. Despite progress in increasing food availability, Nepal still suffers from 

high levels of child malnutrition, stunting, underweight, and poor nutritional status 

among vulnerable groups, including infants and pregnant and lactating mothers 

(Ministry of Agriculture; Land Management and Cooperatives 2018). 

 

Food and nutrition security in Nepal is further threatened by several factors, which 

include low food production and agricultural productivity, land fragmentation, 

increasing population, rising food prices, poor food storage facilities limited access to 

food diversity, subsistence farming, poor agricultural irrigation, change in food habits, 

collaboration, and coordination among relevant stakeholders, climatic events and 

shocks, and poor climate resilience (Ministry of Agriculture; Land Management and 
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Cooperatives 2018) in addition to the lack of infrastructure attributing to its complex 

topography (Karmacharya 2011). Other factors include poverty and ownership mainly 

in terms of land (Food and Agriculture Organization of the United Nations 2010), post-

harvest loss and wastes, long supply chains, high transaction costs, gender 

discrimination, socio-political structures, mismanagement and negligence by the 

government, caste and ethnicity issues, geographical locations (Upreti, Sharma & 

Paudel 2014), and globalization (Adhikari 2010). 

 

Climate change impacts food security both positively and negatively, altering the 

production and availability of food, its quality, accessibility and stability of food supply, 

as well as the utilization of food (von Grebmer et al. 2019). This holds true for farmers 

in Nepal who are facing difficulties in dealing with the impacts of climate change that 

have challenged their attempts to attain food and nutritional security (Government of 

Nepal 2018c). 

 

Several efforts have been put forward by the government of Nepal, including adopting 

policies to address the problems related to hunger, food insecurity and poverty. Planned 

development began in the 1950s in Nepal (Srivastava 2009), and since 1956, the 

country has seen ten 5-year plans with the expiration of the last 5-year plan in 2006, and 

the last three 3- year plans. Various policies have guided the agricultural sectors in 

Nepal, and of these, the Agriculture Perspective Plan (APP) of 1995 has been the 

foremost long-term plan driving the progress of agriculture in Nepal. Several policies 

and programs have been formulated (Thapa & Sigdel 2016) in synchrony with the APP 

which focuses on increasing production, alleviating poverty, commercializing and 

diversifying agriculture, and providing guidelines for future periodic plans and 

programs. The absence of food security was accepted as a symptom of poverty by the 

APP (Government of Nepal 1995). 

 

The APP was, nevertheless, inadequately implemented and eventually replaced by other 

policies (Karmacharya 2011), including the National Agricultural Policy (NAP) (2004), 

which emphasized commercialization, private sector-led development, and trade. The 

NAP 2004 goals were designed to safeguard food security, alleviate poverty, promote 

the commercialization agriculture and trade, and provide special facilities for target 
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groups including smallholder farmers (Ministry of Agriculture and Cooperatives 2004). 

The Agri- Business Promotion Policy (2006) targeted poverty reduction and focused on 

commercialization, diversification, and the promotion of agriculture (Ministry of 

Agriculture and Cooperatives 2007). The Agricultural Biodiversity Policy (2007) 

envisioned a degree of conservation and sustainable use of agricultural genetic material, 

the application of traditional knowledge, and sought to improve agriculture growth and 

guarantee food security through the conservation, promotion, and sustainable use of 

agrobiodiversity (Ministry of Agriculture and Cooperatives 2006). 

 

The Three Year Interim Plan, endorsed by the Government of Nepal (2007/08 – 

2009/10), focused on increasing agricultural production and productivity, while the 

Thirteenth Plan (APPTP) (2013/2014–2015/2016), which was designed to achieve 

Millennium Development Goals and other commitments, had a separate subsection for 

food security and nutrition with the objective of improving food consumption in 

adequate amounts, and with adequate nutritional value and identifying vulnerable 

communities and areas suffering from food insecurity and increasing their food access. 

This plan aimed also to reduce the number of people under the poverty line from 24% to 

18% (Government of Nepal 2013). The right to food was enshrined in the new 

constitution of Nepal, which came into effect in September 2015 and Articles 36 and 42 

of the constitution recognize the right to food and associated provisions while the right 

to food is ensured for every citizen by Article 36 (1). The right of every citizen to be 

protected against food scarcity that may cause a threat to life is ensured by Article 36 

(2). The right to food sovereignty as provided by law is ensured by Article 36 (3). 

Article 42, which enshrines the right to social justice, also contains a provision on food 

(Government of Nepal 2015). 

 

A Food and Nutrition Security Plan (FNSP) has been formulated by the Government of 

Nepal (GoN), with support from FAO, and this forms a section in the Agricultural 

Development Strategy (ADS) 2013-2023 which complements the Multi-Sector 

Nutrition Plan (MSNP) 2018-2022. This is the government’s standard document for 

food security interventions for vulnerable populations over the period 2013-2022 and 

aims at reducing hunger, malnutrition, and poverty in the poorest households by 

improving sustainable, agricultural-based livelihoods (Ministry of Agricultural 
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Development 2013). Likewise, the Agricultural Development Strategy (ADS 2015-

2035) guarantees food and nutritional security in the nation, focusing on agriculture as a 

means of ensuring it and as a vehicle for improved livelihoods and economic growth. 

This replaces the Agriculture Perspective Plan which expired in 2014 and was 

developed by the Ministry of Agricultural Development (MoAD) with a focus on 

improved governance, higher productivity, profitable commercialization, and increased 

competitiveness (Ministry of Agriculture Development 2014). 

 

Nepal is a signatory to various international programs and agreements and became a 

member of the World Trade Organization (WTO) in 2004. It is among the signatories to 

the Zero Hunger Challenge and has committed to making the nation hunger-free by 

2025, as declared by the Rio +20 Conference in 2012 and adopted the Sustainable 

Development Goals (SDGs 2016-2030) in 2015 (Ministry of Agriculture; Land 

Management and Cooperatives 2018). 

 

Similarly, several other national policy initiatives have been introduced including the 

National Adaptation Plan of Action (NAPA) 2010, the Climate Change Policy (2011), 

the National Framework for Local Adaptation Plans for Action (LAPA), 2011, the 

Nationally Determined Contributions (NDCs) submitted in 2015 under the Paris 

Agreement, and the National Adaptation Plan (NAP) formulation process. Nepal 

adopted a budget code for climate change, becoming one of the first countries to do so, 

and endorsed a Climate Change Financing Framework (CCFF) as a roadmap to 

mainstream climate actions into development plans and budgets, develop accountability, 

and report on the effectiveness of climate investments (Government of Nepal 2018c). 

While Nepal has advanced in climate change planning, endorsement, and 

implementation, at the local level, these are still many challenges for effective 

implementation (Regmi & Bhandari 2013). 

 

Climate change would intensify the existing food security struggle in Nepal and the 

situation will worsen if the farmers are not assisted in adapting to this changing climate. 

Nepal’s government needs to work and step ahead to build a legal and institutional 

framework to recognize food security (Dahal & Khanal 2010). Agriculture has not been 

consistently prioritized in terms of budget allocation in Nepal, and the investment in this 
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sector is not proportional to the remarkable contribution it makes to the economy of 

Nepal (Paudel 2016). The impacts of climate change affect the livelihood of a majority 

of the population in Nepal and affects the attainment of SGDs (mainly food, nutrition, 

and hunger) and, thus, stresses the integration of climate change in agricultural plans at 

every government levels, including at local, provincial, and federal levels (Government 

of Nepal 2018c). Considering the development of most of the policies before 

ascertaining the SDGs setting and before knowing the scope, jurisdiction, and mandate 

of newly formed local, provincial and federal governments, it is essential to update 

these policies so that they are in sync with the present institutional arrangements, legal 

provision (National Planning Commission 2018). Climate change is one of those threats 

that call for action from the grassroots level and equal coordination and efforts from the 

topmost level, and it demands modification, adoption, and implementation of existing, 

as well as new, policies. The new institutional arrangements under the formalized 

Constitution of Nepal provide means for both vertical coordination from central to the 

local level and horizontal coordination at federal, regional, district and local levels to 

coordinate food security-related plans, activities, resources.  Recent elections and the 

newly formed government have instilled hope amongst the citizens that the agricultural 

sector will be promoted and provide a stronger basis for the capacity to build rural 

communities so that they can better adapt to current and future climate risks. 

 

Because the impacts of climate change are real, relevant investments should be made in 

further agriculture research and development (Paudel 2013). In Nepal, studies related to 

climate change began years ago with a report on climate change in South Asia authored 

by Nakajima in 1976 (Ghimire 2012), while human-induced climate change was 

recognized through the works of Shah (1985-1986) and Gleick (1989), focusing on the 

conflict and security of the greenhouse gas effect and climate change. A more formal 

discussion on climate change began in Nepal in 1992, after it became a party to the 

UNFCCC at the Rio Convention. Climate change studies gained scholarly attention in 

the late 1990s (Huq (1992); Chalise (1994); Country Study Management Team & Rural 

and Industrial Development Associates (1996); Mirza & Dixit (1997); Nakawo et al. 

(1997); Shrestha et al. (1999); Kalshian (1999)), focusing mainly on greenhouse gas 

measurements, identifying the effects on water, snow, and glaciers, determining 

temperature rise, and the communication aspects of climate change (Ghimire 2012). 
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2.3 Adaptation Systematic Literature  Review 

 

2.3.1 Methods 

 

A systematic literature review was conducted following the guidelines developed by the 

Preferred Reporting Items for Systematic Review Recommendations (PRISMA), as well 

as the methods developed by Pickering & Byrne (2014). Original research papers 

published in the English language up to September 2019 were searched for and obtained 

using electronic databases: Web of Science, Scopus, and EBSCOhost. Keywords used 

for the searches were a combination of terms “climate chang*" AND "adapt" AND 

"agriculture". 

 

Only original research papers assessing the adaptation strategies of farmers or farm 

households relating to climate change were included. This review attempted to 

understand how have been adapting to climate change impacts on agriculture so only 

studies with primary aims and objectives of assessing the topic of adaptation in 

agriculture (farming and crop production) to climate change were included. All those 

studies addressing the effectiveness and comparison of adaptation measures and 

technology, and adaptation related to livestock rearing were excluded. Moreover, 

studies assessing adaptation to climate hazards and extreme events were excluded too, 

as this review explores how people all over the world are managing risks related to 

climate change in general. In addition, adaptation studies using secondary data from 

other sources or government data/surveys were excluded. The literature was first 

screened by reading titles and abstracts, and those not matching the criteria were 

excluded. Next, articles that satisfied the first screening were reviewed in detail by 

obtaining full text. This was followed by the second screening to ensure that the whole 

study matched the review objectives. Original research papers describing original 

research conducted on the topic mentioned above and published in academic journals 

were included, while book chapters, conference proceedings, reports, review papers and 

other forms of grey literature were excluded. It is acknowledged that some articles 

might have been missed; nevertheless, most relevant papers meeting the aims and 

objectives of review have been included. The numbers retained and excluded in the 

review process were recorded based on the PRISMA Statement. Altogether, 2165 
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relevant articles were obtained from the initial search of three databases. Duplicates 

were removed, which reduced the number of screened articles to 1297. 

Then the reports, books, book chapters, and conference proceedings were removed, 

which downsized the number to 1087 articles. Then, each article was screened by going 

through its title and abstract. After the screening, 68 articles were deemed eligible for 

the review based on the exclusion and inclusion criteria applied in this review. In 

addition, 16 extra scholarly articles were added from a Google search based on their 

relevance to our review objective. All information, including the name of the author (s), 

publication year, place of study and methods used were extracted. 

 

2.3.2 Result  

 

Descriptive Results 

 

Year of the research conducted 

 

Among the articles reviewed, adaptation studies were conducted between 2005 and 

2019 with many studies being conducted in recent years. Adaptation research has 

witnessed rapid growth post-2010. 

 

Place of the study conducted 

 

The majority of the studies were conducted in Asia (48), followed by studies in Africa 

(26), and the remaining studies were conducted in South America (1); North America 

(3); Europe (3); Oceania (2) and Africa/Asia (1). Twenty studies were from Nepal, 

found through both systematic searches as well as added from Google due to its 

relevance. Out of 84 articles, 18 had chosen the location of the study area by 

considering agro-ecological zones, nevertheless, only 4 studies had compared or at least 

made a note on how the adaptation varied with respect to agro-ecological zones. 

 

Methods 

 

Out of 84 articles reviewed, a preponderance of articles had used a mixed-method (40), 
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followed by quantitative (31) and qualitative (13) methodology. Most of these studies 

had undertaken household interviews or interviews with farmers (69) followed by focus 

group discussion (42), key informant interview (25), and observation (13). These 

numbers total more than 84 because many of these reviewed articles incorporated a 

combination of interview, focus group discussion, and key informant interview method 

of data collection as a measure of triangulation. 

 

Sample size 

 

As the studies had employed various modes of data collection, the sample size for an 

interview or survey was used for sample size calculation, while for articles not using 

interviews or surveys as their main method of data collection, focus group discussion 

was reported. Out of the 84 articles reviewed, 14 articles had a sample size less than 

100; 49 articles included a sample size of 100-500; 6 studies sampled 500-1000; another 

six sampled 1000-2000 participants and one study had a sample size 2000-3000. For 6 

articles out of the 84, there was effectively equal participation from men and women; 5 

studies included women in focus group discussions; 3 articles had more women 

participants; 48 articles did not mention gender, and 22 studies had a dominance of male 

participants. 

 

Research focus 

 

Out of the 84 articles reviewed, the major focus of 18 articles was on exploring 

adaptation measures used to manage impacts of climate change; 14 articles focussed on 

ascertaining adaptation measures and factors influencing adaptation; the rest of the 

articles primarily focussed on adaptation measures and constraints (1), adaptation and 

role of social networks (1), the influence of support/institution (2), and the majority of 

articles (48) examined the perception of and response to climate change. 

 

The key themes Adaptation strategies  

 

The research generally showed that farmers regardless of their country or location had 

responded to climate change threats in one way or another. The majority used local 
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strategies and knowledge rather than sophisticated technology. Out of these, the 

majority of respondents reported changing the crop varieties, changing the plantation 

dates based on the favourable weather, increasing irrigation or water harvesting, 

changing crop type, or diversification of economic opportunities that is depending on 

alternative livelihood options rather than agriculture, such as starting off-farm activities, 

soil conservation, and crop diversification. Migration has been a popular strategy these 

days as a part of adaptation. 

 

Other strategies included water conservation, pest control measures (natural and 

chemicals), mix cropping, crop rotation, renting/abandoning land/selling off property or 

assets, water conservation, pesticides, and insecticides, planting shade trees, improved 

seedlings, changing cropping systems, agroforestry, support from institution or 

government, insurance, storing food, borrowing, and praying. A small number of studies 

reported technologies being used for adaptation 

 

Factors influencing adaptation 

 

Along with assessing adaptation measures 24 out of the 84 studies had studied factors 

affecting the adaptation. Education, access to agriculture extension, experience, age, 

income, credit, gender, land ownership, farm size, membership, climate information, 

household size, awareness, agriculture income, sociocultural factors, livestock units, 

labour, finance, resources, environmental knowledge were most likely to affect the 

adaptation of farmers to climate change. 

 

Barriers 

 

Out of 84 articles, 18 articles assessed barriers to adaptation. Among other barriers, 

Lack of money, information, labour, water harvesting/irrigation, resources, inputs (seeds 

and fertilizers), technology, infrastructure, support, sensitization, capacity building, or 

agricultural extension services; inaccessibility of agricultural credit, market and 

production linkage; shortage of land, and ineffective role of local 

institution/organization were mentioned frequently as constraints to adaptation. 
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2.3.3 Discussion 

 

Though evidence has supported the reality of climate change, as cited in the Fifth 

Assessment Report (AR5) of the IPCC, the frequency and intensity of changes in 

several regions of the world is variable (Cubash et al. 2013). Different countries are 

exposed to different climate change impacts and with varying vulnerabilities reflecting 

their national and local socio-economic circumstances.  Adaptation can help avoid loss 

incurred from damaging impacts of climate change (Hassan & Nhemachena 2008). This 

review has shown that adaptation has attracted more attention since the year 2012 and 

the highest number of studies was conducted in 2016 (though more articles are 

undoubtedly underway for the year 2019). This heightened interest in adaptation could 

be due to the acknowledgement of the impacts of climate change all over the world in 

recent years resulting in more individuals and institutions taking action. 

 

In terms of methods, the mixed methods approach (Creswell & Clark 2007) was widely 

used in the studies, highlighting its popularity. Nevertheless, this review found a gap in 

the literature in terms of revealing opinions from experts or key informants in the field 

of farming adaptation. 

 Marshall (1996) pointed out that the key informant interview allows the collection of 

high- quality data in a limited time while offering valuable insights from experts in the 

field. 

 

The adverse effect of climate change on the agricultural production of low-income, 

developing countries in Asia and Africa is likely to threaten the livelihoods of the huge 

number of poor in the rural areas, making them more susceptible to food insecurity 

(Food and Agricultural Organization of the United Nations 2008). Many studies have 

assessed how local people/ farmers in Asian and African countries are responding to 

climate change impacts in order to safeguard their livelihood and food security 

highlighting the vulnerability of these regions. This focus then highlights that there has 

been considerable research undertaken in Asia and Africa but less in other regions.  

 

In respect of gender, the review of the adaptation articles considered in this study 

revealed a gap in the assessment of adaptation of women farmers; most articles did not 



52  

mention the gender of participants, a high number of reviewed studies showed a 

predominance of male participants.  

 

Studies have assessed adaptation from multiple countries, a single country, and different 

study areas within a single country. Although agro-ecological conditions influence the 

impacts of as well as responses to climate change, only a few articles have compared or 

mentioned the variety of responses from different agro-ecological conditions, 

suggesting a gap in identifying the influences of agro-ecological conditions on climate 

change adaptations. 

 

Regardless of the location, primary adaptation measures were changing the crop 

varieties and type as crops were affected differently. These measures included planting 

drought-tolerant crops or early maturing crop varieties. Planting crops according to the 

climate was adopted by farmers in almost all the studies. This was followed by 

adjusting plantation and harvesting times depending upon the climate situation, mainly 

based on the rainfall schedule. The measures mainly seemed to be aimed at reducing 

crop failure or at least minimizing the risk of crop failure. Other widely adopted 

measures include water harvesting, increasing irrigation, soil and water conservation 

options. Withdrawing from agriculture and following other off-farm activities and 

migration were the next most frequent measures reported by a significant number of 

respondents then some reported to have preserved food, or bought food, or exchanged it. 

Next, the application of insecticides and pesticides, applying organic manure or 

changing fertilizers were followed by many. Some have complemented these adaptation 

strategies by following cultural practices or by praying for a better climate and 

favourable situation; this measure highlights the significance of culture and religion 

among those communities while at the same time it signifies an awareness of 

communities regarding climate change and adaptation strategies. The agroforestry 

measure was considered in only a few studies. 

 

Local people seemed to be responding to the adverse changes as well as they could in 

their own way. An exceptional case was described where detrimental outcomes resulted 

from the adaptation strategy as deforestation was reported to have increased as a result 

of more cattle ranching (Rodriguez-Solorzano 2014). Only a few articles (Adhikari, 
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Baral & Nitschke 2018; Bhatta et al. 2017; Chalise, Maraseni & Maroulis 2015; Dhakal, 

Sedhain & Dhakal 2016; Gentle et al. 2018; Hossain & Paul 2019; Kassem et al. 2019; 

Merrey et al. 2018; Ojha et al. 2014; Yaro 2013) reported use of technology, suggesting 

that the farmers were still deprived of technology usages. Some studies mentioned the 

reliance of the respondent on government or institutional support. Few studies reported 

borrowing money or taking a loan. The use of weather forecasts was reported by a 

scarce number of studies. Some respondents relied on food aid. In a rare situation, 

people had to take children out of school (example (Bhatta & Aggarwal 2016; Harvey et 

al. 2014)) or introduce female labour (Bhatta & Aggarwal 2016). 

 

Multiple environmental, economic and social factors play a role in determining the 

choice of adaptation (Bryan et al. 2013; Deressa 2007). Among those studies assessing 

factors influencing the choice of adaptation, education, age, income, experience, gender, 

credit, access to agriculture extension, household size, access to climate information, 

farm size, land ownership, membership of any group, network or organizations, distance 

to the market were reported to be major factors playing a role. This was followed by 

factors like livestock ownership, finance, marketing information, irrigation, resources, 

agriculture income, local ecological knowledge, and finance. 

 

Education and experiences were likely to influence the adaptation positively (Abid et al. 

2019; Ahmed 2016; Begum & Mahanta 2017; Fadina & Barjolle 2018; Fagariba, Song 

& Baoro 2018). Likewise, age expedited the adaptation, taking into account the 

experience a person would gain with increasing age (Jiri, Mafongoya & Chivenge 2015; 

Kibue et al. 2016); nevertheless, many studies have reported age to have impacted 

negatively as younger generations are more likely to adopt and follow modern strategies 

(Khanal et al. 2019; Roco et al. 2014). Adaptation is influenced by gender, Deressa et 

al. (2009) reported male households possibly undertaking more adaptation strategies 

compared to their female counterparts. This was presumably due to the difference in 

roles based on gender as witnessed mainly in developing countries (Ajao & Ogunniyi 

2011), or perhaps because the males were more up to date with technology. Fadina & 

Barjolle (2018) highlighted the influence of gender in the choice of adaptation 

strategies, suggesting female-headed households are more likely to diversify economic 

opportunities. Other factors were access to agriculture extension (Abid et al. 2019; 
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Ahmed 2016; Begum & Mahanta 2017; Bryan et al. 2009; Comoé, Finger & Barjolle 

2014; Comoé & Siegrist 2015; Deressa et al. 2009; Fagariba, Song & Soule 2018; 

Fagariba, Song & Baoro 2018), experience, age, income, credit, gender, land ownership, 

farm size, membership, climate information, household size, climate information, 

household size, awareness, agriculture income, sociocultural factors, livestock unit, 

labour, finance, resources, and environment knowledge which were most likely to affect 

the adaptation of farmers to climate change. 

 

Various studies reviewed had explored the constraints faced by local communities/ 

farmers in adapting to climate change impacts. As could be expected, finance/capital or 

money (Khanal et al. 2019; Phuong et al. 2018; Swe et al. 2015; Tambo & Abdoulaye 

2013), as well as information, were cited many times as factors constraining adaptation. 

Similarly, lack of inputs (seeds and fertilizers), lack of access to credit, lack of water, 

and lack of weather forecast, shortage of land, market access, technology, and 

infrastructure were commonly reported as obstacles for adaptation. 

 

This review highlights the underrepresentation of barriers as well as of factors affecting 

adaptation. The identification of barriers and drivers to climate change is imperative to 

evaluate and understand the progress and effectiveness of efforts undertaken (Eisenack 

et al. 2014; Simonet & Leseur 2019). 

 

2.4 Food Security Systematic Literature Review 
 

2.4.1 Methods 
A systematic literature review was carried out following the guidelines developed by the 

Preferred Reporting Items for Systematic Review Recommendations (PRISMA) and 

Pickering & Byrne (2014). Electronic databases such as Web of Science, Scopus, and 

EBSCOhost were used to search original research papers in the English language 

published till 15th October 2019. A combination of terms such as “climate change” OR 

“Climate Variability” OR “Global Warming” AND Household AND “Food Security” 

OR “Food insecurity” OR “Food utilization” OR “Food Availability” OR “Food 

Access*” OR “Food stability” were used as keywords for searches. Original research 

papers primarily addressing food security of the household in relation to climate change 

and its impacts were only included. Those papers assessing household food security but 
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not in terms of climate change were excluded. Moreover, impacts of climate extremes, 

climate shocks, hazards, herder perceptions and the effectiveness of certain adaptive 

strategies on food security were excluded also as this review focuses on impacts of 

climate change on food security in general. Food security studies using data from other 

sources or government data/surveys were excluded.  

 

The literature was first screened by reading titles and abstracts and those not matching 

the criteria were excluded. Secondly, articles that met the first screening were reviewed 

in detail by obtaining full text. This was followed by the second screening to ensure that 

the study wholly matched the review objectives. Original research papers describing 

original research conducted on the topic mentioned above and published in academic 

journals were included while book chapters, conference proceedings, reports, review 

papers and other forms of grey literature were excluded. It is acknowledged that some 

articles might have been missed; nevertheless, most relevant papers meeting the 

objective of review have been included. The numbers retained and excluded in the 

review process were recorded based on the PRISMA Statement. Out of the total 80 

relevant articles remaining after the title and abstract screening, 40 articles were deemed 

eligible for the review. 5 extra articles were added by manual search, totalling 45 

articles reviewed based on the exclusion and inclusion criteria applied in this review. 

All information, including the name of the author (s), publication year, place of study 

and methods used, was extracted. 

 

2.4.2 Results 

 
Descriptive results 

 

Climate change and household food security studies involving the household 

experiences, views or observations were conducted between 2010 and 2019. The year 

2016 had the maximum number of studies being conducted on these issues. 

 

Place of the study conducted 

 

Out of 45 articles reviewed, the majority of the studies were conducted in Africa (21) 

followed by studies in Asia (19), and remaining studies were conducted in North 
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America (3) and South America (1) with one study carried out in multiple locations in 

Asia and Africa. 

Out of these, 7 studies were from Nepal. Four of these specially focused on climate 

change and food security, one focusing on multiple stressors including climate change, 

and the remaining three focusing on climate change impacts including impacts on food 

security. 

 

Methods 

 

Out of 45 articles, 22 had employed mixed-method, 18 studies adopted quantitative 

methods, and 5 studies adopted qualitative methodology. Data were mostly collected 

using interview (42) followed by focus group discussions (21). Some studies included 

key informants’ views (13) and observation (6). The state of food security or insecurity 

under the influence of climate change was mainly assessed simply based on the day to 

day/monthly or yearly experiences of households; some had used the responses for 

analysis via the multinomial logit model/ econometric method. Few had used the 

Household Food Insecurity Access Scale (HFIAS) incorporating households’ 

experiences. Gender issues were raised and evaluated by a few types of research 

highlighting the difference in role and coping strategies and experiences. Out of the four 

pillars of food security, food availability was predominantly assessed by the articles 

reviewed. In many studies, respondents related being food secure in terms of their farm 

productivity; by implication relating food security to food availability. 

 

The focus of the study 

 

Out of 45 studies, the primary focus of 26 articles was on assessing impacts of climate 

change on food security; 8 articles primarily focussed on adaptation; 4 articles 

determined food security; 3 articles determined food security along with assessing 

factors influencing food security; 3 articles related climate change, gender, and food 

security; one article assessed differences in food security between two regions. The 

studies conducted on Nepal (7) were either focussed on a single Nepalese district (4) or 

considered Nepal as part of multiple country study (4). No single climate change and 

food security study examined variations in the three agro-ecological zones of Nepal. 
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Among these reviewed articles, 20 articles did not mention the gender of the 

respondents, 13 studies reported a higher number of male participants and five studies 

reported a dominance of female participants. Four articles surveyed both men and 

women and three articles conducted the study with women only. In the studies 

conducted in Nepal, only one of seven studies had a dominance of women respondents. 

In the remaining six studies there was either no mention of gender or men were the 

dominant study participants.  

 

Key themes 

 

The majority of households reported facing food insecurity few were severely food 

insecure while many were moderately food insecure while others reported having faced 

food shortage/food deficit for a few months or some time in a year. Households often 

mentioned experiencing an increase in temperature; decline in rainfall, changing onset 

and erratic pattern of rainfall sometimes too heavy causing flood event and sometimes 

too low rainfall creating dry spell/ drought. Some reported problems of salinity intrusion 

and cyclone. Farm households complained of pests and diseases as effects of climate 

change. 

 

Nevertheless, rainfall was mentioned by many as one of the climatic parameters to have 

a role in impacting production and eventually food security. Almost in all studies; Food 

security was found to be impacted by one or other climatic factors according to 

household experiences. Most of the studies have assessed measures adopted to deal with 

food insecurity. Out of these majority of respondents mentioned to have migrated to 

some favourable places, borrowed food or relied on friends and family, reduced 

(quantity) the meal they used to take; this was followed by planting suitable crops 

(drought-tolerant or other varieties); changing the date of planting and harvesting; 

borrowing food or relying on less preferred food. Apart from that few studies reported 

that some have started relying on other sources of the economy; some households sell 

assets or livestock, or some purchased food on credit/loan while few rely on food aid. 

 

2.4.3 Discussion 
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Most of the studies included in the review were conducted in Africa and Asia, 

demonstrating the significance of food insecurity in these regions and its exacerbation 

by climate change. Nevertheless, the review highlights the lack of studies from other 

regions in the world including Australia and Europe.  

 

In the context of climate change; its effect on food systems is likely multifarious, 

rampant varying with location and strongly affected by socioeconomic situations 

(Vermeulen, Campbell & Ingram 2012). Except for Codjoe & Owusu (2011) where 

respondents believed they had enough quantity and quality of food at least at the time of 

the survey, remaining other studies reported households have faced food insecurity or 

food shortage. 

 

Most respondents of each study-related food insecurity to climate change or at least 

claimed it to be impacted by changing climate. Exceptions were Moseley (2016) where 

households maintained to have minimal effects of climate change on the security of 

food. In addition, socio-political, economic and environmental factors were held 

responsible for participant’s perceptions of food security and associated coping 

strategies (Bee 2014). 

 

The notion of food security is flexible making it both context-sensitive and hard to 

measure (Shrestha & Nepal 2016). Apparently in the review food security were assessed 

via various methods like Household Food Balance Model (HFBM) as in Adane, Atnafe 

& Ahmed (2015) (2015), econometric method (example (Ahamad et al. 2013)), Non-

parametric bootstrap like in (Alam et al. 2016); Household food insecurity access scale 

(HFIAS) for instance, Moseley (2016); Shisanya & Mafongoya (2016); Shrestha & 

Nepal (2016); 24-hour recall method Megersa et al. (2014), Multinomial logit model 

Molua (2012) and Ajao & Ogunniyi (2011); Equation Model Analysis example 

Amwata, Nyariki & Musimba (2016); Univariate and multivariate techniques example 

Douxchamps et al. (2016); Probit model Zemedu & Mesfin (2014); consumption 

pattern/frequency (example Matarira et al. (2014); Parvin & Ahsan (2013); Rufino et al. 

(2013); Warner & Afifi (2014) and use of models (example Shah & Dulal (2015)); 

calorie availability. Apart from these remaining articles had assessed food security in 

terms of households’ experiences as cited by them. While there is no uniform or a single 
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method for assessing food security, all these studies predominantly addressed food 

security in terms of food availability followed by food access and then availability. 

 

Any alteration in the food system alters food security outcomes but food production as a 

factor of food security is always emphasized in research (Intergovernmental Panel on 

Climate Change 2014b). This holds true for most articles in this review. This could 

indicate that household food security being assessed at each household; it is much easier 

for people to relate to their security of food in terms of production. That is more the 

production more it is available to them. Considering the dominant agricultural 

background in study areas like Asia and Africa, production could be an essential 

parameter determining one food security, economy and livelihood. Nevertheless, this 

could also mean the unavailability of other data or other measurements to determine all 

the dimensions of food security considering its complexity. Food production in terms of 

food availability; can be viewed as an effective measure for assessing food security. 

Conversely, among the four dimensions, food accessibility was found to have high 

impacts on the determination of household food security in a study in Malaysia (Alam et 

al. 2016). 

 

Some of the studies reported the transitory nature of food insecurity mainly during harsh 

environment or the sowing and the pre-harvest period lasting for a few months (Hussain 

et al. 2016; Megersa et al 2014; Shams & Shohel 2016). Others reported prevalence of 

chronic food insecurity (Harvey et al. 2014). 

 

Food security was affected by the impacts of climate change (Islan et al. 2014; Parvin & 

Ahsan 2013; Shams & Shohel 2016; Warner & van der Geest  2013; Harvey et al. 2014; 

Islam & Rahman 2014). Pest and diseases were reported to impact the production 

example Akudugu, Dittoh & Mahama (2012); Hussain et al. (2016); Saxena et al. 

(2016). Climate change has affected traditional foods including their harvesting, 

preserving and availability. The rise in temperature has affected the traditional way of 

preserving meat as the warmer weather increases the risk of spoiling before it can dry. 

Increasing rain and decline snow has impacted on transportation consequently 

decreasing the quantity of food harvested and altering the nutrient intake (Guyot et al. 

2006).  
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Rainfall level and its variability were found to cause vulnerability to food insecurity 

(Demeke, Keil & Zeller 2011). Similarly, this review noticed many studies (example 

Adane, Atnafe & Ahmed (2015); Aniah et al. (2016); Berhe (2013); Bhatta & Aggarwal 

(2016); Codjoe & Owusu (2011); Gwambene & Liwenga (2016); Masekoameng & 

Molotja (2016); Rufino et al. (2013); Sietz, Choque & Lüdeke (2012); Tefera & Tefera 

(2014); Tiwari & Joshi (2012)) claiming rainfall be its amount or be its frequency or 

timing to be major factors affecting food production and eventually undermining food 

security. This could be related to reliance on rain-fed agriculture in the study areas plus 

no matter the technological innovation effectiveness of agriculture always determined 

by a suitable climate. In addition, climate change impacts are seen beyond reduced 

production, as they are also affecting farmers' crop choices, cropping patterns and the 

way household preserve native food (Saxena et al. 2016). 

Food security differs with agro-ecological conditions as well. Households in plain land 

with little hilly or sloping mountainous were found to be more food secure compared to 

the sloping hilly  mountainous slope (Adane, Atnafe & Ahmed 2015). Our review 

observed a lack of studies assessing and comparing food security within agro-ecological 

zones highlighting a gap in the literature. 

The concept of food security is multifaceted and function of so many different 

correlated parameters. It was reported to be varying with socioeconomic parameters 

with uneducated and big sized families, female-headed households’ being more insecure 

(Turyahabwe et al. 2013). In addition, women were found to be more vulnerable 

compared to their male counterparts (Kakota et al. 2011; Molua 2012; Tunde 2011). 

Considering the vulnerability of women, there was a gap in the studies from a gender 

perspective. 

Adaptation and its effectiveness vary spatially and temporally. Adaptation measures 

targeted to enhance food security could benefit livelihood and in turn, be advantageous 

for food security along with production and access aspects and minimized risk of 

disaster. Advances in other aspects like food processing, its packaging, transporting to 

market and/or storing and trade have received less attention in research 

(Intergovernmental Panel on Climate Change 2014b). This is evident in the reviewed 
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studies; most of the households in the study area were found to be affected by climate 

change in the course of attaining food security. Some had already realized and initiated 

adapting locally reducing meals, relying on a less preferred meal or selling assets, 

livestock, using suitable crop varieties, changing plantation dates. 

 

2.5 Conclusion 

 

Farmers throughout the world are facing and responding to the impacts of and risks 

from climate change. The reviews highlighted the significance of and need for 

perception studies. Despite the abundance of climate change studies, nonetheless, very 

little work has been done in terms of assessing perception from the developed parts of 

the world. In the context of Nepal, which is the major focus, this study identified the 

gaps in the literature, specifically the need of assessing farmers' knowledge and 

understanding of climate change examining their experiences and responses to the 

impacts of climate change and food security. In addition, the lack of studies from the 

three agro-ecological zones of Nepal was identified which should be addressed in order 

to assess impacts specific to these zones, add to the baseline information from these 

zones and for planned adaptation interventions and policy formulation. Climate change 

studies typically lack an assessment of voices from female farmers. Not all studies 

examined experts' opinions on the issues of interest. Considering the gap in the 

adaptation literature, future research in Asian and African countries should incorporate 

views from experts or key informants, along with assessing opinions from women 

farmers. The latter is particularly important given both the high rates of male 

outmigration in many smallholder farmer communities as well as deeply rooted 

patriarchies found in some of those countries. Future studies should explore variations 

in climate change impacts and adaptations with respect to agro-ecological conditions. 

Adaptation interventions should be developed addressing the barriers identified by 

farmers as well as considering factors influencing the adaptation. 

 

The literature review provided background on the concept of food security, how the 

term food security originated and how it has evolved over the course of time, and the 

factors affecting the food security with a particular focus on climate change. As this 

research aims to assess the impacts of climate change on the food security of 



62  

smallholder farm households, this chapter reviewed climate change and food security 

related perception studies. Gaps were identified in the scholarly literature that informed 

the focus and design of this research. 
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Chapter 3: Research Design and Methodology 

 

 

This chapter presents the research design and methodology used in this study to address 

the research question, the selection of the study sites, the recruitment of the research 

participants, and the approaches used to collect and analyse the data. This chapter 

delves into the choice of methods in conducting this research. Furthermore, it provides 

clarification to the research process. Section 1.1 explains the research design. Section 

1.2 describes the methods used for the collection of data. Section 1.3 reflects over 

techniques employed to collect the data for the study. Section 1.4 describes the methods 

used for the analysis of data. Details on ethics and validity are presented in section 1.5. 

The last section (1.6) summarises the focus of this chapter. 

 

3.1 Research Design 

 

Research design is the strategy of arranging a research project to create evidence that 

provides plausible answers to the research questions posed for a given level of resource 

(Stephen 2012). It provides a framework for data collection and analysis. The research 

design chosen for a study indicates our decision to prioritize a range of dimensions of 

the research process including expression of causal connections between variables, a 

generalization of the outcome, understanding behaviour and its meaning, and temporal 

appreciation of social phenomenon (Bryman 2012). Bryman (2012) categorizes research 

designs into five different categories: experimental design; cross-sectional or survey 

design; longitudinal design; case study design; and comparative design. 

 

This study is mainly focused on analyzing and understanding the influence of a 

changing climate on agriculture and food security for local people in rural settings. It is 

based on their knowledge and experiences, supplemented by data about climatic 

conditions and agricultural productivity. The study aims to discover if there are 

geographical variations in the impacts on how people comprehend, experience, and 

respond to these changes. Consequently, this study uses a comparative case study 

approach within a single country, namely, Nepal.  
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The case study is generally chosen in research tending to answer “how” and “why” 

related questions focussing on a contemporary phenomenon within some real-time 

context in which the investigator has little control over events (Yin 2003). A case study 

is defined as “an examination of a specific phenomenon, such as a program, an event, a 

process, an institution, or a social group.” It can deal with a wide range of evidence 

from interviews, documents, observation, and artefacts (Merriam 1988). A case for a 

case study research could be an individual, a group, a geographical unit, an event, or 

even an organisation (Yin 1994). Stake (1994) categorizes the case study into three 

different types: i) intrinsic, ii) instrumental and iii) collective case studies. An intrinsic 

case study deals with a single case to get better understanding; an instrumental case 

study is also a single case study conducted to refine a theory or provide insight into an 

issue. A collective case study, also known as multiple case studies or occasionally 

called the comparative case study, involves gaining more information about the 

population, a phenomenon by covering several cases. Thus, both single and multiple 

case studies can be included in case study research. Also, it is not limited to either 

qualitative research alone but can consist of both the qualitative as well as quantitative 

evidence (Yin 1994). Three different municipalities, each located in three District 

Coordination Committees (DCC) areas, in three different agro-ecological zones of 

Nepal, have been selected as the case studies. 

 

3.2 Methods Employed for Data Collection 

 

3.2.1 Sampling Design 

 

The study used a multistage sampling technique to select study sites and households in 

the study area. Multistage sampling is a method of selection of sample in stages, usually 

reflecting the hierarchical structure of the population (Lavrakas 2008). This involves 

sequential sampling across two or more hierarchical levels. 

 

Accordingly, first, Province 3 was chosen randomly from the seven Provinces in Nepal. 

Then, the three District Coordination Committees namely Sindhupalchowk, Dhading, 

and Chitwan were purposively selected out of 77 districts; one each from the three 

Nepalese agro- ecological zones of the Mountain, the Hill, and the Terai respectively, 
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mainly to reflect agro-ecological diversity across each zone. After that, three 

municipalities were randomly chosen one from each DCC area. At the fourth level, 

three wards from within each municipality were randomly chosen. Finally, farm 

households were selected from the three wards based on stratified random sampling 

(Figure 3.1). A total of 384 farm households (Krejcie & Morgan 1970); 128 each from 

the DCC area were interviewed via a household survey. The term ‘household’ used in 

this study indicates ‘a person or group of related and/or unrelated persons who usually 

live together in the same dwelling unit(s) or connected premises, who acknowledge one 

adult member as the head of the household, and who have common cooking and eating 

arrangements’ (Mehata et al. 2013). 

 

 

Figure 3.1 Map of Nepal showing study districts 

 

The study tried to minimize the probable selection bias in the sampling through a 

purposive selection of province and DCC by following Skowronek & Duerr (2009) 

ideas of considering the representativeness and diversity of the sample and using a 

sufficiently large data set. The study used a relatively larger sample size using 

household interviews (n=384). The subgroups (municipality and wards) and research 
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participants were selected using random and stratified random sampling to ensure 

representativeness (Table 3.1). Stratified sampling specifically provides the 

representativeness as it directs investigators to decide on the proportion of interviews in 

and within each place allowing a proper number of interviews from each group (a ward 

in this study). Stratification forces the sample into adequate balance, making it more 

representative (Stanton 1941). Additionally, diverse methods of data collection such as 

key informant interviews (n=33) and three focus group discussions were adopted, which 

aided the triangulation of data. 

 

Table 3.1 Selected districts, municipality and wards and number of participants 

Agro-ecological 

zones 
 
Districts 

 
Municipality  

 
Wards (n) 

Terai Chitwan Madi 3 (46), 6 (52), 8 (30) 

Hill  Dhading Benighat rorang 3 (52), 5 (45), 7 (31) 

Mountain Sindhupalchowk Paanchpokhari Thampal 1 (40), 2 (34), 7 (54) 

*n= number of participants chosen from the respective ward 

 

A mixed methods approach was used to collect and analyse the data. Mixed method is 

defined as a method with at least one qualitative method to gather words and one 

quantitative method to collect numbers (Greene, Caracelli & Graham 1989). Tashakkori 

& Teddlie (1998) describe it as a method combining both the qualitative and 

quantitative approach as a research methodology of a single study, while according to 

Creswell & Clark (2007), “the central premise is that the use of quantitative and 

qualitative approaches in combination provides a better understanding of research 

problems than either approach alone.” The results of the qualitative analysis provide 

insight into relationships based on what individuals say or do. 

The quantitative analysis relies on statistical approaches to investigate patterns arising 

from observations, the strength of relationships between factors, and the applicability of 

the results to the study location. 

 

3.2.2 Study Area 

 

Nepal is a landlocked country covering 0.30% and 0.03% of the total area of Asia and 
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the World respectively. Located in South Asia surrounded by China to its north and by 

India to the east, west, and south, it extends 885 kilometers from east to west and 193 

kilometers from north to south (Government of Nepal 2018b). Based on the National 

Population Census 2011, Nepal had a total population of about 26.5 million, with an 

annual population growth rate of 1.35%. 

 

Nepal is divided into five physiographic regions running almost parallel to each other 

from west to east. This includes the Terai region, Siwaliks, Middle Mountain, High 

Mountain, and High Himalaya. Nepal is diverse in terms of landscape, topography, 

altitude, and temperature. Terai, Hills, and Mountains form the three agro-ecological 

zones in Nepal, covering its agricultural land (World Bank 2011). Nepal covers a total 

area of 147181 Km2; of which 51,817 Km2 is included in the Mountain zone; 61345 

Km2 in the Hill zone and 34019 Km2 in the Terai zone. About 82.9% of the total 

population reside in rural areas, with the remaining 17.1% living in urban areas 

(Government of Nepal 2012). 

 

Nepal is a multilingual and multiethnic country. As per the 2011 census; 81.3% were 

Hindus and 9.0% were Buddhist followed by Islam (4.4%), Kirat (3.1%), Christian 

(1.4%) and Prakiti (0.5%) and others including Bon, Jainism, Bahai and Sikhism 

(0.3%). There are 125 castes and ethnic groups in Nepal and of these Chhetri is the 

largest group based on population (16.6%), Brahman (12.2%), Magar (7.1%), Tharu 

(6.6%), Tamang (5.8%), Newar (5.0%), Kami (4.8%), Masalman (4.4%), Yadav (4.0%) 

and Rai (2.3%). 123 languages are reported to have been spoken as mother tongue with 

Nepali spoken by 44.6%, Maithali (11.7%), Bhojpuri (6.0%), Tharu (5.8%), Tamang 

(5.1%), Newar (3.2%), Bajjika (3.0%), Magar (3.0%), Doteli (3.0%) and Urdu by 2.6% 

of total population (Government of Nepal 2012). 

 

The per capita GDP at constant prices in the fiscal year 2017/18 was anticipated to grow 

to NRs. 30,300 with 4.9% of the estimated growth rate of GDP. In the year 2017/18, the 

per capita gross national income (GNP) was expected to reach the United States Dollar 

(USD) 1012. More than 6 million (21.6%) people are still living below the absolute 

poverty line (Government of Nepal 2018a). 
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Currently, Nepal functions as a republic with a multiparty system. The head of state is 

the president, whereas the head of government is the Prime Minister who exercises 

executive power along with his cabinet. Similarly, the Constituent Assembly holds the 

legislative power. Nepal was a constitutional monarchy before becoming a republic on 

May 28, 2008. Replacing the Interim constitution of 2007; Nepal now has a new 

Constitution effective from 20 September 2015. This Constitution defines the state of 

Nepal as “an independent, indivisible, sovereign, secular, inclusive, and democratic, 

socialist-oriented, and federal democratic republican state.” Since 20th of September 

2015; Nepal has been divided into seven provinces (Figure 3.2) formed by groups of 

existing districts (Government of Nepal 2015) and of March 10, 2017, a system of 753 

local bodies was adopted to fulfil the new constitution of Nepal 2015. Now there are 

460 rural municipalities, 276 municipalities, 11 sub-metropolitan cities, and six 

metropolitan cities (Figure 3.3). 

Figure 3.2 New local-level structures of Nepal 
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Figure 3.3 Administrative division of Nepal 

3.2.3 Agro-ecological Zones of Nepal 

 

Agro-ecological zones are geographical regions having similar climatic conditions that 

affect their potential to support rain-fed agriculture. These zones are usually defined by 

elevation, latitude, temperature, seasonality, distribution, and amount of rainfall during 

the growing season at a regional level (Sebastian 2014). 

 

Nepal is also divided into three agro-ecological zones (Figure 3.4): The Mountain zone 

in the north, the Hills zone in the mid-section and the Terai zone in the south. 

Sometimes referred to as the “granary,” Terai is a flat and fertile region occupying 23% 

of the country’s total area with over 40% of its available agricultural land cultivated. 

This region is known for its fertile soil. A variety of crops, including rice, wheat, maize, 

sugarcane, jute, and vegetables, can be cultivated in the Terai. Hills are the sloping 

lands and small valleys, occupying 42% of the total area, with only 20% of land are 

under cultivation. The major cereals of this region include maize and wheat, paddy and 

finger millet. The Mountain zone is characterised by steep and rugged terrain and 

occupies 35% of the total land area with only 5% of its land suitable for cultivation 

(Government of Nepal 2016d). The predominant crops include barley, buckwheat, and 

potato. The characteristics of these three agro-ecological zones of Nepal is presented in 

Table 3.2 as follows: 
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Figure 3.4 Map of agro-ecological zones of Nepal 

 

Table 3.2 Characteristics of three agro-ecological zones of Nepal Sources: 

Government of Nepal (2016c) 

Features Terai Hill  Mountain Nepal 

Area (Km2) 34,019 61,345 51,817 147,181 

Area (%) 23 42 35 100 

Share of population 

(2011 census) 

50.3% 43.0% 6.7% 100 

Elevation <500m 500m-2500m >2500m 59m- 

8848m 

Climate Tropical to sub- 
tropical 

Sub-tropical to 
temperate 

Warm 
temperate to 
arctic 

Tropical to 
arctic 

Mean annual 

temperature (o C) 

20-25 o C 10-20 o C < 3-10 o C  
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Average annual 

rainfall (mm) 

1100-3000m 275-2300mm 150-200mm/ 

snow 

Major Cropping 
pattern 

*Rice-wheat 

*Maize- mustard-
fallow 
*Rice- mustard/lentil- 
wheat/vegetable 
s/fallow 
*Mustard- 

legumes-lentils 

*Maize/Millet- 
wheat 
*Maize-rice 

*Maize-rice- 
wheat 
*Rice-lentils- 
wheat 
*Lentils-wheat- 

fallow 

*Maize-wheat- finger millet 
*Maize-potato- wheat-finger 
millet 
*Rice-barley 

*Buckwheat- barley 
*Potato-barley 

 

3.2.4 Case Study Province 

 

The selected province (province three-Bagmati) is one of the seven provinces of Nepal. 

It has a population of 55,29,452 and comprises almost equal proportions of males 

(49.69%) and females (50.31%) (Nepal in Data 2018). It consists of 13 districts, three 

metropolitan cities, one sub-metropolitan city, 74 rural municipalities, and 41 urban 

municipalities. 

 

3.2.5 Case Study District 

 

Districts are the second-level administrative units of Nepal after provinces. There is a 

total of 77 districts in Nepal. The existing district development committee (DDC) was 

replaced by the District Coordination Committee on March 14, 2017. These DDCs are 

an executive to the district assembly. Three districts were selected as research units for 

this study. They were selected purposively to each represent one of the agro-ecological 

zones of Nepal. All the districts lie in the central development region in Province 

number three. 

The features of the selected districts for the study are described below in detail: 

 

Chitwan District is in the southwestern part of the Narayani zone and occupies an area 

of 2,238.39 km2 and has Makwanpur district in its east, Nawalparasi district in its west, 
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Dhading, Gorkha, and Tanahu district to the north and Bihar in the south. Chitwan has a 

population of 579,984 and an annual population growth of 2.06% (Government of 

Nepal 2012). It lies in a high vulnerability zone based on the NAPA ranking for climate 

change vulnerability (Ministry of Environment 2010). It has one metropolitan city, five 

municipalities and one rural municipality. The district ranges from 144m to 1945m in 

elevation. Out of the total land of Chitwan, 64.21% is covered by forest; 21.14% is 

cultivable land; 8.49% is used by rangeland, and the rest 6.16% is covered by water 

bodies, barren areas, and road networks. Out of the total cultivable land area of 46,894 

ha, 44,291 ha is cultivated (District Agriculture Development Office 2018). The climate 

is typically tropical, ranging from tropical to sub-tropical. Crops like rice, maize, wheat, 

lentils, black gram, mustard, and different types of fruits and vegetables are grown 

accordingly. Rainfall in the district ranges from 5.40mm in the winter to 302.6mm in 

summer. The average minimum temperature is 7° C in January in the winter, to a 

maximum of 37.9° C in the summer in June (Government of Nepal 2016a). Chitwan 

falls in Terai zones among the three agro-ecological zones of Nepal. 

 

Dhading District covers an area of 1926 km2 and is surrounded by Kathmandu, 

Nuwakot, and Rsuwa in the east, Gorkha in the west, Rasuwa, and Tibet in the North 

and Makwanpur and Chitwan in the South. As of census 2011, Dhading had a 

population of 336,067 (Government of Nepal 2012). Based on the NAPA ranking for 

climate change vulnerability, Dhading lies in the high Vulnerability zone (Ministry of 

Environment 2010). Dhading has two municipalities and eleven rural municipalities. 

The average annual rainfall of the district ranges from 1912mm to 3535mm, whereas 

average temperature ranges from a minimum of 3-10° C in the winter to 20° C in the 

summer (Government of Nepal 2016b). Several crops like rice, maize, millet, 

buckwheat, barley and potatoes, and different fruits and vegetables are grown. Dhading 

lies in the Hills among the three agro-ecological zones of Nepal. 

 

Sindhupalchowk District covering an area of 2542 km2, is bounded by Rasuwa district 

in the west, Kathmandu in the northeast side, Kavrepalanchok to the south and borders 

with China in the eastern part. As of census 2011, Sindhupalchowk had a population of 

287,798 (Government of Nepal 2012). It lies in the Mountains based on the agro-

ecological zones categorization of Nepal. Based on the NAPA ranking for climate 
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change vulnerability, this district lies in the moderate Vulnerability zone (Ministry of 

Environment 2010). Sindhupalchowk has three municipalities and nine rural 

municipalities. Despite being easily accessible and the nearest district to the capital 

Kathmandu, the district has very little development (District Coordination Committee 

Sindhupalchowk 2018). The land use pattern in Sindhupalchowk comprises of 29% 

agricultural land, 30.51% forest, 4.65% grazing land, 17.94% barren land, 1.85% snow-

covered land, 0.09% bush cover, 12.69% water bodies and the rest covered by other 

land uses. The temperature in Sindhupalchowk ranges from 7.5° C to 32° C while it 

receives an annual rainfall of about 2,500 mm. About 77.3% of the population is 

involved in agriculture in Sindhupalchowk (District Technical Office 2013). 

The elevation ranges from 747m to the highest peak of 7085m from mean sea level. In 

line with the altitudinal variation, a diverse range of crops is grown such as paddies in 

low altitude areas, while millet, maize, barley, and potato are grown at higher altitudes. 

 

3.3 Data Collection 

 

Data collection enables us to systematically gather information related to our study 

objects or people or phenomenon, and the associated settings in which they exist 

(Varkevisser 1993). It comprises a series of steps including sampling techniques, 

permissions, type of information one is interested in, recording, and administering the 

data (Creswell & Clark 2007). The study required an appropriate method for data 

collection as the participants of this research are mainly from rural Nepal. Also, it 

involved a wide range of participants, including farming communities, women, and 

experts. Thus, data for this study was collected from secondary sources, such as 

meteorological data, focus group discussions, face to face interviews with subsistence-

oriented smallholder farmers, and key informant interviews. All the data were carefully 

collected depending on the nature and requirement of the research questions to be 

addressed. Semi-structured and formal surveys (Bryman 2012; Yin 2003) based on face 

to face interviews with farmers, key informant interviews, and focus group interviews 

were also conducted. This was to ascertain the local impacts of climate change; the risks 

posed by climate variability; changes to community food security and to obtain 

information on farming systems, adaptation measures, and households in the study 

areas. 
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3.3.1 Secondary Data 

 

Secondary data includes the data previously collected and perhaps analyzed by others 

like the official statistics from government and governmental agencies (Blaxter, Hughes 

& Tight 2010). As the research was initiated to assess the impacts of climate change on 

agriculture and food security in Nepal, collection, and review of the secondary data 

formed the first phase of the research. The reviewing of literature represents a continual 

process throughout this project from presenting concepts that underpin the research to 

identifying gaps and supporting the research findings. Several journals, books, 

government reports, policy documents were reviewed. Using databases accessible via 

Griffith University's library services. Three different systematic reviews were 

conducted, of which the first part focussed on farmers’ perception of climate change; 

the second part focussed on impacts of climate change on food security while the third 

systematic review focussed on adaptation by the farming communities to combat the 

effects of climate change. For the systematic literature review (Chapter 2, Section 2.2, 

2.3, 2.4), databases like Scopus, Web of Science, EBSCOhost, and Google scholar were 

used. For the government documents and policies document, respective organization 

and departments’ websites were searched. 

 

Furthermore, a narrative literature review (Chapter 2, Section 2.1) was conducted to 

provide insights into the evolution of food security as a concept, the impacts of climate 

change and the role of climate change in altering the lives of the farming communities 

of Nepal. The review demonstrated the proliferation of research related to climate 

change in recent decades. There have been several types of research in Nepal; 

nonetheless, considering the diverse topography of Nepal, research focussing on 

possible variations among the three agro- ecological zones of Nepal was scarce. This led 

to the second phase of the study. 

 

The first step of this phase-analysis of secondary data-was, therefore, to provide insight 

into the real climate change scenario of Nepal. This step analysed the trends of the 

climatic variables (temperature and rainfall) and assessed the impacts of these climate 

variables (temperature and rainfall) on agriculture, particularly cereal crop yields. 
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The yield data of cereal crops such as paddy, maize, wheat, millet, barley, and 

buckwheat from 1980 to 2016 was obtained from the Ministry of Agricultural 

Development. These data were gathered from field reports by various staff and officials, 

including extension workers, the Junior Technicians (JT), Junior Technical Assistants 

(JTA). These staffs prepare an estimate of the area under crop (planted, harvested area) 

based on group interviews with farmers. Additionally, estimates of the area under crop 

are adjusted depending upon the estimates of changes of under crop compared to the 

previous year due to natural disasters such as floods, landslides, and drought (Central 

Bureau of Statistics 2007). For each district, the average crop production is determined 

based on the sampling crop cut survey of representative samples (plots with average 

productivity) and for each crop at least 25-30 sample areas are used (Bhatt et al. 2014). 

Therefore, based on a survey, eye estimation, crop cutting, and previous year data, the 

final data are compiled. Verification of data is done regularly, and the whole process is 

carefully supervised and scrutinized (B. Poudel, Personal communication, January 

2019). 

 

In the case of climate data, the data were generated through the software packages 

ANUSPLIN (Hutchinson 2004) and ANUCLIM Version 6.1 (Xu & Hutchinson 2013). 

ANUCLIM allows the spatial modeling and mapping of environmental and natural 

resources. It includes four different programs MTHCLIM, BIOCLIM, BIOMAP, and 

GROCLIM (Xu & Hutchinson 2013). First, the long term mean monthly climate 

surfaces for maximum and minimum temperate and rainfall were build using the 

ANUSPLIN package (Hutchinson 2004) based on the interpolation of long-term 

weather records from Nepal’s network of meteorological stations. Then a digital 

elevation model was used to generate estimates of the monthly climate variables at any 

point and on a regular grid interrogating the mathematical surfaces. In this study, 

monthly mean climate estimates (1967-2013) were generated by grid- based 

interrogation of the interpolated surfaces at a resolution of 1km. 

 

The third phase of the study involved conducting interviews with the relevant 

stakeholders. This aimed to delve into the understanding and experience of the farming 

communities as well as experts about climate change and its impacts. This phase of data 

collection was undertaken from July 2017 to December 2017. This phase involved three 
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elements: 

 

i) Face to Face interviews 

ii)  Focus group discussion 

iii)  Key informant interviews 

 

3.3.2 Face to Face Interviews 

 

Surveys are widely used in social research and can be both quantitative and qualitative 

(Punch 2003). Punch (2003) explains surveys can be conducted in different ways such 

as self-administered; face to face, telephone, or internet based. The self-administered 

survey involves administering a questionnaire to the respondents via mail. Face to face 

includes where the researcher meets respondents face to face and collects information. 

Telephone surveys involve surveying over the phone, and internet-based surveys are 

conducted electronically sending a link via email and consists of the gathering of data 

by a web survey package. Fowler (2009) notes that highlights the choice of data 

collection technique depends on the sample frame, characteristics, research topic, and 

availability of staff and facilities. Each survey technique differs in terms of response 

rates, cost of survey, and question form. 

 

A face to face survey was found suitable for this study mainly because of the 

unreliability and inaccessibility of postal services and internet facilities in the rural 

settings of Nepal and also because it was deemed culturally appropriate. Therefore, a 

household survey was conducted with the member of each household interviewed for 

information on their food requirements, crop yield and food security in total, household 

perceptions of climate change, weather variability and its impact on agriculture and any 

adaptation strategies developed. Interviews are the most common and powerful tool to 

comprehend fellow human beings (Denzin & Lincoln 1994). The research interview has 

been defined as “a two-person conversation initiated by the interviewer for the specific 

purposes of obtaining research-relevant information and focused by him on content 

specified by research objectives of systematic description, projection, or explanation 

(Cohen & Manion 1994)”, p. 271. 
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The survey questionnaire was pre-tested with some of the local participants out of the 

sample frame before starting the main survey, to ensure that it is comprehensible by the 

respondents and suited to the local context of Nepal. The target participants, mainly the 

head of the household involved in agriculture aged 30 years and above, were selected 

regardless of their sex. The head of the household is a member of the family who is 

involved in making decisions related to agriculture and farm productions. 

Nevertheless, if the head was not available, then the next most senior member of the 

household was interviewed. Interviews were conducted at a location convenient to the 

participants, and prospective respondents were given consent forms (Appendix VI, VII, 

and VI II) and an information sheet (Appendix III, IV, and V). Before each interview, 

participants completed the ethical consent process with the researcher explaining the 

forms and its significance to the participants. Participants were then provided with an 

information sheet to provide the details about the study and any further queries related 

to the study were answered. Before the interview, it was made clear that participation 

was voluntary, and participants were free to quit at any time if they felt uncomfortable. 

All the documents were first prepared in the English language and then translated into 

“Nepali” by an official translator. The PhD candidate who conducted the interviews is a 

Nepalese citizen experienced in cultural protocols and with verbal and written fluency 

in both Nepali and English. Though people of different ethnicity have their own 

language, there is a common “Nepali” language that is the official language of Nepal 

and spoken by a majority of Nepalese. Thus, all the interviews were conducted by the 

PhD candidate in a �F�R�P�P�R�Q Nepali language to ensure the respondents understood the 

questions well. The identity of the participants is not disclosed in the thesis, maintaining 

the anonymity of respondents and the same principle was applied to the focus group 

discussions and key informant interviews.��The answers to the interview questions were 

noted in the vernaculars. These were then translated into English language by the PhD 

candidate who conducted the interview. 

In Nepali, the English term “Climate change” was translated as “Jal Bayu Pariwartan” 

and during the questionnaire, participants were asked whether they have heard about 

“Jal Bayu Pariwartan” and what they understood by it. Furthermore, they were asked 

about their experiences and perceptions of any change in climate for over 30 years. The 
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30-year period is the standard reference period defined by the World Meteorological

Organisation (WMO) to maintain consistency for climate data analysis. Along with this,

they were requested to say if it had impacted agriculture and if they are and had always

been food secure. They were asked also to describe any coping /adaptation measures

followed by them to overcome difficulties. Any useful information provided by the

participants was noted down and each interview lasted between 30-45mins with answers

recorded on the questionnaire sheet by the interviewer and transcribed as soon as

possible. After the conclusion of the interview. The data is held securely and accessible

only to the research team (candidate and supervisors). Appendix IX reproduces the

survey questionnaire employed in this study.

3.3.3 Focus Group Discussion 

A focus group discussion (FGD) is a group discussion where participants interact with 

each other and with the interviewer/ researcher. The interviewer facilitates or acts as a 

convenor or discussion leader in the group which usually has 6 to 12 participants. The 

discussion is recorded via an electronic device, and a written summary is generated by 

the researcher from the recording (Veal 2006). Bryman (2012) describes it as a 

technique of interview which comprises of more than one and generally at least four 

interviews. According to Hennink & Leavy (2013), focus group discussion entails an 

interactional discussion focussing on particular issues. In addition, it enables us to 

understand an issue from the perspective of various participants and helps in identifying 

the variety of perspectives on a topic. It is effective in that it allows group members to 

interact with each other and generate data which couldn’t have been possible through 

one to one interview (Hennink & Leavy 2013). 

Considering the existence of patriarchal social norms and traditions (Panta & Thapa 

2018) and the restricted cultural roles of Nepalese women, it is essential to recognize 

the possibility of gendered perspectives on climate change and related issues. Therefore, 

one focus group discussion with a local women’s group was conducted in each agro-

ecological zone. "Aama samuha," or "mothers’ group" (its literal translation in English) 

is a voluntary group initiated by women in Nepal. Although called women or mothers’ 

group by name, these women's groups not only deal women's issues but are also 
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involved in development works, community welfare, income generation, family 

planning issues, resolving domestic violence and supporting victims, establishing 

savings and credit schemes, and raising funds for social causes. In this study, a focus 

group discussion was conducted with the members of a randomly selected mother’s 

group in each study district. Thus, three focus discussions: one from the Mountain zone, 

one from the hilly zone, and one from the Terai zone were used in this study. In each 

group, there were 6 to 9 women participants aged 30 years and above. The focus group 

contributed by addressing research questions 2, 3, and 4 (Chapters 5, 6, 7 and 8) as well 

as validating the information from household interviews. The focus group discussions 

aimed to ascertain the experiences of women involved in agriculture and to find out 

whether they have different opinions compared to their male counterparts. The focus 

group discussions offered a platform for women to share their views and discuss the 

research topic freely, which might not have been possible in mixed-gender group 

discussions. The questions used in the focus group discussions are presented in 

Appendix X. 

 

3.3.4 Key Informant Interviews 

 

Key informant interviews (KII) are usually conducted with someone having specialised 

knowledge and a unique outlook on the particular topic to be discussed and are 

generally loosely structured, permitting the free flow of information (United States 

Agency for International Development 1996). These are in-depth interviews conducted 

with the expert on an issue and comprise both open and closed questions (Lavrakas 

2008). Key informant interviews were conducted at the national level, district level, and 

municipality level. The participants for the key informant interviews were identified 

through the official websites of the organizations and were contacted via phone, email, 

or in-person and were invited to participate in the study. The sampling of the 

participants for the key informant interviews was based upon a purposive sampling of 

participants. Accordingly, private organizations and government departments working 

in climate change, agriculture, and food security sectors were visited, and the respective 

officials were consulted and interviewed. Each interview lasted for approximately 30-45 

minutes and a total of 33 key informants participated in this study. The participants 

included officials from government departments (n=12), non- governmental 



80  

organizations (n=9); international non-governmental organizations (n=9) and teachers 

(n=3). Key informants along with the household interviews and focus group discussions 

were conducted to identify the issues related to climate change vulnerability, impact and 

ongoing practices, and adaptation policies. Copies of key informant interview questions 

are attached as Appendix XI. 

 

3.3.5 Field Observations 

 

In addition to this, changing agriculture patterns and any observable changes in the 

study sites were noted. An observation study involves recording the visible behaviour or 

phenomenon systematically in a natural setting (Gorman et al. 2005). Cohen, Manion & 

Morrison (1993) emphasize its potential to allow the researcher to gather live data from 

natural settings and highlights it as a research process that is more than just casual 

looking. As the study involved field visits to the study sites, observations were made 

throughout the field trips. The observed impacts of climate change, such as rainfall 

events, hazards, coping mechanisms were noted as well as recorded in the form of 

photographs. Similarly, the roles of men, women, children, and older people were 

observed at the time of interviews. In addition, the researcher participated in some of the 

informal group discussions and meetings where local people talked about the changes 

happening in their surroundings, agricultural practices and natural disasters such as the 

recent (2017) floods. Local activities such as harvesting of crops, plantation of crops, 

ploughing, road maintenance, construction of community buildings, pipelines were also 

observed. 

 

3.4 Data Analysis 

 

As mentioned earlier, this study set out to collect and analyse both quantitative and 

qualitative data. 

 

3.4.1 Quantitative Data Analysis 

 

The study analysed the impacts of climate trends on cereal crop production. Secondary 

data (climate and crop-yield data) collected from the relevant ministries/departments 
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were systematically tabulated in Ms-Excel. Similarly, quantitative data from the 

household survey were coded and entered in Ms-Excel. A Bayesian approach to 

statistical modelling was used. The quantitative data were analysed using the statistical 

software R (R Core Team 2018). 

 

Concerns over reproducibility and replicability resulting from the misuse of statistical 

tests have led to the use of alternative methods of statistical analysis. The misuse and 

misinterpretation of statistical tests such as the use of p-value as a definitive test to 

decide on statistical significance have generated a growing realization and acceptance of 

the limitations of conventional statistics (Greenland et al. 2016). 

 

The main difference between traditional or frequentist and Bayesian approaches to 

statistical analysis is the concept and the use of probability. The frequentist approach 

considers probability as a limiting frequency or frequency of occurrence. Probability is 

assigned to a repeatable event in which randomness causes uncertainty. Probability here 

is associated with frequencies of events (Wagenmakers et al. 2008). On the other hand, 

the Bayesian approach enables the use of probability to reflect the degree of belief in the 

outcome (Willink & White 2012). It covers degrees of uncertainty about statements and 

measures the plausibility of an event. The Bayesian approach can be preferable in some 

situations, as it enables us to use the probability in the quantification of the 

uncertainties, also, delivering clear-cut statements on the probability (Puga, Krzywinski 

& Altman 2015b). 

 

A Bayesian statistic incorporates three main components. The first is prior information 

on the parameter of interest, i.e., prior distribution; the second is data, i.e., the likelihood 

function of the data; and the third is the posterior interference which is the combination 

of the prior knowledge and the data leading to updated knowledge on the data (Van de 

Schoot et al. 2014). The Bayesian approach integrates Null Hypothesis Significance 

Testing (NHST) and classical statistical modelling as a special case (Gelman & Shalizi 

2013). 

 

Mathematically, Bayes’ theorem; named after Reverend Thomas Bayes (1702–1762) is 

stated as: 
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�2 (�# |�$) =  
�2 (�$ |�#) �2 (�#)

�2 (�$)
 

Where, �$���D�Q�G���%���D�U�H���H�Y�H�Q�W�V���D�Q�G���3�����%�����•�������� 

P (A) and P (B) are the marginal probabilities; which refers to the probabilities of 

observing A and B independently of each other. P (A | B) and P (B|A) is conditional 

probabilities which refer to the likelihood of event A occurring given that B is true and 

the likelihood of event B occurring given that A is true respectively. A model M can be 

incrementally updated from data D using Bayes' theorem as: 

�2 (�/  |�&) =  
�2 (�& |�/ ) �2 (�/ )

�2 (�&)
 

Where, P(M|D) is called the Posterior, the probability of “M” being true given that “D” 

is true, P(D|M) the likelihood, the probability of “D” being true given that “M” is true, 

P(M) the Prior, the probability of “M” being true, and P(D) the Marginal likelihood or 

Probability of Evidence (Puga, Krzywinski & Altman 2015a). 

 

Three different types of analysis were performed for statistical analysis of each 

measure. The validity of the inferences was assured through the agreement between 

models and methods. This provided a more comprehensive understanding of the 

outcomes, the main purpose being to seek agreement in the inferences between the 

analytical techniques to facilitate the explanation of the survey results. 

 

The first step of the statistical analysis involved using Classification and Regression 

Tree (CART) modeling as an exploratory tool with the response variables to the survey 

being binary outcomes. The CART indicates the relationship between the variables in 

the data and assists in informing the variables that are important in the model (Morgan 

2014). The rpart library in R (Therneau & Atkinson 2018) was used. This includes two 

steps with the first step being the identification of the variable that best splits the data 

into two categories. This process repeats to each subdivision until no main variables can 

be further isolated. At the second stage, cross-validation is performed to trim back the 

full tree, and the outcome is presented as a binary tree. 

 

After the exploratory data analysis, the outcomes were modeled as a logistic regression 

in the case of binary outcomes, an ordinal Probit model in the case of ordered 

categorical outcomes or linear regression for continuous outcomes. 
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The next stage involved the selection of the variables using a Bayesian Model 

Averaging (BMA) approach. BMA assisted in examining variables relevant to include 

in the final model as our study comprised many variables, but a relatively coarse 

outcome measure (binary of categorical values <5). 

 

BMA is a coherent method that addresses model uncertainty and delivers better average 

predictive performance. Based on the posterior probabilities, BMA uses weighted 

predictions over the best models forming a weighted posterior distribution for the 

parameters (Raftery et al. 2018). BMA provides flexibility to select a single best model 

or an average posterior distribution for the parameters based on the group of models 

(Hoeting et al. 1999). 

 

The binary responses from the survey in this study with respondents perceiving an 

increase in a phenomenon versus being stable can be coded as 0 or 1. Data, in this case, 

are modeled using a generalized linear model (McCullagh & Nelder 1989). 

 

Based on a Bayesian framework, the logic model for binary response is defined as: 

�U�Ü |�T�Ü ~ Bernoulli  (�L�Ü ) 

with the inverse link function  

�L�Ü=
 �A𝑒𝑒𝑒𝑒 (�T�Ü�Ú)

1 +  �A𝑒𝑒𝑒𝑒 (�T�Ü�Ú)
 

where, �U�Ü is the binary outcome, �T�Ü are the independent variables for subject i, �L�Ü is the 

probability of subject i having the response of 1 and  �Ú are the professions relating to 

the linear predictor. To estimate the coefficients (�Ú), we assume a Multivariate Normal 

prior distribution: 

�Ú ~ MVN (�ß, �#). Here, we set �ß= 0 and �# = 0, which becomes is uniform [�í�’ , �’�@ 

prior. 

 

A binomial distribution Bin (n=yi, p=pi) is used to signify the likelihood of the data. A 

Monte Carlo Markov chain algorithm known as a random walk Metropolis sampler was 

used to estimate the resulting posterior distribution of the parameter �Ú. The Markov 

Chain Monte Carlo (MCMC) pack library in R (Geyer & Johnson 2017) was used for 

this modelling. 
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When more than two ordered responses are possible then a Probit, rather a logit link is 

used. This ordinal Probit model is an extension of the binomial outcomes model 

(McCullagh & Nelder 1989) permitting multiple possible responses. 

 

The parameters of this model are estimated using a latent variable approach. The Latent 

variable (zi) is represented as: 

�V�E   =  �T�E  �Ú + �Ý�E 

Where �Ý�E~ �0 (0, �ê). 
 

The probability of an outcome (yi) belonging to category �G is estimated as: 

�� �� ��  �±���£ (�� ��  �« �� ��  �� ) – �£ (�� ���«1 �« �� ��  �� ) 

Where �N��is a standard normal cumulative this density and �Û�G is estimated and estimated 

cut Point (threshold) between categories k -1 and k. The probabilities (pi) form the 

likelihood of the data as a multinomial distribution. 

Prior �G�L�V�W�U�L�E�X�W�L�R�Q�V���I�R�U���W�K�H���S�D�U�D�P�H�W�H�U�����������D�U�H���N�H�S�W���D�V���D�Q���0�9�1�����ß , �#), as per the linear 

model and the prior distributions for the cut points �Û�G are regarded as uniform [�í�’ , �’�@. 

�7�K�H���0�&�0�&���S�D�F�N���O�L�E�U�D�U�\���L�Q���5���L�V���X�V�H�G���W�R���F�R�P�S�X�W�H���W�K�H���S�R�V�W�H�U�L�R�U���H�V�W�L�P�D�W�H�V���R�I�������D�Q�G������

(Geyer & Johnson 2017). 

 

Climate and Yield Data Analysis: 

 

A Bayesian linear regression model with vague normal prior distributions for the 

coefficients was used to analyse climate (rainfall, temperature) and yield data depending 

on outcomes of exploratory plots. 

 

Using a Bayesian framework, the linear regression model is represented as: 

�U�E ~ �0 (�T�E �Ú, �ê2) 

Here, �U�E is the outcome measure, �T�E are the independent variables, ����are the coefficients 

representing the effect of each variable. Errors are assumed to be distributed �Ý�E ~ �0 (0, 

�ê2). The prior distribution for the coefficients was regarded as a Multivariate Normal 

�Ú~ �/�8 𝑀𝑀 �:�ß�K, �#�K ) with large variance, hence reflecting the uniform �>�í�’�����’���@�� 
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The prior distribution for the variance (�ê2 ) was taken to be an Inverse Gamma (0.001, 

0.001), as such representing the vague prior knowledge of this parameter. The 

estimation was performed via a Gibbs Sampler using the MCMC pack library. 

Similarly, the MCMC regress function in the MCMC package library in R (Geyer & 

Johnson 2017) was used for modelling. 

 

In addition, HFIAS, developed by USAIDS Coates, Swindale & Bilinsky (2007) was 

used to determine the prevalence of household food insecurity. The main idea 

underpinning the measurement of household food insecurity is “that the experience of 

food insecurity (access) causes predictable reactions and responses that can be captured 

and quantified through a survey and summarized in a scale.” The question is focussed 

on the experience of all the household members, instead of individual members. HFIAS 

comprises of a total of nine questions covering the issues as to whether household 

members stressed about not having enough food or whether they had to compromise the 

quality and quantity of food taken in past months. 

 

Based on HFIAS: 

 

Food Secure Households are “those households not experiencing any of the food 

insecurity situations or rarely having to worry about food are categorized as food secure 

households.” Mildly food insecure (access) “household worries about not having 

enough food sometimes or often, and/or is unable to eat preferred foods, and/or eats a 

more monotonous diet than desired and/or some foods considered undesirable, but only 

rarely. But it does not cut back on quantity nor experience any of the three most severe 

conditions (running out of food, going to bed hungry, or going a whole day and night 

without eating).” Moderately food insecure “household sacrifices quality more 

frequently, by eating a monotonous diet or undesirable foods sometimes or often, and/or 

has started to cut back on quantity by reducing the size of meals or the number of meals, 

rarely or sometimes. But it does not experience any of the three most severe 

conditions.” Severely food insecure “household has graduated to cutting back on meal 

size or some meals often, and/or experiences any of the three most severe conditions 

(running out of food, going to sleep hungry, or going a whole day and night without 

eating), even as infrequently as rarely. In other words, any household that experiences 
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one of these three conditions even once in the last four weeks (30 days) is considered 

severely food insecure.” 

 

Furthermore, this study used the Food Availability index (FAI), a weighted average 

index developed by Shrestha & Nepal (2016) to assess the impacts of climate change on 

food availability based on the observed impacts (no, low, medium or high). 

FAI = 4fH + 3fM + 2fL + fNC 

n 
Where FAI = Climate change impacts on food availability index, 

fH = Number of Households (HHs) with responses to the high group; fM = Number of 

HHs with responses to the medium group; 

fL = Number of HHs with responses to the low group; fNC = Number of HHs with 

responses to no change group, n = total response 

 

3.4.2 Qualitative Data Analysis 

 

Several forms of data such as interview transcripts, discussions (audio tapes), written 

documents, or any notes from documents need to be managed for qualitative analysis. 

Data were managed following the organized steps set out by Ritchie et al. (2013): 

“identification of initial concepts or themes; labelling or tagging the data; sorting the 

data by theme or concept; summarising or synthesising the data.” Berg (2001) stresses 

the analysis of interviews, field notes, and several unobtrusive data that requires 

information to have been summarized and made analytically comparable. Subjecting the 

data or notes to an objective coding scheme enabled a more rigorous content analysis to 

be undertaken. 

 

Content analysis is a technique used by researchers to scrutinize written documents or 

transcriptions of recorded verbal communications or any social communication items 

(Berg 2001). The qualitative data analysis software NVivo was used to manage and 

analyse the qualitative data, content analysis of the key informant interviews, focus 

group data, and analysis of transcripts from the semi-structured interviews. NVivo is 

one such form of computer-aided qualitative data analysis software (CAQDAS), which 

is used extensively for qualitative data analysis. NVivo allows researchers to manage 

data, manage the ideas, query the data, and display the data graphically and then report 
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it (Bazeley 2007). The key informant interview and the focused group were transcribed 

and imported into NVivo, and these data were explored and then coded. Lewins & 

Silver (2007) describe coding as a process of assembling data segments according to the 

theme or topic or category, allowing the researcher to assess the data for any patterns, 

relationship, similarities, and differences. Each theme was coded, categorized into 

subthemes in line with the study objectives and several queries were performed to find 

associations between the data. 

 

3.4.3 Bayesian Belief Network (BBN) Modelling 

 

Bayesian networks (BNs), Bayes nets or Bayesian belief networks (BBN) is a type of 

probabilistic graphical model that represents the direct and indirect influences between a 

set of variables. BBN is presented as a directed acyclical graph (DAG) that can offer 

flexibility to build models incorporating scientific data as well as the expert opinion 

(Marcot et al. 2001). The graph consists of nodes that are linked to each other by 

arrows. There are four nodes in DAGs: parent, child, intermediate and input nodes. 

Child nodes are the nodes that are dependent on another node. This independent nodes 

on which the child node depends is the parent node. Input nodes contain real case data 

and lack parents while intermediate nodes are used to reduce model complexity to 

summarise links between parent and child nodes. As these graphs lack feedback 

relationships from child to parent nodes it is named acyclic. 

 

A node represents a variable with the links forming arcs between them. The influence of 

one node to another is indicated by adding links. The information in each variable is 

denoted as one or several probability distributions (Uusitalo 2007). If a variable has no 

parents, i.e., it has no incoming arcs, then it doesn’t rely on any other variables and thus 

has one probability distribution. If the variable has parents, then it exhibits one 

probability distribution per each combination of possible values of the parents (Uusitalo 

2007). Variables in DAG can be connected in three different ways: 1. Serial 

connections, 2. Diverging connections and 3. Converging connections. In serial 

connections, information flows only in one direction from one variable (parent) to the 

other (child). Diverging connections one variable has a causal influence on two or more 

variables. The third one, converging connections, one variable is causally influenced by 
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other variables even though they are not relevant to each other (Aguilera et al. 2011). 

 

The Bayesian network is a mode of representing how things interact and generate 

particular outcomes. Bayesian networks and Bayesian methods are usually preferred as 

they can handle incomplete data sets, facilitate the combination of domain knowledge 

and data, and offer learning of casual relationships and an efficient technique for 

avoiding the overfitting of data (Heckerman 1998). 

 

BBN is based on Bayes’ theorem (as explained in section 1.4.1) and allows two-way 

flexibility of calculating the probability distributions one being probability distributions 

of children from the values of their parents and another way round as well. Thus, one 

can derive the probabilities of causes from their consequences and vice-versa (Uusitalo 

2007). 

 

The detailed process of the BBN model building used in this study is discussed in 

Chapter 8. 

 

3.5 Validity, Reliability and Ethical Considerations 

 

The questions for the interviews were carefully prepared by reviewing several kinds of 

literature. A questionnaire was designed, and the same questionnaire was used 

throughout the research. Triangulation is a method based on collecting data from 

multiple measures, sources, or approaches with the aim of cross-validating results to 

hopefully converge on the solution to a problem (Wilson 2006). Four types of 

triangulation has been identified by Denzin & Lincoln (1994) which are (1) Data 

triangulation using data from different sources, (2) Investigator triangulation mobilizing 

multiple observers as opposed to a single observer, (3) Theoretical triangulation making 

use of multiple perspectives and (4) Methodological triangulation which involves 

triangulation between and within methods. 

 

This study used research methods and geographic triangulation which are the subtypes 

of methodological triangulation. Accordingly, different methods of data collection 

(research method triangulation) were adopted, such as stakeholders’ interviews, group 
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discussions, and key informant interviews. Similarly, geographical triangulation which 

is an example of within method triangulation (Wilson 2006) was used to see whether 

location influences the results in other words whether location (AEZs in our case) can 

be attributed to nature and severity of impacts of climate change. 

 

Both the qualitative and quantitative data were recorded, entered, analysed, and 

interpreted carefully and systematically ensuring validity and reliability. Wiles (2013) 

emphasizes ethics as a branch of philosophy concerned with morality and research 

ethics deals with moral behaviour in terms of researches. Ethical approval was granted 

(GU ref no: 2017/427) by the Human Research Ethics Committee at Griffith University 

(Appendix II). Accordingly, this research (GU ref no: 2017/427) and was conducted in 

accordance with the National Statement on Ethical Conduct in Human Research (2007). 

The data collected in this interview has been made available only to the members of the 

research team, but the identity of the respondents was not disclosed at any time in any 

reports or publications from this research unless they have consented to this in writing. 

Identifiable data collected during this research is held securely by the research team and is 

not available to anyone beyond the research team. Participation in this research was entirely 

voluntary, and the participants were free to withdraw at any time. All the research data was 

stored on the Higher Degree Research student password-protected personal computer 

and laptop and was backed up to Griffith University Research space (https://research-

storage. griffith.edu.au/space/). Other research data (interview transcripts and analysis) 

are retained in a locked cabinet, and a password protected the electronic file. 
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Chapter 4: How is Climate Changing and How is it Impacting 

Subsistence Agriculture? 

 

 

The previous chapter (Chapter 3) provided an overview of the methodology employed 

in the study, starting with the design of the research to clarify the choices of methods. 

Furthermore, it described the study area and presented the steps taken in collecting and 

analysing the data and provided justification for the selection of the research techniques. 

This chapter comprises the results section. This is the first result chapter for the thesis, 

which is based on the analysis of the secondary data (climate and yield data). This 

chapter is aimed at answering the first secondary research questions of how is the 

climate changing and how is it impacting subsistence agriculture? The impacts of 

climate change on subsistence agriculture was discerned by analysing the trend of 

climate variables and associated changes in cereal crop yields. 

 

4.1 Introduction 

 

The warming of the globe and the associated changes in global climates has been 

experienced and accepted not only by the scientific communities (Intergovernmental 

Panel on Climate Change 2014b) but also by most of the population worldwide. The 

way climate change is defined has evolved over the years. Following the World 

Meteorological Organization (1992), climate change is defined as “the change in mean 

temperature and precipitation in the definite period over their longer-term trends.” 

Climate change is also defined as a “change in the state of the climate that can be 

identified (e.g., by using statistical tests) by changes in the mean and the variability of 

its properties and that persists for an extended period, typically decades or longer 

(Intergovernmental Panel on Climate Change 2014c).” The IPCC report (2014) further 

suggested that it may be caused by natural internal processes or could be attributed to 

external forces, such as volcanic eruptions, variations in the solar cycles, and/or 

persistent anthropogenic changes in atmospheric composition or land use. The impacts 

of climate change have been witnessed around the globe irrespective of the extent and 

intensity of the effects, and the South Asian region is no exception. 
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South Asia, which is comprised of eight countries: Nepal, India, Afghanistan, Pakistan, 

Bangladesh, Bhutan, Maldives, and Sri Lanka, and is a region characterized by the most 

diverse topographies, ecosystems, and climate regimes in the world. These South Asian 

countries are recognized as the countries most affected by global climate change 

(Ahmed, Appadurai & Neelormi 2019). The South Asian region which includes the 

Hindu Kush Himalayan region (HKH), of which Nepal is a part has experienced a rise 

in mean annual temperatures over the past century (Hijioka et al. 2014; Krishnan et al. 

2019). Several weather extremes have been observed in South Asia, in line with the 

anticipated impacts of global climate change (Sheikh et al. 2015). It is projected that the 

mid-21st century is likely to witness a rise in the average annual temperature of more 

than 2° C in most parts of South Asia. Under an IPCC high emission scenario, the 

temperature rise is projected to exceed 3° C and as much as 6° C in the higher 

elevations. In the higher altitudes, it is estimated that temperatures will increase by as 

much as 3° C under low-emission circumstances (Intergovernmental Panel on Climate 

Change 2014c). Furthermore, the seasonal mean rainfall is presently exhibiting a 

decreasing pattern accompanied by recurrent deficit monsoons. This shows inter-

decadal variability with a decline in light rain events and increases in the frequency of 

heavy precipitation events in South Asia (Hijioka et al. 2014). These all make the South 

Asian region even more vulnerable to the adverse effects of climate change. 

 

The vulnerability of South Asia is likely to exacerbate owing to the dominance of its 

agriculture-based economy. South Asia is a predominantly agricultural region with 

about 52% of inhabitants reliant on agriculture, which contributes an average of 22% to 

the gross domestic production (GDP) in the region (Haq 2003). Nelson et al. (2010) 

estimated that South Asia was anticipated to face the worst effects of climate change on 

the production of cereals by 2050. These effects are projected to be higher for 

developing countries compared to the developed countries, and even higher in South 

Asia than in other developing countries (Malla 2008). The end of this century is 

estimated to observe declining net cereal production of 4% to 10% under the climate 

change scenario in South Asia (Lal et al. 2010). With a reduction of 8% in mean yield, a 

yield loss of major food crops is estimated in both the Asian and African regions (Knox 

et al. 2012). With a projected nine billion people in the world by 2050, there is a 

requirement for an increase in crop production despite the rising land, water scarcity, 
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climate change impacts, and changing consumption patterns (Beddington 2010). With 

the global increase in crop demand and the inability of increases in productivity to meet 

the growing demand for stable food supplies as well as guaranteeing the livelihoods of 

farming communities becomes even more crucial (Ray et al. 2015). Lobell et al. (2008) 

reported that without adequate adaptation, several crops are likely to be negatively 

affected. Future policies should incorporate climate change adaptation to prevent a 

reduction in food production (Cai, Bandara & Newth 2016) and because agriculture is 

one such sector that plays a vital role, not only in food security but also by contributing 

to poverty reduction, urgent planning and action is vital for this sector to flourish. 

 

The impacts of climate change are not always negative everywhere. Climate change is 

likely to increase the productivity for particular crops and in specific regions (Fuhrer & 

Gregory 2014; Rosenzweig et al. 2002; Schultz & Jones 2010; Tubiello & Fischer 

2007). The productivity of crops like maize, rice, sorghum, and cassava, as well as 

livestock raised by smallholder farmers in developing countries, is anticipated to be 

considerably reduced in the upcoming years on account of the increasing variability in 

the climate (Godfray et al. 2010; van Noordwijk et al. 2011). The level of exposure and 

vulnerability strongly determines the overall severity of the impact of climate extremes’ 

(Intergovernmental Panel on Climate Change 2014a). The consequences are 

experienced primarily by the poor and agrarian people from developing countries, as 

their adaptative capacity is limited and they have inadequate access to alternative means 

of production (Intergovernmental Panel on Climate Change 2007a; Skoufias et al. 

2011). Nepal is one such agrarian country in South Asia and is therefore likely to be 

adversely affected by climate change. 

 

Agriculture is the primary source of livelihood contributing 35% of the country’s GDP 

(Ministry of Agricultural Development 2012). Around 65% of the total population of 

Nepal is involved in agriculture (Central Bureau of Statistics 2011) with a majority of 

them depending on agriculture for subsistence, yet almost 60% of households are unable 

to meet their own food needs, primarily in the high-altitude regions (Nepal Agricultural 

Research Council 2010). There still exists a higher level of malnutrition. Nepal also 

faces a growing trade deficit. Low productivity, increasing competition, limited 

adoption of technological advances (Ministry of Agriculture Development 2014), and 
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inadequate infrastructures, such as markets, roads, and irrigation, have exacerbated the 

performance and the development of the agricultural sector (Poudel & Kotani 2013). 

The heavy reliance on rain-fed agriculture makes the country specifically vulnerable to 

climate change impacts. 

 

Climate change affects crop yield globally depending upon the crop type, irrigation, and 

location (Kukal & Irmak 2018). More than 80% of rainfall in Nepal is received during 

the monsoon season, which occurs typically from June to September (Malla 2008), and 

around 64% of cultivated land relies on monsoon rainfall. Thus, any changes in duration 

and time of precipitation during the monsoon season could impact significantly 

agricultural production (Lohani 2007; Ministry of Environment 2010). This is further 

aggravated by the adverse impacts of climate change on water resources which lead 

eventually to stress on agricultural production (Bartlett et al. 2010; Khanal 2009; Lohani 

2007; Malla 2008). As farmers mainly depend on rain-fed agriculture for their 

subsistence farming, they are the ones to suffer most (Lohani 2007; Timsina 2011). This 

also is exacerbated by the farmers’ lack of adequate scientific understanding and 

knowledge of climate change and its effects (Charmakar 2010; Manandhar et al. 2011; 

Wily, Chapagain & Sharma 2008). Thus, the rural economy, which generally relies on 

climate-sensitive natural resources, tends to be disproportionately impacted by climate 

change. 

 

Climate change has been occurred widely n Nepal. The annual maximum temperature 

from 1971 to 2014 rose 0.056° C per year (Joshi, Maharjan & Piya 2011; Practical 

Action 2009; Shrestha et al. 1999) while the annual minimum temperature showed an 

insignificant, but positive, trend (Department of Hydrology and Meteorology 2017). A 

remarkable rise in temperature has been projected in Nepal for 2030, 2050, and 2100, 

using a general circulation model (Agrawala et al. 2003) but the annual or seasonal 

precipitation did not show any significant trend in Nepal. The north-western and 

northern districts did experience extreme rain events (Department of Hydrology and 

Meteorology 2017). Thus, the impacts of recent climate changes in Nepal included rapid 

temperature increases (Eriksson et al. 2009; Kumar et al. 2006; Malla 2008), 

inconsistent rainfall trends, increased periods and frequencies of drought and a decrease 

in the length of the winters (Sharma & Dahal 2010). Owing to the topographic variation 
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in Nepal, there is vast variation in weather and climate as well. Higher altitudes are 

found to exhibit a higher rate of increase in temperatures (Baidya, Shrestha & Sheikh 

2008; Chaulagain 2009; Immerzeel 2008) as the same change in all the zones can bring 

different consequences and impacts done to the altitudinal zone. Thus, the impacts of 

climate change are likely to be different in the different agro-ecological zones in Nepal. 

 

The impacts of climate change are profoundly affecting the nature-based agricultural 

system of Nepal. The rising incidence of floods, landslides, droughts, and large-stone 

hailstorms in Nepal correlate with climate change(Ministry of Agriculture and 

Cooperatives, World Food Programme & Food and Agriculture Organization of the 

United Nations 2009) reducing soil fertility and agricultural productivity and, 

ultimately, adversely impacting agriculture (Bhandari 2008; Malla 2008; Regmi & 

Adhikari 2007). Crop failures have occurred in many regions, which risk food security 

for a significant number of people (Gentle & Maraseni 2012; Jones & Boyd 2011; 

Regmi et al. 2008). Therefore, the country is vulnerable to the impacts of climate 

changes which in turn impact agriculture and crop production adversely. 

 

It is important therefore to assess the impacts of climate change on the yield of crops. 

Determining and comprehending the association between climate and crop yield is vital 

in ascertaining the effects of prospective climate change and in developing adaptation 

strategies (Byakatonda et al. 2018), but it also helps in reviewing the adaptation 

measures already underway and changes brought about by them in production profiles 

(Lobell, Cahill & Field 2007; Lobell, Schlenker & Costa-Roberts 2011). Limited data 

exist about the impacts of climate change on agriculture despite the vulnerability of 

Nepal to these changes (Lybbert & Sumner 2012; Pokhrel & Pandey 2013). To the 

author’s knowledge, there have been a few studies conducted to evaluate the 

relationship between climate variables and the crop yields in Nepal, which have 

increased in recent years (Bhandari 2013, 2014; Bhatt et al. 2014; Joshi, Maharjan & 

Piya 2011; Nayava & Gurung 2010; Palazzoli et al. 2015; Poudel, Chen & Huang 2014; 

Poudel & Shaw 2016; Regmi et al. 2019; Shrestha, Maharjan & Joshi 2012). Yet, only a 

few empirical studies have been conducted to assess and compare how climate change 

has impacted agriculture and crop production in the three agro-ecological zones. Thus, 

this study attempts to bridge the gap by evaluating the impacts of climatic trends 
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(temperature and rainfall) on the production of major cereal crops (paddy, wheat, and 

maize) in the three agro-ecological zones of Nepal. Also, it addresses the primary 

research study question as to how the climate is changing and how the changes are 

impacting cereal crop production (paddy, wheat, and maize) in the selected study sites 

of Nepal. 

 

4.2 Methods 

 

4.2.1 Data Collection 

 

The yield data for cereal crops (paddy, maize, and wheat) for 1980 to 2016 was 

obtained from the Ministry of Agricultural Development, Nepal. These data are based 

on field reports from various staff and officials (extension workers, Junior Technicians 

(JT), Junior Technical Assistants (JTA), and officers) who prepare estimates of the areas 

under crop (planted, harvested areas) based on farmer group interviews. The estimates 

of changes of land under crops compared to the previous year indicate the impact of 

natural disasters, such as floods, landslides, and drought, and are prepared to adjust to 

the estimates of area under crops (Central Bureau of Statistics 2007). For each district, 

the average crop production is assessed based on a sampling crop-cut survey of 

representative samples (plots with average productivity). In each district, at least 25 to 

30 sample areas are used for each crop (Bhatt et al. 2014). Thus, the data are compiled 

based on surveys, eye estimations, crop cuttings, and previous year data. These 

processes are scrutinized and supervised, and the data are verified regularly (B. Poudel, 

personal communication, January 2019). 

 

The software package ANUCLIM Version 6.1 was used to obtain estimates of monthly 

and annual mean climate variables from the supplied climate surfaces. ANUCLIM 

allows for spatial modelling and mapping of environmental and natural resources. It 

includes four different programs MTHCLIM, BIOCLIM, BIOMAP, and GROCLIM 

(Xu & Hutchinson 2013). First, the ANUSPLIN package (Hutchinson 2004) is used to 

build climate surfaces comprising a set of coefficient files, as the climate surface is not 

built by the ANUCLIM package. These coefficient files are generated from the recorded 

climate variables values at meteorological stations, which are then used to obtain 
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estimated climate variable values at a required location. The climate surfaces are 

defined with regards to latitude, longitude, and elevation, and consist of 12 sets of 

climate surface coefficients signifying 12 monthly climate values. MTHCLIM was used 

to analyse maximum and minimum temperature and rainfall estimates from a supplied 

climate surface at a definite point. The point location can be provided either in point 

mode as a list of horizontal and elevation coordinates or in grid mode, which can be 

supplied as a regular digital elevation model (DEM). The monthly mean climate 

estimates (1967-2013) were obtained through a grid-based analysis of the monthly mean 

spline surfaces using the MTHCLIM module of the ANUCLIM package (Xu & 

Hutchinson 2011). 

 

4.2.2 Data Analysis 

 

Solar radiation exhibits a positive correlation with maximum temperatures, with higher 

solar radiation leading to higher maximum temperatures. Studies have neglected the 

differential effect of day and night temperatures on yield and considered only daily 

mean air temperature (Peng et al. 2004). Thus, this study has considered temperature 

only, instead of including both temperature and radiation. Furthermore, this study has 

examined the effects of both the maximum and minimum temperatures on crop yields. 

The mean temperature (both maximum and minimum) is used as a proxy to represent 

the degree of hotness and coldness. For analysis of the rainfall trend, this study has 

considered the data from the years 1970 to 2013. The mean monthly rainfall was 

totalled to obtain the total annual rainfall. Also, the average monthly rainfall of the four 

monsoon months of June, July, August and September (DHM 2017) was combined to 

obtain the total monsoon rainfall. Based on the availability of data, this study has taken 

the available data on mean temperature from 1967 to 2013. 

 

In terms of cereal crops, crops such as paddy, maize, wheat, barley, millet, and 

buckwheat are the basis of Nepal’s agriculture (Ministry of Finance 2011). Rice, maize, 

and wheat are the dominant crops covering 45%, 20%, and 18% of the total cultivated 

land (Gautam 2008). Paddy is common in Terai; maize, wheat, and barley are common 

to the Hills zone, whereas millet is a relatively minor cereal. Rice is cultivated up to an 

altitude of 2,200 meters above mean sea level (m a.m.s.l.) where single cropping is 
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feasible, whereas double cropping is usually restricted to areas below 1,000 (meters 

above mean sea level) m a.m.s.l. (Manandhar & Shakya 1996). Maize can be effectively 

cultivated up to 2,800 m a.m.s.l. in Nepal (Haffner 2011), while wheat is cultivated in 

the areas up to 3,000 m a.m.s.l. (Bhatt et al. 2014). Food crops like paddy, maize, millet, 

and potato are the primary summer crops, while wheat and barley are the major winter 

crops in Nepal (Joshi, Maharjan & Piya 2011). For the analysis of yield trend for each 

crop, we used the average annual yield of each of these crops in each of the study 

districts. The impacts of variables such as technology, inputs, irrigation, or fertilizer on 

the yield were not considered, which can affect regression results. For the analysis of 

yield and climate relationships, this study analysed the average district yield of food 

crops from 1980 to 2013. Moreover, we examined the climate variables with the 

corresponding primary growing season for each crop taken from the related literature 

(Maharjan & Joshi 2013). We standardized temperature and rain so that the coefficient 

reflects the change in one standard deviation. 

 

The secondary climate and yield data were coded and entered into Excel. These 

quantitative data were analysed undertaking a Bayesian approach using the statistical 

tool, R statistical software (R Core Team 2018). A Bayesian approach to statistical 

analysis allows the use of probability to reflect the degree of belief in the outcome 

(Willink & White 2012). There are three key components in Bayesian statistics: 1. Prior 

information on the parameter of interest, 2. Likelihood function, which provides the 

distribution of the data and, 3. Posterior distribution, which summarizes prior 

information, as well as the information in the data (Van de Schoot et al. 2014). The 

Bayesian approach is also flexible even if there is no prior information as well 

(Syversveen 1998). 

 

The physical impacts of climatic variables on the yield of crops are generally evaluated 

using crop simulation models obtained by many studies. Nevertheless, these studies 

tend to exclude small variations in the climatic variables, mainly in case of temperatures 

associated with global warming (Schlenker & Roberts 2008). Hence, changes in the 

yield caused by climate change are reasonably and accurately projected using regression 

models based on climate and historical crop yield data (Boubacar 2010; Lobell & Field 

2007; Lobell et al. 2005). Based on the outcomes of exploratory plots, the climate data 
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(rainfall, temperature, yield, etc.) was analysed using a Bayesian linear regression 

model with vague normal prior distributions for the coefficients. The yield versus the 

climate data was analysed using a three-stage procedure. The main aim was to look for 

an agreement in the implications between the analytical techniques to explain the 

analysis result instead of depending on a single analysis. The steps used were a 

Classification and Regression Tree (CART) and Bayesian Model Averaging (BMA), 

followed by a Bayesian linear regression. Modelling was completed using the R library, 

MCMC package (Geyer & Johnson 2017), with the function MCMC regress, using 

50000 iterations (thinned at every 50th iteration with a 10000 burn in). A vague normal 

prior with mean 0 was used in the analysis. 

 

At the first stage of the analysis, CART modelling was performed to help construct a 

tree- structure and assisted in evaluating the factors that are significant in any model 

(Morgan, 2014). We used the rpart library (Therneau & Atkinson 2018), which 

comprised two steps. First, the variables that best split the data into two groups were 

identified. This process was repeated for each subdivision until no key variables could 

be isolated. This was followed by cross-validation to trim back the full tree. Finally, the 

output was presented in the form of a binary tree. The authors used the CART technique 

as an exploratory tool to decide on the possible drivers behind the model. 

 

Secondly, the authors modelled the data using the BMA algorithm. The BMA assisted 

in assessing essential variables to include in the final model. BMA uses weighted 

predictions over the best models (based on their posterior model probabilities) to form a 

weighted posterior distribution for the parameters (Raftery et al. 2018) and assists in 

dealing with model uncertainty, enabling researchers to choose either a single best 

model or an average posterior distribution for the parameters (Hoeting et al. 1999). 

 

Instead of relying on a single model, BMA considers all the possible models, and the 

predictor variables are chosen based on posterior probability. The posterior distribution 

of the predictor variable is a weighted average of its posterior distribution under each of 

the models examined. A model’s weight is the same as the posterior probability that it is 

correct, considering one of the models examined is correct. Considering the data D and 

we �D�U�H���V�X�S�S�R�V�H�G���W�R���P�D�N�H���L�Q�I�H�U�H�Q�F�H���D�E�R�X�W���D�Q���X�Q�N�Q�R�Z�Q���S�D�U�D�P�H�W�H�U���������/�H�W���S���E�H���W�K�H���S�R�V�V�L�E�O�H��
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�S�U�H�G�L�F�W�R�U�V���L�Q���W�K�H���U�H�J�U�H�V�V�L�R�Q���P�R�G�H�O���W�K�H�Q���W�K�H���%�0�$���S�R�V�W�H�U�L�R�U���G�L�V�W�U�L�E�X�W�L�R�Q���R�I�������L�V�� 

P (�>|D) = 
Í P

�i

�g�@�5

 (�>|D, M�g ) �ÛP (M�g |D) 

    Where  P (�>|D, M�g ) �L�V���W�K�H���S�R�V�W�H�U�L�R�U���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���� 
considering the model Mi and P (Mi | D) is the posterior probability of model Mi. 

The posterior model probability is given by 

P (�/ �Ü | D) =  
P (D|M�g)  �ÛP (M�g)

�Ã P�i
�g�@�5(D|M�g)  �ÛP (M�g)

 

Where, P (D| Mi) is the integrated likelihood of model Mi. 

The sum over all models is determined by finding the models with the highest posterior 

probability using the fast leap and bounds algorithm. Bayesian method formulates linear 

regression using probability distribution where the response variable y is drawn from a 

probability distribution instead of estimating it as a single value. Bayesian linear 

regression is a method of conducting linear regression in terms of Bayesian inference. It 

follows the same basic outline for the Bayesian analysis, which is an alternative to the 

traditional null hypothesis testing.  

The linear regression is used to comprehend the relationship between the response (y) 

and the explanatory variable (x). The linear regression is expressed in equation as  

yi = ��0 + ��1 xi1+ ��2 xi2+· · ·+��k xik + �0�L�� 

�Z�K�H�U�H�����L� �������������«�«�������Q������j, j = 1����2�������������������N����is referred to as regression coefficients, and �0i 

is an error term, assumed to be normally distributed. Bayesian linear regression uses 

probability distribution instead of point estimates. The response variable, y is assumed to 

be drawn from a probability distribution. It comprises combining prior information with 

a likelihood function. However, priors can be non-informative as well. 

Based on Bayes ‘rule, for a parameter ����       

�3���������_���'�����.���_���3�����������3�����'�_������ 

�:�K�H�U�H���3�����������L�V���W�K�H���S�U�L�R�U���G�L�V�W�U�L�E�X�W�L�R�Q���R�Q���P�R�G�H�O���S�D�U�D�P�H�W�H�U�����3�����_�'����is the posterior 

�S�U�R�E�D�E�L�O�L�W�\�����'���L�V���W�K�H���R�E�V�H�U�Y�H�G���G�D�W�D���D�Q�G���3�����'�_���������L�V���W�K�H���O�L�N�H�O�L�K�R�R�G���R�I���W�K�H���G�D�W�D����We need to 

�S�X�W���D���S�U�L�R�U���S�U�R�E�D�E�L�O�L�W�\���R�Q���R�X�U���S�D�U�D�P�H�W�H�U�V�������D�Q�G���1��2.       

�3�����������12����� ���3�������_���12�����3�����12) 



100  

�+�H�U�H�����Z�H���Z�L�O�O���F�K�R�R�V�H���D���*�D�X�V�V�L�D�Q���G�L�V�W�U�L�E�X�W�L�R�Q���I�R�U���W�K�H���S�U�L�R�U���R�Q�������D�Q�G���D�Q���L�Q�Y�H�U�V�H���J�D�P�P�D��

�G�L�V�W�U�L�E�X�W�L�R�Q���I�R�U���W�K�H���S�U�L�R�U���R�Q���1��2. 

P (�>| �P�6) ~�0 (�ä�4, �ê�6  �Ñ�â) 

P ( �ê�6  |�=, �>)~ �+�)(�=, �>) 

Where µ0 and �Ñ�âare the mean and variance for the Gaussian distribution �R�Q���������D���D�Q�G���E��

are the shape and scale parameters of the inverse gamma distribution. The posterior 

�G�L�V�W�U�L�E�X�W�L�R�Q���R�I���W�K�H���P�R�G�H�O���F�R�H�I�I�L�F�L�H�Q�W�V�����������D�Q�G���U�H�V�L�G�X�D�O���H�U�U�R�U�����ê�6 ) can be taken as a joint 

distribution: 

�2(�Ú,�ê�6 |�; , �: )  �ßP (Y|X,�>,�ê�6 )�2(�Ú|�ê�6)�2(�ê�6 ) 

Whe�U�H�����3�����<���_�;�����������ê�6  ) is the likelihood, and P (���_�ê�6  )P(�ê�6 ) is prior.  

In this equation, X is a k × n matrix, and y is an n × k matrix. 

Now we will substitute the above probability distribution equations into the full equation: 

�2(�Ú,�ê�6 |�; , �: )  �ß

(�ê�6 )�?
�Ù

�.    
 exp{

�?�5

�6���.  
 ( �; 
F �: |�Ú)�Í  (�; 
F �:𝑋𝑋} �Û(�ê�6)

�7�Ö
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�?�5

�6���.
( �Ú 
F �ä�4) �Í  �Ñ�â(�Ú 
F �ä�4) �Û(�ê�6 ) �?�Ô�?�5exp�D

�?�Õ

�� �.    
�E  

This �F�D�Q���E�H���I�X�U�W�K�H�U���V�L�P�S�O�L�I�L�H�G���W�R���J�H�W���W�K�H���S�R�V�W�H�U�L�R�U���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���W�K�H���S�D�U�D�P�H�W�H�U�V���������Z�K�L�F�K��

�L�V���D���0�X�O�W�L�Y�D�U�L�D�W�H���1�R�U�P�D�O���G�L�V�W�U�L�E�X�W�L�R�Q�����D�Q�G���12, which follows an Inverse Gamma 

distribution. As both these distributions have a closed form we can use the Monte Carlo 

Markov Chain technique to simulate draws from their posterior distribution. 

 

4.3 Results 

 

4.3.1 Change in Temperature 

 

4.3.1.1 Maximum Temperature Annual Maximum Temperature 

All three districts observed a noticeable increase in maximum temperatures annually 

during the period of analysis (Figure 4.1). The highest increase among the three districts 

was evident in Sindhupalchowk (Mountain) (0.7° C over a decade), followed by a rise 

of 0.6° C per decade in Dhading (Hill), and then an increase of 0.2° C per decade in 

Chitwan (Terai). 
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Figure 4.1 Annual maximum temperature trend in the three districts 

 

Summer Maximum Temperature 

 

The summer temperatures exhibited an upward trend (Figure 4.2). The rise is somewhat 

higher in Sindhupalchowk (Mountain) with a 0.07° C increase per year, followed by a 

0.06° C per year in Dhading (Hill), and then a 0.03° C increase per year in Chitwan 

(Terai). 

 

 

 

Figure 4.2 Average summer maximum temperature trend in the three study districts 

*Note: Summer season comprises months of May, June, July, and August. 
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Winter Maximum Temperature  

 

The maximum winter temperatures are rising as well over a 30 years period (Figure 

4.3). Sindhupalchowk (Mountain) witnessed a higher temperature rise (0.9° C per 

decade) among the three districts, followed by Dhading (Hill) (0.7° C per decade), and 

Chitwan (Terai) (0.2° C per decade). 

 

 

 

Figure 4.3 The trend of average winter maximum temperature 

*Note: The winter season comprises the months of November and December of the 

preceding year and the months of January, and February of the succeeding year. 

 

4.3.1. 2 Minimum Temperature Annual Minimum Temperature 

 

Along with maximum temperatures, minimum temperatures are increased as well. In 

contrast to the maximum temperatures, the average minimum temperature (Figure 4.4) 

is higher in Dhading (Hill) (0.04° C per year), followed by Chitwan (Terai) (0.03° C per 

year), and then Sindhupalchowk (Mountain) (0.02° C per year). 
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Figure 4.4 Annual minimum temperature trend in the three districts 

 

Summer Average Minimum Temperature 

 

The average summer minimum temperatures showed a rise in all three districts (Figure 

4.5). An increase of 0.05° C per year was observed in Sindhupalchowk (Mountain), 

followed by a surge of 0.04° C per year in Dhading (Hill), and a 0.02° C increase per 

year in Chitwan (Terai). 

 

 

Figure 4.5 Average summer minimum temperature trend in the three study districts 

*Note: Summer season comprises months of May, June, July, and August. 
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Winter Minimum Temperature  

 

The winter minimum temperature is showing an increasing trend in all three districts 

(Figure 4.6). A rise of 0.04° C per year was found in Dhading (Hill), whereas in 

Sindhupalchowk (Mountain) it increased by 0.02° C per year, and in Chitwan (Terai), it 

increased by 0.01° C per year. 

 

 

 
Figure 4.6 The trend of average winter minimum temperature 

 

4.3. 2 Change in Rainfall  

 

Total Annual Rainfall 

 

The rainfall pattern was variable for 30 years. The rainfall in Chitwan (Terai) increased 

slightly by 6.58 mm per year, while it decreased in Dhading (Hill) and Sindhupalchowk 

(Mountain) by minus 2.1 mm and minus 9.38 mm per year, respectively. Figure 4.7 

shows the total annual rainfall trend. 
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Figure 4.7 Total annual rainfall trend 

 

Total Monsoon Rainfall 

 

The monsoon rainfall fluctuated over a 30 years period in all three study areas. Chitwan 

(Terai) observed an increase in the rainfall (6.5mm increase per year). While Dhading 

(Hill) and Sindhupalchowk (Mountain) saw a decline (0.59 mm and 7.8mm decline per 

year respectively) in rainfall Figure 4.8 shows the total monsoon rainfall trend. 

 
Figure 4.8 Total monsoon rainfall pattern 

 

4.3. 3 Crop Production Trend Paddy 
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The annual paddy yield shows a fluctuating trend, nevertheless, a marginal increase in 

yield can be seen in all the three districts, but by a smaller amount. The yield of paddy 

has increased by 25 kg/ha in Sindhupalchowk (Mountain), 26 kg/ha in Chitwan (Terai), 

and 30 kg/ha in Dhading (Hill). Figure 4.9 shows the annual paddy yield trend. 

 

 
Figure 4.9 Annual paddy yield trend in the three districts 

 

Maize 

 

For maize, Chitwan (Terai) has a higher yield compared to the other two districts. 

Overall, the yield is going up but by smaller unit, nonetheless, the yearly increase in the 

yield in Dhading (Hill) (21 kg/ha, 80% Credible interval (CrI) of 16 to 26) is less than 

Chitwan (Terai) (40 kg/ha, 80% CrI of 35 to 45) and Sindhupalchowk (Mountain) (33 

kg/ha, 80% CrI 28 to 38). Figure 4.10 shows the annual maize yield trend in the three 

districts. 
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Figure 4.10 Annual maize yield trend in the three districts 

 

Wheat 

 

Overall wheat yield increased by a decidedly smaller unit in all three districts, but, it has 

grown more in Chitwan (Terai) as compared to Dhading (Hill) and Sindhupalchowk 

(Mountain). Figure 4.11 shows the annual wheat yield trend in the three districts. The 

year 2009/2010 witnessed a sharp decline in the wheat yield due to prolonged drought 

in Nepal (Ministry of Agriculture and Cooperatives et al. 2009). 

 

 

Figure 4.11 Annual wheat yield trend in the three districts 
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4.3.4 Cereal Crop Production VS. Climate Paddy Yield and Climate Trend 

 

The higher summer rainfall and the higher summer maximum temperature is favourable 

for increasing paddy yield (Table 4.1). Comparing the three districts, the increasing 

summer maximum temperature is more beneficial for paddy yield in Sindhupalchowk 

(Mountain) and Dhading (Hill), while the yield increases more with the increase in the 

summer rainfall in Chitwan (Terai). An increase in one standard deviation in summer 

rain and summer maximum temperature increased the yield by 170 and 85 units (kg/ha), 

respectively, in Chitwan (Terai). 

 

Table 4.1 The relationship between paddy yield and climate variables 

Posterior estimates of the mean (+80% Credible Interval) 

 Mean LCrI  UCrI  

Chitwan Yield 2782.21 2710.87 2854.087 

Chitwan_SRain 170.28 94.6 244.45 
Chitwan_STmax 85.3 10.34 161.43 

Dhading_Yield 2262.56 2188.74 2335.67 

Dhad_SRain 57.65 -18.02 132.27 

Dhading_STmax 212.55 136.84 287.17 

Sindhupalchowk 2047.03 1973.66 2120.5 

Sindhupalchowk_SRain 34.57 -53.73 122.91 

Sindhupalchowk_STmax 264.1 176.44 350.74 

STmax denotes Summer maximum temperature; SRain denotes Summer rainfall 

 

Maize 

 

All the analysed parameters: summer rain, summer maximum temperature (STmax), 

and summer minimum temperature (STmin), are the drivers of the maize yield (Table 

4.2). The higher summer rainfall and higher summer maximum temperatures increased 

the maize yield in Chitwan (Terai), while in Dhading (Hill), the summer rainfall does 

not have much influence on the yield. An increase in summer maximum temperature 

increases the yield, whereas an increase in summer minimum temperature reduces the 

yield. Summer rain harms the yield in Sindhupalchowk (Mountain), where more 

summer rain than average could decrease the yield by 109.76 per unit. An increase in 
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summer maximum temperature increases the yield, whereas summer minimum 

temperature is not a significant driver of the yield change in Sindhupalchowk 

(Mountain). 

 

Table 4.2 The relationship between maize yield and climate variables. 

Posterior estimates of the mean (+80% Credible Interval) 

 Mean LCrI  UCrI  

Chitwan_Yield 2059.79 1998.4 2120.76 

Chitwan_SRain 232.57 168.96 295.88 

Chitwan_STmax 270.09 208.82 331.79 

Chitwan_STmin -40.62 -1043 22.7 

Dhading_Yield 1646.3 1586.3 1705.61 

Dhading_SRain -3.07 -64.81 58.51 

Dhading_STmax 262.04 144 381.85 

Dhading_STmin -202.53 -322.7 -82.66 

Sindhupalchowk_Yield 1744.76 1683.83 1805.37 

STmax denotes Summer maximum temperature; SRain denotes Summer rainfall 

 

Wheat 

 

The wheat yield in Chitwan (Terai) was higher followed by those in Dhading (Hill), and 

then Sindhupalchowk (Table 4.3). Out of the three climatic variables, only the winter 

maximum temperature (WTmax) influenced the yield which increased with the 

maximum winter temperature across all-districts. 

 

Table 4.3 The relationship between wheat yield and climate variables. 

Posterior estimates of the mean (+80% Credible Interval) 

 Mean LCrI  UCrI  

Chitwan_Yield 1903 1808 1999 

Dhading_Yield 1558 1464 1654 

Sindhupalchowk_SRain -109.76 -190.6 -29.43 

Sindhupalchowk_STmax 226.42 134.91 316.57 

Sindhupalchowk_STmin -20.91 -99.92 57.47 
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Sindhupalchowk_Yield 1438 1343 1533 

WTmax 81 25 137 

  WTmax denotes Winter maximum temperature 

 

4.4 Discussion and Limitations  

 

This analysis shows the trend of the climate variables, temperature, and rainfall, as well 

as the response of crop yield to the changes in the climate during the main growing 

seasons. The impacts of climate change were witnessed in all three study sites and the 

three zones experienced an increase in temperature regardless of their location and 

altitude. The increase in both the maximum and the minimum temperatures found in this 

study coincide with the findings from other studies of the same study sites, as well as 

other locations in Nepal (Dhital, Sharma & Bhandari 2016; Khanal & Kattel 2017; 

Poudel, Chen & Huang 2014; Pradhan, Sijapati & Bajracharya 2015). 

 

A climate trend analysis of the data from 1971 to 2014, undertaken by the Department 

of Hydrology and Meteorology (DHM), also highlighted a significant positive trend in 

annual and seasonal; maximum temperature and in monsoon periods for minimum 

temperature (Department of Hydrology and Meteorology 2017). The increasing summer 

and winter maximum temperatures observed in this study’s analysis is consistent with 

Aryal et al. (2016). Soaring temperatures represent one of the key manifestations of 

human-induced climatic changes in the recent era and similar observations have been 

reported in other parts of the world (Mumo, Yu & Fang 2018; Zhang & Huang 2012). 

 

It is interesting to note that this study found relatively higher warming in higher 

altitudes followed by the mid-elevations, and then the lowlands. These results are 

consistent with the study conducted in three agro-ecological zones of Nepal by Dhital, 

Sharma & Bhandari (2016), who observed a higher rate of increase per year in the 

Mountain region as compared to the lowland Terai, and with the climatic trends seen in 

Nepal (Department of Hydrology and Meteorology 2017). This contrasts with a study 

from India that failed to find a convincing relationship between climate change, 

warming, and elevation (Bandopadhyay 2016). 
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Both the annual and the monsoonal rainfall in all three districts were variable. The 

fluctuating raifall pattern showed no significant trend matching with observations from 

the same districts, as well as other parts of Nepal (Aryal et al. 2016; Devkota & Phuyal 

2015; Maharjan & Joshi 2013; Pradhan, Sijapati & Bajracharya 2015). Based on the 

national climate data analysis (Department of Hydrology and Meteorology 2017), the 

rainfall in Nepal did not exhibit any significant annual or seasonal trend. Even in South 

Asia, seasonal mean rainfall shows inter-decadal variability with a diminishing 

monsoon rainfall; along, with rising heavy precipitation events and declining light rain 

events (Hijioka et al. 2014). This study found that increased annual and monsoonal 

rainfall was evident in lowland Terai while it decreased marginally in the Hills. The 

mountains observed decreasing annual rainfall and monsoonal rainfall. This study’s 

findings contrast with the results from Aryal et al. (2016), who reported increasing 

summer rainfall in Kaski‘s hilly region, and Dhakal, Sedhain & Dhakal (2016), and 

Khanal & Kattel (2017) studies that reported decreasing monsoonal rain in lowland 

Rautahat and Chitwan, Nepal. This could be due to a different location and the study 

period considered, compared to this study. 
 

The result of this study indicates marginally positive trends in annual cereal crop yields. 

Though the average annual growth rates are not high, crop yields over the period of 30 

years have exhibited a pronounced increasing trend over time.  

 

An increase in the paddy yield, as witnessed in this study, matches the observations 

from numerous other studies (Aryal et al. 2016; Joshi, Maharjan & Piya 2011; Poudel & 

Kotani 2013; Poudel & Shaw 2016; Pradhan, Sijapati & Bajracharya 2015). Several 

studies show that temperature is a strong predictor of rice yield (Kontgis et al. 2019; 

Peng et al. 2004). Joshi, Maharjan & Piya (2011) found that paddy yield is affected by 

summer maximum temperature and summer rainfall. The yield of paddy is likely to 

benefit the warming temperatures mainly in the higher altitudes (Bhatt et al. 2014; 

Palazzoli et al. 2015). This also applies to this study, where paddy yields in the hilly and 

mountainous regions were found to be positively influenced by warmer temperatures. 

This raises the possibility that warmer temperatures are likely to support increases in 

paddy yields. A note of caution is due here since the future rice yield is projected to 

decline primarily in the low altitudes if carbon dioxide fertilization benefits on the yield 
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are not also considered (Kontgis et al. 2019). Likewise, rainfall also exerted a positive 

influence on paddy yields mainly in the lowland study site. Our study’s results further 

support the findings from Acharya (2018) and Shrestha et al. (2017), who reported a 

profound impact of rain on rice yield. Other studies (Aryal et al. 2016; Poudel & Kotani 

2013) have reported a negative effect of rain on paddy yield. 

 

Similarly, our study found that maize yield also increased over time, which resonates 

with the other findings from Nepal (Aryal et al. 2016; Joshi, Maharjan & Piya 2011; 

Poudel, Chen & Huang 2014; Poudel & Shaw 2016; Pradhan, Sijapati & Bajracharya 

2015). Also, we found that different climate variables had a different impact on maize 

yield, depending upon the agro-ecological zone. Summer maximum temperatures had a 

positive effect on yield in all three agro-ecological zones and this matches the findings 

by Poudel, Chen & Huang (2014), where increasing temperatures increased the yield as 

well. Maize yield is likely to improve with the changes in the climate associated with 

the rise in atmospheric carbon dioxide concentration. Factors such as temperature, solar 

radiation, and nutrients, will be the most limiting issues for maize production as 

compared to water (Srivastava et al. 2018). This study also found a positive impact of 

seasonal rainfall in Chitwan (Terai), which matches a study of Chitwan (Terai) by 

Tiwari, Joshi & Bauer (2015). Nevertheless, the adverse effect of rains on maize yield 

has been reported elsewhere in Nepal (Joshi, Maharjan & Piya 2011; Poudel, Chen & 

Huang 2014). 

 

Like the other two crops, our results indicate a growing trend of wheat yield over time. 

The increasing trend of the wheat yield has also been reported by the other studies from 

Nepal (Poudel, Chen & Huang 2014; Poudel & Kotani 2013; Poudel & Shaw 2016). It 

was somewhat surprising that only temperature was found to affect wheat yield in all 

three agro- ecological zones in our study. The absence of the effects of rain on wheat 

yield has been reported by Poudel & Kotani (2013) and wheat yield has been found to 

be significantly influenced by increasing temperatures (Acharya 2018; Hussain & 

Bangash 2017; Joshi, Maharjan & Piya 2011; Poudel, Chen & Huang 2014). 

 

In summary, this study revealed a small but positive increase in the annual yield of all 

the three crops in all study sites. Over the analysis period of three decades, all three 
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crops were observed to have a substantial increase. in aggregated yield at the district 

level. Trends in long term average annual temperature and rainfall over this period were 

shown to correspond with these increases. Maximum temperature was correlated with 

crop yield trends in all three zones. Increasing summer rainfall in the lowland Terai 

zone was correlated with increasing paddy yield. Decreasing summer rain in the 

Mountain district Sindhupalchowk, however, was correlated with decreasing maize 

yield. An increase in summer minimum temperature was correlated with the decrease in 

maize yield only in the Hilly district Dhading. Whilst the results suggest that to date 

specific climate trends could be beneficial for crop yield in certain zones, this study did 

not examine changes in farm management inputs that also affect crop productivity. As 

the yield data is available only at the district level, the limitations of this study are that it 

could not address the impacts of climate change in the areas within the district. Hence, 

careful interpretation is a must. 

 

The development and growth of a plant are reliant on the surrounding temperature, and 

each crop species has an optimum temperature at which it can flourish. Malla (2008), in 

his study from Nepal, concluded that the yield of rice increases under elevated carbon 

dioxide resulting from the increase in temperature; nonetheless, the yield declined when 

the temperature was escalated by 4° C. Similarly, at a 4° C temperature rise, the wheat 

yield fell in Terai, and maize yield dropped in Terai and the Hills zones, while it 

continued to increase in the other zones. Though the crops thrive well in warmer 

conditions, their yield decreases when the temperatures are beyond a certain threshold. 

In the absence of adaptation, the yield is projected to decline in many countries (Ahmed 

et al. 2015). The impacts of climate change are reported to cause a reduction in crop 

yield (Paymard, Bannayan & Haghighi 2018; Wang et al. 2018) and this drop in yield 

will be even more severe across the whole South Asian region with a rise in temperature 

of 4° C (Wang, Lee & Son 2017).  

 

If the effects of adaptation measures, genetic improvement, and carbon dioxide 

fertilization are disregarded, then an increase in global mean temperature by 1° C is 

estimated to result in a decline in the yield of wheat, maize, and rice by 6%, 7.4%, and 

3.25%, respectively (Zhao et al. 2017). The adoption of new technologies has been 

found to increase crop production (Muzari et al. 2012). Furthermore, adaptation 
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strategies, especially irrigation water supply schemes, are expected to increase the yield 

of cereal crops, particularly of rainfed rice (Boonwichai et al. 2019). The results of our 

study need to be interpreted with caution, however, as we have not separately assessed 

the effect of adaptation including new agricultural technologies and practices, cropping 

pattern, or fertilizers on crop production. Our study leaves room for future research on 

the impact of adaptation and changes in agricultural practices on crop production.  

 

4.5 Conclusion 

 

This study set out to investigate the identified impacts of climate change in relation to 

crop type, agro-ecological zones, and climatic variables. The results show that a slight 

increase in crop yield is evident for all three crops analysed; nevertheless, the annual 

increase is too small to be recognized at a household level, or even at a community 

level. There was remarkable increase in crop yield over the three decades. The findings 

suggest the role of temperature and rainfall in determining the yield of cereal crops must 

be considered, and it adds to the growing body of research that stresses the impacts of 

climate change on crop yield. Though the study findings could not be generalized to all 

the districts and regions, or for all the crops in Nepal, it offers valuable insights into the 

impacts of climate change on the yield of cereal crops in the three different agro-

ecological zones affected by climate change. Climate change has an obvious impact on 

the yield of the cereal crops and there is, therefore, a definite need for more research on 

how different crops are affected by climate change and by the different climate 

extremes. More studies need to be carried out to assess the extent to which adaptation 

can play a role in combating the adverse effects of climate change on the resilience of 

farmers and farming communities in Nepal. 



115 

Chapter 5: What are the Farmers Experiencing and What is their 

Understanding? A. Are There Gender Differences in Understanding 

and Experiencing? 

The previous chapter assessed the impacts of climatic trends (temperature and rainfall) 

on the production of major cereal crops (paddy, wheat, and maize) in the three agro-

ecological zones of Nepal using the secondary data sources. While answering the 

research questions of the research, this chapter particularly answers second secondary 

research questions related to farmers' experiences and understanding of climate change. 

This chapter explored the perceptions of smallholder farmers, women's group and 

region-based key informants. Furthermore, perception-based data were further 

triangulated with the empirical data related to crop production and climate data. 

I acknowledge the assistance and contributions of research methods advisors Dr. Clair 

Alston-Knox and Professor Samantha Low-Choy. Information has been incorporated 

with permission from a technical report (Low-Choy, Karki & Mackey, 2019). �,��

�D�F�N�Q�R�Z�O�H�G�J�H���W�K�H���D�V�V�L�V�W�D�Q�F�H���D�Q�G���F�R�Q�W�U�L�E�X�W�L�R�Q�V���R�I���'�U�����7�L�Q�J�E�D�R���L�Q���F�O�L�P�D�W�H���G�D�W�D���H�[�W�U�D�F�W�L�R�Q����

5.1 Introduction 

Climate change is likely to threaten agriculture and food security in developing 

countries owing to their heavy reliance on rain-fed agriculture and the higher 

dependence of their populations, including smallholder farmers on natural resources and 

agriculture for livelihood, including smallholder farmers (McCarthy, Lipper & 

Zilberman 2018). Although there is no globally standardized definition of ‘smallholder’ 

farmers (Morton 2007), they are usually those cultivating small areas of land, typically 

less than 5 ha and often less than 2 ha, using family labour, and relying chiefly on their 

farms for securing food and generating their income (Cornish 1998). Subsistence 

farming includes livelihood strategies involving farming and related activities where 

most of the output from the farm is consumed and very little is sold (Barnett, Blas & 

Whiteside 1996).  
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Smallholders provide more than 80% of the food consumed in the developing world 

(International Fund for Agricultural Development 2013). Smallholder farmers in 

developing countries have been found to have limited capacities to adapt to the 

changing climate, which can be attributed to low levels of education and income, 

prolonged reliance on external support, poor access to market, credits and technical 

assistance, and limited landholding (Dasgupta et al. 2014; Harvey et al. 2014; Morton 

2007), making them more vulnerable to the impacts of climate change. It is, therefore, 

important to understand whether smallholder farmers have adequate understanding and 

knowledge of climate change and its underlying causes to support their adaptation 

efforts. 

 

Perception is a way of interpreting, understanding or considering something with the 

mind or through various senses. It is a skill of hearing, seeing or becoming aware of 

something via our senses and could be both right or wrong, true and false, positive or 

negative, or involve belief or disbelief in something (House et al. 2018). Beliefs and the 

planned or the actual adoption mitigation and adaptive behaviours related to the 

changing climate are affected by the way experiences related to climate change are 

perceived (Broomell, Budescu & Por 2015; Spence et al. 2011). Any misconception 

related to climate change and its related risks could result in maladaptation or no 

adaptation at all, thereby escalating the effect of climate change (Grothmann & Patt 

2005).  

 

This study investigated the perceptions of smallholder farmers, women's group and 

region-based key informants and aimed to discover if there is a commonality or 

discrepancy in how they comprehend and experience the impacts of climate change. 

The study took place across three agro-ecological zones of Nepal based on interviews 

with households, community committees, and key informants. The results of the 

interviews were also examined in relation to yield data for the major cereal crops and 

climatic data for each of the three zones. Munafò & Smith (2018) discussed approaches 

to increasing scientific certainty and suggested that repeating the same measurements 

(replicability and reproducibility) is not as effective as triangulation and other forms of 

validation using different data sources and various methodologies. Thus, both 

qualitative and quantitative methods were used in this study to analyse farmers’ 
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perceptions and to compare these with empirical time-series trends in crop productivity 

and climatic variables (temperature and rainfall). 

 

On the Global Climate Risk Index Nepal, a small developing country, was ranked 4th 

based in the list of most affected countries in 2017 and was the 11th country most 

affected by extreme weather events between 1998 and 2017 (Eckstein, Hutfils & 

Winges 2019). Warming is evident, with an increase in average annual maximum 

(0.056° C/yr) and minimum temperature (0.002° C/yr). A recent climate trend analysis 

of Nepal (1971-2014) by the government of Nepal reported that the higher altitude areas 

of the country have experienced a significant increase in annual maximum temperature 

(0.086-0.068° C/yr) compared to those at lower altitudes (0.030-0.021° C/yr).  

 

Regarding the rainfall pattern higher elevation exhibited a decreasing rainfall pattern in 

all seasons while the low land Terai showed an increasing trend in all seasons except in 

post-monsoon (DHM 2017). The Hindu Kush Himalaya region (HKH) of which entire 

Nepal is a part, observed trends in precipitation varied with no clear increase or 

decrease (GuoYu & Shrestha 2017). By 2060- 2090, the mean annual temperature is 

projected to rise by up to 3.8° C-5.8° C respectively, while the annual precipitation is 

projected to decrease by 10 to 20% throughout the country (Government of Nepal 

2016a). These climate change impacts are layered over natural hazards arising from 

fragile geology, active tectonic process, and a rugged topography (Ministry of Home 

Af fairs 2015). 

 

About 83% of the population in Nepal inhabits rural areas, relying on livelihood 

resources and sectors which are susceptible to climate change (Government of Nepal 

2018). With 70% of the population involved in agriculture, this sector contributes 1/3 of 

the Gross Domestic Product (GDP), forming the backbone of the country’s economy. 

Agriculture in Nepal hinges on the monsoonal rainfall between June and September 

which accounts for 80% of the annual rainfall in Nepal (Malla 2008). Smallholders 

constitute more than 50% of Nepalese farmers, each typically cultivating less than 0.5 

ha (Central Bureau of Statistics 2011). The complex topography of the Himalayan 

ranges and the lack of continuous and high-quality data limit the development of robust 

projections of climate change in Nepal (Optiz-Stapleton & Gangopadhyay 2009), so 
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exploring local peoples’ experiences, and understanding is of paramount importance in 

these settings.  

 

Different agro-ecological zones of the country will be impacted by climate change-

related hazards including drought, flood, cold and heat waves and inconsistent rainfall 

patterns, affecting various aspects of their agricultural systems and consequently local 

food security (Pokhrel & Pandey 2013). This research adds to the scholarly literature 

assessing the relationship between climate impacts and local perceptions, and in 

particular by comparison of the major agro-ecological zones of Nepal. 

 

5.2  Materials and Methods 

 

This study uses a case study approach (Yin 2003) within a single country, Nepal. Nepal 

is a landlocked country in South Asia with a diverse climate and topography and is 

home to 26.5 million people. Nepal is divided into seven provinces and 77 districts. 

Administratively, Nepal is divided into 753 local units, which include 276 

municipalities, 460 village municipalities, eleven sub-metropolises and six metropolises 

(Government of Nepal 2018). Nepal is divided into three agro-ecological zones: The 

Mountain zone in the north, the Hills (i.e. Hills in the mid-section), and the Terai in the 

south. The Terai is a flat and fertile region occupying 23% of the country’s total area 

with over 40% of its available agricultural land cultivated, while Hill occupies 42% of 

the total area. It comprises sloping lands and small valleys with only 20% of land under 

cultivation. The Mountain zone has steep and rugged terrain and occupies 35% of the 

total land area with only 5% of its land suitable for cultivation (Government of Nepal 

2016b). 

 

5.2.1 Sampling Design 

 

A multi-stage sampling approach was used to select the study sites as well as the 

households for interviews. At first, Province 3 was selected randomly from the seven 

provinces in Nepal. Then, the three District Coordination Committees, Sindhupalchowk, 

Dhading, and Chitwan were chosen purposively out of 77 districts; to include one 

district each from the agro- ecological zone of the Mountains, the Hill, and the Terai. 
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After that, three municipalities, one from each district were chosen through random 

selection. This was followed by a random selection of three wards from within each 

municipality (Figure 5.1). Finally, for each DCC, 128 farm households were chosen 

from the three wards using stratified random sampling. Thus, individuals from 384 farm 

households (Krejcie & Morgan 1970) were interviewed. The term ‘household’ used in 

this study indicates, ‘a group of people who own the same productive resources, live 

together and feed on the same pot’ (Yaro 2006). 

 

Chitwan District lies in the southwestern part of the Narayani zone and occupies an area 

of 2,238.39 km2. It has one metropolitan city, five municipalities and one rural 

municipality. Dhading District lies in the Bagmati zone and covers an area of 1926 km2. 

Dhading has two municipalities and 11 rural municipalities. Sindhupalchowk District 

also lies in the Bagmati zone and covers an area of 2542 km2. It has three municipalities 

and nine rural municipalities (Government of Nepal 2012). 

 

 

Figure 5.1 Map of Nepal showing the study sites and the study districts 

 

5.2.2 Data Collection 
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This study used both primary and secondary data sources, including focus group 

discussions, household interviews, and key informant interviews conducted using both 

semi-structured and structured survey instruments (Bryman 2012; Yin 2003). 

 

Face to face interviews:  

 

A survey was conducted with each household interviewed to explore their experiences 

of change in the climate and the associated impacts on agriculture for up to 30 years. 

The heads of the household involved in agriculture, aged 30 years and above were 

interviewed regardless of the sex. Heads were generally male in keeping with Nepalese 

culture although some interviewed were female, due to perhaps death, separation of the 

traditional head, or absence, in which case the next most senior member of the 

household was invited to be interviewed. The research was reviewed, and ethical 

approval granted by the Human Research Ethics Committee of Griffith University, (GU 

ref no: 2017/427). 

 

Participation was voluntary, and for those willing to participate, a formal consent 

process was completed before the interview. The interviews were conducted in the 

native Nepali language at a location convenient to the participants, whose anonymity 

was maintained throughout the process. Each interview lasted between 30-45mins, and 

responses were recorded on a questionnaire sheet by the interviewer and transcribed as 

soon as possible after the completion of the interview. 

 

Focus group discussion:  

 

In view of the patriarchal social norms and traditions (Panta & Thapa 2018) and the 

restricted cultural roles of women in Nepal, it was necessary to recognize the 

importance of different gender perspectives on issues of change and continuity in 

relation to climate change (Jones & Boyd 2011). A focus group discussion (Veal 2006) 

was thus conducted with one group of women in each agro-ecological zone to provide a 

counterpoint to the predominantly male perspective provided by the head of household 

interviews.  
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For this purpose, “Aama Samuha” (or the literal translation in English, "mothers’ 

group") voluntary groups initiated by women in Nepal and involved in women’s 

upliftment as well as development works were selected. Each of these groups consisted 

of six to nine women participants (aged 30 years and above). 

Key informant in terviews:  

 

These interviews were conducted with 33 experts (Lavrakas 2008), including key 

officials from private organizations and government departments working in climate 

change, agriculture and food security at the national, district, municipality, and local 

levels. Interview participants included officials from government departments (n=12), 

non-governmental organizations (n=9), international non-governmental organizations 

(n=9), and teachers (n=3) selected through purposive sampling. 

 

5.2.3 Crop Yield and Climatic  Data 

 

The district annual crop yield for three districts in each of the three agro-ecological 

zones (Mountain, Hill, Terai) from 1980 to 2016 of cereal crops paddy, maize, and 

wheat were obtained from the yearly publications of the Ministry of Agricultural 

Development, Nepal. The Ministry of Agricultural Development publishes “Statistical 

Information on Nepalese Agriculture” each year to provide information on agriculture 

and associated sectors. In the case of cereal crops: annual and district wise area (in 

Hectare), production (metric Ton) and yield (Kg per hectare) details are disseminated. 

This study uses district annual crop yield data which is the annual production of crop 

per unit of land area (kg/ha). 

 

Climatic data were generated for the three agro-ecological zones. These data were 

produced using the software packages ANUSPLIN (Hutchinson 2004) and ANUCLIM 

Version 6.1 (Xu & Hutchinson 2011). Data from a network of Nepalese weather 

stations were used to calculate monthly rainfall and monthly daily mean maximum and 

minimum temperatures. These data were then interpolated and resolved onto a regular 

grid at a 1 km resolution. Summary statistics were then calculated to produce a time-

series data set of monthly total rainfall and monthly mean daily maximum and 
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minimum temperature for each of the districts in each the three agro-ecological zones; 

i.e. Sindhupalchowk District in the Mountain zone; Dhading District in the Hill zone; 

and Chitwan District in the Terai zone. This study uses mixed methods, incorporating 

the collection and analysis of both quantitative and qualitative data (Tashakkori & 

Teddlie 1998). 

The main research questions addressed are addressed via different methods:  

�x Qualitative data analysis 

�ƒ Content analysis 

�x Quantitative data analysis 

�ƒ Statistical analysis 

o Analysis of primary (perception) data 

o Analysis of secondary data (Climate and yield data analysis) 

o Exploratory plots with smoothing splines 

 

Qualitative Data 

 

Data from the key informant interview and focus group discussion as well as transcripts 

from the interviews and focus group discussions were managed and analysed using the 

NVivo software (Bazeley 2007). The transcripts were entered into word documents and 

were transferred into NVivo. After reading and reviewing the transcripts, the 

appropriate text segments in the transcripts were assigned codes. After coding, the 

interviews were explored and analysed to identify and develop themes based on 

research objectives. Relevant quotes from the interviews are presented in the results 

section. The alphanumeric codes HH N and KI N refer to the number of households and 

the number of key informants, respectively; FGD-M, FGD-H, and FGD-T refer to the 

focus group discussions from the Mountains (Sindhupalchowk), Hills (Dhading) and 

Terai (Chitwan) zones, respectively.  

 

Quantitative Data 

 

Data from the household survey were coded and entered in MS-Excel (Microsoft ® 

Excel ® for Office 365). R statistical software (R Core Team 2018) was used to analyse 

the data. The statistical analysis for each measure in the study was performed using four 
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different types of analysis: CART, Regression, Bayesian Model Averaging and 

Explanatory plots via smoothing spline. Each of these methods addressed different 

research questions: 

 

1. CART was used to address research question how the perception of changes in 

climatic parameter, perception of drought and crop production depends on the 

location, gender and age. Additionally, it was used to identify important factors 

in the model. 

2. Regression was used to comprehend the relationship between the response 

variables (yi) such as farmers’ perception of change in temperature, rainfall, 

onset and cessation of rainfall, perception of drought and perception of crop 

production and explanatory variables (xi): age, gender and location. 

3. Bayesian Model Averaging was used to decide variables essential to include in 

the final regression model. 

4. Explanatory data analysis via smoothing splines (shown graphically) was used 

to assess whether the rainy season has started later each year. 

 

Agreement between models and methods provided complementary lines of evidence 

that these exploratory inferences were valid and enabled a fuller understanding of the 

results. Overall, we were looking for agreement among the inferences in the analytical 

techniques to assist in explaining the results of the survey. This multi- and mixed 

method approach is well established (Hesse-Biber & Johnson 2015, xxxviii) and allows 

us to triangulate between models, and therefore gain more insight.  

 

Classification and Regression Trees 

 

Classification and Regression Tree (CART) modelling was used as an exploratory tool 

at the initial stage of the statistical analysis, with the response variables to the survey 

being farmers’ perception of change in temperature, rainfall, onset and cessation of 

rainfall, perception of drought and perception of crop production and explanatory 

variables being age, gender and location (respective agro-ecological zones in our case). 

The CART provides an overview of the relationship between the response and these 

explanatory variables and also identifies the factors that are most important in the model 
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(Morgan 2014).  

 

In our analysis, CART was used as an exploratory tool that informed the potential 

drivers behind farmers perception of changes. The CART algorithm implemented by the  

rpart library in R (Therneau & Atkinson 2018) was used in this analysis and employs 

two steps: the first step includes identification of the variable (“split”) that best 

partitions the data into two groups (forming a “branch” in the tree), where “best” is 

evaluated based on improving the prediction of  the response variable. This process is 

repeated, providing a sequence of subdivisions until no additional branches provide 

further improvement. The second step includes cross-validation for trimming less 

important branches, to specify a final tree. The final model is presented in the form of 

tree, comprising multiple branches (each with only two options). The leaves at the end 

of each sequence of branches (defined by splits on specific explanatory variables) 

partition the data, each with a different estimated probability of the response. Binary 

outcomes, which in this survey consisted of people answering no to the perceived 

changes or answering yes to the perceived changes, can be coded as 0/1.  

 

Regression 

 

This stage involved modelling the outcomes using a regression relevant to the kind of 

outcome variable: logistic regression (binary outcomes), an ordinal probit model 

(ordered categorical outcomes), or a linear regression (continuous outcomes). In such 

cases, data are modelled using a generalized linear model (McCullagh & Nelder 1989). 

 

In the following modelling scheme, variable selection was performed using a Bayesian 

Model Averaging (BMA) approach. As we had many explanatory variables but a 

relatively coarse outcome measure (binary or categorical values <5), this approach aided 

in determining which variables were relevant to include in the final model. BMA is a 

coherent method to deal with model uncertainty and provides a good estimation method 

to choose either a single best model or an average posterior distribution for the 

parameters based on a number of models (Hoeting et al. 1999). It uses weighted 

predictions over the best models, each defined by a different selection of explanatory 

variables (based on their posterior model probabilities) to form a weighted posterior 
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distribution for each of the regression coefficients (Raftery et al. 2018). 

 

Binary outcomes, which in this survey consisted of people perceiving an increase in a 

phenomenon or perceiving the phenomenon to be stable, can be coded as 0/1.  

The mathematical model for binary responses using a Bayesian framework can be 

defined as follows: 

�U�E|�T�E ~ �$𝐵𝐵�N�J𝐵𝐵�Q�H�H𝐵𝐵(�L�E) 

with the inverse link function 

�A𝑒𝑒𝑒𝑒(�T�E�Ú) 

�L�E = 
1 + �A𝑒𝑒𝑒𝑒(�T�E�Ú) 

Here, �U�E is the binary outcome, �T�E are the explanatory variables for subject i, �L�E is the 

probability of subject i having the response of 1 and �Ú are the set of regression 

coefficients, which reflect the effects of each factor. 

To estimate the coefficients (�Ú), we assumed a Multivariate Normal prior distribution: 

�Ú ~ �/�8𝑀𝑀 (�ß°, �#°)       Equation 1 

Where, �ß is the prior mean and �# is the prior variance.  

 

The likelihood of the data can be represented using a binomial distribution, with number 

of trials n set to yi, and probability of success set to pi: Bin (yi, pi). The resulting 

posterior distribution of the parameter �Ú is estimated using a particular kind of Monte 

Carlo Markov chain (MCMC) algorithm, known as a random walk Metropolis sampler 

(Spade 2020). Modelling was undertaken using the MCMCpack library in R (Geyer & 

Johnson 2017). The posterior distribution of model parameters and predictions are 

summarised using the 80% credible intervals (80% CrI) from these posterior 

simulations. This interval is constructed from the simulated sample, by ignoring the 

bottom and top 10% of values, indicating the 80% most probable values, after 

accounting for the data and the prior models. 

 

The ordinal probit model is an extension to the binomial outcomes model, where more 

than two ordered responses are possible, and a probit, rather than a logit link is used 

(McCullagh & Nelder 1989). A latent variable approach is used to estimate the 
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parameters of this model, which are the effects of the factors. 

 

In this work, an example of an ordinal response is perception of rainfall, which has 

values k=1 (decrease), k=2 (same) up to k=3 (increase). Note: the perception of rainfall 

was run as ordinal probit for statistical analysis as nobody had responses of “do not 

know” when asked in the interview. 

 

The latent variable (zi) can be interpreted for the example above as a score reflecting the 

perceived change in rainfall (ranging from a decrease to an increase), and is represented 

as follows: 

�V�E = �T�E�Ú + �Ý�E 

where �Ý�E ~ �0 (0, �ê). The probability of an outcome (yi) belonging to category �G is 

estimated as: 

�L�E�G � ���N (�Û𝛾𝛾 �í���T�E�Ú) – �N (�Û𝛾𝛾�í�����í���T�E�Ú) 

where �N��is a standard normal cumulative density and �Û𝛾𝛾 is the estimated cut point 

(threshold) between categories k - 1 and k. The probabilities (�L�E) are the key parameters 

in the likelihood model of the data and can be modelled as a multinomial distribution. 

�3�U�L�R�U���G�L�V�W�U�L�E�X�W�L�R�Q�V���I�R�U���W�K�H���S�D�U�D�P�H�W�H�U�����������D�U�H���N�H�S�W�����D�V���I�R�U���W�K�H���E�L�Q�R�P�L�D�O���U�H�J�U�H�V�V�L�R�Q�����D�V���D�Q��

MVN (�Ù, �#) as per the linear model (Equation 1) and the prior distributions for the cut 

points �Û�G are taken as uniform [�í�’ �����’�@����The posterior estimates of ����and �� are computed 

using MCMC techniques in the MCMCpack library in R (Geyer & Johnson 2017). 

 

Climate and yield data analysis: 

 

The climate and yield data analysis were undertaken to assess the impacts of climatic 

trends (temperature and rainfall) on the production of three major cereal crops (paddy, 

wheat, and maize). The explanatory variables are the temperature and rainfall whereas 

the response variable is the yield (kg/ha).  

 

Exploratory plots with smoothing splines 

 

The pattern of onset of the monsoon season was tested performing exploratory data 

analysis, with frequency of rainfall as the response and month of the year as the 
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explanatory variable. The grammar of graphics package ggplot2 (Wickham 2016) was 

used to create the graphs related to this analysis. Furthermore, the “loess” function in 

the “base” package of R (Cleveland, Grosse and Shyu, 1992) was used for the 

smoothers chosen in the trend plots used. As described in the R help on the function, 

this fit “a polynomial surface determined by one or more numerical predictors, using 

local fitting”. In other words, cubic polynomials were fit over small windows of time 

and a flexible curve-linear fit was obtained. In our study, we used exploratory plots with 

smoothing splines to assess whether the onset of the rainy season is delayed each year. 

Furthermore, the information from the plots were used to triangulate farmers perception 

on onset of monsoon. 

 

Bayesian linear regression model 

 

Based on the outcomes of exploratory plots, climate (rainfall, temperature) and yield 

data were analysed using a Bayesian linear regression model with multivariate normal 

model for the coefficients, to allow for the possibility that the effects of these variables 

were related. Vague normal prior distributions were used for all of the regression 

coefficients. 

 

The linear regression model using a Bayesian framework is represented as (Geppert et 

al. 2017): 

�U�E ~ �0 �����T�E�����1²I) 

where �U�E is the outcome (or response), �T�E are the explanatory variables, and ����are the 

regression coefficients representing the effect of each variable. The square of the 

�V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q���1���L�V���W�K�H���Y�D�U�L�D�Q�F�H�����D�V���W�K�L�V���L�V���D���P�X�O�W�L-dimensional formula of the model 

it is multiplied by the Identity matrix). The prior distribution for the coefficients was 

taken as a Multivariate Normal 

�Ú ~ �/�8𝑀𝑀(�ß�K, �#�K) 
With mean (�ß�K) and large variance (�#�K), hence reflecting the uniform �>�í�’�����’�@�� 

 

The prior distribution for the variance (�#�K) was taken to be an Inverse Gamma (0.001, 

0.001), as such representing the vague prior knowledge of this parameter (Geppert et al. 

2017). Estimation via a Gibbs Sampler was conducted using the MCMCpack library 
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(Geyer & Johnson 2017). The obtained information was further used to triangulate 

farmers' opinions across agro- ecological zones. 

 

5.3 Results 

 

Respondents’ perception of climate change 

 

A summary of the demographic characteristics of the individual participants who were 

interviewed is given in Table 5.1. 

 

Table 5.1. Demographic characteristics of the individual interview participants 

(n=384) 

Demographic characteristics Number of participants 

Gender Male 237 

 Female 147 

Age 30-40 182 

 41-50 79 

 51-60 57 

 61-70 47 

 71-80 15 

 81 and above 4 
Education No Education 181 

 Primary 101 

 Secondary (up to class 10) 77 

 College (11-12) 17 

 Undergraduate 8 

 
Understanding climate change 

 

The respondents were not especially familiar with the term climate change, or “Jal Bayu 

Pariwartan” which was used in this interview. Only 38% of all respondents expressed 

any understanding of climate change, although the respondents from Hills (38%) and 

Terai (35%) were more aware compared to those from the Mountains (27%). Fewer 

females knew about climate change compared to males. A farmer (HH-6) said, 
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“I haven't heard about climate change, but from my experiences, I can tell you that the 

climate today is different from what we had a few decades back.” 

 

The women’s group from the Hills zone was more familiar with the notion of climate 

change, including one individual who stated, 

“Yes, we have heard about it. The officials of the Hariyo Ban project from WWF Nepal 

provided us 2-3 days of training on climate change. Any alteration in the pattern of 

climate is climate change. We are all experiencing climate change here in Dhading.” 

Women from the Terai and the Mountain zones were not familiar with the term climate 

change. 

 

Sources of information on climate change 

 

When asked where they received information on climate change if they have received 

any, households provided varied responses. Television and radio were frequently cited 

sources of information (18%), followed by community-based groups (7%), internet 

(6%), study (5%) and organizations (3%). One respondent stated (HH-234), 

“I heard about climate change from the radio. Moreover, as I am a member of a 

community forestry group, I heard about it from the forestry group too.” 

Another farmer (HH-49) asserted, “I heard about climate change from District 

agricultural development organization (DADO).” 

 

Radio and TV were a popular source of climate change information among men, while 

more women reported receiving climate change information from local women’s groups 

and farmers’ groups. While the provision of extension services has been initiated in 

Nepal, the farmers in this study reported having received inadequate extension services, 

especially from the government agencies. 

 

Perceived causes of climate change 

 

Overall, half of the respondents (56%) thought anthropogenic factors were responsible 

for any observed changes. Conversely, 48% considered the changes to be occurring 

naturally; 23% attributed these changes to God’s will or other religious factors. (*Note: 
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Many respondents considered both natural and anthropogenic factors to be the cause of 

climate change, which is why some of the responses sum to more than 100%.) 

 

One interviewee (HH-3) emphasized, “What should I say? We don't have control over 

anything; all happens by God's will.” Generally, respondents who had received no 

formal education and those with only primary education claimed religious factors to be 

responsible for any observed changes. Very few (< 1%) thought any other factor was 

significant, with the disastrous earthquake of 2015 seen as a cause of the climatic 

abnormalities. One respondent lamented (HH-268), “These changes are occurring due to 

the earthquake; ever since then the changes are intensifying.”  

 

Impacts of climate change 

 

Almost 90% and 64% of the total respondents believed that the summer and winter 

temperatures respectively have been increasing over the last 30 years.There was no 

detectable difference in this belief with respect to their districts of residence, gender, or 

age. A farmer (HH-240) said, 

“Yes, the temperature has increased for sure. When I was young, I remember working 

on the farm even in the afternoon without any hassle. Nowadays, it's difficult to work in 

the morning because of scorching temperatures.” 

 

The key institutional informants shared these same sentiments about increases in 

temperature, including one (KI-18) who stated, “There is an increasing trend of increase 

in temperature mainly at high altitude." In contrast, another respondent (KI-31) spoke of 

having experienced colder winters, emphasizing, "The summer temperature has 

increased, and there is extreme cold in winter." 

 

Change in rainfall 

 

Regarding the perception of the rainfall, nearly 80% of the respondents believed 

strongly that rainfall is decreasing in Dhading and Sindhupalchowk. The results for 

Chitwan differed, with around 50% believing there is a decrease in rainfall, while 50% 

believed rainfall was increasing or was the same as before. Neither age nor gender was 

found to be a strong determinant of the perception of rainfall change (Table 5.2). In 
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addition, respondents described the erratic nature of the rainfall. 

 

 

 

 

Table 5.2: Predicted proportion (80% CrI) of respondents who agreed with the 

changes in the parameters as mentioned below. Estimates based on predictive 

posterior distributions from logistic regression.  

S. 

N 

 
Parameter 

 
Districts 

Responses with respect 
to change in the 
climatic parameters 

Posterior Mean 

(80% CrI)  

1 Change in 

Temperature 

No significant 
difference between 
the districts 

There is increase in 
summer temperature. 

0.89 (0.87, 0.91) 

 There is increase in 
winter temperature. 

0.64 (0.61, 0.67) 

2  Chitwan There is decrease in 
rainfall 

0.51 (0.45,0.57) 

Change in 

rainfall 

Dhading  0.76 (0.70, 0.80) 

Sindhupalchowk  0.77 (0.72,0.82) 

3  No significant 
difference between 
the districts 

Monsoon has started 
earlier 

0.12 (0.09, 0.13) 

Onset of 

Monsoon 
rainfall 

 Same as before 0.19 (0.17, 0.22) 

 Later 0.70 (0.67, 0.73) 

4  Chitwan Monsoon rainfall has 
ended sooner 

0.62 (0.56, 0.67) 

Cessation of 

Monsoon 
rainfall 

Dhading  0.62 (0.56, 0.67) 

Sindhupalchowk  0.72 (0.67, 0.78) 

 

5 

  

Chitwan 

Female perception  

There is an increase in 
drought 

 

0.56 (0.50, 0.63) 

 
Dhading  0.97 (0.95, 0.99) 

Drought Sindhupalchowk  0.54 (0.47, 0.61) 

6  Chitwan Crop production is highly 0.80 (0.76, 0.84) 
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impacted 

Crop 

production 

Dhading  0.73 (0.68, 0.78) 

Sindhupalchowk  1.680.63, 0.73) 
\ 
 

 

Furthermore, many respondents reported rainfall to be unpredictable and erratic. This 

was supported by the women in focus group discussions, including one (FGD-H) who 

said, 

“The rainfall has decreased. The monsoon rain hasn’t fallen on time for the last decades. 

If it rains, it rains heavily and erratically causing destruction. It has hampered the 

irrigation. Sometimes it doesn't rain at all. The water resources are drying out.” A 

woman from the Mountain zone (FGD-M) stated, 

“We depend on rain-fed water which is unreliable and erratic. It didn’t rain much during 

plantation, but now during the harvest, it’s raining unexpectedly causing loss of 

produce.” 

 

Onset and cessation of rainfall  

 

In total 70 % believed that seasonal rain was starting later. There was no significant 

effect of the agro-ecological regions, gender or age on this belief about the onset of 

rainfall (Table 5.2). People in Sindhupalchowk overwhelmingly (72%) believed the 

monsoon period had shortened and ended earlier. Many respondents from Chitwan and 

Dhading (around 60%) almost equally shared the same opinion about the shortening of 

the monsoon season (Table 5.2). Age and gender did not influence their belief regarding 

the end of the rainfall season. A farmer (HH-185) said, “Due to the untimely rainfall, we 

are forced to adjust our agricultural calendar.” This was supported by members of the 

women's group (FGD-H) who stated, “The monsoon rain hasn’t fallen on time for the 

last decades.” A key informant (KI-29) suggested, “The weather phenomenon has 

changed its timing. Rainfall used to start in Asar (June) now it’s starting in Shrawan 

(July).” 

 

Changes in the other season 

 

When asked if they had experienced any specific changes in the seasons 
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(summer/winter), a shorter winter was reported by half of the farming communities 

surveyed. This was supported by a key informant (KI-3) who said, “An increase in the 

number of hot days and a shorter winter has been noticed both in the Terai and Hill 

zones.” 

 

Natural hazards 

 

Several hazards especially floods, landslides, fire, earthquakes, droughts, cold snaps, 

and snowfall were mentioned as impacting the farming communities. The low land 

inhabitants mentioned experiencing more flood events. An interviewee (HH-88) stated, 

“Flood events are getting extreme. Our farm field got inundated by flood this year.” 

Landslides were experienced more by those living in the hilly and the Mountain zones. 

A key informant (KI-23) quoted, “Flood frequency is increasing every year in Terai. 

Soil erosion is prominent in the hilly zone.” All the respondents repeatedly recounted 

suffering from the devastating earthquake. The women's group in Sindhupalchowk 

(FGD-M) said, “Yes, there are landslide events in some areas. The earthquake a couple 

of years back affected this zone dramatically. Some rich ones have moved to 

Kathmandu, but those with lower incomes have lived here, struggling with the 

changes.” Meanwhile, those from Terai confirmed, “Yes, flood affects this zone every 

year. We didn't have to shift because of flood events, but riverside dwellers are forced to 

shift to safer areas. Some had to leave their house and are now living in a temple nearby 

due to the flood this year. The flood this year destroyed our farms." 

 

Drought/ drying of water resources 

 

The drought was noted to be more pronounced in the hilly zone followed by the Terai 

and the Mountain zones. More females compared to males in all three districts 

considered drought to have had a higher impact. Almost all the female respondents 

(97%) in Dhading considered drought to have had a higher impact than before in their 

district, while 56% and 54% of female respondents confirmed the higher impact of 

drought in Chitwan and Sindhupalchowk respectively (Table 5.2). There is no effect of 

age in the belief in increasing drought. A respondent (HH-167) explained, “Water 

resources are drying. Seasonal spring disappeared after the earthquake.” Another farmer 
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stated (HH-239), “The problem of water scarcity is getting worse. We have to travel a 

long distance to fetch water.” 

 

Impacts on agriculture 

 

Farming communities described agriculture being affected in many ways, such as a 

decrease in production, an increase in pests and diseases, reduced cropped areas, and a 

change in flowering and fruiting time. Around 80% in Sindhupalchowk believed that 

crop production is highly impacted, 73% and 68% in Dhading and Chitwan believed 

production to have lowered and been highly impacted (Table 5.2). There was no 

obvious difference in belief related to crop production with respect to age and gender. 

The less productive and less profitable farming sectors were cited for having 

discouraged youth from getting involved in traditional agriculture, resulting in young 

people diversifying their agricultural practices or changing their source of income. Also, 

22% of the interviewees reported internal/external migration brought by economic 

hardships, harsh weather, and not being able to support families through traditional 

occupation (i.e. farming). A farmer (HH 106) complained “Agricultural yield is not 

satisfactory. We hardly have enough money to live on or to cover another household 

cost.” A respondent (HH 261) lamented, “Yes, climate change has a serious impact on 

agriculture. These days the unpredictable and extreme weather events are damaging our 

crops. We were supposed to harvest our crops, but as you can see the unexpected and 

heavy rain in the past two-three days has destroyed all our crops.” 

 

Almost all the respondents (83%) believed pest infestation to have increased. There is 

no noticeable difference in belief in increasing pest infestation with respect to age, 

gender, and district. Respondents mentioned several types of pest problems like 

"Patera" or sting bugs in paddy (HH 123), "lai" or aphids (HH 104), "cheepley keera" 

or snails (HH 3), and "hariyo keera" or semi looper in millet (HH 286).  

 

Climate change induced an increase in pest infestation and the emergence of new pests 

and diseases was reported also by the key informants. In addition, they noted a high 

requirement for pesticides in farming. One key informant (KI1) observed that 

“Previously diseases and pest problems used to be a minor problem, now they are major 
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problems.”  Another key informant (KI21) observed, “new problems/ insects/diseases 

are visible as an impact of climate change.” 

 

Farmers noted early flowering and fruiting in peach and pear and rhododendron. Some 

respondents reported early fruiting in cereal crops which they attributed to the hybrid 

varieties used. This was strongly supported by the women's groups in all three zones. 

Women in Dhading (FGD-H) stated, “The water resources have dried. It has impacted 

flowering and fruiting time. The agricultural lands must be left abandoned. If it rains, 

then it will be favourable for the crops. Otherwise, the plants dry as well. The price for 

pest control and other agricultural input has increased. However, we don’t get a good 

return (monetary) from our produce if we want to sell it. Still, we are not able to leave 

what we have practiced for so long. There are changes in the harvesting and planting 

periods.” 

 

Yield data analysis 

 

As discussed in the Chapter 4, based on the analysis of available datasets, the yield of 

all the three cereal crops (paddy, maize and wheat) has increased in all the study 

districts (see Chapter 4 for more details), though the annual increases in the yield of 

these cereal crops were small. However, the yield exhibited a significant increase over 

the period of analysis (three decades). 
 

Climate data analysis 

 

With regards to climatic data, overall, there was a substantial increase in the annual 

maximum temperature over the period of record. Sindhupalchowk observed a higher 

increase followed by Dhading and then Chitwan. An increase of 3.2° C over 47 years 

was observed in Sindhupalchowk, followed by 2.8° C over 47 years in Dhading and 

1.1° C over 47 years Chitwan (Table 5.3). As discussed in the Chapter 4, the summer 

maximum temperature has also increased. The increase is slightly more in 

Sindhupalchowk with 3.1° C over 47 years, followed by 3.0° C over 47 years in 

Dhading, and then 1.3° C over a period of 47 years in Chitwan. The winter maximum 

temperature is also exhibiting an upward trend. The yearly increase in the winter 
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maximum temperature is higher in Sindhupalchowk (4.4° C), followed by Dhading 

(3.1° C), and 0.9° C in Chitwan over a period of 47 years (Table 5.3). 

 

 

 

Table 5.3: Means and 80% lower and upper credible intervals (CrI) for selected 
climate variables 

 

S. N 

 

Parameter 

 

Districts 

Description of 
parameter 

Posterior Mean 
(80% CrI)  

1  Chitwan Change over 47 years 1.07 (0.34, 1.79) 

Maximum 

Temperature 

Dhading Change over 47 years 2.82 (2.11, 3.55) 

Sindhupalchowk Change over 47 years 3.19 (2.48, 3.91) 

2 Summer 
Maximum 
Temperature 

Chitwan Change over 47 years 1.32 (0.6, 2.03) 

Dhading Change over 47 years 2.96 (2.25, 3.68) 

Sindhupalchowk Change over 47 years 3.13 (2.42, 3.83) 

3 Winter Maximum 
Temperature 

Chitwan Change over 47 years 0.88 (0.32, 1.43) 

Dhading Change over 47 years 3.09 (2.54, 3.65) 

Sindhupalchowk Change over 47 years 4.35 (3.79, 4.9) 

4  Chitwan Change over 47 years 1.21 (0.59, 1.83) 

Minimum 

Temperature 

Dhading Change over 47 years 2.04 (1.43, 2.67) 

Sindhupalchowk Change over 47 years 1.16 (0.54, 1.77) 

5 Summer minimum 
temperature 

Chitwan Change over 47 years 0.86 (0.17, 1.53) 

Dhading Change over 47 years 1.7 (1.02, 2.38) 

Sindhupalchowk Change over 47 years 2.15 (1.47, 2.82) 

6  Chitwan Change over 47 years 0.69 (0.01, 1.36) 

Winter minimum 

temperature 

Dhading Change over 47 years 1.67 (1, 2.35) 

Sindhupalchowk Change over 47 years 0.97 (0.29, 1.64) 

 

Overall, the annual minimum temperature and summer minimum is increasing in all 

three districts (Table 5.3): Sindhupalchowk (2.2° C per 47 years) exhibited a higher rate 

of increase in summer minimum temperature this is followed by Dhading (1.7° C per 47 

years), and Chitwan (0.9° C per 47 years). Winter minimum also showed a rising trend; 

but the trend is slightly different to other parameters (Table 5.3). Dhading exhibited a 
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higher increase per year (1.7° C over 47 years), followed by Sindhupalchowk (1.0° C 

over 47 years) and Chitwan (0.7° C over 47 years).  

 

Total annual and monsoonal rainfall appears to be decreasing in Sindhupalchowk and 

Dhading and increasing in Chitwan (Table 5.3). The monsoon rainfall fluctuated for the 

analysed period in all the three study areas. Dhading and Sindhupalchowk observed a 

decline in monsoon rainfall (decline by 28 mm and 367mm over the period of 47 years 

respectively) in rainfall, while the reverse is true for Chitwan district. 

In terms of the start of the monsoon, in the case of Chitwan, July has been the month 

with the heaviest rain followed by August (Figure 5.2i). The month with the highest rain 

has been occurring later in the year (Figure 5.2ii), though considerable year-to-year 

variation is apparent (grey line). 

(i) 

(ii)  
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Figure 5.2: For Chitwan (i) frequency of months with heaviest rain (x-axis is the month 

of the year, y-axis frequency), (ii) the trend of the month with the heaviest rain (x-axis is 

the month where 6 is June and 9 is September). 

 

In the case of Dhading, July was the month with the heaviest rain (Figure 5.3i). For the 

month with the heaviest rainfall, their results suggest a recent trend towards the latter 

months, noting their longer-term trend is curvy-linear (Figure 5.3ii). 

(i) 
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household chores (Piya, Maharjan & Joshi 2012). More women saying, they have 

received information from community-based groups show the effectiveness of these 

community-based networks in the rural areas, especially for women. Extension services 

aid climate awareness among both men and women (Piya, Maharjan & Joshi 2013), 

nevertheless, inadequate extension services might help explain the relative lack of 

awareness among farmers (Kichamu et al. 2017). Only a very few mentioned the 

internet as a source of information, perhaps due to a lack of internet facilities and 

familiarity with technology due to education level and the age of the interviewees. The 

internet could become a more significant source of information among the next 

generation of Nepalese farmers. 

The number of respondents citing natural factors as a cause of the ongoing change in 

climate was on a par with those referring to anthropogenic factors. Similar observations 

have been made by Arbuckle Jr et al. (2013); Central Bureau of Statistics (2017); Swe et 

al. (2015) although not many have been able to provide a scientific explanation for the 

change in the climate. A stronger belief in religious/spiritual factors being reported in 

this study as the cause of these changes reported in this study is in accordance with 

other studies from Nepal (Konchar et al. 2015; Macchi, Gurung & Hoermann 2015) and 

other parts of the world (Byg & Salick 2009; Cobbinah & Anane 2016; Tambo & 

Abdoulaye 2013).Only a few reported following any religious practices such as praying 

to cope with these changes. Some believe the major earthquake in 2015 was the cause of 

noticeable change and this could be related to the fact that this disaster was recent 

(Gioli, Khan & Scheffran 2014). Although education has not consistently assisted 

awareness (Eggers, Kayser & Isselstein 2015; Tologbonse et al. 2010), education has 

been found to increase understanding of climate change (Roco et al. 2015; Tesfahunegn, 

Mekonen & Tekle 2016), and so these views could, in turn, be related to the low 

education level of most of the respondents. 

Language could be another factor accounting for a relative lack of awareness among 

rural farmers. Nepal is ethnically and linguistically diverse, and although Nepali is the 

official language, the case study populations comprised people living in farming 

communities where various castes have their language. Individuals who have only their 

mother tongue may not have access to climate education as most of the information 
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about climate change is delivered in English or Nepali. Also, non-English speaking and 

even Nepali speakers might not be familiar with scientific terminology. Thus, the lack 

of climate awareness may be exacerbated by the absence of a proper term for climate 

change in their vernacular languages (Uprety et al. 2017). KC (2018) pointed out that in 

a country like Nepal, effective climate change communication is often hampered by 

poverty, geographical settings, lack of communication facilities, lack of transportation, 

illiteracy, as well as varied languages, culture, and traditions. Although several 

advances have been made for the effective communication of climate change by 

different governmental and non-governmental organizations, the fact that only a very 

limited number of respondents said they had received any climate information from any 

organization emphasizes a gap in the information dissemination by the respective agents 

to the local people. Due to these communication issues, farming communities are not 

well placed to take advantage of any benefits targeted at them. Another important aspect 

arising from the interviews and similar to the findings of other studies (Baul et al. 2013; 

Teye, Yaro & Bawakyillenuo 2015) that despite many respondents being unaware of the 

notion and terminology of climate change and its actual causes they had all experienced 

climate change and its local impacts. The impacts of climate change were felt by the 

study participants in past decades though most of them did not gave it a label as “Jal 

Bayu Pariwartan” or “Climate Change”. 

 

An increase in perceived temperature reported by all respondents, with a slightly higher 

percentage from the Mountain zone supports global findings. Although there was no 

detectable difference between respondents living in the three agro-ecological zones 

(Regression results, Table 5.2), it is noteworthy that the farming communities from all 

the zones perceived an increasing temperature. The perception of an increase in 

temperature matches the climatic data obtained for the study sites and is consistent with 

national trend data on temperature change (Department of Hydrology and Meteorology 

2017; Shrestha et al. 2019). This supports the findings from the same study sites in 

Nepal (Baul et al. 2013; Biggs et al. 2013; Paudyal, Bhuju & Aryal 2015; Pradhan, 

Sijapati & Bajracharya 2015; Sujakhu et al. 2016; Tiwari & Bauer 2015) and other parts 

of the world (Abid et al. 2015; Buys, Miller & van Megen 2012; Devkota et al. 2017; 

Liu, Smith Jr & Safi 2014). The Himalayas has experienced intense warming beginning 

in the mid-1990s and consequently, the acceleration of ice loss doubled during 2000-
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2016 (Maurer et al. 2019). The HKH region witnessed accelerated warming over the 

last years (0.2° C per decade) in comparison with the global average (Ren et al. 2017; 

Wester et al. 2019) indicating the region is one of the fastest-warming regions in the 

world. Moreover, the Eastern Himalayas (Nepal) experienced greater warming than the 

Greater Himalayas (Sheikh et al. 2015) with the rapid melting of glaciers which 

highlights the vulnerability of Nepal to climate change perils. 

 

In parallel with the increase in temperature, many respondents also described a 

perceived decrease in coldness in winter which was again consistent with other 

scientific climatic data (Boillat & Berkes 2013; Burnham, Ma & Zhang 2016). 

Perceived decreases in rainfall in monsoon periods reported by Mountain communities 

are described in this study (Table 5.2), and also consistent with the findings of other 

studies from Nepal (Banerjee 2015; Baul et al. 2013; Biggs et al. 2013; Devkota et al. 

2017) and worldwide (Ayanlade, Radeny & Morton 2017; Below, Schmid & Sieber 

2015; Buys, Miller & van Megen 2012; Phuong et al. 2018). A higher percentage of 

respondents describing an increase in rainfall in low-land areas could be influenced by 

the devastating flood event which occurred in 2017 in Nepal, as people’s perception is 

often influenced by their experience of recent events which remain more vivid in 

memory (Becken, Lama & Espiner 2013; Simelton et al. 2013; Yaro 2013). The 

perception of more erratic and unpredictable rainfall as described in this study has also 

been observed by many others (Below, Schmid & Sieber 2015; Devkota et al. 2017; 

Gentle & Maraseni 2012; Ingty 2017; Macchi, Gurung & Hoermann 2015; Manandhar 

et al. 2011). The perceptions of decreasing and increasing monsoonal rainfall in 

Dhading and Chitwan respectively matched with results of the time-series analysis of 

the climatic data. The recorded decreasing monsoon and annual rainfall in 

Sindhupalchowk agrees with the perception of people in that district of decreasing 

rainfall. 

 

Compared to the strong temperature trends, the observed rainfall trends in terms of total 

annual and seasonality were apparent but more complex and variable across the three 

districts and the agro-ecological zones (Result section, Table 5.3). The trend of 

decreasing total annual and monsoonal rainfall in Sindhupalchowk is occurring. 

Decreasing rainfall has been observed in most of the central development region with 
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minor rising monsoon rainfall in the Terai zone (Department of Hydrology and 

Meteorology 2017). 

 

Local perception of delayed monsoon particularly shifts in monsoon onset from June to 

July, matched with the findings from the results presented here (smoothing spline 

analysis), pointing to important changes in rainfall seasonality in the study areas. The 

highest rainfall has occurred in July in all three study areas. The trends of delayed 

monsoon/change in seasonality seem to be stronger in lowlands compared to the other 

two zones. This specific perception of delayed monsoon matches other studies in Nepal 

(Budhathoki & Zander 2019; Macchi, Gurung & Hoermann 2015; Shrestha et al. 2019) 

and worldwide (Gichangi et al. 2015; Meldrum et al. 2018; Singh, Osbahr & Dorward 

2018). As the visual salience of rainfall events renders it more noticeable compared to 

changes in other climate events (Vedwan & Rhoades 2001), farmers usually evaluate 

the nature of season based on the timing or frequency of rainfall that occurs during the 

timing of crop sowing or any agricultural activities demanding rain (West, Roncoli & 

Ouattara 2008). Since most of the rice (a staple food in Nepal) plantation is conducted at 

monsoon season and depends on timely and adequate rainfall (Karn 2014), delayed 

monsoon perceived by farmers could be related to the change in the timing and 

frequency of monsoon season in the study areas. The local perceptions of the early onset 

of spring and summer and delayed arrival of winter are in line with other findings (Baul 

et al. 2013; Chalise, Maraseni & Maroulis 2015; Ingty 2017). A major limitation of the 

climatic analysis presented here is that data were only available for the period 1967-

2013. When the spatial modelling used in the study can be updated using the last 7-

years data, rainfall trends, especially with regards to seasonality, will likely be more 

apparent. 

 

Severe and frequent natural hazards as reported in this study corroborated other findings 

where frequent and intense drought (Bhatta et al. 2015; Biggs et al. 2013; Central 

Bureau of Statistics 2017) and increased flood (Sujakhu et al. 2016; Tiwari & Bauer 

2015; Tologbonse et al. 2010) were experienced. Climate change is claimed to have 

magnified hazards such as floods, droughts, and a rise in sea level (Central Bureau of 

Statistics 2017; Ojha et al. 2014). The impacts of recent extreme events and climate 

variability in Nepal have been daunting and have had a significant negative effect on its 
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economy as well as social impacts. The unexpected rainfall and prolonged drought 

caused huge loss of cereal crops yield mainly wheat, rice and maize causing 400000 

tons of grain deficit in the fiscal year 2009/2010 threatening food security (Ministry of 

Agriculture and Cooperatives, World Food Programme & Food and Agriculture 

Organization of the United Nations 2009; Paudel et al. 2011). The monsoon flood in 

2017 which impacted 35 districts including Chitwan, was one of the worst rain events 

witnessed in 15 years and adversely impacted lives, infrastructure, and livelihoods 

(Ministry of Home Affairs 2017). 

 

The decrease in yields experienced by farmers in all the three zones reinforces the 

results of studies conducted in the same areas (Baul et al. 2013; Central Bureau of 

Statistics 2017; Paudyal, Bhuju & Aryal 2015; Sujakhu et al. 2016; Tiwari & Bauer 

2015) and other parts of the country (Gentle & Maraseni 2012; Joshi et al. 2019; 

Lamsal, Kumar & Atreya 2016; Poudel 2015; Shrestha & Nepal 2016). People’s 

perceptions of changes to crop yields, were not consistent with crop yield data analyses 

here which showed upwards trends. This could be due to limitations in farmers’ ability 

to recall. Though farmers typically provide more accurate estimations or projections of 

crop yield, their recall could have limitations because of over or underestimation of crop 

yield by farmers seeking benefits (for example food aid) or avoiding penalties including 

taxes. Moreover, as the farm outputs are gifted to friends and family or used as in-kind 

payments to laborers, farmers may overlook the in-kind payments while estimating crop 

yield (IFPRI 2011). Another possible reason could be that farmers are not very able to 

clearly determine their actual cropped area, as has been found in countries like Nepal, 

the Philippines and Malawi (Rozelle, 1991). 

 

An increase in crop yield as obtained from the secondary yield data analysis in our 

study could be attributed to a range of factors including the introduction of new crop 

types and varieties, the use of improved technology, irrigation facilities and change in 

agricultural practices (Acharya 2018; Najafi et al. 2018; Poudel & Shaw 2016).Our 

study did not assess the effectiveness of those agricultural practices or impact of 

adaptation strategies on crop production. 

 

The occurrence of pests was reported by slightly more people in the Mountain zone and 
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this could also have had an impact on production there, which is in line with the 

findings from NCCIS 2016, Nepal (Central Bureau of Statistics 2017). Increased pest 

problems, an outbreak of new pest and diseases have been challenging for the farming 

communities globally (Suberi et al. 2018; Zampaligré, Dossa & Schlecht 2014) 

compelling a majority of them to rely on chemicals and pesticides as control measures 

(Alam et al. 2012; Banerjee 2015; Gentle et al. 2018; Li et al. 2013). 

 

As the farmers in Nepal rely solely on the monsoonal rainfall for irrigation (Gautam & 

Regmi 2013), the unpredictable and delayed monsoon has affected their agricultural 

calendar altering the time of plantation and harvesting and has damaged crops due to its 

effects the crop cycle. A similar situation has been reported in Nepal and elsewhere 

(Dumenu & Obeng 2016; Paudel et al. 2014; Poudel 2015; Varadan & Kumar 2014). 

Early flowering and fruiting of cereal crops such as wheat and maize were reported by 

Sujakhu et al. (2016) and noted by the farming communities in this study. In contrast to 

their study where the changes were attributed to climate changes, in this study the early 

fruiting and flowering of cereal crops including paddy was credited to the adoption of 

improved varieties that were more resilient. In contrast to other findings (Ayal & Leal 

Filho 2017; Mkonda, He & Festin 2018), in our study, the age and gender of 

respondents had little or no effect on their perceptions. 

 

5.5 Conclusion 

 

Despite showing a relatively low level of awareness about the notion of climate change, 

most respondents described how they had experienced climate change impacts, and 

these were irrespective of their geographical region, age, education or socio-economic 

background.  

 

Analysis of long term monthly climatic temperature and rainfall trends indicates that the 

higher altitude zones have been more impacted by climate change and this was reflected 

in the perceptions of impact expressed by local respondents, suggesting that these zones 

are currently facing the brunt of climate change. Moreover, this emphasizes the ability 

of local people to recognize changes in the climate and supports the use of local 

knowledge to complement the evidence generated by scientific models. 
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With more young people, especially men, migrating from rural areas and leaving 

agriculture women and elders are becoming more exposed to climatic uncertainties 

because of their increased involvement in agriculture. While these vulnerable groups are 

becoming sensitized to the realities of climate change and its impacts on the food 

production, they are increasingly responsible for, there is a pressing need for programs 

of education and assistance to help them deal successfully with an increasingly 

uncertain future. 
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Abstract 

 

 

Food insecurity is real to millions of households around the world. This is especially the 

case in the low-income countries of Asia and Africa. These countries still struggle to 

reduce the degree of food insecurity with a large proportion of food-insecure households 
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relying on rain-fed agriculture for their livelihood. Several factors such as lack of 

production, lack of resources, access to land and market, climate change, extreme 

events, and underlying poverty threaten the food security of the households in the 

agricultural country of Nepal. Interviewing 384 farm households, 128 households each 

from three agro-ecological zones in Bagmati Province, in this study, we aim to examine 

the prevalence, cause of and response to food insecurity, and assess how food security 

varies with respect to the regional variation. Furthermore, we explored the role of 

changing climatic conditions in creating such adversities. We found that 56% of the 

farm households experienced food insecurity. The severity varied amongst the 

households with poor and marginalised households suffering severely from food 

insecurity. Households in the Mountains and the Hills were more food insecure than in 

the Terai region of the study area. Also, climate change impacts have multiplied the 

risks amongst these rural households surviving under an agrarian economy. Therefore, 

in this paper, we suggest maximizing agricultural productivity and empowering the 

smallholders to improve their livelihood and attain food security. We emphasize 

collaboration and coordination between relevant stakeholders, civil society, private 

sectors, governmental and non-governmental organizations, capacity building, 

allocation of resources and institutional arrangements are instrumental in reducing 

hunger. 

 

 

Keywords: Food security; climate change; rural; subsistence farming; farm households; 

Nepal 

 

6.1 Introduction 

 

Hunger is one of the principal challenges faced by the global population. Despite much 

progress in reducing hunger worldwide in recent decades, the number of hungry people 

in the world rose to more than 820 million in 2018 (FAO et al., 2019). Hunger is an 

individual condition potentially resulting from food insecurity. Food insecurity on the 

other hand is a household level concept signifying household who are not food secure or 

households that contains food insecure persons (National Research Council, 2006).  

 

Food security is defined as the “situation that exists when all people, at all times, have 
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physical, social, and economic access to sufficient, safe, and nutritious food that meets 

their dietary needs and food preferences for an active and healthy life”(FAO, 2002). 

Household food security is understood as the ability to obtain the food needed by 

members of the households (Pinstrup-Andersen, 2009). For achieving food security, a 

household needs adequate food production and/ or adequate physical access (the 

nearness of markets and other distribution channels) and economic access that is 

adequate food purchasing power (Gillespie and Mason, 1991). This study aimed to 

assess the prevalence of household food insecurity in Bagmati province (Province 

three), Nepal and assess whether regional variation (Sharma, 2001) influences the 

perception of food security. Similar to Bergeron (1999), for the purposes of this study, 

food security was defined in terms of food availability and food accessibility. In 

addition, food secure households in this study refers to households that are not food 

insecure and vice versa.  

 

There has been a huge increase in production associated with the expansion and the 

intensification of agriculture. However, food systems still confront surging demand 

from rising population numbers and global environmental change, including climate 

change (Myers et al., 2017) which undermines food production and consequently food 

security.  

 

Climate change is a challenge for the attainment of food security in many regions across 

the world (Hirsch and Lottje, 2009, Hussain et al., 2016, Ziervogel and Ericksen, 2010, 

Shah et al., 2020) and this is particularly true for regions that are already food insecure 

(Richardson et al., 2018). The impacts of climate change alter agro-ecological 

conditions and can skew growth and income distribution, affecting food production and 

increasing the demand for agricultural products (Schmidhuber and Tubiello, 2007). 

Climate change affects the food system and food security by affecting crop production, 

supply chain infrastructure, food prices and market stability (Gregory et al., 2005). 

These effects are complex, widespread, geographically and temporally variable and are 

further influenced by other socioeconomic conditions (Vermeulen et al., 2012).  

 

The impacts of climate change potentially affect four aspects of food security: food 

availability, access, utilisation and stability (Porter, 2014) and extreme weather events 
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have direct and indirect negative effects on the household food security (IPCC, 2001).  

 

Food inequalities are projected to increase, from local to global levels, because climate 

change has different effects for people from one part of the world to another, from one 

community to the next and between rural and urban areas (Wheeler and Von Braun, 

2013). Smallholders in the developing countries are likely to be affected by future 

climate change, which further threatens their household food security (Niles and 

Salerno, 2018). The economy of the developing countries suffers considerably from any 

losses of agricultural production induced by climate change because of their relatively 

high dependence on agriculture for livelihoods (Gebreegziabher et al., 2011). The poor 

and the vulnerable suffering from hunger and malnutrition predominantly in developing 

countries are therefore the most affected (Schmidhuber and Tubiello, 2007, Hirsch and 

Lottje, 2009). 

 

South Asia, a region on the south of the Asian continent is still comprised of one-third 

of the most impoverished population in the world despite an encouraging growth in its 

economy (Mani et al., 2018). South Asia also known as the Sub-Himalayan region or 

the Indian Sub-Continent, consists of countries including Nepal, Afghanistan, 

Bangladesh, Bhutan, India, the Maldives, Pakistan, and Sri Lanka. South Asia is 

vulnerable to climate change menaces because of the relatively high rates of poverty, 

population growth, food insecurity and natural resources degradation (Sivakumar and 

Stefanski, 2011). Climate change-induced temperature increases, rising variabilities, and 

climatic extremes threaten the food and nutrition security in the South Asian region 

where food systems are already at a critical point. South Asian and the African South of 

Sahara saw a serious level of hunger in 2017 as evidenced by their very high Global 

Hunger Index scores (IFPRI, 2018).  

 

Nepal is a landlocked country in South Asia occupying 0.3% and 0.03% of the total area 

of Asia and the world, respectively (Government of Nepal, 2018). Nepal is divided into 

three agro-ecological zones, namely Terai, Hills, and Mountains (World Bank, 2011) 

which cover 34,019 km2, 61,345 km2, and 51,817 km2 respectively of the country’s total 

land area of 147,181 km2 (Central Bureau of Statistics, 2016). Nepal is ranked 81st out 

of 113 countries with an overall score of 44.5 on the global food security index 2017 
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(The Economist Intelligence Unit Limited, 2018). Nepal is targeting to end hunger, 

malnutrition and food insecurity by 2030 (Sustainable Development Goal 2) through a 

programme called the Zero Hunger Challenge. Several plans and strategies such as the 

Agriculture Development Strategy (ADS) 2015–2035, the Food and Nutrition Security 

Plan of Action (FNSP) 2013–2022, the Multi-Sectoral Nutritional Plan (MSNP) 2018–

2022, Nepal Zero Hunger Challenge: The National Action Plan (2016–2025) and 

Sustainable Development Goals 2016–2030 show the commitment of the Nepalese 

Government to alleviating hunger and food insecurity (Ministry of Agriculture; Land 

Management and Cooperatives, 2018). Nepal observed a decline in undernourishment 

from 15.9% of the total population in 2004–2006 to 8.1% in 2015–2016, yet it remains 

included in low-income food-deficit countries (FAO et al., 2017). According to the 

Nepal Demographic and Health Survey 2016 conducted by Ministry of Health, New Era 

and ICF, 48.2% of the Nepalese households are food secure (Ministry of Health et al., 

2016).  

 

Nepal is an agricultural country with the dominance of subsistence farmers (78%) who 

produce food mainly for the home consumption (Karkee, 2008). Among these 

subsistence-oriented farmers more than 50% of the farmers in Nepal are smallholder 

farmers who holds and cultivates a small area of land usually less than 0.5 ha per 

household (Central Bureau of Statistics, 2011). This suggests that achieving Sustainable 

Development Goal 2 is possible if we reduce hunger amongst these farmers who 

constitute a majority of the population in Nepal. Note that subsistence-oriented farming 

used in this study refers to farming and related activities mainly to feed themselves and 

their families and sometimes selling a limited amount of farm output (Barnett, 2011). 

Furthermore, smallholders refer to farmers who own small land plots and rely on those 

farms for food and income using family labour (Cornish, 1998). This study follows this 

definition of smallholders by Cornish (1998) where small land plots relates to land plots 

usually less than 0.5 ha per household. The key challenges to securing food and 

nutrition in Nepal have been identified as increasing population, low food production, 

subsistence farming, rising food prices, less irrigated land, climatic shocks, less 

resilience to climatic events, transportation and distribution problems, insufficient food 

stock and food diversity access, changes in food habits, and coordination among the 

relevant stakeholders (Ministry of Agriculture; Land Management and Cooperatives, 
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2018). 

 

Nepal has a food surplus according to the National cereal balance sheet (2016/2017) 

which is based on consideration of the country’s six major staple cereal crops of rice, 

maize, millet, wheat, barley, and buckwheat. However, 16 of its relatively high-altitude 

regions, including Sindhupalchowk, have a food deficit (Ministry of Agriculture; Land 

Management and Cooperatives, 2018). A country’s self-sufficiency in food production 

does not signify that all the individuals or households in the nation are food secure 

(Schmidhuber and Tubiello, 2007). 

 

The agro-ecological zones of Nepal are likely to face the burden of a changing climate 

on various aspects of their agricultural productivity and food security because of the 

projected weather variabilities and climatic extremes including sporadic rainfall trends, 

infrequent droughts, floods and hot and cold waves (Pokhrel and Pandey, 2013). Each 

region exhibits varied biophysical and socioeconomic condition which govern the 

impacts of and resulting response to climate change on these regions (Brown et al., 

2015). The diverse climate and ecology caused by the topographic and physiographic 

variations in Nepal complicate the projections of the climate change impacts on the 

country’s ecosystem (Pain et al., 2015). A higher number of people will be at the risk of 

hunger in Nepal in a scenario with climate change by 2030 and 2050 as compared to in 

a scenario without climate change (IFPRI, 2018).  

 

The reasons for food insecurity in Nepal are complex and need further detailed 

assessments (World Food Programme and Nepal Development Research Institute, 2010) 

particularly to better discern the role of a rapidly changing climate. While food security 

is a broad concept, a study approach can help shed light on the specifics of farmers’ 

experience regarding the effects of climate change on agricultural productivity and their 

food security. Through surveys of subsistence oriented smallholder farm households’ 

experiences in three districts of Nepal, one from each of the three primary agro-

ecological zones, and key informant interviews, this study  examined rural farm-

households state of food security, defined in terms of food availability and food access, 

and focussing on: how the food security varies with respect to the location or regional 

setting; how are they adapting to food insecurity; and how climate change is affecting 
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their food security. With this focus on household food security, the issues of food 

utilization (nutrition) and food stability, and their role in food security, fell outside the 

scope of our study. 

 

6.2 Materials and Methods 

 

6.2.1 Overview of approach 

 

The approach used for this study was based on surveying subsistence orientated 

smallholder farmer households in the Bagmati Province of Nepal and analysing these 

data to identify the households experiencing food insecurity and related causal factors, 

including the influence of climate change impacts, as well as their adaptation responses 

to address their food insecurity problems, and any evident limits to these adaptations 

(Figure 6.1). Further details on the care study design and survey methods are provided 

in the following sections. 
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Figure 6.1 Overview of study approach. Subsistence orientated smallholder (<0.5 ha-1) 

farmers were surveyed within the Bagmati province, Nepal. This province spans the 

three main agro-ecological zones of Nepal, and therefore major differences in 

productivity, access and climatic conditions. Household surveys were complemented 

with focus group discussions and key information interviews, and the information used 

to address key issues related to causes of food security and adaptation responses. 

Household food security was assessed using the Household Food Insecurity Access 

Scale (Coates et al., 2007), and key issues for households assessed as experiencing food 

insecurity were investigated performing content analysis using NVivo (QSR, 2017) and 

statistical technique (logistic regression using the R library MCMC pack (Geyer and 

Johnson, 2017). 
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6.2.2 Locale of the study 

 

This study used a perception-based case study as detailed by Yin (2003), conducted in 

the Bagmati Province (province three), which is one of the seven provinces of Nepal. 

The provincial headquarters is Hetauda and the province comprises 13 districts, three 

metropolitan cities, one sub-metropolitan city, 74 rural municipalities, and 41 urban 

municipalities. The province covers an area of 2,030,000 hectare which is around 14% 

of the total area of Nepal and has population of 55,29,452. Bagmati Province has 

300,584 hectares of agricultural land, out of which 289,662 hectares is cultivated. The 

total production of major cereal crops in the year 2017/2018 was 1,348,282 metric ton 

with the dominance of yield of maize, paddy and wheat.  

 

For this case study, three districts were selected that are located in each of the three 

agro-ecological zones of Nepal (Figure 6.2). Chitwan district is located in “terai” or 

lowland zone. 

 

    Figure 6.2 Map of Nepal showing the three study sites within the study districts 

The population of Chitwan is 579, 894 and area is 2,238.39 km2 Government of Nepal 

(2012). The district consists of 76,376 hectares of agriculture land use area. The literacy 
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rate of the district’s population is 77% with 9% living in poverty. Agricultural 

production of this district comprises 87.38% of cereals, 8.67% vegetables, 0.83% 

horticulture, 0.15% other types of crops and 2.97% of livestock, poultry and fishery. 

Rice, maize, wheat, mustard, beans, lentils, vegetables, mustard, black gram, millet, 

buckwheat are key commodities of this district. The major cropping pattern of this low-

land district is rice-wheat; maize-mustard-fallow; rice-mustard/lentil-

wheat/vegetables/fallow and mustard-legumes-lentils. The Chitwan district has a 

tropical to sub-tropical climate, experiencing an annual maximum temperature of 28.8° 

C, an annual minimum temperature of 17.4° C, and an average annual precipitation of 

1784 mm. Twenty disaster-related deaths were recorded in the district from 2011 march 

to Aug 2017 from landslide, flood and heavy rainfall. Based on the NAPA vulnerability 

index1, the district falls amongst the country’s highly vulnerable districts (Ministry of 

Environment, 2010).  

 

Dhading district was selected to represent the hill zone of Nepal. It has a population of 

336,067 and 19% of the total population lives in poverty (Government of Nepal 2012). 

Dhading covers an area of 1,926 km2. The literacy rate of the district is 63%. The 

district has 67,005 hectare of agriculture land use area. Agriculture production of the 

district include 93.45% cereal crops production, 5.47% vegetables, 0.12% horticulture 

and less than one (0.97%) percent of livestock, poultry and fishery. The key agriculture 

commodities of the district are rice, maize, wheat, sugar cane, millet, buckwheat, 

mustard, black gram, barley, and potatoes. The major cropping pattern of the district 

include maize/millet-wheat, maize-rice, maize-rice-wheat, rice-lentils-wheat and lentils-

wheat-fallow. Climate in the district varies from sub-tropical to temperate with an 

average annual maximum and minimum temperature of 22.1° C and 11.8° C 

respectively, and average annual precipitation of 1684 mm. Five disaster-related deaths 

were recorded in the district from 2011 march to Aug 2017 from landslide, flood and 

heavy rainfall. Based on the NAPA vulnerability index, Dhading is ranked as a highly 

                                                 
1 The climate change vulnerability ranking was sourced from the Vulnerability 
Assessment for the National Adaptation Programme of Action (NAPA) ranking for 
(Ministry of Environment, 2010). The analysis was undertaken using district-level data 
from secondary sources and climate risk mapping to produce integrated vulnerability 
maps for each district. The ranking provides a high-level relative comparison between the 
three study sites. 
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vulnerable district (Ministry of Environment, 2010).  

Sindhupalchowk Province is located in the mountain zone of Nepal and has an area of 

2,542 km2. The population of Sindhupalchowk is 287,798 with 25% in poverty 

(Government of Nepal 2012). The literacy rate in the district is 60%. The total 

agriculture land use area of the district is 65,688hectare. A majority of the agriculture 

production in the district (97.4%) constitute cereal crops followed by 0.6% livestock 

while rest of the agriculture production include 0.15% of vegetable production, 0.21% 

horticulture and 0.26% of other types of crops. Potato, maize, paddy, millet, wheat, 

barley are the major agriculture commodities of the district. The dominant cropping 

pattern in the district are maize-wheat-finger millet; maize-potato-wheat-finger millet, 

rice-barley, buckwheat-barley and potato-barley. Sindhupalchowk has a warm 

temperate to arctic climate with the annual maximum and minimum temperature 

averageing 16.8° C and 7° C respectively and with an average annual precipitation of 

2,035 mm. The Sindhupalchowk district falls in the moderate rankings based on the 

NAPA vulnerability index (Ministry of Environment, 2010). The district recorded 61 

disaster related deaths from 2011 march to Aug 2017 pertaining to landslide, flood and 

heavy rainfall.  

 

6.2.3 Study design 

 

The approach developed for this study was designed to provide a hierarchically 

representative sample of administrative units and major environmental gradients in 

Nepal. A five-step multistage sampling selection approach (Elder, 2009) was used to 

select the case study locations. First, one province – Bagmati province – was randomly 

selected from a total of seven provinces in Nepal. Second, within Bagmati province, 

three districts were selected. Sindhupalchowk, Dhading, and Chitwan to represent 

Nepal’s three main three agro-ecological zones. Third, three municipalities within each 

district and zone were then randomly chosen. Fourth, three wards – the smallest local 

administrative unit in Nepal were randomly selected from each municipality in each 

district. Finally, stratified random sampling was applied to select households from the 

identified wards in each municipality; with the stratification depending upon the total 

number of households in each ward. Thus, a total of 384 smallholder farm households, 

with128 each from each district, were interviewed. Regarding the selection of 
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households, the sample size of 384 was selected based on guidelines for sample size 

decisions developed by Krejcie and Morgan (1970).  

 

The term ‘households’ in this study refers to “a person or group of related and/or 

unrelated persons who usually live together in the same dwelling unit(s) or connected 

premises, who acknowledge one adult member as the head of the household, and who 

have common cooking and eating arrangements” (Mehata et al., 2013). In each 

household, the head of the farm household involved in agriculture was interviewed 

irrespective of their gender. If the household head was not available, then the next most 

senior member of the household was invited for the interview. Participation was 

voluntary. The ethical consent process was completed before each interview, with the 

researcher explaining the study procedures to the participants. 

 

The Nepali language was used for the interview, and the interview location was decided 

based on the convenience of the participants. The anonymity and confidentiality of the 

participants were maintained. Each interview lasted between 30 and 45 min, and the 

answers were recorded on the questionnaire sheet by the interviewer and transcribed as 

soon as possible. Interview instruments like semi-structured and formal structured 

interview were used.  In line with the study objectives, the households (n= 384) were 

asked questions related to their experience of food insecurity, climate change impacts, 

and the measures they have adopted to deal with such situations. The participants 

reported changes they have witnessed over the last decades as best they could 

remember. The Household Food Insecurity Access Scale (HFIAS) by Coates et al. 

(2007) was used to determine the prevalence of food insecurity amongst farm 

households based on a 12-month recall period. The HFIAS questionnaire consists of 

nine occurrence questions, and each occurrence question is followed by a “frequency of 

occurrence” questions (Supplementary data S1).  

 

Three focus group discussions and 33 key informant interviews were simultaneously 

conducted along with the survey for purposes of data triangulation (Wilson, 2006). 

Focus group discussion, including an interactional discussion focusing on the 

considered issues (Hennink, 2014). Considering the existence of patriarchal social 

norms and traditions (Panta & Thapa, 2018) and the restricted cultural roles of Nepalese 
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women, it was deemed essential to recognize women’s perspectives on climate change 

and related issues. Thus, focus group discussion was conducted with a group of local 

women in each district. Altogether, 22 women took part in the focus group discussion, 

sharing their experiences of food insecurity and their responses.  

 

In addition, 33 officials working in the sectors related to climate change, agriculture, 

and food security were consulted and interviewed. This key informant interviewees 

were chosen purposively and included officials from various governmental 

organisations (n=12), Non-Governmental Organizations (NGOs, n=9), international 

non-governmental organization (INGOs, n= 9) and teachers (n=3).  

 

The project was approved by the Human Research Ethics Committee of Griffith 

University (GU ref no: 2017/427). 

 

6.2.4 Data analysis 

 

Mixed methods (Greene et al., 1989) were used to analyse the results of the surveys. 

The perception data were recorded using Microsoft Excel and analysed using the 

statistical software R (R Core Team, 2018).  

The study variables comprised of the dependent and independent variables listed in the 

Table1.  

Table 1: The dependent and independent variables in the study 
Dependent Variables Independent variables 
Perception of food security 
Perception of adaptation 

Age 
Gender  
Location (respective agro-ecological zones in our 
case) 

 

The dependent variables were modelled using a logistic regression for both outcomes 

(Perception food security and perception of adaptation), as these are both binary 

outcomes. The explanatory variables in both the models were age, gender, location and 

associated interactions. 

For our logistic regression we used a Bayesian framework. We modelled both main 

effects and interactions using the R library MCMC pack (Geyer and Johnson, 2017). 

The logistic regression model using a Bayesian framework can be defined as: 
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�U�Ü| �T�Ü �$𝐵𝐵�N�J𝐵𝐵�Q�H�H𝐵𝐵(�L�Ü) 

with the inverse link function  

�L�Ü=
�A𝑒𝑒𝑒𝑒(�T�Ü�Ú)

1 + �A𝑒𝑒𝑒𝑒(�T�Ü�Ú)
 

where, �U�Ü is the binary outcome, �T�Ü are the independent variables for subject i, �L�Ü is the 

probability of subject i having the response of 1 and �Ú are they professions relating to the 

linear predictor. 

 

A Multivariate Normal prior distribution is assumed to estimate the coefficients (�Ú): 

�Ú ~ �/�8 𝑀𝑀(�=°, �#°) 

For our analyses, we set   �=° = 0 and �#° = 0  , which becomes are uniform [
F�»,�» �@���S�U�L�R�U�� 

The likelihood of the data is represented as a binomial distribution Bin (n=yi, p=pi). The 

subsequent posterior distribution of the parameter �Ú is determined using a Monte Carlo 

Markov chain algorithm known as a random walk Metropolis sampler. The full model 

was run on both outcome variables and terms having a posterior distribution which did 

not contain 0 in the 95% credible interval were retained in the reduced model. 

 

In the modelling process, only the location variable was deemed to be significant and as 

a consequence, the results are presented below in the form of the predictive posterior fit 

for each of these locations.  

 

The Household Food Insecurity Access Scale (HFIAS) by Coates et al. (2007) suggests 

that a survey can capture and quantify the responses and reactions generated through the 

household’s experiences of food insecurity. Therefore, households are categorised as 

‘severely food insecure’ or ‘moderately food insecure’ or ‘mildly food insecure’ and 

‘food secure’ (Coates et al., 2007).  

 

In addition, the weighted average index (WAI) of Shrestha and Nepal (2016) was 

adopted to summarize the study participants’ perception of the severity of impact of 

climate change on food availability. They were asked to indicate their answers using 

levels of severity: no impact; low impact; medium impact; or high impact. Specifically, 

the assessments were in regard to their perceived impact of climate change on indicators 
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of food availability: reduced crop area; reduced crop productivity; increased drought 

and water scarcity; increased food diversity (diversity in terms of food and food 

groups/farm food products); crop storage (storing of crops after harvest); and disease 

and pest occurrence.  

 

The food availability index (FAI) is calculated as follows: 

FAI = 4fH + 3fM + 2fL + fNC  

  n 

Where, 

FAI is the Climate change impact on food availability index; 

fH is the number of households indicating high impact of climate change; 

fM is the number of households who reported medium impact of climate change; 

fL is the number of households reporting low impact of climate change;  

fNC is the number of households indicating no impact of climate change for a particular 

indicator of food availability; and 

n= total response. 

 

If the FAI score of four is calculated for an indicator of food availability, it implies, it 

implies a high impact. A FAI score of three implies medium impact, two implies a low 

impact, and one implies no change (Shrestha and Nepal, 2016). 

 

The content analysis of the data from the key informant interviews and the focus group 

discussion were carried out using the NVivo software (QSR, 2017, Bazeley, 2007). The 

quotes from the interviews are presented below, and the alphanumeric codes HH N and 

KI N refer to the number of households and the number of key informants, respectively; 

FGD-M, FGD-H, and FGD-T refer to the focus group discussions from the Mountains, 

Hills and Terai regions, respectively. 

 

6.3 Results 

 

6.3.1 Profile of the study participants 

 

Among the 384 study participants, there were 237 male participants and 147 female 
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participants. The study participants mostly belonged to the 30 to 40 age group which 

comprised 182 participants, this was followed by the 158 participants who were aged 41 

to 65. While the remaining 44 participants belonged to the age group above 65. A 

majority of the study participants (47%) had not received any formal education. The 

details of key demographic characteristics of the study participants are presented in 

Table 2. 

 

Table 2: Demographic characteristics of the study participants who represented 

the farm households.  

  Total 
(N=384) 

Chitwan 
(Terai, 
n=128)  

Dhading 
(Hill, 
n=128) 

Sindhupalchowk 
(Mountain, n=128) 

Gender Male 237 52 96 89 
 Female 147 75 32 39 
Age 30-40 182 57 62 63 
 41-65 158 56 50 52 
 65+ 44 15 16 13 
Education No 

Education 
181 51 64 66 

 Primary 101 41 32 28 
 Secondary 

(up to class 
10) 

77 28 22 27 

 Above 
secondary  

25 8 10 7 

 

6.3.2 Prevalence of food insecurity 

 

When enquired about the prevalence of food insecurity in households, more than half of 

the study participants (56%) reported having experienced food shortages or a food 

insecurity situation. However, the severity of food insecurity varied among the 

households and the regions. Based on the statistical analysis, the location or zonal 

settings had a significant impact on food security status with people from the Chitwan 

(Terai region) more likely to feel food secure compared to people from Dhading (the 

Hills) and Sindhupalchowk (the Mountains) (Table 3). A key informant narrated (KI 

19), ‘Food insecurity exists in Nepal considering the evidence of stunting, wasting and 

low Body Mass Index. Food shortage happens every year in the Mountain areas and 

some years in the Hills and Terai.’ Age and gender in the sample had no notable effect 
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on the perception of food security.  

  

Table 3: Predicted proportion (80% CrI) of study participants who were more 
likely to feel food secure  
 Food secure  

Posterior mean (80% CrI) 
Chitwan (Terai) 0.76 (0.70, 0.80) 
Dhading (Hill)  0.34 (0.28, 0.39) 
Sindhupalchowk (Mountain) 0.23 (0.19, 0.28) 

*Note: Credible interval (CrI) is an interval within which a parameter value has a given 

probability. The results are obtained from statistical analysis as mentioned above. Final 

outcome is only presented. 

 

Based on the HFIAS category, the majority (76%) of the study participants in Chitwan 

reported being food secure, while in the other two regions most of the study participants 

had to or often had to worry about food the entire year (Figure 6.3). In Chitwan, about 

19% of the households were mildly food insecure, and 4% were moderately food 

insecure.  

 

In Dhading, 33% of the households were food secure, 31% were mildly food insecure 

and 27% of the households were moderately food secure. Furthermore, a severe 

condition of food insecurity was reported by 9% (80% CrI, 5%-11%) of the study 

participants from Dhading.  

 

In Sindhupalchowk, only 24 % of the households were food secure and 28% mildly 

food insecure. The 41% of farming communities in Sindhupalchowk with moderately 

food secure had not faced a severe condition regarding the quantity of food supply but 

had started to compromise on food quantity and had forgone food quality by eating less-

desired food or monotonous diet. Seven percent (80% CrI, 4% - 10%) of the households 

in Sindhupalchowk were severely food insecure. A severe case of food insecurity as 

reported by the study participants from Dhading and Sindhupalchowk indicated that 

they had run out of food or had to cut back the number or size of meals or experienced 

severe situations (Coates et al., 2007).  
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and the households in the Cheppang communities have a severe problem. Households in 

the higher elevation of Dhading also experience severe food insecurity.’ Other reasons 

for food insecurity mentioned during formal and informal discussions with the farmers 

include a lack of market access, soaring and inconsistent market prices, topography and 

the youth’s lack of interest in agriculture, resulting in a lack of labour. 

 

6.3.4 Climatic factors in causing food insecurity 

 

The impacts of climate change on food security was mainly reported in association with 

its impact on crop availability. A key informant (KI 21) stated, ‘Food insecurity occurs 

during the dry season or in the drought-affected areas.’  Farm households cited that their 

food security depended upon the appropriate climate/ season at the time of plantation 

followed by the time of harvesting which favors crop production and availability. A 

farmer (HH 157) stressed, ‘As we completely rely on rain-fed agriculture, food security 

is determined by favourable climate. If the monsoon rain is favourable, then OK; 

otherwise, we have food insecurities.’ Moreover, the importance of favorable weather 

conditions during different stages of crop growth and development was emphasized by 

households considering the loss they had encountered due to unpredictable rain, flood 

and drought events.  

 

6.3.5 Climate change impacts on food availability  

 

Based on the food availability index adopted from Shrestha & Nepal (2016), climate 

change had a higher impact on food availability through drought in the hilly region 

Dhading (FAI: 4.0), followed by a medium impact in Terai region Chitwan (FAI: 3.1) 

and then in the mountain region Sindhupalchowk (FAI: 3.0). In terms of pest 

infestation, impacts perceived by the study participants were at high level with a FAI 

score of 4 in Sindhupalchowk, followed by a score of 3.8 in Dhading and 3.7 in 

Chitwan (FAI: 3.7). A medium impact FAI was reported regarding the reduction in the 

cropped area for Chitwan (3.5) and Dhading (3.3) and of 2.9 for Sindhupalchowk. 

Similarly, a majority of study participants noted high impacts of climate change on crop 

production: Sindhupalchowk (78%); Dhading (74%); and Chitwan (71%). The farm 

households in Chitwan experienced higher impacts of climate change on food diversity 
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followed by those in Dhading and Sindhupalchowk with medium to lower impact FAI 

scores of 3.6, 3.0 and 2.6 reported respectively. For crop storage, Sindhupalchowk the 

study participants reported a FAI of 2.4) with Dhading and Chitwan reporting medium 

FAI values of 3.2 and 3.5 respectively (Table 4). 

 

Table 4: The perceived impact of climate change on the assessed indicators of food 

availability as experienced by farm households 

Indicators Food Availability Index (FAI)  

Sindhupalchowk 
(Mountain)  

Dhading 
(Hill)  

Chitwan 
(Terai) 

Increased drought and water scarcity 3.0 4.0 3.1 

Disease/insect or pest occurrence 4.0 3.8 3.7 

Reduction in the cropped area of 
your land 

2.9 3.3 3.5 

Reduction in crop productivity 3.7 3.5 3.4 

Increased diversity of crops grown 
by you 

3.6 3.0 2.6 

More storage of crops for future use 2.4 3.2 3.5 

This method of calculating Food availability index was adopted from Shrestha 
and Nepal (2016). FAI: 1 = no change, 2 = low impact, 3 = medium impact and 4 = 
high impact 

 

Households experienced an increase in the frequency and intensity of natural disasters, 

such as floods, landslides, droughts, earthquakes, fires, cold waves and snow. These 

disasters affected their agricultural practices and production. Altogether, 70% of the 

farm households from Chitwan cited experiencing a flood. The devastating flood in 

August 2017 and the yearly flood during the monsoon period in Terai have been 

reported to have destroyed crops, adversely affecting the farmers’ food security. Nearly 

60% of the farm households from Dhading reported landslides as an increasingly 

concerning issue. Further, 7% of the study participants mentioned other hazards such as 

a cold wave, the declining snowfall and fire at their location. The study participants 

from Sindhupalchowk and Dhading reported earthquakes to be one of the significant 

disasters affecting their region as they suffered severely from the devastating earthquake 

in 2015. 
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6.3. 6 Adaptation in response to food insecurity 

 

Based on the statistical analysis, people from Sindhupalchowk were more likely (74%) 

to adapt in response to food insecurity measures compared to Dhading and Chitwan 

(Table 5). Age and gender did not affect the adoption of these measures. 

Table 5: Predicted proportion (80% CrI) of study participants who are more 

likely to follow adaptation measures 

 Posterior means (80% CrI) 
Chitwan (Terai) 0.28 (0.23, 0.33) 
Dhading (Hill) 0.63 (0.58, 0.68) 
Sindhupalchowk (Mountain) 0.74 (0.69, 0.79) 

 

Note: The results are obtained from statistical analysis as described above. The outcome 

of this analysis only is presented here. 

 

As assessed via the HFIAS questionnaire, the households encountering severe food 

insecurity stated that they consumed less preferred food and reduced the number and the 

quantity of meals. Thus, the following adaptation responses include responses other 

than those evaluated via the HFIAS questionnaire (Table 6). Most study participants 

experiencing a food-insecure situation (45%) reported that they had to buy food during 

times of food scarcity or shortages. In addition, 75% of the total study participants 

reported spending more of their income on food than before, 21% reported spending the 

same as before, and the rest mentioned having spent less of their income on food than in 

the previous years. The second most common adaptation measure followed among the 

farming communities was borrowing food (26%). The women's group (FGD-H) from 

the hilly district noted: ‘We exchange food with, borrow from and share food amongst 

our neighbours and relatives during shortages.’  Around 20% of the study participants 

reported that they had taken loans either from relatives, neighbours or community-based 

networks to buy food. A lower percentage of the study participants reported having 

followed sharecropping (6%), bartering (5.5%), selling livestock/harvests to meet food 

requirements (5.2%) or working as labour (5%), and a few study participants reported 

that they had to rely on wild edibles at times in food-scarcity situations. A household 

(HH 274) narrated: ‘We barter our produces with food, particularly rice, during the time 

of food shortages.’ This demonstrates the significance of rice in these households' food 

habits and shows how households determined their food security mainly in terms of 
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rice. 

 

Table 6: Adaptation measures taken to directly combat food insecurity as 

reported by food insecure households in the three districts 

Adaptation 
Measures Total Chitwan Dhading Sindhupalchowk 
Purchase 45% 28% 50% 58% 
Borrow 26% 0% 40% 38% 
Loan 20% 0% 39% 22% 
Shared cropping 6% 4% 7% 7% 
Barter 5.50% 0% 11% 16% 
Sell Produce 5% 0% 11% 5% 
Labor 5% 0% 12.50% 2% 
Wild edible 1% 0% 4% 0% 

 

The key informant (KI 32) highlighted buying, sharing and borrowing of food among 

family and relatives: ‘Those who have money buy it. Others share food with or borrow 

food from relatives and neighbours. At higher altitudes where they cannot grow paddy, 

they exchange their produces like potatoes, radish with the paddy.’  

 

Along with the adaptation measures directly used to tackle the food insecurities, the 

farm households stated using various adaptation measures including crop types and 

varieties, use of fertilizers, changing farm operation time, adopting technologies, 

conserving soil, managing water resources, migration and diversifying income sources 

to increase food production and consequently food security and mitigate the adverse 

impacts of climate change.  

 

Similarly, households reported various factors constraining adaptation (Table 7) in their 

agricultural practices in response to climate change. The key constraints reported by the 

study participants were insufficient support from the government (as reported by 82% of 

the total study participants), financial constraints (78%) and lack of technology to adapt 

to the impacts of climate change (76%). Similarly, farmers also reported not being 

aware (70%) and not receiving weather information and forecast or information about 

climate change (61%). It is important to note that though only 38% of households 

reported being familiar with the term climate change or being aware of climate change 

and its notion, farmers in all the study sites had experienced its impacts. Altogether 59% 
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of the study participants reported not being able to access support organization in order 

to adapt to the impacts of climate change. 

 

Table 7: Farmers constraints to adapting to climate change (percentage of study 

participants; n=384). 

Key Constraints % 
response 
  (N=384) 

Chitwan 
(%) 

Dhading 
(%) 

Sindhup
alchowk 
(%) 

1. Insufficient support from the 
government 

 82  91 72 83 

2. Financial constraints 78  73 79 81 
3. Lack of Technology 76  81 77 68 
4. Lack of awareness/communication 
and information dissemination on 
climate change, its impacts, and 
adaptation 

70  66 70 77 

5. Lack of weather 
information/forecast or information 
about climate change 

 61  65 56 61 

6. Access to support organizations  59  77 60 40 
 

6.4 Discussion 

 

The notion of food security is flexible, making it context-sensitive and difficult to 

measure (Shrestha and Nepal, 2016). A single survey instrument/indicator can hardly 

monitor all the dimensions of food security (Carletto et al., 2013) but can provide 

contextual insights that are critical for understanding adaptation which is experienced at 

the local level. This study thus examines food security among farm households based on 

their experiences. The findings suggested that the subsistence-oriented smallholder 

farmers in the study sites experienced food insecurity. Food insecurity was more 

pronounced in the Dhading (hilly) and Sindhupalchowk (mountain) districts with 67% 

and 76% of food insecurity. Chitwan was food secure compared to these districts. Only 

24% of the households in Chitwan were food insecure with no severe food insecurity 

based on HFIAS. Additionally, several factors including the impacts of climate change 

were reported as a threat to their food security.  

 

The western mountains of Nepal have been documented as experiencing severe chronic 
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food insecurity (20%) requiring immediate interventions (Ministry of Agricultural 

Development et al., 2016). The food insecurity in the case study area was not as severe 

as that documented for the western highlands of Nepal. However, our findings showed 

that the households in the study area had nonetheless been experiencing food insecurity 

in one way or the other.  

 

The prevalence of food insecurity was higher in the Mountains and Hills compared to 

the Terai agro-ecological zones. This finding is consistent with the previous studies 

from Nepal (Dhital et al., 2016 Joshi and Joshi, 2016, Maharjan and Joshi, 2011, 

Ministry of Health et al., 2016). Farmers living in the plains are more food secure than 

those residing on sloped hills and mountains (Adane et al., 2015). This could be due to a 

range of socioeconomic (population density, food storage, and distribution, markets) 

and biophysical factors (climate, weather, soil, topography, vegetation, water 

availability) which are unique to each of these regions as these factors determine 

provision of food at each region (Brown et al., 2015). The alluvial soil of Terai zone 

makes it more fertile compared to the Hills and the Mountains (Leclerc and Hall, 2007), 

better favouring crop production. Terai constitutes 57% of the total arable land of 

Nepal. Furthermore, irrigation facilities have been more developed in Terai in 

comparison to the other agro-ecological zones, with 83% of Terai cropping being 

irrigated compared to 24.3% in the Hills and 28.4% in Mountain zones. The usage of 

agricultural inputs such as chemical fertilizers and improved seeds is highest in Terai 

followed by hills and mountains. The effects of climate change are more pronounced in 

mountains and hills as compared to Terai (Paudel, 2016, Poudel and Shaw, 2017). Poor 

infrastructure, inadequate transportation facilities, limited market, and out-migration 

have all been found to affect food security in the mountainous regions (Rasul et al., 

2014). The limited economic opportunities, harsh biophysical conditions, fragility, and 

seasonality are more likely to threaten food security in mountain regions compared to 

the plains (Wester et al., 2019). Furthermore, the declining food production and the 

increasing pest problems as reported by the households here are additional reasons for 

the increased food insecurity in the mountainous region of Sindhupalchowk. As 

smallholders mainly produce food for consumption, an increase in crop production 

translates to enhanced food security (Kabubo-Mariara and Mulwa, 2019). This suggests 

that supporting increasing farm productivity of these smallholders is vital to ensure 
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greater food security as well as improving the livelihood of the farmers. In contrast with 

the findings from Asghar and Muhammad (2013), Abdullah et al. (2019) who 

highlighted age and gender as important factors determining food security, our study did 

not find any strong association between these demographic variables and food security. 

 

The high preference for rice amongst other staple food crops as reported in our case 

study raises a concern as this leads to underestimation and underutilization of other food 

crops in the region. Gartaula et al. (2012) reported the usage of rice as a metaphor for 

food in a study from rural Nepal. People prefer rice as the staple food and thus bypass 

other potential indigenous crops (Ministry of Agricultural Development, 2016). These 

neglected and underutilised food crops, therefore, have the potential to contribute to 

food and nutrition security and therefore help improve the local economies in the 

mountain regions (Adhikari et al., 2017). Furthermore, some neglected and 

underutilised food crops are more tolerant to climate adversity than tradition cereal 

crops and cash crops (Padulosi and Hoeschle-Zeledon, 2004; Chivenge et al. 2015). 

 

The higher levels of food security reported for Terai is consistent with it being 

considered the “breadbasket” of Nepal, reflecting its more arable and fertile soils 

supporting larger crop production. More than half (56%) of total cereal production of 

Nepal comes from Terai though it covers only 23% of the total land area (Ministry of 

Agriculture and Co-operatives 2010). The high level of food availability in Terai is 

mainly because of its favourable soil, availability of irrigation and access to agricultural 

inputs. An assessment of input use in three regions of Nepal by Joshi et al. (2017) 

reported that Terai led in all the indicators of input use considered vital to higher and 

better crop yield. The low development of irrigation facilities and less usage of 

improved seeds and chemical fertilizers in Hills and Mountains zones have been 

contributing factors in Nepal’s overall food deficits (Joshi et al. 2017). 

 

Another contributing factor could be the higher number of out-migration as reported by 

the farm households in Chitwan (Terai) than in the other two districts. This out-

migration might have contributed to the income of the households. Gartaula et al. 

(2017) reported that food purchasing capacity is enhanced by an increased male out-

migration and off-farm work. The inflow of remittance provides means to buy food 
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when needed and aids in ensuring food security. A study by Regmi and Paudel (2017) in 

Chitwan Nepal, reported international remittance to have a significant contribution to 

the food security of the households in Chitwan, Nepal.  

 

Despite being considered the national ‘breadbasket,’ the prevalence of moderate and 

mild food insecurity in Terai and the prevalence of food insecurity in other study 

regions suggests that the food security ranking of a region does not guarantee the 

security of all the households in that region. The diminishing food security being 

broadly experienced across the three study regions could be caused by climatic factors 

especially extreme flood events, erratic rainfall, and droughts, as reported by the 

households. Climate change and the associated climatic hazards decrease the production 

of cereal crops, such as paddy, maize, millet and wheat (Hussain et al., 2018) and affect 

the livelihoods of households (Warner and van der Geest, 2013). Climate variability, 

mainly recurring extreme events, droughts, and late monsoon, have been found to have 

affected food production and food security in Nepal (Gautam and Andersen, 2017, 

Shrestha and Nepal, 2016, Joshi et al., 2017). The diminishing food availability 

resulting from the declined production as reported by most of the study participants in 

this study agreed with other studies from Nepal (Shrestha and Nepal, 2016, Hussain et 

al., 2018, Poudel et al., 2017). Climate change is increasingly intense and frequent 

extreme events such as droughts and floods, with negative consequences on food 

security in the most vulnerable communities (Met Office and World Food Programme, 

2012). The disastrous flood in 2017 impaired agricultural production and threatened 

food security in India, Bangladesh, and Nepal (Food Security Information Network, 

2018). Flood induced loss of physical assets is more likely to cause food insecurity 

(Shah et al., 2020). The reliance on rain-fed agriculture and the annual summer 

monsoon for the major food crops is a major factor determining the vulnerability of the 

smallholder farmers in the study area.  

 

Food security is exacerbated by the coexistence of complicated interactions between 

socio-cultural, economic and political processes (Sapkota et al., 2016) and institutional 

barriers (Bishokarma and Sharma, 2013) that govern the vulnerability of rural Nepal to 

the impacts of climate change. Multiple factors were linked with food insecurity. The 

severe food-insecure conditions amongst resource-poor, disadvantaged groups and those 
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with limited land and income as reported by key informants and women in FGD in this 

study highlight the interplay of socio-economic and climatic factors in securing food for 

these rural farmers. This result confirms the findings of other studies conducted in 

Pakistan and Nepal (Pervaiz et al., 2017, Gautam and Andersen, 2017, Merrey et al., 

2018). Similar to the findings of our study, Aryal (2016) and Luni et al. (2011) reported 

food insecurity amongst the Cheppang communities in Nepal. Though the impacts of 

climate change are experienced everywhere and by everyone, the underlying socio-

economic conditions, and institutional arrangements increase the vulnerability of the 

poor and disadvantaged communities like Cheppangs in our study area to climate 

change impacts and reduce their capacity to adapt, producing a magnified effect 

(Bishokarma and Sharma, 2013, Poudel et al., 2020, Sujakhu et al., 2019). Climate 

change alone does not trigger food insecurity, but factors such as entitlement, social 

relations, and socio-institutional change determine these communities’ vulnerabilities 

and their capacity to adapt (Gautam and Andersen, 2017). The lack of finances not only 

contributes to food insecurity in rural communities Ghimire (2014) but also constrains 

their ability to adapt to climate change. Additionally, an increasing abandonment of 

agriculture by the youth and escalating out-migration catalyse the decrease in the 

production (Rasul et al., 2014), further undermining food security at the household and 

community level. 

 

The farmers in this study reported dealing with food insecurity through various 

adaptation responses. As assessed in the HFIAS questionnaire, some of the members of 

the households took less preferred food or reduced meals. When their production did not 

meet their food demands, and when they could not take their preferred food, the most 

common strategy was to buy food from the market. This suggests increased dependence 

of smallholders on the market. Borrowing food or money from the community-based 

network, relatives and neighbours and taking loans as reported in this study were in line 

with the other findings in Bangladesh, Bhutan, Burkina Faso, Cameroon, China, 

Ethiopia, India, Kenya, Micronesia, Mozambique, Nepal, Pakistan and Gambia 

(Zemedu and Mesfin, 2014, Warner and van der Geest, 2013, Molua, 2012, Bhatta and 

Aggarwal, 2016, Ahamad et al., 2013, Gautam and Andersen, 2017, Hussain et al., 

2016, Gentle and Maraseni, 2012). Using assets including labour and the selling of 

livestock cited in this study were adaptation measures as noted in other study areas in 
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Bangladesh and Nepal (Ahamad et al., 2013, Bhatta and Aggarwal, 2016, Ghimire, 

2014, Alston and Akhter, 2016). Most of these adaptation measures, however, could 

unintentionally serve to increase household vulnerability. Measures such as borrowing 

money and taking loans from informal sources through moneylenders and with no fixed 

rates could push these people into a cycle of interest repayments. This prospect raises 

concerns that adaptation responses taken to cope at a time of adversity may 

subsequently serve to further diminish household food security (Burke and Lobell, 

2010, Bhatta and Aggarwal, 2016). This suggests the need for more strategic planning 

and sustainable, innovative and transformative solutions when addressing food 

insecurity challenges. 

 

Support from governmental and non-governmental organizations is likely to influence 

household food security with those receiving support being more likely to be food 

secure compared to non-supported farmers (Islam et al., 2018, National Planning 

Commission, 2018). Despite government commitments and a number of food security-

related plans and policies, a higher percentage of farmers reporting insufficient support 

from the government could be due to ineffective implementation, low access to 

extension services, a small number of support staff at rural areas and a gap in service 

delivery, information generation and dissemination. The new institutional arrangements 

under the new constitution of Nepal offer an opportunity for better horizontal (between 

departments and ministries) and vertical (from central to local levels) coordination and 

collaboration to implement plans and policies related to food security. However, the 

institutional arrangements need to be revisited considering the ongoing restructuring 

processes, policies need to be scaled up and localised and data monitoring system 

should be sound and accountable to achieve zero hunger by 2030 (National Planning 

Commission, 2018). Lack of information and its access, technology in adapting to 

climate change mentioned in this study is in line with findings from other studies 

(Pandey et al., 2018, Regmi and Bhandari, 2013). 

 

6.5 Conclusion 

 

This study has established that food insecurity is prevalent among more than half of the 

smallholder farm households in the Bagmati Province 3 of Nepal. These households 
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reported experiencing a varying degree of food insecurity with the households in 

Chitwan district (Terai-lowlands agro-ecological zones) being more food secure than 

those in the Dhading (Hills) and the Sindhupalchowk (Mountains) districts. Multiple 

factors were related as the drivers of food insecurity including low productivity, pest 

infestation, lack of resources, socio-economic factors, and environmental factors 

including climate change. Climate change among these factors acts as a catalyst for 

amplifying the risk of hunger and food insecurities. The rural farmers depending upon 

the monsoonal rainfall for their agriculture, mainly the poor and otherwise 

disadvantaged households as in this study, are predominantly vulnerable. Farmers are 

adapting to food insecurities by purchasing and borrowing food, taking loans, shared 

cropping, barter, working as a labor, and doing side jobs.  

 

As smallholder farmers comprise a majority of the Nepalese population, the government 

should focus on empowering these farming communities to help improve their 

livelihood as well as to attain food security. A number of policy and programmatic 

initiatives could be taken by governments to help improve food security, particularly 

prioritise assisting farm households with limited land and income. Farmers should be 

provided with skills and measures to maximize their agricultural productivity such as 

training, better access to markets, extension services, credit, climate-smart technologies, 

micro-irrigation, infrastructures, storage facilities, and insurance schemes. Farmers' 

organization and networks should be strengthened to facilitate information 

dissemination, knowledge transfer, sharing of inputs and resources. As the impact of 

human-induced climate change is a unique challenge faced by this generation of 

farmers, any adaptation interventions must be carefully designed to align with the 

underlying biophysical, socioeconomic, climatic, political conditions and institutional 

arrangements of each agro-ecological zones. The government of Nepal should benefit 

from the new institutional arrangements clearly specifying roles and responsibilities of 

and allocating resources to and building capacity of each institutional level to 

implement plans and programs related to food security. Governmental and non-

governmental organizations, all the relevant stakeholders, private sectors, must 

collaborate to reduce current and future climate impacts and associated risks to food 

security.  
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central government organizations in the role they play in assisting farmers adapt to
the impacts of climate change; this interplay emphasizes the need for collaboration
for effective adaptation. The findings from this study can inform policymakers about
ongoing adaptation measures as well as the needs of farmers. This information can
assist in bridging the gap between farm households and policymakers and help
develop suitable policies and effective adaptation strategies within this local
Nepalese context.

Subjects: Agriculture & Environmental Sciences; Environmental Issues; Environmental
Change & Pollution

Keywords: Climate change; adaptation strategies; rural farmers; agricultural practices;
constraints; developing countries; Nepal

1. Introduction
Climate change adaptation has received much attention over recent decades with the recognition
of climate change impacts all over the world. Adaptation entails adjusting social, economic, and
ecological systems following real or anticipated climate effects or impacts (Smit, Burton, Klein, &
Wandel, 2000). In agriculture, adaptation is typically a two-step process requiring farmers first to
first recognize alterations in climate (Adger et al., 2009) and then to respond via a range of
adaptation responses (Brown, Kothari, van Oudenhoven, Mijatovi�, & Eyzaguirre, 2011; Deressa,
Hassan, Ringler, Alemu, & Yesuf,2009; Maddison, 2007). Adaptation can be responsive or reactive
(ex-post), or concurrent or proactive (ex-ante) according to the time undertaken. It could be
autonomous or planned, based on the specified objective (Smit et al., 2000). Adaptation measures
affect the severity with which climate change impacts will negatively affect agriculture and
agricultural communities (Brooks, Adger, & Kelly, 2005; Lobell et al., 2008). Thus, successful
adaptation measures should be in place at the farm level to guarantee food security and safe-
guard rural sustenance from climate change impacts (Abid, Scheffran, Schneider, & Ashfaq, 2015).
Multiple players, comprising farmers, local communities, private organizations, agricultural sectors,
and research and policy organizations are a prerequisite for enabling successful adaptation (Bryan
et al., 2013). Adaptation further requires planned coordination and collaboration between national
and subnational levels of government as well as other relevant stakeholders in developing and
implementing a range of supportive policies (Mimura et al., 2014).

Farmers have been responding to climate variability for many years, yet new risks are emerging,
driven by the changing climate which is continually altering baseline conditions (Adger, Huq,
Brown, Conway, & Hulme, 2003; Bryant et al., 2000; Parry, Canziani, Palutikof, Van Der Linden, &
Hanson, 2007). The south Asian countries of Nepal, India, Pakistan, Afghanistan, Bangladesh,
Bhutan, the Maldives, and Sri Lanka, despite having relatively low per capita greenhouse gas
emission profiles, are among the countries most affected by global climate change (World Bank,
2013). This is especially the case with Nepal, which only contributes 0.025% of the world ’s total
greenhouse gas emissions (Ministry of Environment, 2010), but falls among the countries most
vulnerable to climate change.

Based on the Global Climate Risk Index 2016, Nepal ranked 17 th in the list of countries most
affected by weather-related loss events (e.g, floods, storms, heat waves) from 1995 to 2014, and
was the 7 th most affected country in 2014 (Kreft, Eckstein, Dorsch, & Fischer, 2015). Furthermore,
the Hindu Kush Himalaya (HKH) region where the entire territory of Nepal is located is already
facing disruptive changes. By the end of the 21 st century, the HKH region is predicted to experience
a larger change in the surface mean temperature compared to the global average. A rise of 1.5°C
in global temperature would be equivalent to an increase of at least 2.1 oC in this region. (Wester,
Mishra, Mukherji, & Shrestha, 2019). This unprecedented warming is likely to bring a myriad of
socio-economic and biophysical impacts, which will affect the well-being and livelihood of the
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countries in the HKH, including Nepal. Nepal is profoundly impacted by climate change and
associated challenges, which include floods, landslides, erratic precipitation, increasing tempera-
tures, glacier shrinkage, hailstorms, fog, and winds. A report by the Ministry of Environment (2010 )
states that more than 1.9 million people are highly vulnerable to climate change, and a further
ten million are increasingly at risk. Sectors such as agriculture, forestry, health, tourism, water and
energy, and urban and infrastructure are also highly sensitive to climate change. Nearly 65 % of
the total population of Nepal is involved in agriculture (Central Bureau of Statistics, 2011b). The
agricultural sector, which includes agriculture, forestry, and fishery, contributes 27.6% of the
country’ s GDP (Government of Nepal, 2018a). Agriculture principally comprises traditional low
input farming practices, and only 40% of agricultural land is irrigated; therefore, most farmers
rely on natural rainfall (Gentle & Maraseni, 2012; MOAC, WFP & FAO,2009), making agriculture
extremely sensitive to changes to the climate (Easterling et al., 2007; IPCC,2007). Only 15.1% of
smallholder farms (< 0.5 ha) are irrigated. Much of the irrigated land is used by those that can
afford the infrastructure and who live in well-serviced areas, and thus have a higher adaptive
capacity (Central Bureau of Statistics, 2011a).

Smallholder farmers depend mainly on their farms for food and income generation and rely on
the family ’s own labour (Cornish, 1998). Smallholders constitute more than 50% of Nepalese
farmers, cultivating less than 0.5 ha per household (Central Bureau of Statistics, 2011b).
Subsistence farming is farming and associated activities in which farmers consume most of the
output from a farm and sell only a small portion of it (Barnett, 2011). As these communities rely on
natural resources for their livelihood, they are more vulnerable to climate change impacts than
those not dependent on natural resources (Mcdowell, Ford, Lehner, Berrang-Ford, & Sherpa, 2013)
and have limited capacity to adapt (Aggarwal & Singh, 2010). The HKH region of which Nepal is
a part is home to many of these economically, socially, and politically marginalized people (Gioli
et al., 2019). Location, livelihood strategies, income sources and crops, and access to food and
facilities, all contribute notably to the vulnerability of the rural, hilly and mountainous households
of the HKH regions (Aryal, Brunton, & Raubenheimer, 2014; Mcdowell et al., 2013; Pandey,
Cockfield, & Maraseni, 2016). Besides, the poverty rate in these hilly and mountainous HKH regions
is one-third compared to one-fourth for the national average (Gioli et al., 2019). In the context of
Nepal, around 25% of the population lives below the national poverty line. Given that Nepal is
already burdened with several pressures including irrigation problems, poor transport infrastruc-
ture, low productivity, and inadequate food storage facilities, the further risks arising from climate
change mean that adaptation is of utmost importance (Government of Nepal, 2016). Many
adaptation strategies have been put forward in response to numerous adverse effects in Nepal
(Regmi, Paudyal, & Bordoni, 2009). At the local level, farming households have adopted strategies
such as soil and water management, adjustments to the timing of farm operations and crop and
varietal adjustment (Dahal et al., 2018; Giri, Tiepolo, & Hada,2015; Khanal, Wilson, Hoang, & Lee,
2017; Maharjan, Maharjan, Tiwari, & Sen, 2017). At the national level, some of the strategies put in
place include capacity building; greater policy integration; community-based adaptation supported
by the World Food Programme, Ministry of Science, Technology, and Environment, Ministry of
Federal Affairs and Local Development through projects such as Adapting to Climate-Induced
Threats to Food Production and Food Security in the Karnali region of Nepal, community-based
adaptation via project Anukulan: driving small farmer investment in climate-smart technologies
implemented by iDE UK. The Department of Soil Conservation and Watershed Management has
implemented project Building Climate Resilience of Watersheds in Mountain Eco-Regions with the
aim of capacity building; knowledge communication; field implementation; community-based
adaptation, climate-smart villages have been implemented by the CGIAR Research Program on
Climate Change, Agriculture and Food Security led by the International Center for Tropical
Agriculture and Earth First (Patra & Terton, 2017). Several policy initiatives have been commenced
by the Government of Nepal including the National Adaptation Plan of Action (NAPA) 2010, the
Climate Change Policy (2011), the National Framework for Local Adaptation Plans for Action
(LAPA), 2011 and the National Adaptation Plan (NAP) formulation process. However, for adaptation
to be successful, it is essential to have a comprehensive assessment of climate change risks in
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specific locations (Gamble et al., 2010) and this holds especially true for smallholder and sub-
sistence farmers using their local climate understanding of the local climate when making deci-
sions (Wilken, 1990).

Assessing how people understand and deal with climatic events provides insight into local
knowledge-based activities which can be amplified and replicated by those undertaking planned
adaptations elsewhere (Forsyth, 2013; Reid & Schipper,2014). The systematic study, documenta-
tion, and validation of local-level responses are all needed to provide feedback for adaptation
planning at higher levels of governance (Wester et al., 2019). Autonomous adaptation in the HKH
regions reflects local knowledge systems; however, there is limited information on the adaptation
needs and the existing interventions of mountain people (Mishra et al., 2019).

From a review of existing peer-reviewed articles dealing with adaptation by farmers in Nepal;
published before June 2019, only two of the publications Khanal, Wilson, Hoang, and Lee (2018b ),
Khanal, Wilson, Hoang, and Lee (2019) had studied adaptation in the three agroecological zones of
Nepal, focussing on the technical efficiency of farmer ’s adaptation measures and the impact of
community-based organisations. More detailed comparative analysis of adaptation strategies and
action being taken by smallholder farmers in the three agroecological zones of Nepal is therefore
warranted to increase our understanding of which adaptation strategies are being implemented,
how these vary among agro-ecological zone and the extent to which adaptation is autonomous or
dependent upon the support of government and private organisations.

This study aims, therefore, to assess how subsistence-oriented smallholder farmers are adapting
to climate change and to explore adaptive strategies proposed by various agents, including
national or district governments, private and local level organizations. In addition, this study,
therefore, bridges this gap by investigating adaptation by subsistence smallholder farmers in
three agro-ecological regions of Nepal. Moreover, it attempts to improve our understanding of
the actions these farmers have been taking to confront the harsh climatic events they have
experienced, together with the constraints impeding adaptation to climate change.

2. Materials and methods

2.1. Case study context
Nepal is a landlocked country occupying 0.3% of the total area of Asia and 0.03% of the world.
Surrounded by China to its north and India to the east, west, and south, it extends 885 km from
east to west and 193 km from north to south (Government of Nepal, 2018b). Based on the National
Population Census 2011, Nepal had a total population of about 26.5 million, with an annual
population growth rate of about 1.35%. Nepal is diverse in terms of landscape, topography,
altitude, and temperature. The Terai, Hills, and Mountains areas form the three agro-ecological
zones in Nepal, covering its agricultural land (World Bank, 2011). The total land area of Nepal is
147,181 km2 of which 51,817 km 2 is covered by the Mountain region, 61,345 km 2 by the Hill region
and 34,019 km 2 by the Terai region. Of its total population, about 83% are rural dwellers (Central
Bureau of Statistics, 2016). In September 2015 Nepal was restructured into seven provinces formed
by groups of existing districts (Government of Nepal, 2018b). The former District Development
Committee (DDC) is now called the District Coordination Committee (DCC). To fulfill the new
constitution in 2015, 744 local body systems have been adopted by the government of Nepal as
of 10 March 2017, representing 460 rural municipalities, 276 municipalities, 11 sub-metropolitan
cities, and six metropolitan cities.

2.2. Sampling design
The study used a multilevel sampling technique to select case study sites and households for the
interviews (Bryman, 2012; Yin,2003). First, Province Three was chosen randomly out of Nepal ’s seven
provinces as a case study province (Figure 1). Second, the three District Coordination Committees
(DCC) of Sindhupalchowk, Dhading, and Chitwan were selected purposively out of 77 District
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Coordination Committees (DCC), one each from the three agro-ecological zones (AEZs) of Himalaya,
Hill, and Terai respectively. AEZs are geographical regions with similar climatic conditions that reflect
elevation gradients and topographic effects on temperature, rainfall, and seasonality that regulate
their potential to support rain-fed agriculture (Sebastian, 2014). The average rainfall and temperature
conditions characterising each AEZ are given in Table 1. The purposive selection of districts, one from
each agro-ecological zone, was guided mainly by our aim to reflect agro-ecological diversity across
each zone. Three municipalities within each DCC were then selected randomly, and finally, three
wards from each municipality were chosen. Finally, at the local level, a total of 384 households
(Krejcie & Morgan, 1970), 128 households from each DCC (selected from the three wards based on
stratified random sampling) were selected for the interview. The selection bias which may have
occurred due to a purposive selection of province and DCC was minimised in the sampling by
following the advice of Skowronek and Duerr ( 2009) to consider the representativeness and diversity
of the sample and to use a sufficiently large data set. The sample representativeness was achieved by
using random and stratified random sampling to select subgroups (municipality and wards) and
research participants. A stratified sample specifically promotes representativeness by directing inves-
tigators to decide on the proportion of interviews in and within each place, allowing for an appropriate
number of interviews from, in this case, each ward. The sampling within each ward is random, but the
stratification forces the sample into a more representative balance (Tyrer & Heyman, 2016). In
addition, this study embraced a diverse technique of data collection, including key informant inter-
views (n = 33) and three focus group discussions which enabled triangulation. The relatively large
sample size was obtained by using household interviews (n = 384).

2.2.1. Case study district coordination committee
Three District Coordination Committees (DCCs) were selected from Province Three. Province Three
is one of the seven provinces of Nepal, with a population of 55,29,452. It consists of 13 districts,
three metropolitan cities, one sub-metropolitan city, 74 rural municipalities, and 41 urban

Figure 1. Map of Nepal showing
the study sites within the study
districts.
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municipalities. Its population comprises an almost equal proportion of males (49.69%) and
females (50.31%) (Nepal in Data, 2018).

Chitwan DCC (Terai)lies in the central development region in Province Three (Table 1). It is in
the southwestern part of the Narayani zone and occupies an area of 2,238.39 km 2. With
a population of 579,984 and an annual population growth of 2.06% (Government of Nepal,
2012), Chitwan lies in a high vulnerability zone based on the NAPA ranking for climate change
vulnerability (Ministry of Environment, 2010). Dhading DCC (Hill)lies in the central development
region in Province Three and Bagmati zone (Table 1). The district covers an area of 1,926 km 2,
and in 2011, Dhading ’s population was 336,067 (Government of Nepal, 2012). Based on the
NAPA ranking for climate change vulnerability, it also lies in a high vulnerability zone (Ministry
of Environment, 2010). Sindhupalchowk DCC (Mountain)lies in the central development region
in Province Three and Bagmati zone covering an area of 2,542 km 2 (Table 1). As of the 2011
census, Sindhupalchowk had a population of 287,798 (Government of Nepal, 2012). Based on
the NAPA ranking for climate change vulnerability, this district lies in a moderate vulnerability
zone (Ministry of Environment, 2010). Despite being close and easily accessible to the capital of
Kathmandu, the district is poorly developed (DCC Sindhupalchowk, 2018). Note that here the
terms Terai, Hill, and Mountain are used interchangeably with Chitwan, Dhading, and
Sindhupalchowk respectively.

Table 1. Characteristics of the three Districts (Chitwan, Dhading, and Sindhupalchwk) used in
this study including key climatic parameters

Features District

Chitwan Dhading Sindhupalchowk

Representing AEZs Terai Hill Mountain

Area (km2) 2,238 1,926 2,542

Population 579,984 336,067 287,798

NAPA Ranking High High Moderate

Administrative units: (1) None None

� Metropolitan city 1 0 0

� Municipalities 6 13 12

Average annual rainfall
(mm)

1,784 1,684 2,035

Average monsoon rainfall
(mm)

1,461 1,366 1,688

Average winter rainfall
(mm)

45 48 52

Annual maximum
temperature (°C)

29.5 22.8 17.4

Monsoon maximum
temperature (°C)

32.5 26.2 21

Winter maximum
temperature (°C)

23 17 11.9

Annual minimum
temperature (°C)

17.4 11.8 7

Monsoon minimum
temperature (°C)

23.8 17.7 13.0

Winter minimum
temperature

9.2 4.7 0.

*Temperature and rainfall data are extracted from Department of hydrology and meteorology DHM ( 2017)
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2.3. Interviewee selection and interview formats

2.3.1. Face to face interviews with individuals from subsistence-oriented smallholder farm
households
The head of the household involved in agriculture was selected for the interview based on the
selection procedure described in section 2.1.1. The household head (age 30 years and above) was
selected irrespective of sex. However, if the household head was not available, then the next most
senior member of the household was invited to be interviewed. Participation was voluntary, and
respondents were free to withdraw from the study at any time if they chose to do so. The
interviews were conducted from July 2018 to Jan 2019 at a location convenient to the participants,
and before each interview, participants completed the approved ethical consent process, with the
researcher explaining the purpose of this and its significance to the participants. Participants were
also provided with an information sheet outlining the details about the study. Interviews were
conducted in the native Nepali language to ensure the respondents had an adequate under-
standing of the questions. Note that the first author who conducted all the interviews is
a Nepalese citizen with verbal and written fluency in both Nepali and English language.
Additionally, locals were employed in each study site to assist the researcher to identify small-
holders and to serve as guides into rural areas. The identity of participants is not disclosed,
maintaining the anonymity and confidentiality of respondents. Based on the questionnaire, parti-
cipants were asked to describe their experience of change in climate and its impact on their
agricultural practices over the last 30 years. The questions asked were identical across the three
regions. The adaptation-related questions were left open-ended. Moreover, they were asked to
describe any coping or adaptation measures they followed to overcome these impacts. Each
interview lasted between 30–45 minutes, and answers were recorded on the questionnaire sheet
by the interviewer and transcribed as soon as possible thereafter. The research was conducted
under Griffith University Ethics number 2017/427. The reader is referred to as the supplementary
table for a general description of the survey questionnaire employed in this study.

2.3.2. Focus group discussions
The existing patriarchal social norms and traditions (Panta & Thapa, 2018) and restricted cultural
roles of Nepalese women necessitate the recognition of gender perspectives on climate change and
related issues. Thus, three focus group discussions were conducted as part of this study. Focus group
discussions are an interactional discussion focusing on specific issues with a group of people, aimed
at identifying a range of perspectives on a research topic and gaining an understanding of the issues
from the participant ’s perspectives (Hennink, 2014). “Aama samuha ”, or “mothers ’group” in a literal
translation to English, is a voluntary group initiated by women in Nepal. Though women ’s or mothers ’
group by name, the working dimensions of these groups are not limited to dealing with women ’s
issue but in fact they are involved in development works, community welfare, income generation,
family planning issues, resolving domestic violence and/or supporting the victims establishing saving
and credit schemes, and raising funds for social causes. Focus group discussions were conducted with
three of these groups selected randomly; one from the mountain region district, one from the hilly
region district and one from the Terai region. In each group, there were six to nine female participants
(age 30 years and above). The general theme of questions of the focus group discussion is presented
in the supplementary table.

2.3.3. Key informant interviews
Key informant interviews (Lavrakas, 2008) were also conducted at the national, district, and
municipality levels through the purposive sampling of experts knowledgeable of the issues related
to the research. Accordingly, private organizations (both national and international) and govern-
ment departments whose work involved climate change, agriculture and food security were
visited, and the relevant officials consulted. A total of 33 key informants were interviewed includ-
ing officials from government departments (n = 12), non-governmental organizations (n = 9);
international non-governmental organizations (n = 9) and teachers (n = 3). Detail of the themes
of questions asked in the key informant interview is presented in the supplementary table.
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2.4. Data analysis
The results of the surveys were analyzed using a variety of methods (Greene, Caracelli, &
Graham, 1989). Qualitative data was managed following Ritchie, Lewis, Nicholls, and Ormston
(2013) and involved the identification of initial concepts or themes; labeling or tagging the
data; sorting the data by theme or concept, and then summarising or synthesizing the data.
NVivo software (QSR,2017) was used for the content analysis of the key informant interview
and focus group discussions. The interviews were transcribed and imported into NVivo (Bazeley,
2007), and the transcribed interviews were analyzed to identify and code themes and categor-
ize these into subthemes in line with the study objectives. Based on the responses, adaptive
measures revealed through the NVivo analysi s were categorized into broad themes following
the adaptation studies in Nepal by Khanal et al. ( 2017) and Gentle, Thwaites, Race, Alexander,
and Maraseni (2018). For the quotes, the alphanumeric code HH refers to the number assigned
to each of the households interviewed; KI refers to the key informants and FGD-T, FGD-H and
FGD-M refers to the focus group discussions each from the Terai, Hill, and Mountain regions.
The quotes presented are the translated versions, and the authors have tried to retain the
context.

3. Results
Table 2 shows the various adaption measures are being used by the farming communities to
mitigate the adverse impacts of climate change. The agricultural adaptations to climate change
were entwined with the need to also adjust to non-climatic impacts complicating the isolation of
these two factors. The following sections provide summary statistics and indicative quotes relating
to each of these categories.

3.1. Crop and varietal adjustments
The most common and widely adopted measure among the farming communities was crop and
varietal adjustment. Altogether, 87% of the farming communities were found to have adjusted the
crop type and varieties including switching to hybrid varieties, mixed cropping, diversifying crops,
crop rotation, and use of local varieties. All the respondents from Chitwan reported having
changed crops and varieties or adopted one or more of the measures mentioned before, followed
by a majority of those in Sindhupalchowk (86%) and Dhading (76%).

Table 2. Main categories of adaptation being employed by subsistence smallholder farmers

Theme Total %
(n = 384)

Chitwan (%)
(n = 128)

Dhading (%)
(n = 128)

Sindhupalchowk
(n = 128)

Crop and Varietal
adjustments

87 100 76 86

Fertilizer
management

79 88 84 65

Farm operations
time management

58 78 55 40

Adoption of
technologies

45 66 50 20

Soil and Water
management

40 42 39 38

Diversification of
income sources and
agricultural
practices

23 21 38 10

Migration 22 31 6 30

Access to financial
resources and risk
reduction measures

20 0 39 22
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Key informants frequently talked about the plantation of hybrid, drought-tolerant, and climate-
resilient varieties by farmers in all three regions. A key informant (KI3) said,

The changes made by households to respond to climate uncertainties are crop rotation, crop
diversification, intercropping, change in crop varieties, and adoption of climate-resistant
crops/varieties.

Another key informant (KI23) narrated, “The responses are localized. Alternative crops are
planted. Short duration rice varieties are planted. ”

As some of the key informants revealed, their organizations have been providing households with
seeds and the Nepal Agricultural Research Council (NARC) is involved in research on and the
development of cold-tolerant, drought-tolerant species, and research. A key informant (KI30)
stated, “Our organization provides Agro input support: paddy and potatoes seeds and livestock
support.”

3.2. Fertilizer management
Fertilizer management includes the use of farmyard manure as well as the use of chemical fertilizers.
In total, 79% reported using fertilizers and/or manure for increased yield. A higher percentage (56%)
of farm households reported applying farmyard manure, followed by those in Dhading (47%) and
then by those in Chitwan (25%) while more respondents from Chitwan stated increased use of
chemical fertilizers (65%). The increased use of fertilizers was also described in group discussions
and key informant interviews as well to combat declining productivity. At the same time, declining
productivity was attributed to climate change. According to the discussion, farmers used cattle
manure as a fertilizer, but recent years had witnessed an increased use of chemical fertilizers from
agricultural goods suppliers or the nearest market, mainly in low land followed by hills. Respondents
from the focus group discussion in the hilly region added (FGD-H), “We make use of compost, urea. ”
Also, a key informant (KI 18) stated, “Farmers are using more urea and pesticides. ”

3.3. Farm operations time management
More than half of the respondents (58%) reported changing the date and time of planting and
harvesting mainly to respond to an uncertain onset and cessation of rainfall. Most respondents in
Chitwan described changing the agricultural calendar, i.e., depending on the timing of rainfall for
crop plantation (mainly paddy), followed by those in Dhading and then in Sindhupalchowk.
A farmer (HH-185) lamented, “We are forced to plant late, due to the untimely rainfall. ”
According to some key informants, due to the rain-fed agriculture, farmers are adjusting their
sowing and harvesting time depending upon the climate (rainfall) pattern. One key informant (KI
14) emphasized, “Mainly for paddy, households have changed plantation time, planting according
to the rainfall timing. ” while another key informant (KI 21) said, “Households have adapted the
calendar according to the weather. ”

3.4. Adoption of technologies
Adoption of technologies, including the use of agri-chemicals (insecticides, pesticides), improved
technologies, and plastic tunnels and greenhouses, were mentioned by nearly half of the respon-
dents (45%). More respondents from Chitwan and Dhading (Table 2) reported having used
improved technologies, and the increasing use of agri-chemicals was highly cited by the farming
communities. An interviewee (HH 268) stated, “We have started growing vegetables in a plastic
greenhouse.” Women’s groups articulated increased pest infestation and consequently increased
investment in pesticides. In Terai they (FGD-T) described,

These days, because of pest infestation, we must make use of pesticides/fertilizers. Without
pesticides, there is no production, and even with pesticides, the production is not so good
compared to what it used to be before. Previously we didn ’t have to spend more on farming,
but now we have to spend too much on pesticides or seeds; still, it’ s not that profitable.
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The officials for the interview emphasized the escalated use of a plastic tunnel, which is a small
greenhouse-like setup mainly used for growing vegetables. A key informant (KI 1) said,

People are not directly adapting to climate change, or they don ’t intentionally mean to
adapt to climate change; however, they are making uses of greenhouses, implementing pest
management programs.

Some (e.g., KI 17) noted less use of smart technology by farmers themselves, “Farmers have
adopted low cost locally available measures. Very few climate-smart technologies have been
adopted. ” The officials mentioned the promotion and provision of climate-smart technologies in
the targeted area of the district by the respective organizations, including greenhouse gases, flood
warning systems, computer applications, and climate field schools for testing and validation of
climate adaptation technologies.

3.5. Soil and water management
The responses relating to agroforestry, rainwater harvesting, pond construction, and increased
irrigation were included in soil and water management. Only 40% of the respondents reported
having adopted these measures. The number of respondents was slightly higher in Chitwan
compared to Dhading and Sindhupalchowk. A respondent (HH-110) stated,

We are using drip irrigation and plastic tunnel for farming supported by the organization.
I don ’t exactly remember the name-it must be from Samari Uthan.

Based on the key informant interviews, organizations like Oxfam Nepal, CARE Nepal and CSRC have
been providing and promoting drip irrigation spray water use, among others. A key informant (KI
21) highlighted,

People have started adopting soil and water conservation measures like agroforestry, water
harvesting, and drip irrigation.

According to the key informants from Terai and the hilly regions, investment in irrigation is growing
rapidly while some are practicing soil and water management measures such as mulching, zero tillage
farming, and the adoption of agroforestry mainly in the hills. A key informant (KI 23) stressed,

The responses are not only automatic but through the interventions as well. Agroforestry is
adopted in the hilly region.

3.6. Diversification of income sources and agriculture practices
Twenty-three percent of the respondents noted diversifying sources of income and agriculture
practices. These include responses like doing side jobs, labour works, shared agriculture, and
shifting to vegetable farming or cash crops. A higher percentage of respondents from Dhading
reported diversifying income sources and agriculture practices followed by those in Chitwan and
then Sindhupalchowk. More respondents from Dhading (20%) reported shifting to vegetable farm-
ing, followed by those in Chitwan (17%). A farmer (HH-154) stated,

We didn’t know about vegetable farming before, so previously we used to focus on cereal crops
only, but now we have shifted to vegetable farming as cereal crops are no more productive.

Another respondent (HH-291) said,

Yes, we are growing tea and black cardamom which is provided to us by organizations.

Another interviewee (HH 242) emphasized, “Now a day we have started rearing a few goats (small
animals) and selling them. ”
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Lack of interest of youth in agriculture, less productive and less profitable cereal crops and
unpredictable weather were mentioned as the reasons for the diversification of agricultural
practices and source of income. A farmer (HH 146) said:

Young generation is least interested in farming and have shifted to other jobs. Even we are
slowly shifting to vegetable farming and planning to sell it.

This result accords with the experiences shared by the women ’s group in Dhading and with the key
informant’ s views. The women’s group in the hilly region (FGD-H) described:

We are involved in agriculture. Even in farming, we used to plant cereal crops, but now we
plant cereal crops in monsoon mainly paddy and vegetable in other seasons. We are more
involved in vegetable farming nowadays. Previously, our elders and even we used to be
involved in the cereal crops farming.

A key informant (KI 18) mentioned: “Households are mainly shifting from traditional plantation
into cash crops.” Another key informant (KI 19) quoted, “Some farmers are searching for an
alternative within the country or abroad.”

3.7. Migration
Internal and/or external migration was reported by 22% of the interviewees. More respondents from
Chitwan and Sindhupalchowk noted migration, mainly by young people, as an adaptive measure.
Along with the climatic factors and natural disasters (floods, earthquakes, and landslides); this
migration was reported to be driven by a combination of various factors including lack of interest
among some youth in agriculture due to its perceived lack of productivity, poor income opportunities,
and poor access to fertile land and food. This migration is especially prevalent among young men, as
evident in the results, was also reflected in the comparatively higher number of females participating
in the interviews as household heads, a position that is traditionally held by males.

Based on the women ’s group discussion, the main reason why youth migrated was to find work
and earn more money. A women ’s group in the hilly region (FGD-H) said,

Nowadays, youth are migrating abroad. Usually, one from each household seems to have
migrated abroad. However, some are involved in vegetable farming commercially.

However, respondents also reported that migration also occurred to move to safe areas to escape
floods or involved temporary migration to cities during harsh weather or disasters. Women in the
group from the mountain region also noted migration was influenced by economic background, as
the affluent ones move to the city or abroad whereas those with limited income lived on in the
villages, often struggling to cope with the changes. The women ’s group from the Terai and
Mountain region noted:

Because of the flood events, the downstream dwellers are forced to shift to safer areas.
Some were forced to leave their house. (FGD-T)

Affluent ones move to Kathmandu (like they did in an earthquake or did during extreme
winter). But those with lesser income have lived here struggling with the changes (FGD-M)

The key informants also stressed the growing practice of migration within the country and abroad.

Labor migration/remittances are the major sources of income nowadays. The migrating
pattern is like people with low earning migrating to India; medium is earning in golf areas,
and people with good economic background go to countries like Australia. (KI 20)
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Short-term transfer (or temporary migration) to the low lands or secure food area during the
insecure seasons (winter, pre-monsoon, is based on the time and conditions) and back to the
same place after the season are practiced by households (KI 24)

3.8. Access to financial resources and risk reduction measures
Twenty percent of the respondents reported taking loans, especially as an adaptive measure in
agriculture. However, in informal discussions with interviewees and the farming communities,
many said they were involved in cooperatives, saving, and credit schemes within women ’s groups.
One respondent (HH-227) stated, “We have received support from agricultural cooperatives.”

More respondents (Table 2) from Dhading and predominantly from Cheppang communities
reported taking loans followed by those in Sindhupalchowk; targeted more towards meeting
their subsistence needs. This was common among the farmers who reported having poorer land,
less income, and limited livelihood options and those who practiced sharecropping. Sharecropping
is the system of allowing a person or the sharecropper to till or use the land by a landowner in
return for a share of the harvest from the land. Both the landowners and tenants get incentives as
risk is shared between them (Shakya, 2009). Some farmers involved in sharecropping reported
taking loans from the landowners. Even the women within the women ’s group run-saving and
credit schemes and provide loans to the destitute members within the group.

We all are a member of the women ’s group and this women ’s development saving and
credit cooperative as well. Through the cooperative, we are involved in several programs
targeted for the uplifting of women. We save money every month and then utilize in income-
generating activities like vegetable farming or provide a loan to the needy members. FGD-H

We from the women ’s group collect money, and we support the needy ones: flood victims
FGD-T

3.8.1. Role of organizations/institutions in adaptation
A little less than half (46%) of respondents said that they had received support from governmental
organizations or non-governmental organizations to cope with the changes in the community
(Table 3). This support had been provided to both formal and informal community-based groups
such as the forestry group, women ’s group, agriculture group, and cooperatives. Farm households
note that the support provided mainly involved the provision of inputs (eg seed support) and
training. As one farmer stated:

We are supported by the government for vegetable farming but no support from Non-
governmental organizations (NGOs) and International non-governmental organizations
(INGOs) (HH 208)

Yes, we have been supported by governmental and non-governmental organizations. We
have received support for drip irrigation and tunnel farming from Samari Uthan. HH 110

Women in the women ’s group acknowledged the help of these organizations via these groups in
their personal and professional development. However, some of the respondents noted that some
of the assistance was not equitably available and not helpful for some. As they explained,

Seeds were provided from IPM Nepal and Sano Kishan. Moreover, support was provided for
irrigation as well. Training has been provided both from the governmental organizations such as
the District Agriculture Development Office (DADO) and Women Development organization.
Women development provided training (4 –7days) on agriculture and livelihood targeted for
women and children. Focus, Nepal, and Prayas Nepal have also implemented programs. We
were backward in every aspect and now we have gained confidence. We are more aware of
current affairs and things going around. Our livelihood has improved. Awards are provided for
good works. We are able to talk and speak confidently. (FGD-H)
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Table 3. List of adaptation interventions provided to the farmers by the various organizations
as reported by the key informants (n = 33)

Major role/focus Description Organizations

Soil and Water management Rainwater harvesting, supporting
infrastructure, promotion of drip
irrigation, spray water use, pasture
mulching

District Agriculture Development
Office (DADO), Oxfam DRR/NCCA,
Community Self Reliance Center
(CSRC), CARE Nepal

Pest management Pesticides provision, integrated
pest management

DADO, Community Self Reliance
Center (CSRC)

Fertilizer management Compost management and
improved shed

PRAYAS Nepal

Technology Climate smart agriculture
technologies/greenhouses
program/climate field schools

DADO, District coordination
committee (DCC), Forward Nepal,
Save the Children (Sabal program)

Agricultural production, crops and
cropping system

Development of both health and
cold tolerant, drought tolerant
species, organic farming, tunnel
farming, agriculture production,
strengthening, and agri based
micro enterprise development

DADO, Resource Identification and
Management Society Nepal (RIMS
Nepal), Community Self Reliance
Center (CSRC), Municipality (ward
office)

Capacity building Training, strengthening the local
community, farmer business
school

District coordination committee
(DCC), Local Initiatives for
Biodiversity, Research, and
Development (LI BIRD), CARE
Nepal, MANK (Mahila atma nirbhar
kendra) Nepal, Heifer International,
Rural Reconstruction Nepal (RRN)

Sensitization Awareness Oxfam DRR/NCCA/District
coordination committee (DCC),
Forward Nepal, Heifer
International, Municipality (ward
office), Save the Children (Sabal
program)

Support livelihood Livelihood supporting physical and
natural assets creation/cash for
food and cash for assets

Resource Identification and
Management Society Nepal (RIMS
Nepal), MANK Nepal

Disaster risk reduction Disaster risk management, early
warning

Department of hydrology and
meteorology (DHM), CARE Nepal,
Forward Nepal, Rural
Reconstruction Nepal (RRN), Save
the Children (Sabal program)

Policies/regulations Coordinate in policy formulation,
policy analysis

Oxfam DRR/NCCA, Food First
Information & Action Network
(FIAN Nepal), Local Initiatives for
Biodiversity, Research, and
Development (LI BIRD)

Information dissemination Provide information about the
weather phenomenon/risk
minimization information/flood
warnings information/flood alert
through SMS/weekly advisory to
the farmers/

Animal Health Research Division
(AHRD), Nepal agricultural research
council (NARC), Department of
hydrology and meteorology (DHM)

Researches Conducting research Animal Health Research Division
(AHRD), Nepal agricultural research
council (NARC)

*Note: Climate change is incorporated as a cross cutting issue in organizations ’ agendas and programs. Additionally,
adaptation interventions supported by these organizations included in this table are the major adaptation interven
tions mentioned at the time of interview
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Mainly, two organizations CARE and CSRC have targeted their programs in our area. They
have provided us with seeds and training for some. No governmental organizations have
helped us. (FGD-M)

The benefits of being in the group were recognized along with the complaint of being deprived of
the benefits as they are not in any groups. As one interviewee (HH 122) said, “I am not in the
farmer ’s group; otherwise, I would be receiving benefits, so I have to buy seeds and other input
from agro-vet. ”

3.8.2. Constraints in adaptation to climate change
Various themes relating to the constraints to adaptation emerged and are summarized in Table 4
below.

When asked about factors obstructing them in responding to the adverse impacts of climate
change, overall, a high percentage of the respondents (82%) described not receiving enough
support from the government. More respondents from Chitwan reported receiving less support
from the government. Around 78% of the farming communities described adaptive measures
being costly or lacking the financial means to respond. Financial constraints were highly reported
by respondents in Sindhupalchowk (Table 4). Lack of technology was felt also to be a constraint on
their ability to adapt by 76% of the respondents. Seventy percent of the respondents described
a lack of sensitization or awareness among the communities regarding climate change, its
impacts, and the adaptation options to respond to climate change. This was followed by 61% of
respondents who stated a lack of weather information/forecast or information about climate
change was a significant constraint. The respondents were not especially familiar with the term
climate change or “Jal Bayu Pariwartan” in Nepali. Only 38% of all respondents expressed any
understanding of climate change. Not being able to access support organizations was cited as
a constraint to adaptation by 59% of the households. Fewer respondents from Sindhupalchowk
(40%) reported access to support organizations as constraints compared to other study areas. In

Table 4. Main categories of constraints in adaptation to climate change faced by subsistence
smallholder farmers and the percentage of farming households surveyed (n = 384) who are
facing each constraint theme

Theme Response (%) Chitwan (%) Dhading (%) Sindhupalchowk
(%)

1. Insufficient
support from the
government

82 91 72 83

2. Financial
constraints

78 73 79 81

3. Lack of
Technology

76 81 77 68

4. Lack of
awareness/
communication and
information
dissemination on
climate change, its
impacts, and
adaptation

70 66 70 77

5. Lack of weather
information/
forecast or
information about
climate change

61 65 56 61

6. Access to support
organizations

59 77 60 40
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addition to these major constraints, others mentioned by respondents included not receiving
proper support from organizations, lack of market access, irregularities by brokers, and lack of
irrigation facilities. A farmer (HH185) lamented,

There is no proper policy and even the current policy lacks implementation. We suffer from
the lack of subsidy and untimely provision of agricultural equipment. Even if we try vege-
table farming, the mediators between the farmers and consumers take the benefit, and we
don’t have control over it.

The women’s groups also identified as important constraints receiving insufficient support from
the government and the non-governmental organizations, a lack of information about climate
change and lack of information on and access to the support organizations. Key informants
reported a range of constraints as the reasons for households not being able to respond to climate
abnormalities including a lack of knowledge, technology financial constraints, poor infrastructure,
and diverse agro-ecological conditions, less prioritizing adaptation to climate change, weak plan
and policies. A key informant (KI 14) stated, “Lack of awareness about climate change, though
they are experiencing it, other constraints are access to the helping agencies, market access. ”
Other (KI 24) explained,

The major constraints to climate change adaptation are weak finance, weak policy and
planning on climate change adaptation, unavailability of timely and reliable climate infor-
mation and warnings, public unawareness on climate change issue and adaptation mea-
sures (lack of knowledge), no proportional and common channel to communicate with
relevant institution on climate change for general public, unpreparedness to adapt for the
untimely occurring climate extremes, only limited few short-term climate change adaption
project for some regions.

4. Discussion
The farming communities included in this study were found to be adjusting to uncertainties in their
agriculture systems arising from climate change. These activities relating to adaptation were
predominantly driven by their skills, local knowledge, and judgment, which varied according to
their agroecological region, vulnerability, available technology and resources, and institutional
support. Adjusting crops and the varieties of crops, the use of fertilizers, the management of
time regarding farm operation, better soil and water management, and migration were most
commonly practiced in all three regions. Other studies have also found these adaptations to be
employed in Nepal (Dahal et al., 2018; Giri et al., 2015; Khanal et al., 2017; Maharjan et al., 2017)
and elsewhere in the countries of the HKH region and indeed the world (Alam, Alam, & Mushtaq,
2017; Ali & Erenstein, 2017; Gezie,2019; Tripathi & Mishra, 2017; Yamba, Appiah, & Siaw, 2019).

Specific adaptation strategies were more favoured more in some of the regions and other strate-
gies by other regions. The highland zones grew a variety of local crops, and farmyard manure was
used far more than technology and pesticides compared to in the other two regions. The commu-
nities in Terai, the lowlanders, had more alternatives which could be due to better market access,
transportation, and the greater availability of agricultural technology. These findings concur with
other studies conducted in Nepal ’s three agro-ecological zones (Giri et al., 2015; Tiwari, Rayamajhi,
Pokharel, & Balla, 2014). Agroforestry was more common in the hills of Nepal. However, respondents
from all the three study sites reported using tree plantations on farms that served as windbreaks and
shelterbelts; hedgerows for the growing of maize; and as a source of timber, fuelwood, and fodder. In
contrast to our study, however, (Tembo & Tadesse, 2018) found that off-farm activities and a change
in plantation dates were more commonly carried out by highlanders.

The adjustments in the planting of crops in response to changing conditions, mainly in terms of
shifting rainfall patterns, and farmers ’ increasing inclination towards vegetable farming and/or
cash crops in this study, suggests that farmers are already responding to the influence of climate
change on their rain-fed agriculture. Shrestha and Nepal (2016 ) found that farmers in Nepal were
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shifting from cereal crops to vegetables as a response to low production resulting from increased
temperature and erratic rainfall. Altering the plantation and harvesting time and shifting to
vegetable farming and cash crops by farmers to deal with the climate variability concurs with
other studies in Pakistan, India, and Ethiopia (Abid et al., 2015; Banerjee, 2015; Belay, Recha,
Woldeamanuel, & Morton, 2017; Bhatta, Van Oort, Stork, & Baral, 2015). A recent assessment
report from HKH regions by Wester et al. (2019 ) reported that the transition from subsistence
agriculture to a commercial, cash-crop based economy is pervasive in the HKH region. This kind of
livelihood, including a shift to a cash-crop based economy or services and industry, is driven by
a variety of factors which include economic, logistical, institutional, and environmental factors. It is
important to note that despite this shift, a very high number of the population still relies on
agriculture for their livelihood.

Agriculture is negatively affected by a combination of both climatic and non-climatic factors.
Consequently, agricultural adaptations to climate change were intertwined with the need to also
adjust to non-climatic factors. Alterations of crop varieties and types, therefore, have a dual purpose.
The first being to increase production, which was highly cited, and the second being to find crops better
suited to the new climatic conditions. As found in other studies in Nepal, Ghana, Australia, Ethiopia and
Nigeria (Antwi-Agyei, Stringer, & Dougill, 2014; Bryan et al., 2013; Deressa, 2007; Fosu-Mensah, Vlek, &
Maccarthy, 2012; Manandhar, Vogt, Perret, & Kazama, 2011; Smit & Wandel, 2006), farmers are having
to respond in parallel to climatic as well as non-climatic (social, economic, political) stresses.

Farmers indicated in our surveys that the lack of interest among some young people in farming
was due to it being relatively unproductive and unprofitable and has resulted in them either
migrating or seeking other economic opportunities. While this affects farmers ’ capacity to adapt
and maintain food production, the additional family income from this economic diversification can
improve their overall food security and household wellbeing. From this perspective, migration can
be understood as an adaptation measure that is gaining popularity among rural households. The
increasing migration of men, mainly youth, internationally as a foreign labour force or to pursue
education was highly evident among those in Terai.

While migration, predominantly by men, has increased remittances back to communities in rural
areas, this has left women, however, with an increased burden of agricultural and household
labour. This has resulted in some leaving the land fallow or dependent on purchasing goods from
markets to meet basic needs. This feminization of agriculture evident in Nepal has resulted in the
use of less intensive farming practices and abandonment of agricultural land by women, further
lowering production and decreasing food security (Tamang, Paudel, & Shrestha, 2014). However,
Gray (2009) highlighted that smallholders are often considerably more resilient to demographic
changes like migration and thus spatial adaptation could help them invest in agriculture via
increased remittances (Gray, 2009). Given these uncertainties, a further detailed study of the
impact of migration on smallholder agriculture is required.

Migration was also reported as occurring to escape and avoid climate-related and other natural
hazards. Migration is widely recognized as a likely adaptation strategy to cope with environmental
change (De Moor, 2011) and is more prevalent in the HKH region (Wester et al., 2019). Drought-
induced reduction in agricultural production has been found by other Nepalese studies to be one of
the factors influencing migration (Sujakhu et al., 2016). However, some rural areas are also
experiencing an inflow of people. Households from the higher regions are more inclined to move
within the country or move to the city and low lands in times of harsh weather (winter) and natural
disasters such as earthquakes.

Adaptation measures in this study were mostly autonomous (Parry et al., 2007), ad hoc,
localized, and short-term (Smit & Pilifosova, 2001). Khanal, Wilson, Hoang, and Lee (2018a)
reported the effectiveness of a farmer ’s adaptation in increasing agricultural yield in Nepal but
also emphasized the need to gauge other socio-economic and environmental impacts arising from
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those adaptation measures. Adaptation strategies can sometimes bring unintended outcomes
(Rodriguez-Solorzano, 2014) or result in maladaptation if not appropriately planned (Gentle
et al., 2018). This holds true for households where the capacity for successful adaptation is
controlled by multiple factors such as the level of poverty (Mcdowell & Hess, 2012) and other
conditions affecting people’ s vulnerability. In Bangladesh, failed autonomous crop adaptations to
combat flood events were found to have a significant social and economic impact and are likely to
magnify food insecurity and eventually threaten human security (Younus & Harvey, 2014).

The localized adaptation measures found to be used by farmers in this study could prove to be
ineffective or generate adverse impacts in the long run if not implemented carefully. The soaring
use of pesticides, for example, as reported by farmers in Chitwan and Dhading in this study, raises
serious concerns regarding the potential for undesired subsequent health and environmental
impacts (Aktar, Sengupta, & Chowdhury, 2009; Neupane, Jørs, & Brandt, 2014). The effect of
pesticides on soil quality is already evident in the Indrawati Basin, Nepal (Pradhan, Sijapati, &
Bajracharya, 2015). Moreover, inadequate knowledge of farmers regarding the use, handling,
types, and selection of pesticides was reported in the Chitwan district of Nepal (Rijal et al.,
2018). The change in the sowing time of the cereal crops popularly noted in all three regions
could affect the growing season as well (Macchi, Gurung, & Hoermann, 2015). Considering, the
pace with which climate is changing and creating impacts, vulnerable communities may not be
able to cope on their own, and their autonomous responses may prove inadequate, thus necessi-
tating planned adaptation through support from outside organizations (Leary et al., 2007).

Several factors were held to be responsible for impeding farmers ’ adaptation. A high percentage
of farming communities stated they had received inadequate governmental support. This could be
related to the lack of support staff, and offices in the rural areas, as most of them, are concen-
trated at the district headquarters. Moreover, the slower pace of reconstruction and poor disaster
recovery following the disastrous 2015 earthquake left many rural communities skeptical about
government services in Dhading and Sindhupalchowk.

Government support via loans, subsidies, or technology can be effective in assisting farmers in
combatting climate change in South Africa (Wilk, Hjerpe, Yang, & Fan, 2015). Manandhar et al. ( 2011)
described the confidence of Nepalese farmers in coping with the dry period of farming if they received
governmental support in managing irrigation systems and lack of government support as a barrier to
adaptation has been observed elsewhere (Biggs, Tompkins, Allen, Moon, & Allen, 2013; Panda & Singh,
2016; Salau, Onuk, & Ibrahim, 2012). Much adaptation work being conducted and initiated by the
government and reported by the key informants is inhibited by a gap between the information
generation/services and its dissemination/provision. The hills and mountains terrain in the HKH
regions lack adequate infrastructure related to communication, transportation, irrigation, energy,
and urban utilities (Mishra et al., 2019). Furthermore, rural communities with a lack of infrastructure
and coping with the everyday battles to make ends meet are likely to prioritize support for improved
infrastructure and help meet basic needs over solving climate change issues per se. Thus, investment
in these infrastructures could aid adaptation to climate change.

Lack of financial resources has been found in other studies in India (one of the HKH regions),
Pakistan, the Mekong Basin and Australia (Abid et al., 2015; Abid, Schilling, Scheffran, & Zulfiqar,
2016; Bastakoti, Gupta, Babel, & Van Dijk,2014; Brown, Bridle, & Crimp, 2016; Chalise, Maraseni, &
Maroulis, 2015; Pandey et al., 2018) to be a major hurdle for adaptation. The adaptation options
deployed by farmers in an economically sound position included the use of technology, diversifica-
tion of livelihood opportunities, and changing crop varieties and farming practices. The struggle to
earn a sufficient livelihood rendered the low-income farmers with limited adaptation options,
making them in turn even more vulnerable. The use of inexpensive practices such as changing
the time of planting and crop diversification by many and the use of technology by only some
farmers further suggests that their financial status affects their choice of adaptation responses
(Tambo & Abdoulaye, 2013). The poor, marginalized farmers have insufficient funds compelling
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them to rely on loans, seek employment, and sell livestock, as other adaptation measures were too
costly and unaffordable.

The lack of technology cited here as a barrier concurs with other climate change adaptation
literature from studies in Ethiopia, India and South Africa (Kassie et al., 2013; Loria & Bhardwaj,
2016; Wilk, Andersson, & Warburton, 2013). Awareness and lack of climatic information among
rural farmers arise from a gap in the way information are produced and circulated, and a failure in
delivering it to rural households. This information shortfall could also be related to the lower level
of education among participating farmers. Other studies in Nepal and the HKH region have also
identified a lack of information and access to information (Pandey et al., 2018) and technology,
and institutional frameworks as major factors limiting adaptation (Regmi & Bhandari, 2013). When
considered alongside the other factors identified by farmers in this study as causing constraints on
adaptation such as included inadequate support from organizations, lack of market, irregularities
by brokers, it is clear the successful adaptation to climate change among the farming communities
requires dealing with the interplay of an array of factors.

The lack of market access, reported mostly by highlanders, could be related to the lack of proper
transportation facilities and road networks. However, a higher percentage of respondents from
Sindhupalchowk, followed by those from Dhading, reported getting access to support from NGOs
and INGOs in the wake of the 2015 earthquake despite the location and topography. Many
organizations are now even more focussed on disaster risk reduction after the heinous 2015
earthquake. Dhading and Sindhupalchowk heavily affected and post-earthquake many of their
programs aimed at disaster reduction and resilience in these districts. Much of the agricultural
adaptation in Sindhupalchowk related to changes in crop type, the growth of new varieties of
vegetables or fruits, perhaps highlights the influence of these organizations in adaptation pro-
grams. Adaptation is easier and more effective if there is some level of appropriate external
support for rural households.

Our case study shows that NGOs and INGOs organizations play a role in adaptation by advocat-
ing policies, through governance, research, disaster risk reduction, material support training as well
as support indirectly liaising with farmers, a result supported by other studies both in Nepal and
elsewhere (Biermann, 2009; Biggs et al., 2013). The acknowledgment of the role of governmental
organization and other organizations in reinforcing the confidence, leadership, provision of training
and simultaneously implementing development programs by the women ’s group in Dhading
suggests future mobilization of these networks would be beneficial for planned interventions
and improved adaptation responses and outcomes.

The potential of formal and informal community-based networks and groups in effective aware-
ness-raising and adaptation responses is evident from the farmer ’s interview and the group
discussions. These community-based networks and groups have been providing a forum for their
members to share ideas and discuss problems and solutions. Moreover, they have provided
community members with farm inputs, loans, and other kinds of support for agriculture. Greater
membership in farmers groups (Shikuku et al., 2017) and networking (Esham & Garforth, 2013) is
likely to boost adaptation, including through enhancing alteration of crop types and varieties and
farm operation timing (Khanal et al., 2017).

5. Conclusion
Climate variability and its consequent disturbances constitute a significant factor in the plethora of
challenges faced by the rural farming communities of Nepal. The adverse impacts of climate change
can bring significant hazards and risks to these farming communities, who depend on rain-fed
agriculture for their survival. This study revealed that the farmers in all three case study regions
were adapting their practices and that the kinds of adaptation responses varied between agro-
climatic regions in terms of priority and feasibility. However, despite their efforts to adapt, many
farming communities remain vulnerable. Poor farmers with limited land, resources, knowledge, and
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meagre opportunities for diversifying their livelihood options are the most vulnerable. Furthermore,
the intensifying climate change impacts reported by various studies could increase the vulnerability
of others as well if the effective and appropriate adaptation does not take place. The planned and
collaborative efforts of organizations and farmers were found to be more effective than the auton-
omous and localized adaptations initiated by individual farmers. Adaptation results from the interplay
of both climatic and non-climatic factors and any proposed adaptation measures should have the
potential to improve people ’s livelihoods as well as manage climate-related risk. In this way, adapta-
tion can be seen as a priority that brings benefits to all. This study has highlighted the value of policies
and programs that strengthen social networks and community-based organizations involved in the
design and implementation of adaptation plans. The results can help inform policy and decision-
makers in designing and implementing strategies and programmes that better reflect the needs of
subsistence and smallholder farmers. Subsidized farming inputs such as climate-resilient seeds,
fertilizers, equipment, and the application of new technologies, and diversified agricultural systems
should also be promoted to retain the interest and ability of young people to continue working in their
own country and to make a living from agriculture.

Acknowledgements
Thanks to Griffith University Postgraduate Scholarship for
providing financial support to the first author for conduct
ing this study. We acknowledge Pramin Ghimire for his
help in preparing the map used in this article and
Dr Johanna Nalau for her suggestions in an earlier draft.

Funding
The authors received no direct funding for this research.

Author details
Sikha Karki1

E mail: sikha.karki@griffithuni.edu.au
E mail: sikhakarki@gmail.com
ORCID ID:http://orcid.org/0000 0002 9739 5584
Paul Burton2

E mail: p.burton@griffith.edu.au
ORCID ID:http://orcid.org/0000 0002 6092 0779
Brendan Mackey3

E mail: b.mackey@griffith.edu.au
ORCID ID:http://orcid.org/0000 0003 1996 4064
1 Cities Research Institute & School of Environment and

Science, Griffith University, Gold Coast Campus,
Queensland, Australia.

2 Cities Research Institute, Griffith University, Gold Coast
Campus, Queensland, Australia.

3 Griffith Climate Change Response Program, Griffith
University, Gold Coast Campus, Queensland, Australia.

Citation information
Cite this article as: Climate change adaptation by subsis
tence and smallholder farmers: Insights from three
agro ecological regions of Nepal, Sikha Karki, Paul Burton
& Brendan Mackey, Cogent Social Sciences(2020), 6:
1720555.

References
Abid, M., Scheffran, J., Schneider, U. A., & Ashfaq, M.

(2015). Farmers’ perceptions of and adaptation stra
tegies to climate change and their determinants: The
case of Punjab province, Pakistan. Earth System
Dynamics, 6, 225. doi:10.5194/esd 6 225 2015

Abid, M., Schilling, J., Scheffran, J., & Zulfiqar, F. (2016).
Climate change vulnerability, adaptation and risk
perceptions at farm level in Punjab, Pakistan. Science
of the Total Environment , 547, 447 460. doi:10.1016/
j.scitotenv.2015.11.125

Adger, W. N., Dessai, S., Goulden, M., Hulme, M.,
Lorenzoni, I., Nelson, D. R.,…Wreford, A. (2009). Are
there social limits to adaptation to climate change?

Climatic Change, 93, 335 354. doi:10.1007/s10584
008 9520 z

Adger, W. N., Huq, S., Brown, K., Conway, D., & Hulme, M.
(2003). Adaptation to climate change in the devel
oping world. Progress in Development Studies, 3,
179 195. doi:10.1191/1464993403ps060oa

Aggarwal, P. K., & Singh, A. K. (2010). Implications of
global climatic change on water and food security. In
C. Ringler, K. A. Biswas, & S. Cline (Eds.),Global
change: Impacts on water and food security . (pp. 55).
Berlin, Heidelberg: Springer Berlin Heidelberg.

Aktar, W., Sengupta, D., & Chowdhury, A. (2009). Impact
of pesticides use in agriculture: Their benefits and
hazards. Interdisciplinary Toxicology , 2, 1 12.
doi:10.2478/v10102 009 0001 7

Alam, G. M., Alam, K., & Mushtaq, S. (2017). Climate
change perceptions and local adaptation strategies
of hazard prone rural households in Bangladesh.
Climate Risk Management, 17, 52 63. doi:10.1016/j.
crm.2017.06.006

Ali, A., & Erenstein, O. (2017). Assessing farmer use of
climate change adaptation practices and impacts on
food security and poverty in Pakistan. Climate Risk
Management, 16, 183 194. doi:10.1016/j.
crm.2016.12.001

Antwi Agyei, P., Stringer, L. C., & Dougill, A. J. (2014).
Livelihood adaptations to climate variability: Insights
from farming households in Ghana. Regional
Environmental Change, 14, 1615 1626. doi:10.1007/
s10113 014 0597 9

Aryal, A., Brunton, D., & Raubenheimer, D. (2014). Impact
of climate change on human wildlife ecosystem
interactions in the Trans Himalaya region of Nepal.
Theoretical and Applied Climatology, 115, 517 529.
doi:10.1007/s00704 013 0902 4

Banerjee, R. R. (2015). Farmers’ perception of climate
change, impact and adaptation strategies: A case
study of four villages in the semi arid regions of
India. Natural Hazards, 75, 2829 2845. doi:10.1007/
s11069 014 1466 z

Barnett, J. (2011). Dangerous climate change in the
Pacific Islands: Food production and food security.
Regional Environmental Change, 11, 229 237.
doi:10.1007/s10113 010 0160 2

Bastakoti, R. C., Gupta, J., Babel, M. S., & Van Dijk, M. P.
(2014). Climate risks and adaptation strategies in the
Lower Mekong River basin. Regional Environmental
Change, 14, 207 219. doi:10.1007/s10113 013 0485 8

Bazeley, P. (2007). Qualitative data analysis with NVivo .
London: Sage Publications Limited.

Karki et al., Cogent Social Sciences(2020), 6: 1720555
https://doi.org/10.1080/23311886.2020.1720555

Page 19 of 23



Belay, A., Recha, J. W., Woldeamanuel, T., & Morton, J. F.
(2017). Smallholder farmers ’ adaptation to climate
change and determinants of their adaptation deci
sions in the central Rift Valley of Ethiopia. Agriculture
& Food Security, 6, 24. doi:10.1186/s40066 017
0100 1

Bhatta, L. D., Van Oort, B. E. H., Stork, N. E., & Baral, H.
(2015). Ecosystem services and livelihoods in
a changing climate: Understanding local adaptations
in the Upper Koshi, Nepal. International Journal of
Biodiversity Science, Ecosystem Services &
Management, 11, 145 155. doi:10.1080/
21513732.2015.1027793

Biermann, M. (2009). The role of local NGOs in anticipat
ing and responding to climate change. Prepared for
Munich Re Foundation and United Nations University
Institute for Environment and Human Security co
organized. Pennsylvania: Pennsylvania State
University, Department of Geography.

Biggs, E. M., Tompkins, E. L., Allen, J., Moon, C., & Allen, R.
(2013). Agricultural adaptation to climate change:
Observations from the Mid Hills of Nepal. Climate and
Development, 5, 165 173. doi:10.1080/
17565529.2013.789791

Brooks, N., Adger, W. N., & Kelly, P. M. (2005). The deter
minants of vulnerability and adaptive capacity at the
national level and the implications for adaptation.
Global Environmental Change, 15, 151 163.
doi:10.1016/j.gloenvcha.2004.12.006

Brown, J., Kothari, A., van Oudenhoven, F. J., Mijatovi� , D.,
& Eyzaguirre, P. B. (2011). Social ecological indicators
of resilience in agrarian and natural landscapes.
Management of Environmental Quality: an
International Journal , 22, 154 173.

Brown, P. R., Bridle, K. L., & Crimp, S. J. (2016). Assessing
the capacity of Australian broadacre mixed farmers
to adapt to climate change: Identifying constraints
and opportunities. Agricultural Systems, 146,
129 141. doi:10.1016/j.agsy.2016.05.002

Bryan, E., Ringler, C., Okoba, B., Roncoli, C., Silvestri, S., &
Herrero, M. (2013). Adapting agriculture to climate
change in Kenya: Household strategies and
determinants. Journal of Environmental
Management, 114, 26 35. doi:10.1016/j.
jenvman.2012.10.036

Bryant, C. R., Smit, B., Brklacich, M., Johnston, T. R.,
Smithers, J., Chjotti, Q., & Singh, B. (2000). Adaptation
in Canadian agriculture to climatic variability and
change. Climatic Change, 45, 181 201. doi:10.1023/
A:1005653320241

Bryman, A. (2012). Social research methods. New York:
Oxford University Press.

Central Bureau of Statistics. (2011a). National living stan
dard survey, 2010/2011. (Commission, N. P. ed.).
Kathmandu, Nepal: Government of Nepal.

Central Bureau of Statistics. (2011b). Poverty in Nepal.
(Central Bureau of Statistics, N. P. C. ed.). Kathmandu:
Government of Nepal.

Central Bureau of Statistics. (2016). Statistical pocket
book. Kathmandu, Nepal: Government of Nepal.

Chalise, S., Maraseni, T. N., & Maroulis, J. (2015). Adapting
to climate variability: The views of peasant farmers in
Nepal. International Journal of Global Warming , 7,
380 394. doi:10.1504/IJGW.2015.069369

Climate Change Policy. (2011). Kathmandu: Government
of Nepal.

Cornish, G. (1998). Modern irrigation technologies for
smallholders in developing countries. London, UK:
Intermediate Technology Publications Ltd (ITP).

Dahal, B. M., Raut, N., Gurung, S., Sharma, C. M.,
Kayastha, R., Shrestha, A., & Gautam, B. (2018).

Changing trends in cultivation practices and adop
tion of climate adaptive farming in Eastern Nepal.
Sustainable Agriculture Research, 7, 52. doi:10.5539/
sar.v7n3p52

DCC Sindhupalchowk.2018. District Coordination
Committee Sindhupalchowk: Brief introduction
[Online]. Retrieved from http://ddcsindhupalchowk.
gov.np/en/brief introduction/

De Moor, N. (2011). Labour migration for vulnerable
communities: A strategy to adapt to a changing
environment. In S. Jeanette & F. Thomas (Eds.),
COMCAD working papers: Series on environmental
degradation and migration (pp. 19). Bielefeld,
Germany: Center on Migration, Citizenship and
Development (COMCAD).

Deressa, T. T. (2007). Measuring the economic impact of
climate change on Ethiopian agriculture: Ricardian
approach. World Bank Policy Research Paper No.
4342. Washington, DC: World Bank.

Deressa, T. T., Hassan, R. M., Ringler, C., Alemu, T., &
Yesuf, M. (2009). Determinants of farmers ’ choice of
adaptation methods to climate change in the Nile
Basin of Ethiopia. Global Environmental Change, 19,
248 255. doi:10.1016/j.gloenvcha.2009.01.002

DHM. (2017). Observed climate trend analysis in the dis
tricts and physiographic regions of Nepal (1971
2014). (Department of Hydrology and Meteorology
ed.). Kathmandu, Nepal: Government of Nepal,
Ministry of Population and Environment.

Easterling, W. E., Aggarwal, P. K., Batima, P.,
Brander, K. M., Erda, L., Howden, S. M.,…Tubiello, F. N.
(2007). Food, fibre and forest products. In M. L. Parry,
O. F. Canziani, J. P. Palutikof, P. J. Linden, &
C. E. Hanson (Eds.),Climate change 2007: Impacts,
adaptation and vulnerability. contribution of working
group II to the fourth assessment report of the inter
governmental panel on climate change , (pp. 273
313). Cambridge: Cambridge University Press.

Esham, M., & Garforth, C. (2013). Agricultural adaptation to
climate change: Insights from a farming community in
Sri Lanka.Mitigation and Adaptation Strategies for Global
Change, 18, 535 549. doi:10.1007/s11027 012 9374 6

Forsyth, T. (2013). Community based adaptation:
A review of past and future challenges. Wiley
Interdisciplinary Reviews: Climate Change, 4,
439 446.

Fosu Mensah, B. Y., Vlek, P. L., & Maccarthy, D. S. (2012).
Farmers’ perception and adaptation to climate
change: A case study of Sekyedumase district in
Ghana. Environment, Development and Sustainability,
14, 495 505. doi:10.1007/s10668 012 9339 7

Gamble, D. W., Campbell, D., Allen, T. L., Barker, D.,
Curtis, S., Mcgregor, D., & Popke, J. (2010). Climate
change, drought, and Jamaican agriculture: Local
knowledge and the climate record. Annals of the
Association of American Geographers, 100, 880 893.
doi:10.1080/00045608.2010.497122

Gentle, P., & Maraseni, T. N. (2012). Climate change, pov
erty and livelihoods: Adaptation practices by rural
mountain communities in Nepal. Environmental
Science & Policy, 21, 24 34. doi:10.1016/j.
envsci.2012.03.007

Gentle, P., Thwaites, R., Race, D., Alexander, K., &
Maraseni, T. (2018). Household and community
responses to impacts of climate change in the rural
hills of Nepal. Climatic Change, 147, 1 16.
doi:10.1007/s10584 017 2124 8

Gezie, M. (2019). Farmer’s response to climate change
and variability in Ethiopia: A review. Cogent Food &
Agriculture, 5, 1613770. doi:10.1080/
23311932.2019.1613770

Karki et al., Cogent Social Sciences(2020), 6: 1720555
https://doi.org/10.1080/23311886.2020.1720555

Page 20 of 23



Gioli, G., Thapa, G., Khan, F., Dasgupta, P., Nathan, D.,
Chhetri, N., …Scott, L. M. (2019). Understanding and
tackling poverty and vulnerability in mountain liveli
hoods in the Hindu Kush Himalaya (The Hindu Kush
Himalaya Assessment). Springer.

Giri, M., Tiepolo, M., & Hada, S. (2015). Household level
adaptation practices to climate change in rural areas
of Nepal. In : S. Pradhananga, J. Panthi, &
D. Bhattarai, eds. International Conference on Climate
Change Innovation and Resilience for Sustainable
Livelihood, Kathmandu, Nepal.

Government of Nepal. (2012). National population and
housing census 2011. (Central Bureau of Statistics &
National Planning Commission eds.). Kathmandu,
Nepal: Author.

Government of Nepal. (2016). Agriculture Development
Strategy (ADS) 2015 to 2035. Kathmandu, Nepal:
Ministry of Agriculture Development (MoAD).

Government of Nepal. (2018a). Economic survey fiscal
year 2017/18 . (Ministry of Finance ed.). Kathmandu,
Nepal: Government of Nepal.

Government of Nepal. (2018b). Nepal in figures 2018.
(Central Bureau of Statistics & National Planning
Commission eds.). Kathmandu, Nepal: Government of
Nepal.

Gray, C. L. (2009). Rural out migration and smallholder
agriculture in the southern Ecuadorian Andes.
Population and Environment, 30, 193 217.
doi:10.1007/s11111 009 0081 5

Greene, J. C., Caracelli, V. J., & Graham, W. F. (1989).
Toward a conceptual framework for mixed method
evaluation designs. Educational Evaluation and Policy
Analysis, 11, 255 274. doi:10.3102/
01623737011003255

Hennink, M. M. (2014). Understanding focus group discus
sions. Oxford, United Kingdom: Oxford University Press.

IPCC. (2007). Climate change 2007: Synthesis report.
Contribution of working groups I, II and III to the
fourth assessment report of the intergovernmental
panel on climate change . (Pachauri, R. K. & Reisinger,
A. eds.). Geneva, Switzerland: Author.

Kassie, B. T., Hengsdijk, H., Rötter, R., Kahiluoto, H.,
Asseng, S., & Van Ittersum, M. (2013). Adapting to
climate variability and change: Experiences from
cereal based farming in the central rift and Kobo
Valleys, Ethiopia. Environmental Management , 52,
1115 1131. doi:10.1007/s00267 013 0145 2

Khanal, U., Wilson, C., Hoang, V. N., & Lee, B. (2018b).
Farmers’ adaptation to climate change, its determi
nants and impacts on rice yield in Nepal. Ecological
Economics, 144, 139 147. doi:10.1016/j.
ecolecon.2017.08.006

Khanal, U., Wilson, C., Hoang, V. N., & Lee, B. L. (2019).
Autonomous adaptations to climate change and rice
productivity: A case study of the Tanahun district,
Nepal. Climate and Development, 11, 555 563. doi:
10.1080/17565529.2018.1469965

Khanal, U., Wilson, C., Hoang, V. N., & Lee, B. (2017).
Impact of community based organizations on cli
mate change adaptation in agriculture: Empirical
evidence from Nepal. Environment, Development and
Sustainability, 21, 621 635. doi:10.1007/s10668 017
0050 6

Khanal, U., Wilson, C., Hoang, V. N., & Lee, B. (2018a).
Farmers’ adaptation to climate change, its determi
nants and impacts on rice yield in Nepal. Ecological
Economics, 144, 139 147. doi:10.1016/j.
ecolecon.2017.08.006

Kreft, S., Eckstein, D., Dorsch, L., & Fischer, L. (2015).
Global climate risk index 2016: Who suffers most from
extreme weather events? Weather related Loss

events in 2014 and 1995 to 2014 . Bonn:
Germanwatch e.V.

Krejcie, R. V., & Morgan, D. W. (1970). Determining sample
size for research activities. Educational and
Psychological Measurement, 30, 607 610.
doi:10.1177/001316447003000308

Lavrakas, P. J. (2008). Encyclopedia of survey research meth
ods. Thousand Oaks, California: Sage Publications.

Leary, N., Adejuwon, J., Barros, V., Batimaa, P., Biagini, B.,
Burton, I., …De Comarmond, A. (2007). A stitch in
time: Lessons for climate change adaptation from the
AIACC project. Washington, DC: AIACC.

Lobell, D. B., Burke, M. B., Tebaldi, C., Mastrandrea, M. D.,
Falcon, W. P., & Naylor, R. L. (2008). Prioritizing cli
mate change adaptation needs for food security in
2030. Science,319, 607 610. doi:10.1126/
science.1152339

Loria, N., & Bhardwaj, S. (2016). Farmers’ response and
adaptation strategies to climate change in low hills
of Himachal Pradesh in India. Nature Environment
and Pollution Technology, 15, 895.

Macchi, M., Gurung, A. M., & Hoermann, B. (2015).
Community perceptions and responses to climate
variability and change in the Himalayas. Climate and
Development, 7, 414 425. doi:10.1080/
17565529.2014.966046

Maddison, D. J.2007. The perception of and adaptation to
climate change in Africa. World Bank Policy Research
Working Paper. doi:10.1094/PDIS 91 4 0467B

Maharjan, S., Maharjan, K., Tiwari, U., & Sen, N. (2017).
Participatory vulnerability assessment of climate
vulnerabilities and impacts in Madi Valley of Chitwan
district, Nepal. Cogent Food & Agriculture, 3, 1310078.
doi:10.1080/23311932.2017.1310078

Manandhar, S., Vogt, D. S., Perret, S. R., & Kazama, F.
(2011). Adapting cropping systems to climate change
in Nepal: A cross regional study of farmers ’ percep
tion and practices. Regional Environmental Change,
11, 335 348. doi:10.1007/s10113 010 0137 1

Mcdowell, G., Ford, J. D., Lehner, B., Berrang Ford, L., &
Sherpa, A. (2013). Climate related hydrological
change and human vulnerability in remote mountain
regions: A case study from Khumbu, Nepal. Regional
Environmental Change, 13, 299 310. doi:10.1007/
s10113 012 0333 2

Mcdowell, J. Z., & Hess, J. J. (2012). Accessing adaptation:
Multiple stressors on livelihoods in the Bolivian high
lands under a changing climate. Global
Environmental Change, 22, 342 352. doi:10.1016/j.
gloenvcha.2011.11.002

Mimura, N., Pulwarty, R. S., Duc, D. M., Elshinnawy, I.,
Redsteer, M. H., Huang, H. Q.,…Rodriguez, R. A. S.
(2014). Adaptation planning and implementation. In
C. B. Field, V. R. Barros, D. J. Dokken, K. J. Mach,
M. D. Mastrandrea, T. E. Bilir,…L. L. White (Eds.),
Climate change 2014: Impacts, adaptation, and vul
nerability. Part A: Global and sectoral aspects.
Contribution of working group II to the fifth assess
ment report of the intergovernmental panel on cli
mate change, (pp. 869 898). Cambridge, UK:
Cambridge University Press.

Ministry of Environment. ( 2010). National adaptation pro
gramme of action to climate change . Kathmandu,
Nepal: Government of Nepal.

Mishra, A., Appadurai, A. N., Choudhury, D., Regmi, B. R.,
Kelkar, U., Alam, M.,…Lotia, H. (2019). Adaptation to
climate change in the Hindu Kush Himalaya: Stronger
action urgently needed (The Hindu Kush Himalaya
Assessment). Springer.

MOAC, WFP & FAO. (2009). Crop and food security
assessment: Joint assessment report. Kathmandu:

Karki et al., Cogent Social Sciences(2020), 6: 1720555
https://doi.org/10.1080/23311886.2020.1720555

Page 21 of 23



World Food Program and Food and Agriculture
Organization and Ministry of Agriculture and
Cooperatives.

Nepal in Data. (2018). Provincial profile: Province 3(03/05/
2018 ed.). Kathmandu, Nepal: Government of Nepal.

Neupane, D., Jørs, E., & Brandt, L. (2014). Pesticide use, ery
throcyte acetylcholinesterase level and self reported
acute intoxication symptoms among vegetable farmers
in Nepal: A cross sectional study. Environmental Health,
13, 98. doi:10.1186/1476 069X 13 98

Panda, C., & Singh, S. (2016). Marginal and small farmers’
climate change perception and adaptation.
International Journal of Agriculture, Environment and
Biotechnology, 9, 839 846. doi:10.5958/2230
732X.2016.00108.X

Pandey, R., Kumar, P., Archie, K. M., Gupta, A. K., Joshi, P.,
Valente, D., & Petrosillo, I. (2018). Climate change
adaptation in the western Himalayas: Household
level perspectives on impacts and barriers. Ecological
Indicators , 84, 27 37. doi:10.1016/j.
ecolind.2017.08.021

Pandey, S. S., Cockfield, G., & Maraseni, T. N. (2016).
Assessing the roles of community forestry in climate
change mitigation and adaptation: A case study from
Nepal. Forest Ecology & Management, 360, 400 407.
doi:10.1016/j.foreco.2015.09.040

Panta, S. K., & Thapa, B. (2018). Entrepreneurship and
women ’s empowerment in gateway communities of
bardia national park, nepal. Journal of Ecotourism,
17, 20 42. doi:10.1080/14724049.2017.1299743

Parry, M., Canziani, O., Palutikof, J., Van Der Linden, P., &
Hanson, C. (2007). Climate change 2007: Working
group II: Impacts, adaptation and vulnerability
Cambridge: Intergovernmental panel on climate
change.Cambrigde, UK: Canbridge University Press.

Patra, J., & Terton, A.2017. Review of current and planned
adaptation action in Nepal (CARIAA Working Paper;
No. 20).

Pradhan, N. S., Sijapati, S., & Bajracharya, S. R. (2015).
Farmers’ responses to climate change impact on
water availability: Insights from the Indrawati Basin
in Nepal. International Journal of Water Resources
Development, 31, 269 283. doi:10.1080/
07900627.2015.1033514

QSR. (2017). NVivo qualitative data analysis Software (11
ed.). Melbourne, Australia: QSR International Pty Ltd.

Regmi, B. R., & Bhandari, D. (2013). Climate change
adaptation in Nepal: Exploring ways to overcome the
barriers. Journal of Forest and Livelihood, 11, 43 61.
doi:10.3126/jfl.v11i1.8612

Regmi, B. R., Paudyal, A., & Bordoni, P. (2009). Climate
change and agrobiodiversity in Nepal: Opportunities to
include agrobiodiversity maintenance to support
Nepal’s National Adaptation Programme of Action
(NAPA). Pokhara: LI BIRD.

Reid, H., & Schipper, E. L. F. (2014). Upscaling community
based adaptation. In E. Lisa, F. Schipper, J. Ayers,
H. Reid, S. Huq, & A. Rahman (Eds.),Community
based adaptation to climate change: Scaling it up , (pp.
3 21). London: Routledge.

Rijal, J. P., Regmi, R., Ghimire, R., Puri, K. D., Gyawaly, S., &
Poudel, S. (2018). Farmers’ knowledge on pesticide
safety and pest management practices: A case study
of vegetable growers in Chitwan, Nepal. Agriculture,
8, 16. doi:10.3390/agriculture8010016

Ritchie, J., Lewis, J., Nicholls, C. M., & Ormston, R. (2013).
Qualitative research practice: A guide for social
science students and researchers. London: Sage
Publications.

Rodriguez Solorzano, C. (2014). Unintended outcomes of
farmers ’ adaptation to climate variability:

Deforestation and conservation in Calakmul and
Maya biosphere reserves. Ecology and Society, 19, 53.
doi:10.5751/ES 06509 190253

Salau, E., Onuk, E., & Ibrahim, A. (2012). Knowledge, per
ception and adaptation strategies to climate change
among farmers in southern agricultural zone of
Nasarawa State, Nigeria. Journal of Agricultural
Extension, 16, 199 211.

Sebastian, K. (2014). Atlas of African agriculture research
and development: Revealing agriculture's place in
Africa. Washington, DC: International Food Policy
Research Institute (IFPRI).

Shakya, M. (2009). Risk, vulnerability and tourism in
developing countries: The case of Nepal. Germany:
Logos Verlag Berlin GmbH.

Shikuku, K. M., Winowiecki, L., Twyman, J., Eitzinger, A.,
Perez, J. G., Mwongera, C., & Läderach, P. (2017).
Smallholder farmers ’ attitudes and determinants of
adaptation to climate risks in East Africa. Climate Risk
Management, 16, 234 245. doi:10.1016/j.
crm.2017.03.001

Shrestha, R. P., & Nepal, N. (2016). An assessment by
subsistence farmers of the risks to food security
attributable to climate change in Makwanpur, Nepal.
Food Security, 8, 415 425. doi:10.1007/s12571 016
0554 1

Skowronek, D., & Duerr, L. (2009). The convenience of
nonprobability: Survey strategies for small academic
libraries. College & Research Libraries News, 70,
412 415. doi:10.5860/crln.70.7.8221

Smit, B., Burton, I., Klein, R. J., & Wandel, J. (2000). An
anatomy of adaptation to climate change and
variability (Societal Adaptation to Climate Variability
and Change). Springer.

Smit, B., & Pilifosova, O. (2001). Adaptation to climate
change in the context of sustainable development
and equity. climate change 2001: Impacts, adapta
tion, and vulnerability . Cambridge: Cambridge
University Press.

Smit, B., & Wandel, J. (2006). Adaptation, adaptive capa
city and vulnerability. Global Environmental Change,
16, 282 292. doi:10.1016/j.gloenvcha.2006.03.008

Sujakhu, N. M., Ranjitkar, S., Niraula, R. R., Pokharel, B. K.,
Schmidt Vogt, D., & Xu, J. (2016). Farmers’ perceptions
of and adaptations to changing climate in the Melamchi
Valley of Nepal. Mountain Research and Development,
36, 15 30. doi:10.1659/MRD JOURNAL D 15 00032.1

Tamang, S., Paudel, K. P., & Shrestha, K. K. (2014).
Feminization of agriculture and its implications for
food security in rural Nepal. Journal of Forest and
Livelihood, 12, 20 32.

Tambo, J. A., & Abdoulaye, T. (2013). Smallholder farmers ’
perceptions of and adaptations to climate change in
the Nigerian savanna. Regional Environmental Change,
13, 375 388. doi:10.1007/s10113 012 0351 0

Tembo, F. M., & Tadesse, T. (2018). Perceptions and choices
of adaptation measures for climate change among teff
(Eragrostis tef) farmers of Southeast Tigray, Ethiopia.
Journal of Agricultural Extension and Rural
Development, 10, 11 19. doi:10.5897/JAERD2017.0929

Tiwari, K., Rayamajhi, S., Pokharel, R., & Balla, M. (2014).
Determinants of the climate change adaptation in rural
farming in Nepal Himalaya. International Journal of
Multidisciplinary and Current Research, 2, 234 240.

Tripathi, A., & Mishra, A. K. (2017). Knowledge and passive
adaptation to climate change: An example from
Indian farmers. Climate Risk Management, 16,
195 207. doi:10.1016/j.crm.2016.11.002

Tyrer, S., & Heyman, B. (2016). Sampling in epidemiologi
cal research: Issues, hazards and pitfalls. BJPsych
Bulletin, 40, 57 60. doi:10.1192/pb.bp.114.050203

Karki et al., Cogent Social Sciences(2020), 6: 1720555
https://doi.org/10.1080/23311886.2020.1720555

Page 22 of 23





225  

Chapter 8: A Risk Assessment of Food Insecurity in Three Different Agro- 

Ecological Zones of Nepal Using Bayesian Belief Network Model 

 

This chapter aims to provide a synthesis of findings from Chapter 4 to Chapter 8, 

identifying variables that create risks to food security, and use these to develop a risk 

assessment model of food insecurity in three different agro-ecological zones of Nepal 

using Bayesian Belief Network Model. The Intergovernmental Panel on Climate 

Change (2013) recommends a risk assessment approach to climate change adaptation 

and the model developed here presents one approach that holds potential as a tool to 

assist adaptation and resilience planning in developing countries such as Nepal. 

 

8.1 Introduction 

 

Bayesian belief networks (BBN) have been used as a modelling tool in various fields 

including engineering, mathematics, computer sciences, health sciences, life sciences, 

sociology and education, environmental sciences and natural resource management 

(Aguilera et al. 2011). BBN can be used as a component in a risk management 

framework as they enable the display of causal relationships between interacting 

variables as well as the probabilities associated with different states of these variables 

(Marcot et al. 2006). BBN is widely used in climate change multi-risk assessment 

(Sperotto et al. 2017; Terzi et al. 2019) and provide the means to summarize 

information (Rieman et al. 2001), represent complex systems (Barker 2004), and enable 

examination of the effects of various stressors in complex environments (Pollino & Hart 

2008) and under various scenarios (Hafezi et al. 2020; Stein 2004). BBN has been found 

to assist in improving stakeholder understanding of systems, facilitating participatory 

modelling, and can be applied to trade-off analysis, decision making in management, 

projecting the changes in the systems under different scenarios, and for exploratory 

analysis (Chen & Pollino 2012). 

 

BBN can be applied to develop models for a network or series of events in food 

security, with the links in the model displaying causal effects between events (Stein 

2004), and thus provide a better understanding of relationships among variables in a 

food production system (Van Boekel, Stein & van Bruggen 2004). Food security 
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depends on a complex and multifaceted system determined by various intertwined 

independent and dependent variables. Bayesian networks have an important advantage 

of being able to utilise both quantitative and qualitative component descriptions and 

relationships in a complex system (Barons, Zhong & Smith 2014). There have been 

some studies that have assessed food security using BBN. Barons, Zhong & Smith 

(2014) provided decision support for food security as associated with potential 

instabilities within the sugar industry. Kleemann et al. (2017) used BBN to undertake a 

regional assessment of food provision in the Upper East Region in northern Ghana 

under land use changes and different weather scenarios. 

 

In this study, we assessed the risk of food insecurity for a smallholder farming family 

using several types of data and methods, under influences of various demographic, 

climatic and socioeconomic factors. We illustrated how multiple factors interact with 

each other to determine the risk of food insecurity and assessed which agro-ecological 

zones are at higher risk of food insecurity under current climate, demographic, 

socioeconomic and biophysical conditions and adaptation interventions. Food security 

was focussed on at the household level. Although it was not possible to map the whole 

system, multiple relevant information sources such as literature, individual householder 

interview, focus group discussion, and key informant interview were used to triangulate 

and identify relevant variables that have positive or negative impacts on food security. 

 

This chapter is structured as follows. Section 8.2 discusses the process of constructing 

the BBN model. Section 8.3 provides a description of the variables included in the BBN 

model. Section 8.4 explains the BBN model structure built for this study. Section 8.5 

presents the risk of food insecurity in three different AEZs of Nepal, and in Section 8.6 

key drivers of food insecurity are identified by undertaking a sensitivity analysis. The 

chapter concludes with comments on the potential use of such a risk model to adaptation 

policy and planning. 

 

8.2 Methods 

 

Building the BBN model 
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BBN is a suitable tool for participatory approaches as it allows easy interpretation and 

adjustment of the graphical representation of the model components and relationships 

(Aguilera et al. 2011). Developing a BBN involves a qualitative and quantitative 

component. The qualitative component involves using a box and arrow graph structure 

to describe the cause and effect relationship among the selected system variables. The 

quantitative component on the other hand comprises establishing the probability 

distributions. These are presented in the form of conditional probability tables (CPTs), 

which present the strengths of connections in the graphical representation of the system 

(Aguilera et al. 2011). In this study, the software GeNie Academic (BayesFusion 2019) 

was used to develop the Bayesian model. Bayesian belief networks were developed 

following the guidelines provided by Marcot et al. (2006) and Pollino & Hart (2008). 

The steps involved are as follows: 

 

1. Influence diagram – The first step involved creating an influence diagram which is 

simply a figure with boxes and arrows to show influence among variables. An influence 

diagram (Marcot et al. 2006) of the “causal web” of main drivers affecting a variable of 

interest was created (Figure 8.1). This qualitative step involved building a conceptual 

model considering the main findings from chapters 4-8. 

 

������Bayesian network structure - The second step involved generating the Bayesian 

network structure. The structure of the Bayesian network was generated from the 

variables and relationships represented in the influence diagram. Following Borsuk, 

Stow & Reckhow (2004), caution was taken so that the variables to be included in 

BBNs were observable, predictable and controllable. 

 

3. Assigning states/discretization of nodes – The third step was to assign states to the 

variables. Each of the variables was assigned a state or condition. The state of variables 

could be continuous, discrete or categorical and could be numerical ranges or 

expressions (Pollino & Hart 2008). 



228  

 

Figure 8.1 An influence diagram developed to generate the structure of the Bayesian 

network for the assessment of the risk of food insecurity for a typical Nepalese 

smallholder family. The variables and relationships reflect a conceptual model based on 

the findings from Chapters 4-8 of this thesis 

 

1.Specification of prior probabilities  

Following steps 1-3, the links (relationships) between nodes were then described. A 

parent node is linked to a child node (Figure 8.2). A child node can then be a parent to 

other nodes. The outcome of child nodes depends on the combination of states of their 

parent nodes, which are defined by using Conditional Probability Tables (CPTs). 
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Figure 8.2 A basic Bayesian Network showing two parent nodes and one child node 
 
CPTs are a set of probabilities associated with each node used to demonstrate the 

interaction between nodes. CPTs have all possible combinations of states of the parent 

nodes (Cain 2001). The size of CPTs depends on the number of parents a node has and 

the number of states of each of its parents. Each row in a CPT suggests a question which 

further suggests the data required to collect to fill in the CPT (Cain 2001). Following 

Marcot et al. (2006), the number of parent nodes to any node was kept to as few as 

possible. The number of layers of nodes was kept to as few as possible, and the discrete 

states within any given nodes were kept to the fewest possible to represent the 

influences without altering the precision of the CPTs. The CPTs were populated using a 

rigorous iterative process involving the integration of data from interviews (Chapter 5, 6 

and 7), drawing on literature review (Chapter 2) and secondary data analysis (Chapter 

4). 

 

Testing and Adjusting the BBN 

 

After building the BBN structure and assigning states and conditional probabilities, the 

BBN was compiled. Then the models were tested in order to reduce bias and ensure 

their credibility so they would offer the best interpretation of results. Following (Marcot 

et al. 2006), various combinations of input values were used, and the resultant 

probabilities were observed in each intermediate node as well as the final output node 

(risk of food insecurity in this study). In order to obtain a reasonable response from the 

model any unrealistic behaviour in the model was addressed. This was done either (i) by 

adjusting the relevant variable and CPTs values, or (ii) by splitting, combining, or 

redefining nodes or their states, or (iii) by adjusting the whole model structure. 
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Sensitivity Analysis 

 

BBN can be validated using various validation tools, and evaluated with data, technical 

experts or both. Sensitivity analysis involves quantitative evaluation of BBN with data 

to determine key drivers in the model (Pollino & Hart 2008). Sensitivity analysis aids in 

verifying the correct initial model structure and parametrization. It evaluates degree and 

the rank order of influence of parent variables on the outcome variable (Marcot et al. 

2006). It can be used to determine inaccuracy and uncertainties in the structure of the 

model as well as the relationships between variables and to identify gaps in knowledge 

and data. Sensitivity analysis provides a ranking of variables in terms (Pollino & Hart 

2008) and indicates the effects of changes in the model's parameter on the target node. 

Even a small change in a sensitive parameter can have a significant impact on the object 

of interest. As the node that is closer to the target node has more weight, it is important 

to identify the distant but influential node when running a sensitivity analysis. In our 

context, a sensitivity analysis was performed to identify key influential variables on our 

model endpoint which is the risk of food insecurity. 

 

8.3 Results and Discussion 

 

The influence diagram which represents conceptual model developed of the food 

security system for a typical Nepalese smallholder farmer family. A typical smallholder 

farmer family in Nepal generally cultivate a small area of cropland, usually less than 0.5 

hectares per household. These families predominantly produce food for their own 

consumption relying on family labour and mainly following traditional methods of 

farming. 

 

8.3.1 Description of Variables 

 

In our study, the generation of the BBN model based on the structure provided in the 

influence diagram involved several phases of iteration, refinement, and modification, 

which led to the final BBN model with 19 key variables. The variables selected to 

model food insecurity included influences from climatic and non-climatic changes 
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identified from the literature review and interviews (individual, FGD, and KII) is shown 

in Table 8.1 as follows: 

 

Table 8.1 Variables in the risk of food insecurity from climatic and non-climatic 

changes identified from the literature review and interviews (individual, FGD, 

and KII ) 

No. Variables Description Source 

1 Agro-ecological 
zone (AEZ) 

AEZs may be defined as 
“geographical areas exhibiting 
similar climatic conditions that 
determine their ability to support 
rain-fed agriculture. At a regional 
scale, AEZs are influenced by 
latitude, elevation, and temperature 
as well as seasonality, rainfall 
amounts, and distribution during 
the growing season” (International 
Food Policy Research Institute 
2010). 
 
Three AEZs in the case of Nepal: 
Hill, Terai, Mountain. 

Adane, Atnafe & Ahmed 
(2015); Dhital, Sharma & 
Bhandari (2016); Ministry 
of Health, New ERA & ICF 
(2016); KII 
Chapter 2, 4,5,6,7 

2 Crop type Type of plants/crops grown by 
farmers. 

Chapter 2, 6 

3 The outbreak of 
pests and diseases 

Development and distribution of 
pests and diseases. 

Ghimire (2014); Malla 
(2008); Pradhan, Sijapati & 
Bajracharya (2015), 
Chapter 2, 
5 and 6 

4 Soil suitability The appropriate condition of soil 
for growing a crop. 

Bajracharya & Sherchan 
(2009); Girmay, Sebnie & 
Reda (2018); Malla (2008); 
Chapter 2, 6 

5 Crop production The quantitative measure of crop 
yield in each measured area of the 
field. The use of new crop varieties 
and the efficient application of 
agrochemicals immensely 
contributed to increased 
plant productivity. 

Chapter 2, 4, 5, 6 
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6 Food demand The amount of food that people 
need/desire. 

Food and Agriculture 
Organization of the United 
Nations (2017, 2018a); Lal 
(2013); Ministry of 
Agriculture; Land 
Management and 
Cooperatives (2018), 
Chapter 2 and 6 

7 Food supply The amount of food that is 
available for people via production 
as well as purchase. 

Ancog, Ticsay & Ruzol 
(2019); Food and 
Agriculture Organization of 
the United Nations (2017); 
Godfray et al. (2010); Pant 
(2013); Sasson 
(2012) 

8 Risk of food 
insecurity 

Potential for lacking access to and 
sufficiency of quality food. 

Chapter 2 and 6 

9 Population All the inhabitants of a particular 
place. The total individuals of a 
species in a given geographical 
area 

Food and Agriculture 
Organization of the United 
Nations (2017, 2018a); Lal 
(2013); Ministry of 
Agriculture; Land 
Management and 
Cooperatives (2018); Pant 
(2013), Chapter 2 

10 Availability of 
workforce/labour 

The labour pool in employment. It 
is generally used to describe those 
working for a single company or 
industry but can also apply to a 
geographic region like a city, state, 
or country (‘Workforce’, 2020). 

Food and Agriculture 
Organization of the United 
Nations (2018a); Peterson 
(2017), Chapter 2, 5, 6 and 7 

11 Availability of 
land for farming 

Agricultural land is typically land 
devoted to agriculture, the 
systematic and controlled use of 
other forms of life—particularly 
the rearing of livestock and 
production of crops—to produce 
food for humans. (‘Agriculture 
land’, 2020). 

Maletta (2014); Singh, 
Singh & Srivastava (2016), 
Chapter 2, 5, 6 and 7 

12 Farming 
management 
strategies 

A body of activities and 
procedures carried out by a farmer 
in the ongoing management of his 
or her farm and for which advice 
may be available from 
professional specialists in farm 
management 

McConnell, MacConnell & 
Dillon (1997), Chapter 2, 6 
and 
8 
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13 Level of 
awareness & 
knowledge 

Being aware, having knowledge/ 
consciousness 

Abid et al. (2015); Abid et 
al. (2019); Ayal & Leal 
Filho (2017); Habtemariam 
et al. (2016); Pandey et al. 
(2018), 
Chapter 2, 5, 6 and 7 

14 Support from 
institutions and 
networks 

Help or assistance from 
governmental and non-
governmental organizations and 
social platforms 

Antwi-Agyei, Stringer & 
Dougill (2014); Kolawole et 
al. (2016); Mertz et al. 
(2009), 
Chapter 2, 6 and 7 

15 Availability of 
loan and credit 

Being able to borrow money from 
others usually expected to 
payback. 

Comoé, Finger & Barjolle 
(2014); Ogalleh et al. 
(2012); Sangeda, Maleko & 
Mtengeti 
(2013), Chapter 2, 6 and 7 

16 Financial capacity Ability to buy. Belay et al. (2017); 
Ochieng, Kirimi & Makau 
(2017); Pandey et al. 
(2018); Phuong et 
al. (2018); Singh (2018); 
Singh, Anand & Khan 
(2018), Chapter 2, 6 and 7 

17 Livelihood 
strategy 

The way people secure their basic 
needs. 

Antwi-Agyei, Stringer & 
Dougill (2014); Campos, 
McCall & González-
Puente (2014); Chalise, 
Maraseni & Maroulis 
(2015), Chapter 2, 5, 
6,7 

19 Access to market Ability to buy and sell goods and 
services. 

Alston & Akhter (2016); 
Bryan et al. (2009); 
Chalise, Maraseni & 
Maroulis (2015); Dang et 
al. (2014); Fosu-Mensah, 
Vlek & MacCarthy (2012), 
Chapter 2, 
5,6 and 7 

 

8.3.2 BBN Model Structure 

 

The baseline BBN model structure is presented in Figure 8.3. The baseline BBN model 

is the first projection of the baseline risk of food insecurity in smallholder households in 

general without considering any specific agro-ecological zones. In this model, the risk 

of food insecurity is a function of food demand, food supply, and agro-ecological zones. 
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Each node has its own child and intermediate nodes. Each node contains the name of the 

variable at its top and states of the variable below that. The blue and yellow belief bars 

next to each state of variable represent the probability percent of each state. Child nodes 

have Conditional Probability Table which is determined by the state of their parent 

nodes. An example of CPT for the node level of awareness and knowledge is shown in 

Table 8.3. The node: level of awareness and knowledge has two states (Aware and Not 

aware) and has one parent node that influences it (Support from institutions and 

networks); Details of variables included in the final baseline BBN model are presented 

in Table 8.1. 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.3 Baseline Bayesian Belief network of variables influencing the risk of food insecurity for a typical smallholder farming family in 
Nepal. The light green color indicates adaptation measures by the farmers as well as external sources; the light blue and purple shades 
represent physical and ecological factors. The variables in the orange box indicate socio-economic factors whereas the three variables in 
the dark green box represent the key drivers of food security. 
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Table 8.2 Details of variables included in the final baseline BBN model and their 

associated states 

S.N. Variable Type of variable States 

1 Agro-ecological zone Discrete Mountain 
Hill Terai 

2 Crop type Discrete Wheat Barley Rice Maize 
Millet  Buckwheat 

3 The outbreak of pest and 
diseases 

Discrete High 
Low 

4 Soil suitability Discrete Highly suitable 
Less Suitable 

5 Crop production Discrete High 
Low 

6 Food demand Discrete High 
Low 

7 Food supply Discrete High 
Low 

8 Risk of food insecurity Discrete High 
Low 

9 Population Discrete Higher 
Lower 

10 Availability of 
workforce/labour 

Discrete Available 
Not available 

11 Availability of land for farming Discrete Highly available 
Less available 

12 Farming management strategies Discrete Traditional 
Modern 
Mixed 
None 

13 Level of awareness & 
knowledge 

Discrete Aware 
Not aware 

14 Support from institutions and 
networks 

Discrete Received 
Not received 

15 Availability of loan and credit Discrete Available 
Not available 

16 Financial capacity Discrete Sufficient 
Not sufficient 

17 Livelihood strategy Discrete Subsistence 
Commercial 

18 Access to market Discrete Accessible 
Not accessible 

 
Table 8.3 Conditional probability table for a node from the Bayesian network in figure 

8.3: level of awareness and knowledge node with states aware and not aware and parent 

node support from institutions and networks (states received and not received) 
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Level of awareness and knowledge 

Support from institutions and networks Received Not received 

Aware 0.95 0.25 

Not aware 0.05 0.75 

 

8.3.3 Interpreting the BBN Model Output  

 

As noted, ensuring food security is a complex process involving various climatic and 

non- climatic factors (Food and Agriculture Organization of the United Nations 2018a). 

The BBN models provide one approach to representing the interactions between the 

main drivers of food security as identified from the literature and the findings of 

Chapters 4-8 of this thesis. Here, the risk of food insecurity is modelled as a function of 

food demand, food supply, and agro-ecological zones which are in turn associated with 

other influencing variables. As agro-ecological zones are a function of climatic 

condition, temperature and rainfall were not separately assessed. The agro-ecological 

zones encompass differing crop types, soil suitability, crop production, outbreaks of 

pests and diseases and farm management strategies. Crop production is determined by 

various climatic and non-climatic variables including the outbreak of pest and diseases, 

soil suitability, availability of farming land, availability of workforce, soil suitability, 

farm management strategies, agro-ecological zones and further influences food supply. 

Food demand is directly influenced by the local population, availability of workforce 

and livelihood strategy whereas food supply is directly influenced by crop production, 

availability of farming land, availability of workforce and access to the market. The 

supply of food increases if there is a higher production of crops, higher availability of 

farming land, a large workforce and better access to the market to purchase food, this, in 

turn, decreases the risk of food insecurity. If there is higher food demand low food 

supply, then there is an increased risk of food insecurity and vice versa. 

 

8.3.4 Sensitivity Analysis 

 

Figure 8.4 and Table 8.4 shows the results of sensitivity analysis for the baseline state of 

food security for a typical smallholder farming family in Nepal. The target node is the 

“risk of food insecurity”. The node colour reflects the degree of sensitivity. The 
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intensity of the red colour of the nodes indicates variables that are most influential in 

causing the risk of food insecurity. Based on the analysis of the strength of influence 

and sensitivity, overall the risk of food insecurity was notably sensitive to the changes 

in the food supply, access to market, level of awareness and knowledge, farming 

management strategies, support from institution and networks, agro-ecological zones, 

availability of loan and credit and financial capacity. An increase in the food supply 

which is in this case through production, market access, availability of farming land and 

workforce was found to be driving factors to reduce food insecurity than any other 

factors. As stressed by Sasson (2012), inadequate global food supply is the key 

contributory factor of global food insecurity. The factors including types of crop, soil 

suitability, the outbreak of pest and diseases, availability of farming land and work force 

were less likely to influence the risk of food insecurity as compared to the factors 

mentioned above. The sensitivity analysis is, of course, responsive to the variable 

selection and the parent-child node structure as guided by the conceptual framework. 

Variables and relationships in the BBN model can be updated, varied or added in 

response to new information. 

 
Table 8.4 Baseline sensitivity of ‘risk of food 
insecurity’  

to a finding at another node 
 Node Variance of 

Belief 

1 Risk of food insecurity 100 

2 Food supply 36.7 

3 Access to market 19.5 

4 Level of knowledge and 

awareness 

10.4 

5 Farm management strategies 8.61 

6 Support from institutions 6.35 

7 Agro-ecological zones 5.08 

8 Availability of loan and credit 4.63 

9 Livelihood strategy 3.95 

10 Financial capacity 3.91 

11 Crop production 1.74 
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12 Food demand 0.67 

13 Crop types 0.55 

14 Soil suitability 0.36 

15 The outbreak of pest and 

diseases 

0.27 

16 Availability of farming land 0.17 

17 Local population 0.07 

18 Availability of workforce <0.05 
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8.3.5 Risk of Food Insecurity 
 

We applied the BBN risk of food insecurity model to each of the three major agro-

ecological zones in Nepal; Mountain, Hill, and Terai, based on two scenarios: (1) 

reflecting current conditions and (2) an adaptation scenario where measures have been 

taken to mitigate the risks. A sensitivity analysis was also undertaken for each zone for 

the current condition scenario. 

 

8.3.5.1 Risk of Food Insecurity in the Mountain Zone 

 

The risk of food insecurity in Figure 8.5 reflects the current condition scenario of food 

security under the current climatic conditions. The Mountain zone is at a higher risk of 

food insecurity (46% probability) compared to the baseline and the other two zones. The 

higher the outbreak of pest (90% probability) and diseases, the higher the dependence 

on traditional farming (46% probability) has impacted crop production (69% 

probability). 

 

Under the adaptation risk management scenario (Figure 8.6): If there is higher 

adaptation support from governmental and non-governmental organizations and 

networks (100% probability), then it is likely to cause 95% rise in the probability of 

higher level of awareness and knowledge and 90% probability of availability of loan 

and credit resulting in a 86% probability of better access to market and a 95% 

probability of switching to commercial farming, then there is a 16% decline in the 

probability of risk of food insecurity. The higher access to the market is likely to 

decrease the risk of food insecurity by 23% as it directly influences the food supply. 

Under current climate scenarios, the farmers with poor financial conditions are likely to 

bear a high risk of food insecurity. If the financial capacity is insufficient then food 

insecurity is increased by 28% probability. 

 

The results of the sensitivity analysis are shown in Table 8.5 and Figure 8.7. Based on 

this sensitivity analysis, food insecurity was more driven by food supply, access to the 

market, knowledge and awareness level, strategies of farm management, external 

support from institution, availability of loan and credit and financial capacity. In 

comparison with the aforementioned variables, the risk of food insecurity is less 
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influenced by the crop production, soil suitability, availability of farmland, local 

population, the outbreak of pest and diseases, availability of workforce and the crop 

types in the mountain zone. 

 

Table 8.5 Sensitivity of ‘risk of food insecurity’ to a 

finding at another node in farm households for the 

Mountain zone 

 Node Variance of 

Belief 

1 Risk of food insecurity 100 

2 Food supply 43.7 

3 Access to market 22 

4 Level of knowledge and 

awareness 

12.2 

5 Farm management strategies 9.16 

6 Support from institutions 7.19 

7 Availability of loan and credit 5.24 

8 Livelihood strategy 4.76 

9 Financial capacity 4.8 

10 Crop production 0.7 

11 Food demand 0.68 

12 Soil suitability 0.21 

13 Availability of farming land 0.18 

14 Local population 0.07 

15 The outbreak of pest and 

diseases 

0.01 

16 Availability of workforce <0.05 

17 Crop types <0.05 



241  

 

Figure 8.5 Bayesian belief network of variables influencing the risk of food insecurity in the Mountain zone the current condition scenario 



242  

 

Figure 8.6 Bayesian belief network of variables influencing the risk of food insecurity under adaptation scenarios in the Mountain zone 
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8.3.5.2 Risk of Food Insecurity in the Hill Zone 

 

The risk of food insecurity in Figure 8.8 reflects the current condition scenario. The is a 32% 

probability under the current condition that the hilly zone will be at the risk of food insecurity. 

The higher soil suitability at the hilly zone results in high crop production (87% probability) 

decreasing the risk of food insecurity to 30% probability. 

 

Under the adaptation risk management scenario (Figure 8.9): a 95% higher level of awareness, 

higher support from networks and institutions leads to higher availability of loans and credit 

(90% probability). Consequently, this is likely to improve financial capacity. 

Furthermore, this increases access to the market at an 88% probability which in turn increases 

the food supply (87%). If there is high adaptive capacity, then the risk of food insecurity is 

reduced (from 32% to 19% probability).  

 

The results of the sensitivity analysis are shown in Table 8.6 and Figure 8.10. Based on the 

sensitivity analysis, the risk of food insecurity was function of food supply, access to the 

market, level of knowledge and awareness, farm management strategies, food demand and 

financial capacity. Like in the mountain zone, in the hill zones as well the risk of food 

insecurity was less influenced by the variables like soil suitability, availability of farming land, 

local population, the outbreak of pest and diseases, availability of workforce and crop types. 
 

Table 8.6 Sensitivity of ‘risk of food insecurity’ to a 

finding at another node in farm households for the 

Hill  zones 

 Node Variance of 

Belief 

1 Risk of food insecurity 100 

2 Food supply 35.9 

3 Access to market 19.2 

4 Level of knowledge and 

awareness 

10.3 

5 Farm management strategies 6.25 
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6 Support from institutions 6.24 

7 Availability of loan and credit 4.55 

8 Livelihood strategy 3.9 

9 Financial capacity 3.85 

10 Food demand 0.65 

11 Crop production 0.4 
12 Soil suitability 0.36 

13 Availability of farming land 0.14 

14 Local population 0.06 

15 The outbreak of pest and 

diseases 

<0.05 

16 Availability of workforce <0.05 

17 Crop types <0.05 
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Figure 8.9 Bayesian belief network of variables influencing the risk of food insecurity under adaptation scenarios in the Hills zone 
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8.3.5.3 Risk of Food Insecurity in Terai 

 

The risk of food insecurity in Figure 8.11 reflects the current condition scenario. The 

Terai zone is a lesser risk of food insecurity 18% probability with high food supply at 

69% probability and a comparatively lower food demand at 53% probability. Food 

supply is high which is determined by higher access to the market (60%), high 

availability of farming land (55%) and higher crop production. The crop production is 

high (98%) resulting from high soil suitability of 90% probability and adoption of both 

modern and traditional farming strategies. 

 

Under the adaptation risk management scenario (Figure 8.12): with 100% support from 

external agencies and networks, there is a further decrease in the risk of food insecurity 

to 93% low state which is a function of  available loan and credit (90%), high level of 

awareness and knowledge (95%), high access to market (88%) leading to the high food 

supply of 87%. 

 

The results of the sensitivity analysis are shown in Table 8.7 and Figure 8.13. Like in 

the other two ecological zones the risk of food insecurity in Terai zone was more driven 

by factors like food supply, access to market, level of knowledge and awareness, 

support from institutions, availability of loan and credit, farm management strategies 

and livelihood strategy and financial capacity. Similarly, the risk of food insecurity was 

less sensitive to soil suitability, availability of farming land, crop production, local 

population, availability of workforce, crop types and the outbreaks of pest and 

diseases. These factors though are like the other two agro-ecological zones however, the 

degree of influence differs slightly as shown in the order in table 8.7. As mentioned 

above, it is important to note that the sensitivity analysis depends on the selection of 

variables as well as the parent-child node structure as directed by the conceptual 

framework. 
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Table 8.7 Sensitivity of ‘risk of food insecurity’ to a 

finding at another node in farm households for the 

Terai zone 

 Node Variance of 

Belief 

1 Risk of food insecurity 100 

2 Food supply 53.6 

3 Access to market 26.9 

4 Level of knowledge and 

awareness 

13.8 

5 Support from institutions 8.63 

6 Availability of loan and credit 6.24 

7 Farm management strategies 6.02 

8 Livelihood strategy 4.9 

9 Financial capacity 4.74 

10 Food demand 1.06 
11 Soil suitability 0.33 

12 Availability of farming land 0.29 

13 Crop production 0.16 

14 Local population 1.15 

15 Availability of workforce 0.02 

16 Crop types <0.05 

17 The outbreak of pest and 

diseases 

<0.05 
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Figure 8.11 Bayesian belief network of variables influencing the risk of food insecurity in the Terai zone under the current condition scenario 
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Figure 8.12 Bayesian belief network of variables influencing the risk of food insecurity under adaptation scenarios in the Terai zone 





254  

8.4 Discussion and Conclusion 
 

The risk of food insecurity was assessed in each of the three main agro-ecological zones 

of Nepal under current conditions and a scenario when adaptive capacity is increased. 

Based on our findings the model projects that the highest percentage of risk of food 

insecurity was evident in the Mountain zone followed by the Hills zone and then the 

Terai zone indicating that smallholder families in the Mountain zone are more at risk of 

food insecurity under current conditions. Other authors reached similar conclusions 

when analysing food security in relation to agro-ecological zones (Adane, Atnafe & 

Ahmed 2015; Dhital, Sharma & Bhandari 2016). 

 

Food security is more impacted by climate change in the Mountains of the Hindu-Kush 

Himalayan zone as the existing vulnerabilities associated with biophysical constraints, 

physical isolation, poor infrastructure, lack of market access and low productivity, 

further exacerbate climate-related hazards (Rasul et al. 2019). Despite being close to the 

capital “Kathmandu” (District Coordination Committee Sindhupalchowk 2018), 

compared to the other two zones, the Mountain district Sindhupalchowk is more remote 

with lower production due to the underlying biophysical conditions and increasing pest 

problems as reported by farmers, in addition to experiencing greater climate change 

impacts as revealed by analysis of the available climatic data. While the difference in 

the level risk of food security among these three zones, the key drivers of food 

insecurity, as revealed by the sensitivity analysis, were similar. 

 
An important finding was that of the variables selected and represented in the model, 

access to market, level of awareness and knowledge, support from the institution and 

network, availability of loan and credit and farm management strategies were found to 

contribute most to food security in all three zones. When current scenarios were 

changed by increasing the probability of any one of the adaptation options/adaptive 

capacity to 100%, then the risk of food insecurity declined. This result highlights the 

potential benefits to be gained from adaptation policies and programmes aimed at 

increasing adaptive capacity at the smallholder family level. Our results are consistent 

with other findings where reliance on social networks 
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(Antwi-Agyei, Stringer & Dougill 2014), support from institutions (Ahamad et al. 2013; 

Rufino et al. 2013), information and awareness (Di Falco, Veronesi & Yesuf 2011; 

Harvey et al. 2014), and availability of loans and credit (Ahamad et al. 2013) were 

associated with risk of food insecurity. Richardson et al. (2018) emphasized the need for 

adaptation as well as mitigation to combat the effects of climate change and address 

food insecurity. 

 

In summary, the risk of food insecurity is most evident in the Mountain zone.Various 

adaptation interventions aimed at increasing the adaptive capacity of smallholder 

farming families could help manage and mitigate these risks. As food security is a 

multifactorial issue, its assessment requires a robust tool to document and analyse the 

complex interactions between and within its system’s components. BBN is an 

integrative approach to display and illustrate and model this complexity and assess the 

resultant risks. BBN allowed qualitative and quantitative information from different 

sources to be assimilated and cause and effect relationships between different 

components to be investigated. Sensitivity analysis enables the most influential factors 

for food insecurity to be identified, providing information that can assist in prioritising 

interventions to manage the associated risks, such as adaptation that increases adaptive 

capacities. As Bayesian modelling is an iterative process, the risk model presented here 

can be readily updated and revised to take into account improved conceptual 

understanding and as new information becomes available. 

 

This modelling exercise did not assess the risk of food insecurity using climate change 

scenarios due to time restrictions and data availability. BBN models have been 

developed to examine climate change risks for malaria infection, among other impacts, 

at the village level (Onyango et al. 2016). Such analyses warrant being the focus of 

future research in Nepal given the projected impacts of global warming in the zone. 
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Chapter 9: Discussions and Conclusion 
 

This chapter discusses the main findings from the study and describes how these 

findings compare with the current knowledge and with theories reported in the scholarly 

literature (Section 9.1). The findings from each chapter are summarised describing how 

they fit together in answering the research questions posed for this research. The chapter 

ends by providing concluding remarks (Section 9.2) and outlining the contribution and 

implication of the research (9.2.1) followed by its limitations and direction for future 

research (9.2.2). 

 

9.1 Synopsis 

 

There is a lack of comprehensive understanding and comparison of smallholder farmers' 

perception of climate change, their experiences of its impacts on agriculture and food 

security and their responses in combating those effects of climate change across the 

three agro- ecological zones of Nepal. The lack of such information presents a challenge 

to those looking to design site-specific and need-based adaptation interventions. This 

study was designed to fill this gap, identified through a review of the published 

literature (Chapter 1 and Chapter 2). In doing so, this study has developed and 

attempted to answer the primary research question of how Nepalese farming 

communities are impacted by climate change and how are they responding to ensure 

their continued food security. 

 

To answer the primary research question, the following secondary questions were 

formulated:  

Q1. How is climate changing and how is it impacting subsistence agriculture? 

Q2. What are the farmers experiencing and what is their understanding? 

a. Are there gender differences in understanding and experiencing?  

Q3. What is the state of food insecurity among these farmers? 

a. How is it being impacted by climate change? 

Q4. What adaptation strategies have been adopted by smallholder farmers to address 

threats to agricultural practices and food security from climate change and other 

pressures? 
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A careful analysis of concepts, context and a critical review of the relevant literature 

existing in the field of climate change, agriculture and food security was conducted 

(Chapters 1 and 2) to develop the research question. The analysis hinges on findings 

from reported perception, understanding, and experiences of smallholder farming 

communities related to climate change and its impacts on agriculture and their food 

security. A mixed method was chosen as the most suitable for this study as it allowed 

for the flexibility to combine both qualitative and quantitative methods. Data were 

collected at different administrative and geographic levels and in addition data were 

triangulated using empirical climate and yield data. All the secondary and primary, 

qualitative and quantitative data was thoroughly analysed (Chapter 3). Chapters 4, 5, 6, 

7 and 8 presented findings of these analyses. 

 

In addressing the research questions, the research examined in Chapter 4 the effects of 

changes in climatic variable particularly temperature and rainfall on the major cereal 

crop production. Chapter 5 assessed farmers’ understanding and experiences of climate 

change and its impacts mainly on crop production. This was complemented by the 

women’s group and key informant's perception which was further validated with 

empirical climate and yield data. The state of food insecurity, effects of climate change 

on food security and response to overcome food insecurity in the context of subsistence 

and smallholder farmers were investigated as presented in chapter 6. Chapter 7 further 

explained the response of farmers in managing the risk posed by climate change and 

examines constraints to adaptation. The key risk factors associated with food insecurity 

were summarized in Chapter 8. The major findings arising from these chapters are 

discussed in the following sections. 

 

Q1. How is climate changing and how is it impacting subsistence agriculture? 

 

Global food production is already impacted by climate change (Ray et al. 2019), thus, 

improved understanding of climate change impacts on crop yields is important for 

securing and improving crop yields and augmenting the resilience of the global food 

system in the face of global warming (Vogel et al. 2019). In answering the first 

secondary research question, this study provided empirical evidence of impacts of 

observed climate change on the yields of major cereal crops with respect to various 
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climate variables and agro-ecological zones and used it to triangulate the perception 

data. The trend of change in climatic variables (maximum and minimum temperatures, 

annual and monsoon rainfall) was determined. Additionally, the trend of crop yield 

change over time was examined. The climate change impacts on the crop yield during 

growing seasons between 1980-2016 were determined using regression analysis. 

 

This study found a sharp increase in both the maximum and minimum temperatures in 

all three study sites suggesting that Nepal and the HKH region could be one of the 

fastest- warming regions in the world. The warming was comparatively higher in the 

Mountains zone followed by the Hills and the Terai. Although all three agro-ecological 

zones experienced a rise in temperature, warming was more pronounced in the higher 

altitudes, i.e. the Mountain zone. The analysis of rainfall showed variable annual and 

monsoonal rainfall across the three zones. The lowland Terai zone exhibited relatively 

escalated annual and monsoonal rainfall. Hills and the Mountain zones experienced 

declining rainfall. 

 

The yields of the major crops rice, wheat and maize had marginally increased in all 

three study sites during the period considered for analysis. Further analysis of the 

impact of climate variables on crop yield showed that both the climate variables 

(temperature and rainfall) influenced the crop yield. The maximum temperature was 

found to be the main correlate of the yield compared to the other climate variables. 

Minimum temperature had an influence on maize yield and in the Hilly district only. A 

positive effect of monsoonal rain was observed in the case of paddy yield in Terai while 

it negatively affected maize yield in the Mountain zone. 

 

The research findings confirmed that climate change is occurring and has altered 

temperature and rainfall patterns. The results suggest that crop production is sensitive to 

climate change. The dramatic decline in the yield of cereal crops: paddy, maize and 

mainly wheat all over Nepal in the year 2009/2010 due to drought demonstrate the 

reliance of crop production on conducive climatic conditions. One third the variation in 

the annual yield of the staple crops has been attributed to the climate-induced change in 

temperature and rainfall (Ray et al. 2015). While the analysis overall showed small 

growth in crop yield, this was sufficient to be considered to have made a positive 
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contribution to food security and to be identified by farm households. As stressed by 

Ray et al. (2012) while there has been a steady increase in yields of these crops in the 

last decades, there is a risk of stagnation or collapse of productions in major crop-

producing regions given the rapid local warming from climate change. Every crop has 

optimal and threshold temperatures and ongoing temperature increase above these limits 

could be detrimental to that crop’s productivity (Grassini, Eskridge & Cassman 2013; 

Schauberger et al. 2017; Schlenker & Roberts 2008). 

 

The growth in crop yield obtained in our study is in line with findings from the other 

studies from Nepal (Joshi, Maharjan & Piya 2011; Poudel, Chen & Huang 2014; Poudel 

& Shaw 2016).Our study did not consider the effect of carbon dioxide fertilization, 

adaptation measures-hybrid crop varieties, irrigation which could have accelerated crop 

productivity. The slight growth could be due to adaptation interventions from farmers. 

In addition, as the yield data was obtained at the district level, it could not specifically 

explain impacts at sub-levels within the district suggesting a cautious interpretation and 

generalization is necessary. 

 

The growth in population, as well as income, changes in diet and increased 

urbanization, are all expected to increase food demand mainly in South Asia and Africa 

as the population of these two regions is estimated to reach 9 billion out of the projected 

11 billion global population by 2100. By 2050 food production must be increased by 

48.65% to match the projected food demand (Food and Agriculture Organization of the 

United Nations 2018a). South and Southeast Asia, Africa and the Middle East are 

estimated to experience a reduction in agricultural production in 2050 (Food and 

Agriculture Organization of the United Nations 2018b). The ten crops including rice, 

maize, wheat, barley, soybean, cassava, oil palm, rapeseed, sorghum, and sugarcane 

provide nearly 83% of the global kilocalorie produced by all croplands (Tilman et al. 

2011), therefore, maintenance of yield of these staple crops is must for continued food 

security Nepal. Thus, determining the impact of climate change on crop production is 

vital for the maintenance of adequate food supply. 

 

The findings of this research contribute to a better understanding of how climate change 

has affected crop yield of major staple crops in Nepal and can contribute to the 
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development of climate-resilient crops for the agro-ecological zones. They highlight the 

potential sensitivity of these crops to future climate change impacts which can help in 

informing adaptation interventions. Aggarwal et al. (2019) emphasized that farmers 

should actively adapt to the changing climate to maintain crop production and minimize 

the impacts of climate change on crop production. The findings, therefore, can inform 

policy to ensure food production and security. 

 

Q2. What are the villages and farmers experiencing and what is their 

understanding? 

 

a. Are there gender differences in understanding and experiencing? 

 

This study conducted a perception-based survey to ascertain farmers' perception and 

experience of climate change and in addressing the second secondary research question. 

These data were complemented by focus group discussions and key informant 

interviews which were further triangulated by empirical climate and yield data. 

 

The results of the surveys showed that climate change is evident, and the subsistence 

and smallholder farmers' perception is that they are suffering from worsening impacts of 

climate change. Nonetheless, the research also found that many farm households were 

not acquainted with the term or concept of climate change per se. Less than half of the 

interviewed households expressed an understanding of the notion of climate change. 

More male farmers and farmers from the Hills and the Terai were familiar with the 

concept of climate change. Television and radio were the most widely used source to 

obtain information on climate change. In addition, community-based groups and 

networks were found to be an emerging source of information. Internet, study, and 

organizations were cited as the sources of information by a smaller proportion of farm 

households. 

 

Nepal is home to a population of diverse caste and ethnicity who have their own 

languages. As most of the climate change information is disseminated in official Nepali 

language or English in the global media, lack of climate information in their vernacular 

language could have been the cause of reduced awareness amongst these Nepalese 

farmers. Considering the various climate change programs, plans and policies 
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formulated by the Government of Nepal, ongoing and past projects from private, 

governmental and international organizations in Nepal, there seems to be a gap in the 

dissemination by various platforms and the assimilation of information by farmers. The 

results, therefore, highlight possible inadequacies or ineffectiveness in the extension 

services of government and non-governmental organizations. While television and radio 

were popular sources of information, this study’s results highlight the role of 

community-based networks and groups (farmers’ group, mothers’ group, forest users’ 

group) in facilitating information sharing. Elia (2017) emphasized appropriate and 

intensive use of interpersonal channels and mass media to share information and 

knowledge. Our research also showed a lack of education is one of the reasons behind a 

lack of awareness among farming communities. In fact, the level of education strongly 

influences the level of climate change awareness (Lee et al. 2015). 

 

This study found a lack of awareness about climate change, its anthropogenic causes 

and an inability to provide a proper scientific explanation of climate change. The study 

demonstrated that climate change impacts are being experienced by almost all farmers. 

Some 90% of farmers reported experiencing an increase in summer temperature and 

64% an increase in winter temperature. These findings are consistent with the rise in 

temperature reported nationally and globally (Intergovernmental Panel on Climate 

Change 2014b). 

 

Farmers also reported experiencing a decrease in rainfall in the Mountains and Hills 

zones while in the Terai zone half of the farm households believed rain is decreasing 

while the other half reported an increase in rainfall. The rainfall was reported to be 

erratic and unpredictable. A large majority of farmers highlighted experiencing a 

delayed start and early end of monsoon rainfall, resulting in a shortening of the 

monsoon period. Shorter winters were reported by half of the farm households. 

 

Consistent with the findings from other studies conducted in Central America and 

Pakistan (Harvey et al. 2018; Khan et al. 2020), extreme events such as landslides, 

floods, fires, drought, cold snaps, and snowfall were found to be frequent and affected 

farming communities in the study areas in Nepal. The surveys revealed a high incidence 

of flood events in the lowland Terai zone while landslides were more common in the 
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Hills and Mountain zones. These natural disasters have caused huge loss of lives and 

income and the findings are in line with those reported in Paudel et al. (2020).  

 

The results confirm the rise in temperature in all three agro-ecological zones of Nepal, 

nevertheless, the rise in temperature was greater at high altitude in line with other 

studies (Budhathoki & Zander 2019; Chettri, Shrestha & Sharma 2020). Farmers' 

experiences of increasing temperature did not vary significantly between the three agro-

ecological zones, consistent with the global evidence (Intergovernmental Panel on 

Climate Change 2019a) and particularly with that from the HKH regions (Ren et al. 

2017; Wester et al. 2019), our study proved escalated warming in Nepal and warns of 

the vulnerability of Nepal to unprecedented and unalterable impacts of climate change. 

 

This research demonstrated a variable and unpredictable nature of rainfall validated 

both from the perception as well as from climate data. The trend in the amount and 

timing of rainfall reported by farming communities was consistent with the climate data. 

This suggests that farmers’ experience is reflecting prevailing climatic conditions and 

that perception-based studies could be used in a country like Nepal with limited 

instrumented climate data as a complementary source of useful information in climate 

research. At the same time, the results also suggest that the farmers’ perception of 

rainfall conditions is more complicated than that for temperature, warranting further 

research. 

 

Though studies (Ayal & Leal Filho 2017; Mkonda, He & Festin 2018) have found the 

age and gender of the respondents to influence the perception of changes, our research 

found that the age and gender of respondents had little or no effect on their perceptions. 

This result perhaps indicates that farmers of all ages and gender have similar 

experiences of climate change impacts. 

 

The results also revealed that crop production has been affected by climate change. A 

higher percentage of farmers reported a decline in crop yield, an increase in pests and 

diseases, and a change in flowering and fruiting time. This is consistent with the 

experiences of farmers in Nepal and worldwide (Central Bureau of Statistics 2017; 

Khan et al. 2020; Mitter et al. 2019). In addition, this study showed that subsistence 
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farming per se is less attractive to young people and has discouraged many from 

looking to agriculture for their livelihood leading, in turn, to many abandoning 

agricultures altogether, to migration, to change in farming practices, and to the adoption 

of alternative sources of income including shifting from traditional cereal crops to cash 

crops. The escalated impacts of climate change and youth migration are some of the key 

drivers which have been found to affect food and nutrition security (Wester et al. 2019). 

The reduction in crop production as reported by farmers matches the recent trend in 

crop production data from the study sites. Nevertheless, as the farmers were asked about 

their experiences of climate change, they could have cited only their experience of 

impacts and not reported any productivity benefits that arisen from the inputs and 

technology they have used. In addition, as the yield data were aggregated at the district 

level, it is possible that there was an increase in yield at the district level but a reduced 

drop in yield at studied sites and households. Thus, the results suggest the need for yield 

data to be also available at a finer spatial level and ideally for Wards, the smallest 

administrative units. This would allow for a more precise analysis of crop yields, 

climate impacts, and the development of more bespoke adaptation interventions. 

 

Q3. What is the state of food insecurity among these farmers? 

 

a. How is it being impacted by climate change? 

 

As part of answering the third research question, this study investigated farmers' 

experience of food insecurity, and their perceived impacts of climate change and the 

measures they had undertaken to adapt to the food insecure situations. These findings 

were cross validated with views from key informants and focus groups. 

 

Overall, the results showed that climate change has a differential impact on farm 

householder’ food security varying with the location of the households. More than half 

of the farm households experienced food insecure situations while its severity varied 

among the farm households and agro-ecological zones. Farmers from the lowland Terai 

zone reported being more food secure as compared to farmers from the Hills and the 

Mountains. This was supported by Bayesian Belief Network (BNN) modelling which 

suggested that higher altitudinal regions are more at the risk of food insecurity. The 

agro-ecological zones were therefore found to influence household food security which 
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is in line with the findings from other studies (Dhital, Sharma & Bhandari 2016; Joshi & 

Joshi 2016; Ministry of Health, New ERA & ICF 2016; Mutea et al. 2019). Adane, 

Atnafe & Ahmed (2015) demonstrated that flat land dwellers and farmers are more food 

secure compared to those on sloped Hills and Mountains. The fragility, harsh 

biophysical conditions poor infrastructure, inadequate transportation facilities, limited 

market, limited economic opportunities and distinct effect of climate change in 

Mountain zones (Poudel, Funakawa & Shinjo 2017; Rasul et al. 2014; Wester et al. 

2019) are more likely to threaten food security there compared to the flatter plains. Food 

insecurity is not critically severe at the study sites compared to the western highlands of 

Nepal which was reported as being in need of immediate interventions (Ministry of 

Agricultural Development, Central Bureau of Statistics & Food and Agriculture 

Organization 2016).Considering the country’s commitment to end hunger (SDG 2) and 

in the view of unprecedented impacts of climate change on food security, addressing 

food insecurity in all the Districts of Nepal including the districts studied here is a 

priority. 

 

Various factors including pest infestation, poor crop production, climate change 

impacts, unproductive land, financial inabilities, and inadequate farm input and 

technologies, were the dominant reasons for being food insecure. As smallholders grow 

food crops primarily to consume it follows that increased productivity increases food 

security (Kabubo-Mariara & Mulwa 2019). Thus, supporting smallholders in increasing 

farm productivity directly helps guarantee their food security and improve their 

livelihoods. 

 

Some farm households reported food insecurity to be seasonal. The research found, 

through formal and informal discussions with these farm households, various other 

factors were also associated with food insecurity including a lack of market access, 

soaring and inconsistent market prices, topography and the youth’s lack of interest in 

agriculture resulting in a lack of labour. The findings from the BBN model showed that 

the supply of food, market access, awareness and knowledge, institutional support, 

financial capacity, availability of loan and credit and location that is agro-ecological 

zones in our case are the main factors influencing food security. Other studies have 

found that lack of credit and extension, market facilities, and inadequate institutional 
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support all restrict the capability of households to deal with food insecurity (Alam et al. 

2018). Joshi & Joshi (2016) also reported that the size of landholding, closeness to 

market and roads and involvement in off-farm and non-farm activities also contribute to 

household food security or insecurity. This highlights that the potential sources of food 

insecurity include a range of socio-political, economic, ecological factors. 

 

Along with identifying the underlying reasons for food insecurity, this study confirmed 

that climate change has acted as a significant threat multiplier. Additionally, this study 

found that age and gender did not affect significantly the perceived impact of climate 

change on food security. The results do suggest that household food insecurity was 

associated with the socioeconomic status of households as the households classified as 

moderately and severely food insecure were the ones belonging to the Cheppang 

communities, which are more marginalized and economically backward indigenous 

communities in Dhading (Hill) and the resource-poor households in Sindhupalchowk 

(Mountain). This highlights the interconnection of multiple factors in determining the 

overall food security of these smallholders and is consistent with the findings from other 

studies in Nepal (Beveridge et al. 2019; Gautam & Andersen 2017; Merrey et al. 2018; 

Pervaiz et al. 2017). Niles & Brown (2017) suggested that financial, social and 

agricultural factors are significantly tied with food security. In addition, the impacts of 

climate change and climate shocks have been found to contribute to food insecurity 

amongst smallholder farmers (Niles & Salerno 2018). The underlying socio- 

institutional change, social relations, and entitlement and economic and political 

institution govern climate change vulnerabilities and adaptive capacity to adapt 

(Bishokarma & Sharma 2013; Gautam & Andersen 2017; Poudel et al. 2020; Sujakhu et 

al. 2019) and perhaps expose the poor and disadvantaged communities like Cheppang to 

increased risks of food insecurity while also impeding their ability to adapt to climate 

change. 

 

Using the Weighted average index developed by Shrestha & Nepal (2016) to determine 

the effects of climate change on food availability based on perceived impact, this study 

found a varied level of impacts experienced by farmers from different agro-ecological 

zones. While drought had a higher impact in the Hills, farmers from Sindhupalchowk 

(Mountain) reported suffering from pest infestation on their farms.  
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The analysis revealed different approaches adopted by farm households to address food 

insecurity in their day to day lives, such as consuming less preferred food and reducing 

the number of meals to deal with food shortages as assessed via the Household Food 

Insecurity Access Scale (HFIAS) questionnaire. A very practical response, when faced 

with a shortage or scarcity of food from their own farm productions, is an increased 

reliance on purchasing food from markets. Further analysis revealed most respondents 

(75%) spent more of their income on food than in previous years. Farming households 

also borrowed or shared food amongst their neighbours and relatives during shortages. 

Around 20% of the respondents reported relying on obtaining loans to buy food either 

from relatives or neighbours or community-based networks. The findings further 

showed that farm households relied on other adaptation measures to meet food 

requirements including sharecropping (6%), bartering (6%), selling livestock/harvests 

(5%) or working for someone else as a labourer (5%). A few respondents mentioned 

relying occasionally on eating local wild edibles during times of food insecurity. 

 

While successfully adapting to climate change can lead to enhanced food security 

(Amare & Simane 2018; Kabubo-Mariara & Mulwa 2019), adaptation strategies based 

on taking loans and borrowing money from informal sources-moneylenders without any 

formal agreement and fixed rates, can lock communities into a cycle of interest 

repayments and serve to increase their vulnerability and further reduce household food 

security (Bhatta & Aggarwal 2016; Burke & Lobell 2010). The number of people 

projected to be at potential risk of hunger in 2050 is estimated to rise by 160 million if 

subjected to carelessly designed policies (Fujimori et al. 2019). What is needed, 

therefore, are innovative and transformative responses guided by sustainable, 

strategically planned and carefully designed policies. 

 

The risk of food insecurity has increased due to climate change in many food-insecure 

countries including Nepal (Ray et al. 2019). Though it is hard to monitor all the aspects 

of food security through a single survey instrument or indicator (Carletto, Zezza & 

Banerjee 2013), this study provided contextual insights into understanding climate 

change impacts and adaptation as they are experienced at the local level. 
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Q4. What adaptation strategies have been adopted by smallholder farmers to 

address threats to food security from climate change and other pressures? 

 

In answering the fourth research question, adaptation strategies employed by 

smallholder farmers in managing risk to their agricultural practices were explored. 

Furthermore, adaptation support provided by various governmental and non-

governmental organizations was investigated through key informants’ interviews. This 

study found that farmers were continuously dealing with the impacts of climate change 

affecting their traditional agricultural practices. Adaptation strategies were employed in 

response to the impacts arising from both the climatic and non-climatic factors and their 

interactions, complicating isolation of any one factor’s influence. Farmers' adaptations 

were largely guided by their local knowledge, skills, traditional practices, and judgment. 

These responses diverged according to the agro-ecological zone, available resources and 

facilities, their vulnerability and the extent of institutional support. Farmers from the 

Mountain district frequently reported using local crop varieties and farmyard manure 

rather than more modern technology and pesticides compared to in other zones. This 

could be due to greater access to alternatives in the Terai (lowlands) owing to better 

transportation facilities and improved market access and availability of resources and is 

consistent with findings from other studies in Nepal (Giri, Tiepolo & Hada 2015; Tiwari 

et al. 2014). 

 

Crop and varietal adjustment were found to the most commonly used adaptation 

strategies. Farmers frequently mentioned changing crop varieties, planting hybrid crop 

varieties, use of local varieties, mixed cropping, diversifying crops, and crop rotation. 

The use of farmyard manure and chemical fertilizers were the second most used 

adaptation measures in response to declining production. A higher percentage of 

farmers from the Mountain district reported applying farmyard manure. This study 

found farmers were changing plantation and harvest time chiefly to respond to 

uncertainty in the start and end of rainfall. Farmers from Terai district mentioned 

adjusting farm operation times more than was reported by those in the Hills and less 

again in the Mountains district. Almost half of the interviewed farm households 

reported adopting technologies such as the use of agrochemicals (insecticides, 

pesticides), improved technologies, and building plastic tunnels and greenhouses. This 
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was evident in Chitwan (Terai) and Dhading (Hill). Soil and water management 

practices such as agroforestry, rainwater harvesting, pond construction, and increased 

irrigation were also reported as being practiced. The key informant officials spoke of 

providing irrigation facilities to farmers such as drip irrigation spray use and increased 

investment in irrigation. 

 

The study showed the dependence of farmers on loans and credits as an adaptive 

measure in agriculture. Involvement in saving, credit schemes, and cooperatives was 

evident in the Hills and Mountainous districts and amongst farmers reporting low 

income, lack of land, inadequate livelihood options and disadvantaged groups and those 

practicing shared cropping. A quarter of the farmers interviewed reported diversifying 

sources of income and agricultural practices by shifting to vegetable farming or cash 

crops, doing side jobs, labouring for others, and shared agriculture. Key informants 

noted that farmers are seeking work opportunities abroad. Many respondents from 

Dhading (Hill) mentioned diversifying income sources and shifting to vegetable farming 

from traditional crops. Diversification of income sources and agricultural practices was 

mainly attributed to unproductive and unprofitable cereal crops, unpredictable climate, 

as well as lack of interest of youth in agriculture. Diversification of livelihood, mainly 

shifting to cash-crop based economy has been reported as prevalent in the HKH region 

and influenced by multiple economic, environmental, institutional and logistical factors 

(Wester et al. 2019). 

 

A quarter of the farming community was found to be migrating internally and abroad. 

Farm households migrated due to climatic factors and disasters including floods, 

landslides, and earthquakes. In addition, lack of interest among youth in agriculture 

because of perceived poor income opportunities, access to food and fertile land and lack 

of productivity were also frequently noted as reasons for migration. This suggests 

migration can be considered as a commonly deployed adaptation strategy. Migration 

can enhance economic conditions via remittances back to the family of migrants but 

with other consequences. It has led to the feminization of agriculture which has further 

led to the abandonment of land, use of inefficient farming practices ultimately leading to 

reduced agricultural production and increased dependence on markets (Kim et al. 2019). 

Further investigation is warranted into the effectiveness of migration as a strategy to 



269  

address climate change impacts and food insecurity. In line with findings from other 

studies (Antwi-Agyei, Stringer & Dougill 2014; Bryan et al. 2013; Manandhar et al. 

2011; Smit & Wandel 2006), this research provided further evidence that adaptation in 

response to climate change impacts is influenced by the need to also respond to several 

non-climatic impacts. 

 

The results study showed farmers’ responses were largely autonomous, reactive, ad hoc 

and short term and these measures may not be as effective in addressing climate change 

impacts compared with more planned approaches. While farm-level autonomous 

adaptation has been shown to increase crop productions (Leclère, Jayet & de Noblet-

Ducoudré 2013), some of these interventions have also resulted in maladaptation 

(Rahman & Hickey 2019). Maladaptation is defined as “action taken ostensibly to avoid 

or reduce vulnerability to climate change that impacts adversely on, or increases the 

vulnerability of other systems, sectors or social groups” (Barnett and O'Neill 2010, p. 

211). The provision of necessary skills, incentives, knowledge, and resources are likely 

needed to augment the effectiveness of autonomous responses (Fankhauser, Smith & 

Tol 1999). Therefore, planned adaptation can help the affected communities with these 

necessary resources and incentives (Rahman & Hickey 2019), and support from outside 

organizations can help farmers deal with the unprecedented challenges posed by climate 

change (Leary et al. 2007). 

 

The research found that around half of the interviewed farmers have received support 

from different governmental and non-governmental organizations. Many of this support 

was provided to and via formal and informal community-based groups such as the 

farmers' group, forestry group, women’s group, agriculture group and cooperatives, and 

chiefly involved provision of farm inputs and training. The results confirmed the 

emergence of these community-based organizations as an effective information sharing, 

problem-solving and networking platform in climate change adaptation. Further 

mobilizing of these groups in the future for planned adaptations is therefore 

recommended. 

 

Key informants reported provided various kinds of support to these farming 

communities to manage risks in their agricultural practices. Though climate change was 
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not the main focus area for some of the organizations, climate change was incorporated 

as a cross-cutting issue in organizations’ agendas and programs. Women from the focus 

group discussions cited professional and personal development, along with capacity 

building, as activities that benefited through the support their groups received from 

these organizations. A few farmers did note being deprived of such benefits from not 

being members of those groups. Our research identified several barriers hindering 

farmers' adaptation. Lack of support from the government was a frequently reported 

barrier. Support from governmental and non- governmental organizations has been 

found to contribute to effective climate change adaptation and enhanced food security 

(Islam, Jannat & Dhar 2018; National Planning Commission 2018; Wilk et al. 2015). 

Support from governments or NGOs in the form of research, training, and investments 

has been shown to be effective in aiding smallholder farmers to adapt to challenges in 

their farming practice (Brown et al. 2019). The alliance of local knowledge with NGO 

guidance has also been found to be important in advancing effective climate change 

adaptation in Nepal (Biggs et al. 2013). 

 

Nonetheless, despite the adaptation programmes initiated by governments and non- 

governmental and international organizations as reported during key informant 

interviews, farmers still recounted a lack of support from these organizations. 

Furthermore, around 60% of respondents reported lacking access to support 

organizations. This suggests a gap between those programs and policy and their actual 

implementation on the ground level. It follows that the effectiveness of donor-driven 

projects which are of a shorter-term duration and targeted to only limited areas or 

groups can also be questioned. It could also be that smallholders struggling to acquire a 

livelihood are more likely to prioritize and recognize monetary support and direct 

infrastructure development support helping them meet basic needs. These results 

suggest the need for more focussed interventions that empower smallholder farmers and 

provide opportunities for them to generate income while providing sustainable and 

climate-friendly measures to deal with the impacts of climate change. 

Strengthening collaborations among organizations working on agriculture, climate 

change and food security sectors would provide further synergies and is also to be 

recommended as a priority action. 
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Lack of financial measures to adapt was the second factor found to have the most 

constrained farmers' responses and was most strongly reported in Sindhupalchowk 

(Mountain). This was followed by a lack of technological resources to adapt. Farmers 

also mentioned a lack of climate change awareness (70%) as one of the barriers. Next, 

61% reported a lack of weather information or forecast about climate change. Lack of 

information was frequently noted in Sindhupalchowk (Mountain) and Dhading (Hill) 

compared to Chitwan (Terai). The Hill and the Mountain zones of the HKH region still 

lack adequate internet and phone connectivity, and relevant scientific information and 

support services are poorly available and inadequately accessible in those regions 

(Wester et al. 2019). A concerted effort is needed to accurately forecast and project 

climate change in the region in order to help farmers better prepare to respond to these 

changes. 

 

Other barriers noted by respondents included lack of policy and its implementation, 

market access, irrigation facilities and irregularities by brokers. These barriers concur 

with those noted in other studies (Brown et al. 2019; Fagariba, Song & Baoro 2018; 

Khan et al. 2020; Satishkumar, Tevari & Singh 2013). Enabling farmers to adapt to 

climate change will necessitate what may constitute transformative adaptation solutions 

to address the constraints faced by these farmers. 

 

The findings of this study enhance our understanding of climate change impacts and 

adaptation in the three main agro-ecological zones of Nepal and amongst smallholder 

farm households and how these vary with respect to these zones. There is a need for 

ongoing research that identifies climate-smart adaptation strategies, addresses the 

barriers to and enablers for adaptation, and provide evidence-based policies for decision 

makers that address the most vulnerable smallholder farming communities and support 

people at the local level. 

 

9.2 Conclusion 

 

This research has provided further insights into understanding smallholder farmers' 

perspectives on the impacts of climate change on their agricultural practices and 

household food security, and how they are responding. A comparative case study 
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approach within a single country - Nepal was used to investigate how farmers’ 

experiences and understanding of climate change vary across the three main agro-

ecological zones of Nepal. The research outcomes addressed the core research questions 

establishing how climate has changed and how has it impacted subsistence agriculture, 

particularly cereal crop yield; exploring and documenting the experiences and 

understanding of farmers related to climate change and evaluated the influence of age 

and gender on those perceptions; investigating the state of food insecurity among these 

farmers and examined whether it is being impacted by climate change, and documenting 

how these farmers are responding to these threats to their agricultural practices 

including those from climate change to ensure their continued food security. 

 

The findings suggest that farming communities, with a focus on subsistence smallholder 

farmers, are vulnerable to the effects of climate change against a backdrop of poverty, 

higher reliance on the climate dependent livelihoods and natural resources for food and 

income, and with relatively weak adaptive capacity. Climate change impacts were more 

pronounced in the Mountain and Hill zones compared to Terai. But climate change 

interacts with a range of other factors, producing further stresses and risks for overall 

food security. As these smallholder farmers rely almost entirely on their farm outputs, 

supporting increased production and empowering these farmers can help them to 

achieve greater food security as well as building better and more stable livelihoods. 

Thus, a multidisciplinary, multisectoral and community-based approach is needed to 

tackle the interconnected and complicated challenges of climate change. It is imperative 

that these approaches include the most affected, vulnerable and needy communities who 

are not able to effectively adapt by themselves. 

 

The research also established that smallholder farmers are to some extent capable of 

managing the risks that threaten their agricultural practices by drawing on their 

traditional and new skills, local knowledge, and other local community resources. 

Nevertheless, the unprecedented impacts of climate present a set of unique challenges 

for this generation of farmers and necessitate transformative and innovative solutions as 

well as external interventions to guarantee their continued food security and livelihoods. 

The research demonstrated variation in climate change adaptation with respect to agro-

ecological and socioeconomic conditions suggesting there is no universal solution to 
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climate change and that effective solutions necessitate context-specific adaptation 

interventions. It is imperative to combine scientific knowledge with local community 

knowledge to come up with these more reliable, and possibly more radical solutions. 

Moreover, coordination and collaboration among relevant stakeholders, local 

communities, regions, districts, governmental and non- governmental organizations is 

essential. 
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9.2.1 Contribution and Implication of the  Research 
 

The research findings have implications for climate change, agriculture and food 

security policy, adaptation practice and future research. Using a perception-based 

survey our research has examined and enhanced the understanding of variation in the 

impacts of climate change with respect to agro-ecological zones. Tanner, Acharya & 

Bahadur (2018) highlighted perception-based surveys can be a dependable source of 

information owing to inadequate historical weather and climate data in a country like 

Nepal. Nepal’s varied landscape and rugged topography present challenges to obtaining 

reliable and representative data on the country’s current climate and also to making 

projections of future climatic conditions. The available meteorological data in Nepal is 

limited in a number of respects including significant gaps in the time series. Perception-

based studies are primarily valuable for ground-truthing and informing scientific 

approaches, identifying and understanding locally relevant issues and building 

awareness (Tanner, Acharya & Bahadur 2018). Local knowledge together with other 

forms of knowledge (scientific and technical) can provide a better understanding of 

climate change and help communications with communities on its impact (Tanner, 

Acharya & Bahadur 2018). It can also aid in the development and implementation of 

more effective and sustainable climate change adaptation approaches. 

 

Food insecurity is a critical global issue that is further exacerbated by current and 

projected climate change. With countries all over the world including Nepal committed 

to achieving Sustainable Development Goals by 2030 in the face of climate change, this 

research is timely as the findings can be targeted to help inform stakeholders, funding 

agencies, and decision- makers who are developing policies, programmes and funding 

projects aimed at assisting vulnerable smallholder farming communities in supporting 

their agricultural practices and enhancing their food security. The literature review 

acknowledged the differing impacts of climate change across different geographic 

locations and agro-ecological zones and highlighted the need for further such research 

in Nepal (Intergovernmental Panel on Climate Change 2014c). 

 

The findings from this study can assist policy and decision-makers to develop and target 

more region-specific adaptation strategies. A recent report by ICIMOD (Wester et al. 

2019) stated that HKH regions are vulnerable compared to many parts of the world. 
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Even if current efforts to curb impacts of climate change succeed, HKH countries such 

as Nepal projected to still experience ongoing consequences such as loss of glaciers and 

ice. Under this scenario, it is important that adaptation is informed by a proper 

understanding of climate change, its impacts and local vulnerabilities and adaptive 

capacities. Yet, the same report highlighted climate actions at the subnational level are 

impeded by limited resources, appropriate adaptation strategies and options, and poor 

understanding of prevailing autonomous responses. The findings from our research 

could, therefore, provide the baseline information in this regard enabling a better 

understanding of climate change impacts and responses through the eyes of smallholder 

farmers. 

 

Following from recent restructuring of Nepal’s administrative structures, there are 

methodological insights, in addition to useful information, that can be applied in the 

development of policies and practices related to climate change adaptation for 

smallholder farming communities. Munafò & Smith (2018) noted the lack of projects 

using multiple approaches and stressed the need for multiple methodologies to verify 

results; in other words, they emphasized the importance of triangulation in making 

research more robust and reliable. Using knowledge from multiple sources such as 

focus group discussion, expert interviews, community groups, and local farmers, 

provide more comprehensive on ground-level evidence compared with relying on single 

sources. We also employed mixed methods enabling the use of qualitative and 

quantitative analyses and results including statistical modelling, Bayesian Belief 

Network models of food insecurity risk, and analyses based on spatial models of 

climatic monthly total rainfall and mean temperature time-series data. Furthermore, 

there is much to be gained from co-producing knowledge through collaboration between 

local people, stakeholders, and experts (Klenk et al. 2017). 

 

9.2.2 Research Limitation and Future Research Directions 

 

Like all empirical and field-based studies, this research had limitations that need to be 

acknowledged and taken into account when interpreting the results and the potential 

generalisation of the findings. The first limitation of this research was that while the 

total number of people interviewed over the course of the study was adequate for 
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statistical analysis purposes (n=384), the data and findings cannot be assumed to be 

representative of all Nepal’s districts and regions. 

 

A second major limitation concerns the climate and crop yield data used in this study. 

The analysis of the crop yields was limited to the available aggregated yield data for 

each district. It was beyond the scope of this study to obtain crop yield data from 

individual households, wards or any smaller geographical unit. Therefore, a cautious 

interpretation of the results based on these data is required. It can also be noted that 

recent administrative restructuring under the new constitution further constrained data 

availability at the time of fieldwork in Nepal. As interviews were conducted at a local 

level, some of the respondents from government organizations during key informant 

interviews were unable to share their views due to unclear responsibilities and other 

matters arising owing to the ongoing restructuring process at that time. The analyses of 

climatic data were also limited by the absence of gap- free long-term meteorological 

records at the network of stations in the case study districts; most of the available 

records had substantial periods of missing years. Therefore, we used an available data 

set of spatially modelled monthly rainfall for the period 1967-2013 and temperate data 

for the period 1971-2013, aggregated to the district level. The lack of data for the period 

post-2013 prevented more recent trends from being investigated. 

 

Both the findings and limitations of this study identify multiple opportunities for future 

research. This research examined the impacts of climate change based on 30 years of 

temperature data from 1971-2013 and rainfall data from 1967-2013. Future research 

should, therefore, include the impacts of climate change since then as well as more 

recent smallholder farmer perceptions and adaptation responses. As the output from 

more reliable regionally scaled climate models become available (Gutowski & Giorgi 

2020), risk assessments will be better placed to factor in the project impacts of further 

climate. In addition to monthly rainfall and mean monthly daily maximum and 

minimum, the influence climate-related risks should also be examined in relating to 

other climatic variables including wind and total precipitation (i.e. including snow). 

 

The geographic scope of studies should be extended to include other districts from the 

three agro-ecological zones so that the variability in climate-related hazards, their 



277  

impacts, and appropriate adaptation strategies and options for smallholder farmer 

communities, is better understood. As this study had assessed the impacts of climate 

change on food security in general, future research could usefully also focus on factors 

affecting food stability and utilization. In addition, this study points to the need for 

further research on the state of nutrition security to provide a more complete assessment 

of both food security for Nepal. Finally, the scope of this study was limited to exploring 

and documenting perceived impacts, adaptation strategies, and trends in crop yields and 

climate, which together add to baseline information and understanding for the three 

main agro-ecological zones of Nepal. Further research is needed to evaluate the 

effectiveness of current and proposed adaptation strategies across the country as a 

whole. 



278  

APPENDICES 



279  

APPENDIX I: Griffith Sciences Inclusion of Papers within the Thesis 

Guidelines 

 



280  

APPENDIX II: Griffith University Ethics Approval Letter 

 
 



281  

APPENDIX III: Information Sheet for Interview  

 

 
Impacts of climate change on food security in agro-ecological 
zones of Nepal INFORMATION SHEET FOR INTERVIEW  

 
Who is conducting the research? Sikha Karki  

Griffith School of Environment, Cities Research 
Institute 
Contact Phone: + 61 (0)7 5552 9340 
Contact Email: sikha.karki@griffithuni.edu.au 

 
Professor Paul Burton 
Griffith School of Environment, Cities Research 
Institute 
Contact Phone: (07) 555 27047 or 0431 564 403 
Contact Email: p.burton@griffith.edu.au 

 
Professor 
Brendan Mackey 
Griffith School of 
Environment, 
Griffith Climate Change 
Response Program Contact 
Phone: (07) 555 28758 
Contact Email: 

b.mackey@griffith.edu.au Why is the research being conducted? 

This research is being conducted by a team led by Professor Paul Burton of 
Griffith University  as a part  of Sikha Karki‘s  PhD research at Griffith  
University. The study aims to understand the impacts of climate change on 
agriculture, particularly, cereal crop yield and food security, comparing 
impacts on the three agro-ecological zones of Nepal. 
What you will be asked to do? 

 
With  your consent; first,  you will be asked to participate in a face-to-face, 
semi-structured interview, usually at the location of your convenience. Your 
answers will be noted down in the questionnaire forms. The interview will 
take about 60 minutes and you will be generally asked about your 
experiences and perception of changing weather conditions and changes in 
agriculture. Subsequent stages of the research will  involve group discussions 
and you might be involved if you are a member of one of these groups. It may 
involve the researcher observing and noting some of your meetings with others. 
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The expected benefits of the research 
 
This research informs both the scholars and the general public about the 
impacts of climate change on climate change and food security. As farmers 
are the key players in agriculture; this research provides insights into 
understanding and experiences of farmers and the implementation of 
adaptation strategies and forms the basis for developing problem specific 
and contextual adaptation measures. 

 
Your confidentiality  

 
The data collected in this interview will be made available to the members of 
the research team, but your identity will not be disclosed at any time in any 
reports or publications from this research unless you have consented to this 
in writing. Identifiable data collected during this research will  be held securely 
by the research team and will  not be made available to anyone beyond the 
research team without your prior  consent. 

 
Your participation is voluntary  

 
Your participation in this research is entirely voluntary and you may 
withdraw at any time. 

 
Risks and benefits to the participants in taking part in this study: 
There are no foreseeable risks associated with participation in 
this research. Data Storage and Deletion 

 
All the research data will be stored on the HDR student password protected 
personal computer and laptop and will be backed up to Griffith University 
Research space (https://research-storage. griffith.edu.au/space/). Other 
research data (interview transcripts analysis) will be retained in a locked 
cabinet and/or a password protected electronic file. Audio recordings and 
related data will be stored secretly and indefinitely for future use and any 
future use will be subject to the current requirements to maintain 
anonymity. 

 
What will happen to the information that you have given? 
The results from this research will be reported in a PhD thesis and may be 
published in an academic paper. 

 
Questions / further information 

 
If you have any questions about the research or your participation you may 
contact the Chief Investigator, Professor Paul Burton, and/or local contact 
person Sikha Karki  whose contact details are listed above. If you would like 
to be informed about the outcomes of this research, please send a note to 
any of the email provided above. 

 
The ethical conduct of this research 
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This project (GU ref no: 2017/427) and Griffith University conducts 
research in accordance with  the National Statement on Ethical Conduct in 
Human Research (2007). If you have any concerns or complaints about the 
ethical conduct of the research project you should contact the Manager, 
Research Ethics on +61 7 3735 4375 or research-ethics@ griffith.edu.au 
 
Privacy Statement 

 
The conduct of this research involves the collection, access and / or use of 
your identified personal information. The information collected is 
confidential and will not be disclosed to third parties without your consent, 
except to meet government, legal or other regulatory authority 
requirements. A de-identified copy of this data may be used for other 
research purposes. However, your anonymity will at all times be 
safeguarded, except where you have consented otherwise. For further 
information consult the University’s Privacy Plan at 
www.gu.edu.au/ua/aa/vc/pp or telephone (07) 3735 5585. 
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APPENDIX IV: Information Sheet for Focus Group Discussions 

 

 
Impacts of climate change on food security in agro-ecological 
zones of Nepal INFORMATION SHEET FOR GROUP 
DISCUSSION 

 
Who is conducting the research? Sikha Karki  

Griffith School of Environment, Cities Research 
Institute 
Contact Phone: + 61 (0)7 5552 9340 
Contact Email: sikha.karki@griffithuni.edu.au 

 
Professor Paul Burton 
Griffith School of Environment, Cities Research 
Institute 
Contact Phone: (07) 555 27047 or 0431 564 403 
Contact Email: p.burton@griffith.edu.au 

 
Professor Brendan Mackey 
Griffith School of Environment, 
Griffith Climate Change Response 
Program 
Contact Phone: (07) 555 28758 
Contact Email: 

b.mackey@griffith.edu.au Why is the research being conducted? 

This research is being conducted by a team led by Professor Paul Burton of 
Griffith University  as a part  of Sikha Karki’ s PhD research at Griffith  
University. The study aims to understand the impacts of climate change on 
agriculture, particularly, cereal crop yield and food security, comparing 
impacts on the three agro-ecological zones of Nepal. 

 
What you will be asked to do? 

 
Your involvement would be to participate in group discussion with the researcher. 
The group discussion will take place at a convenient place and time for you. The 
discussion will last for about an hour. At the discussion group you will be asked to 
describe your experiences of climate change and its impacts on agriculture and food 
security. The group will be run to provide everyone with the opportunity to speak 
on the different issues raised. However, if you don’t feel like speaking at any point 
you can just sit and listen. Most people find the experience of taking part in a 
discussion group interesting and stimulating. However, you are free to take a break 
at any time, or to withdraw from the discussion altogether, should you wish to do so. 
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The expected benefits of the research 
 
This research informs both the scholars and the general public about the impacts of 
climate change on climate change and food security. As farmers are the key players 
in agriculture; this research provides insights into understanding and experiences 
of farmers and the implementation of adaptation strategies and forms the basis for 
developing problem specific and contextual adaptation measures. 
 
Your confidentiality  
 
The data collected in this interview will be made available to the members of the 
research team, but your identity will not be disclosed at any time in any reports or 
publications from this research unless you have consented to this in writing. 
Identifiable data collected during this research will  be held securely by the research team 
and will  not be made available to anyone beyond the research team without your prior  
consent. 
 

Your participation is voluntary  
 

Your participation in this research is entirely voluntary and you may 
withdraw at any time. 

 
Risks and benefits to the participants in taking part in this study: 
There are no foreseeable risks associated with participation in 
this research. Data Storage and Deletion 

 
All the research data will be stored on the HDR student password protected 
personal computer and laptop and will be backed up to Griffith University 
Research space (https://research-storage. griffith.edu.au/space/). Other 
research data (interview transcripts and analysis) will be retained in a 
locked cabinet and/or a password protected electronic file. Audio 
recordings and related data will be stored secretly and indefinitely for 
future use and any future use will be subject to the current  requirements to 
maintain anonymity. 

 
What will happen to the information that you have given? 
The results from this research will be reported in a PhD thesis and may be 
published in an academic paper. 

 
Questions / further information 

 
If you have any questions about the research or your participation you may 
contact the Chief Investigator, Professor Paul Burton, and/or local contact 
person Sikha Karki  whose contact details are listed above. If you would like 
to be informed about the outcomes of this research, please send a note to 
any of the email provided above. 

 
The ethical conduct of this research 
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This project (GU ref no: 2017/427) and Griffith University conducts research 
in accordance with  the National Statement on Ethical Conduct in Human 
Research (2007). If you have any concerns or complaints about the ethical 
conduct of the research project you should contact the Manager, Research 
Ethics on +61 7 3735 4375 or research-ethics@ griffith.edu.au 
 
Privacy Statement 
 
The conduct of this research involves the collection, access and / or use of your 
identified personal information. The information collected is confidential and 
wil l not be disclosed to third parties without your consent, except to meet 
government, legal or other regulatory authority requirements. A de-
identified copy of this data may be used for other research purposes. 
However, your anonymity will at all times be safeguarded, except where you 
have consented otherwise. For further information consult the University’s 
Privacy Plan at www.gu.edu.au/ua/aa/vc/pp or telephone (07) 3735 5585. 
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APPENDIX V: Information Sheet for Observations 

 

 
Impacts of climate change on food security in agro-ecological 
zones of Nepal INFORMATION SHEET FOR 
OBSERVATION 

 
Who is conducting the research? Sikha Karki  

Griffith School of Environment, Cities Research 
Institute 
Contact Phone: + 61 (0)7 5552 9340 
Contact Email: sikha.karki@griffithuni.edu.au 

 
Professor Paul Burton 
Griffith School of Environment, Cities Research 
Institute 
Contact Phone: (07) 555 27047 or 0431 564 403 
Contact Email: p.burton@griffith.edu.au 

 
Professor 
Brendan Mackey 
Griffith School of 
Environment, 
Griffith Climate Change Response 
Program Contact Phone: (07) 555 
28758 
Contact Email: 

b.mackey@griffith.edu.au Why is the research being conducted? 

This research is being conducted by a team led by Professor Paul Burton of 
Griffith University  as a part  of Sikha Karki‘s  PhD research at Griffith  
University. The study aims to understand the impacts of climate change on 
agriculture, particularly, cereal crop yield and food security, comparing 
impacts on the three agro-ecological zones of Nepal. 

 
What you will be asked to do? 

 
For this part  of the study, a researcher will come to your surroundings where 
the meeting is taking place to see and learn what people have to say about 
climate change and what its impacts in agriculture are. The purpose of the 
research is not to assess or evaluate the meeting. We will inform  you when 
the observation is taking place and if the researcher is observing; they will 
ask you for the consent before they begin observing. The researcher will sit 
or stand somewhere out of the way so that they do not interfere with your 
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work and they will watch and take notes. If  you have any questions or 
concerns before or during the observation period you can ask the 
researcher. If  you want them to stop observing or move to another location 
you can ask them to do so at any time. If  you do not want to take part in this 
part of the study you can tell the researcher before or during the 
observation and they will not include you. The researcher will be happy to 
answer any questions you have about the observation or the study. 

 
The expected benefits of the research 
 
This research informs both the scholars and the general public about the 
impacts of climate change on climate change and food security. As farmers 
are the key players in agriculture; this research provides insights into 
understanding and experiences of farmers and the implementation of 
adaptation strategies and forms the basis for developing problem specific 
and contextual adaptation measures. 

 
Your confidentiality  

 
The data collected in this interview will be made available to the members of 
the research team, but your identity will not be disclosed at any time in any 
reports or publications from this research unless you have consented to this 
in writing. Identifiable data collected during this research will  be held securely 
by the research team and will  not be made available to anyone beyond the 
research team without your prior  consent. 

 
Your participation is voluntary  

 
Your participation in this research is entirely voluntary and you may 
withdraw at any time. 

 
Risks and benefits to the participants in taking part in this study: 
There are no foreseeable risks associated with participation in 
this research. Data Storage and Deletion 

 
All the research data will be stored on the HDR student password protected 
personal computer and laptop and will be backed up to Griffith University 
Research space (https://research-storage. griffith.edu.au/space/). Other 
research data (interview transcripts analysis) will be retained in a locked 
cabinet and/or a password protected electronic file. Audio recordings and 
related data will be stored secretly and indefinitely for future use and any 
future use will be subject to the current requirements to maintain 
anonymity. 

 
What will happen to the information that you have given? 
The results from this research will be reported in a PhD thesis and may be 
published in an academic paper. 

 
Questions / further information 
If you have any questions about the research or your participation you may 
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contact the Chief Investigator, Professor Paul Burton, and/or local contact 
person Sikha Karki whose contact details are listed above. If you would like 
to be informed about the outcomes of this research, please send a note to 
any of the email provided above. 

 
The ethical conduct of this research 
 
This project (GU ref no: 2017/427) and Griffith University conducts 
research in accordance with  the National Statement on Ethical Conduct in 
Human Research (2007). If you have any concerns or complaints about the 
ethical conduct of the research project you should contact the Manager, 
Research Ethics on +61 7 3735 4375 or research-ethics@ griffith.edu.au 

 

Privacy Statement 
 

The conduct of this research involves the collection, access and / or use of 
your identified personal information. The information collected is 
confidential and will not be disclosed to third parties without your consent, 
except to meet government, legal or other regulatory authority 
requirements. A de-identified copy of this data may be used for other 
research purposes. However, your anonymity will at all times be 
safeguarded, except where you have consented otherwise. For further 
information consult the University’s Privacy Plan at 
www.gu.edu.au/ua/aa/vc/pp or telephone (07) 3735 5585. 
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APPENDIX VI: Informed Consent Form for Interview  
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APPENDIX VII: Informed Consent Form for Group Discussions 
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APPENDIX VIII: Informed Consent Form for Observations  
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APPENDIX IX: Household Questionnaire 

 

Impacts of climate change on food security in agro-ecological zones of Nepal 
GU 

ref no: 
2017/
427 

 
HOUSEHOLD SURVEY 

 
Questionnaire No: …… Date: …... /…... / 
2017 

 
1. Demographic and Socioeconomic Characteristics of 
Respondents: District: Municipality: 
Ward: 
Name (Optional): 
Gender: Age: 
Highest level of Education: 
�$�����1�R���(�G�X�F�D�W�L�R�Q���>���@�����%�����3�U�L�P�D�U�\���/�H�Y�H�O���> �@�����&�����6�H�F�R�Q�G�D�U�\���>���@�����'����
�&�R�O�O�H�J�H���>���@�����(�����8�Q�G�H�U�J�U�D�G�X�D�W�H���8�Q�L�Y�H�U�V�L�W�\���>���@�����(�����3�U�R�I�H�V�V�L�R�Q�D�O���V�W�X�G�\���>���@����
�)�����R�W�K�H�U�V�����3�O�H�D�V�H���6�S�H�F�L�I�\�����>���@���:�K�D�W���L�V���\�R�X�U���P�D�M�R�U���R�F�F�X�S�D�W�L�R�Q�" 
…………………………………………………………………………………
……………….. Has your main source of income changed over the last 
decades? (Prompt *Specifically 30 years) 
…………………………………………………………………………………
……………….. If yes how it has changed? 

 

�,�Q�F�U�H�D�V�H�G���>���@���������'�H�F�U�H�D�V�H�G���>���@���������'�R�Q�¶�W���.�Q�R�Z [ 
�@
 
.1 

 

Why do you think have these changes occurred? 
…………………………………………………………………………………
……………….. What form of major agricultural production does your 
household rely on? 
A. �&�U�R�S���)�D�U�P�L�Q�J���>���@�����%�����/�L�Y�H�V�W�R�F�N���5�H�D�U�L�Q�J���>���@�����&�����0�L�[�H�G���I�D�U�P�L�Q�J���> �@�� 
D. Others 
(Specify)……………………………………………………………………… 
What is the main type of crop you usually grow? 
Main Crops: Other Crops: 
Do you keep livestock? Y/N 
Which is the main type of livestock you keep? 

……………………………………………………………………………………………
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…….. Do any of these major natural hazards affect your locality? 
�)�O�R�R�G�V���>���@���������/�D�Q�G�V�O�L�G�H�V���>���@���������)�L�U�H���>���@���������(�D�U�W�K�T�X�D�N�H�V���>���@���������'�U�R�X�J�K�W���>���@���������2�W�K�H�U�V��
Specify…………………………………………………………………………………….
.…… 
Have you noticed any changes in weather conditions over the last decade? Y/N 
……………………………………………………………………………………..……
……… If yes, what do you think have been the most significant changes? 
……………………………………………………………………………………..……
……… How has the weather changed over the last decade? 

Increase Decrease Don’t Know Others 
Summer temperature    

Winter temperature    

Rainfall    

    

Have you experienced any changes regarding the timing of the following events? 
Sooner than 
usual 

Later Don’t Know Others 

Start of the monsoon    

End of the monsoon    

Seasonal change in general    

What do you think might be causing these changes? 
 

�+�X�P�D�Q���)�D�F�W�R�U�V�����'�H�I�R�U�H�V�W�D�W�L�R�Q�����S�R�O�O�X�W�L�R�Q�����I�L�U�H�����X�U�E�D�Q�L�]�D�W�L�R�Q�����H�W�F�������>���@��
�������1�R�Q�H���>���@���������1�D�W�X�U�D�O���)�D�F�W�R�U�V�����S�U�R�F�H�V�V���R�Q�J�R�L�Q�J���Q�D�W�X�U�D�O�O�\�����>���@ 5. Others: ... 2 

�5�H�O�L�J�L�R�X�V���)�D�F�W�R�U�V�����6�S�L�U�L�W�X�D�O���)�D�F�W�R�U�V�����'�L�V�R�E�H�\�L�Q�J���W�K�H���J�R�G�����>���@���������'�R�Q�¶�W���.�Q�R�Z���>�����@�� 
.3 

Have there been any impacts on agriculture from this change in weather conditions? 

  
Others 
Specify……………………………………………………………………..…………… 
If yes, how has it impacted? 

Highly 
impacted 
than before 

Moderately 
impacted 

Less 
impacted 

No 
change 

Reduction in the cropped area of your land    

Reduction in crop productivity    

Increased drought and water scarcity    

Less diversity of crops grown by you    

Disease/Pest occurrences    

More storage of crops for future use    

 
Have some crops become unviable/viable in this area? If yes, which crops? 
…………………………………………………………………………………
……..………… Have you noticed if some plants are flowering and/or fruiting 
early and some late? If yes, which plants? 

Reduction in cropped areas  Increased drought and water scarcity 
Less diversity in crops grown by you  Greater disease or pest occurrences 
Reduction in crop productivity  More storage of crops for future use 
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…………………………………………………………………………………
……………….. To date have you changed your farming practices in response 
to these changes? If yes, what are measures have you taken? 
…………………………………………………………………………………
……………….. In the future, do you think you will need to do something 
about your farming practices in response to climate-related problems or any 
other problems hindering your agriculture and farming practices? 
…………………………………………………………………………………………
Have you been supported by any organizations to cope with the changes in your 
community (GO/NGO/INGO)? (If yes how have you been supported?) 
…………………………………………………………………………………
……………….. Which factors might make it difficult for you to adapt your 
farming practices? 
1. Awareness  4. Lack of access to support organizations 
2. Too costly  5. Lack of information about the change 
3. Lack of technology  6. Lack of support from the government 

Others (Specify)   

Have you encountered any food insecure situations (limited food, food shortage, reduced 
intake) in your household in the last decades? 
……………………………………………………………………………………………….. 

How have there been changes in the last decades in your household in terms of: 
More Less About the same Don’t Know 

Food Availability    

Food Shortage    

The proportion of household income 
spent on food (Cereals, Pulses, etc.) 

   

What do you think are the major causes of this? 
…………………………………………………………………………………
……………….. Household Food Insecurity Access Scale (HFIAS) 
No Question Response Option Code 
1 In the past 12 months, did you worry that your household 

would not have enough food? 
0=No 
1=Yes 

 

1A If Yes, how often did this happen? 1=Rarely 
2=Sometimes 
3=Often 

 

2 In the past 12 months, were you or any household member 
not able to eat the kinds of foods you preferred because of a 
lack of resources? 

0=No 
1=Yes 

 

2A If Yes, how often did this happen? 1=Rarely 
2=Sometimes 
3=Often 

 

3 In the past 12 months, did you or any household member 
have to eat a limited variety of foods (less kinds of food on 
the plate) due to a lack of resources? 

0=No 
1=Yes 

 

3A If Yes, how often did this happen? 1=Rarely 
2=Sometimes 
3=Often 
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4 In the past 12 months, did you or any household member 
have to eat some foods that you really did not want to eat 
because of a lack of resources to obtain other types of food? 

0=No 
1=Yes 

 

4A If Yes, how often did this happen? 1=Rarely 
2=Sometimes 
3=Often 

 

5 In the past 12 months, did you or any household member 
have to eat a smaller meal than you felt you needed because 
there was not enough food? 

0=No 
1=Yes 

 

5A If Yes, how often did this happen? 1=Rarely 
2=Sometimes 
3=Often 

 

6 In the past 12 months, did you or any other household 
member have to eat fewer meals in a day because there was 
not enough food? 

0=No 
1=Yes 

 

6A If Yes, how often did this happen? 1=Rarely 
2=Sometimes 
3=Often 

 

7 In the past 12 months, was there ever no food to eat of any 
kind in your household because of lack of resources to get 
food? 

0=No 
1=Yes 

 

7A If Yes, how often did this happen? 1=Rarely 
2=Sometimes 
3=Often 

 

8 In the past 12 months, did you or any household member go 
to sleep at night hungry because there was not enough food? 

0=No 
1=Yes 

 

8A If Yes, how often did this happen? 1=Rarely 
2=Sometimes 
3=Often 

 

9 In the past 12 months, did you or any household member go 
a whole day and night without eating anything because there 
was not enough food? 

0=No 
1=Yes 

 

9A If Yes, how often did this happen? 1=Rarely 
2=Sometimes 
3=Often 

 

*Rarely: 1-2times; Sometimes: 3 to 10 times; Often: more than 10 times (in past 12 
months) 

 
To date; have you done anything to overcome food shortage in your 
household? If yes, what are the measures followed? 
…………………………………………………………………………………
……………….. Have you heard of the term climate change in your locality? If 
yes, from where did you hear about it? 
…………………………………………………………………………………
………..……… Have any organizations or the government authority come to 
talk to you about climate change? 
…………………………………………………………………………………………..
……… 
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APPENDIX X: Questionnaire FGD 

 

Impacts of climate change on food security in agro-ecological zones of Nepal 
GU 

ref no: 
2017/
427 

 
GROUP DISCUSSIONS 

 
How long have you been living in this area/region? 
…………………………………………………………………………………
……………….. Has your source of income changed over the last decade? (e.g. 
less from farming more from remittance or other business activities) (Prompt 
*Specifically 30 years) 
…………………………………………………………………………………………
……….. 

If yes, how has it changed? (More or less from farming?) 
………………………………………………………………………………………….. 

And are there any specific reasons for these changes? 
…………………………………………………………………………
…………..…… Have you observed any changes in the weather 
conditions over the last decade? 
…………………………………………………………………………………………
……….. 

If yes, how has it changed? 
………………………………………………………………………………………….. 

And are there any specific reasons for the change? 
……………………………………………………………………………
………..…… Do you think these changes have impacted your livelihood 
and crop yield? If yes, How? 
…………………………………………………………………………………………
……….. 

What adjustment have you made especially in your farming 
practice to solve these climatic uncertainties? 

…………………………………………………………………………………
……………….. Is this area especially vulnerable to any type of natural 
hazards (flood/landslides etc)? 
…………………………………………………………………………………………
……….. 

If yes, what it is like living in an area that is prone to natural 
hazards? Do you ever consider moving to a ‘safer’ area? 
…………………………………………………………………………………
……………….. What is the main food that you consume in this locality and 
where do you get this food from? 
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……………………………………………………………………………………………
…….. Have you ever been unable to meet your household food needs through your own 
food production or purchase? 

…………………………………………………………………………………
……………….. Have you ever experienced food insecurity (limited food, 
food shortage, reduced intake) in the last decades? 
………………………………………………………………………………………… 
If yes, when was it and how long did it last for? 

……………………………………………………………..……
……………… How have you managed to deal with the food shortage? 
…………………………………………………………………………………
……………….. Have you ever received any support from external sources 
apart from your immediate family (e.g. neighbours, government, village 
organizations, NGO/INGOs) to solve the problem related to changing weather 
conditions in your household and agriculture? 
…………………………………………………………………………………………
……….. 

If yes, who from? What do they do to help you? 
………………………………………………………………………

……………… Which factors might make it difficult for you to adapt your 
farming practices? 

  
Have you heard of climate change affecting your locality? Who or where did 
you hear about it? 
…………………………………………………………………………………
……………….. What do you think about climate change? 
(True/False/Frightening/Irrelevant) 
…………………………………………………………………………………………

1. Awareness  4. Lack of access to organizations 
2. Too costly  5. Lack of information 
3. Lack of technology  6. Lack of support from the government 

Others (Specify)   
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APPENDIX XI: Questionnaire KII  

 

 
Impacts of climate change on food security in agro-ecological zones of Nepal 

GU 

ref no: 2017/427 KEY 

INFORMANT INTERVIEW 

Name: 
Organization/s working and or worked with: 
What is your current job/role? 
…………………………………………………………………………………
……………….. What do you understand by the term ‘climate change’? 
…………………………………………………………………………………
……………….. What is your view on the climatic change of this district? 
…………………………………………………………………………………
……………….. What do you think are the major causes and the impacts of 
climate variability? 
…………………………………………………………………………………
……………….. What are the most important sources of information for you 
about climate change? 
…………………………………………………………………………………
……………….. Which types of people/households in this region do you think 
are most vulnerable to the effects of climate change? (Age/Gender/Economic) 
…………………………………………………………………………………
……………….. Have sources of household income in this area changed over 
the last decade? (Prompt 
*Specifically 30 years) 
…………………………………………………………………………………
……………….. If yes, how has it changed? 
…………………………………………………………………………
……………….. And are there any specific reasons for the change? 
……………………………………………………………………………………..…… 
What are the impacts of climate change in this area, particularly on patterns of 
agriculture and farming practices? 
…………………………………………………………………………………
……………….. In your view, what changes have been made by households in 
response to climate change and uncertainties? Especially in terms of Agriculture 
…………………………………………………………………………………
……………….. What are the main sources of food for household consumption 
in this region? 
…………………………………………………………………………………
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……………….. Have you seen any evidence of food insecurity or food 
shortages in this region in recent years? 
…………………………………………………………………………………………
What is usually done by households and by other agencies in such situations of food 
shortage? 
…………………………………………………………………………………
……………….. What are the major constraints in adapting to climate 
variability? 
…………………………………………………………………………………
……………….. Considering the ongoing climatic issues; how has your 
organization addressed any environmental/climate change issues? 
…………………………………………………………………………………
……………….. If yes, how much budget is allocated to solve problems 
related to climate change? 
………………………………………………………………………………………… 
Are there any policies related to climate change/food security at the local or national 
level? 

…………………………………………………………………………………………
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