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Effect of climate variables on yield of Rice in Nepal: A panel data analysis with regional 
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1.  Introduction  

Climate is a primary determinant of agricultural productivity especially in the case of developing 

countries like Nepal, where agriculture is basically dependent on natural circumstances, in 

contrast to the controlled environmental condition in developed countries. Therefore, climate 

change would influence crop yield thereby crop production to a greater extent in developing 

countries (Mendelsohn, 2009). The established fact of climate change i.e., increasing temperature, 

changes in precipitation, climate extremes like drought, flood and landslides, and higher CO2 

concentrations will directly affect crop yields (Intergovernmental Panel on Climate Change, 

2007). In general, temperature increase will reduce yields and quality of food crops. Similarly, 

changes in precipitation patterns i.e., intensive rain concentrated in a particular month has a 

devastating effect on crop production (Abrol & Ingram, 1996; Adams, Hurd, Lenhart, & Leary, 

1998; McCarl, Adams, & Hurd, 2001). This is common particularly in developing countries 

where farmers are poor and less able to adapt. Despite these long standing predictions of large 

climate impacts on agriculture of developing countries, there have been only few studies on 

climate impacts in developing countries’ agriculture (Adams, Hurd, Lenhart, & Leary, 1998; 

Lobell, Ortiz-Monasterio, Asner, Matson, Naylor, & Falcon, 2005; Mendelsohn, 2009), and very 

limited in case of Nepal (Maharjan, Joshi, & Piya, 2009; Joshi, Maharjan, & Piya, 2011).  

Adverse effect of climate change in agriculture is expected to affect food security situation of 

the country (Joshi, Maharjan, & Piya, 2011) with differential regional impact. Thus, in order to 

ensure food security in Nepal, information on the extent to which climate variability affects yield 

of food grains at regional level is crucial. This may assist in designing management strategies for 

sustainable and improved crop yield based on the existing regional variation. Considering the 

importance of rice in Nepalese agriculture as well as food grain production (Joshi, Maharjan, & 

Piya, 2011), this study analyzes the effect of climate variable on yield of rice in different regions 

of Nepal based on the historical data. Thus, an understanding of such regional impacts of climate 

trends on yield of rice would help to anticipate and tackle impacts of future climate changes on 

food security of the country.  

2. Methodology 

Data on monthly average of climatic variables namely; rainfall, minimum temperature, and 

maximum temperature from 1977 to 2008 were obtained from Department of Hydrology and 

Meteorology of Nepal. Temperature and rainfall data were obtained from 49 and 218 

meteorological stations respectively. To cover the spatial differentiation, the country is divided 

into 15 regions. The division is based on the 3 ecological divisions of all 5 development regions. 

Rice is the important food grains constituting more than 56 percent of total food grains in Nepal  

(Ministry of Agriculture and Cooperatives, 2009). Rice is cultivated during the summer season 



from April to November in Hills and Mountain, and June to November in Tarai (Mallick, 1981; 

Joshi, Maharjan, & Piya, 2011). Thus, data on the climate variables were compiled based on the 

effective growing season of rice (summer season from June to September), which more or less 

coincide with each other in the entire three agro-ecological zones. Average national yields of rice 

for 1978 to 2008 were compiled through different publications of Ministry of Agricultural and 

Cooperatives.  

Type of data for this study constitutes panel data, i.e., data of 15 regions from 1978 to 2008 

with total of 465 observations. Panel data has advantage over cross-section and time series data 

as it provides more degrees of freedom and control heterogeneity. However, individual time 

series should be stationary or integration of order zero I(0). If it is non-stationary it may result 

into a spurious regression and the standard asymptotic properties of the regression model might 

be biased. Therefore, the unit root test is performed in order to check whether panel data is 

stationary or not.  

3. Empirical model 

Just and Pope (1978 and 1979) stochastic production function is applied to estimate the effects of 

climate variables on yield of rice in Nepal. Functional form of the stochastic production function 

can be given as 

     (     )   (     )      (1) 

Where, yit is yield for region i and year t; Xit is the vector of explanatory variables such as 

rainfall, maximum temperature, minimum temperature, and time trend;  and  are unknown 

parameters to be estimated it is an error term with mean zero and variance equal to one.  

The first term in equation 1,  (     ) represent the mean response function where yield is 

explained by variables given by Xit. The second term  (     ) is the variance function explained 

by variables given by Xit, which defines climate variables to be either risk increasing or risk 

decreasing. Thus, the model can be estimated by a three-stage feasible generalized least squares 

(FGLS) procedure. First, the regression model on Yit on  (     ) is estimated by Ordinary Least 

Squares (OLS). Residuals obtained from the OLS will be input for second step. Second, the 

natural log of the squared residuals of the estimated equation is employed to estimate   (   ). 
Here, we can regress  ̂  

  on   (     ), since  ̂   is consistent for     and  (   
 )     (     )  

(Just and Pope, 1978). Finally the yield response is then estimated as a weighted regression of Yit 

on  (     ) with weights    (     ).  

4. Rice in Nepal 

Rice is the main staple food grains of Nepal. It is an important source of carbohydrate for the 

majority of Nepalese, and contributes 50.2 percent of total food grain production (Ministry of 

Finance, 2007). Similarly, it covers 1.55 million ha land area constituting around 52 percent of 

the cultivated land in the country (Ministry of Agriculture and Cooperatives, 2009). Rice is 

cultivated in wide range of agro-ecological zones. The crop is cultivated in Nepal from 60 meters 

above mean sea level (amsl) with sub-tropical climatic zone up to 3050 meters amsl with 

temperate climate zone, the highest rice cultivation point of world (Mallick, 1981). Distribution 



of rice area, however, is not uniform. An analysis based on the average from1978 to 2008 shows 

that area under rice cultivation is the highest in the Eastern Tarai followed by the Central Tarai 

exceeding 300,000 ha in both regions, whereas rice is not cultivated in Western Mountain 

especially from 1984 (Figure 1). With the highest proportion (48.6 percent) of area under rice 

cultivation and higher yield, these two regions share almost 50 percent of total rice production of 

the country. Central Hills records the highest rice yields among these 15 regions. Thus, even 

though it stands seventh in terms of areas, it ranks fourth in terms of total production following 

Western Tarai that ranks third. Contribution of Mountain regions in country’s rice production is 

negligible due to its low coverage of area under rice cultivation as well as low yield in most of 

these regions (Figure 2).  

    
 

 

    
 

 

Change in rice area coverage between 1978 and 2008 shows that the Western Hills experienced 

the highest expansion followed by the Eastern Hills and Far-Western Tarai (Figure 3). Rice area 

coverage is extending at the rate of 2441 ha/year between the study periods in the Western Hills. 

Similarly, the rate is 1529.3, 1349.9, and 1119.9 ha/year in the Eastern Hills, Far-Western Tarai, 

and Eastern Tarai respectively. However, the area under rice cultivation is shrinking in the 

Western Mountain and Central Tarai. Area coverage under rice cultivation was very nominal in 

the Western Mountain before 1984; thereafter no cultivation of rice is reported in the region 

mainly due to the harsh climatic condition as the region is also known as a cold desert. Despite 

Figure 1. Rice area coverage by regional and 

ecological division 

 

Figure 2. Rice yield by regional and ecological 

division 

Figure 3. Rice area coverage change by regional 

and ecological division (1978-2008) 

 

Figure 4. Rice yield change by regional and 

ecological division (1978-2008) 

 



this reduction in area under rice cultivation, total area under rice cultivation has increased at the 

rate of 10,267 ha/year and reached 1.55 million ha in 2008 from 1.26 million ha in 1978.  

In case of yield change, distinct regional pattern in terms of agro-ecological division can be 

observed. Figure 4 shows that the highest increase in yield is more visible in entire Tarai. Within 

Tarai, the Eastern Tarai achieved the highest rate (49.7 kg/ha/year) of increment in rice yield 

between the study periods followed by the Mid-Western Tarai (45 kg/ha/year), Far-Western 

Tarai (43.4 kg/ha/year), Central Tarai (40.4 kg/ha/year) and Western Tarai (38.6 kg/ha/year). 

Higher increment of yield in the Tarai agro-ecological zone is mainly due to relatively better 

availability of infrastructures. For instance, markets that supply seeds of high yielding varieties 

and fertilizer are relatively well developed, as well as irrigation and agriculture extension 

services are relatively widespread in the region. Entire Hills and the Central Mountain also 

achieved the increment in yield ranging from 16.9 kg/ha/year in the Eastern Hills to 23.6 

kg/ha/year in the Central Hills. In contrast, the Western Mountain, Eastern Mountain and Mid-

Western Mountain experienced decline in yield of rice over the year. In general, Nepal 

experienced increase in rice yield at the rate of 37kg/ha/year during the study periods. Thus, 

yield of rice in Nepal has increased from 1806 kg/ha in 1978 to 2775 kg/ha in 2008. The increase 

however, is not sufficient even to reach the yield level of its neighboring countries in South Asia 

(Joshi, Maharjan, & Piya, 2010).  

Increase in area as well as yield of rice contributed to increase in rice production of the country. 

Rice production has increased from 2.28 million kg in 1978 to 4.3 million kg in 2008 with the 

growth rate of 2 percent. This growth rate remains lower than the population growth rate 

throughout the period. The population growth remained 2.62 percent during 1975-1980, 2.08 

percent during 1980-1990, and 2.25 percent during 1990-2007. Since, a population growth rate 

reflects growing demand for the rice, shortfall in production growth rate of rice compared to 

population growth rate has shifted the country from being net exporter rice to net importer since 

the early 1980s. Most of the literatures identify inputs, extension services, unfavorable 

geographic conditions inter alia as factors to be responsible for such sluggish growth of 

agriculture in general and ignores the role of climatic variables. However, it is equally important 

to understand changes in rice yield in relation to climate variables in order to achieve higher 

growth of rice production with proper attention in management practice in relation to changing 

climate variables.  

5. Temperature and rainfall over the study regions 

Temperature, precipitation and solar radiation are the three most widely used climate variables to 

assess the climate change and its impact. Since solar radiation has a closer positive correlation 

with maximum temperature (Peng, et al., 2004), only the temperature and precipitation are 

considered in order to assess the impact of climate change on yield of rice in Nepal. Rainfall and 

snowfall is the most prominent form of precipitation in low lying areas and Mountain 

respectively. But in this study term ‘rainfall’ is used to represent both forms of precipitation.  In 

case of temperature both the minimum as well as maximum temperature is considered as it helps 

to capture differential effects of day and night temperature as well as climate extremities to some 

extent.  



Temperature and rainfall in Nepal varies across each of the 15 regions considered under this 

study (Figure 5 and 6). More specifically it differs significantly across the agro-ecological zones. 

If we consider the summer maximum temperature that also coincides with rice growing season, it 

is the highest in Tarai followed by Hills and Mountain (Figure 5). Within Tarai, the average 

summer maximum temperature is the highest in the Western Tarai (33.52
0
C) followed by the 

Far-Western (33.48
0
C), Mid-Western (33.22

0
C), Central (33.16

0
C) and Eastern Tarai (32.36

0
C). 

In case of Hills, the Mid-Western (29.45
0
C) and Western Hills (28.41

0
C) are relatively warm 

compared to the Central (26.93
0
C) and Far-Western Hills (26.66

0
C). The Eastern Hills is even 

cooler than the Mid-Western Mountain. The lowest summer maximum temperature is observed 

in the Western and Central Mountain. Minimum summer temperature also follows more or less 

similar patterns. In general case, temperature decreases with the increase in altitude as we move 

from the south to the north. However, such variations in temperature within the agro-ecological 

zones are mainly due to the location of meteorological stations.  

    

 

    

 

The trend analysis shows that summer maximum temperature increased throughout the country 

between the study periods. The increase however, is more visible in the Eastern and Mid-

Western Hills where maximum summer temperature rose by 0.092
0
C and 0.08

0
C respectively. 

Similarly, other Hills and Mountains also show relatively higher degree of temperature 

increment compared to Tarai. For instance, the Far-Western and Western Hills, and the Central 

Figure 5. Summer maximum temperature by 

regional and ecological division 

 

Figure 6. Summer minimum temperature by 

regional and ecological division 

 

Figure 8. Summer minimum temperature change 

by regional and ecological division (1978-2008) 

 

Figure 7. Summer maximum temperature change 

by regional and ecological division (1978-2008) 

 



and Eastern Mountain experienced the temperature rise of 0.053 and 0.047
0
C, and 0.04 and 

0.038 
0
C/year respectively.  

A trend analysis of summer minimum temperature, however, has shown the different patterns. 

The rate of increase is the highest in the Western Hills (0.03
0
C) followed by the Mid-Western 

Mountain (0.03
0
C) and Central Hills (0.024

0
C). In contrast to the established fact that rise of 

temperature is higher in higher altitude  (Intergovernmental Panel on Climate Change, 2007), the 

Central and Eastern Tarai show the higher rate of minimum temperature increase compared to 

the Eastern and Central Mountain as well as the Far-Western and Mid-Western Hills, and 

Western Mountain. The Western Mountain, Far-Western Hills and Mid-Western Hills even 

reported the decline in summer minimum temperature. Therefore, these regions are experiencing 

higher temperature variability in terms of increasing differences in minimum and maximum 

temperature during the summer. The decline in the temperature could be one of the possible 

reasons for disappearance of rice from the Western Mountain. It is getting difficult to meet the 

minimum temperature (10
 
to 15

0
C) required for germination of rice during the seed bed 

preparation, which usually starts from end of February (Mallick, 1981). The atmospheric 

temperature during the March ranges from the minimum temperature of 1.9
0
C to 14.5

0
C, which 

is even less if we consider the mean soil temperature at a 5 cm depth. In contrast, besides 

relatively well developed infrastructures, optimal range of temperature (20 - 37
0
C) required for 

rice production that exist throughout the Tarai, would have contributed to the highest level of 

yield increase in the country.  

The pattern of temperature change rate in the study regions follows the general pattern i.e., 

higher rate of temperature increase in higher altitude, to a little extent. This is mainly due to the 

fact that very limited number of temperature stations is used to represent the whole region. For 

instance, in most of the Mountain there is only one or at maximum two temperature stations to 

represent the region, and even those stations are very close to the Hills (Figure 7). Therefore, to 

examine the general trend of temperature change in Nepal, altitude wise study will be 

recommended instead of the regional aggregation employed by this study. However, due to 

unavailability of the temperature station in all districts, regional aggregation is the best way to 

represent the impact of climate variables on yield of rice at the regional level. Moreover, 

especially in the Mountain, the temperature stations are at the vicinity of the rice growing area 

rather than the areas where rice cultivation is not feasible due to climate constraints.   

 
 Figure 9. Map of Nepal showing locations of the meteorological stations 

considered for the study 

 



Total summer rainfall is the highest in the Western Hills and Central Mountain with the average 

rainfall of 2011.5 and 1817.6 mm respectively. Unlike temperature trend, distinct regional 

pattern cannot be observed in case of rainfall. The region that have the lowest level of rainfall is 

the Western Mountain (306.2 mm) followed by Mid-Western Mountain (606.3mm)  in the region. 

Thus, this harsh climate i.e., limited rainfall and temperature below the optimal range for rice 

cultivation has resulted into inexistence of rice cultivation in the region. Other regions recived 

the average summer rain between 1200 to 1800 mm, which also coincide with the optimal 

rainfall required for rice cultivation.  

    
 

 

A trend analysis of summer rain shows that there is decline in summer rain in some regions 

whereas some regions experienced increase in summer rain. The largest rate of rainfall decline is 

experienced by the Far-Western Mountain (4.7 mm/year) followed by the Central Mountain, 

Mid-Western Hills, and Mid-Western Tarai with rainfall decline of 4.3, 4.2, and 2.6 mm/year 

respectively. The Eastern Hills and Western Tarai also experienced the nominal decline in 

rainfall, whereas Far-Western Tarai, Mid-Western Mountain and Western Mountain experience 

nominal increase in summer rain. The highest rate of increase in rainfall can be observed in the 

Far-Western Hills followed by the Central Tarai and Eastern Tarai. 

Correlation coeffiecient between yield trend coefficient and trend coefficient of climate 

variables in the study regions show the positive correlation with summer minimum temperature 

and summer rainfall. This means with the increase in summer minimum temperature and summer 

rainfall will result into increase in yield of rice. Summer maximum temperature, on the other 

hand, shows the negative correlation with yield, i.e., increase in summer maximum temperature 

will lead to decrease in rice yield. To establish the results of this descriptive analysis, empirical 

analysis is employed  in next section. 

6. Empirical analysis 

Due to the unavailability of temperature data on Far-Western Mountain and inexistence of rice 

production in Western Mountain, these two regions are dropped while making the empirical 

analysis. Thus, the region included in the final empirical analysis consists of 13 regions with 

observation of 31 years.  

Figure 10. Summer rainfall by regional and 

ecological division 

 

Figure 11. Summer rainfall change by regional and 

ecological division (1978-2008) 



As a first step of the empirical analysis, a panel unit root test is done, in order to check the 

validity of data in terms of occurrence of a unit root in each individual time series. The 

significant coefficients of each of the variable considered for the study shows the evidence that 

each of the time series is stationary (Table 1), thus, qualify for the panel data analysis.  

Table 1. Result of Levin, Li and Chu panel unit root test 

Variables Coefficient t-value 

Rice yield -0.35
*** 

-8.00 

Rice area -0.24
*** 

-6.27 

Summer maximum temperature -0.38
*** 

-7.79 

Summer minimum temperature -0.58
*** 

-9.42 

Summer rainfall -1.03
*** 

-13.90 

Note: 
*** 

alternative hypothesis that each time series is stationary is accepted at 1 percent level of 

significance 

The outcome of the final model is presented as Table 2. The significant coefficient of the 

Hausman test of fixed vs random effects provide the evidence against the random effects, which 

suggests the fixed effects more consistent compared to the random effect. Thus, the outcome is 

the fixed effect estimators.  

The results suggests that both of the temperature variables have caused negative impact on 

yield of rice in Nepal in general. However, the result is significant in case of summer minimum 

temperature, which means increase in summer minimum temperature has negative impact on 

yield of rice at national level. Similarly, summer rain has positive signigicant association with 

the yield of rice in Nepal. Joshi, Maharjan, & Piya (2011), also reported the positive impact of 

summer rain in the yield of rice at national level.  

Other variables included in the model are interaction terms of these three climate variables 

with each of 13 regions included in the model taking Eastern Mountain as the base. Incorporation 

of such interaction term helps to assess differential effect of climate variables in Nepal on the 

regional basis. Maximum temperature in Eastern Hills and Tarai have significant positive 

association with yield of rice in these regions. Thus, the increase of summer maximum 

temperature in these regions has contributed positively to the yield increase of rice. Similar holds 

true for Central, Western, and Far-Western Hills as well. Interaction term of Central Tarai with 

maximum temperature does not significant association with yield of rice.  

Interaction of summer minimum temperature with the study regions also show significant 

association in some cases. For instance, the result suggests that minimum temperature in Central 

Mountain and Tarai, and Far-Western Tarai shows positive significant association with yield of 

rice. This means that increase in summer minimum temperature in these regions will contribute 

to significant increase in yield of rice in the regions. In contrast, minimum temperature in Mid-

Western Tarai show negative association with yield of rice, which indicates inverse relation of 

yield with minimum temperature in the region. There is very few cases of significance in the 

case of its interaction with the study regions. Only in the case of Eastern Tarai significant 

positive association with yield of rice.  



Table 2. Spatial effect of climate variables on yield of rice in Nepal 

Independent variables Coefficient t P>t 

Summer maximum temperature (SMxT) -32.2 -0.32 0.75 

Summer minimum temperature (SMiT) -109.4
** 

-1.98 0.04 

Summer rain (SR) 0.22
** 

2.10 0.02 

Eastern Hills*SMxT 221.5
* 

1.88 0.06 

Eastern Tarai*SMxT 867.8
*** 

4.55 0.000 

Central Mountain*SMxT 154.38 1.01 0.31 

Central Hills*SMxT 329.08
* 

1.79 0.07 

Central Tarai*SMxT -108.7 -0.62 0.53 

Western Hills*SMxT 494.7
*** 

3.04 0.003 

Western Tarai*SMxT 301.3 1.51 0.13 

Mid-Western Mountain*SMxT -201.9 -1.12 0.26 

Mid-Western Hills*SMxT 134.4 1.11 0.26 

Far-Western Hills*SMxT 273.1
** 

2.06 0.04 

Far-Western Mountain*SMxT -47.5 -0.30 0.76 

Eastern Tarai*SMiT -144.4 -0.78 0.43 

Central Mountain*SMiT 212.1
* 

1.63 0.10 

Central Hills*SMiT 210.8 1.14 0.25 

Central Tarai*SMiT 653.64
*** 

3.30 0.001 

Mid-Western Mountain*SMiT 173.62 1.38 0.17 

Mid-Western Tarai*SMiT -296.76
* 

-1.61 0.10 

Far-Western Tarai*SMiT 402.99
** 

2.38 0.02 

Eastern Tarai*SR 0.73
** 

2.21 0.03 

Central Mountain*SR - 0.24 -0.60 0.55 

Central Tarai*SR 0.48 1.46 0.16 

Western Hills*SR 0.44 1.25 0.21 

Western Tarai*SR 0.32 1.00 0.32 

Mid-Western Mountain*SR -0.84 -1.09 0.28 

Mid-Western Tarai*SR -0.15 -0.45 0.65 

Far-Western Hills*SR 0.14 0.45 0.65 

Far-Western Tarai*SR 0.24 0.74 0.46 

Constant -1971.984
* 

-1.63 0.10 

Number of observation 403 

F(30, 360) 3.49 

Prob>F 0.000 

Adjusted R
2 

0.22 

Note: 
***

, 
**

, and 
* 
are significant at 1, 5 and 10 percent level of significance 

Conclusion 

Eastern Tarai, Central Tarai and Western Tarai are the areas where most of the rice is cultivate in 

Nepal. However, due to the highest yield of rice, Central Hills comes fourth in terms of 



production though it stands seventh in term of area under rice cultivation. Due to the increase in 

yield as well as area under rice production under these major rice growing area national rice 

production is increasing. However, yield of rice in some of the regions are dwindling. Therefore, 

relating rice yield with climate variable in different regions shows differential impact of climate 

variable in those regions. Thus, in order to cope with any adverse impact of climate variables on 

the yield of rice, it is necessary to understand such differential impacts and respond it 

accordingly.  
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