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Introduction
Agriculture is heavily impacted worldwide by climate change, 

and yield reduction may result in the decline of food security, 
especially in mountainous areas [1-4]. Agriculture requires much 
water for irrigation, and worldwide roughly 70% of the water is 
used by agriculture [5-7], and increasingly so under population 
growth pressure [8]. Most relevant crops for food security are 
cereals, and especially wheat, Triticum L., maize Zea Mais L., and 
rice Oryza L. [9-12], requiring significant amounts of water for 
production, i.e. rainfall and often irrigation during summer or 
dry season [13,14]. Under climate change the need of water for 
cropping may increase, requiring adaptation strategies [11,13]. 
Effects of climate on agriculture may include 

a.	 CO2 increase on plant respiration cycle, especially for plants 
of type C3, and less for type C4 [15-17], 

b.	 effects of temperature and rainfall changes [18]. Climate 
change as projected for the 21st century may significantly 
alter crop production [19,20]. 

The recently issued assessment report 5 AR5 of the 
Intergovernmental Panel on Climate Change IPCC states that 
negative impacts of climate trends have been more common than 
positive ones worldwide [21], and there are between 5 and 200 
million additional people at risk of hunger within 2100 [1,22,23].

This review focuses on present, and prospective impact of 
climate change on agriculture, and food security of Nepal. With 
an estimated GDP of $562 per capita in 2012, Nepal is ranked 
amongst the poorest countries worldwide, and displays 25% of 
population below poverty line of $ 1.25 per day [24]. In spite of 
the large supply of freshwater from the Himalayas [25,26], 28% 
of the population is thought not to have access to safe drinking 

water. Small scale (average 0.7 ha), subsistence agriculture is 
the mainstay of Nepal’s economy, employing 78% of work force, 
and contributing nearly 36% of Nepal’s GDP [27], with however 
60% of the population being undernourished, especially in the 
mountain areas [28]. Due to lack of investment capacity and 
infrastructure as well as lack of market opportunities, the majority 
of poor peasants adopt traditional technology in their production 
system [29], and it is estimated that hardly 13% of the agricultural 
products are traded in the market [30]. Approximately 17% of the 
total land area of Nepal is agricultural [24], but only 27% of such 
agricultural land has access to irrigation, and it is located above all 
in the Terai zone (the southern, more fertile belt along the Nepal-
India border), whereas the great part of arable land is rain-fed. Rice 
single cropping is feasible up to 2200 m a.s.l. or so, while double 
cropping is generally limited to areas below 1000 m as.l. [4]. Maize 
can be successfully cultivated at altitudes up to 2800 m a.s.l. but 
in practice, maize cultivation is largely limited below 2500 m a.s.l. 
[4,31]. Wheat is cultivated up to altitudes of 3000 m a.s.l. [4,31]. 
Nepal’s varied topography and social vulnerability make the 
country particularly susceptible to climate variations [24,32-38], 
and the country has low adaptive capacity to respond to crop 
variability under climate change [39]. The effect of recent climate 
change in Nepal includes rapid temperature increase [3,34,40], 
erratic rainfall pattern, decreased length of winter, and increased 
frequency and length of droughts [41]. Therefore, the question 
arises whether present and perspective climate change will 
impact cropping, and food security. The scope of this brief review 
is thus twofold, namely to 

i.	 summarize the available knowledge concerning present, and 
prospective impact of climate change upon agriculture, and 
food security in Nepal, including objective measures, and 
social perception, and 
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Abstract

Nepal is amongst the poorest countries worldwide, and its varied topography and 
social vulnerability make the country particularly susceptible to climate change. In 
turn, Nepal has low adaptive capacity to respond to the variability due to climate 
change. Small scale (average 0.7 ha), subsistence agriculture is the mainstay of Nepal’s 
economy, employing 78% of work force, and contributing nearly 36% of Nepal’s 
GDP. Only 27% of agricultural land has access to irrigation, whereas the great part of 
arable land is rain-fed. Recent climate change in Nepal has demonstrably impacted 
crop productivity. The question thus arises whether present and perspective climate 
change will negatively impact agriculture, and food security. In spite of such, few 
studies recently explored future impact of climate change specifically on Nepal’s food 
security. Here I summarize, and critically comment the available literature about 
recent and perspective impact of climate change on Nepal’s agriculture, and rural 
economy, highlight the main findings and criticalities, and I suggest future directions 
of investigation. 
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ii.	 delineate open issues, and future avenues of investigation. In 
the forthcoming, I first analyze the available literature focusing 
upon present and future climate change effects on agriculture 
of Nepal, and possibly related socio-economical issues. 
Albeit water resources and hydrology are generally speaking 
related to crop production via irrigation, and water footprint 
concepts, I will only consider manuscripts specifically 
focusing on climate change, and subsequent impact on crops, 
and food security, while more general contributions tackling 
water resources management will not be analyzed. Also, I 
will report some studies concerning perception of climate 
change impact. Second, based on this review exercise, I will 
discuss open issues and critical aspects, and suggest potential 
avenues for future endeavor.

How climate change affects food security of Nepal?

State of the art on climate change impact in Nepal

Among others, Karki and Gurung [24] discuss impact of 
climate change on Nepali agriculture. Also based on [42,29], they 
suggest that impact of climate change is expected to be severe in 
the mountain and Himalayas, as compared to plain areas. In the 
highest altitudes, population entirely relies on agriculture for their 
subsistence, and the extreme climatic conditions will put these 
areas in economic stress by affecting the agricultural production 
and food security. They accordingly provide a ranking of Nepal’s 
districts according to overall climate change vulnerability, from 
very low to very high. They report that in the wake of a rain 
deficit in the eastern part of Terai during the year 2005/06, and 
that crop production reduced by 12.5 % on national basis. On the 
other hand, torrential rain occurring in the mid  western Terai 
reduced crop production by 30% in the same year. Bhatt et al. [4] 
investigated crop yield under historical climate (1967-2008) for 
rice, maize and wheat in the Koshi basin (Solukhumbu district), 
finding significant impact of growing season temperature and 
precipitation on crop production in the region. Rice, maize and 
wheat, cultivated below 1100, 1350 and 1700 m a.s.l. respectively, 
suffer from stress due to high temperatures. The response of crop 
yields to a unit rise of temperature in growing season varies from 
−6 to +16 %, −4 to +11 % and −12 to +3 % for rice, maize and wheat, 
respectively, depending on elevation. Mostly they found warming 
trends in the growing season mean temperatures, with clear 
evidence of negative impacts on yields. However, they observed 
positive impacts of warming at some high elevation areas, for 
rice and maize. They conclude that whenever the observed 
temperature trends would continue in future, the impact would 
be mostly negative on crop production, but crop production may 
still gain from warming at relatively higher altitudes provided 
other conditions are favorable. Poudel & Kotani [43] empirically 
studied the impact of climate on yield of rice, and wheat in central 
Nepal (16 districts with 17 years of data) focusing on seasons, 
and altitudes. The employed a stochastic approach driven by 
wise climatic and geographical variables. Their result show that 
an increase in the variability of temperature and rainfall has 
adverse effects on crop productions. On the other hand, change 
of temperature and rainfall may become beneficial, harmful or 
negligible, depending on the altitudes and the crops. Accordingly, 
adaptation strategies must be tailor-made considering growing 
seasons, altitudes and the crops. 

Perception and adaptation to climate change in Nepal

Among others studies related to agriculture of Nepal under 
global warming [44,45], Dulal et al. [39] used data collected 
through survey interviews to infer the ability of the poor to adapt 
to climate change. They focused on the area of Koshi Tappu river 
floodplain, in the Southernmost part of Nepal, where they carried 
out repeated interviews find out how recurring extreme climatic 
events (e.g. floods) over the years had impacted livelihoods, and 
if people had the required capital assets to remain resilient in 
the face of climate-induced extreme events. They concluded that 
increased extreme event frequency, and magnitude are impacting 
heavily the physical capital of the poor, largely including 
farmlands and crops, so abating the potential for resilience in the 
wake of disasters. They suggest that although the government of 
Nepal has fostered agencies with the mandate of informing and 
assisting in flood related issues, generally low level of education 
of land owners and farmers may make such effort little successful. 
Targeted educational programs may help farmers to access 
information on potential adaptation measures, including choice 
of different crops type, flood resistant seeds, planting times, crop 
rotation and soil conservation. Manandhar et al. [46] used an 
array of tools to gather perceptions of, and adaptations to climate 
change by farmers, in two different ecological regions of Nepal, 
Terai (lowland), and the mountains. They conclude that 

a.	 most farmers perceive climate change acutely, especially in 
terms of increasing temperature, and 

b.	 they respond to it with adaptations at an individual level. They 
suggest however that farmers may be capable of responding 
to climate change, but their adaptation measures are mostly 
short term, and may be inadequate to cope with long term 
modifications of the climate. Innovative micro-insurance 
schemes can be another tool to help Nepalese small-holder 
farmers to cope with climate variability and change, similarly 
to what done e.g. in Africa [47]. 

Gentle & Maraseni [48] used participatory social research 
methods together with climate vulnerability and capacity analysis 
(CVCA) to carry out a study in the mountainous Jumla District in 
Northern Nepal. They explored 

i.	 how climate change affects livelihood of local communities, 
and 

ii.	 how different wellbeing groups are differentially impacted. 
They found that under recently increased temperature and 
more erratic rainfall, a general trend of decreasing crop yield 
occurred, however with difference between different social 
groups. The poorest households claimed they did not grow 
rice three years in a row as they only owned rain-fed land. 
Well-off and medium households also reported losing rice 
cultivation in rain-fed land, but they continued rice production 
every year from their permanently irrigated land. 

Also, well-off households reported 

a.	 vegetable farming as a crop diversification strategy, and 

b.	 selling non-irrigated lands and buying irrigated lands to 
secure their crops. Changing weather patterns eventually led 
to resource degradation, food scarcity, lack of basic services, 
and increasing social inequalities. 

http://dx.doi.org/10.15406/apar.2017.06.00237
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Chhetri et al. [49] used the case study of Nepal to illustrate 
how farmers and supporting institutions can develop climate 
sensitive technologies. They conclude that Nepal has developed 
a multilevel institutional partnership between policy makers, 
scientists, farmers, and other non-governmental organizations 
in recent years. This partnership improved knowledge network 
among institutions, scientists and farmers and enabled them to 
seek site specific technologies (e.g. innovation of rice varieties, 
development of appropriate agronomic practices) that are 
effectively responsive to climate changes. 

Projected Impacts of Climate Change During XXI 
Century

A global perspective

Global studies covering food security issues under future 
climate have been developed, that can be used to set the context 
about Nepal’s situation with respect to the broader picture. 
Rosenzweig & Parry [50] produced possibly the first global 
assessment of the potential impacts of climate change scenarios 
on crops. They used numerical crop models for wheat, rice, maize, 
and soybeans to simulate yields at 112 locations in 18 countries 
under climate change using the output of three climate models, 
and then scaled-up to country level point-based estimates of 
change. They found that enhanced concentrations of atmospheric 
CO2 may increase the productivity of most crops through 
increasing the rate of leaf photosynthesis and improving the 
efficiency of water use. Rosenzweig & Parry [50] showed a large 
degree of spatial variation in crop yields across the globe, and 
both the sign and magnitude vary with different climate models 
and from one country to another. Their study [50], subsequently 
updated by World Bank [51] indicated in Nepal a relative change 
in (cumulative) crop yield at 2050 in the order of -10% to -15% 
against present. Wheeler & von Braun [23] recently reviewed the 
findings in global food security, by commenting that crop yields 
are more negatively affected across most tropical areas than at 
higher latitudes, and impacts become more severe with increasing 
climate change. They notice that large parts of the world with 
expectedly decreasing crop productivity under climate change, 
coincide with countries currently having high level of hunger. 
Review of changes in the yield of major crops in South Asia under 
climate change displayed that crop yield may decline by -8% by 
2050, –16% for maize, and –11% for sorghum. No large change in 
yield was detected for rice. 

Projected impacts of climate change in Nepal

Focusing more locally, some recent studies are also available 
for Nepal, targeting potential evolution of climate until 2100 or 
so, and subsequent fallout upon agriculture, and food security. 
Agrawala et al. [52] examined the results of the OCDE Development 
and Climate Change project for “Development and climate change 
in Nepal: focus on water resources and hydropower”, where 
climate change scenarios (until 2100) for the entire Nepal were 
assessed, using MAGICC/SCENGEN suite of 7 best performing (out 
of 17) GCM models (B2 SRES). They found a projected change of 
average yearly temperature (against 1977-1994) in the order 
of +1.7 °C until 2050, and of +3.0 °C until 2100. Precipitation 
changes in [52] were +7.3% until 2050 and +12.6% until 2090, 

with large deviations from one another model. Karmacharya et 
al. [53] projected Nepal climate under A2 SRES scenario until 
2070, and found an increase (vs 1961-1990) of temperature of 
+1.9 °C yearly, +2.1 in winter, and +1.9 °C in monsoon season. 
Lamsal et al. [54] used the CSM-CERES-Rice model to evaluate the 
sensitivity to climate change (weather years, CO2, max and min 
temperatures, solar radiation) on rice production in Chitwan, 
with humid sub-tropical climate, and found that temperature 
is a most sensitive parameter for yield. Amgain [54] used CSM-
CERES-Maize to model, and subsequently project until 2080 
maize yield (4 genotypes), again in Chitwan. Using different 
climate change scenarios from IPCC (AR4) for 2020, 2050 and 
2080 to fix reference changes in CO2 (370-570 ppm), max and min 
temperatures, and solar radiation, they found that there would be 
an increment (up to +15%) in winter maize yield until 2020, and 
subsequent drastic yield loss in 2050 (down to -10%) and 2080 
(down to -42%), under present management. Palazzoli et al. [31] 
investigated the effect of prospective climate change (until 2100) 
on hydrology and productivity of rain-fed crops (wheat, maize, 
rice) in the Indrawati river basin (623-5854 m a.s.l.), 50 km North-
East of Kathmandu. They used climate scenarios from 3 climate 
models (CCSM4, EC-Earth, ECHAM6), each one under 3 different 
representative concentration pathways (RCPs) and the Soil and 
Water Assessment Tool (SWAT) model to estimate modified crop 
yield at half century (2045-2054) and end of century (2085-
2094), against a control run decade (1995-2004). At half century 
they find increased temperature yearly from +0.6 °C to +2.3°C 
(min with RCP2.6, max with RCP8.5), and from +1.4°C to +2.4°C 
in monsoon season. At the end of century, they projected from 
+0.7 °C to +6.2°C (min with RCP2.6, max with RCP8.5) yearly, and 
from +1.1°C to +4.8°C in monsoon season. Precipitation displays 
more erratic patterns. Palazzoli et al. [31] found on average 
-41.6% in Winter, +15% in Summer, and +9.5% yearly, but with 
CCSM4 providing large increase in summer, and fall (thence, 
yearly). Considering only EC-Eearth, and ECHAM6, they found 
-54% in Winter, -5% in Summer, and -17.3% yearly. Crop changes 
in Palazzoli et al. [31] display some variability, and complex 
vertical structure. Basin average rice yield is basically projected to 
increase (+5.7% on average at 2050, +3.0% on average at 2100), 
with however large variability for different scenarios (+2% to 
+12.1%, and -17.0% to +9.1%, respectively), with somewhat large 
year to year coefficient of variation CV, an indication of decreased 
food security. Maize yield would largely decrease (-2.8% on 
average at 2050, -3.5% on average at 2100), with however large 
variability (-15.0% to +4.7%, and -17% to +4.0%, respectively), 
and again large CV. Wheat would be seemingly the most impacted 
crop (-3.6% on average at 2050, -0.1% on average at 2100), with 
very large spread (-35.6% to +13.2%, and -25.1% to +18.0%, 
respectively), and very large CV in all simulations. The authors 
attributed modified crop patterns mostly to 

i.	 increased CO2, possibly leading increase of biomass especially 
in C3 plants, 

ii.	 larger potential for thermal stress, shortening growth season, 
and increasing year to year variability, and 

iii.	 erratic rainfall patterns, changing year to year water supply. 
Visibly, large uncertainty is attached to projections of 
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future crop yield, albeit the large variation reported mirror 
substantially low yields on average (i.e. ca. 2.8 tonha-1, 2.5 
tonha-1, and 1.7 tonha-1 for rice, maize, wheat, respectively, 
very low as compared with other areas worldwide, e.g. 13, 
55). However, the finding that more erratically changing 
temperature (heat waves) and rainfall (wet/dry spells) 
cascades into more variable (insecure) food production is 
consistent with the findings reported above. 

Open Issues and Avenues for Research
From the discussion above, one can highlight a number of open 

scientific issues that need be tackled to guide effective adaptation 
of Nepali agriculture against climate change, and of related 
research avenues as follows.

Lack of Knowledge of Present and Future Climate 
Change Impact on Agriculture

Not yet exhaustive know how is available of the impact of 
present climate change upon agriculture, crop yield, and its 
vertical structure. Nepal still lacks strong scientific data climate 
change, and due to varied geographical setting sufficient 
meteorological data cannot be easily obtained from remote parts 
of the country [24]. This has so far reduced to a few the studies 
tackling such issue, and more investigation is required. Even more 
pressing is the need for developing scenarios of crop yield in the 
future, under diverse climate scenarios, as provided by IPCC, 
and other credible sources. Especially important is to explore 
scenario uncertainty, so as to provide guidelines for adaptation 
based on what if scenarios, and iterative improvement based 
upon climate evolution. Few studies are available that the author 
here could find tackling prospective impact of climate change, and 
those are limited to specific areas. Locally tailored investigation 
is needed to correctly assess prospective crop systems’ evolution 
in different areas, and subsequent upscaling may be done at the 
country scale. Such studies should in principle provide a base for 
brainstorming, identifying, and testing of adaptation measures, 
to be then proposed to policy makers for implementation. It 
needs be stressed that complex topography of Nepal makes more 
complicate data gathering, field monitoring and implementation 
of solutions. Solution based upon Crowd Science [56] may 
allow the local people to help in data retrieval, implementation, 
observation, while involving actively the local communities in 
problem solving, and design of alternatives. 

Need for large scale planning and developing of 
irrigation schemes, and hydropower plants 

Clearly, a lack of irrigation schemes makes cropping largely 
insecure in Nepal under climate warming. Scientific effort should 
be devoted to investigate water demand for target crop yield 
under planned population increase, and to assess water resources 
availability. Accordingly, irrigation schemes may be developed to 
carry water from the zone of production, i.e. largely in the high 
altitudes of the Himalayas, to cropped areas at lowest altitudes. 
In this respect, one notices that Nepal has large water availability, 
and tremendous need also for hydropower energy. It is estimated 
that only 20% of Nepali population has access to electricity, and 

5% in the rural areas. Only 1-3% of energy demand in Nepal comes 
through hydropower [57], while instead large wood burning is 
used (ca. 66%), together with crop biomass (ca. 15%), and dried 
animal waste for heating in the valleys (ca. 8%), plus imported 
fuels (ca. 8%) [58,59]. Recent estimates carry a potential for 
hydropower nearby 40-60 GW [60-62], with ca. 600 MW produced 
nowadays, mostly run-of-river. Accordingly, Nepal needs to tackle 
soon enough joint management of its large amount of water 
for hydropower production and irrigation. Again, here shared 
solutions need to be chosen and implemented with involvement 
of local stakeholders at all possible levels, and science can provide 
tremendous added value to technological solutions.

Cropland planning under a science driven approach

Modified climate will carry to modified proficiency of crops 
with altitude, as largely demonstrated in the present literature. 
Accordingly, future land use planning, specifically for colonization 
of mountain areas for cropping, already largely ongoing as driven 
by population dynamics, and market economy [63,64], should 
follow rationale principles, including optimized crop yield as a 
function of altitude under climate change. Scientists therefore 
need to develop crop scenarios including evolving land use 
change according to properly developed models against past 
observations.

Need for institutional support 

As reported, recently in Nepal partnerships between policy 
makers, scientists, farmers, and other non-governmental 
organizations helped in developing adaptation. In order to respond 
to climate change, the government of Nepal created a National 
Adaptation Programme of Action (NAPA), a multidisciplinary 
platform of information, data and studies on climate change, usable 
to identify priority activities [24]. Nepal does not have enough 
funds to invest on activities focused on reducing the impacts of 
climate change, and heavily relies upon donors’ support, being 
such lack bottlenecks for agriculture sector in Nepal [65,66]. 
Accordingly therefore adaptation to climate change seems mostly 
based nowadays on an individual, or community based level, 
and one wonders whether such attitude will be sufficient on the 
long term, with worsening of global change. Also, climate change 
impacts more the poorest, less resilient people, more likely living 
on subsistence and rain fed cropping, while well-off communities 
may apply adaptive strategies. Scientists need to be working 
towards developing scientific based, and yet feasible solutions to 
support adaptation strategies valid on the long run. 

Conclusion
Present and future impact of climate change upon life and 

economy of Nepal neither is exactly measurable nowadays, nor 
can be predicted quantitatively with large accuracy. Yet, it is sure 
that modified weather will influence hydrological cycle, glaciers’ 
down wasting, floods and droughts patterns for the year to come, 
and food security in many ways. I here proposed a short review 
of the recent state of the art concerning direct impact of climate 
on crop production, and subsequently on food security. Nepal is 
heavily vulnerable to climate change for geographical, social, and 
economical reason, including lack of own resources, and energy, 
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and the need for support from foreign donors. Large share of the 
population relies upon agriculture for subsistence, being thus 
the fate of economy, and food security of people at the mercy of 
weather, and getting worse under ongoing climate change. Much 
effort must be devoted to understand the future of climate and 
agriculture, and to profit of the large amount of water available 
from the mountains to boost crop production in the mountains, 
and hydropower production.
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