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Abstract: This study investigated the perceived impacts of climate change on livelihoods of marginal and small farmers 
in Jammu region, India. The objectives of the study have been to analyze the impacts of climate change on crop farming 
and livestock rearing by marginal and small farmers in study area, to understand socio-economic implications of 
climate change impact on livelihoods, and to draw policy implications for ameliorating the livelihoods of marginal and 
small farmers in changed climatic conditions. The study is confined to irrigated and non-irrigated areas in Jammu and 
Rajouri districts of Jammu region. The study is based on primary data collected from household survey using pre-tested 
structured questionnaires. A total of 600 farm households were selected using the multistage sampling technique. The 
study findings revealed that while climate change was negatively affecting livelihoods of marginal and small farmers 
in both irrigated and non-irrigated agriculture through reduced crop and animal yields, crop damages, crop and animal 
diseases, weed infestations and pest/insect attacks on crops, the adverse impacts were experienced by comparatively 
more marginal and small farmers in non-irrigated agriculture. The study further noted finer variations in socio-economic 
impacts from households to households which can be attributed to their involvement in diverse livelihood strategies 
providing them with increased income security. For enhancing their resilience to climate change, the governments 
should-create more research capacity to enhance development and timely supply of hybrid seeds and varieties at 
subsidized rates; strengthen agriculture extension services to give them knowledge, information and technical support; 
improve animal health service delivery system with improved knowledge and technique to prevent and timely treatment 
of climate change-induced disease outbreaks among animals; introduce small irrigation schemes like drip irrigation 
and sprinkle irrigation schemes in non-irrigated areas and promote rainwater harvesting technique for irrigation in dry 
periods.
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1. Introduction
Climate change is a significant global environmental challenge being faced by humanity (Arbuckle et al., 2015; 

MacCracken, 2004; Malhi et al., 2021; Mishra, 2017) and is emerging as a potent threat to agriculture-based livelihoods 
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(Obokata et al., 2014). Climate change refers “to any change in climate over time, whether due to natural variability 
or a result of human activity” (Intergovernmental Panel on Climate Change (IPCC), 2007). The synthesis report of the 
Intergovernmental Panel on Climate Change (IPCC) (2001), states that the climate system of the earth has demonstrably 
changed on both global and regional scales since the preindustrial era largely due to human-induced greenhouse gas 
emissions. The impacts of climate change are becoming increasingly and rapidly evident around the world in the form 
of rising temperatures, shifting rainfall patterns, melting glaciers, and increased frequency and intensity of extreme 
weather events such as droughts, floods, and cyclones (IPCC, 2007; Mendelsohn & Dinar, 2005; Ganguly & Panda, 
2010) all of which are expected to increase further during this century (Zurovec & Vedeld, 2019). 

Climate change is a major challenge to economic growth, long-term prosperity, and survival of already vulnerable 
populations and amplifies economic, social, and environmental vulnerabilities (Intergovernmental Panel on Climate 
Change (IPCC), 2007; Mugula & Mkuna, 2016). Agriculture is one of the most sensitive sectors to climate change 
(Jamshidi et al., 2018; Kumar & Viswanathan, 2019; Malhi et al., 2021; Menike & Arachchi, 2016; Ahmed, 2019; 
Mulinya, 2017; Somboonsuke et al., 2018) and is expected to suffer the most due to its adverse impacts (Auffhammer 
& Schlenker, 2014; Campbell et al., 2016; Cline, 2007; Khanal & Mishra, 2007; Makate et al., 2016; Salvo et al., 2013). 
Climate change can affect crop yields as well as the types of crops that can be grown in certain areas, by impacting 
agricultural inputs such as water for irrigation, amounts of solar radiation that affect plant growth, as well as the 
prevalence of pests and diseases (Kumar, 2014; Porter et al., 2014). The fifth assessment report of the Intergovernmental 
Panel on Climate Change (IPCC) indicates that climate change during the last 3 decades has already led to a 1-5 
percent reduction in global agriculture production (Porter et al., 2014). It is estimated that by 2080, global agricultural 
productivity will be reduced by 15.9 percent with developing countries experiencing a disproportionately large decline 
of 19.7 percent (Cline, 2007). 

The negative impacts of climate change on agriculture may bring food and livelihood insecurity for those 
depending heavily on agriculture (Zurovec & Vedeld, 2019; United Nations Environment Programme (UNEP), 2013; 
Kumar & Viswanathan, 2019; Panthi et al., 2016). Among others, small and subsistence farmers are particularly 
vulnerable to the negative impacts of climate change. Climate change affects small and subsistence farmers through the 
increased likelihood of bad harvest, pest attack, crop diseases, animal diseases, food insecurities (Harvey et al., 2014; 
Morton, 2007), livestock deaths, rise in food prices, and destruction of properties and thereby forces farmers to decrease 
consumption, reduce nutrition, pull children out of school, and sell their assets. All these choices limit their capabilities 
to recover from the distress and reinforce inequalities (United Nations Development Programme, 2007). 

Climate change is an issue of great concern for the erstwhile State now Union Territory of Jammu and Kashmir 
because of its fragile ecosystem and also because 70% of its population depends directly or indirectly on agriculture 
for its livelihood security. Jammu and Kashmir have been ranked as 3rd most vulnerable states to climate change after 
Assam and Mizoram in the Indian Himalayan region (Indian Himalayas Climate Adaptation Programme (IHCAP), 
2019). Agriculture in Jammu and Kashmir is already facing several problems such as low growth, declining yields, 
unviable farming, lack of adequate agricultural research, and small and fragmented landholdings. Moreover, 58% of 
agriculture production in the state is rainfed which makes it more susceptible to vagaries of changing weather and 
climatic conditions. 

Agriculture in Jammu and Kashmir is mainly dominated by small and marginal farmers. The agriculture census 
(2014) of India classifies farmers based on their land holdings into five major categories as-marginal (below 1ha), 
small (1-2 ha), semi medium (2-4 ha), medium (4-10 ha) and large (10 ha and above). Marginal and small farmers 
who constitute about 94 percent of operation landholders in the state are particularly vulnerable to the impacts of 
climate change on agriculture. Adaptation to climate change is critical in increasing the resilience of those depending 
on agriculture for their livelihoods (Zurovec & Vedeld, 2019). To evolve effective climate adaptation strategies and 
policies to secure and sustain the livelihoods of marginal and small farmers in changed climatic conditions, a thorough 
understanding of how they perceive the impact of climate change on their livelihoods is essential. 

In the background of the above stated, the present study investigated the perceived impacts of climate change on 
livelihoods of marginal and small farmers in the Jammu region, India with specific objectives-to analyze the perceived 
impacts of climate change on crop farming and livestock rearing by marginal and small farmers in the study area, to 
examine socio-economic implications of climate change impacts on livelihoods, and to draw policy implications for 
ameliorating the livelihoods of marginal and small farmers in changed climatic conditions.
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2. Review of literature
According to Intergovernmental Panel on Climate Change (IPCC) (2014), climate change is real and is altering 

both biophysical and socio-economic systems around the world (Indian Himalayas Climate Adaptation Programme 
(IHCAP), 2019). During the past century, significant warming trends have been seen in the earth’s atmosphere which 
in 2019 reached 1.1 oC above preindustrial levels (World Meteorological Organization (WMO), 2020) and is expected 
to reach 1.5 oC or even more by 2050 if deforestation, greenhouse gas emissions, etc. continue to occur at the same 
pace (Arora, 2019). While climate change is a global phenomenon, its associated impacts differ across space and time. 
Developing countries are particularly vulnerable to adverse impacts of climate change due to their small economies, 
inadequate infrastructure, and limited economic diversification (United Nations Conference on Trade and Development 
(UNCTAD), 2021). 

According to Mishra (2017), the adverse impacts of climate change fall heavily on the agricultural sector which 
is expected to be severe in the near future with developing countries being the most affected (IPCC, 2014; Singh et 
al., 2019). Climate change impacts agricultural productivity both directly and indirectly. It directly affects agricultural 
yield by bringing physiological changes in crops through changes in temperature and rainfall pattern (Chakraborty et 
al., 2000; Sowunmi & Kintola, 2009) and indirectly by altering water availability, soil fertility, and pests and diseases 
outbreak in crops and livestock (Porter et al., 2014). However, the overall effect of climate change may be negative 
or positive depending on region’s geographical location and socioeconomic development and crops being produced 
(Mendelsohn et al., 2006; Tripathi, 2016; Mulinya, 2017). Rainfed agriculture is more adversely affected by the vagaries 
of climate change (FAO, 2019). Lack of irrigation reveals a lack of adaptive capacity to mitigate and adapt to climate 
change, and thus leads to crop loss and reduced income of households dependent on rainfed agriculture (Rani et al., 
2011). 

Climate change is a formidable threat to the livelihoods of people across the globe especially for those whose 
livelihoods depend on climate-sensitive sectors like agriculture. Livelihood constitutes means of making a living (Ellis, 
1998). Livelihood is considered to be sustainable when it is able to cope with and recover from stresses and shocks 
and sustain or improve its assets, capabilities, and activities both at present and future without undermining the natural 
resource base (Carney, 1999; Serrat, 2017). Since marginal and small farmers are directly dependent on agriculture for 
their livelihoods, any reduction in agricultural yield will significantly impact their food and livelihood security, nutrition, 
income, and well-being (Hertel & Rosch, 2010).

Small farmers are particularly vulnerable to climate change (Harvey et al., 2014; Mulinya, 2017; Frank & Buckley, 
2012; Aniah et al., 2019; Mbuli et al., 2021; Jamshidi et al., 2018; Menike & Arachchi, 2016; Morton, 2007) because of 
their marginalized status, small landholdings, and high reliance on climate-dependent agriculture (Debela et al., 2015; 
Frank & Buckley, 2012; Gain et al., 2012; Harvey et al., 2014). Moreover, they possess limited resources to sustain 
or increase agricultural yield and have little or no access to technical assistance, financial assistance, or government 
support (Vorley et al., 2012). They generally use rudimentary technology and have limited access to market information 
(Lipton, 2013). Besides, many smallholders in developing countries are food insecure and reside in highly remote and 
environmentally fragile areas with low-quality infrastructure which in turn limits their access to markets, financial 
assistance, or government support (Morton, 2007; Harvey et al., 2014). Given their marginalized status and other 
socio-economic and development constraints, the predicted increase in temperature and changes in rainfall pattern 
will adversely affect agricultural productivity and thus, increase their livelihood insecurity which results in the sale 
of livestock and assets at disadvantageous prices, indebtedness, migration to other places in search of employment, 
dependence on food aid, and reduced expenditure on health and education of children (Easterling et al., 2007).

Jammu and Kashmir which nestles in the fragile Himalayan ecosystem are particularly vulnerable to climate 
change (State Action Plan for Climate Change (SAPCC), 2014). Climate change impacts are evident in Jammu and 
Kashmir in the form of erratic rainfall and snowfall, snow tsunamis, floods, rising temperatures, loss of glaciers, water 
bodies, and depletion of biological diversity (Ishtiyak et al., 2016; Murtaza & Romshoo, 2016). Jammu and Kashmir is 
the 3rd most vulnerable state to climate change in the Indian Himalayan region. The major drivers of vulnerability for the 
state include little road density, no area under crop insurance, the small area under forests per 10,000 rural households, 
the prevalence of marginal and small landholdings, less percentage area under horticulture crops, low livestock to 
human ratio, and lack of women’s participation in the total workforce in the state (Indian Himalayas Climate Adaptation 
Programme (IHCAP), 2019). 
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According to Sharma et al. (2017) during the past two decades, the average temperature has shown a rise of 1.45 oC 
in Kashmir and 2.32 oC in the Jammu region with a significant increase in maximum temperature of 0.05 oC per year in 
the Kashmir region and 0.08 oC per year in Jammu Region. Rainfall has also shown decreasing trend, particularly during 
the rabi season. Due to the increase in temperature and decrease in rainfall, rainfed agriculture in the Northwestern 
Himalayan region including Jammu and Kashmir has been hit hard. Summer varieties of rice (nick cheena) and 
traditional Kashmiri apples have more or less disappeared from some areas of the state. Due to climate change, about 
11909 kanals of paddy land have been converted into rainfed dryland farming in various parts of Jammu and Kashmir. 
Insufficient or no rain in the winter season (December to February) has severely affected the cultivation of wheat, 
mustard, and lentil. 

Jammu and Kashmir is already a food deficit state as it meets 40% and 20% of its requirement for food grains and 
vegetables respectively through supplies from outside (Bhat, 2019b; Jain, 2020). According to Bhat (2019a) the state 
has to import about 7 lakh MTs of food grains every year from outside states to fill the gap between food production 
and consumption which is projected to increase further with projected increase in population. Climate change is likely 
to create havoc in the future as the projected increase in temperature, intense rainfall, wildfires, floods, droughts, 
snowstorms, hailstorms, landslides, etc. will impact agriculture and allied sector in the state which will further cause 
food scarcity and social and economic conflicts. 

The adverse impact of climate change on agriculture has serious implications not only for livelihood and food 
security of marginal and small farmers but also for the food security of the entire state. The review of literature given 
above clearly points towards the alarming threat being posed by climate change on agriculture and livelihoods based 
on agriculture and also the vulnerability of marginal and small farmers. In the context of Jammu and Kashmir, although 
the literature is growing on climate change and its impacts on natural ecosystems, agriculture, food security, etc. No 
research study has been undertaken on the impact of climate change on the livelihoods of marginal and small farmers 
who constitute the majority of operational landholders in the state. Understanding how marginal and small farmers 
perceive impacts of climate change on their livelihoods and socio-economic conditions is the essential baseline 
for formulating appropriate strategies for building their resilience to climate change. The present paper, therefore, 
contributes to the existing literature by analyzing the perceived impacts of climate change on livelihoods of marginal 
and small farmers and its implications for their social and economic status in irrigated and non-irrigated agriculture 
in Jammu and Rajouri districts for drawing policy implications for ameliorating the livelihoods of marginal and small 
farmers in changed climatic conditions. 

3. Objectives and methodology
The major objective of this research paper is to analyze the impact of climate change on the livelihoods of marginal 

and small farmers in irrigated and non-irrigated agriculture in the Jammu region. The specific objectives are to analyze 
the impact of climate change on crop farming and livestock rearing perceived by marginal and small farmers in the 
Jammu region of India; to examine socio-economic implications of climate change impact on livelihoods of marginal 
and small farmers; to draw policy implications for ameliorating the livelihoods of marginal and small farmers in 
changed climatic conditions. The present study is confined to irrigated and non-irrigated areas in Jammu and Rajouri 
districts of erstwhile State now Union Territory of Jammu and Kashmir. Jammu and Kashmir comprise two regions, 
namely, Jammu and Kashmir. Jammu region comprises 10 districts viz. Jammu, Kathua, Samba, Rajouri, Poonch, 
Kishtwar, Doda, Udhampur, Reasi, and Ramban (Figure 1). The average size of landholding in the Jammu region is 0.76 
ha and the number of operational holdings is 5.88 lakhs. 92 percent of operation holders in the Jammu region fall in the 
category of small and marginal farmers. The net sown area in the Jammu region is 397,204 ha out of which only 27.52 
percent is irrigated and 72.48 percent is non-irrigated. The irrigated areas in the Jammu region are largely concentrated 
in districts Jammu, Kathua, and Samba while non-irrigated areas are spread over large drought-prone areas in districts 
Doda, Kishtwar, Ramban, Reasi, Udhampur, and Rajouri. 

Jammu and Rajouri districts (see Figure 1) were selected for the study area because, in the Jammu region, district 
Jammu has the largest net sown area (91,095 ha) and is 61 percent irrigated, and district Rajouri has the third-largest (after 
districts of Jammu and Kathua) net sown area (53,082 ha) but it is more than 91 percent non-irrigated. Thus, these two 
districts gave the best opportunity for undertaking a comparative study of climate change impact on livelihoods of the 
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marginal and small farmers in irrigated and non-irrigated agriculture. Sampled farm households for irrigated agriculture 
were taken from district Jammu and sampled farm households for non-irrigated agriculture were taken from district 
Rajouri. 
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Figure 1. Map of the study area

A total of 600 farm households (300 farm households from district Jammu and 300 farm households from district 
Rajouri) were selected to draw relevant information and data on phenomena under the proposed study. The study was 
confined to 20 villages randomly selected from four blocks which were also randomly selected from 2 districts of the 
Jammu region of Jammu and Kashmir. For the selection of farmers, a multistage sampling technique was used. In the 
first stage, districts of Jammu and Rajouri were purposively selected. In the second stage, two blocks R. S. Pura and 
Akhnoor from district Jammu wherein irrigated agriculture is practiced and two blocks-Nowshera and Sunderbani 
from district Rajouri wherein non-irrigated agriculture is practiced were selected. In the third stage, from each selected 
block, 5 villages were randomly selected, and finally, from each village, a random selection of 30 households was made 
taking an equal proportion of marginal and small farmers. The study is primarily based on primary data collected from 
a household survey using pre-tested structured questionnaires. In addition to the household survey, a number of focus 
group discussions were also undertaken with villagers, panches, village heads, etc. to have in-depth knowledge on the 
phenomenon under study. The quantitative data collected from the household survey was processed using the Microsoft 
Excel tool. It was then analyzed using descriptive statistical tools such as frequency, percentage, and averages. 
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4. Results
4.1 Socio-demographic and economic characteristics of farmers

Table 1 shows the socio-demographic characteristics of farmers. About 46% of all farmers were in the age group 
of 50 to 59 years and 9% were aged 70 years and above. Since climate change and its impacts are long-term phenomena 
the information of which can be given by an adult and experienced person, the study deliberately involved farmers 
aged 40 years and above. The majority of farmers were male and about one-fifth were female. Most of the farmers were 
having primary education followed by nearly one-third with middle school education. While higher secondary education 
was received by just 4% of all farmers, about one-fourth had not received any formal education. More than half of all 
farmers had a family size of 6-8 members.

Table 1. Socio-demographic characteristics of farmers

Characteristics
Irrigated agriculture Non-Irrigated agriculture

Total
MF SF ST MF SF ST

Age (years)

40-49 36 (24.00) 45 (30.00) 81 (27.00) 41 (27.33) 36 (24.00) 77 (25.67) 158 (26.33)

50-59 60 (40.00) 77 (51.33) 137 (45.67) 73 (48.67) 66 (44.00) 139 (46.33) 276 (46.00)

60-69 42 (28.00 ) 15 (10.00) 57 (19.00) 21 (14.00) 30 (20.00) 51 (17.00) 108 (18.00)

70 and above 12 (8.00) 13 (8.67) 25 (8.33) 15 (10.00) 18 (12.00) 33 (11.00) 58 (9.67)

Total 150 (100.00) 150 (100.00) 300 (100.00) 150 (100.00) 150 (100.00) 300 (100.00) 600 (100.00)

Sex

Male 114 (76.00) 129 (86.00) 243 (81.00) 111(74.00) 117 (78.00) 228 (76.00) 471 (78.50)

Female 36 (24.00) 21 (14.00) 57 (19.00) 39 (26.00) 33 (22.00) 72 (24.00) 129 (21.50)

Total 150 (100.00) 150 (100.00) 300 (100.00) 150 (100.00) 150 (100.00) 300 (100.00) 600 (100.00)

Level of education

No Formal education 36 (24.00) 39 (26.00) 75 (25.00) 36 (24.00) 32 (21.33) 68 (22.67) 143 (23.83)

Primary Education 54 (36.00) 51 (34.00) 105 (35.00) 52 (34.67) 49 (32.67) 101 (33.67) 206 (34.33)

Middle School Education 43 (28.67) 48 (32.00) 91 (30.33) 49 (32.67) 45 (30.00) 94 (31.33) 185 (30.83)

High School Education 9 (6.00) 8 (5.33) 17 (5.67) 10 (6.67) 15 (10.00) 25 (8.33) 42 (7.00)

Higher Secondary 
Education 8 (5.33) 4 (2.67) 12 (4.00) 3 (2.00) 9 (6.00) 12 (4.00) 24 (4.00)

Total 150 (100.00) 150 (100.00) 300 (100.00) 150 (100.00) 150 (100.00) 300 (100.00) 600 (100.00)

Family Size

3-5 54 (36.00) 48 (32.00) 102 (34.00) 61 (40.67) 66 (44.00) 127 (42.33) 229 (38.17)

6-8 88 (58.67) 90 (60.00) 178 (59.33) 78 (52.00) 69 (46.00) 147 (49.00) 325 (54.17)

9 and above 8 (5.33) 12 (8.00) 20 (6.67) 11 (7.33) 15 (10.00) 26 (8.67) 46 (7.67)

Total 150 (100.00) 150 (100.00) 300 (100.00) 150 (100.00) 150 (100.00) 300 (100.00) 600 (100.00)

Source: Field Survey, 2019
Note: Figures in the parenthesis shows percentages
MF: Marginal Farmers; SF: Small Farmers; ST: Sub Total
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Table 2. Economic characteristics of farmers and their households

Characteristics
Irrigated agriculture Non-Irrigated agriculture

Total
MF SF ST MF SF ST

Livelihood strategy of major earner of household

Agriculture only 9 (6.00) 11 (7.33) 20 (6.67) 8 (5.33) 10 (6.67) 18 (6.00) 38 (6.33)

Agriculture and 
non-agriculture activities 141 (94.00) 139 (92.67) 280 (93.33) 142 (94.67) 140 (93.33) 282 (94.00) 562 (93.67)

Total 150 (100.00) 150 (100.00) 300 (100.00) 150 (100.00) 150 (100.00) 300 (100.00) 600 (100.00)

Non-agricultural activities undertaken by major earner of household

Government service 45 (30.00) 36 (24.00) 81 (27.00) 56 (37.33) 52 (34.67) 108 (36.00) 189 (31.50)

Private service 22 (14.67) 20 (13.33) 42 (14.00) 15 (10.00) 16 (10.67) 31 (10.33) 73 (12.17)

Trader/shop ownership 18 (12.00) 20 (13.33) 38 (12.67) 11 (7.33) 21 (14.00) 32 (10.67) 70 (11.67)

Self employment 30 (20.00) 36 (24.00) 66 (22.00) 24 (16.00) 27 (18.00) 51 (17.00) 117 (19.50)

Wage labour 26 (17.33) 27 (18.00) 53(17.67) 36 (24.00) 24 (16.00) 60 (20.00) 113 (18.83)

Total 150 (100.00) 150 (100.00) 300 (100.00) 150 (100.00) 150 (100.00) 300 (100.00) 600 (100.00)

Ownership of livestock 150 (100) 150 (100) 300 (100) 146 (97.33) 150 (100) 296 (98.67) 596 (99.33)

Main source of household income

Agriculture 66 (44.00) 91 (60.67) 157 (52.33) 51 (34.00) 68 (45.33) 119 (39.67) 276 (46.00)

Non-agricultural activities 84 (56.00) 59 (39.33) 143 (47.67) 99 (66.00) 82 (54.67) 181 (60.33) 324 (54.00)

Total 150 (100.00) 150 (100.00) 300 (100.00) 150 (100.00) 150 (100.00) 300 (100.00) 600 (100.00)

Annual household income from all sources (₹)

up to 1,00000 48 (32.00) 30 (20.00) 78 (26.00) 51 (34) 35 (23.33) 86 (28.67) 164 (27.33)

1,00000-2,00000 36 (24.00) 16 (10.67) 52 (17.33) 40 (26.67) 33 (22.00) 73 (24.33) 125 (20.83)

2,00000-3,00000 26 (17.33) 50 (33.33) 76 (25.33) 13 (8.67) 33 (22.00) 46 (15.33) 122 (20.33)

3,00000-4,00000 21 (14.00) 28 (18.67) 49 (16.33) 20 (13.33) 16 (10.67) 36 (12.00) 85 (14.17)

Above 4,00000 19 (12.67) 26 (17.33) 45 (15.00) 26 (17.33) 33 (22.00) 59 (19.67) 104 (17.33)

Total 150 (100.00) 150 (100.00) 300 (100.00) 150 (100.00) 150 (100.00) 300 (100.00) 600 (100.00)

Annual household income from agriculture (₹)

Negligible 21 (14.00) 0 (0.00) 21 (7.00) 39 (26.00) 0 (0.00) 39 (13.00) 60 (10.00)

Less than 10,000 15 (10.00) 0 (0.00) 15 (5.00) 15 (10.00) 0 (0.00) 15 (5.00) 30 (5.00)

10,000-30,000 17 (11.33) 0 (0.00) 17 (5.67) 55 (36.67) 14 (9.33) 69 (23.00) 86 (14.33)

30,000 50,000 58 (38.67)  23 (15.33) 81(27.00) 36 (24.00) 61 (40.67) 97 (32.33) 178 (29.67)

50,000-70,000 39 (26.00) 67 (44.67) 106 (35.33) 5 (3.33) 53 (35.33) 58 (19.33) 164 (27.33)

More than 70,000 0 (0.00) 60 (40.00) 60 (20.00) 0 (0.00) 22 (14.67) 22 (7.33) 82 (13.67)

Total 150 (100.00) 150 (100.00) 300 (100.00) 150 (100.00) 150 (100.00) 300 (100.00) 600 (100.00)

Major crops grown

Kharif

Paddy 150 (100) 150 (100) 300 (100) 0 (0.00) 0 (0.00) 0 (0.00) 300 (50.00)

Maize 19 (12.67) 37 (24.67) 56 (18.67) 150 (100) 150 (100) 300 (100.00) 356 (59.33)

Pulses 0 (0.00) 0 (0.00) 0 (0.00) 23 (15.33) 51 (34) 74 (24.67) 74 (12.33)

Rabi

Wheat 150 (100) 150 (100) 300 (100) 150 (100) 150 (100) 300 (100) 600 (100.00)

Pulses 9 (6.00) 26 (17.33) 35 (11.67) 15 (10.00) 33 (22.00) 48 (16.00) 83 (13.83)

Oil seeds 22 (14.67) 32 (21.33) 54 (18.00) 43 (28.67) 65 (43.33) 108 (36.00) 162 (27.00)

Fodder 99 (66.00) 115 (76.67) 214 (71.33) 15 (10.00) 22 (14.67) 37 (12.33) 251 (41.83)

Total 150 (100.00) 150 (100.00) 300 (100.00) 150 (100.00) 150 (100.00) 300 (100.00) 600 (100.00)

Source: Field Survey, 2019. Note: Figures in the parenthesis shows percentages. MF: Marginal Farmers; SF: Small Farmers; ST: Sub Total
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Table 2 reveals the economic characteristics of farmers’ households. While just 6% revealed their total dependence 
on agriculture (crop farming, livestock rearing) for their livelihood, nearly 93% of all farmers revealed both agriculture 
and non-agricultural activities as livelihood strategies of major earners of households. This largely supports the studies 
of Dev (2011) and Aniah et al. (2016) that farm households obtain livelihoods from diverse sources such as agriculture 
(crop and livestock) and non-agricultural activities (labor, self-employment, etc.). Nearly one-third of farmers reported 
government services as the non-agricultural activity of major earner of the family, followed by self-employment and 
wage labor. More than one-tenth of all farmers revealed shop ownership as a non-agricultural livelihood strategy. 
Although the farmers in the study area indicated diverse livelihood strategies, agriculture continued to be their 
significant source of livelihood. Almost all farmers mentioned their ownership of livestock. 

As far as the main source of household income is concerned, 46% of all farmers indicated agriculture as the main 
source of their household income and more than half of farmers revealed non-agricultural activities as the main source 
of their household income. Agriculture constitutes the main source of household income for comparatively more farmers 
in irrigated agriculture than their counterparts in non-irrigated agriculture. In addition, more small farmers than marginal 
farmers in both irrigated and non-irrigated agriculture derived a major proportion of their household income from 
agriculture. More than one-fourth of all farmers reported annual household income up to 100,000, about 14% revealed 
annual household income between 300,000-400,000. Whereas comparatively more farmers in irrigated agriculture fell 
under the middle (between 200,000 and 400,000) income categories, more farmers in non-irrigated agriculture came 
under lowest and highest income ranges. Besides, the majority of small farmers in irrigated agriculture reported annual 
household income between 200,000-300,000, whilst most of the marginal farmers in irrigated agriculture and majority 
of marginal and small farmers in non-irrigated agriculture came under the lowest income range of up to 100,000. 

As far as annual household income from agriculture is concerned, more than half of all farmers earned between 
30,000-70,000 and 5% of them earned less than 10,000 annually from agriculture. While 13% revealed annual 
agriculture income of more than 70,000, one-tenth of them indicated negligible earnings from agriculture. 

The major crops grown were paddy-wheat and maize-wheat in irrigated and non-irrigated agriculture, respectively. 
In the Kharif season, paddy was the main crop grown in irrigated agriculture and maize was the main crop grown in 
non-irrigated agriculture. In addition to these major crops, less than one-fifth of farmers were growing maize in irrigated 
agriculture and about one-fourth of farmers were growing pulses as Kharif crops in non-irrigated agriculture. In the rabi 
season wheat was grown as the main crop in both irrigated and non-irrigated agriculture. In addition to wheat, the other 
crops grown in the rabi season were fodder, oilseeds, and pulses in irrigated agriculture and oilseeds followed by pulses 
and fodder in non-irrigated agriculture. Fodder was the second popular rabi crop in irrigated agriculture, while oilseeds 
crop was the second major rabi crop in non-irrigated agriculture.

4.2 Perception of farmers about climate change and its impacts

Farmers’ perception of climate change and its impacts on their livelihoods is essential for adaptations. There was 
a consensus among farmers that climate change and variability were occurring during the past 20 years which was 
continuously affecting their agricultural-based livelihoods. Table 3 depicts the percent of farmers reporting changes in 
their local climate which shows that a significantly high proportion of all farmers with very little variations in irrigated 
and non-irrigated agriculture experienced changes in their local climate during the last 20 years. It is worth mentioning 
here that the farmers who did not affirmatively respond about changing climatic conditions also pointed in one way or 
another towards growing climate anomalies. 

Farmers in both irrigated and non-irrigated agriculture noticed many climate changes which are summarized 
in Table 4 which reveals that 82% of all farmers perceived that summers have become hot now as compared to two 
decades earlier. Milder winters in recent years were other manifestations of changing climate perceived by 47% of all 
farmers. While about 64% of all farmers felt that the length of the summer season has increased, two-third of all farmers 
perceived decreased length of winter season during the last 20 years. All these pointed towards rising temperature which 
confirms with Sharma et al. (2017) study reporting 2.32 oC average rise in temperature in the Jammu region in the last 
two decades with a significant increase in maximum temperature of 0.08 oC per year.
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Table 3. Farmers’ responses on changes in climate experienced during the last 20 years

Responses
Irrigated agriculture Non-Irrigated agriculture

Total
MF SF ST MF SF ST

Yes 132 (88.00) 135 (90.00) 267 (89.00) 140 (93.33) 133 (88.67) 273 (91.00) 540 (90.00)

No 8 (5.33) 7 (4.67) 15 (5.00) 6 (4.00) 11 (7.33) 17 (5.67) 32 (5.33)

Don’t Know 10 (6.67) 8 (5.33) 18 (6.00) 4 (2.67) 6 (4.00) 10 (3.33) 28 (4.67)

Total 150 (100.00) 150 (100.00) 300 (100.00) 150 (100.00) 150 (100) 300 (100.00) 600 (100.00)

Source: Field Survey, 2019
Note: Figures in the parenthesis shows percentages
MF: Marginal Farmers; SF: Small Farmers; ST: Sub Total

Table 4. Percent of farmers experiencing different manifestations of climate change in their areas (multiple responses)

Manifestations of climate 
change

Irrigated agriculture Non-Irrigated agriculture
Total

MF SF ST MF SF ST

Hotter summers 119 (79.33) 125 (83.33) 244 (81.33) 125 (83.33) 123 (82) 248 (82.67) 492 (82.00)

Milder winters 60 (40.00) 68 (45.33) 128 (42.67) 80 (53.33) 75 (50.00) 155 (51.67) 283 (47.17)

Increase in the length of summer 
season 103 (68.67) 93 (62.00) 196 (65.33) 92 (61.33) 95 (63.33) 187 (62.33) 383 (63.83)

Decrease in the length of the 
Winters season 97 (64.67) 88 (58.67) 185 (61.67) 102 (68.00) 111 (74.00) 213 (71.00) 398 (66.33)

Decrease in rainfall 140 (93.33) 138 (92.00) 278 (92.67) 146 (97.33) 143 (95.33) 289 (96.33) 567 (94.5)

Increase in the incidences of 
very heavy and erratic rainfall 122 (81.33) 120 (80.00) 242 (80.67) 112 (74.67) 110 (73.33) 222 (74.00) 464 (77.33)

Unpredictable and untimely 
rainfall 115 (76.67) 112 (74.67) 227 (75.67) 120 (80.00) 118 (78.67) 238 (79.33) 465 (77.50)

Increase in the incidences of 
droughts 98 (65.33) 99 (66.00) 197 (65.67) 107 (71.33) 111 (74.00) 218 (72.67) 415 (69.17)

Increase in the incidences of 
floods 81(54.00) 96 (64.00) 177 (59.00) 51 (34.00) 59 (39.33) 110 (36.67) 287 (47.83)

Total 150 (100.00) 150 (100.00) 300 (100.00) 150 (100.00) 150 (100.00) 300 (100.00) 600 (100.00)

Source: Field Survey, 2019
Note: Figures in the parenthesis shows percentages, Multiple Responses
MF: Marginal Farmers; SF: Small Farmers; ST: Sub Total

A significantly high percentage of farmers perceived decreasing trend in rainfall particularly during the winter 
season which has adversely affected their rabi crop. About three-fourth of farmers have reported an increase in the 
incidence of very heavy and erratic rainfall. About 69% of all farmers believed that incidences of droughts or dry spells 
have been increased over the years and about 48% viewed that incidences of floods have increased. 

4.3 Impact of climate change on livelihoods of marginal and small farmers

Climate change is reported to have adversely affected agricultural-based livelihoods of marginal and small farmers 
in the study area. According to farmers, impacts of climate change included among others, declining crop yields and 
animal yields, increase in pest and disease outbreak in crops and animals, weed infestations, destruction of crops due to 
increased incidences of heavy and erratic rainfall, etc. 
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4.3.1 Impact of climate change on crop farming and livestock rearing

Table 5 reveals that all farmers in non-irrigated agriculture and about 91% in irrigated agriculture believed that 
their livelihood activities such as crop farming and livestock rearing were being adversely affected by climate change.

Table 5. Farmers’ responses on crop farming and livestock rearing being affected by climate change

Responses
Irrigated agriculture Non-Irrigated agriculture

Total
MF SF ST MF SF ST

Yes 139 (92.67) 135 (90) 274 (91.33) 150 (100.00) 150 (100.00) 300 (100.00) 574 (95.67)

No 11 (7.33) 15 (10.00) 26 (8.67) 0 (0.00) 0 (0.00) 0 (0.00) 26 (4.33)

Total 150 (100.00) 150 (100.00) 300 (100.00) 150 (100.00) 150 (100) 300 (100.00) 600 (100.00)

Source: Field Survey, 2019
Note: Figures in the parenthesis shows percentages
MF: Marginal Farmers; SF: Small Farmers; ST: Sub Total

Table 6 shows the percentage of farmers on various impacts of climate change on crop farming which reveals 
that three-fourth of all farmers (83% of farmers in irrigated agriculture and 68% of them in non-irrigated agriculture) 
observed an outbreak of new crop diseases which did not exist in the past. The particular type of disease reported was 
yellow rust in the wheat crop which according to them has emerged as the major threat to the wheat crop in recent years. 
The farmers also mentioned an increase in the occurrence of some pests and also the emergence of new insects and pests 
feeding on their crops especially maize in recent years which earlier were unknown to them. 

Table 6. Percent of farmers experiencing different impacts of climate change on crop farming (multiple responses)

Perceived impacts
Irrigated agriculture Non-Irrigated agriculture

Total
MF SF ST MF SF ST

Increase in Pests and Diseases 
outbreak 127 (84.67) 123 (82) 250 (83.33) 100 (66.67) 103 (68.67) 203 (67.67) 453 (75.50)

Increase in weed infestations 
in crop fields 139 (92.67) 136 (90.67) 275 (91.67) 109 (72.67) 110 (73.33) 219 (73.00) 494 (82.33)

Reduction in crop yields 48 (32.00) 31 (20.67) 79 (26.33) 136 (90.67) 142 (94.67) 278 (92.67) 357 (59.50)

Crop damage due to heavy and 
erratic rainfall 139 (92.67) 135 (90) 274 (91.33) 124 (82.67) 132 (88) 256 (85.33) 530 (88.33)

Abandonment of growing crop 
varieties 0 (0.00) 0 (0.00) 0 (0.00) 87 (58.00) 96 (64.00) 183 (61.00) 183 (30.5)

Change in sowing and harvest-
ing dates/timings 0 (0.00) 0 (0.00) 0 (0.00) 150 (100.00) 150 (100.00) 300 (100.00) 300 (50.00)

Total 150 (100.00) 150 (100.00) 300 (100.00) 150 (100.00) 150 (100.00) 300 (100.00) 600 (100.00)

Source: Field Survey, 2019
Note: Figures in the parenthesis show percentages. Multiple Responses
MF: Marginal Farmers; SF: Small Farmers; ST: Sub Total

In addition to increased occurrences of diseases and pests infestations, 82% of farmers (about 92% of farmers in 
irrigated agriculture and 73% of farmers in non irrigated agriculture) observed increased occurrences of weed in their 
crop fields. Farmers in both study areas have reported the emergence of thorny weeds, blue flower weed, and white 
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flower weed (congress booty in their local language) in their crop fields which according to them were not there before. 
They further stated that to manage these weeds, they have to apply herbicides which increases their cost of production. 
The weeds compete with the crops for water, sunlight, nutrients, and space and thus bring a reduction in both quantity 
and quality of crop yields and thus incurs losses to farm households.

About 59% of all farmers reported a reduction in crop yield due to climate change in recent years. Those reporting 
reductions in crop yields were comparatively more in non-irrigated agriculture as compared to their counterparts in 
irrigated agriculture. 88.33% of all farmers comprising about 91% of farmers in irrigated agriculture and 85% of 
them in non-irrigated agriculture reported crop damage due to heavy and erratic rainfall during recent years. The most 
pronounced incident of crop damage reported was that occurred due to 2014 heavy and erratic monsoons rain which led 
to unprecedented flooding in the state with many devastating effects on agriculture, lives, livestock, and infrastructure in 
the state.

Climate change is also reported to have affected cropping patterns in non-irrigated agriculture. While none of the 
farmers in irrigated agriculture reported having abandoned cultivating any crop variety due to climate change, 61% of 
farmers in non-irrigated agriculture indicated that they have abandoned cultivating some crop varieties like horse gram 
(locally known as kulth), black gram (maa ki daal), black-eyed peas, cowpeas (moth) due to changing rainfall pattern. 

The farmers also reported that climate change has changed the previously known calendar of sowing and harvesting 
altogether. While none of the farmers in irrigated agriculture reported changing sowing and/or harvesting dates/timings 
due to climate-induced changes in rainfall pattern, all farmers in non-irrigated agriculture revealed that sowing timings 
are changing according to change in rainfall pattern. One of the participants of the focus group discussion narrated 
“earlier, the period of planting and harvesting was well known, but now the sowing is shifting according to rainfall 
pattern. When rains start late, the planting process delays which means a shorter growing period. Due to delayed 
planting, crops failed to mature or produce fewer yields and thus inflict losses. The late harvesting delays cultivation 
of subsequent crop”. Changing planting dates were not reported in irrigated agriculture because the farmers there have 
irrigation facilities that allow them timely sowing and harvesting. 

Climate change impacts livestock production by affecting the quantity and quality of feed, fodder, and pasture 
for livestock (Chauhan & Ghosh, 2014). In addition to crop farming, climate change is also reported to have adversely 
affected livestock rearing in the study area. Table 7 reveals the distribution of farmers according to perceived impacts of 
climate change on livestock rearing. 

Table 7. Percent of farmers experiencing different impacts of climate change on livestock rearing (multiple responses)

Perceived impacts
Irrigated agriculture Non-Irrigated agriculture

Total
MF SF ST MF SF ST

Shortage of fodder for 
livestock 67 (44.67) 39 (26.00) 106 (35.33) 132 (88.00) 126 (84) 258 (86) 364 (60.67)

Reduction in milk yield 
due to heat stress 103 (68.67) 116 (77.33) 219 (73.00) 118 (78.67) 126 (84.00) 244 (81.33) 463 (77.17)

Increased incidences of 
diseases among animals 95 (63.33) 99 (66) 194 (64.67) 100 (66.67) 107 (71.33) 207 (69) 401 (66.83)

Reduction in animal 
reproduction 49 (32.67) 45 (30.00) 94 (31.33) 44 (29.33) 38 (25.33) 82 (27.33) 176 (29.33)

Reduced livestock number 52 (34.67) 32 (21.33) 84 (28.00) 66 (44.00) 41 (27.33) 107 (35.67) 191 (31.83)

Total 150 (100.00) 150 (100.00) 300 (100.00) 150 (100.00) 150 (100.00) 300 (100.00) 600 (100.00)

Source: Field Survey, 2019
Note: Figures in the parenthesis show percentages. Multiple responses
MF: Marginal Farmers; SF: Small Farmers; ST: Sub Total

About 61% of all farmers reported that they generally experienced a shortage of fodder for livestock during rabi 
season. The farmers further stated that reduced rainfall coupled with increased temperature causes stress to fodder 
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crops and thus reduces yield and contributes to fodder shortage for livestock. More than one-third of farmers in 
irrigated agriculture against 86% of farmers in non-irrigated agriculture reported that they generally experience fodder 
shortage during the periods of a poor harvest of food and fodder crops. The proportion of both marginal and small 
farmers indicating a shortage of fodder for livestock was more in non-irrigated agriculture. This is in consonance with 
Chauhan and Ghosh (2014), Downing et al. (2017) who in their respective studies revealed that increased temperature 
and decreased rainfall reduce pasture for grazing and also reduce the yield of both food and fodder crop thereby trigger 
fodder shortage especially in dryland areas. It is worth mentioning that in irrigated agriculture, about two-thirds of all 
farmers reported that they grow fodder (berseen) due to which they do not encounter fodder shortage for livestock. 

An increase in temperature causes heat stress in livestock which results in reduced growth and decreased 
productivity. Nearly 77% of all farmers with 73% of farmers in irrigated agriculture and 81% of farmers in non-irrigated 
agriculture reported a reduction in milk yield during dry and hot periods. This confirms the studies of Chauhan and 
Ghosh (2014), Kebede (2016), Prathap et al. (2017) that due to heat stress, feed intake in animals decreases which 
ultimately leads to a reduction in the production of milk and its composition in dairy animals during dry periods. 

About two-thirds of farmers reported that due to climate change incidences of disease (like hemorrhagic septicemia 
known as gal-ghotu in local language and foot and mouth diseases) in livestock have increased during the last couple of 
decades. This aligns with Chauhan and Ghosh (2014), Downing et al. (2017) studies that climate change accelerates the 
growth and survival of pathogens, parasites, and viruses and thus increase outbreak of severe diseases or even introduce 
new diseases among animals. In addition to increased incidences of disease outbreaks in animals, heat stress due to 
increased temperature is changing reproductive behavior and fertility among animals (Thakur & Karki, 2018). Nearly 
29% of all farmers were in agreement that due to increased heat stress, reproduction and fertility among livestock 
have been reduced. The adverse impacts of climate change on livestock production and health were making livestock 
rearing difficult and unprofitable and were forcing rural communities to reduce their livestock number. About 36% of 
all farmers reported that they had reduced the number of livestock as a response to the adverse impact of climate change 
on livestock production and health. The reported impacts of climate change on crop farming and livestock rearing are in 
agreement with the study conducted by Aniah et al. (2016) which state that climate change through changes in rainfall 
pattern and increased incidences of pests and diseases has adversely affected crop farming and through shortage of 
fodder/pasture and increased animal diseases have disrupted livestock rearing by small farmers in Upper East Region of 
Ghana. 

4.4 Socio-economic implications of the impact of climate change on livelihoods

Adverse impacts of climate change on livelihoods have massive socio-economic impacts on farm households that 
mostly depend on agriculture for survival. When crop and animal yield decreases it results in increased food insecurity 
and indebtedness, reduced income and savings, and increased sufferings of poor farmers and thus adversely affect the 
social and economic status of farm households. 

4.4.1 Food security

Food security is one of the major issues linked with climate change. Food security is defined as the situation 
which exists “when all people, at all times, have physical, social and economic access to sufficient, safe and nutritious 
food which meet their dietary needs and food preferences for an active and healthy life”. Climate change impacts food 
security in multifaceted ways. It affects adversely crops, livestock, forests aquaculture leading to severe social and 
economic problems in the form of decreased incomes, corroded livelihoods, and adverse health impacts (Chakrabarty, 
2016). The study findings revealed that decreased crop yield and crop loss due to extreme weather events like droughts, 
untimely, heavy, and erratic rainfall have also led to food insecurity among marginal farmers in both study areas. 
Although all farmers in both study areas reported a drop in food reserves in the year of bad or reduced harvest, food 
shortage following extreme weather events causing crop loss was reported by only one-third of all marginal farmers 
with comparatively more (about 41%) of them in non-irrigated agriculture (see Figure 2). Small farmers in both study 
areas seemed to be more food secure as none of the small farmers in both irrigated and non-irrigated agriculture reported 
food shortages due to climate change. 
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Figure 2. Marginal farmers reporting food shortage

4.4.2 Impact of climate change on income, savings, indebtedness and expenditure

Table 8. Percent of farmers reporting impact of climate change on income, savings, and household borrowing 

Responses
Irrigated agriculture Non-Irrigated agriculture

Total
MF SF ST MF SF ST

Decrease in farm income

Yes 125 (83.33) 134 (89.33) 259 (86.33) 141 (94) 145 (96.67) 286 (95.33) 545 (90.83)

No 25 (16.67) 16 (10.67) 41 (13.67) 9 (6.00) 5 (3.33) 14 (4.67) 55 (9.16)

Decrease in household savings

Yes 139 (92.67) 150 (100.00) 289 (96.33) 127 (84.67) 141 (94.00) 268 (89.33) 557 (92.83)

No 11 (7.33) 0 (0.00) 11 (3.67) 23 (15.33) 9 (6.00) 32 (10.67) 43 (7.17)

Increased borrowing

Yes 59 (39.33) 47 (31.33) 106 (35.33) 72 (48.00) 49 (32.67) 121 (40.33) 227 (37.83)

No 91 (60.67) 103 (68.67) 194 (64.67) 78 (52.00) 101 (67.33) 179 (59.67) 373 (62.17)

Total 150 (100.00) 150 (100.00) 300 (100.00) 150 (100.00) 150 (100.00) 300 (100.00) 600 (100.00)

Source: Field Survey, 2019
Note: Figures in the parenthesis show percentages
MF: Marginal Farmers; SF: Small Farmers; ST: Sub Total

Table 8 reveals the percent of farmers reporting a decrease in income and savings and increased indebtedness due to 
climate change. The adverse impacts of climate change on crop and livestock yield directly eventuate in decreased farm 
income. A significantly large proportion of all farmers representing more than 90% reported decreases in farm income 
following crop loss and/or decreased yield and livestock yield. The percent of farmers experiencing income reduction 
was pronounced by more marginal and small farmers in non-irrigated agriculture as compared to their counterparts in 
irrigated agriculture. Climate-induced changes in agricultural yield and income also affect household savings. About 
92% of all farmers with 96% in irrigated agriculture and 89% in non-irrigated agriculture were in agreement that 
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climate change-induced loss of crop yield and subsequent loss of income has led to a decrease in household savings. 
Those who were in disagreement with a decrease in household savings due to climate change mentioned that they 
could not generally save anything as they could hardly make both ends meet even during normal period. For them, 
climate change was leading to increased borrowing for meeting even bare necessities of life. A decrease in savings has 
serious repercussions for climate change adaptation as low savings implies insufficient funds available for investing in 
adaptation practices which in turn reduce the ability of farm households to withstand climate shocks and survive in new 
situations created by climate change. 

Climate change not only decreases household savings but also pushes households into indebtedness. When the 
farm income of households decreases, farmers are forced to borrow money to maintain their basic consumption and to 
make other unavoidable expenses. Table 8 shows that about 37% of all farmers indicated borrowing money and buying 
things on credit to maintain consumption and meet other expenses of sudden nature during the period following bad 
harvest. The proportion of both marginal and small farmers in non-irrigated agriculture reporting borrowing following 
the disaster was more as compared to their counterparts in irrigated agriculture. Besides, impacting household income, 
savings, and indebtedness, climate change is reported to have impacted household expenditure on food, clothing, 
children’s education, and health. Table 9 summarizes the impact of climate change on household expenditure. 

Table 9. Percent of farmers reporting impact of climate change on household expenditure (multiple responses)

Parameters
Irrigated agriculture Non-Irrigated agriculture

Total
MF SF ST MF SF ST

Increase in expenditure on 
staple food 54 (36.00) 18 (12.00) 72 (24.00) 90 (60.00) 48 (32.00) 138 (46.00) 210 (35.00)

Decrease in expenditure 
on cloth 52 (34.67) 68 (45.33) 120 (40.00) 61 (40.67) 79 (52.67) 140 (46.67) 260 (43.33)

Decrease in Expenditure 
on children education 48 (32.00) 66 (44.00) 114 (38.00) 44 (29.33) 58 (38.67) 102 (34.00) 216 (36.00)

Increase in Expenditure 
on health problems 101 (67.33) 99 (66.00) 200 (66.67) 96 (64.00) 99 (66.00) 195 (65.00) 395 (65.83)

Total 150 (100.00) 150 (100.00) 300 (100.00) 150 (100.00) 150 (100.00) 300 (100.00) 600 (100.00)

Source: Field Survey, 2019
Note: Figures in the parenthesis show percentages. Multiple Responses
MF: Marginal Farmers; SF: Small Farmers; ST: Sub Total

The negative impact of climate change on crop and livestock yield not only lead to decreased farm income but also 
increases household expenditure on staple food as due to bad harvest farmers have to buy even basic staple food for 
consumption which otherwise they get from their fields which eventuate in increased expenditure on food consumption. 
In this study, more than one-third of all farmers reported an increase in expenditure on food due to climate-induced 
decreases in crop yield and crop loss. Increased food expenditure was more pronounced by both types of farmers in non 
irrigated agriculture and also among marginal farmers in both study areas. In addition, the decrease in milk yield during 
dry periods also adds to expenditure as they have to buy milk and milk products from markets to sustain their household 
consumption. Besides, increasing household expenditure on food, climate change also influence dietary preferences and 
related expenditure of farm household. In this study, all farmers unanimously revealed that loss of agricultural income 
due to climate change reduces expenditure on dietary products like fruits, vegetables, meat, cheese, and other superior 
food articles during hard times as their main concern shifts from dietary consumption to survival. 

As far as expenditure on clothing is concerned, about 43% of all farmers reported a decrease in expenditure on 
cloths as a result of decreased agricultural income. The proportion of farmers reporting a decrease in expenditure on 
cloths was more in non-irrigated agriculture as compared to their counterparts in irrigated agriculture. Loss of income 
also influences the education of children of poor households. More than one-third of all farmers agreed that they 
generally decrease and many times delay expenditure on books, uniforms, etc. as a result of loss of agricultural income. 
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The farmers further illustrated that during the hard times, it becomes very difficult for them to pay school fees and 
tuition fees due to which they have to pull children from tuition which adversely affects children’s education.

The negative impacts of climate change on health increase the medical expenditure of the household. As is revealed 
by table 9, two-third of farmers were in agreement that due to climate change household expenditure on health issues 
also increases due to adverse impacts of climate change on health. The percent of farmers who believed that they were 
spending more on health issues induced by climate change was slightly more in irrigated agriculture. 

5. Conclusion and policy implications
Crop farming and livestock rearing as a livelihood strategy are being severely affected by climate change in both 

irrigated and non-irrigated agriculture in terms of decreased crop and animal yield and increased crop damage. Climate 
change through changes in rainfall and temperature patterns and increased incidences of crop diseases, pest/insect 
attacks, and weed infestation has reduced agricultural productivity in the study area. Besides, increased incidences of 
heavy and erratic rainfall have caused crop damage. Climate change has not only reduced agricultural productivity 
but it also has impacted cropping pattern as farmers reported to have abandoned cultivating some crop varieties due to 
decreased rainfall. Livestock rearing was also reported to have been disrupted by climate change-induced shortage of 
fodder for livestock and increased incidences of diseases among animals which resulted in reduced milk productivity. 
The adverse impacts of climate change on livelihoods have resulted in social and economic hardships in the form of 
food shortage, reduced farm income, reduced savings, and increased indebtedness, increased expenditure on staple 
food and health problems leading to increased cost of living. The study, however, found that while climate change was 
negatively impacting agricultural-based livelihoods in both irrigated and non-irrigated agriculture, the negative impacts 
were experienced by comparatively more marginal and small farmers in non-irrigated agriculture than in irrigated 
agriculture. Furthermore, in both irrigated and non-irrigated agriculture, marginal farmers suffered the most in terms of 
food shortage and indebtedness than small farmers. The study further noted finer variations in terms of socio-economic 
impacts of climate change from household to household. While many farmers reported food shortage, inability to pay 
school fees, and increased indebtedness, many farmers did not indicate any adverse impact on their social and economic 
wellbeing which can be attributed to their involvement in diverse livelihood strategies with increased income security 
and their relative dependence on climate-sensitive agricultural-based livelihoods. 

The study draws following policy implications for policymakers and governments interested in enhancing 
the resilience of marginal and small farmers’ livelihood to climate change. Marginal and small farmers should be 
encouraged and supported to grow climate-resilient varieties including drought, heat, pests, and disease-resistant crop 
varieties that can survive in changed climatic conditions. For this government should create more research capacity 
to enhance the development and supply of hybrid seeds at subsidized rates to help them to increase their agricultural 
productivity. Information access, knowledge, and training are well documented in the literature to enhance the adaptive 
capacity of farm households to meet the challenges created by climate change. Agriculture extension plays an important 
role in creating awareness, sharing knowledge, and imparting training to farmers to change their farming practices in 
response to climate change. The study, therefore, suggests strengthening extension services in the study area to provide 
knowledge, information, and technical support to marginal and small farmers for enhancing their resilience to climate 
change. Farmers in the study area follow conventional cropping patterns like producing wheat maize and rice and do not 
produce cash crops. The practice of monoculture runs a high risk of yield and income loss due to climate change. Farm 
households should, therefore, be supported to adopt crop diversification choosing both food and cash crops to increase 
agricultural yield and income. The farmers should be encouraged to practice crop rotation, intercropping patterns, crop 
portfolio, and crop substitution to enhance their agricultural productivity and income in the face of climate change.

Efforts should be made to improve the animal health service delivery system with improved knowledge and 
technique to prevent and timely treatment of climate change-induced disease outbreaks among animals. Livestock 
holders should be informed and encouraged to timely vaccinate their livestock to avoid disease outbreaks. They should 
be educated to keep their livestock and their shelter clean to avoid vector-borne diseases, to keep them cool in summer 
and warm in winter to avoid heat and cold stress. Marginal and small farmers should be encouraged and supported to 
diversify their cropping patterns by growing fodder crops or practice agroforestry with fodder trees and shrubs to avoid 
fodder scarcity during lean periods. They should be taught on feed management to improve livestock production such as 
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altering feeding time and changing diet composition by including agroforestry species or legumes in livestock diet. 
Irrigated agriculture is less vulnerable and more resilient to climate change than non-irrigated agriculture which 

points towards the importance of irrigation in the successful and effective adaptation in the changed climatic conditions. 
Therefore, the study suggests the development of small irrigation schemes wherever possible in non-irrigated agriculture 
to help farmers to adapt to climate change. Micro-irrigation schemes like drip irrigation and sprinkle irrigation schemes 
should be developed and promoted for optimal and efficient use of surface and groundwater for irrigation. However, 
the adverse impact of climate change on the availability and accessibility of water necessitates water conservation and 
water management techniques for sustainable use of water for irrigation. The rainwater harvesting technique should 
be promoted in non-irrigated areas by building artificial ponds and surface structures to capture and store rainwater for 
irrigation in dry periods. Marginal and small farmers should be encouraged to avail crop insurance for safeguarding 
them from loss arising from damaged crops due to excessive and erratic rainfall.

References
Arbuckle, J. G. J., Morton, L. W., & Hobbs, J. (2015). Understanding farmer perspectives on climate change adaptation 

and mitigation: The roles of trust in sources of climate information, climate change beliefs, and perceived risks. 
Environment and Behavior, 47(2), 205-234. https://doi.org/10.1177/0013916513503832

Agriculture Census. (2014). Agriculture census 2010-11. All India report on number and area of operational holdings. 
Agriculture Census Division, Department of Agriculture & Co-operation, Ministry of Agriculture, Government of 
India. http://agcensus.nic.in/document/agcensus2010/completereport.pdf

Ahmed, A., Danhassan, S. S., & Abubakar, M. G. (2019). Climate change and the dryland resources of Nigeria. 
Mauritius: LAP Lambert Academic Publishing. https://www.researchgate.net/publication/331044122_Climate_
Change_and_the_Dryland_Resources_of_Nigeria

Aniah, P., Kaunza-Nu-Dem, M. K., & Ayembilla, J. A. (2019). Smallholder farmers’ livelihood adaptation to climate 
variability and ecological changes in the savanna agro-ecological zone of Ghana. Heliyon, 5(4), e01492. https://doi.
org/10.1016/j.heliyon.2019.e01492

Aniah, P., Kaunza-Nu-Dem, M. K., Quacou, I. E., Abugre, J. A., & Abindaw, B. A. (2016). The effects of climate change 
on livelihoods of smallholder farmers in the upper east region of Ghana. International Journal of Sciences: Basic 
and Applied Research, 28(2), 1-20. https://academic.microsoft.com/paper/2498657553

Arora, N. K. (2019). Impact of climate change on agriculture production and its sustainable solutions. Environmental 
Sustainability, 2, 95-96. https://doi.org/10.1007/s42398-019-00078-w

Auffhammer, M., & Schlenker, W. (2014). Empirical studies on agricultural impacts and adaptation. Energy Economics, 
46(c), 555-561. https://doi.org/10.1016/j.eneco.2014.09.010

Bhat, B. B. (2019a, June 25). Food security and climate change in J&K. Daily Excelsior. https://www.dailyexcelsior.
com/food-security-and-climate-change-in-jk/

Bhat, B. B. (2019b, August 26). Will climate change bring back the age of famines in Kashmir? Down to Earth. https://
www.downtoearth.org.in/blog/india/will-climate-change-bring-back-the-age-of-famines-in-kashmir--66350

Campbell, B. M., Vermeulen, S. J., Aggarwal, P. K., Cornor-Dolloff, C., Girvetz, E., Loboguerrero, A. M., Ramirez-
Villegas, J., Rosenstock, T., Sebastian, L., Thornton, P. K., & Wollenberg, E. (2016). Reducing risks to food 
security from climate change. Global Food Security, 11, 34-43. https://doi.org/10.1016/j.gfs.2016.06.002

Carney, D. (1999). Introduction to sustainable rural livelihoods: What difference can we make? London: Department 
for International Development.

Chakrabarty, M. (2016, September). Climate change and food security in India. ORF Issue Brief No. 157. https://www.
orfonline.org/wp-content/uploads/2016/09/ORF_IssueBrief_1571.pdf

Chakraborty, S., Tiedemann, A. V., & Teng, P. S. (2000). Climate change: potential impact on plant diseases. 
Environmental Pollution, 108(3), 317-326. https://doi.org/10.1016/s0269-7491(99)00210-9

Chauhan, D. S., & Ghosh, N. (2014). Impact of climate change on livestock production: A review. Journal of Animal 
Research, 4(2), 223-239. https://doi.org/10.5958/2277-940X.2014.00009.6

Cline, W. R. (2007). Global warming and agriculture: Impact estimates by country. Washington: Center for Global 
Development and Peterson Institute for International Economics.

Debela, N., Mohammed, C., Bridle, K., Corkrey, R., & Mcneil, D. (2015). Perceptions of climate change and its impacts 
by smallholder farmers in pastoral/agropastoral systems of Borana, South Ethiopia. Springer Open Journal, 4(1), 

http://agcensus.nic.in/document/agcensus2010/completereport.pdf
https://www.researchgate.net/publication/331044122_Climate_Change_and_the_Dryland_Resources_of_Nigeria
https://www.researchgate.net/publication/331044122_Climate_Change_and_the_Dryland_Resources_of_Nigeria
https://doi.org/10.1007/s42398-019-00078-w
https://econpapers.repec.org/scripts/redir.pf?u=https%3A%2F%2Fdoi.org%2F10.1016%252Fj.eneco.2014.09.010;h=repec:eee:eneeco:v:46:y:2014:i:c:p:555-561
https://www.dailyexcelsior.com/food-security-and-climate-change-in-jk/
https://www.dailyexcelsior.com/food-security-and-climate-change-in-jk/
https://www.downtoearth.org.in/blog/india/will-climate-change-bring-back-the-age-of-famines-in-kashmir--66350
https://www.downtoearth.org.in/blog/india/will-climate-change-bring-back-the-age-of-famines-in-kashmir--66350
https://doi.org/10.1016/j.gfs.2016.06.002
https://www.orfonline.org/wp-content/uploads/2016/09/ORF_IssueBrief_1571.pdf
https://www.orfonline.org/wp-content/uploads/2016/09/ORF_IssueBrief_1571.pdf


Regional Economic Development ResearchVolume 2 Issue 2|2021| 129

236. https://doi.org/10.1186/s40064-015-1912-9
Dev, S. M. (2011, August). Climate change, rural livelihoods and agriculture (focus on food security) in Asia-Pacific 

region. Indira Gandhi Institute of Development Research, Mumbai. http://www.igidr.ac.in/pdf/publication/WP-
2011-014.pdf

Downing, M. M., Nejadhashemi, A. P., Harrigan, T., & Woznicki, S. A. (2017). Climate change and livestock: Impacts, 
adaptation, and mitigation. Climate Risk Management, 16, 145-163. https://doi.org/10.1016/j.crm.2017.02.001

Easterling, W. E., Aggarwal, P. K., Bati, M. P., Brander, K. M., Erda, L., Howden, S. M., Kirilenko, A., Morton, J., 
Soussana, J. F., Schmidhuber, J., & Tubiello, F. N. (2007). Food, fibre and forest products. In M. L. Parry, O. F. 
Canziani, J. P. Palutikof, P. J. van der Linden, & C. E. Hanson (Eds.), Climate change 2007: Impacts, adaptation 
and vulnerability. Contribution of working group II to the fourth assessment report of the intergovernmental 
panel on climate change (pp. 273-313). Cambridge, United Kingdom: Cambridge University Press. https://www.
researchgate.net/publication/301634420_Food_fibre_and_forest_products

Ellis, F. (1998). Household strategies and rural livelihood diversification. Journal of Development Studies, 35(1), 1-38. 
https://doi.org/10.1080/00220389808422553

FAO. (2019). FAO’s work on climate change: United nations climate change conference 2019. Food and Agriculture 
Organization of the United Nations. http://www.fao.org/3/ca7126en/ca7126en.pdf

Frank, J., & Buckley, C. P. (2012). Small-scale farmers and climate change. How can farmer organisations and fairtrade 
build the adaptive capacity of smallholders? IIED Sustainable Markets papers. London. https://pubs.iied.org/
pdfs/16518IIED.pdf

Gain, A. K., Giupponi, C., & Renaud, F. G. (2012). Climate change adaptation and vulnerability assessment of water 
resources systems in developing countries: A generalized framework and a feasibility study in Bangladesh. Water, 
4(2), 345-366. https://doi.org/10.3390/w4020345

Ganguly, K., & Panda, G. R. (2010). Adaptation to climate change in India: A study of union budgets. Oxfam India, 
working papers series-I. https://doi.org/10.13140/RG.2.1.4083.4161

Harvey, C. A., Rakotobe, Z. L., Rao, N. S., Dave, R., Razafimahatratra, H., Rabarijohn, R. H., Rajaofara, H., & 
MacKinnon, J. L. (2014). Extreme vulnerability of smallholder farmers to agricultural risks and climate change in 
Madagascar. Philosophical Transactions of the Royal Society B, 369(1639), 1471-2970. http://dx.doi.org/10.1098/
rstb.2013.0089

Hertel, T. W., & Rosch, S. D. (2010). Climate change, agriculture, and poverty. Applied Economic Perspectives and 
Policy, 32(3), 355-385. https://doi.org/10.1093/aepp/ppq016

IHCAP. (2019). Climate vulnerability assessment for the Indian Himalayan region using a common framework. 
New Delhi: Government of India and the Swiss Agency for development and cooperation. http://www.ihcap.in/
resources.html

IPCC. (2001). Climate change 2001: impacts, adaptation, and vulnerability. In J. J. McCarthy, O. F. Canziani, N. A. 
Leary, D. J. Dokken, & K. S. White (Eds.), Contribution of working group II to the third assessment report of the 
intergovernmental panel on climate change (pp. 1032). Cambridge, UK: Cambridge University Press. https://www.
ipcc.ch/site/assets/uploads/2018/03/WGII_TAR_full_report-2.pdf

IPCC. (2007). Climate change 2007: impacts, adaptation, and vulnerability. In M. L. Parry, O. F. Canziani, J. P. 
Palutikof, P. J. Linden van der, & C. E. Hanson (Eds.), Contribution of working group II to the fourth assessment 
report of the intergovernmental panel on climate change (pp. 976). Cambridge, UK: Cambridge University Press. 
https://www.ipcc.ch/site/assets/uploads/2018/03/ar4_wg2_full_report.pdf

IPCC. (2014). Climate change 2014 impacts, adaptation, and vulnerability: Contribution of working group II to the fifth 
assessment report of the intergovernmental panel on climate change. Cambridge, United Kingdom and New York: 
Cambridge University Press. https://www.ipcc.ch/report/ar5/wg2/

Ishtiyak, P., Reddy, M., Panse, S., Wani, I., & Peer, Q. J. A. (2016). Impact of climate change and anthropogenic 
interventions on natural vis-à-vis human resources in Kashmir, India-An overview. Journal of Applied and Natural 
Science, 8(1), 489-493.

Jain, S. (2020, October 13). New Delhi’s twin agenda in J&K-Control land use, destroy food security. News click. 
https://www.newsclick.in/new-delhi-twin-agenda-jammu-kashmir-control-land-destroy-food-security

Jamshidi, O., Asadi, A., Kalantari, K., Azadi, H., & Scheffran, J. (2018). Vulnerability to climate change of small-
holder farmers in the Hamadan province, Iran. Climate Risk Management, 23, 146-159. https://doi.org/10.1016/
j.crm.2018.06.002

Kebede, D. (2016). Impact of climate change on livestock productive and reproductive performance. Livestock Research 
for Rural Development, 28(12), 227. http://www.lrrd.org/lrrd28/12/kebe28227.htm

Khanal, A. R., & Mishra, A. K. (2017). Enhancing food security: Food crop portfolio choice in response to climatic risk 

https://doi.org/10.1186/s40064-015-1912-9
http://www.igidr.ac.in/pdf/publication/WP-2011-014.pdf
http://www.igidr.ac.in/pdf/publication/WP-2011-014.pdf
https://doi.org/10.1016/j.crm.2017.02.001
https://www.researchgate.net/publication/301634420_Food_fibre_and_forest_products
https://www.researchgate.net/publication/301634420_Food_fibre_and_forest_products
http://www.fao.org/3/ca7126en/ca7126en.pdf
https://pubs.iied.org/pdfs/16518IIED.pdf
https://pubs.iied.org/pdfs/16518IIED.pdf
http://dx.doi.org/10.1098/rstb.2013.0089
http://dx.doi.org/10.1098/rstb.2013.0089
http://dx.doi.org/10.1093/aepp/ppq016
http://www.ihcap.in/resources.html
http://www.ihcap.in/resources.html
https://www.ipcc.ch/site/assets/uploads/2018/03/WGII_TAR_full_report-2.pdf
https://www.ipcc.ch/site/assets/uploads/2018/03/WGII_TAR_full_report-2.pdf
https://www.ipcc.ch/site/assets/uploads/2018/03/ar4_wg2_full_report.pdf
https://www.ipcc.ch/report/ar5/wg2/
http://www.lrrd.org/lrrd28/12/kebe28227.htm


Regional Economic Development Research 130 | Sheetal Verma, et al.

in India. Global Food Security, 12, 22-30. https://doi.org/10.1016/j.gfs.2016.12.003
Kumar, C. P. (2014). Impact of climate change on agriculture. International Journal of Engineering Research and 

Management, 1(4), 151-156. https://www.academia.edu/7859708/Impact_of_Climate_Change_on_Agriculture
Kumar, K. S. K., & Viswanathan, B. (2019). Mainstreaming climate change adaptation. In N. K. Dubash (Ed.), India in 

a warming world: Integrating climate change and development (pp. 519-536). England, UK: Oxford University 
Press. https://doi.org/10.1093/oso/9780199498734.003.0028

Lipton, M. (2013). Staples production: Efficient subsistence smallholders are key to poverty reduction, development 
and trade. Paper presented at the Global Commodities Forum, UNCTAD, Geneva. https://unctad.org/meetings/en/
Presentation/SUC_GCF2013_18-03-2013_Michael-LIPTON_Study.pdf

MacCracken, M. C. (2004). The discovery of global warming. Eos, 85(28), 270. https://doi.org/10.1029/2004EO280007
Makate, C., Wang, R., Makate, M., & Mango, N. (2016). Crop diversification and livelihoods of smallholder farmers in 

Zimbabwe: Adaptive management for environmental change. Springer Plus, 5(1135), 18. https://doi.org/10.1186/
s40064-016-2802-4

Malhi, G. S., Kaur, M., & Kaushik, P. (2021). Impact of climate change on agriculture and its mitigation strategies: A 
review. Sustainability, 13, 1318. https://doi.org/10.3390/su13031318

Mbuli, C. S., Fonjong, L. N., & Fletcher, A. J. (2021). Climate change and small farmers’ vulnerability to food 
insecurity in Cameroon. Sustainability, 13, 1523. https://doi.org/10.3390/su13031523

Menike, L. M., & Arachchi, K. (2016). Adaptation to climate change by smallholder farmers in rural communities: 
Evidence from Sri Lanka. Procedia Food Science, 6, 288-292. https://doi.org/10.1016/j.profoo.2016.02.057

Mishra, P. K. (2017). Socio-economic impacts of climate change in Odisha: Issues, challenges and policy options. 
Journal of Climate Change, 3(1), 93-107. https://doi.org/10.3233/JCC-170009

Mendelsohn, R., & Dinar, A. (2005). Exploring adaptation to climate change in agriculture: The potential of cross-
sections analysis. Agricultural and Rural Development, Issue 1. World Bank. http://documents1.worldbank.org/
curated/ar/900131468149960388/pdf/340650Climate11R0note0no0101public1.pdf

Mendelsohn, R., Dinar, A., & Williams, L. (2006). The distributional impact of climate change on rich and poor 
countries. Environment and Development Economics, 11(2), 159-178. https://doi.org/10.1017/S1355770X05002755

Morton, J. F. (2007). The impact of climate change on smallholder and subsistence agriculture. Proceedings of the 
National Academy of Sciences of the United States of America (PNAS), 104(50), 19680-19685. https://doi.
org/10.1073/pnas.0701855104

Mugula, V. J., & Mkuna, E. (2016). Farmer’s perceptions on climate change impacts in different rice production systems 
in Morogoro Tanzania. International Journal of Scientific and Research Publications, 6(2), 2250-3153. https://
www.researchgate.net/publication/297757367_Farmer’s_perceptions_on_climate_change_impacts_in_different_
rice_production_systems_in_Morogoro_Tanzania

Mulinya, C. (2017). Factors affecting small-scale farmers coping strategies to climate change in Kakamega county 
in Kenya. IOSR Journal of Humanities and Social Science, 22(2), 100-109. https://doi.org/10.9790/0837-
220202100109

Murtaza, K. O., & Romshoo, S. A. (2016). Recent glacier changes in Kashmir Alpine Himalayas, India. Geocarto 
International, 1, 1-36. http://doi.org/10.1080/10106049.2015.1132482

Obokata, R., Veronis, L., & McLeman, R. A. (2014). Empirical research on international environmental migration: A 
systematic review. Population and Environment, 36, 111-135. http://doi.org/10.1007/s11111-014-0210-7

Panthi, J., Aryal, S., Dahal, P., Bhandari, P., Krakauer, N. Y., & Pandey, V. P. (2016). Livelihood vulnerability approach 
to assessing climate change impacts on mixed agro-livestock smallholders around the Gandaki River Basin in 
Nepal. Regional Environmental Change, 16, 1121-1132. http://doi.org/10.1007/s10113-015-0833-y

Porter, J. R., Xie, L., Challinor, A. J., Cochrane, K., Howden, S. M., Iqbal, M. M., Lobell, D. B., & Travasso, M. I. 
(2014). Food security and food production systems. In C. B. Field, V. R. Barros, D. J. Dokken, K. J. Mach, M. 
D. Mastrandrea, T. E. Bilir, M. Chatterjee, K. L. Ebi, Y. O. Estrada, R. C. Genova, B. Girma, E. S. Kissel, A. N. 
Levy, S. MacCracken, P. R. Mastrandrea, & L. L. White (Eds.), Climate change 2014: Impacts, adaptation, and 
vulnerability, part A: Global and sectoral aspects, contribution of working group ii to the fifth assessment report of 
the intergovernmental panel on climate change (pp. 485-533). Cambridge, New York: Cambridge University Press. 
http://www.ipcc.ch/pdf/assessment-report/ ar5/wg2/WGIIAR5Chap7_FINAL.pdf

Prathap, P., Archana, P. R., Joy, A., Veerasamy, S., Krishnan, G., Bagath, M., Manimaran, A., Beena, V., Kurien, E. 
K., Varma, G., & Bhatta, R. (2017). Heat stress and dairy cow: Impact on both milk yield and composition. 
International Journal of Dairy Science, 12, 1-11. https://scialert.net/abstract/?doi=ijds.2017.1.11

Rani, C. R., Vanaja, M., & Bali, S. K. (2011). Climate change and rainfed agriculture: Rural development perspectives. 
Journal of Rural Development, 30(4), 411-419. https://academic.microsoft.com/paper/2533723801

https://www.academia.edu/7859708/Impact_of_Climate_Change_on_Agriculture
https://unctad.org/meetings/en/Presentation/SUC_GCF2013_18-03-2013_Michael-LIPTON_Study.pdf
https://unctad.org/meetings/en/Presentation/SUC_GCF2013_18-03-2013_Michael-LIPTON_Study.pdf
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1029%2F2004EO280007
https://doi.org/
https://doi.org/10.3390/su13031523
http://dx.doi.org/10.1017/S1355770X05002755


Regional Economic Development ResearchVolume 2 Issue 2|2021| 131

Salvo, D. M., Raffael, R., & Moser, R. (2013). The impact of climate change on permanent crops in an Alpine region: A 
Ricardian analysis. Agricultural Systems, 118, 23-32. https://doi.org/10.1016/j.agsy.2013.02.005

Serrat, O. (2017). The sustainable livelihoods approach. Knowledge Solutions (pp. 21-26). Singapore: Springer. https://
doi.org/10.1007/978-981-10-0983-9_5

Sharma, S., Joshi, R., Pant, H., & Dhyani, P. P. (2017). Climate change & north-west Himalaya: Prioritization of 
agriculture based livelihood actions. GB Pant National Institute of Himalayan Environment and Sustainable 
Development, Kosi-Katarmal, Almora.

Singh, N. P., Anand, B., Singh, S., & Khan, A. (2019). Mainstreaming climate adaptation in Indian rural develop-
mental agenda: A micro-macro convergence. Climate Risk Management, 24, 30-41. https://doi.org/10.1016/
j.crm.2019.04.003

Somboonsuke, B., Phitthayaphinant, P., Sdoodee, S., & Kongmanee, C. (2018). Farmers’ perceptions of impacts of 
climate variability on agriculture and adaptation strategies in Songkhla Lake basin. Kasetsart Journal of Social 
Sciences, 39(2), 277-283. https://doi.org/10.1016/j.kjss.2018.05.006

Sowunmi, F. A., & Kintola, J. (2009). Effect of climatic variability on maize production in Nigeria. Research Journal 
of Environmental and Earth Sciences, 2(1), 19-30. https://www.researchgate.net/publication/43655892_Effect_of_
Climatic_Variability_on_Maize_Production_in_Nigeria

State Action Plan for Climate Change (SAPCC). (2014). Times of India (Dehradun). Government of Jammu and 
Kashmir. http://moef.gov.in/wp-content/uploads/2017/08/Jammu-Kashmir.pdf

Thakur, S. B., & Karki, G. (2018). Climate change impacts on agriculture and livestock in Nepal. The Journal of 
Agriculture and Environment, 19, 108-117. https://www.researchgate.net/publication/326589435_CLIMATE_
CHANGE_IMPACTS_ON_AGRICULTURE_AND_LIVESTOCK_IN_NEPAL

Tripathi, A. (2016). How to encourage farmers to adapt to climate change? Institute of Economic Growth (IEG), 369. 
http://www.iegindia.org/upload/profile_publication/doc-130616_190752IEG%20WP%20369%20AT.pdf

United Nations Development Programme. (2007). Fighting climate change: Human solidarity in a divided world. 
Human Development Report. New York, Palgrave Macmillan. http://hdr.undp.org/sites/default/files/reports/268/
hdr_20072008_en_complete.df

UNCTAD. (2021). Trade and environment review 2021: Trade climate readiness for developing countries. United 
Nations, Geneva. https://unctad.org/system/files/official-document/ditcted2020d3_en.pdf

United Nations Environment Programme. (2013). Smallholders, food security and the environment. Rome: IFAD. 
UNEP. https://www.ifad.org/documents/38714170/39135645/smallholders_report.pdf/133e8903-0204-4e7d-a780-
bca847933f2e

Vorley, B., Del Pozo-Vergnes, E., & Barnett, A. (2012). Small producer agency in the globalized market: Making 
choices in a changing world. IIED, HIVOS, The Hague, London. http://www.hivos.net/hivos-Knowledge-
Programme/Publications

WMO. (2020). WMO statement on the State of Global Climate in 2019. Geneva, Switzerland. https://library.wmo.int/
doc_num.php?explnum_id=10211

Zurovec, O., & Vedeld, P. O. (2019). Rural livelihoods and climate change adaptation in laggard transitional economies: 
A case from Bosnia and Herzegovina. Sustainability, 11(21), 6079. https://doi.org/10.3390/su11216079

https://doi.org/10.1007/978-981-10-0983-9_5
https://doi.org/10.1007/978-981-10-0983-9_5
https://doi.org/10.1016/j.crm.2019.04.003
https://doi.org/10.1016/j.crm.2019.04.003
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.kjss.2018.05.006
http://moef.gov.in/wp-content/uploads/2017/08/Jammu-Kashmir.pdf
http://www.iegindia.org/upload/profile_publication/doc-130616_190752IEG%20WP%20369%20AT.pdf
http://hdr.undp.org/sites/default/files/reports/268/hdr_20072008_en_complete.df
http://hdr.undp.org/sites/default/files/reports/268/hdr_20072008_en_complete.df
https://unctad.org/system/files/official-document/ditcted2020d3_en.pdf
https://www.ifad.org/documents/38714170/39135645/smallholders_report.pdf/133e8903-0204-4e7d-a780-bca847933f2e
https://www.ifad.org/documents/38714170/39135645/smallholders_report.pdf/133e8903-0204-4e7d-a780-bca847933f2e
https://library.wmo.int/doc_num.php?explnum_id=10211
https://library.wmo.int/doc_num.php?explnum_id=10211

	_GoBack

