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ABSTRACT 

The central-west Terai region is one of the major production domains of 

wheat in Nepal; however, its yield over the past three decades has been 

greatly affected by climate anomalies such as fluctuating temperatures, 

decreased solar radiation and rainfall. NASA-POWER derived weather data 

of Taulihawa in Kapilbastu (27.55˚ N, 83.667˚ E) district in central Terai for 

the past 32–33 years (1984/85-2017/18) were purposively selected and 

downloaded and validated with recorded weather data (1985/86, 1995/96, 

2005/06 and 2015/16) of Department of Hydrology and Meteorology 

(DHM). The trend analysis for grain yield of wheat yield in Kapilvastu was 

drawn with the historical data of maximum and minimum temperatures and 

rainfall. Positive correlations between grain yields and minimum 

temperature and rainfall each showed an acceptable coefficient of 

determinations (R2). The Cropping system Model - Crop Environment 

Resource Synthesis (CSM-CERES)- Wheat model, embedded in Decision 

Support Systems for Agro-technology Transfer (DSSAT) ver 4.7 was used 

for multi-year predictions of wheat yields using both historically recorded 

and simulated climatic scenarios. Model simulated results closely agreed 

with the observed wheat yields recorded by the Ministry of Agriculture and 

Livestock Development (MoALD) in Nepal. The correlation coefficient of 

minimum temperature and wheat yield was 0.272 (p<0.05). The correlation 

between precipitation and observed and DSSAT simulated wheat yield were 

0.379 (p<0.01). The multi-year predicted wheat yields using the historical 

weather data and by the use of the International Panel on Climate Change 

(IPCC, 2007) scenario embedded in DSSAT crop model showed that yield 

of wheat could be sustained with use of the current crop cultivars only for 

2050 scenarios. Agro-climatic index, mainly temperature, was found to be 

more sensitive to wheat production in the Nepalese central-west Terai 

region. This study suggests for the development of new temperature and 

drought tolerant ready wheat cultivars to feed the increasingly growing 

Nepalese population.  
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INTRODUCTION 

Rice (Oryza sativa L.) - wheat (Triticum aestivum L.) system, the practice of growing wheat 

after rice in an annual rotation is the leading cereal cropping system in the Indo-Gangetic plains 

and vital for the staple grain supply for about 8% of the world‘s population, making these 

systems critically important for global food security, livelihood and employment of millions of 

people in the region (Timsina et al 2022; Devkota et al 2021). Rice-wheat systems produce 

more than 30% of the rice and 42% of the wheat consumed in South Asia (CIMMYT 2015). It 

is also the dominant cropping system among other cereal cropping production systems in Terai 

region of Nepal and is important for food security. In Nepal, rice and wheat occupy 1.5 and 

0.76 million ha, respectively and are grown mainly as rainfed crops in succession on more than 

0.56 million ha which accounts 37% of the rice and 85% of wheat area (Amgain et al 2020; 

Marahatta and Amgain 2019; Devkota et al 2015a, 2016). Wheat alone contributes about 7.14% 

share in the agriculture gross domestic product (AGDP) of the country in Nepal (Poudel et al 

2013; Devkota et al 2015b).  

The highly intensive cereal-based cropping systems in Nepalese Terai are facing the 

sustainability problems due to fragile ecologies and mining of nutrients from soils due to 

increased dominance of cereals without inclusion of legumes in the cropping systems (Devkota 

et al 2018). Preliminary work in Nepal has shown large gaps (around 2.45 t/ha) between 

attainable and farmers‘ yield and is far below the average yield of South Asian countries 

(Devkota et al 2022; MoALD 2021) and climate change has been reported one of the reasons of 

it. One of the important strategies to increase cereal yields is to adapt temperature and drought 

stress tolerant crop varieties (Sapkota et al 2014; Devkota et al 2016). Kapilvastu district is 

contributing significantly in food security with higher production of wheat in central-west Terai 

in Nepal (Dhakal 2020), but their productivity is felt declining over the last three decades.  

Climate change includes steadily increasing average temperature as well as increased frequency 

and magnitude of extreme weather events (Sapkota et al 2021; Bhatta and Aggrawal 2015). The 

inter-governmental panel on climate change (IPCC) has also projected that the global mean 

surface temperature is predicted to rise by 1.1–6.4
 °
C by 2100 with the different amplitudes of 

temperatures and CO2 for different scenarios of 2020, 2050 and 2080 (IPCC 2007, 2013). It has 

also been predicted that there will be increase in mean temperature by 0.4 to 2.0 
°
C in monsoon 

and 1.1-4.5 
°
C in winter by 2070 (IPCC 1996). The temperature in Nepal has also increased 

annually by an average of 0.04-0.06 
°
C (Amgain 2011, 2013; MoE 2010). Increased 

temperature may decrease wheat potential yield more than the rice and posing a challenging 

threat in food security. It is also reported that the changing rainfall pattern and its distribution 

affect negatively on wheat yield because wheat cultivation is mostly rainfed, but more 

vulnerable to drought stress than other crops in Nepal (Amgain et al 2019, Amgain and Timsina 

2004, 2005; Timsina and Humphreys 2006). It is also reported that research on farmers‘ field 

would be more vulnerable to climate change and, hence urge for innovative climate change 

research (Amgain et al 2018; Amgain 2015). 

A range of technologies have been identified in recent years, which have the potential to 

increase resource use efficiency, reduce adverse environmental impacts, and increase crop 

productivity (Acharya et al 2021; Timsina et al 2021; Amgain 2015). The use of correlation co-

efficient and regression equations, trend analysis and various crop models are used to know the 

impact of agro-climatic indices on the yield of rice, maize, wheat and chickpea in Nepal 

(Amgain and Dhakal 2019; Amgain et al 2019). It is assumed that evaluation and site-specific 

adaptation of these technologies can be assisted through crop simulation models. Among 
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several crop models evolved, the Decision Support System for Agro-technology Transfer 

(DSSAT) is the pioneer one (Jones et al 1998; Kaur and Singh 2020) because it simulates 

growth, phenology, yield and development activities under different management practices and 

climate change scenarios. Cropping system model (CSM-CERES-Wheat) is a decision support 

tool used widely to evaluate and/or forecast the effects of environmental conditions, 

management practices, and different genotypes on rice and wheat growth, development and 

yield (Jones and Kiniry 1986; Timsina and Humphreys 2006). This model can identify the gaps 

between potential and on-station and on-farm yields, helps to evaluate management option and 

to determine likely environmental impacts. They can also be used to forecast yield prior to 

harvest and extrapolate the results conducted in one season or location to other seasons, 

locations or management (Hoogenboom et al 2010).  

Several studies in this line have done separately as an on-station trials of various parts of the 

world and in Nepal (Bhandari et al 2021; Devkota et al 2022; Timsina et al 2021), but there is 

lack of study focusing the real impacts on agro-climatic indices on productivity of wheat and 

multi-year weather and yield prediction in central-west Terai conditions of Nepal. Therefore, 

this study was conducted to evaluate the multi-year prediction of agro-climatic scenarios on 

yield of wheat in Kapilvastu district of central-west Terai after to compare the agro-climatic 

indices and wheat yields for last 32-33 years.  

MATERIALS AND METHODS 

Location and weather details of the study area  

Kapilvastu district as one of the major domains of wheat lies in the central-west Terai region in 

Lumbini Province of Nepal, The district was selected purposively for this study as it represents 

major wheat growing districts in the Terai region (Figure 1). The elevation of Kapilvastu varies 

from 93 meters to 1,491 meters above sea level with an area of 1,738 km
2
 and a population of 

571,936 (CBS 2013). The summer maximum temperature in Kapilvastu is 45˚C, whereas the 

minimum temperature during winter is near to freezing. The distribution of precipitation in 

central-west Terai also depends on the spatial location and time of the year wherein, about 20% 

rainfall perceives during winter (December–February). 

 

Figure 1.  A map of Nepal showing study site, Kapilvastu district in central-west Terai 
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Collection of historical weather and crop yield data   

This experiment was accomplished after the rigorous study of three approaches: i) validation of 

the Department of Hydrology and Meteorology (DHM) observed weather data with the data 

obtained from the NASA-POWER, ii) trend analysis between historical agro-climatic indices 

(temperature, solar radiation and precipitation), and wheat yields over Kapilvastu district, and, 

iii) testing the sensitivity of the CSM-CERES-Wheat (DSSAT ver 4.7) Model over the 

changing climatic scenarios and weather years in central-west Terai regions of Nepal. For this, 

the research primarily depended on secondary datasets that were obtained from several 

government departments and agencies.  

Records of multi-year climatic database 

The daily weather records including  maximum and minimum air temperatures, solar radiation, 

and rainfall for last three decades (1984/85-2017/18) was downloaded from the National 

Aeronautics and Space Administration (NASA)/ Prediction of Worldwide Energy Resource 

Radiation (POWER) site (https://power.larc.nasa.gov/data-access-viewer/) at Taulihawa in 

Kapilvastu (27.55˚ N, 83.067˚ E) during winter. These data are required to run DSSAT model 

(Hoogenboom et al 2010). The NASA-POWER project at the NASA Langley Research Center 

provides daily data for main climatic variables on 0.5° latitude by 0.5° longitude grid cells for 

the entire globe. NASA-POWER data is mostly used in DSSAT model. Consequently, the data 

for maximum and minimum temperatures and rainfall were also taken from ground station 

provided by Department of Hydrology and Meteorology (DHM) for the further process in 

validation. The weather data (maximum and minimum temperature and precipitation) of 32-33 

years (1984/85-2017/18) derived from the NASA-POWER was validated with the ground 

station data (observed data) provided by the DHM. The values of solar radiation data for 

various years were found to be missing in the DHM data repository which forced the 

researchers to download the NASA-POWER database.    

Validation of multi-year weather data  

On the data provided by DHM weather repository, there were a lot of missing data in the 

ground station (Taulihawa, Kapilvastu) and this obviously decided to use satellite data than the 

data provided by DHM. The DSSAT model accepts the NASA-POWER data that was validated 

with the ground station (Timsina 2011). Before using any satellite data, it is important to check 

how it relates to the observed data and can be used further for its significant use. For this we 

selected random 4 years (1985/86, 1995/96, 2005/06 and 2015/16) of wheat growing season as 

per the maximum availability of the daily records of weather variables at DHM ground station 

of Taulaihawa. These 4 years of weather records taken separately during wheat season limits 

within the range of 10% data of the multiple weather records of the 32-33 years and it was 

especially done to validate with the NASA-POWWR data. Due to lack of solar radiation data, 

we excluded it and taken only the temperature and precipitation for the validation of the data 

sources. 

Records of agricultural database 

The wheat yield data were obtained from the Ministry of Agriculture and Livestock 

Development (MoALD), Nepal. Some missing yield data were also collected from the 

International Center for Integrated Mountain Development (ICIMOD) agricultural atlas. 

 

 

https://power.larc.nasa.gov/data-access-viewer/
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Trend analysis between historical weather data with the wheat yield 

Trend analysis was done to see either climatic indices are increasing or decreasing and to see 

how wheat yield is related to different weather parameters. The trend line was plotted to 

determine the relationship between minimum and maximum temperature, rainfall and solar 

radiation and wheat yield. Similarly, with the yield predicted by the DSSAT model, a separate 

trend line was also drawn between the weather variables to show temporal variability. 

Correlation analysis deals with the association between two or more variables. The calculation 

of the correlation coefficient is performed using the equation, in which X represents the 

independent variable and Y represents the dependent variable. 

  
∑          

√∑            
 

Where, X and Y represent the sample mean of x and y, respectively. 

Regression analysis is fundamental relationship between a dependent random variable 

and one or more independent random variables. The general form of the regression function is  

                                

Where (b0, b1, b2,………….bk) are the regression coefficient, X and Y are two 

variables and c is the constant. 

Calibration and validation of CSM-CERES- Wheat model 

For the evaluation of CSM-CERES- Wheat, DSSAT ver 4.7 crop model was used in Kapilvastu 

condition. A properly calibrated and fairly validated model with the genetic co-efficient of 

wheat cultivar Gautam (Marasini 2016; Amgain et al 2019) was used for the further study the 

sensitivity of the model. 

Prediction of wheat yield with changing agro-climatic scenarios 

Simulation to different scenarios of climatic parameters was accomplished by comparing the 

growth and yield performance of wheat genotypes for various weather years. The proportionate 

increase or decrease in maximum and minimum temperature, solar radiation and increase of 

CO2 concentration on the input file (File-X) of wheat was accomplished while studying 

sensitivity analysis. It was done by changing their respective magnitude as mentioned in Table 

1 to predict the growth and yield performance of wheat for 2020, 2050 and 2080 scenarios as 

advocated by IPCC (2007, 2013). The given scenarios were in the range of increasing of 2-4˚C 

temperatures, 420 to 570 ppm of CO2 concentration and increase of 1MJ m
-2

 day
-1

 of solar 

radiation for the cereal crops, respectively (Abdul Haris et al 2010). 

RESULTS  

Evaluation of NASA POWER- derived and DHM observed weather data   

The comparison between NASA-derived daily maximum, minimum temperature and rainfall 

and ground-measured data for the different four years (1985/86, 1995/96, 2005/06 and 2015/16) 

at Taulihawa Kapilvastu, Nepal (Figure 2, 3 and 4) showed that the maximum temperature for 

NASA data range from 13 °C to 43.24 °C, whereas the measured temperature ranged from 8.3 

°C to 45 °C with hardly 10% limitation range. The corresponding NASA-derived and measured 

minimum temperature ranged from 2.41° C to 28.97 °C and 0°C to 32.6 °C, respectively.  
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Figure 2. Comparison of NASA-derived and measured maximum temperature of four 

years (1985/86, 1995/96, 2005/06 and 2015/16) at Taulihawa, Kapilvastu, Nepal 

The overall mean maximum temperature reflected in NASA data was 2 °C cooler than that 

given by the measured data; values of mean minimum temperature were almost the same for 

both source of data. Although mean daily rainfall was quite similar (2.96 vs 3.86 mm for NASA 

and measured data), there were large variations in individual daily rainfall (0 – 157.21 mm for 

NASA data; 0 – 298.5 mm for measured data). The coefficient of determination (R
2
) values for 

maximum temperature for year 1986, 1996, 2006 and 2016 were 0.78, 0.75, 0.63 and 0.71, 

respectively. Similarly, R
2
 values for minimum temperature were 0.86, 0.84, 0.87 and 0.90 for 

respective year. The R
2
 values for the mentioned period show the satisfactory agreement 

between NASA-derived and ground measured data. For rainfall, R
2
 values was least 

satisfactory, it was 0.21, 0.31, 0.29 and 0.30 for 1985/86, 1995/96, 2005/06 and 2015/16, 

respectively (Figure 3 and 4). 
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Figure 3. Comparison of NASA-derived and measured minimum temperature of four 

years (1985/86, 1995/96, 2005/06 and 2015/16) at Taulihawa, Kapilvastu, Nepal 

 

      

       

Figure 4. Comparison of NASA-derived and measured rainfall of four years (1985/86, 

1995/96, 2005/06 and 2015/16) at Taulihawa, Kapilvastu, Nepal 

Trend Analysis of historical agro-climatic indices (mean temperature, total rainfall and 

solar radiation) and wheat yield during wheat season in Kapilvastu 

The time series of annual mean and mean temperature of wheat growing seasons including 

linear trends are depicted in Figure 5. Average temperature records from 32 years (1984-2016) 

shows decreasing trends at the Taulihawa, Kapilvastu district. Over the last 32 years the mean 

temperature decreased by 0.02˚C per year and the highest and the lowest values of mean 

temperature are 24.5 in 2002 and 22.4 in 2013, respectively.  Similarly, the mean temperature at 
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wheat growing seasons (October to April) of the 32 years also shows the decreasing trends.  In 

this season mean temperatures decreases by 0.016˚C per year.  

 

Figure 5. Average temperature of wheat growing seasons of Taulihawa, Kapilvastu of 32 

years (1984/85 to 2017/18) 

Both the annual and seasonal maximum temperature records from 32 years (1984-2016) shows 

decreasing trends. Over the last 32 years both annual and seasonal maximum temperatures are 

decreases by 0.049˚C per year and 0.047˚C per year, respectively. The minimum temperature of 

both annual and wheat growing season shows the increasing trends. The minimum annual and 

seasonal temperatures were increased by 0.007˚C per year and 0.013˚C per year, 

respectively. The mean annual precipitation and mean precipitation of wheat growing seasons 

(October to April) was found as 1065.15 mm and 115.4 mm, respectively. The precipitation of 

both annual and wheat growing season shows the increasing trends. The annual precipitation 

and seasonal precipitation were increased by 28.52 mm per year and 3.46mm per year, 

respectively. The time series of annual precipitation and precipitation of wheat growing seasons 

including linear trends were depicted in Figure 6.   

 

Figure 6. Seasonal minimum temperature of wheat growing seasons of Taulihawa, 

Kapilvastu of 32 years (1984/85 to 2017/18) 
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records from 32 years (1984/85 -2017/18) shows decreasing trends. Over the last 32 years both 

annual and seasonal radiations were decreases by 0.034 MJ m
-2

 per year and 0.032 MJ m
-2

 per 

year, respectively.  

 

Figure 7. Seasonal solar Radiations of wheat growing seasons of Taulihawa, Kapilvastu of 

32 years (1984/85 to 2017/18) 

Impact of climatic indices on temperature, total rainfall, solar radiation and wheat yield 

A relationship between wheat yield (both observed and DSSAT simulated) and temperature 

(both maximum and minimum) were shown in Figures 8-9. It is well noticed that the effect of 

wheat yield is more dependent in minimum temperature than maximum temperature. Wheat 

yields showed the negative correlation for the maximum temperature. The correlation between 

the maximum temperature and observed wheat yield and DSSAT simulated yields were -0.512 

and -0.214, respectively resulting that the increase in maximum temperature has large negative 

impacts on net wheat yield. Similarly, correlations between the observed and simulated wheat 

yield and minimum temperature showed positive correlations; and values were 0.272 and 0.123, 

respectively.  

 

Figure 8. Relation between observed wheat yield and maximum temperature at 

Taulihawa, Kailvastu during 32 years 
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Figure 9. Relation between DSSAT simulated wheat yield and maximum temperature at 

Taulihawa, Kapilvastu 

It was well noticed that the effect of wheat yield was depend on rainfall. Wheat yields showed 

the positive correlation for the rainfall. The observed yield showed the strong positive 

correlation in compare to the wheat yield from DSSAT simulation. The correlation between the 

rainfall and observed wheat yield and DSSAT simulated yields were 0.379 and 0.158. That 

means increases in rainfall had positive impacts on net wheat yield. A relationship between 

wheat yield (both observed and DSSAT simulated) and rainfall were shown in Figures 10 and 

11. 

 

Figure 10. Relation between DSSAT simulated wheat yield and rainfall at Taulihawa, 

Kapilvastu 
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Figure 11. Relation between observed wheat yield and rainfall at Taulihawa, Kapilvastu 

A relationship between wheat yield (both observed and DSSAT simulated) and solar radiation 

were shown in Figures 12 and 13. Wheat yields showed the negative correlation with the solar 

radiation. The observed yield showed the strong negative correlation in compare to the wheat 

yield from DSSAT simulation. The correlation between the solar radiation and observed wheat 

yield and DSSAT simulated yields were -0.587 and -0.176. That means increases in solar 

radiation had negative impacts on net wheat yield. 

 

Figure 12. Relation between observed wheat yield and solar radiation at Taulihawa, 

Kapilvastu 

 

Figure 13. Relation between DSSAT simulated wheat yield and solar radiation at 

Taulihawa, Kapilvastu 
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Relation between observed wheat yield and solar radiation  
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Multi-year prediction of wheat yields as influenced by changing climatic scenarios (IPCC 

2007)  

Under increased temperature condition (along with elevated CO2 and increased or decreased 

solar radiation), the yield of wheat cultivars was found decreased. Likewise, it was found to be 

increased in yield for decreased in maximum and minimum temperature by 4˚C (Table 1). 

Temperature primarily affected growth duration with lower temperature increasing the length of 

time that the crop could intercept radiation. The model was sensitive to various scenarios of 

climate change parameters (temperature, solar radiation and CO2 concentrations). Change in 

maximum and minimum temperatures by 1˚C (+ 1˚C) and CO2 concentrations 370 ppm (+0 

ppm) with no change in solar radiation resulted increase in yield of WK-1204 by only 2 percent 

(Table 1). The maximum and minimum temperature was increased by 1˚C and CO2 

concentrations added 50 ppm (420 ppm) with change in solar radiation (+1 MJm
-2

day
-1

) resulted 

increase in yield by 6 %, which is the maximum increment in wheat due to climate change. The 

temperature increased further will decrease the wheat yield. The temperature increased by 2˚C 

the yield decreased by 8 percent, similarly increased in temperature by 3˚C and CO2 

concentration 470 (+50) ppm the yield will be minimum, declined by 15%. While the maximum 

increase in the maximum and minimum temperatures by 4˚ C along with 100 and 200 ppm CO2 

concentration showed the yield decline of 14 % than the standard model treatment (without 

changing the weather parameters). The existing wheat cultivar could not sustain the yield 

potential of the present level in future after 2020 and, hence it should be opined to adopt the 

climate change adaptation strategies over the long-run.  

Table 1. Sensitivity analysis of wheat as according to the different climate change 

scenarios for 2020, 2050 and 2080 

S. 

No 

Max 

Temp (˚C) 

Min 

Temp ˚C) 

Solar radiation 

(MJ m-2 day-1) 

CO2 Conc. (ppm) Simulated Yield 

(kg ha-1) 

% yield 

change  

1.a +0 +0 +0 370 4471 100 

2. +1 +1 +0 370 4755 106.4 

3. +1 +1 +1 +50(420) 4582 102.5 

4. +2 +2 +1 +50(420) 4107 91.9 

5. +3 +3 +1 +100(470) 3797 84.9 

6. +3 +3 +1 +200(570) 3514 78.6 

7. +4 +4 +1 +200(570) 3261 72.94 
Note: 1a: Standard climatic conditions (model default), 2, 3 and  4: Climate change scenario 2020, 5 and  6:. Climate 

change scenario 2050 and 7: Climate change scenario 2080 (IPCC 2007) 

DISCUSSION 

Weather and yield trend analysis  

The weather data of 32-33 years (1984/85-2017/18) derived from the NASA-POWER source 

was validated with the ground station data (observed data) provided by the DHM.  Although the 

R
2
 values were less than desired, the scatter diagram show similar trends and patterns, 

indicating a close relationship between NASA-derived and actual ground measured data, 

especially for temperature. Due to lack of solar radiation data, we could not validate it and we 

used the data derived from (NASA Power). To check the pattern of temperature, precipitation 

and solar radiation we read the trend analysis. We use annual data as well as the wheat growing 

season‘s data of temperature, precipitation and solar radiations. The patterns were almost same 

for annual and seasonal data. The annual mean temperature and maximum temperature were in 

decreasing trend. The mean and maximum temperatures were decreased by 0.02˚C per year and 

0.049˚C per year, whereas the minimum temperature was increasing and increased by 0.007˚C. 
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Similarly, the precipitation was in increasing trend and solar radiation was in decreasing. The 

precipitation was increased by 28.52 mm per year and solar radiation was decreased by 0.034 

MJ m
-2

 year
-1

. Both observed yield and DSSAT simulation yield were used to see the 

relationship. Correlation coefficient and regression analysis was done individually with the 

climatic indices (max, min temperature, precipitation and solar radiations).  

 The results highlighted that the maximum temperature has negative correlation with the 

observed wheat yield and minimum temperature had positive correlation. The correlation 

coefficient of maximum and minimum temperature and wheat yield were -0.512 and 0.272, 

respectively, whereas with DSSAT simulated yields were -0.214 and 0.123, respectively. 

Similarly, the correlation between wheat yield and precipitation had positive and solar radiation 

had negative correlation. The correlation between precipitation and observed and DSSAT 

simulated yield were 0.379 and 0.158, respectively. The correlation between the solar radiation 

and observed wheat yield and DSSAT simulated yields were -0.587 and -0.176. The trend 

analysis on grain yields of rice was correlated over the historical records of maximum and 

minimum temperatures along with rainfall. A positive correlation was found with rainfall with 

well-formed regression equations as well as strong coefficient of determination (R² value of 

0.71). However, the yield was found to be negatively correlated with the maximum temperature 

and minimum temperature.  

DSSAT model and multi-year climate and wheat yield prediction 

We used already calibrated and validated CSM-CERES-Wheat model, DSSAT ver. 4.7 to study 

the model simulation (Amgain et al., 2019). The determined genetic coefficients for wheat 

cultivar WK-1204 was 3 (P1V), 39 (P1D), 315 (P5), 40 (G1), 71 (G2), 0.9 (G3) and 64 

(PHINT). By running sensitivity analysis, the model was found sensitive to weather years and 

various parameters of climate change.  In the 1998/99, decrease in yield was observed. In the 

year 1984/85 and 1991/92 increased yields was found. The maximum yield was observed in the 

year 2005/06 as compared to the year 2015/16 (Dhakal 2020). Increase in minimum and 

maximum temperature by 4˚C decreased the wheat yield whereas; decrease of temperature by 

same amount increases the yield. Change in temperature (-4˚C), CO2 concentration (+20 ppm) 

with reduction in solar radiation (MJ m
-2

 day
-1

) resulted maximum increase in yield of wheat 

cultivar by 12%. Similarly change in temperature (+4˚C), CO2 concentration (+20 ppm) with 

increase in solar radiation (MJ m
-2

 day
-1

) resulted decrease in yield by 62%. DSSAT model was 

also used to multi-year prediction of wheat yield. The wheat yield was on decreasing on the 

future. By increasing 1˚C maximum and minimum temperature and CO2 concentration 420 ppm 

(+50 ppm) with change in solar radiation (+ 1MJ m
-2

 day
-1

) resulted maximum increase in yield 

of WK-1204 by 6%. After that the wheat yields was found decreasing. IPCC defined weather 

scenario suggested that the maximum increase in the maximum and minimum temperatures by 

4˚C along with 100 and 200 ppm CO2 concentration showed the yield decline up to 16 percent. 

Amgain et al (2006) reported that increase in minimum and maximum temperature by 4˚C over 

the base scenario decreased the wheat yield by 4%. Reduction of minimum and maximum 

temperature by 4˚C and increase in CO2 by 20 ppm showed increase in yield (Amgain et al 

2006, 2019). Increased CO2 concentration and increased temperature increased growth duration 

and yield, while increased temperature shortened growth duration and reduced leaf area, 

biomass and yield (Qureshi et al 2016; Qureshi, Quersi and Iglesias 1994; Timsina et al 1997). 

At elevated CO2, light intensity positively affects photosynthesis and increased temperature 

promotes both photosynthesis and leaf area. The increased temperature and reduced solar 

radiation decreased the net photosynthetic active radiant (PAR) interception. The less 
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interception of PAR caused lower assimilate formation in wheat and produced lower yield 

under increasing temperature and reduced light which was reported by Amgain et al (2006). 

Increasing temperatures reduced growth duration, and probably decreased photosynthesis, 

increased water use, and reduced water use efficiency as reported by Imai (1988). Increased 

CO2 concentration and decreased temperature increased growth duration and yield, while 

increased temperature shortened growth duration and reduced leaf area, biomass and yield 

(Timsina et al 1997; Rao and Sinha 1994; Qureshi and Iglesias 1994). Increased CO2 

concentrations would reduce transpiration and nutrient losses and increase water, nutrient and 

radiation use efficiencies and that might have increased yield under decreasing temperature. 

Similar result was also resulted by Marasini (2016) and Singh and Padilla (1995). An increase 

of temperature of the order of 3°C or more cancels out the beneficial effects of elevated CO2 in 

all the maize cultivars under study (Amgain 2015). 

CONCLUSIONS 

We can safely use the NASA-POWER weather data for multi-year prediction of agro-climatic 

studies if the observed data are missing due to some technical reasons. Based on the historical 

weather details, the average temperature and solar radiation are increasing during summer and 

decreasing during winter in central-west Terai and there was a positive trend line of average 

temperature on wheat yield. The rainfall data as predicted by NASA-POWER could not find 

positive correlation with wheat yield. It could also be suggested that we would have to adopt the 

new climate change resilient wheat cultivars after 2050 scenarios of climate change as 

advocated by IPCC (2007, 2013). The extrapolative use of CSM-CERES- Wheat model 

embedded in DSSAT ver. 4.7 in large areas will be the best management decision tool in 

predicting the future yield gaps and knowing the factors of crop yield decline. For wider 

application of model and using it for better decision support system, there is a real need of 

further testing and verification of model in large agro- ecological areas of Nepal with multi-year 

seasonal, rotational and spatial analysis. 

ACKNOWLEDGEMENTS 
The authors are thankful to the entire family of Far-western University for their technical and 

financial support to carry out this study. 
 

AUTHORS’ CONTRIBUTION 
Devid Dhakal carried out the field experiment and write-up the manuscript. Lal Prasad Amgain 

supervised the experiment and helped in manuscript preparation. Laxmi Bhandari helped in 

writing manuscript. 

 

CONFLICTS OF INTEREST 

The authors have no any conflict of interest to disclose. 

REFERENCES 

Haris A, AS Biswas and V Chhabra. 2010. Climate change impacts on productivity of rice (Oryza sativa) 

in Bihar. Indian Journal of Agronomy. 55(4):295-298. 

Acharya M, LP Amgain, S Khanal, SR Mishra and A Shrestha. 2021. Assessments of climate change 

adaptation mmeasures on agro-climatic indices and productivity of late planted rapeseed in 

Nepalese mid-hills. Plant Biol Crop Res. 4(2):1037. 37. 

Adhikari S. 2020. Multi-year prediction of rice yield as affected by changing agro-climatic indices in 

Nawalparasi district using DSSAT crop model. M Sc thesis (unpublished), Central Department 



24 

of Hydrology and Meteorology, Kirtipur, Tribhuvan University.  

Amgain LP and J Timsina. 2005. Major Agronomical Research Works at the Institute of Agriculture and 

Animal Sciences, Rampur, Chitwan, Nepal: A Review. Journal Inst. Agric. Anim. Sci.  26:1-22. 

Amgain LP and J Timsina. 2004. Simulation of growth and yield of rice and wheat under different levels 

of nitrogen and irrigation, and effects of climate change on their yields in Punjab, India, using 

CSM-CERES-Rice and CERES-Wheat models, CSIRO Land and Water, Griffith, NSW, 

Australia. 

Amgain LP, NR Devkota, J Timsina and B Singh. 2006. Effect of climate change and CO2 concentration 

on growth and yield of rice and wheat in Punjab: simulations using CSM-CERES-Rice and 

CSM-CERES-Wheat models. Journal Inst. Agric. Anim. Sci. 27:103-110. 

Amgain LP. 2011. Agro- meteorological indices in relation to phenology of promising rice cultivars in 

Chitwan, Nepal. Nepal Agriculture Research Journal. 11:52-59. 

Amgain LP. 2013. Agro- meteorological indices in relation to phenology of promising wheat cultivars 

in Chitwan, Nepal.  Journal of Agriculture and Environment. 14:111-120. 

Amgain LP. 2015. Applications of CERES- Maize model for seasonal and multi-decadal predictions of 

maize yield under sub-tropical condition of Chitwan, Nepal. Journal of Maize Research. 

1(1):86-97. https/: doi.10.5281/zenodo.34283. 

Amgain LP, B Dhakal, U Shrestha and S Marasini. 2019. Agronomic management and climate change 

scenario simulations on productivity of rice, maize and wheat in central Nepal using DSSAT 

ver. 4.5 crop model. Journal of Agriculture and Natural Resources. 2(1):193-214. Doi: 

https://doi.org/10.3126/janr.v2i1.26068. 

Amgain LP, D Dhakal and S Dhakal. 2020. Multi-year prediction of rice and wheat yields over 

changing agro-climatic sscenarios in Central Terai of Nepal. Paper presented at the 2nd 

Biennial International Conference (Virtual) of NAPA on 28th day of September, 2020. 

Amgain LP, J Timsina, S Dutta and K Majumdar. 2021. Nutrient Expert®-Rice: an opportunity to improve 

productivity, profitability and nutrient use efficiency of rice in Terai and mid-hills of Nepal. J. 

Plant Nutrition. DOI: 10.1080/01904167.2021.1889590 

Amgain LP, S Marasini and Buddha BK. 2018. A glimpse on post-graduate thesis researches of 

Agronomy Department of IAAS and prioritized future research directions. Journal of 

Agriculture and Natural Resources. 1(1):90-113. Doi: https://doi.org/10.3126/janr.v2i1.26068. 

Amgain LP and U Dhakal. 2019. Climate change adaptation measures for assessing agro-climatic 

indices, productivity and profitability of late planted chickpea in Madi, Chitwan. The Journal 

of Agriculture and Environment. 20:186-198. 

Bhandari S, LP Amgain, A Acharya and A Shrestha. 2021. Assessments of productivity and agro-climatic 

indices of different rice cultivars grown under staggered transplanting at Mid-western Terai of 

Nepal. J. Inst. Agric. Anim. Sci. 36-37:25-29. 

Bhatta G and PK Aggarwal.  2015. Coping with weather adversity and adaptation to climatic variability 

cross-country study of small holder farmers in South-Asia. Climate and Development. Doi: 

http://dx.dri.org/10.1080/17565529.2015.101688. 

CBS. 2013. Ministry of Agriculture Development. Crop Division, Directorate. Annual Report. 2013/14. 

Hariharbhawan, Lalitpur, Nepal. http://cddnepal.gov.np/uploaded/Impact_Rice_Misssion 

_Program.pdf 

CIMMYT. 2015. CIMMYT Business Plan 2006–2010. Translating the vision of seeds of innovation into a 

vibrant work plan. Centro Internacional de Mejoramiento de Maı´z y Trigo, El Batan, Mexico. 

http://www.cimmyt.org/english/docs/mtp/bp06_10.pdf. 

Devkota KP, AJ McDonald, L Khadka, A Khadka, G Paudel and M Devkota. 2016. Fertilizers, hybrids, 

and the sustainable intensification of maize systems in the rainfed mid-hills of Nepal. Eur. J. 

Agron. 80:154–167. 

Devkota KP, G Hoogenboom, KJ Boote, U Singh, JPA Lamers, M Devkota and PLG Vlek. 2015a. 

Simulating the impact of water saving irrigation and conservation agriculture practices for rice-

wheat systems in the irrigated semi-arid drylands of Central Asia. Agricultural and Forest 

Meteorology. 214-215:266-280. 

 Devkota KP, JPA Lamers, AM Manschadi, M Devkota, AJ McDonald and PLG Vlek. 2015b. 

Comparative advantages of conservation agriculture-based rice–wheat rotation systems under 

https://doi.org/10.3126/janr.v2i1.26068
https://doi.org/10.3126/janr.v2i1.26068
http://dx.dri.org/10.1080/17565529.2015.101688
http://cddnepal.gov.np/uploaded/Impact_Rice_Misssion%20_Program.pdf
http://cddnepal.gov.np/uploaded/Impact_Rice_Misssion%20_Program.pdf


25 

water and salt dynamics typical for the irrigated arid drylands in Central Asia. Eur. J. Agron. 

62:98–109. 

Devkota KP, M Devkota, L Khadka, A Khadka, G Paudel, S Acharya and AJ McDonald.  2018. Nutrient 

responses of wheat and rapeseed under different crop establishment and fertilization methods in 

contrasting agro-ecological conditions in Nepal. Soil and Tillage Research. 8:46-62. 

Devkota KP, J Timsina, LP Amgain and M Devkota. 2022. Potential of crop simulation models to increase 

food and nutrition security under a changing climate in Nepal. NEPAFE Book Chapter, 

Australia, published by Springer Publisher, Chapter 22. 

Devkota KP, M Devkota, GP Paudel, AJ McDonald. 2021. Coupling landscape-scale diagnostics surveys, 

on-farm experiments, and simulation to identify entry points for sustainably closing rice yield 

gaps in Nepal. Agric. Syst. 192:103182. 

Dhakal D. 2020. Multi-year prediction of wheat yields as influenced by changing agro-climatic indices in 

Kapilvastu using DSSAT crop model. M Sc thesis (unpublished), Central Department of 

Hydrology and Meteorology, Kirtipur, Tribhuvan University. 

Hoogenboom G, JW Jones, RW Wilkens, WD Batcheloro, LA Hunt, KJ Boot, U Singh, O Uryasev, WT 

Bowen, AJ Gijsman, A du Toit, JW White and GY Tsuji. 2010. Decision support system for 

Agro-technology Transfer Version 4.5 [CD- ROM], University of Hawaii, Honolulu, HI. 

Imai K. 1988. Carbon dioxide and crop production. Japan J. Crop Sci. 57:380-391. 

IPCC. 2013. Climate Change 2014: Mitigation of climate change. contribution of working group III to the 

fifth assessment report of the Intergovernmental Panel on Climate Change. Cambridge Univ. 

Press 418–490. 

IPCC. 1996. Climate Change 1995. Impacts, adaptations and mitigation of climate change. Scientific 

Technical Report Analyses. Contribution of Working Groups I to the II Assessment Report of 

the Intergovernmental Panel on Climate Change. Watson, R.T., M.C. Zinyowera and R.H. Ross 

(Eds), Cambridge and New York.  

IPCC. 2007. Climate Change 2007: Climate Change Impacts, Adaptation and Vulnerability. Summary for 

Policy Makers. Inter-Governmental Panel on Climate Change. 

Jones CA and JR Kiniry. 1986. CERES-Maize. A simulation model of maize growth and development. 

Texas A and M Univ. Press, College Station. 

Jones JW, G Hoogenboon, CH Porter, KJ Boote, WD Batchelor, LA Hunt, PW Wilkens, V Singh, AJ 

Gijsman and JT Ritchie. 2003. The DSSAT cropping system model. European Journal of 

Agronomy. 18:235-265. 

Kaur S and M Singh. 2020. Modeling the crop growth - a review. Mausam. 71:103–114. 

Marahattha S and L P Amgain. 2019. Agronomic research frontiers for sustaining the cereal-based farming 

systems in terai and mid hills of Nepal. (In) Proceedings of International (SAARC) Youth 

Scientific Conference (IYSC) on Science and Technology for Prosperity Connecting Lives with 

Land, Water and Environment" 5-6 June, 2019, Kathmandu, Nepal (Eds.) Aryal, D, K. Tiwari, 

S. Pradhananga, H.P. Neopane, R. Adhikari, L.P Amgain and R. R. Parajuli.  

Marasini S. 2016. Growth, productivity and climate change assessments of wheat cultivars under 

staggered planting and tillage practices: simulations using CSM- CERES-Wheat model in mid-

western hills, Nepal. M Sc Ag Thesis (unpublished). Department of Agronomy, IAAS, Tribhuvan 

University.  

MoALD. 2021. Statistical information on Nepalese Agriculture 2021: Ministry of Agriculture and 

Livestock Development. Agribusiness Promotion and Statistics Division. Kathmandu, Nepal. 

MOE. 2010. Country Environment Note - Nepal - Asian Development Bank addressing climate 

vulnerability in Nepal in 2010. 

Poudel AP, SB BK, KB Koirala and H Paudel. 2013. Suitable varietal option for sustainable wheat 

production in western hills of Nepal. Prepared for 2013 Young Scientist Conference at Taipei of 

ROC Taiwan on 22-24 October, 2013. 

Quersi A and A Iglesias. 1994. Implications of global climate change for agriculture in Pakistan: impacts 

on simulated wheat production. In: Rosenzweig, C and A. Iglesias (Eds.), Implications of 

Climate Change for International Agriculture: Crop Modeling Study. US Environmental 

Protection Agency. EPA 230-B-94-003, Washington DC. 



26 

Qureshi A, DK Singh, PC Pandey, VP Singh and KP Raverkar. 2016. Site specific nutrient management 

approaches for enhancing productivity and profitability in rice and wheat under Rice-Wheat 

cropping system. International Journal of Agriculture Sciences. 8(54):2838–2842. 

Rao D and SK Sinha.1994. Impact of climate change on simulated wheat production in India. In: C. 

Rosenzweig and A. Iglesias (eds.) Implications of Climate Change for International 

Agriculture: Crop Modelling Study. US Environmental Protection Agency. EPA 230-B-94-

003, Washington DC. 

Sapkota TB, K Majumdar, ML Jat, A Kumar, DK Bishnoi, AJ McDonald, M Pampolino. 2014. Precision 

nutrient management in conservation agriculture-based wheat production of Northwest India: 

Profitability, nutrient use efficiency and environmental footprint. Field Crop Research. 155:233-

244. 

Sapkota TB, ML Jat, DS Rana, AK Chhetri, HS Jat, D Bajarniya, JM Sutaliya, M Kumar, LK Singh, RK 

Jat, K Kenveniya, G Prasad, HS Sidhu, MW Rai, T Satyanarayana and K Majumdar. 2021. Crop 

nutrient management using Nutrient Expert improves yield, increases farmers profit and reduces 

greenhouse gas emissions. Scientific Reports, Nature Research. 1:1564. https://doi.org/10.1038/ 

s41598-020-79883-x. 

Singh U and JL Padila.1995. Simulating rice response to climate change. In: Climate Change and 

Agriculture: Analysis of Potential International Impacts. ASA Special Publication Number 59. 

ASA Madison, Wisconsin.  

Timsina J and E Humphreys. 2006. Performance of CERES-Rice and CERES-Wheat models in rice–

wheat systems: A review. Agricultural Systems. 90(1-3):5–31. 

Timsina J, H Pathak, E Humphreys, D Godwin, B Singh, AK Shukla and U Singh. 2004. Evaluation of 

and yield gap analysis in rice using CERES-Rice vers. 4.0 in north-west India. Proc. (CD-ROM) 

of 4th Intl. Crop Sci. Cong., 26 Sept.-1 Oct., 2004, Brisbane, Australia. 

Timsina J. 2011. Rice-maize systems in Asia: current situation and potential. Book published by IRRI as 

an IRRI-CIMMYT joint publication, Sept 2011. 

Timsina J, B Adhikari, Ganesh KC 1997. Modelling and simulation of rice, wheat, and maize crops for 

selected sites and the potential effects of climate change on their productivity in Nepal. 

Consult. Rep. Submitted to Minist. Agric. Harihar Bhawan, Kathmandu, Nepal. 

Timsina J, S Dutta, KP Devkota, S Chakraborty, RK Neupane, S Bishta, LP Amgain, VK Singh, S 

Islam and K Majumdar. 2021. Improved nutrient management in cereals using Nutrient 

Expert and machine learning tools: Productivity, profitability and nutrient use efficiency. 

Agriculture Systems. 192:103181.https://doi.org/10.1016/j.agsy.2021.103181 

Timsina J, S. Dutta, K. P. Devkota, S. Chakraborty, R. K. Neupane, L. P. Amgain and K. Majumdar. 2022. 

Assessment of nutrient management in major cereals: Yield prediction, energy-use efficiency 

and greenhouse gas emission. https://doi.org/10.1016/j.crsust.2022.100147    

https://doi.org/10.1038/%20s41598-020-79883-x
https://doi.org/10.1038/%20s41598-020-79883-x
https://doi.org/10.1016/j.crsust.2022.100147

