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Agriculture is the mainstay of the Nepalese population, contributing more than one fourth to the
national economy and more than 60 percent on employment. Climate change seems to be major
challenge to Nepalese agriculture due to higher dependency on rain fed agriculture. The study thus aims
to examine the impact of climate change and variability on crop productivity using crop production data
from the Ministry of Agriculture and Livestock Development and climatic data from the Department of
Hydrology and Meteorology located in three districts viz. Banke, Dailekh and Mugu districts.
Multivariate time series regression analysis is used considering crop yield as dependent variable and
precipitation, minimum and maximum average temperature as explanatory variables. The precipitation
and average minimum temperature are found positively significant in most of the cases while the effect
of average maximum temperature is negative in general. Precipitation seems to have more impact on
rain fed agriculture while rising of maximum temperature is found to be positive impact in mountain
district mainly for winter crops, while maximum temperature shows a positive impact on crop
productivity at national level. Policy needs to be identified adaptation options for crops suitable in the
different agro ecological belts as well as enhanced irrigation facilities in general to reduce risk from the
climate change.
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INTRODUCTION

This necessitates preparedness to face upcoming challenges
and unfolding new reality. Many changes affecting agriculture

Nepal is predominantly an agrarian country relying about 60
percent of the total population and contributing about 64
percent of share in the total industrial sector. Majority of the
population live in rural areas (83% in 2011 and about 40%
estimated in 2018), who mostly depend on agricultural
activities as their principal source of income, employment and
livelihood. In spite of rapid growth on some sectors of the
economy, dependence on agriculture is still significant.
Despite primary sector of the country providing high priority,
this sector is facing several challenges, threatening its growth
and sustainability due to rapid change of the physical and
economic environment which often affect agricultural
activities.

*Corresponding author: Hem Raj Regmi,
PhD Scholar, Central Department of Environment Science, Tribhuvan
University, Kathmandu, Nepal.

transcends geography and are trans-boundary in nature:
climate change, trans-boundary animal and plant diseases pose
formidable challenges. Another serious disadvantage faced by
the farmers in the country is heavy dependence on rain-fed
agriculture.

About 50 percent of total arable land has irrigation facilities .
Livelihood security, eradication of poverty, reduction in
hunger, and sustainable and inclusive growth of economy of
the country thus critically hinge on the future of agriculture.
As Nepal is vulnerable to climate change, this can have
multiple impacts on the agriculture sector of the country. In
Nepal, irrigation facilities are limited and crop production is
highly affected by unusual weather patterns (Regmi, 2007).
This unusual weather patterns need to be assessed and got
more insights to the impact of climate change on crop yield
because of dominance of rain fed agriculture in Nepal. This
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study thus aims to analyze the variability of precipitation and
both minimum and maximum temperature on crop yield of
major crops such as paddy, maize, wheat, millet, barley and
potato of Nepal. We took three districts such as Mugu, Dailekh
and Banke from different ecological belts viz. mountain, hill
and terai, and national average in order to understand the
impact of climate variabilities and variations in the impact on
crop production in different ecological zones.

In a country like Nepal, the importance of accurate and timely
agricultural as well as meteorological data is significant.
Variations in climate conditions are associated with the
variability of crop yield . Climate change affects crop growth
and development, due to changes in the mean and variability
of temperatures and precipitation. Temperature rise and
rainfall variation cause different rapid as well as slow onset
disasters like floods, landslides, debris flow, soil erosion,
drought and cold waves (IPCC, 2007). The year to year
variability of rainfall and temperature is the primary source of
agriculture production risk that causes uncertainty in crop
yield. There is no uniformity in the direction and magnitude of
climate variable effects on crops . The studies of climate
change impacts on crop yield have noticed regionally and
globally. The impact of climate change on crop yield were
found different in various areas, in some regions it increased,
in others it decreased with the latitude of the area and
irrigation application.

Impacts of future climate change on crop production has also
been estimated in several other studies; (Malla, 2009). Loss of
local crop varieties, changes in cropping systems, water
scarcity during water requiring months and increasing of
incidences of diseases and pests have been observed in Nepal;
; however, there are few studies in Nepal to show how climate
change has affected different ecological regions, as each of the
region has a distinctive agricultural and forestry land
utilization pattern and has been adversely affected due to
global warming and anthropogenic activities . Several studies
have pointed that crop production may gain in the higher
altitudes of Nepal; ; , but quantitative study is lacking,
therefore, examining and comparing the nature of the impacts
on a finer spatial scale across ecological region is essential to
properly assess the impacts of climate change and to instigate
suitable adaptation measures in the mentioned areas.

The study on climate change and agriculture arises with the
increasing impact of climate change in the world. Most studies
often highlight that the impact of climate change on agriculture
is significant in Nepal (Malla, 2009); ; ; and ). For example,
(Malla, 2009) showed that temperature and rain had positive
effect in yield of rice and wheat, but negative effect in maize
particularly in Terai, the southern plain of Nepal. opined that
extreme climate variabilities leading to torrential rains, flash
floods and mass movement often negatively affected to the
agricultural production. Likewise, (Maharjan & Joshi, 2013)
analyzed the effect of observed climate variables on yield of
major crops such as rice, wheat, maize, millet, barley and
potato. They found a mixed result of climate change. For
example, increase in summer rain and maximum temperature
could negatively affect to the yield of maize and millet, while
yield of wheat and barley could positively affect by winter rain
and temperature. Conducted a study on the effect of climate
change on crop production using the Ricardian approach and
found that relatively low precipitation and high temperature
seem to have a positive impact on net farm revenue during fall

and spring, while net farm revenue is likely to have positive
impact by summer precipitation but not by temperature.
conducted a study to show the link between climate variables
and rice production in major rice producing districts of Nepal.
The author (Karn, 2012) found that increases in maximum
temperature during the ripening phase contribute to an increase
in rice yield up to a critical threshold of 29.9° C, while the
results showed a negative impact of precipitation on rice yield.
assessed the effects of climate variables on yield of rice,
maize, wheat and potato in the three districts of tropical
regions and explored that climate variables significantly affect
the crop yield but not uniformly on all crops. The authors
concluded that climate variables and their deviations within
growing seasons were important determinants of crop yield. In
this regard, studies related to responses to crop yield due to
climate change in different ecological zones of Nepal is
urgently required to develop future adaptation planning
strategies to address the food security situation in the country.
Based on the above discussion, this study aims to examine the
yield response of climate change using time series data on
precipitation and temperature that have effect on the yield of
crops such as paddy, maize, wheat, barley and potato.

METHODOLOGY

Regression models are commonly used to predict crop yield
with a number of climatic variables such as precipitation and
temperature, based on historical data on crop and climate
variables mainly rainfall and temperatures, , (Lobell et al.,
2008), (Lobell & Burke, 2010). The regression model using
observed data of crop yield and climate variables is based on
time series data. In this analysis, multivariate time series
regression model is applied. The primary advantage of time
series regression models over the static models are that such
models capture the behavior specific to the given area and
control the errors from omitted variables such as crop
management and soil quality that vary spatially (Lobell &
Burke, 2010). We use log linear model to assess the crop
response to climate change using time series data of climate
change (participation and temperature) and crop production,
the functional form of the model is as follows:

LogY,) =0 +a T, + o, F) +¢,

Where, Y;, T, P, are yield, growing average maximum and
minimum temperature, and growing season total precipitation
respectively, where gis an error term with zero mean and
constant variance.

Data and descriptive statistics: The data used in this exercise
are mainly secondary; obtained from Government of Nepal,
Ministry of Agriculture and Livestock Development (MoALD)
for crop yield of different crops of Mugu, Dailekh and Banke
districts and Department of Hydrology and Metrology (DHM)
under Ministry of Environment Science and Technology
(MoEST) for climate related data mainly rainfall, minimum
and maximum temperature as well as their averages from
different field stations. These data follow the country’s
budgeting system (fiscal year) which begins from mid-July of
the English year. The crop yield data represent the district
average, which is the annual average of its growing seasons.
The temperature (maximum and minimum) and precipitation
data used from June to September for paddy and maize as
summer crops, while data for winter crops such as wheat,
barley and potato used from October to March for a period 37
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years (1981 to 2017). In the study area paddy, maize and
millet are grown in summer season, wheat and barley in winter
season and potato in both the seasons.

Study Area

For analyzing effect of climate change on crop production and
food security, we selected one district from each three
ecological belt viz. Mountain, Hill and Terai with
consideration of wvulnerability as well as food security
situation, together with capturing ecological variability.

The basis for selecting Mugu district from Mountain belt is
due to very high overall vulnerability index and food
insecurity . Mugu is known for being both the most remote
district in Nepal, as well as the least developed. Mugu's
geography is very rugged. Likewise, Dailekh from hill region
again with moderate vulnerability and moderate food
insecurity and Banke from terai region with very low
vulnerability as well as good food security. All these three
districts are based on Karnali river basin and mid-western part
of the country and selected to capture the variation of climate
change in crop production in different ecological belts, while
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Figure 1. Map of Nepal and mid-western region (colored districts are Study Area)
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Figure 2. Actual and linear trend of annual rainfall (in mm) in Banke from 1981 to 2017
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Figure 3. Annual trend of maximum and minimum temperature in Banke from 1981 to 2017
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Figure 4. Actual and linear trend of annual rainfall (in mm) in Dailekh from 1981 to 2017
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Figure 5. Annual trend of minimum and maximum temperature in Dailekh from 1981 to 2017
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Figure 6. Actual and linear trend of rainfall (in mm) in Mugu district from 1981 to 2017
25
20
s y = 0.054x - 88.65
@ 15 R*=0.593
=
B
2 10
£ y=0.057x -110.4
ar
Loy R*=0.21
5 .
0
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
Year
—&— Tmax —&— Tmin -« Linear {Tmax} ceeeeseoe Linear (Tminy)
Source: derived from DHM dataset
Figure 7. Annual trend of maximum and minimum temperature in Mugu from 1981 to 2017
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Figure 8. Actual and linear trend of rainfall (in mm) in Nepal from 1981 to 2017
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The figure 4 indicates that annual precipitation in Dailekh is in
declining trend. Though the rainfall trend seems relatively low
fluctuations, but there is a high fluctuation between the period
of 1990 to 2000. Figure 5 presents the trend of minimum and
maximum temperature over a period in which the average
maximum temperature shows an increasing trend while the
average minimum temperature is almost stable over the last 37
years in Dailekh district. Figure 6 shows the increasing trend
of rainfall as well as relatively high fluctuations in Mugu
district compared to other districts. Both Minimum and
maximum temperature in Mugu have recorded increasing trend
over the last 37 years. Overall trend of temperature seems to
be increasing mostly in the hill and mountain. Overall,
national annual average rainfall shows a declining trend over a
period from 1981 to 2017 with high fluctuations mainly from
1999 to 2015. This is an indication of increasing dry spell and
drought in the country. Figure 9 presents the annual trend of
maximum and minimum temperature in Nepal. It is interesting
to note that the trend of maximum temperature is slightly
moving upward which shows an indication of rising global
temperature. However, there is a fluctuation in some periods.
Table 1 presents the descriptive statistics of productivity of
different crops and climatic data such as temperature minimum
and maximum, precipitation by crop cycles of month from
June to September for summer crops like paddy, maize and
millet and October to March for winter crops like wheat and
barley. Annual averages are taken in case of Potato, since it is
grown in both the seasons. The average annual precipitation in
Banke district over last 37 years is about 1395 mm with a
range from 868 mm to 2173 mm per annum and shows a high
deviation (Standard Deviation of more than 338). The average
maximum temperature ranges from 26 to 31 with standard
deviation of less than one and average minimum temperature
ranges from 15 to 20 degrees Celsius again with standard
deviation of less than one showing almost no change on its
trend value. In Dailekh district, the data show a high variation
in  minimum and maximum temperature, including
precipitation in different crop cycles. The overall results in
Mugu district show the high variation of variables of crop
yield, temperature and precipitation, as there is high difference
between mean and standard deviation. Annual national
maximum temperature during summer ranges from 22 to 31
centigrade, while annual minimum temperature during winter
season ranges from 14 to 19 centigrade. Annual national
minimum temperature is from 9 to 19 centigrade. Annual
average rainfall during summer is about 212 mm, while in
winter it is about 32 mm.

Results and Discussions

The effect of climate change on agriculture can be various
forms, through changes in average temperature, rainfall and
climate extremes. This study examines the crop yield response
to climate changes using log linear models in three districts of
three ecological belts such as mountain, hill and terai. The
results from log linear model using crop yield as dependent
variables regressed with maximum and minimum temperature
of winter and summer, and winter and summer rainfall show a
positive impact with rainfall and temperature maximum in
Mugu district. The coefficient of rainfall is statistically
significant at 5 percent and has positive sign, meaning that an
increase with the rainfall from plantation to maturity period is
more likely to increase crop yield of paddy, maize, millet,
wheat and barley. For example, an increase in one mm rainfall
during growing period of paddy crop is likely to increase 0.4

percent of productivity. Similarly, one mm rise in rainfall
would help to increase wheat crop productivity by 1.2 percent.
This seems to be consistent with studies carried by various
researchers that climate change has higher impact on rainfed
agriculture as compared to irrigated farm land .Likewise, the
coefficient of maximum temperature is significant and positive
for maize, wheat and potato yields. Crop yield of these crops is
likely to be better if the maximum temperature increases. This
seems to be for the district in the mountain, as many studies
show that climate change would have positive impact on crop
production However, the coefficients of minimum
temperature are not significant, applying that this does not
show any significant impact on crop yield at least in this data
set. Table 3 presents the results of log linear regression models
of crop yield and climatic variables such as temperature
minimum and maximum, and precipitation in Dailekh district.

In Dailekh, the coefficients of precipitation are significant and
positive with millet and barley, implying that an increase of
precipitation is more likely to increase productivity of millet
and barley. As these crops such as millet and barley are often
cultivated on upland, higher or sufficient rainfall could help to
grow better and have higher yield. However, despite positive
relation yield of paddy, maize and wheat with precipitation,
none of precipitation coefficients are statistically significant.
The coefficients of maximum temperature are statistically
significant and positive sign with crop yield of paddy, wheat
and potato, indicating that the rise of maximum temperature
from crop plantation to maturity period will likely increase the
crop yield. However, the coefficients of minimum temperature
do not show any significance in these exercises. The results of
log linear regression models for crop yield of paddy, maize
and wheat with climate variables such as precipitation,
maximum and minimum temperature are presented in Table 4.
The coefficients of maximum temperature and minimum
temperature are statistically significant with wheat crop yield,
where crop yield will likely decrease with the rise of
maximum temperature but increase with the decrease of
minimum temperature in Banke district. For instance, rise in
one degree Celsius maximum temperature is more likely to
reduce wheat crop productivity by 0.8 percent, one the
contrary it will increase productivity of wheat crop by 0.7
percent with an increase of minimum temperature.

It is noteworthy to highlight that yields of paddy and maize did
not show any impact by climatic variations in Banke. Perhaps
this may be due to good irrigation facilities in Banke compared
to other hill and mountain districts, leading to relatively low
impact of climate change on irrigated land as compared rainfed
land. Table 5 exhibits the results of log linear model of crop
yield response to climate variables mainly maximum and
minimum temperature, together with summer rainfall for
summer crops such as paddy, maize, millet and potato, and
minimum and maximum winter temperature and rainfall for
winter crops such as wheat and barley in Nepal. The results
from the models show an impact of both maximum and
minimum temperature on crop productivity of respective
seasons but not from the rainfall. For example, rise in 1 degree
Celsius maximum summer temperature is more likely to
increase the productivity by 5 percent for paddy and maize and
2 percent millet, including the wheat crop productivity by 6
percent with the rise of one degree maximum winter
temperature, while rise in minimum temperature is more likely
to decrease crop productivity of paddy, maize, millet and
potato.
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Table 1. Descriptive Statistics of the study variables

Variable Obs Unit Banke Dailekh Mugu Nepal
Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std.Dev.
Paddy 37  Kg/ha 2133.6 379.9  1970.6 360.5 1747.6 187.7  2558.12 480.3
Maize 37  Kg/ha 1683.5 224.1  1730.2 2462 1568.0 1763  1863.41 340.27
Wheat 37  Kg/ha 1634.2 463.6  1300.3 349.0  1125.6 2351 173791 428.55
Millet 25  Kg/ha 268.4 4398 1119.8 1028 1019.4 101.0  1082.46 76.8
Barley 37  Kg/ha 976 545 1029.6 1762 977.7 129.6 101291 131.3
Potato 37  Kgha  10779.5 27349  8607.2 3250.1  7414.2 10464.9 2354.62
Tonax 37 c 30.5 0.96 24.6 1.4 20.9 0.8 26.44 0.76
Toax(1as) 37 ¢ 33.6 13 28.5 1.8 25.0 0.6 30.38 0.81
Taxo M) 37 ¢ 26.3 12 20.4 1.5 17.6 1.1 22.49 0.85
Tonin 37 ¢ 19.2 0.82 12.9 12 52 14 14.65 0.42
Toin @1$) 37 ¢ 25.8 13 17.6 2.1 14.2 0.7 19.77 0.53
Tamingo_ M) 37 ¢ 13.6 0.9 8.8 0.9 -1.1 1.9 9.53 0.46
Rain Annual 37 mm 1394.9 3385 17543 366.9 7872 145.7 1468 164.3
Rain (JJAS) 37 mm 1186.6 307.4  1450.0 363.1 559.3 122.1 1134.2 132.1
Rain (O M) 37 mm 125.1 82.6  169.0 85.5 144.6 60.9 190.2 71.3
Source: derived from MoAD and DHM data set
Table 2. Log linear regression results of crop yield and climatic variables in Mugu district
Variables Paddy Maize Millet Wheat Barley Potato
Rain 0.0047°(0.002) 0.0177(0.002) 0.0177(0.002) 0.0127(0.006) 0.0117(0.01) 0.000 (0.00)
Tonax -0.002 (0.016) 0.04"7°(0.014) 0.01 (0.013) 0.05"7(0.014) 0.013 (0.01) 0.095""(0.02)
Tonin 0.01 (0.012) 0.011 (0.011) 0.01 (0.010) 0.004 (0.01 0.001 (0.01) -0.001 (0.01)
Constant 3.177(0.358) 1.97(0.310) 2.677(0.295) 2.1877(0.26) 2.77"(0.19) 1.8"(0.39)
R? 0.14 0.39 0.29 0.38 0.18 0.52
F-test 1.78* 7.034%%% 4.610%* 6.64%%* 2.36% 11.68%+*
Obs. 37 37 37 37 37 37
*#% p<0.01, ** p<0.05, * p<0.1 Standard Error (SE) value is inside the bracket
Table 3. log linear regression results of crop yield and climatic variables in Dailekh district
Variables Paddy Maize Millet_ Wheat Barley Potato
Rain 0.001 (0.001) 0.001(0.001) 0.002"(0.001) 0.01 (0.01) 0.017(0.003) 0.00 (0.00)
Tinax 0.02" (0.01) 0.00 (0.02) 0.001 (0.004) 0.05"7(0.01) 0.032 (0.01) 0.0977(0.01)
Tomin 0.01 (0.01) 0.004 (0.01) -0.001 (0.003) -0.009 (0.02) -0.002 (0.01) 0.02 (0.015)
Constant 2.7177(0.34) 3.1277(0.29) 2.9577(0.16) 2.0877(0.22) 2.33"(0.14) 1.367°(0.43)
R? 0.09 0.03 0.25 0.45 0.46 0.67
F-test 1.09 0.32 3.65 9.13 9.29 22.35
Total Obs. 37 37 37 37 37 37
*#% p<0.01, ** p<0.05, * p<0.1 Standard Error (SE) value is inside the bracket
Table 4. Log linear regression results of crop yield and climatic variables in Banke district
Variables Paddy Maize Wheat
Rain 0.001 (0.001) 0.000(0.001) -0.01 (0.01)
Tonan -0.001 (0.03) 0.01 (0.02) -0.0877(0.02)
Tomin 0.01 (0.03) -0.01 (0.02) 0.07" (0.03)
Constant 3.55"7(0.40) 3.1677(0.31) 4.32"7°(0.22)
R? 0.03 0.05 0.32
F-test 2.35 3.06 5.09
Total Obs. 37 37 37
*** p<0.01, ** p<0.05, * p<0.1 Standard Error (SE) value is inside the bracket
Table S. Log linear regression results of crop yield and climatic variables in Nepal
Variables Paddy Maize Millet Wheat Barley Potato
Rain 0.001(0.35) 0.001(0.002) 0.0001(0.01) 0.003(0.006) -0.001(0.01) -0.001(0.002)
Tnax. 0.05%* (0.02) 0.05%* (0.02) 0.02°(0.01) 0.06"(0.001) 0.02 (0.01) 0.07"°(0.02)
Toin, -0.08**%(0.03) -0.07%%%(0.03) -0.037°(0.01) -0.05(0.04) -0.03 (0.02) -0.09"°(0.03)
Constant 3.4377(0.54) 3.377(0.52) 2.957(0.22) 2.35%%7(0.52) 2.827(0.28) 3.8"7(0.65)
R? 0.26 0.24 0.18 0.16 0.12 0.26
F-test 3.87%* 3.38%* 2.35% 2.1 1.5 3.8%%
Obs. 37 37 37 37 37 37

*#% p<0.01, ** p<0.05, * p<0.1 Standard Error (SE) value is inside the bracket
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Climate change affects crop productivity with a number of
ways such as changes in temperature and precipitation which
is being serious threat to crop productivity, thereby threatening
to food security. The findings from the study of the effect of
climate change variability on crop production show that
overall rise in temperature has positive impact on crop
productivity in the mountains, including the positive impact of
increase in average precipitation mainly in the rainfed crops
such as millet, barley, wheat and maize. However, rising
temperature is likely to have negative impact on crop
productivity mainly in terai with sub-tropical climate.

Conclusion

The findings from log linear models show both positive and
negative impacts of climate variability on crop productivity.
Precipitation has more likely to have impact on crop
productivity mainly in rainfed land and crops. For example,
rise in average precipitation is more likely to contribute for
increasing crop productivity for the crops such as millet,
barley, wheat and maize as compared to paddy which is
cultivated in irrigated land. Likewise, rising maximum
temperature has positive impact on crop productivity, mainly
in the mountain for winter crops such as wheat and barley
which is not the case for summer crops. However, the impact
of climate variability does not show significant change in the
crop productivity in Banke district.

This could be the fact that most farm land in Banke has
irrigation facilities which may not have significant impact of
climate change in irrigated land as compared to rainfed land.
At national level, change in rainfall does not show any
significant change in crop productivity, however the rise in
maximum temperature of both winter and summer seasons has
positive impact on crop productivity of paddy, maize, millet
and wheat. On the contrary, rise in minimum temperature has
negative impact on crop productivity. Overall, change in
rainfall pattern seems to be less effect as compared to
temperature. Similarly, paddy crop has relatively less impact
of climate change as compared to rainfed crops such as millet,
barley and maize.

Policy Implication: Since the study shows both the positive
and negative impact of climate variability on crop
productivity, there needs to be addressed the climate change
issue with proper climate change adaptation programs
wherever feasible. As the result shows an evidence of climate
change and its impact on crop productivity, adaptation
practices should be used as feasible options such as flood and
heat tolerant, drought resistant, or less susceptible to pests and
diseases, and improving water management through irrigation
and water harvesting. Moreover, diversifying crops to
minimize risks, changing planting dates and cultivating off-
season vegetables could be other likely options for adaptation
to climate change in Nepal. Technical support and intervention
of market-based instruments such as crop insurance could help
to minimize dependency on rainfall as well as reduce crop loss
from climate change. Early information on climate forecast
could also help to cultivate crop with change in climate. As the
study simply assessed the impact of climate variability on crop
productivity, it would be good to apply more robust models
which can capture the variability climate change and intensity
of rainfall on crop production to get better insights and
measure the climate change impact on agriculture sector.
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