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Abstract The potential impacts of climate change on the food
security of subsistence farmers is a serious concern. This arti-
cle explores the food security situations of two categories of
subsistence farm households, vegetable- and cereal-based
farming systems, in the Makwanpur district of Nepal in the
context of climate change. Local climate data for the past 30
years were analyzed. Interviews with local farmers and key
informants, and focus group discussions were carried out to
collect the primary data. Empirical data showed that changes
in climate variables for the study period were in line with
farmers’ perceptions and that farming communities were neg-
atively impacted. Perceived impacts were erratic rainfall, in-
creased frequency of floods and droughts, soil degradation
and insect pests, weeds and diseases. Farmers have modified
traditional cropping patterns and calendar, changed crop vari-
eties and increased fertilizer and pesticide applications in or-
der to maintain crop yields. They have also sought off-farm
employment. However, agricultural productivity in the area is
declining and only one third of all households in the area were
food secure. Household food insecurity was at mild to mod-
erate levels, but vegetable-based households were more secure
than cereal-based ones. At the household level, locally suc-
cessful adaptive measures, such as rainwater harvesting,
mulching, planting date adjustments, off-farm opportunities,
including infrastructure and extension support, could increase
production and contribute to reversing the impact of increased
risk attributed to climate change.
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Introduction

Agriculture is an important sector in Nepal as it contributes
39 % of the country’s GDP (MoAC 2010) and two thirds of
the country’s economically active population depends on it for
employment and for their livelihoods (WFP and NDRI 2010).
Nepal’s agriculture is characterized by traditional low input
farming practices and relies mainly on natural rainfall as only
40 % of the agricultural land is irrigated (Gentle and Maraseni
2012; MoAC et al. 2009) making this sector highly climate
sensitive (World Bank 2002; Easterling et al. 2007; IPCC,
2007), and hence raising food security concerns. Increasing
prevalence of natural disasters within Nepal, such as droughts,
flooding, landslides and hailstorms with large stones corre-
lates with variation in climate (MoAC et al. 2009) and has
caused adverse impacts on agriculture, such as reduced soil
fertility and agricultural production (Regmi and Adhikari
2007; Malla 2008; Bhandari 2008). Crop failures have been
experienced in many places, increasing the risk of food inse-
curity for the majority of the people (Regmi et al. 2008; Jones
and Boyd 2011; Gentle and Maraseni 2012). The country’s
annual food deficit and regular imports of food from neigh-
boring countries are associated with these adverse impacts on
agricultural production. Severity of the impacts of climate
extremes depends strongly on the level of exposure and vul-
nerability (IPCC 2012) and generally affects the poorer na-
tions and communities more harshly (Barett, 2002; NRC,
2010) due to several factors, such as socioeconomic, demo-
graphic, and policy, limiting farmers’ capacity to adapt to
climate change (Morton, 2007).
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Food security exists when all people, at all times, have
physical, social and economic access to sufficient, safe and
nutritious food which meets their dietary needs and food pref-
erences for an active and healthy life (FAO, 2003). Four pillars
that build up food security are: i) food availability, i.e. suffi-
cient availability of food both in quantity and quality in a
consistent manner, ii) food accessibility, i.e. allocation, afford-
ability and preference of food to achieve a nourishing diet, iii)
food utilization, i.e. diversity of food consumed per day, and
iv) food system stability, i.e. temporal availability of, and ac-
cess to, food (FAO, 2008).

The underlying causes of food insecurity in Nepal are com-
plex and require a thorough assessment of interventions (WFP
and NDRI, 2010). Studies indicate that the impacts of climate
change are significant depending on assumed socioeconomic
development (Schmidhuber and Tubiello, 2007), especially
on those subsistence farm households that are highly depen-
dent on agriculture and have lower incomes (Morton, 2007).
Most literature on the impact of climate change on agriculture
are focused on quantitative projections of future impacts at
geographical scales (Lasco and Boer, 2006). There has not
been adequate discussion that engages with both the impact
of climate change on agriculture and the specificities of small-
holder and subsistence systems (Morton, 2007), although
some discussion exists on the effects of climate change on
rural areas of developing countries. Improved understanding
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Fig. 1 Location map of study area
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of the influence of climate change on agricultural production
and food security is needed (Misselhorn, 2005) by appreciat-
ing farmers’ perceptions and adaptation to climate change in
the local social, economic and institutional context of food
insecurity (Bryant et al. 2000; Smit and Skinner 2002;
Codjoe and Owusu 2011; Li et al. 2010), allowing them to
cope and eventually develop appropriate farming practices
(Rowhani et al. 2011; Vermeulen et al. 2012). It is in this
context that a perception-based study was carried out in the
Makwanpur district, a predominantly agricultural region of
Nepal, to explore the food security situation of farm house-
holds, specifically focusing on the impact of climate variation
on agricultural productivity and food security, and existing
adaptation measures.

Research method
Study area

The Makwanpur district of Nepal was selected as the study
area due to the high dependence of the local population on
agriculture and the frequent occurrence of floods, landslides
and prolonged winter droughts. The district lies in central
Nepal between 27°10" and 27°40" North latitude and 84°41'
to 85°31' East longitude (Fig. 1) covering an area of 2426 km®
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with elevations between 166 and 2584 m above sea level
(CBS, 2005). More than half of the district has a slope incli-
nation greater than 30° making the area vulnerable to land-
slides and soil erosion along the major rivers, namely Rapti
and Bagmati, and their tributaries. The climate ranges from
tropical towards the south to temperate towards the north. The
highest temperature (38° C) is experienced from April to May,
and the average annual rainfall varies from 1838 to 3315 mm
(DHM, 2005).

The majority of the population in the study area rely on
agriculture for their livelihoods. Agriculture is rainfed and
characterized by small land holdings, manual labor and tradi-
tional farming practices. The major cultivated food crops are
rice in winter and autumn and wheat and maize in summer and
winter. Potato, cauliflower, cabbage, tomatoes, carrot and cu-
cumber are the main vegetables produced at the relatively
higher altitudes of the study area.

Data collection and analysis

Data collection was accomplished by adopting two-stage pur-
posive random sampling. First, a total of four Village
Development Committees (VDCs), the lowest administrative
unit of Makwanpur district, were selected in consultation with
the District offices of Agriculture, Dairy Corporation, and
World Food Program. Among the four VDCs,
Makawanpurgadhi and Namtar have a vegetable-based farm-
ing system and are hilly regions, where landslides are preva-
lent. The other two VDCs, namely Manahari and Bhimphedi,
are in the plain area, which is affected by floods and has a
cereal-based farming system. There were 7904 house-
holds in the four VDCs and a total of 266 households
(HH) was calculated as sample size for conducting a
household survey using the equation given by Yamane
(1967) at 0.1 error limit. Three hundred HHs, i.e. 75
from each VDC, were randomly selected for interview
including 30 for pretesting the questionnaire. The ques-
tionnaire was adjusted after pretesting before its use in
face-to-face interviews of sampled households during
August-October 2010. Information was collected on the
socio-economics of households, trends in climate
change, farmers’ perception of climate change, impact
of climate change on agriculture, food security and ad-
aptation practices.

A wide variety of survey instruments exist for collecting
information on the various dimensions of food security, with
tremendous variation across surveys in content, quality, and
quantity of information. Examples of these surveys are
Household Budget, Income and Expenditure, Living
Standards Measurement, Multi-Purpose and Integrated
Household, Demographic and Health, Comprehensive Food
Security and Vulnerability Analysis, 24-Hour Nutrition.
Similarly, there are also several indicators that are currently

being used for food security analysis and monitoring with
differing methods of data collection, aggregation, and analysis
reflecting the lack of a consensual approach. Some of the
widely used indicators of food security, such as
Undernourishment and Food Consumption as used by the
Food and Agriculture Organization (FAO), Dietary Diversity
and Food Insecurity Scale by Food and Nutrition Technical
Assistance (FANTA) project, Food Consumption Score by the
World Food Program (WFP), Coping Strategy Index by
CARE/WFP are in practice (see Carletto et al. 2013 for
detail). We used the Household Food Insecurity Access
Scale (HFIAS) as suggested by Coates et al. (2007) to describe
food vulnerability. This method assumes that the experience
of food insecurity (access) can be quantified by capturing
predictable reactions and responses generated through the
survey.

In addition to primary data collection, interviews of ten key
informants were also conducted to collect food security infor-
mation. Key informants interviewed included officials from
government and non-government organizations, local leaders
and community elders. Eight Focus group discussions (FGD),
two in each VDC, were carried out with farmer groups formed
by the District Agriculture Development Office (DADO). The
purpose of key informant interviews was to collect the infor-
mation of common interest to the community, while FGD
provided an opportunity to understand the status, needs and
aspirations of two specific groups, idenfied as vegetable and
cereal growers. Although no separate analysis was done using
information from key informant interviews and FGDs, this
information was used to triangulate the information collected
from the household survey for better understanding of the
issues. Other needed secondary data were also collected from
various relevant sources, for instance temperature and
rainfall data for the 30 years period 1980-2009 were
collected from the Department of Hydrology and
Meteorology (DHM) of Nepal and were analyzed using
RCLIMDEX ver. 2.1 software. For trend analysis of
temperature and rainfall data, the data was first
smoothed using moving averages to address the high
fluctuations in the recorded temperature and rainfall da-
ta. Six indicators, as recommended by the World
Meteorological Organization and Expert Team on
Climate Change Detection, Monitoring and Indices,
were used in this study. Threshold values were identi-
fied from daily temperature records and their mean,
maximum and minimum values, as well as rainfall data,
collected over the 30 year period (1980-2009), to iden-
tify aberrant values.

The use of Likert-type scales is a common research method
for eliciting opinions and attitudes in social and business sci-
ences since its original inception in 1932 (Ryan and Garland
1999). Opinions on climate change impact on food availabil-
ity measured as perceived impact (no, low, medium or high)

@ Springer



418

R. P. Shrestha, N. Nepal

by HHs were combined to summarize the data by using a
weighted average index (WAI) as shown in the following
equation.

_4fH = 3M + 2L +/NC

n

FAI

where, FAI = Climate change impact on food availability
index, fH = Number of HHs with responses to high group;
fM = Number of HHs with responses to medium group;
fL = Number of HHs with responses to low group;
fNC = Number of HHs with responses to no change group,
n = total response

Results and discussion
Household characteristics

Household characteristics of the two distinct farming systems,
i.e. vegetable-based farming system (VFS) and cereal-based
farming system (CFS) are presented in Table 1. The average
HH size in VFS was higher with five family members com-
pared to the four of CFS. Similarly, education levels, as deter-
mined by literacy, of both males and females were slightly
higher in VFS households than CFS households. CFS house-
holds have relatively larger land holdings as can be seen by the
fact that 53 % have more than 0.5 ha compared to 49 % in
VFS households. Three-quarters of VFS households earned
more than 100 USD annually by selling their farm products
as opposed to none in CFS households. However, cereals are
mostly used for home consumption and hence there is less
opportunity for selling them. Sixty-one percent of VFS

Table 1 Household characteristics
Household characteristics VFS CFS
Average HH size (members) 5 4
Education (% population)
Literacy rate in Male 80 76
Literacy rate in Female 67 60
Land holdings (% HH)
Less than 0.5 ha 51 47
0.5to 1.5 ha 49 53
Source of water for farming (% HH)
Natural rain 28 47
Irrigation 72 53
Farm mechanization (% HH)
Hired tractors 0 47
Motor pumps 11 35

HH = Household; VFS = Vegetable-based farming system;
CFS = Cereals-based farming system

@ Springer

households sought off-farm employment compared to 93 %
of CFS households because for CFS households cropping is
seasonal and farmers have time for off-farm employment
whereas VFS households grow vegetables all the year round.

Vegetable-based households do not use tractors but instead
use human and animal labor owing to the hilly landscape as
opposed to cereal-based HH whose farmlands are located in
the plain on a relatively flat area and do hire tractors. Irrigation
is important for VFS HH who have a more organized irriga-
tion system than CFS HH as can be seen by the higher pro-
portion (72 %) of VFS households using irrigation against
53 % of CFS HH.

Trends in temperature and precipitation

The average annual maximum and minimum temperatures in
Fig. 2 refer to the monthly means and the mean diurnal tem-
perature range (DTR) refers to the differences between these
means. These values showed an increasing trend for the period
1980 to 2009 (Fig. 2). The trend line shows that the mean
annual diurnal temperature range has increased in the last
30 years. Average maximum temperature for the last 30 years
was 38.41 °C. The year, 2008, was the hottest with a maxi-
mum temperature of 39.55 °C, an increase of 0.046 °C per
year during the last 30 years compared to the national average
of 0.06 °C, as reported by Shrestha et al. (1999). The mini-
mum temperature increased by 0.009 °C per year over the
same period. DTR was greater during 2000-2010 with an
average value of 14.67 °C compared with the 12.41 °C of
the previous decade, despite a dip in the early half of the
2000s (Fig. 2). Similar results were obtained for the hilly
region of the country as reported by Baidya et al. (2008).

To examine the trend of rainfall, three indices, namely
number of Consecutive Dry Days (rainfall <I mm; CDD),
number of Consecutive Wet Days (rainfall >1 mm; CWD)
and annual precipitation (annual total of wet days with rainfall
>1 mm), were considered. CDD increased significantly for the
first 20 years but became more variable subsequently. CWD
decreased significantly from about 20 in the first 7 years of the
study period to about 15 in the last 7 years. The annual aver-
age rainfall was 2436 mm with above average rainfall ob-
served between the years 1996 and 2004 (Fig. 2).

During the field survey, farmers were asked about their
perception of changes in temperature over a period of 10 years
(2001-2011). According to the respondents, the summer days
were hotter and the number of winter days had become fewer.
The numbers of hot days had increased according to 83 % and
98 % of VES and CFS households, respectively. Farmer group
discussions and key informant interviews also concluded that
the number of hot days had increased. Hot days were hotter in
the months of April, May and June while cold waves were
colder in the months of December and January compared to
their intensity in the past. Decreases in the numbers of cold
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days were reported by 79 % of VFS households and 89 % of
CFS households. The opinions and responses of farmers, local
experts and participants of the FGDs were good matches with
the trend analysis of empirical temperature data.

With regard to rainfall, 87 % and 95 % of VFS and CFS
households, respectively, thought that rainfall had increased in
the last decade. During interviews, FGD and key informants
reported that the intensity of rainfall was high during the mon-
soon and had been the cause of frequent floods and landslides
in the study area. Farmers perceived that, in the past, rainfall
was less intense but lasted longer, causing less damage to crops.
Rainfall was high during the monsoon period but lately winter
drought had become a major concern. According to those re-
spondents who perceived changes in rainfall pattern, 85 %
claimed a decreasing trend while 15 % claimed an increase.
In the words of one local farmer, “The onset of the monsoon

is not on time and it is often erratic. In winter, the rain usually
arrived afier the wheat harvest in the past but it is now arriving
before the harvest causing damage to the crop”. Thus farmers’
perceptions are that rainfall has become more erratic and has
increased in intensity, causing sporadic floods and landslides.

Food balance

The major food crops of the area are cereals, paddy rice in
particular, and vegetables. Livestock keeping and fruit grow-
ing are practised by a limited number of farmers. District of-
fice data on demand and supply of food grains, mostly cereals,
has shown a negative balance of food production in the district
for the last several consecutive years (Fig. 3). The major crop
in cereal-based farming areas is paddy rice with some wheat
and vegetables as minor crops, whereas in vegetable-based
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Fig.3 Food demand and supply in Makawanpur district. Source: DADO
(2010)

farming areas, vegetables are the major crops and maize, mil-
let or wheat are minor crops.

Local farmers interviewed lamented that landslides, floods
and droughts, during different periods of the year, caused dif-
ficulties for crop cultivation. Farmers, FGD participants and
key informants reported that uneven rainfall negatively affect-
ed crop development and maturity, delayed crop desiccation
and resulted in rotted crops and even grain and seed loss of
standing crops. Floods in 1985, 1994, 2002, 2003 and 2005
and droughts in 2006, 2007 and 2009 were specifically men-
tioned. As a result, the food security, income and livelihoods
of farmers’ households were negatively affected. Other prob-
lems, such as stream bank erosion during heavy rains and
landslides added further burdens to farmers by eating up al-
ready small land holdings, resulting in less land area for
cultivation.

Food security

Food security is considered to be a flexible concept and hence
its measurement can be not only difficult but also contextual.
As food security is preferably measured at the household lev-
el, we considered simple variables as indicators to represent

those pillars of food security, namely food availability, food
accessibility, food utilization, and food system stability, men-
tioned in an earlier section of this paper to measure the impact
of climate variability as perceived by the respondents.

With regard to crop area reduction, the impact was medium
(3.1) in the case of CFS households compared to VFS house-
holds where it was low (2.0) as indicated by the food avail-
ability index (FAI; Table 2). More than half of VFS respon-
dents (55 %) and CFS respondents (61 %) reported significant
decreases in crop productivity. Of CFS respondents, 35 %
changed cropping area from cereals to vegetables owing to
reduced crop productivity, whereas 8 % VFS farmers changed
from cereals to vegetables to cope with the adverse effect of
climate change. Increasing drought and water scarcity, as cli-
mate change impacts, were felt to be at high and medium
levels by VFS and CFS respondents, respectively.

Poor irrigation facilities in the area also negatively affected
food availability through poor production. Nearly half of CFS
farmers depend on irrigation of crop fields from rivers in ad-
dition to natural rain, unlike the VFS farmers who depend on
natural rainfall alone. More than one third of surveyed house-
holds were also found to be practising rainwater harvesting for
irrigation purpose in the area. This was done through commu-
nity owned rainwater-harvesting ponds as shown in Fig. 4.

Two indicators, i.e. household income and food prices,
were considered in order to examine the food accessibility of
households. More than 90 % of respondents thought that the
impact of climate variability had caused decreased income and
simultaneously increased food prices, contributing to worsen-
ing of the food security situation. Impact on crop storage was
felt at medium level by 93 % CFS respondents compared to
low impact by 81 % VFS respondents as a consequence of
having to maintain storage facilites. Farmers also cultivated a
more limited number of crops or less diverse crop types in the
study area and sold part of their agricultural produce in order
to purchase foods that were not grown on their farms. Besides
these constraints, VFS households also have difficulties in
selling their products owing to the lack of transport, given
the rugged and hilly terrain. The problem is especially acute
during the rainy season because of roads and trails blocked by

Table 2 Farmers’ response to the
impact of climate change on food
availability

Indicator

VFS (%HH) CFS (%HH) VFS  CFS

H M L NC H M L NC  FAI

Reduced crop area
Reduced crop productivity

Increased drought and water scarcity

Increased food diversity
Crop storage
Disease/insect pests occurrence

8 319 52 35 49 11 5 2.0 3.1
55 37 1 61 36 3 0 3.5 3.6
49 47 1 39 53 12 0 3.5 2.8
51 39 10 0 19 25 27 0 3.4 2.6
3 16 18 0 93 1 0 22 3.0
15 33 52 0 54 37 0 2.6 2.7

H High, M Medium, L Low, NC No change; FAI (Food Availability Index): 4 = high impact, 3 = medium, 2 = low,
1 =no change; HH Household; VFS Vegetable-based farming system; CFS Cereals-based farming system
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Fig. 4 a Rainwater harvesting pond, b Agroforestry, and ¢ Straw mulching practised by VFS

landslides preventing access to markets. In contrast, CFS
households, which are located in the plain area, had no land-
slide related problems. As vegetables are not staple foods,
almost all CFS households sold their produce to meet other
household expenses, including expenditure on food. More
than 60 % of VFS households earned approximately 1500
US $ annually from the sale of vegetables. However, floods
damaging VFS agriculture also affected CFS households as
they are dependent on VFS for vegetables. Very few CFS
households grew vegetables for home consumption.

VES households perceived that they have higher food di-
versity to meet their dietary needs as shown by an FAI of 3.4
compared to an FAI of 2.6 for CFS households, who grow
cereals and are constrained to grow vegetables due to biophys-
ical unsuitability (Table 2). With regard to crop storage, the
impact perceived was low (2.2) and medium (3.0) by VFS and
CFS households, respectively because VFS households sold
vegetables daily without storing because of the perishable
nature of the crops. There was no significant difference be-
tween VFS and CFS households with regard to their percep-
tion of the occurrence of crop disease due to climate variabil-
ity. Households from both areas felt that there was an in-
creased incidence of disease and insects pests and their impact
was perceived at medium level.

Food secure households were defined as households that
never had to worry about food for the whole year. In order to
analyze the self-sufficiency of food, households were catego-
rized into four groups based on the period of food sufficiency
from their own farm production using HFIAS as described
earlier. About 37 % of VFS households and 27 % of CFS
households were food secure (Table 3). Mildly food insecure
households were defined as households that worried about not

having sufficient food for fewer than 4 months a year, and/or
were not able to eat preferred foods and/or had to eat the same
food time and again, i.e. had a monotonous diet and/or had to
eat foods not preferred by them but did not cut down the size
of meals in terms. About 34 % VFS households and 21 % CFS
households were mildly food insecure.

Moderately food insecure households are the ones that
sometimes or often depend on monotonous foodstuffs, and/
or eat few preferred foods, and/or seldom or occasionally re-
duce meal size but do not face a severe situation. There were
16 % VFS households and 23 % CFS households in this
category. The households that frequently cut the size of meals
and number of meals each day and/or experienced several
severe circumstances were categorized as severely food inse-
cure households. There were 13 % VFS and 29 % CFS house-
holds in this category. These households also did not have
enough foodstuffs purchased from the market to meet their
food needs. Farmers with larger land holdings and smaller
household size in general were found to be more food secure
than farmers with smaller land holdings and larger household
size. Assuming secure as a score of 1 and severely insecure as
a score of 4, the food insecurity index of 2.5 for CFS indicates
that these households have anxiety about food security for
about six months a year compared to VFS households (2.1)
who felt food insecure for about four months a year.

Adaptation measures to reduce the impact of climate
change

Studies suggest that despite the differences in climate related
risks of flood and landslides, farmers practise local level ad-
aptation processes to reduce the climate risk (Swe et al., 2014;

Table 3 Food insecurity of farm

households Insecurity Category VFS CFS
%HH
Secure 37 27
Mildly insecure (insufficient food for <4 months a year) 34 21
Moderately insecure (insufficient food for 4-8 months a year) 16 23
Severely insecure (insufficient food for 8-12 months a year) 13 29
Insecurity index 2.1 2.5

Index: 4 = severely insecure, 3 = moderately, 2 = mildly, 1 = secure; HH Household; VFS Vegetable-based
farming system; CFS Cereals-based farming system
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Jianjun et al., 2015). In our study area, farmers have incorpo-
rated several adaptation measures in their farming practices to
cope with these risks. These include both changes in on-farm
traditional agricultural practices and off-farm practices, such as
forest protection and off-farm employment (Table 4). In order
to compensate for climate change, 90 to 95 % of respondents of
both vegetable and cereal farmers applied chemical fertilizers
and changed crop varieties. Some of the measures were signif-
icantly different between the VFS and CFS, such as rainwater
harvesting (80 % and 37 %, respectively) and agroforestry
(86 % and 21 %, respectively). On the other hand, the great
majority (93 %) of CFS households had off-farm employment
compared to only 61 % of VFS households.

Increased temperature and erratic rainfall resulted in low
productivity of the crops, and hence most respondents have
shifted from producing cereals to vegetable crops. According
to the VFS respondents, it is relatively easier to cultivate veg-
etables despite the changing climate, as they are able to im-
plement various technologies to control the environment and
thus risk. These include plastic tunnels and raised bed cultiva-
tion, which are almost impossible for cereal crop cultivation.
The majority of farmers reported having changed crops vari-
ety to better cope with the impact of changing climate. Local
varieties have been replaced by new hybrids which are better
suited to withstand floods and droughts. Altogether 92 % of
households reported to have changed crop varieties since the
year 2000 although this change was not solely a response to
climate change or variability. The other reasons cited for
change were increased yield and early maturation of the crop.

Farmers also started making modifications to the traditional
cropping calendar owing to variation in temperature, rainfall,
relative humidity as well as changes in crop varieties (Fig. 5).
Almost all the respondents mentioned that the planting time of
major cereal crops such as paddy, maize, wheat and finger
millet has changed in the last 10 years with delayed planting
and harvesting by half to one month in the case of most low-
land and upland crops.

Table 4 Adaptation

measures Measures VFS  CFS
% HH
Rain water harvesting 80 37
Changes in crop varieties 90 95
Chemical fertilizer use 93 90
Organic manure use 67 60
Agroforestry 86 21
Forest protection 77 78
Off-farm employment 61 93

HH Household, VFS Vegetable-based
farming system, CFS Cereals-based farm-
ing system

@ Springer

Most farmers reported using organic and chemical fertil-
izers in greater amounts compared to earlier years in efforts to
increase or maintain productivity. Soil erosion leads to nutri-
ent leaching and thus forces farmers to apply increased
amounts of fertilizers (Rohlini et al., 2007). In our study area,
the reason given for the increased application rate of fertilizers
was the loss of soil fertility due to drier soils, increased ero-
sion, and nutrient leaching from increased temperature and
rainfall. However, according to one farmer, crop yield was
good and enough to feed the entire family although less fer-
tilizer was applied than 15 years previously.

In addition to increasing incidence of diseases and insect
pests, farmers have also witnessed increases in weed popula-
tions. However, no farmers used herbicides, possibly because
of being unaware of them but also because weeds can be used
as livestock feed and bedding material. In addition, agrofor-
estry is mostly limited to cultivated fodder species for live-
stock. Given the hilly terrain, the majority of VFS households
have adopted agroforestry, growing such species as Mulberry,
Napier and Broom grass, in order to minimize soil erosion and
landslides on the steep slopes. Besides, some agroforestry
species have economical value as they can be sold in the
market.

The majority of respondents reported that under growing
climatic uncertainty, off-farm employment has helped farmers
to improve their food security situation. More than three-
quarters of households in both categories had actively en-
gaged in forest protection due to their increasing awareness
of the importance of forests in the contexts of soil and water
conservation, landslide control, and harvest of appropriate
forest products for efficient resource use (Niraula et al.
2013). It is worth citing here that Nepal has successful partic-
ipatory forest management (Ojha et al., 2009).

Agricultural production has been rapidly declining in
Nepal and households have no choice other than to seek alter-
native sources of income. About 40 % of the households sur-
veyed worked as off-farm agricultural labor followed by em-
ployment in the service sector and small businesses. Only 3 %
of the respondents reported that they still solely depended on
agriculture for their livelihoods. Another important factor is
that only 15 % of males and 8 % of females had pursued or
were pursuing higher education. Low education level is a
major barrier to obtaining employment outside the agricultural
sector. Land was the primary physical asset of households in
the study area and it is common practice for land to be used as
collateral in order to acquire bank loans. These were mainly
used for agricultural activities, such as buying seeds, fertilizers
and equipment for irrigation, and even meeting the cost of
travel in order to send family members abroad for foreign
employment in some cases. Migration of male members to
foreign countries including India and Malaysia for employ-
ment is common in the area in order to cope with food inse-
curity and economic hardship. Most migrants were from
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Fig. 5 Old and new cropping calendar

households with insufficient access to food, unemployed or
were burdened with debts.

Conclusions and policy implications

This study shows that there have been changes in temperature
and rainfall patterns in the study area in the recent past with
slightly increased temperature although less than the national
average and fewer wet days. These results are consistent with
farmers’ opinions. Farmers reported a range of impacts of
climate change on crop productivity, which eventually forced
them to alter their traditional cultivation practices. Major im-
pacts included increased outbreaks of insect pests, weeds and
crop diseases, and decline in soil quality. These have led to
increased use of pesticides and fertilizers and adoption of
measures such as use of high yielding varieties and change
of cropping patterns and calendar in order to maintain
crop production levels. However, these adaptation mea-
sures have done little to increase farm productivity and
food insufficiency continues to exist, the majority of
households having experienced some level of food inse-
curity. Both vegetable-based and cereal-based subsistence
farmers are food insecure for about half of the year, however,
the former group is more secure as there is higher food diver-
sity, more regular source of income from diverse farm prod-
ucts and relatively fewer climate extremes at their location.
Farmers with larger land holdings and smaller household size
in general were more food secure than farmers with smaller
land holdings and larger household size.

Farm households are increasingly looking for other options
to cope with declining and variable farm production. Off-farm
employment, taking out loans and even out-migration within
the country and abroad are prevalent practices for adapting to
economic hardship. Besides several constraints, such as reli-
ance on natural rainfall, small land holdings, frequent floods
and droughts, poor transport infrastructure, difficult terrain,

o——oO

New cropping calendar (after 2000)

low levels of education and widespread poverty, the actual
impacts of climate change and variability are also largely de-
pendent on farm and household characteristics, which influ-
ence management and adaptation (Reidsma et al., 2010). In
this study, vegetable-based households seemed better able to
cope and absorb climate variability than cereal-based ones.
The former group also have comparatively higher literacy
rates, less off-farm employment, more irrigation facilities but
lower mechanization. Transformation from a household’s
needs-based cereal production system to market-oriented veg-
etable production can be seen as financially advantageous and
also a means to better coping with adverse climate conditions
and food insecurity (Dahal et al. 2009).

This study clearly suggests that agricultural productivity
will have to improve in order to ensure food security.
Enhancing water use efficiency is a critical response to climate
risks (Iglesias et al. 2012) as practised by VFS farmers through
rainwater harvesting. Agro-forestry, mulching, adjusting
growing time, and improving off-farm income opportunities
can contribute both directly and indirectly to crop production
and improved food security. There is also a need for improv-
ing support services for farming activities, such as information
access, infrastructure, extension and market and storage facil-
ities. This requires substantial efforts at community and
household levels (Wahlqvist et al. 2012). Although this study
is based on the perception of farmers, it has generated useful
information on food insecurity attributable to climate risks at
the household level and has furthermore shown that food se-
curity in terms of a nourishing diet for individuals within a
household is subject to variation that justifies further investi-
gation and empirical studies.
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