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ABSTRACT 

 

Central Terai in Nepal is the major production domain of wheat; however, wheat yields 

have been majorly affected by anomalies of agro-climatic indices like fluctuating 

maximum and minimum temperatures, solar radiation and rainfall. NASA Power data over 

33 years records (1985-2018) were purposively download and compared with the ground 

station measured data for the study of study by using four years of weather data (1986, 

1996, 2006 and 2016) randomly selected years for the multi-year prediction of agro-

climatic scenarios on yields of wheat in Kapilvastu district, of Central Terai, Nepal. The 

relationship between the DHM recorded weather data and the NASA power data was found 

fairly valid and safe to see the long-term climate change impacts. At Kapilvastu the annual 

average and maximum temperatures were found to be decreasing by 0.017˚C and 0.046˚C 

per year, respectively, whereas the minimum temperature was increasing by 0.011˚C. 

Similarly, the total precipitation was increased by 28.63mm per year and solar radiation 

was decreasing by 0.035 MJm-2 per year. The trend analysis on grain yields of wheat were 

correlated over the historical records of maximum temperature, minimum temperature, 

rainfall and solar radiations. A positive correlation was found with minimum temperature 

and rainfall. However, the yield was found to be negatively correlated with the maximum 

temperature and solar radiations. Cropping Systems model CERES-Wheat embedded in 

Decision Support System for Agro-technology Transform (DSSAT) ver 4.7 model was 

used to study the multi-year prediction of wheat yield over the changing agro-climatic 

scenarios after following IPCC (2007) scenario using environmental modification section 

of the DSSAT ver 4.7 models. The data sets to run the CSM-CERES- Wheat models have 

been taken from the well predicted and validated crop model with WK-1204 cultivar of 

wheat which is popularly grown in Terai and hills condition of sandy-clay loam soil, 

resembling the production domain of the project sites. The simulation results using DSSAT 

model over the 33 years of weather data were found to be very closely agreeing with the 

observed data of the wheat yield recorded from the Ministry of Agriculture and Livestock 

Development in Nepal. The trend analysis, regression and correlation studies and from 

sensitivity analysis using DSSAT, all have resulted the uniform relationship between agro-

climatic indices and wheat yields. The different climate change scenarios as advocated by 

IPCC (2007) for 2020, 2050, and 2080 were studied to simulate the yield performance of 

WK-1204 cultivar of wheat. Increased in temperature by 1˚C will increase the wheat yield 

and furthermore increased in temperature decreased the yield under the present levels of 

agronomic management options. The result showed that the wheat yields for few years can 

only be sustained by using the present crop varieties and urged for the development of 

climate change ready crop varieties to feed the increasingly growing population.  

 

Keywords: Agro-climatic indices, DSSAT 4.7 crop model, Multi-year prediction, Wheat 

yield 
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CHAPTER 1 

INTRODUCTION 

1.1 Background  

 Globally wheat (Triticum aestivum L.) is grown on more land area 

than any other food crops (214.3 million ha) as reported (FAOSTAT, 2018). In 2018, 

world production of wheat was 736.1 million tons (FAO 2018 a, b) making it the second 

most-produced cereal after maize. Importance of wheat production in world economy is 

proven by its share of 15% from 1500 million hectares arable land in the world (Kiss, 

2018). Wheat is grown on more land area than any other commercial crops and continues 

to be the most important food grain source for humans. Wheat production leads all crops, 

including rice, maize and potatoes (FAO, 2018c). Wheat is grown in nearly every region of 

the world and represents a main source of food and income for millions of smallholder 

farmers (CIMMYT, 2018). Wheat serves as a first source of protein and second source of 

calories in the diet of consumers in developing countries. It provides 21% and 20% of the 

food calories and protein, respectively for more than 4.5 billion people live in 94 

developing countries. An estimated 80 million farmers in the developing world depend on 

wheat for their livelihoods. About 21% of the world’s food depends on the wheat crop, 

which grows on 200 million hectares of farmland worldwide (http://www.fao.org). 

Although wheat is traded internationally and developing countries are major importers 

(43% of food imports), the reality is that 81% of wheat consumed in the developing world 

is produced and utilized within the same country, if not the same community (CIMMYT, 

2005).  

 Wheat occupies 17% of the total cultivated land area of the world 

and comes to third in Nepal in terms of area, production and consumption (CIMMYT, 

2002). It is the staple food of 35% of the world's population and provides more calories and 

protein in world's diet than any other cereal (CIMMYT, 2002). Wheat is the major winter 

cereal crop of Nepal occupying 22% (735,850 ha) of total cereal area and contributes 20% 

(1,879,191 tons) of the total cereal production in the country with productivity of 2.554 

tons/ha (MoAC, 2017). Wheat contributes 7.14% in the AGDP share of the country. Terai 

represents about 66% total wheat area and contributes about 76% total production of wheat 

in Nepal (Poudel et. al., 2013). The present average wheat productivity in Terai is 2938 

kg/ha compared to 2177 kg/ha in hill and 1403 kg/ha in mountain with national average 

2554 kg/ha (MoAC, 2017). Even though wheat is third important crop of Nepal, it is 

second important for Kapilvastu district. It is cultivated in 25627 hectares and average 

productivity is 3.65 tons/ha (MoAD, 2017). 

 There are several factors responsible for low wheat productivity in 

Nepal, like poor irrigation facilities, less availability of fertilizer, pesticides and 

insecticides (Pokherel et al., 2007; Devkota, 2013). Agrawal and Karla (1994) explain that 

in sub-tropical region there will be small decrease in potential wheat yield by 1.5 to 5.8%, 

but in tropical zone, the decrease will be 17 to 18% indicating that rainfed wheat 

productivity is likely to suffer more in Terai as compared to the mid-hills environment in a 

changing climatic scenarios. Several complaints have been made by the farmers over the 

year about increasing difficulty to plant wheat due to delayed monsoon and factors 

http://www.fao.org/
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including population growth, market, deforestation and desertification which have already 

threatened food security in Nepal (Dahal, 2009). Whether the delayed monsoon and other 

climatic parameters have already been affecting wheat planting and yield, examining this 

relation is worth to know whether there has any relation with the changing climate scenario 

(Dahal, 2009). If the results show any relation of the changing climate scenario, it must be 

addressed before it is too late. 

 In Nepal wheat is sown after rice and it grows and survives on the 

residual soil moisture, late monsoon rains and winter rain (Shrestha et al., 2013). Average 

productivity of wheat is very low as compared to developed countries.  The average yield 

per hectare is maximum in New Zealand (10 tons/ha), followed by Zambia (7 tons/ha) and 

Mexico (6 tons/ha).  Low wheat yield in Nepal is due to late planting of wheat is very 

common due to an excess or lack of moisture just after rice harvesting, delay in rice 

harvesting due to late maturing varieties and shortage of labors during rice harvesting time. 

In late sown wheat high temperature and desiccating winds during the month of April may 

cause forced maturity resulting reduction in test weight and decrease grain yield (Singh and 

Dahiwal, 2000).  Nepalese agriculture is rain fed dominant and rice cultivation is followed 

by wheat as the result it faces chilling winter at vegetative stage, anthesis and post-anthesis 

drought with high temperature stress during later stage of growth. Moreover, the shift in 

monsoon rainfall from Jestha-Asar to Shrawan-Bhadra due to climate change has pushed 

the timely sowing of wheat exposing it to the post-anthesis heat stress (Giri, 1998). The 

problem of lesser growing degree days due to shorter crop duration has aggravated with 

moisture stress especially in later growth stages is more under conventional system of 

farming. In late sown wheat due to high temperature and desiccating winds during the 

month of April may cause forced maturity of late sown wheat, thus resulting reduction in 

test weight and, hence decrease grain yield (Singh and Dahiwal, 2000). Climate influences 

plant life in many ways and can inhibit, stimulate, alter or modify crop performance 

(Amgain et al., 2006). Climate components like temperature, solar radiation, rainfall, 

relative humidity and wind velocity independently or in combination, can influence crop 

growth and productivity (Amgain et al., 2006). With the increasing population and 

purchasing power, demand on food has also increased which is impossible to meet with the 

present varieties, technologies and management practices. The deterioration of soil health, 

threats of  climate  change, emergence  of  new  weeds  and  diseases,  increase  on the  

labor, energy and water intensive wheat cultivation has aggravated the situation. 

 Mainly the regression equation, trend analysis and many other 

methods are used to know about the impact of agro-climatic factors on the yield of wheat 

in Nepal. A range of technologies has been identified in recent years, which have the 

potential to increase resource use efficiently, reduce adverse environmental impacts, and 

increase crop productivity in Asia. It is assumed that evaluation and site-specific adaptation 

of these technologies can be assisted through crop simulation models. Among several 

models evolved, the Decision Support System for Agro technology Transfer (DSSAT) is 

pioneer one. DSSAT was originally developed by an international network of scientists; 

cooperating in the International Benchmark Sites Network for Agro technology Transfer 

(IBSNAT) project (Jones et al., 1998; Iyanda et al., 2014; Kaur et al., 2015; Anar et al., 

2015). The IBSNAT suites of crop models represent many of the major staple food crops 

and have been widely calibrated and validated in many countries. Decision Support System 

for Agro technology transfer (DSSAT) software consisting of Crop Simulation Model 
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(CSM)-CERES-Wheat, is one of the highly adopted and well-recognized software in the 

developing world which can investigate the various management and climate change 

scenarios and can help to identify the best management practices and factor to close the 

yield gaps and increase the food security (Amgain and Timsina, 2004). This is process 

based, management-oriented model that can simulate the growth and development of 

wheat as affected by varying levels of water, nitrogen and cultivar characteristics (Amgain, 

and Timsina 2004). Several studies have done separately in several stations of various parts 

of the world, but there is lack of study focusing the impacts on agro climatic indices on 

productivity of wheat and multiyear prediction on wheat yield in Terai conditions of Nepal 

and this study was proposed, executed and accomplished with dual aims of studying the 

following broad and specific objectives: 

1.2 General objective 

 To observe the multi-year prediction of wheat yield as influenced by various agro-

climatic factors in Kapilvastu district. 

Specific objectives 

 To see the validity of  DHM observed weather data with the weather data obtained 

from the NASA Power, 

 To acquaint the trend analysis between historical agro-climatic indices and wheat 

yield over Kapilvastu district, and 

 To test the sensitivity of the CSM- CERES- Wheat (DSSAT Model) over the 

changing climatic scenarios and weather years in central Terai region.  

 

 

 

 

 

 

 

 

 

 

 

 



4 

 

CHAPTER 2 

LITERATURE REVIEW 

2.1 Rice-Wheat cropping system 

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 (IGP) and vital for the food security, livelihood and employment of 

millions of people in the region (Timsina and Connor, 2001; Gupta et al., 2002). Rice-

wheat systems provide the staple grain supply for about 8% of the world’s population, 

making these systems critically important for global food security (Ladha et al., 2003b; 

Timsina and Connor, 2001). In South Asia, rice-wheat systems produce more than 30% of 

the rice and 42% of the wheat consumed -(RWC-CIMMYT 2003:04) and cover about 14 

million hectares of cultivated land, with most of the area located in India and the IGP. It is 

the dominant cropping system among other cereal cropping production system in Terai and 

mid hill region of Nepal and is important for food security.  

Rice and wheat occupy 1.5 and 0.76 Million ha, respectively and are grown in 

succession on more than 0.56 Million ha which accounts 37% of the rice and 85% of wheat 

area in Nepal (Tripathi et al., 2002). Rice-Wheat-System, one of the principle cropping 

systems in Nepal, occupies one-fourth of the total cropped area and provides food, income 

and employment to 83 % of the Nepalese populace. Thus, the rice-wheat system is of great 

importance in assuring food security and enhancing livelihood of the Nepalese people. 

Rice–wheat system is largely practiced on low land  ecosystem where heavier soil texture, 

excessive soil moisture, and late rice harvest lead to higher production cost and delays in  

wheat planting. The traditional method of wheat establishment involves excessive tillage 

which is painstaking, time and energy consuming that further leads to poor plant stand and 

late planting (Giri, 1997; Hobbs and Morris, 1997; Tripathi, 2002). Residue retention in 

situ conserves soil moisture; enhance soil organic carbon and N efficiency (Hobbs and 

Gupta 2003).  

In order to feed the growing population the country need to increase the 

productivity of crops while maintaining the sustainability of the cropping system. Recent 

studies indicate a slowdown in the productivity of growth in the rice-wheat systems 

(Kumar et al., 2002a). Evidence from long-term experiments shows that crop yields are 

stagnating and sometimes declining (Duxbury et al., 2000; Ladha et al., 2003a). The 

observed yield decline from the long term experiment in rice-wheat system is due to 

deterioration of soil physical properties and soil fertility (Sharma and Jain, 1997; Ladha et 

al., 2003). 

In addition, environmental degradation, increasing water scarcity, labour shortage 

and socioeconomic changes are seen as the other major contributors to the stagnation of 

rice–wheat productivity in the IGP (Erenstein et al., 2007; Rijsberman, 2006). The major 

sustainability issues are declining soil fertility and organic matter content (Yadav et al., 

1998; Byerlee et al., 2003), micronutrient deficiencies (Nayyar et al., 2001) increasing pest 

problems (Pingali and Gerpacio, 1997), and rapidly declining groundwater levels (Pingali 

and Shah, 1999; Singh and Dahiwal, 2000; Hira and Khera, 2000). The fertility status of 
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the Nepalese rice-wheat system has been declined due to poor soil organic matter content 

and is being consistently depleted of their finite reserve of nutrients by crops.  

2.2 Climate change and emissions of Greenhouse gases 

Intergovernmental Panel on Climate Change fourth assessment report defines 

climate change as a change in the state of the climate that can be identified by changes in 

the mean and/or the variability of its properties and that persists for an extended period, 

typically decades or longer. Climate change may be due to natural internal processes or 

external forcing such as modulations of the solar cycles, volcanic eruptions, and persistent 

anthropogenic changes. United Nations Framework Convention on Climate Change 

(UNFCCC) defines climate change as: “a change of climate which is attributed directly or 

indirectly to human activity that alters the composition of the global atmosphere and which 

is in addition to natural climate variability observed over comparable time periods”. 

Climate  Change  (CC)  refers  to  a  change  in  the  state  of  the  climate  that  can  

be  identified by  changes  in  the  mean  or  variability of its properties and that persists for 

an extended period, typically decades or longer (IPCC, 2007a).  Natural  variability  or  

human  induced  increase  in  greenhouse  gases  (GHGs)  is  the  main  factors  responsible 

for CC. Carbon dioxide(CO2 ), methane(CH4), nitrous oxide(N2O),  and  F-gases  such  as  

per fluorocarbons(PFCs), hydro fluorocarbons(HFCs), sulphur  hexafluoride(SF6 ), and  

chlorofluorocarbons(CFCs) are the most prominent GHGs that trap heat and cause 

CC(IPCC, 2007b). Fuel combustion, deforestation, transportation, agriculture, 

urbanization, and industrialization are the main sources of GHGs emission. Marked 

increase in the concentration of CO2 from about 280ppm in pre-industrial value to 379ppm 

in 2005 has been reported. Similarly, during  the  same  time  period concentration of  CH4   

and N2O has increased  from 715ppb  to  1774ppb  and  270ppb  to  319ppb, respectively. 

Total CO2 equivalent of prominent GHGs is  estimated  to  be  around  455ppm, which  if  

not stabilized below 550ppm CO2 would lead to the most harmful irreversible  

consequence of CC through temperature rise more than 2˚C (IPCC,  2007a).  According to 

(IPCC, 2007), there has been an unprecedented warming trend during the 20th century. 

The current average global surface temperature of 15 ºC is nearly 0.6 ºC higher than it was 

100 years ago-most of the increase has been the consequence of human activity. A further 

increase of 1.5-6 ºC is projected for the period to 2100. Fourth Assessment Report of IPCC 

(2007) concluded that “most of the observed increase in anthropogenic greenhouse gas 

concentrations.” The average atmospheric CO2 concentration has increased from 280 ppm 

in 1850 to 365 ppm at present, and could exceed 700 ppm by the end of the present century 

if emissions continue to rise at current rates (IPCC, 2007). 

Clear indication of CC in the earth has been reported. Over the last few decades, 

temperature of earth surface has been rising and  predicted  to  rise  further  if  proper  

attention  is  not  paid.  This has caused changes in weather patterns, rise in sea level, and 

melting of glaciers. In addition, more frequent storm events,  increased events of drought, 

increased number of El-Nino and other adverse  climatic  situations  can  also  be  

attributed  to  the  global  CC.  Prediction shows that rise in 2˚C temperature is inevitable 

even if  emissions  are  reduced  to  less  than  50%  of  the  current  level  by  2050. This 

increase in temperature was determined to be an upper limit beyond which the risks of 

grave damage to ecosystems, and of non-linear responses, are expected to increase rapidly.  

However, the current trend of emission i.e., emission well above  2000  levels  in  2100,  
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would  lead  to  4˚C  increase  in  temperature  causing  unavoidable  devastating  losses,  

and  excessively  higher  adaptation costs (IPCC, 2007b). It is expected that up to 2100 this 

concentration would become 3 times as much as the pre-Industrial time causing 3 to 10˚C 

hikes in temperature (Tisdell, 2008). 

2.3 Climate Change in Nepal 

Nepal has an extremely varied and complex climate, driven by the uneven terrain 

and regional weather systems. Within a few hundred kilometers, the country’s elevation 

changes from the lowland of 70m in the Terai to the top of the world, Mount Everest 

(8,848m). Nepal is considered as one of the top ten countries most likely to be impacted by 

global climate change (WFP, 2009) but is one of the least contributors to the emissions of 

greenhouse gases (GHGs), emits only 0.027% of global share (INDC, 2016). The 

Observed Climate Trend Analysis Report (2017) prepared by the Department of Hydrology 

and Meteorology (DHM), Nepal based on temperature and precipitation data from the year 

1971 to 2014 finds out that the average annual temperature increase rate of Nepal is 

0.056°C. Also studies on temperature trend in Nepal have identified increasing trend in 

annual mean and annual maximum temperature in high altitude more than that of lower 

altitude (Baidya et al., 2008). Observations of regional and seasonal variation at different 

part of the country resulted high rainfall regions and seasons are recording increases in 

precipitation and becoming wetter, whereas low rainfall regions and seasons are recording 

decreases in precipitation and becoming drier. The water springs in the mid Hills of Nepal 

have been drying up in the recent past (Gurung et al., 2009). Climate change refers to any 

change in climate over time, whether due to natural variability or as a result of human 

activity (IPCC, 2007). Climate change is expected to affect the agricultural production, 

thereby affecting the livelihood and food security in poor rural parts of developing 

countries (Aydinalp et al., 2008, Keane et al., 2009 and Lybbert et al., 2012). In Nepal, the 

temperature has been increased by 1.8˚C during last 32 years and the average temperature 

increase was recorded as 0.06˚C per year (Malla, 2008). Warming and rising of 

temperature in the higher altitude has benefitted some households such as growing maize, 

and green vegetables (Manandhar et al., 2011). 

2.3.1 Change in Precipitation 

The annual mean precipitation is around 1800 mm in Nepal but because of greatly 

diverse topography it ranges from more than 5000 mm in the south to less than 250 mm in 

the north (Rai, 2007). Because of climate change and the rising temperatures, Nepal could 

face drier phases during dry seasons with wetter monsoon (as much as three times the 

current level of rainfall) with chances of flooding and landslides during rainy seasons with 

subsequent impacts on agriculture and livelihoods (Alan and Regmi , 2005). Rainfall was 

recorded minimum in the year 1972, 1977, 1992 and 2005 and maximum in the year 1975, 

1985 and 1998 respectively (Malla,2009). Traditional rainfalls of Jestha and Ashar (mid-

July) have been shifted in Shrawan and Bhadra in Kathmandu and it has affected 

negatively in the rice production.  

Erratic rainfall events i.e., higher intensity of rains but less number of rainy days 

and unusual rain) with no decrease in total amount of annual precipitation have been 

experienced. Such events increase possibility of climatic extremes like irregular monsoon 

pattern, droughts and floods. For example, there were rain deficit in eastern Terai and 

western regions, normal rain in far western region and heavy rain in the mid-western 
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region creating flood, landslide and inundation (Agrawala et al., 2003). People  in  Nepal  

are  experiencing  more  intensive  rainfall  and  subsequent flood and landslide that have 

direct adverse impact on  livelihood  assets  such  as  physical,  natural,  financial,  social,  

and  human (Vidal, 2006; Gautam et al., 2007a; Gautam et al., 2007b;  Pokhrel,et al., 

2007). 

Rainy days are decreasing at a rate of 0.8 days per year (Regmi and  Adhikari, 

2007) leading to a delay in monsoon season and scarcity of water which in  turn is causing 

a change in cropping patterns and crop maturity periods (Regmi and Adhikari, 2007). 

Additionally high humidity provides a conductive environment for breeding of insects, 

bacteria and fungi leading to the rise of tropical diseases and also crop destroying pests 

become more prevalent (Regmi and Adhikari, 2007). 

2.3.2 Change in temperature  

It already observed such as increase in dry period, intense rainfall, flood, landslides, 

forest fires and glacial retreats threats (Shrestha, 2007). In Nepal average temperature 

increase was recorded as 0.06 ºC per year and that in Terai and Himalayas was 0.04ºC and 

0.08 ºC per year respectively (Shrestha, 2007). Nepal  has  experienced  the  fastest  long-

term  increase  in  temperature with 1.6˚C increase between 1976 and 2005, which is very 

high compared to global temperature increase of  0.6˚C  in  the  last  three  decades  (IPCC,  

2007b). Negative impacts of climate change have been observed in Nepal. It has been 

reported that 2006 was the warmest year among the twelve warmest years since 1975 to 

2007. Agrawala et al (2003) reported that   temperature increase faster at higher altitudes 

than at lower altitudes. Due to the change in climate, soil quality is declining due to 

increased precipitation and occurrences of intense rainfall leading to higher levels of 

erosion and sedimentation of fertile land. Temperature is rising at an average of 0.4° C per 

decade, hence affecting soil moisture because of increased evapo-transpiration. 

Developing countries are more vulnerable to the effects of climate change due to its 

high dependence on climate-sensitive sectors like glaciers, agriculture and forestry, and its 

low financial adaptive capacity (Karki, 2007). Developing countries like Nepal are more 

susceptible to the climate change and its impacts due to their limited capacity to cope with 

hazards associated with the changes in climate.   

2.4 Effects of climate change in Agriculture 

Weather and climate are the key factors affecting the agricultural productivity. 

Being open to vagaries of nature, agriculture sector is highly vulnerable to climate change 

phenomena (Ahmed, et al., 2012). Change in water availability to crops may be attributed 

to annual rise of 0.3°C in world average temperature, which would lead to limit cereal 

production (Schneider, 2007). The physiological processes including alleviation of 

photosynthetic efficiency, oxidative damage, uptake of water and nutrients by crop are 

severely affected under continuously changing temperature and moisture disparity (Wang 

et al., 2011). Similarly, climate change in the form of temperature rise and rainfall 

variability in many parts of world caused countries cereal grain yield stagnation and 

increased yield variability (Olesen et al., 2011). Hence, plant growth and productivity is 

severely affected by nature in the form of biotic and abiotic stresses like water stress 

therefore, physiological and morphological changes in plants needs to be addressed as 

mitigation approach (Jaleel et al., 2009). Stresses (water & temperature) due to climate 
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change reduce crop growth by affecting various physiological and biochemical processes 

such as photosynthesis, respiration, translocation and nutrient metabolism (Jaleel et al., 

2009). 

The impacts on agriculture are the decrease of productive land in some region and 

increase in other region. So, it is a complex problem to the world (Pathak, 2003a). Rising 

CO2 promotes plant growth and if the CO2 gas doubles, yields will increase by 40%. CO2 

is regarded as the driving factor of climate change, however its direct effect on plant is 

positive (Warrick, 1988). Changes in precipitation patterns i.e. intensive rain concentrated 

in particular month have a devastating effects on crop production (Adams et al., 1995). 

Nepalese agriculture is predominantly rain-fed agriculture. Therefore, any variations in 

rainfall patterns will have direct impact on Nepalese agriculture. For instance drought 

condition will result in decreased crop yields thereby total production (Malla, 2007). 

Increase  in  temperature  under  increased  availability  of  atmospheric  CO2 leads  

to  vigorous  growth  of  food  crops  and  reduce  the  level  of  soil  organic  carbon,  soil  

micronutrient,  and  enhance decomposition by activating the microbial population in  the 

soil, thereby decreasing agricultural productivity in a long run  (Malla, 2003).  With the 

increase in temperature shifting upward of several domestic and wild plants and animals 

species have been reported in Nepal (Malla, 2007). In general temperature increase will 

reduce yield and quality of food crops there by exacerbating vulnerability in food supply.  

2.5 Effects of climate change on wheat production 

Climate influences plant life in many ways and can inhibit, stimulate, alter or 

modify crop performance (Amgain et al., 2006). It's components like temperature, solar 

radiation, rainfall, relative humidity and wind velocity independently or in combination, 

can influence crop growth and productivity. Climatic parameters like  rain  and  

temperature  strongly  affect  the  growth  and  productivity  of  wheat.  An experiment 

conducted in open top chamber at Khumaltar showed the increase of wheat yield by 8.63 

and 9.74% even at the increase of the temperature by 6.94˚C and the doubling of CO2 

(Malla, 2007). Wheat production was increased by 41.5% in the Terai plain, 24.4% in the 

hill and 21.2% in the mountain under the elevated CO2. The yield however decreased by 

1.8% in the Terai but continued to increase by 5.3% in the hill and 33.3% in the mountain 

at 4˚C rise in temperature under irrigated condition (Malla, 2007). All over the world 

concerns now exists about the possible climate change caused by an increase in the 

concentration of the greenhouse gases such as CO2, CH4 and N2O in the atmosphere 

(Watson et al., 1996). Using general circulation model (GCM), it has been predicted that a 

doubling of the current CO2 levels in the atmosphere will cause an increase of 1.5 to 4˚C in 

average global surface air temperature, with accompanying changes in rainfall pattern by 

the end of the 21st century (Cohen, 1990; Adams et al., 1995). Warrick (1988) investigated  

that  at  higher level of CO2  in the atmosphere, C3 crops specially wheat would show 

improvement  in  water use efficiency through less transpiration, in such case at  2×CO2 

concentration  level  (680 ppm), wheat production would be increased 10 % to 50 % for 

mid and high latitude region of Europe and America. However, 2˚C increase in 

temperature would decrease the production by 3 to 17 % which might be offset by higher 

level of precipitation. For each degree centigrade increase in temperature would cause to 

shift the geographical location for crops production to several hundred kilometres towards 

mid and high latitude (Warrick, 1988). 
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2.6 Agro climatic indices 

Temperature is an important environmental factor influencing the growth and 

development of crop plants. During growth and development of a cereal crop several 

growth stages are distinguishable in which important physiological processes occur. 

Influence of temperature on phenology and yield of  crop  plants  can  be  studied  under  

field  condition  through  accumulated  heat  units  system (Chakravarty  and Sastry, 1984, 

Rajput et al., 1987 and Bishnoi et al., 1995).  

  Plants have a definite temperature requirement before they attain certain 

phenological stages. To forecast the phenology and crop production attributes for large 

areas, there is need to develop crop model (Doraiswamy and Thompson, 1982). The  heat  

unit  system  was  adopted  for  determining  the  maturity  dates  of  different crops  

(Bierhuizen, 1973). The accurate prediction develops on the assessment of plant 

development rate at each growth stage during the growing season. However, the phenology 

and ambient temperature interaction in wheat under late sowing high temperature growing 

condition is very important in Bangladesh. Because in Bangladesh 60% of wheat areas are 

planted late due to various reasons and the crop faces high temperature during reproductive 

stages (Badaruddin et al., 1994).  

2.7 Decision Support System for Agro -technology Transfer (DSSAT) and crop 

simulation model (CSM-CERES-wheat) 

The Decision Support System for Agro-technology Transfer (DSSAT4.5) is a 

comprehensive decision support system (Tsuji et al., 1998; Hoogenboom et al., 2010) that 

includes the Cropping System Model (CSM)-CERES-Wheat model (Ritchie and Otter-

Nacke, 1985; Ritchie et al., 1998). The CSM-CERES-Wheat model can be used to 

simulate the growth and development of dry land and irrigated wheat across a range of 

latitudes in northern and southern hemispheres (Jones et al., 2003; Nain and Kersebaum, 

2007; Hoogenboom et al., 2010). The model had been evaluated and applied to a range of 

tropical (Timsina et al., 1995), subtropical (Hundal and Kaur, 1997; Heng et al., 2000) and 

temperate environments in Asia (Timsina and Humphreys, 2006; Zhang et al., 2013). The 

decision support system for agro technology transfer (DSSAT) has been in use for the last 

15 years by researchers worldwide. Crop growth simulation models (CSM) provide the 

means to quantify the effects of climate, soil and management on crop growth, productivity 

and sustainability of agricultural systems (Amgain, 2004). They can potentially provide a 

scientific approach to study the impact of current and future climate change on agricultural 

production (Rosenzweig and Parry, 1994; Adams et al., 1995). CSM-CERES-Rice and 

CSM-CERES-Wheat models are process based, management oriented models that can 

simulate the growth and development of rice and wheat as affected by varying levels of 

weather, water, nitrogen, and cultivar characteristics (Jones et al., 2003). The model 

processes indicate the effects of elevated CO2 and changed climatic parameters such as 

increased or decreased temperatures, rainfall and solar radiations. These models have been 

validated and tested across the world, including many countries in Asia (Timsina and 

Humphereys, 2003) and in N-W India (Timsina et al., 2004), and hence are suitable for 

investigating the sensitivity of both rice and wheat yields to CO2 and climate change 

parameters. 
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Crop production system analysis is necessary to identify tillage and residue 

management practices that affect crop production.  Crop production system is influenced 

by a complex array of factors combining crop, soil water, climate, and management 

parameters. Although many critical cropping system factors cannot readily be changed, soil 

and water conditions are greatly influenced by management and cultural practices that are 

controllable. Tillage is one management tool under direct human control that is used to 

modify the craw environment (Davidoff, 1992). Tillage practices have been devised 

through trial and error to provide better soil conditions for seed germination and drop 

development and growth. Because of the complex interactions among system components, 

systems analysis is a useful technique for defining cultural practices that optimize crop 

production strategies (Davidoff, 1992). The conventionally tilled winter wheat (Triticum 

aestivum L.) -fallow system is often water-use inefficient as its fallow phase has frequently 

less storage efficiency than no-till and organic production practices.  

Wheat production is constrained by heat stress for late sowing dates. For 

optimization of yield, sowing at the appropriate time to fit the cultivar maturity length and 

growing season is critical (Andarzian et al., 2014). Crop models could be used to 

determine optimum sowing window for a locality. Research result of simulations showed 

that the yield of early sowing dates (before 15 November) is lower than the yield of normal 

sowing date (e.g. 15 November) of decreasing crop growth cycle particularly the  time 

from sowing to the anthesis stage (Andarzian et al., 2014). 

The delay in sowing date not only affects yield, but it affects the yield components 

and other aspects of the growth and development of wheat. It has been reported that 

decreasing duration of the stem elongation phase (end of tillering to anthesis stages) would 

result in a lower number of fertile florets (Slafer et. al., 2001).  

2.8 Sensitivity analysis of model 

Sensitivity analysis is done for the study of the behaviour of model (Jones and Luyten, 

1997). This is done to determine how much a change in the value of a parameter influences 

the important outputs from the model. The model is sensitive to a parameter if a major 

change in the output occurs when the parameter is changed. Sensitivity analysis is a base 

line that enables the user to make changes to existing data sets and compare the effects of 

that change. Sensitivity analysis is valuable in assessing several useful theoretical 

applications including yield gap analysis, strategic decision making planning and climate 

change studies (Timsina and Humphreys, 2003). It is important to understand the response 

of the model to one specific input, such as weather data, cultivars or hybrids, soil data, and 

values for individual Genotype-Specific Parameters (GSPs). This approach, in which all 

inputs are kept constant except for one input or parameter, is called sensitivity analysis. 

DSSAT has a facility to automatically do sensitivity analysis for selected variables. 
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CHAPTER 3 

MATERIALS AND METHODS 

 

3.1 Selection of Study Area  

 Kapilvastu district lies in Province No. 5, Nepal. Its elevation varies from 93 meters 

to 1,491 meters above sea level. Geographically, the district can be divided into plain low 

lands of Terai and low chure Hills. The latitude is 27°32′N and longitude is 83°3′E. It has 

an area of 1,738 km2 and a population of 571,936 (Census, 2011). 

The summer maximum temperature is 45˚C whereas the minimum temperature 

during winter is below freezing. The distribution of precipitation also depends on the 

spatial location and time of the year. The monsoon contributes approximately 80% of the 

annual precipitation during the summer season (from mid-June to mid-September), and 

westerly winds deliver winter (December–February) precipitation. During the other two 

seasons, autumn (September–November) and spring (March–May), the region receives 

occasional precipitation. 

 

Figure 1:  Study Area (Kapilvastu District) 
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3.2 Data collection  

 The research primarily depends on datasets that were obtained from several 

government departments and agencies. Data on historical weather years, crop yield and 

model data have been taken from the following sources. 

3.2.1. Climate database 

` Daily data for maximum and minimum temperature, solar radiation, and rainfall of 

33(1984-2017) years of Taulihawa, Kapilvastu of 27.55˚ latitude 83.0667˚  longitude were 

downloaded via the internet from the National Aeronautics and Space Administration 

(NASA)/Prediction of Worldwide Energy Resource radiation (POWER) site 

(https://power.larc.nasa.gov/data-access-viewer/). 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. The data are widely used in 

agricultural for modeling crop yields (Bai et al., 2010; van Wart, Grassini, & Cassman, 

2013; van Wart et al., 2015), other crop simulation exercises (Ojeda, Volenec, Brouder, 

Caviglia, & Agnusdei, 2017), plant disease modeling (Savary et al., 2012). Therefore, 

NASA/POWER products could be used as a source of climatic data for agricultural 

activities with a reasonable confidence for regional and national spatial scales (Leonardo et 

al., 2017).  

   Similarly data for maximum and minimum temperatures and rainfall were also 

taken from ground Taulihawa, Kapilvastu of 27.55˚ latitude and 83.067˚ longitude with 

elevation of 94m from sea level station provided by Department of Hydrology and 

Meteorology (DHM) for the further process in validation.  

3.2.2. Wheat yield database 

 The wheat yield data were obtained from the Ministry of Agricultural Development 

(MoAD), Nepal. They collected the data from the District Agriculture Development Office 

Kapilvastu, Nepal. The wheat yield data from 2003-2017 only was available in the MoAD 

so the required data of yield i.e from 1984-2003 were collected from the International 

Center for Integrated Mountain Development (ICIMOD) agricultural atlas. 

3.3 Weather Data Validation 

There is a lot of missing data in ground station (Taulihawa, Kapilvastu) provided 

by DHM and it is obvious to use satellite data than the data provided by DHM. There are 

the several methods to fill the gaps of missing data use simply use the simple average 

method. The model accepts the NASA POWER data that was validated with the ground 

station. DSSAT requires daily data to run. Before using satellite data, it is important to 

check how it relates to the observed data and can be used or not. If 10% of the data we 

collect from ground station is valid with respect to NASA data, then it is considered safe to 

use. Further minimum temperature, maximum temperature and rainfall data from random 4 

years (1986, 1996, 2006 and 2016) were validated between station data and NASA data. 

Due to lack of solar radiation data on the station we did not do validation these data with 

NASA derived solar radiation. According to Sayago et al., (2019) NASA-POWER shows 

potential to estimate solar radiation.  
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3.4 Trend analysis between historical weather and wheat yield data  

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

decreasing and to see how wheat yield is related to different weather parameters. For this 

we find the correlation coefficient of yields and agro climatic indices. Correlations of 

wheat yield with climatic variables were estimated following an established approach as 

described in (Bhatt et al., 2014; Lobell and Field, 2007; Lobell et al., 2005; Nicholls, 

1997). The correlation results provide initial information on the positive or negative sign of 

relationships which helps understanding the regression results. The trend line was plotted 

to determine the relationship between minimum temperature, maximum temperature, 

rainfall and solar radiation of the 33 years (1984-2017) of crop growing seasons 

(November to April) along with yield. Similarly, with the yield given by the model, a 

separate trend line was drawn between the indicators of the weather at the same time.  

3.4.1 Correlation coefficient: 

According to Simpson and Kafka (2005) “correlation analysis deals with the 

association between two or more variables”. The correlation coefficient measure the degree 

of relationship between two series of two variables. The value of coefficient of correlation 

lies between -1 to +1. A correlation coefficient of +1 means that for every positive increase 

in one variable, there is a positive increase of a fixed proportion in the other. A correlation 

coefficient of -1 means that for every positive increase in one variable, there is a negative 

decrease of a fixed proportion in the other. Zero means that for every increase, there isn’t a 

positive or negative increase. The two just aren’t related. The calculation of the correlation 

coefficient is performed using the Equation, in which x represents the independent variable 

and y represents the dependent variable. 

   𝒓 =
∑(𝑿−𝑿)(𝒀−𝒀)

√∑(𝑿−𝑿)𝟐(𝒀−𝒀)𝟐

  

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

3.4.2 Regression analysis 

According to Morris Hamburg (2005) “The term Regression Analysis refers to the 

methods by which estimates are made of the values of a variable from knowledge of the 

values of one or more other variables and to the measurement errors involved to this 

estimation process.” Actually regression is fundamental relationship between a dependent 

random variable and one or more independent random variables. The general form of the 

regression function is 

𝑌 = 𝑏0 + 𝑏1𝑋1 + 𝑏2𝑋2+. . . … … … … + 𝑏𝑘𝑋𝑘 + 𝑐 

 

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

and c is the constant. 

3.5 Varietal characteristics of wheat varieties WK-1204 recorded for model 

testing  

It was developed by the combined efforts of CIMMYT Mexico and NARC through 

production trail, farmers trail and farmer's participatory varietal trails. It was released in 
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2007 for mid and high- hill region of Nepal (NARC, 2007). It matures in about 169 days 

and produces an average yield of 6.9 tons/ha. The variety performs better in irrigated and 

non-irrigated high and mid-hill region of Nepal and has hard oval round white grains. 

Because of its better quality of non-lodging, high yield, synchronized maturity, easy 

threshing it is popular among farmers (NARC, 2007). Average height of this variety is 83 

cm. It is resistant to yellow rust. 

3.6 Cultural operation studied to run the CSM-CERES-Wheat model 

To run the model we use the ideal conditions of treatments, we did the fertilizers 

and irrigations on the following manner on the model. 

3.6.1 Fertilizer application 

Phosphorus and potash were applied at the rate of 60 and 40 kg/ha through the DAP 

(Diammnoium Phosphate) and potassium chloride. Nitrogen was applied as per the 

treatments 100 kg/ha through the Urea. The half dose of nitrogen, full dose of phosphorus 

and potash were applied as a basal dose. The remaining half dose of nitrogen was applied 

30 days after sowing. 

3.6.2 Irrigation 

Irrigation was applied only three times, as rainfall was sufficient to meet the 

moisture requirement of the crop. The irrigation was done 15 days, 45 days and 60 days 

after sowing. In each irrigation 70mm of water was used on flood condition. 

3.7 Data required for running DSSAT 

DSSAT model requires different data sets. Separate files of different data sets are 

prepared for running of model. 

X-file: 

The x-files contained the following data sets. Agronomic management (Tillage, 

Sowing, Density, Fertilizer, Irrigation, Harvest, etc….) and Initial soil condition (NH4, 

NO3, moisture, etc…), as shown in Appendix 9. 

Weather file (W- file): 

Weather file or simply w-file contained the following data sets. Maximum 

temperature, minimum temperature, rainfall, solar radiation, relative humidity, dew point 

temperature etc., as shown in appendix 8. 

Soil file (S file): 

Soil file contained the following data sets. (Drained upper limit (DUL), drained 

lower (DLL), SAT, Bulk density (Bd), Stone %, Silt %, Clay %, OC %, pH, N%, SRGF, 

SSKS, SALB, etc….) which is obtained from the World Food Programme.  

A-file: 

A file contained the following data sets. Performance data (Grain yield (GY), Leaf 

area index (LAI) max, Anthesis and maturity dates, grain no. grain wt., etc…) as shown in 

appendix 6. 
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T-file: 

T file contained the following data sets. Time course data (Periodic DM, LAI, Leaf 

wt, Stem wt, SLA, etc… &amp; HI, GY,…..) as shown in appendix 7. 

The X file and W file were prepare by ourselves but remaining data need the 

experimental files which we do not did so the remaining data were collected from the 

already calibrated and validated data (Amgain et al., 2019). 

3.8 Data requirements for model evaluation 

CSM-CERES-Wheat requires a well-defined set of inputs to simulate actual crop 

conditions (Benioff and Smith, 1994). These include soil and weather conditions, genetic 

coefficients, planting details, and irrigation and fertilizer schedules. Data requirements 

depend upon the modeling objectives, larger quantities of accurate data will increase the 

model accuracy by avoiding parameter and equation based assumptions made by model 

(Timsina et al., 1995). Descriptions of A-File, T-File, W-File and X-File prepared for the 

wheat experiments are given in (Appendix 6, 7, 8 and 9) in DSSAT format. 

3.8.1 Model calibration 

CERES- Wheat uses seven genetic coefficients; three genetic coefficients are 

related to the plant development (P1V, P1D and P5). The remaining four genetic 

coefficients are associated with grain yield (G1, G2, G3 and PHINT). Genetic coefficients 

of wheat cultivar WK-1204 has taken from the already calibrated model (Marasini, 2016). 

These genetic coefficients of the wheat cultivars were obtained from the different treatment 

under study by using the CSM-CERES-Wheat model. 

The meaning of the various genetic coefficients for wheat cultivars were presented as 

below: 

P1V  :  Days, optimum vernalizing temperature required for vernalizaion 

P1D  : Photoperiod response 

P5  : Grain filling (excluding lags) phase duration  

G1  : Kernel number per unit canopy weight at anthesis  

G2  : Standard kernel size under optimum conditions 

G3  : Standard, non-stressed mature tiller wt (including grains) (wt dwt) 

PHINT  : Interval between successive leaf tip appearance (0C.d) 

 

Table 1:  Genetic Coefficient of wheat varieties  

Cultivars P1V P1D P5 G1 G2 G3 PHINT Simulated  values 

A PM GY 

WK-1204 3.0 39 315 40 71 0.9 64 119 152 3556 

Measured values;                  

 WK-1204            :  A – 118 days, PM – 152 days and GY – 3556 kg/ha 

 A= anthesis days, PM: - physiological maturity GY- grain Yield 

These genetic coefficients were then used for validation of the model. 
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3.8.2 Model validation  

Validation of the model involves comparison of predicted and simulated data from 

crops that were not used for the calibration. They must be validated for the sites and 

regions of interests. Validation involves subjective judgment. It is a measure of accuracy or 

closeness of fit established for the state variable such as crop yield. The model were 

evaluated using the root mean sum square (RMSE) and index of agreement (d-stat) 

statistics (Willimott, 1985). The d-stat of a ‘good’ model should approach unity and the 

RMSE approach zero. The RMSE is considered the ‘best’ overall measure of model 

performance as it summarizes the mean difference in the units of observed and predicted 

values (Toit and Toit, 2003). 

The CERES-Wheat model was tested and validated by using the above determined 

genetic coefficients of four wheat varieties. Model was validated using treatments except 

those used for model calibration for all wheat varieties. Observation on grain yield was 

used for the model validation. Predicted grain yield was well agreed with observed yield 

(RMSE=734.299, d-stat =0.631). These validation results showed that the CERES-wheat 

model could be safely used as a tool for simulation of different agronomic and climate 

change parameters under western mid hills condition. (Unpublished thesis, Marasini, S, 

2016) 

Simulated

0 500 1000 1500 2000 2500 3000 3500 4000

M
ea

su
re

d

1800

2000

2200

2400

2600

2800

3000

3200

3400

3600

Annapurna 4

Gautam

Farmers' Local

WK 1204

D stat = 0.415
RMSE = 1379.07

 

Figure 2 : Simulated and measured yield for farmer's local, WK-1204, Annapurna-4 and 

Gautam taken from Marasini (2016) 

3.9 Sensitivity analysis 

  The purpose of sensitivity analysis is to study the behavior of the model (Jones and 

Luyten, 1997). Sensitivity analysis is a base line that enables the user to make changes to 

existing data sets and compare the effects of that change. Sensitivity analysis is valuable in 

assessing several useful theoretical applications including yield gap analysis, strategic 

decision making planning, and climate change studies (Timsina and Humphreys, 2003). 

DSSAT has a facility to automatically do sensitivity analysis for selected variables. 
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3.10 Multi-year 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 

(1984/85, 1991/92, 1998/99, 2005/06 and 2014/15). 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 done by changing their respective magnitude to 

predict the growth and yield performance of wheat as advocated by IPCC (2007) for 2020, 

2050 and 2080 scenarios. The scenarios given are in the range of increase of 2-4˚C 

temperatures, of CO2 concentration of 420 to 570 ppm and of increase of 1 MJm-2day-1for 

those periods, respectively (Abdul Haris, 2010). 
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CHAPTER 4 

RESULTS AND DISCUSSIONS 
 

The results obtained during the research are presented in this chapter with the help 

of Tables and Figurers wherever necessary. The results obtained are discussed with 

possible reasons and with supporting literature. 

4.1 Comparison of NASA/POWER- derived and measured weather data from 

DHM 

Figure 3, 4 and 5 shows a comparison of NASA/POWER- derived daily weather 

data with the ground-measured daily data for 2017 at Taulihawa, Kapilvastu, Nepal. 

Measured daily maximum temperatures were slightly higher than NASA-derived 

temperatures, especially during the wet season from June to November, but the 

temperatures were similar during the dry and winter season. Although the measured daily 

minimum temperatures were higher in the wet season, there were fewer variations 

compared with maximum temperatures. In the dry season, the measured daily minimum 

temperatures were lower than NASA-derived minimum temperatures. Highly extreme 

rainfall events measured by a rain gauge were not captured by NASA. Due to lack of 

measured daily solar radiation values we simply used the NASA derived solar radiation. 

These types of comparisons are also done by Timsina et al (2011).  

 

 

  

Figure 3: Maximum temperature during 2017 at Taulihawa, Nepal, using ground measured 

and satellite-derived NASA data 
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Figure 4: Minimum temperature during 2017, Taulihawa Nepal, using ground measured 

and satellite derived NASA data 

 

 

Figure 5: Total rainfall during 2017, Taulihawa Nepal, using ground measured and satellite 

derived NASA data 

Figure 6, 7 and 8 shows 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. The maximum 
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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 mm 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). R2 values for maximum 

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

respectively. Similarly R2 values for minimum temperature were 0.86, 0.84, 0.87 and 0.90 

for respective year. R2 values for the mention period shows the satisfactory agreement 

between NASA-derived and ground measured data. For rainfall, R2 values was least 
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satisfactory, it was 0.21, 0.31, 0.29 and 0.30 for 1986, 1996, 2006 and 2016 respectively. 

Although the, R2  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 (Timsina et al., 2011) 

 

a).1986 

 

b).1996 

 

c).2006 

 

d).2016 

Figure 6 : (a,b,c,d) Comparison of NASA-derived and measured maximum temperature of    

four different years (1986, 1996, 2006 and 2016) at Taulihawa, Kapilvastu Nepal. 
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a).1986 

 
b).1996 

 

c).2006 

 

d).2016 

 

 

Figure 7 : (a,b,c,d) Comparison of NASA-derived and measured minimum temperature of 

four different years (1986, 1996, 2006 and 2016) at Taulihawa, Kapilvastu Nepal. 
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a).1986 

 
b).1996 

 

c) 2006 

 

d). 2016 

 

Figure 8 : (a,b,c,d ) Comparison of NASA-derived and measured rainfall of four different 

years (1986, 1996, 2006 and 2016) at Taulihawa, Kapilvastu Nepal. 
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4.2 Trend analysis of historical agro-climatic indices and wheat yield  

4.2.1 Analysis of Temperature 

4.2.1.1 Mean temperature 

Average temperature records from 33 years (1984-2017) shows decreasing trends at 

the Taulihawa, Kapilvastu district. Over the last 33 years the mean temperature decrease by 

0.017˚C per year and the highest and lowest values of mean temperature are 24.5 in 2002 

and 22.4 in 2013 respectively.  Similarly the mean temperature at wheat growing seasons 

(October to April) of the 33 years also shows the decreasing trends.  In this seasons mean 

temperatures decreases by 0.013˚C per year. According to Chand et al., (2019) rate of 

increase of mean annual temperature ranges from 0.028 C to 0.035 C per year in Nepal. 

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

linear trends are depicted in figures 9 and 10. 
 

 

Figure 9: Average temperature of Taulihawa, Kapilvastu of 33 years (1984 to 2017) 

 

 

Figure 10: Average temperature of wheat growing seasons of Taulihawa, Kapilvastu of 33 

years (1984 to 2017) 
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4.2.1.2 Maximum temperature:-  

 Both the annual and seasonal maximum temperature records from 33 years (1984-

2017) shows decreasing trends. Over the last 33 years both annual and seasonal maximum 

temperatures are decreases by 0.046˚C per year and 0.042˚C per year respectively. The 

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

linear trends are depicted in figures 11 and 12.  

 

Figure 11: Annual maximum temperature of Taulihawa, Kapilvastu of 33 years (1984 to 

2017) 

 

Figure 12: Seasonal maximum temperature of wheat growing seasons of Taulihawa, 

Kapilvastu of 33 years (1984 to 2017) 
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increasing trends. The minimum annual and seasonal temperatures were increased by 
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and minimum temperature of wheat growing seasons including linear trends were depicted 

in figures 13 and 14.  
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Figure 13: Annual minimum temperature of Taulihawa, Kapilvastu of 33 years (1984 to 

2017) 

 

Figure 14: Seasonal minimum temperature of wheat growing seasons of Taulihawa, 

Kapilvastu of 33 years (1984 to 2017) 
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(Shrestha et al., 2019). The time series of annual precipitation and precipitation of wheat 

growing seasons including linear trends were depicted in figures 15 and 16.  

 

Figure 15: Annual precipitation of Taulihawa, Kapilvastu of 33 years (1984 to 2017) 

 

Figure 16: Seasonal precipitation of wheat growing seasons of Taulihawa, Kapilvastu of 33 

years (1984 to 2017) 
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Figure 17: Annual solar radiation of Taulihawa, Kapilvastu of 33 years (1984 to 2017) 

 

Figure 18: Seasonal solar Radiations of wheat growing seasons of Taulihawa, Kapilvastu 

of 33 years (1984 to 2017) 

 

4.3 Impact of climatic indices on wheat yield 

The study attempted to determine the impacts of climatic indices on wheat. The 

study focuses the correlation analysis between observed wheat yield and climatic indices of 

the wheat growing seasons (minimum and maximum temperature, rainfall and solar 

radiations). Similarly the yields obtained from the DSSAT also correlated with the same 

climatic indices. 

4.3.1 Variability in temperature 

The relationships between maximum and minimum temperature and wheat yields 

from observed and DSSAT simulations were analyzed. A relationship between wheat yield 

(both observed and DSSAT simulated) and temperature (both maximum and minimum) 

were shown in figure 19-22. It is well noticed that the effect of wheat yield is more 

y = -0.0345x + 19.168
R² = 0.4816

16

16.5

17

17.5

18

18.5

19

19.5

20
S

o
la

r 
ra

d
ia

ti
o
n
 (

in
 M

Jm
-2

)

Year

Solar Radiation Linear (Solar Radiation)

y = -0.0358x + 19.129
R² = 0.4661

16

16.5

17

17.5

18

18.5

19

19.5

S
o
la

r 
ra

d
ia

ti
o
n
 (

in
 M

Jm
-2

)

Year

Solar Radiation Linear (Solar Radiation)



28 

 

dependent in minimum temperature then 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 -0.461 and -

0.208. That means 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 0.363 and 0.164 

respectively.  

 

Figure 19: Relation between observed wheat yield and maximum temperature 

 

Figure 20: Relation between DSSAT simulated wheat yield and maximum temperature at 

Taulihawa, Kapilvastu 
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Figure 21: Relation between observed wheat yield and minimum temperature at 

Taulihawa, Kapilvastu 

 

Figure 22: Relation between DSSAT simulated wheat yield and minimum temperature at 

Taulihawa, Kapilvastu 
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Figure 23: Relation between DSSAT simulated wheat yield and rainfall at Tauliwaha, 

Kapilvastu 

 

 

Figure 24: Relation between observed wheat yield and rainfall at Tauliwaha, Kapilvastu 
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Figure 25: Relation between observed wheat yield and solar radiation at Tauliwaha, 

Kapilvastu 

 

Figure 26: Relation between DSSAT simulated wheat yield and solar radiation at 

Tauliwaha, Kapilvastu 

 

4.4 Sensitivity analysis 

CERES-Wheat was run for to study sensitivity analysis to different weather years 

and climate change scenarios. For this WK-1204 variety f wheat was used. 

4.4.1 Sensitivity to weather years 

CERES-Wheat was run for the standard treatment using 5 years of weather data 

(1984/85, 1991/92, 1998/99, 2005/06 and 20014/15) (Table 2, Figure 27, 28, 29). The 

simulated yields were sensitive to various weather years. It was revealed that there was 

30% yield increased was observed in the year of 2005/06.  It was revealed that there was 

2% yield declined in WK-1204 in the year of 1998/99. In 1991/92 increased yield 15% was 

observed in WK-1204. Similarly only 4% yield was observed in the year 1984/85 which 
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was lower in comparison of other years. It was found that average temperature was lower 

in the year of 2005/06, which increased maturity days of WK-1204. Similarly Rainfall and 

Solar radiation was highest in 2005/06 which resulted in highest yield. Singh and Padila 

(1995) reported that decreased temperature increase wheat yield significantly. 

Table 2: Sensitivity of simulated yield and phenology of wheat cultivar WK-1204 

to weather years 

 Weather 

years 

Simulated 

yield (kg/ha) 

Percent 

yield  

WK-1204 20014/15a 2931 100 

2005/06 3798 130 

1998/99 2852 98 

1991/92 

1984/85 

3359 

3051 

115 

104 

 

 

Figure 27: Daily average temperature (˚C) during wheat growing season 
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Figure 28: Daily rainfall (mm) during wheat season 

 

Figure 29: Daily solar radiation (MJm-2day-1) during wheat season 
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4.4.2 Effect of changing climatic scenarios on wheat yield 

Various scenarios of temperature, carbon dioxide concentration and solar radiation 

were selected for running sensitivity analysis of yields simulated by CERES-Wheat for 

WK-1204 cultivar (Table 3). Compared to simulated yield of standard treatment, the 

decrease in yield was 61 for WK-1204, with the increase in both maximum and minimum 

temperature by 4˚C but decrease in both maximum and minimum temperature by 4˚C yield 

was increased by 6%. Elevated CO2 by 20 ppm along with increased temperature had 

resulted in decrease in grain yield by 54%. But, in combination with decreased 

temperature, there was increased in yield by 9%. Simulated grain yield was found to be 

decreased by 62% when there was increased in 1 MJm-2day-1 solar radiation along with the 

increased temperature (by 4˚C) and CO2 concentration (by 20 ppm). Decrease in yield by 

57% with the decrease in solar radiation by 1 MJm-2day-1 along with increase in 

temperature (by 4˚C) and CO2 concentration (by 20 ppm). Under decreased temperature 

(by 4˚C), increased CO2 concentration (by 20 ppm), changes in solar radiation amount 1 

MJm-2day-1had increased the simulated yield. Yield was increased by 4% for 1 MJm-2day-1 

increase in solar radiation and by 12%, for 1 MJm-2day-1 decrease in solar radiation. 

Table 3: Sensitivity analysis of wheat cultivar WK-1204 with changes in temperature, solar 

radiation and CO2 concentration 

Max 

 Temp 

 (˚C) 

Min temp 

(˚C) 

CO2 

conc. 

(ppm) 

Solar radiation  

(MJm-2day-1) 

Simulated 

yield 

(kg/ha) 

% yield 

change 

+0a +0 390 +0 3673 100 

+4 +4 390 +0 3261 89 

-4 -4 390 +0 5641 154 

+4 +4 +20 +0 3323 59 

-4 -4 +20 +0 5761 102 

+4 +4 +20 +1 3281 57 

+4 +4 +20 -1 3358 58 

-4 -4 +20 +1 5589 166 

-4 -4 +20 -1 5960 177 

a Standard year 

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 3). Temperature primarily affected growth duration with lower temperature 

increasing the length of time that the crop could intercept radiation.  Amgain et al. (2006) 
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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; Amgain et al, 2019). Decreased CO2 concentration and increased temperature 

increased growth duration and yield, while increased temperature shortened growth 

duration and reduced leaf area, biomass and yield (Qureshi and Iglesias, 1994); Timsina et 

al, 1997). At elevated CO2, light intensity positively affects photosynthesis and increased 

temperature promotes both photosynthesis  and  leaf  area  as  reported  by  Imai  and  

Murata  (1979).  The increased temperature and reduced  solar  radiation  decreased  the  

net  photosynthetic  active  radiant  (PAR)  interception. The less  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). 

4.4.3 Multi-year prediction of wheat yield as influenced by changing climatic 

scenarios as given by IPCC (2007)  

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 4). The 

maximum and minimum temperature was increased by 1˚C and CO2 concentrations added 

50pmm (420ppm) with change in solar radiation (+1 MJm-2day-1) resulted increase in yield 

by 6 percent, 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 percent than the standard 

model treatment (without changing the weather parameters). This reflected that the wheat 

is more sensitive to the adverse climatic variability. 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 or mitigation strategies over the long-run. 

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 Bhusal et al., (2009), 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 cultivars under study (Attri, S. D. and Rathore, 

L. S., 2003) 
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Table 4: Sensitivity analysis of wheat as according to the different climate change 

scenarios for 2020, 2050 and 2080 

S. No Max 

Temp (in 

˚C) 

Min 

Temp (in 

˚C) 

Solar 

radiation 

(MJm-2day-1) 

CO2 

Conc. 

(ppm) 

Simulated 

Yield 

(Kg/ha) 

%  Yield 

change  

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

2. +1 +1 +0 370 4582 102.5 
 

3. +1 +1 +1 +50 

(420) 

4755 106.4 

4. +2 +2 +1 +50 

(420) 

4107 91.9 
 

5. +3 +3 +1 +100 

(470) 

3797 84.9 
 

6. +3 +3 +1 +200 

(570) 

4114 92.0 
 

7. +4 +4 +1 +200 

(570) 

3861 86.4 
 

Note: 1a : Standard climatic conditions (model default), 2, 3 & 4: Climate change scenario 

2020, 5 & 6:. Climate change scenario 2050 and 7: Climate change scenario 2080 as given 

by IPCC (2007). 
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CHAPTER 5 

SUMMARY AND CONCLUSIONS  
 

5.1 Summary 

The weather data of 33 years (1984-2016) derived from the NASA-Power was 

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

the, R2  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 cannot 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 used annual wheat yield data as well as the wheat growing season’s 

weather data of temperature, total 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. Similarly the precipitation was in increasing trend 

and solar radiation was in decreasing. The total precipitation was increased by 28.52mm 

per year and solar radiation was decreased by 0.034 MJm-2 per year. 

The impact agro climatic indices on wheat yield were observed. Both observed 

yield and DSSAT simulation yield were used to see the relationship. Correlation 

coefficient and regression analysis is done individually with the climatic indices (max, min 

temperature, precipitation and solar radiations). Comparatively the regression between 

DSSAT simulated yield and agro climatic indices were less than observed yield with agro 

climatic indices. 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. 

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

4.7. The determined genetic coefficients for WK-1204 it 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 compare to the year 2015/16.  

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 
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temperature (-4˚C), CO2 concentration (+20 ppm) with change in solar radiation (-MJm-

2day-1) resulted maximum increase in yield WK-1204 by 12%. Similarly change in 

temperature (+4˚C), CO2 concentration (+20 ppm) with change in solar radiation (+MJm-

2day-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 by 420 ppm (+50 ppm) with change in solar radiation 

(+MJm-2day-1) resulted maximum increase in yield of WK-1204 by 6%. After that the 

wheat yields was in decreasing. 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 up to 16 percent. 

5.2 Conclusion 

 It has been overlooked that the NASA (Power) weather data can be safely used for 

studying climate change effect on crop yields if the observed data are missing due to some 

technical reasons. Increasing temperature had negative effects on the wheat yield, so we 

have to develop new variety of wheat tolerant to heat stress. To achieve the higher 

productivity and increasing demand of the wheat, we should follow the climate change 

adaptation studies. For wider application of models 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. 

5.3 Recommendations 

The following recommendations can be drawn from the results and discussion 

made in the previous chapters. 

 It is recommended that for the validation process the proper plantation of crop in an 

experimental plot or field may give better results. 

 For the multiyear prediction, the new and latest IPPC scenarios can be used, which 

gives better results. Due to unavailability of downscaled latest scenarios we simply 

used IPCC (2007) scenarios for our study. 

 As it is the first instance of using the DSSAT model in the meteorological field; lots 

of queries remained that must be sorted out. 

 

 

 

 

 

 

 



39 

 

                                               References 
 

Abdul Haris, A., Biswas, S. and Chhabra, V. 2010. Climate change impacts on 

productivity of rice (Oryza sativa) in Bihar. Indian Journal of Agronomy, 55 

(4), 295-298. 

 

Adams, R.M., Flemming R.A., Chang C.C., Mc Carl B.A. and Rosenzweig C. 1995. 

A reassessment of the economic effects of global climate change on US 

agriculture. Climate Change 30:147-167. 

 

Agrawal, P. K., and Kalra, N. 1994. Analysing the imitation set by Climate Factors, 

Genotype, and water and nitrogen availability on productivity of wheat II. 

Climatically potential yield and optimal management strategies. Field Crops 

Research, 38, pp. 93-103. 

 

Agrawala S., Ota T, Ahmed A.U, Smith J. and Aalst M. 2003. Development and 

climate change in Bangladesh: focus on coastal flooding and the Sundarbans. 

 

Ahmed M., Fayyaz U-H., Aslam M. and Aslam M.A. 2012. Physiological attributes 

based resilience of wheat to climate Change. International journal of 

agriculture and biology. 14 (3): 407-412. 

 

Alan M, and Regmi B.R. 2005. Adverse Impacts of Climate Change on Development 

of: Integrating Adaptation into Policies and Activities. Capacity 

Strengthening of Least Developed Countries for Adaptation to Climate 

Change (CLACC); 

 

Amgain, L.P. and Timsina J. 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, L.P., N.R. 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, L. P., Dhakal, B., Shrestha, U., & Marasini, S. (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 

 

Anar, M.J., Z. Lin, J. Teboh and M. Ostlie. 2015. Modeling energy beets using the 

Decision Support System for Agrotechnology Transfer. In: ASABE North 

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


40 

 

Central Intersectional Conference, April 10-11, 2015 (Retrived on November 

5, 2015). 

 

Andarzian, B., G. Hoogenboom, M. Bannayan, M. Shirali and B. Andarzian. 2014. 

Determining optimum sowing date of wheat using CSM-CERES-Wheat 

model. Journal of the Saudi society of agricultural sciences, 14:189-199. 

 

Attri, S. D. and Rathore, L. S.: 2003. Simulation of Impact of Projected Climate 

Change on Wheat in India, International Journal of Climatology 23, 693–705. 

 

Aydinalp, C., and Cresser, M.S., 2008, The effects of global climate change on 

agriculture. Am. Eurasian J. Agr. Envrion. Sci., 3(5),672-6. 

 

Badaruddin, M., Saunders, D. A., Siddique, A. B., Hossain , M. A., Ahmed, M.O., 

Rahman M. M. and Parveen S. 1994. Determining yield constraints for wheat 

production in Bangladesh. In “Wheat in heat stress environments; irrigated, 

dry areas and rice-wheat farming system” (D.A. Saunders and G.P. Hattel, 

Eds.), CIMMYT, Mexico, D.F. pp. 265 -271.  

 

Bai, J., Chen, X., Dobermann, A., Yang, H., Cassman, K. G., and Zhang, F. 2010. 

Evaluation of NASA satellite-and model-derived weather data for simulation 

of maize yield potential in China. Agronomy Journal, 102(1), 9–16. 

 

Baidya S.K.; Shrestha M.L; and Srikh M. M. 2008. Trends in daily climatic extremes 

of temperature and precipitation in Nepal. Journal of Hydrology and 

Meteorology, 5(1) 

 

Benioff, R. and J. Smith. 1994. Implications of climate change for international 

agriculture: Crop modeling study. (eds.). C. Rosenzweig and A. Iglesias, 

United States Environmental Protection Agency, p.13. 

 

Bhandari, P., Shrestha, M.L. and Pant, R.R., 2015. Impact of Climate Change and 

Adaptation Strategies on Livestock in Gandaki River Basin, Nepal. 

Participatory Community Assessment for Priority Problem Diagnosis in 

Bajura District, Nepal: What Matters Most–Poverty or Climate Change?, 

p.269. 

 

Bhatt, D., Maskey, S., Babel, M.S. et al. (2014) Climate trends and impacts on crop 

production in the Koshi River basin of Nepal. Reg Environ Change 14, 1291–

1301. 

 

Bhusal, T. N., Amgain, L.P. and Devkota, N.R. 2009. Evaluation of CSM-CERES-

Maize model and sensitivity analysis of open pollinated varieties of maize at 

Rampur Chitwan. J Inst. Agric. Anim. Sci. 30, 63-72. 

 



41 

 

Bierhuizen, JF. 1973. The effect of temperature on plant growth, development and 

yield. (In) Plant Response to Climate Factors. Proc. Uppsala Symposium 

(Paris): 89-98. 

 

Bishnoi, O.P., S. Singh and R. Niwas. 1995. Effect of temperature on phenological 

development of wheat (Triticum aestivum L.) crop in different row 

orientations. Indian J. Agric. Sci. 65: 211-214. 

 

Byerlee D., Ali M. , Siddiq A.., 2003. Sustainability of the Rice–Wheat System in 

Pakistan's Punjab: How Large is the Problem? 

 

Chakravarty, N.V.K and P.S.N. Sastry. 1984. Phenology and accumulated heat unit 

relationships in wheat under different planting dates in the Delhi regions. 

Agric. Sci. Prog.1:32-42. 

 

Chand, M. B., Bhattarai, B. C., Baral, P. & Pradhananga, N. S. 2019. Trend analysis 

of temperature data for Narayani River Basin, Nepal. Sciences 1, 21. 

 

CIMMYT 2018. https://www.cimmyt.org/new-publications-the-importance-of-

wheat-in theglobal-food-supply-to-a-growing-population/. Accessed on 17 

July 2018 

 

CIMMYT, 2005. 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, pp. 31–37. 

 

CIMMYT. 2002. Annual Report. International Maize and Wheat Centre, Mexico. 

 

Cohen, S. J. 1990. Bringing the global warming issue closer to home: the challenge 

of regional impact studies, Bull. American Meteorol. Soc. 71:520-527. 

 

Dahal, M. N. 2009. Emerging Trend of Change in Rainfall Pattern and Its Impact on 

Traditional Farming System: A Case Study of Paddy Cultivation in Kritipur 

Municipality. Unpublished M. Sc. Thesis, Pokhara University. 

 

Davidoff, B.W., W. Wilhelm and J. Skopp. 1992. Simulating Winter Wheat 

Production in Three Tillage Systems Using the Nitrogen Tillage Residue 

Management Model. Agronomy journal, vol. 84, University of Nebraska–

Lincoln. 

 

Devkota, N. 2013. Climate Change and Wheat Production in Nepal. Unpublished, 

M.Phil Thesis, Central Department of Economics, Tribhuvan University, 

Nepal. 

 

https://www.cimmyt.org/new-publications-the-importance-of-wheat-in
https://www.cimmyt.org/new-publications-the-importance-of-wheat-in


42 

 

Doraiswamy, PC and DR Thompson. 1982. A crop moisture stress index for large 

areas and its application in the production of spring wheat phenology. Agril 

Meterol 27: 290-294. 

 

Duxbury, J.M., I.P. Abrol, R.K. Gupta, and K.F. Bronson. 2000. Analysis of long-

term fertility experiments with rice-wheat rotations in South Asia. In:I.P. 

Abrol, K.F. Bronson, J.M. Duxbury, and R.K. Gupta (eds.), Long-term soil 

fertility  experiments in rice-wheat cropping systems. Rice-Wheat consortium 

paper Series 6. New Delhi, India: RWC. Pp. vii–xxii. 

 

Erenstein, O., R.K. Malik and S. Singh. 2007. Adoption and Impacts of Zero Tillage 

in the Rice-Wheat Zone of Irrigated Haryana, India. CIMMYT and the Rice-

Wheat Consortium for the Indo-Gangetic Plains, New Delhi. 

 

FAO 2018a. Soil pollution: a hidden reality. FAO, Rome, pp 142. ISBN 978-92-5-

130505-8 

 

FAO 2018b. Be the solution to soil pollution. FAO, Rome, p 32 

 

FAO 2018c. www.fao.org/docrep/006/y4011e/y4011e04.htm. Accessed on 17 July 

2018 

 

FAOSTAT 2018. Crops/world total/wheat/area harvested/2018. United Nations, 

FAO, Statistics Division 

 

FAOSTAT. 2007. Agriclture data (online). In: www.fao.org. Available at 

http://faostat.org (last update 2007; assessed 19 Nov, 2007). Rome Italy: Food 

and Agriculture Organization (FAO). 

 

FAOSTAT. 2015. Production and Productivity of wheat in South Asia. 

(http://www.fao.org) 

 

Gautam R., Bassi A.S., Yanful E.K., and Cullen E. 2007a. Biodegradation of 

automotive waste polyester polyurethane foam using Pseudomonas 

chlororaphis ATCC55729, International Biodeterioration & Biodegradation 

Volume 60, Issue 4, 2007, Pages 245-249, Candida rugosa lipase-catalyzed 

polyurethane degradation in aqueous medium 2007b 

 

Gautam, R., Bassi, A. S., and Yanful, E. K. 2007b. Candida rugosa lipase-catalyzed 

polyurethane degradation in aqueous medium. Biotechnology Letters, 29(7), 

1081–1086  

 

Giri, G.S. 1997. Effect of Rice and Wheat Establishment Techniques on Wheat Grain 

Yields. pp. 66-68. In: Hobbs and Rajbhandari  (ed.). Proceeding of the Rice-

Wheat Research, End-of- Project Workshop, 1-3 October, 1997, Kathmandu, 

Nepal. 

 

http://www.fao.org/


43 

 

Giri, G.S. 1998. Response of rice culture on subsequent wheat grain yield. Wheat 

Research Report (In) Proc. National Winter Crops Technology Workshop 

(17-20 Dec.1998) NARC and CYMMIT Publications: pp. 15-18. 

 

Gupta, R. K., R.K. Naresh, P.R Hobbs and J.K. Ladha. 2002. Adopting conservation 

agriculture in rice wheat system of the Indo-gangetic Plains-New 

opportunities for saving on water. Paper presented at 'Water wise rice 

production workshop, 5-10 April 2002, IRRI, Philippines. 

 

Heng, L.K., Baethegen, W.E. and Moutoonnet, P., 2000. The collection of a 

minimum data set and the application of DSSAT for optimizing wheat yield 

in irrigated cropping systems, pp. 7–17. In: Optimizing Nitrogen Fertilizer 

Application to Irrigated Wheat, IAEA TECDOC-1164, p. 245 

 

Hira, G.S., and Khera, K.L., 2000. Water resource management in Punjab under rice–

wheat production system. Department of Soils, Punjab Agricultural 

University Research Bulletin No. 2/2000. 

 

Hobbs, P.R. and R.K. Gupta. 2003. Resource-conserving technologies for wheat in 

rice-wheat systems. In: J. K. Ladha, J. Hill, R. K. Gupta, J. Duxbury, R. J. 

Buresh (Eds.). Improving the Productivity and Sustainability of Rice-Wheat 

Systems: Issues and Impacts. ASA Special Publication 65. Agron. Soc. Am., 

Madison, WI. Pp. 149-171. 

 

Hobbs, P.R. and, M. Morris, 1997. The importance of rice-wheat systems for food 

security in Nepal. In: Proceeding of a DFID end-of -project workshop, 1-3 

Octobr 1997, CIMMYT, Mexico DF. pp. 1-5. 

 

Hoogenboom, G., J.W. Jones, R.W. Wilkens, W.D. Batcheloro, L.A. Hunt, K.J. Boot, 

U. Singh, O. Uryasev, W.T. Bowen, A.J. Gijsman, A. du Toit, J.W. White, 

and G.Y. Tsuji. 2010. Decision support system for Agro-technology Transfer 

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

 

Hundal, S.S. and Kaur, P., 1997. Application of the CERES-Wheat model to yield 

predictions in the irrigated plains of the Indian Punjab. J. Agric. Sci. 

Cambridge. 129, 13–18. 

 

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

 

INTENDED NATIONALLY DETERMINED CONTRIBUTIONS (INDC)2016. 

Government of Nepal Ministry of Population and Environment. (2016), 

(February). 

 

IPCC, 2007. Climate Change 2007: Climate Change Impacts, Adaptation and 

Vulnerability. Summary for Policy Makers. Inter-Governmental Panel on 

Climate Change. II Assessment Report of the Intergovernmental Panel on 



44 

 

Climate Change. Watson, R. T., M C. Zinyowera, M. C. and R. H. Ross 

(Eds), Cambridge and New York, p 880. 

 

IPCC, 2007a,b Intergovernmental Panel on Climate Change, (Climate Change 2007). 

 

Iyanda R.A., Pranuthi G., Dubey S.K. and Tripathi S.K. 2014. Use of DSSAT 

CERES Maize model as a tool of identifying potential zones for maize 

production in Nigeria .Int. J. Agric. Pol.Res. 2(2):069-075 

 

Jaleel, C.A., P. Manivannan, A. Wahid, M. Farooq, R. Somasundaram and R. 

Panneerselvam. 2009. Drought stress in plants: a review on morphological 

characteristics and pigments composition. Int. J. Agric. Biol., 11: 100–105. 

 

Jones, J.W. and J.C. Luyten. 1997. Simulation of biological processes. University of 

Florida, Florida, USA. 

 

Jones, J.W., G. Hoogenboon, C.H. Porter, K.J. Boote, W.D. Batchelor, L.A. Hunt, 

P.W. Wilkens, V. Singh, A.J. Gijsman and J.T. Ritchie. 2003. The DSSAT 

cropping system model. European Journal of Agronomy.18: 235-265. 

 

Jones, J.W., Tsuji, G.Y., Hoogenboom, G., Hunt, L.A., Thornton, P.K., Wilkens, 

P.W., Imamura, D.T., Bowen, W.T. and Singh, U., 1998. Decision support 

system for agrotechnology transfer; DSSAT v3. In: Tsuji, G.Y., 

Hoogenboom, G., Thornton, P.K. (Eds.), Understanding Options for 

Agricultural Production. Kluwer Academic Publishers, Dordrecht, the 

Netherlands, pp. 157/177. 

 

Kaur G., Garcia A.Y., Norton U., Persson T. and Kelleners T. 2015. Effects of 

Cropping Practices on Water-Use and Water Productivity of Dryland Winter 

Wheat in the High Plains Ecoregion of Wyoming, Journal of Crop 

Improvement, 29:5,491-517 

 

Keane, J., Page, S., Kergna, A., and Kennan, J., 2009, Climate change and 

developing county agriculture: An overview of expected impacts, adaptation 

and mitigation challenges, and funding requirements. ICTSD-IPC Platform on 

climate change, agriculture and trade, Issue brief no 2, International Centre 

for Trade and Sustainable Development, Geneva, Switzerland and 

International Food & Agricultural Trade Policy Council, Washington DC, 

USA; 2009. 

 

Kiss I. 2018. Applied studies in agribusiness and commerce. 

https://ageconsearch.umn.edu/ 

bitstream/104650/2/14_Kiss_Signification_Apstract.pdf. Accessed on 17 July 

2018 

 

Kumar, P., D. Jha, A. Kumar, M.K. Chaudhary, R.K. Grover, R.K.  Singh, A. Mitra, 

P.K. Joshi, A. Singh, P.S. Badal, S. Mittal, and J. Ali. 2002a. Economic 

https://ageconsearch.umn.edu/


45 

 

analysis of total factor productivity of crop sector in Indo-Gangetic Plain of 

India by district and region. Agricultural Economics Research Report 2. New 

Delhi, India: Indian Agricultural Research Institute. 

 

Ladha, J.K., D. Dawe, H. Pathak, A.T. Padre, R.L. Yadav, B. Singh,  Y. Singh, Y. 

Singh, P. Singh, A.L. Kundu, R. Sakal, N. Ram,  A.P. Regmi, S.K. Gami, 

A.L. Bhandari, R. Amin, C.R. Yadav,  E.M. Bhattarai, S. Das, H.P. 

Aggarwal, R.K. Gupta, and P.R.  Hobbs. 2003a. how extensive are yield 

declines in long- term rice–wheat experiments in Asia? Field Crops Research 

81:159–180. 

 

Ladha, J.K., H. Pathak, A.T Padre, D. Dave and R.K. Gupta. 2003b. Productivity 

trends in intensive rice–wheat cropping systems in Asia, in: Ladha, J.K. (Ed.), 

Improving the Productivity and Sustainability of Rice–Wheat Systems: Issues 

and Impacts. American Society of Agronomy, Madison, WI, USA, pp. 45–76. 

 

Laxmi V., Erenstein O. and Gupta R. K. (RWC-CIMMYT 2003:04). Impact of Zero 

Tillage in India’s Rice-Wheat Systems ( RWC-CIMMYT 2003:04). 

 

Lobell D.B. and Field C.B. 2007. Global scale climate–crop yield relationships and 

the impacts of recent warming. Environ Res Lett 2:014002. 

 

Lobell D.B., Ortiz-Monasterio J.I., Asner G.P., Matson P.A., Naylor R.L., and Falcon 

W.P. 2005. Analysis of wheat yield and climatic trends in Mexico. Field 

Crops Res 94:250–256 

 

Lybbert, T.J., and Sumner, D.A., 2012, Agricultural technologies for climate change 

in developing countries: Policy options for innovation and technology 

diffusion. Food Policy, 37(1),114-23. 

 

Malla, G. 2003. Impact of climate change on water and soil health, Agriculture and 

Environment.  MOAC, pp. 63-71. 

 

Malla, G. 2007. Methane emission is challenge for environment. Hamro Sampada.  

Indreni offset press, pp. 1172-173 

 

Malla, G. 2009. Climate change and its impact on Nepalese agriculture. Journal of 

Agriculture and Environment, 9:62-71. 

 

Manandhar,  S.,  Schmidt, V.D., Perret, S., and  Kazama, F., 2011, Adapting 

cropping systems to climate change in Nepal: a  cross-regional  study of 

farmers' perception  and  practices Reg. Environ. Change, 11(2),335-48. 

 

MoAD. 2017. Statistical information on Nepalese agriculture (2016/2017). 

Government of Nepal. Ministry of Agricultural Development.Agribusiness 

Promotion and Statistics Division. Singha Durbar, Kathmandu 

 



46 

 

Nain, A.S., Kersebaum, K.Ch., 2007. Calibration and validation of CERES-wheat 

model for simulating water and nutrients in Germany. In:Kersebaum,K.Ch., et 

al.(Eds.), Modeling Water and Nutrient Dynamics in Soil–Crop Systems. 

Springer, pp. 61–181 

 

Nayyar V.K., Arora C.L. and Kataki P.K. 2001. Management of Soil Micronutrient 

Deficiencies in the Rice-Wheat Cropping System. Journal of Crop Production 

Volume 4. 

 

Nepal Agriculture Research Council (NARC), 2007. WK-1204 for high production in 

mid and high- hills region of Nepal. Agri- botany division, Khumaltar, 

Lalitpur, Nepal. 

 

Nicholls N. 1997. Increased Australian wheat yield due to recent climate trends. 

Nature 387:484–485 

 

Ojeda, J. J., Volenec, J. J., Brouder, S. M., Caviglia, O. P., and Agnusdei, M. G. 

2017. Evaluation of Agricultural Production Systems Simulator as Yield 

Predictor of Panicum virgatum and Miscanthus x giganteus in Several US 

Environments. GCB Bioenergy, 9(4), 796–816. 

 

Olesen, J.E., M. Trnka, K.C. Kersebaum, A.O. Skjelvag, B. Seguin, P. Peltonen-

Sainio, F. Rossi, J. Kozyra and F. Micale. 2011. Impacts and adaptation of 

European crop production systems to climate change. European J. Agron., 

34:96–112. 

 

Pathak, P. 2003a. Climate potential and onfarm yield trends of rice and wheat in the 

indo Gangatic plains field crops Re, 80:223-234. Productivity, profitability 

and sustainability of the rice–wheat system in South Asia. In: Integrated Crop 

and Resource Management in the Rice-Wheat System of South Asia. Eds: J. 

K. Ladha, Yadvinder Singh, O. Erenstein and B. Hardy, International Rice 

Research Institute, Philippines. pp. 69-108. 

 

Pingali P.L., and Gerpacio R.V. 1997 Living with reduced insecticide use for tropical 

rice in Asia Food Policy Volume 22, Issue 2, April 1997, Pages 107-118. 

 

Pingali, P.L. and Shah, M., 1999. Rice–wheat cropping system in the Indo-Gangetic 

plains: policy redirections for sustainable resource use. In: Pinglai, P. (Ed.), 

Sustaining Rice–Wheat Production Systems: Socio-Economic and Policy 

Issues. Rice–Wheat Consortium Paper Ser. 5. Rice–Wheat Consortium, New 

Delhi, India, pp. 1–12 

 

Pokharel, R. R., Abawi, G. S., Zhang, N., Duxbury, J. M., and Smart, C. D. 2007. 

Characterization of isolates of Meloidogyne from rice-wheat production fields 

in Nepal. Journal of Nematology, 39(3), pp. 221–230 

 



47 

 

Poudel, A.P., S.B. B.K., K.B. 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. 

 

Qureshi,  A. and A. Iglesias. 1994. Implications of global climate change for 

agriculture in Pakistan: Impacts on simulated wheat production. 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. 

 

Rai, M. 2007. "Climate change and agriculture: a Nepalese case. "Journal of 

Agriculture and Environment, 8:92-95. 

 

Rajput, R.P., Deshmukh, M.R. and Paradkar V.K. 1987. Accumulated heat unit and 

phenology relationships in wheat (Triticum aestivum L) as influenced by 

planting dates under late sown  conditions. J. Agron. Crop Sci. 159:345- 348. 

 

Rao, D. and S. K. 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. 

 

Regmi B.R., and  Adhikari A. 2007. Climate risk and vulnerability in Nepal. Country 

case study BR Regmi, A Adhikari - Human Development Report, 2007. 

 

Rijsberman, 2006. Water scarcity: Fact or fiction? Agricultural Water Management 

Volume 80, Pages 5-22. 

 

Ritchie, J.T. and S. Otter-Nacke. 1985. Description and performance of CERES-

Wheat: a User–oriented wheat yield model USDA-ARS, 38:159–175. 

 

Rosenzweig C. and Parry M.L. 1994. Potential impact of climatechange on world 

food supply. Nature 367:133–138 

 

Savary, S., Nelson, A., Willocquet, L., Pangga, I., and Aunario, J. 2012. Modeling 

and mapping potential epidemics of rice diseases globally. Crop Protection, 

34(Supplement C), 6–17. 

 

Schneider, S.H. 2007. Assessing key vulnerabilities and the risk from climate change. 

In: Parry, M.L. (ed.), Climate Change 2007: Impacts, Adaptation and 

Vulnerability, pp: 779–810. Contribution of Working Group II to the Fourth 

Assessment Report of the Intergovernmental Panel on Climate Change. 

Cambridge University. 

 

Sharma, R.S., K.K. Jain, 1997. Agronomic research in rice–wheat system in Madya 

Pradesh.    Adv. Agric. Res. India, 7:139–157. 



48 

 

 

Shrestha U.B., Shrestha A.M., Aryal S., Shrestha S., Gautam M.S. and Ojha H. 2019. 

Climate change in Nepal: a comprehensive analysis of instrumental data and 

people’s perceptions. Climatic Change. 154(3-4): 315 

 

Shrestha, B.M. 2007. Land Use and Land Use Changes Effects on Organic Carbon 

Pools, Soil Aggregate Associated Carbon and Soil Organic Matter Quality in 

a Watershed of Nepal, Ph D thesis submitted to Department of Plant and 

Environmental Sciences, Norway: Norwegian University of Life Sciences 

 

Shrestha, N., Raes, D., Vanuytrecht, E., and Sah, S. K. 2013. Cereal yield 

stabilization in Terai (Nepal) by water and soil fertility management 

modeling.Agricultural water management, 122:53-62. 

 

Sayago S., Ovando G., Almorox J. and Bocco M. 2019. Daily solar radiation from 

NASA-POWER product: assessing its accuracy considering atmospheric 

transparency, International Journal of Remote Sensing. 

 

Singh, B., and Y. Singh. 2003. Management of crop residues in rice-wheat cropping 

system in the Indo-Gangetic Plains.InY. Singh, B. Singh, V. K. Nayyar, and J. 

Singh (Eds.), Nutrient Management for Sustainable Rice-Wheat Cropping 

System (pp. 286e 301). New Delhi and Ludhiana, India: National Agricultural 

Technology Project, Indian Council of Agricultural Research (New Delhi) 

and Punjab Agricultural University (Ludhiana) 

. 

Singh, T. and G.S. Dahiwal. 2000. Performance of wheat variety under late sowing 

conditions in south western region of Punjab. J. Res., Pb. Agri. University. 

37: 181-183. 

 

Singh, U. and Padila, J.L. 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. pp. 99-122. 

 

Slafer,  G.A.  and  E.M.  Whitechurch. 2001. Manipulating wheat development to 

improve adaptation.  In Application of Physiology in Wheat Breeding.  

Reynolds, M.P., Ortiz-Monasterio, J.I. and A. Mcnab.  (Eds.). Mexico, D.F.: 

CIMMYT. 

 

Statistical information on Nepalese agriculture (2016/17), Ministry of Agriculture 

land management and cooperatives. (MOAD, 2017). 

 

Timsina, J. and D.J. Connor. 2001. Productivity and management of rice-wheat 

cropping systems: Issues and challenges. Field Crop Res. 69:93-132. 

 

Timsina, J. and E. Humphreys. 2003. Performance and application of CERES and 

SWAGMAN® destiny models for rice-wheat cropping systems of Asia and 



49 

 

Australia: A review. CSIRO Land and Water Technical Report 16/03. 

Griffith, NSW, Australia. pp. 1-49. 

 

Timsina, J., Adhikari, B. and K.C. Ganesh 1997. Modeling and simulation of rice, 

wheat, and maize crops for selected sites and the potential effects of climate 

change on their productivity in Nepal. Consultancy Report submitted to 

Ministry of Agriculture, Harihar Bhawan, Kathmandu, Nepal. p 55. 

 

Timsina, J., Buresh, R. J., Dobermann, A., and Dixon, J. 2011. Rice-Maize Systems 

in Asia: Current Situation and Potential. Los Baños, Philippines: International 

Rice Research Institute. p. 235 

 

Timsina, J., H. Pathak, E. Humphreys, D. Godwin, B. Singh, A.K. 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 4 th  Intl. Crop Sci. Cong., 

26 Sept.-1 Oct., 2004, Brisbane, Australia. 

 

Timsina, J. and Humphreys, E., 2006. Performance of CERES–rice and CERES-

Wheat models in rice–wheat systems: a review. Agric. Syst. 90, 5–31. 

 

Timsina, J., Sigh, U., Singh, Y. and Lansigan, F.P., 1995. Addressing sustainability 

of RW systems: testing and applications of CERES and SUCROS models. In: 

Proceedings of the International Rice Research Conference, 13–17 February 

1995. IRRI, Los Banos, Philippines, pp. 663–656. 

 

Tisdell, C. 2008. Global warming and the future of Pacific Island countries. 

International Journal of Social Economics, 35(12), 889–903. 

 

Toit, A.S. and D.L. Toit. 2003. Short description of the model statistical packages 

and weather analogue program. Unpublished report, University of Florida, 

Gainesville, USA. pp. 42-45. 

 

Tripathi, J.D.  Bhandari, S. Justice, N.K.  Shakya, T.P.  Kharel and R.  Sishodia.  

2002.  Resource conservation technologies for wheat production in Rice-

Wheat System, Proceedings of Wheat Research Papers Presented at 25th 

National Winter Crops Workshop. 

 

Tsuji, G.Y., G. Hoogenboom and P.K. Thornton. 1998. Understanding options for 

agricultural production.Systems Approaches for Sustainable Agricultural 

Development. Kluwer Academic Publishers, Dordrecht, the Netherlands. pp. 

400. 

 

Van Wart, J., Grassini, P., & Cassman, K. G. 2013. Impact of derived global weather 

data on simulated crop yields. Global Change Biology, 19(12), 3822–3834. 

 

van Wart, J., Grassini, P., Yang, H., Claessens, L., Jarvis, A. and Cassman, K. G. 

2015. Creating long-term weather data from thin air for crop simulation 



50 

 

modeling. Agricultural and Forest Meteorology, 209-210(Supplement C), 49–

58. 

 

Vidal, J. 2006. “Nepal’s Farmers on the Front Line of Global Climate Change: 

Himalayan Communities Face Catastrophic Floods as Weather Pattern Alter”, 

The Guardian, December 2, (retrieved from 

http://www.guardian.co.uk/environment/2006/dec/02/christmasappeal2006.fr

ontpagenes on January 21st, 2009). 

 

Wang, X., J. Cai, D. Jiang, F. Liu, T. Dai and W. Cao. 2011. Pre-anthesis high-

temperature acclimation alleviates damage to the flag leaf   caused by post-

anthesis heat stress in wheat. J. Plant Physiol., 168:585–593. 

 

Warrick, R. A. (1998). Carbon Dioxide, Climate change and Agriculture. The 

geographical journal 154:2, 221-233. 

 

Watson, R.T., M.C. Zonyowera, R.H. Moss and D.J. Dokken. 1996. Climate change 

1995, impacts, adaptations and mitigation of climate change:Scientific-

technical analyses. Intergovernmental Panel on Climate Change. Cambridge 

University Press, Cambridge. pp.879. 

 

Willmott, C.J., S.G. Ackleson, R.E. Davis, J.J. Feddema, K.M. Klink, D.R. Legates, 

J. O connell and C.M. Rowe. 1985. Statistics for the evaluation and 

comparison of models. J. Geophys. Res. Oceans 90:8995-9005. 

 

World Food Programme. (2009). The Future of Food Creating sustainable 

communities through climate adaptation. WFP Nepal - Food For Thought 

Series Issue 2. 

 

Yadav, A., R.K. Malik, R.S. Banga, S. Singh, B.S. Chauhan, D.B.  Yadav, R. Murti, 

and R.S. Malik. 2002a. Long-term effects of zero-tillage on wheat in rice-

wheat cropping system. In: R.K.  Malik, R.S.,  Balyan, A. Yadav, and S.K. 

Pahwa (eds.), Herbicide resistance management and zero tillage in rice-wheat 

cropping system. 

 

Yadav, R.L., Prasad, K., Gangwar, K.S., 1998. Analysis of ecoregional production 

constraints in rice-wheat cropping system. Bulletin No. 98-2. PDCSR, 

Modipuram, India 

 

Zhang, X., Wang, S., Sun, H., Chen, S., Sho, L., and Liu, X., 2013. Contribution of 

cultivar, fertilizer and weather to yield variation of winter wheat over three 

decades: a case study in the North China Plain. Eur. J. Argon. 50, 52–59. 

. 

 

 

http://www.guardian.co.uk/environment/2006/dec/02/christmasappeal2006.frontpagenes
http://www.guardian.co.uk/environment/2006/dec/02/christmasappeal2006.frontpagenes


51 

 

APPENDICES 
Appendix 1: Annual weather condition of Kapilvastu during 1984 to 2017 [NASA 

(Power) Derived weather] 

Year Mean temp 

  (˚C) 

Max. temp  

  (˚C) 

Min temp 

   (˚C) 

Rainfall  

  (mm) 

Solar Radiation 

(MJ/m^2) 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 
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2006 

2007 

2008 

2009 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

     23.2 

     23.4 

     23.3 

     23.7 

     23.7 

     23.3 

     23.4 

     24.0 

     23.6 

     23.6 

     24.1 

     23.8 

     23.6 

     23.6 

     23.7 

     24.4 

     23.5 

     23.8 

     24.5 

     23.8 

     23.1 

     23.1 

     23.0 

     22.6 

     22.5 

     23.5 

     23.7 

     22.6 

     22.9 

     22.4 

     23.0 

     23.2 

     23.6 

     23.7 

    29.0 

    29.0 

    29.1 

    29.4 

    29.2 

    29.3 

    28.8 

    29.8 

    29.5 

    29.6 

    30.1 

    29.6 

    29.3 

    29.5 

    29.1 

    30.5 

    29.1 

    29.4 

    30.4 

    29.5 

    28.4 

    28.3 

    28.2 

    27.6 

    27.4 

    28.8 

    29.0 

    27.6 

    28.1 

    27.2 

    28.0 

    28.4 

    28.7 

    28.7 

    17.5 

    17.7 

    17.5 

    17.9 

    18.1 

    17.4 

    18.0 

    18.2 

    17.7 

    17.7 

    18.2 

    18.1 

    17.9 

    17.7 

    18.2 

    18.4 

    17.9 

    18.1 

    18.6 

    18.0 

    17.8 

    17.9 

    17.8 

    17.7 

    17.7 

    18.2 

    18.5 

    17.5 

    17.7 

    17.5 

    17.9 

    18.1 

    18.6 

   18.7 

  1002.6 

    905.0 

    708.4 

    896.0 

  1176.0 

    843.4 

  1163.2 

    688.2 

    756.4 

    688.4 

    684.8 

    751.3 

    774.8 

    431.6 

    911.1 

    507.9 

    903.6 

    785.8 

    445.3 

    588.3 

  1213.1 

  1361.3 

  1302.4 

  1611.5 

  1968.9 

  1200.4 

  1336.7 

  1425.9 

  1441.5 

  1960.2 

  1691.7 

  1446.4 

  1578.2 

  1570.1 

    19.4 

    18.7 

    19.2 

    18.5 

    19.0 

    19.2 

    18.7 

    18.8 

    19.2 

    18.4 

    18.7 

    19.2 

    18.8 

    18.8 

    18.2 

    18.7 

    18.6 

    18.4 

    18.6 

    18.1 

    18.6 

    18.8 

    18.6 

    18.5 

    18.2 

    19.0 

    18.3 

    18.4 

    18.9 

    17.3 

    17.7 

    17.8 

    17.6 

    17.9 
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Appendix 2: Seasonal weather condition of kapilvastu during 1984/85 to 2015/16 

[NASA (Power) Derived weather]. 

Year Mean temp 

  (˚C) 

Max. temp  

  (˚C) 

Min temp 

   (˚C) 

Rainfall  

  (mm) 

Solar Radiation 

(MJ/m^2) 

1984/85 

1985/86 

1986/87 

1987/88 

1988/89 

1989/90 

1990/91 

1991/92 

1992/93 

1993/94 

1994/95 

1995/96 

1996/97 

1997/98 

1998/99 

1999/00 

2000/01 

2001/02 

2002/03 

2003/04 

2004/05 

2005/06 

2006/07 

2007/08 

2008/09 

2009/10 

2010/11 

2011/12 

2012/13 

2013/14 

2014/15 

2015/16 

2016/17 

    20.4 

  19.7 

  20.5 

  20.5 

  20.2 

  20.5 

  20.8 

  20.4 

  20.1 

  20.9 

  20.5 

  20.6 

  19.9 

  19.9 

  21.6 

  20.7 

  20.8 

  20.7 

  20.7 

  20.9 

  20.0 

  20.1 

  19.7 

  19.5 

  20.7 

  20.8 

  19.5 

  19.7 

  19.0 

  19.5 

  19.4 

  21.4 

  20.8 

    27.0 

  25.6 

  27.0 

  26.8 

  26.7 

  27.0 

  27.2 

  26.9 

  26.4 

  27.6 

  27.1 

  27.0 

  26.3 

  26.1 

  28.2 

  27.4 

  27.3 

  26.9 

  27.2 

  27.3 

  26.0 

  26.0 

  25.5 

  25.3 

  26.6 

  26.9 

  25.2 

  25.5 

  24.6 

  24.9 

  24.7 

  27.6 

  26.6 

    13.8 

  13.7 

  14.0 

  14.1 

  13.6 

  13.9 

  14.4 

  13.9 

  13.7 

  14.2 

  13.9 

  14.1 

  13.4 

  13.7 

  15.0 

  14.0 

  14.2 

  14.5 

  14.3 

  14.5 

  14.1 

  14.2 

  13.8 

  13.8 

  14.9 

  14.7 

  13.9 

  13.9 

  13.4 

  14.1 

  14.1 

  15.2 

  14.9 

  73.1 

137.9 

 84.3 

183.6 

 78.9 

 64.8 

 29.8 

 42.2 

141.8 

 38.5 

 40.4 

158.6 

 95.5 

 87.9 

 79.1 

 76.4 

 20.6 

 84.8 

 79.9 

 93.6 

133.1 

269.5 

247.7 

 78.5 

 61.3 

126.4 

101.6 

 87.2 

166.3 

283.2 

372.8 

 74.3 

212.8 

    18.7 

  19.2 

  18.5 

  19.0 

  19.2 

  18.7 

  18.8 

  19.2 

  18.4 

  18.7 

  19.2 

  18.8 

  18.8 

  18.2 

  18.7 

  18.6 

  18.4 

  18.6 

  18.1 

  18.6 

  18.8 

  18.6 

  18.5 

  18.2 

  19.0 

  18.3 

  18.4 

  18.9 

  17.3 

  17.7 

  17.8 

  17.6 

  17.4 
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Appendix 3: Both observed and DSSAT Simulated wheat yield data from 1984/85 to 

2015/16. 

Year Observed Yield 

  (Kg/ha) 

DSSAT Simulated 

Yield     

  (Kg/ha) 

1984/85 

1985/86 

1986/87 

1987/88 

1988/89 

1989/90 

1990/91 

1991/92 

1992/93 

1993/94 

1994/95 

1995/96 

1996/97 

1997/98 

1998/99 

1999/00 

2000/01 

2001/02 

2002/03 

2003/04 

2004/05 

2005/06 

2006/07 

2007/08 

2008/09 

2009/10 

2010/11 

2011/12 

2012/13 

2013/14 

2014/15 

2015/16 

2016/17 

    1200.0 

    1400.0 

    1400.0 

    1220.0 

    1390.0 

    1460.0 

    2117.0 

    1036.0 

      920.0 

    1566.9 

    1302.3 

    1491.3 

    1830.6 

    1186.0 

    1783.1 

    1541.3 

    1380.1 

    1900.0 

    2000.0 

    2208.0 

    2000.0 

    1910.0 

    2300.0 

    2400.0 

    2228.1 

    3096.8 

    3233.4 

    2994.3 

    2981.6  

    2900.0 

    3146.0 

    3024.0 

    3647.0 

             3051 

             3148 

             3164 

             3244 

             2253 

             2939 

             3108 

             3359 

             3245 

             3523 

             3145 

             2974 

             3288 

             2850 

             2930 

             2852 

             2742 

             3882 

             3863 

             3949 

             3207 

             3798 

             3212 

             3142 

             3287 

             3193 

             3241 

             4226 

             3583 

             3847 

             2931 

             3167 

             3606 
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Appendix. 4:  Minimum data required for operation and evaluation of CSM-CERES-

Rice Model 

1. Operation 

 Site -latitude, longitude, elevation, slope, aspect, water table depth. 

 Weather -daily maximum and minimum temperatures, global solar radiation, 

rainfall, wind, dew point, temperatures or relative humidity. 

 Soil -classification using the local system and (to family level) the USDA-NRCS 

taxonomic system, root growth factor, drainage coefficient. 

 Physical properties - Depths of layers; percentages of sand, silt, and clay, and bulk 

density at various depths; moisture content at lower limit (LL, 15 bars), drained 

upper limit (DUL, 1/3 bar), and at saturation (SAT) for various depths. 

 Chemical properties - pH; organic C; total N; CEC 

 Initial conditions -C:N ratio and weight of root and shoot residues of previous crop 

incorporated or retained in field; date and depth of residue (material type, amount, 

and N concentration) incorporation; soil water, and KCl extractable ammonium and 

nitrate N by soil layer); in-crop season (ammonium and nitrate N); between phases 

(organic C and total N); tillage practice. 

2. Management 

Establishment - Dates of planting/transplanting; age of transplants; seedling 

(seedbed) environment temperature; plant population (number of plants for DSR; number 

of seedlings per hill for TPR) 

 Water - Bunding (date, and depth); flood water depth (date, and depth); depth of 

furrows and of flood water (for beds); irrigation amount and dates; date of water 

removal; percolation rate (beds- from bed surface and furrows); perched water table 

depth (beds- from bed surface and furrows) 

 Others – N fertilizer schedules, source, amount, and depth and placement of 

incorporation 

3. Calibration and validation (data from separate experiments) 

 Phenological events:  Date of emergence, PI, 50% heading, 50% flowering, 

physiological maturity (as identified by nodes and constant weight of grain), and 

harvest. 

 Performance at harvest -grain and straw yields, panicles or spikes per unit area, 

grain number per panicle, grain weight, and N concentrations of grain and straw 

 Number of leaves produced in main stem; LAI, canopy dry weight (also leaf, stem, 

and panicle weight separately), solar radiation interception, and N concentration in 

above-ground biomass at key stages such as end of tillering, 50% flowering, and 

maturity (beds - radiation interception at edges and in centers) 

 Soil water content at various depths with time (beds - in bed centers and edges, and 

in furrows; during rice season - depth of water in furrows measured daily and 

immediately after and before irrigation) 

 Soil nitrate and ammonium content at various depths with time (beds - in bed 

centres and edges, and in furrows). 

Source: Hunt and Boote (1994) 
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Appendix-5: Genetic coefficients of WK-1204 variety of wheat. 

Run no. Genetic Coefficients Simulated values 

 P1V P1D P5 G1 G2 G3 PHINT A P G 

1 3 39 315 40 71 0.9 64 119 152 3556 

Observed:  A, Anthesis=118 days; M, Maturity=152 days; G= Grain yield=3556 kg/ha 

 

 

 

Appendix-6 'A' file (NPKV1503.WHA) used for CERES-Wheat model. 

*EXP.DETAILS: NPKV1503WH WHEAT AT KAPILVASTU 

! File last edited on day 12/31/2019 at 3:06:30 PM 

@TRNO   HWAM  HWUM  H#AM  H#UM  LAIX  CWAM  BWAM  ADAT  MDAT 

     1   3146 0.040  9438    39  4.27  7296  3740 15087 15121 

 

 

 

Appendix-7:  'T' file (NPKV1503.WHT) Time series file 

*EXP.DETAILS: NPKV1503WH WHEAT AT KAPILVASTU 

! File last edited on day 01/01/2020 at 11:32:26 AM 

@TRNO   DATE  LAID  SWAD  GWAD  LWAD  CWAD  T#AD 

     1 14334     0   -99  3566   -99  7296   307 
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Appendix-8:  'W' file (NPKV2015.WTH) used for running experimental files in 

CERES-Wheat for Kapilvastu, Nepal 

*WEATHER DATA : Kapilvastu, Nepal 

 

@ INSI      LAT     LONG  ELEV   TAV   AMP REFHT WNDHT 

  NPKV   27.550   83.067    95  23.4  15.0 -99.0 -99.0 

@DATE  SRAD  TMAX  TMIN  RAIN  DEWP  WIND   PAR  EVAP  RHUM 

15001   4.3  22.6  12.6   8.3                                

15002   2.6  19.9  13.3  11.8                                

15003   3.7  21.1  13.1  19.0                                

15004  12.0  20.7  10.5   2.0                                

15005   7.0  19.9   9.0   0.0                                

15006  10.7  18.5   8.0   0.0                                

15007  13.8  18.7   9.1   0.0                                

15008  14.0  19.3   8.2   0.2                                

15009   8.6  20.4   5.9   0.0                                

15010   6.2  18.6   7.6   0.0                                

15011   6.2  19.3   9.5   0.0                                

15012  10.4  19.2   8.5   0.0                                

15013  11.1  20.0   7.8   0.0                                

15014  14.4  19.6   9.1   0.0                                

15015  15.0  19.6  10.3   0.0                                

15016  12.1  19.5   8.4   0.0                                

15017   9.0  20.0   7.9   0.0                                

15018   8.3  19.9   7.5   0.0                                

15019   7.6  19.6   8.4   0.0                                

15020  13.0  19.3   9.0   0.0                                

15021  15.9  19.5   9.0   0.0                                

15022  14.3  21.9  10.8   0.9                                

15023  15.0  21.0  10.3   1.1                                

15024  16.3  21.6   9.8   0.0                                

15025   9.1  21.7  10.3   0.4                                

15026   5.9  19.0  10.8   0.3                                

15027  14.5  19.6  11.1   0.1                                

15028  16.3  21.7   9.8   0.0                                

15029  15.4  19.5   9.2   0.0                                

15030  11.7  19.1   7.2   0.0                                

15031  12.3  19.6   6.8   0.0                                

15032  16.2  19.9   8.2   0.0                                

15033  16.7  21.5   9.6   0.0                                

15034  16.9  23.5  11.7   3.6                                

15035  17.3  23.6  11.7   0.2                                

15036   9.2  21.9  11.0   0.1                                

15037  15.4  22.2  10.1   0.0                                

15038  16.4  23.2  10.2   0.0                                
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15039   7.3  22.5  11.7   0.0                                

15040  17.5  23.4  11.5   0.0                                

15041  18.5  23.5  11.2   0.0                                

15042  11.2  23.2  10.9   0.0                                

15043  18.1  22.3  10.8   0.0                                

15044  17.6  22.8  11.0   0.0                                

15045  18.3  23.0  10.4   0.2                                

15046  17.5  22.5  11.6   0.9                                

15047  18.1  24.3  13.2   0.0                                

15048  18.8  22.9  13.8   0.0                                

15049  17.8  23.5  13.2   3.4                                

15050  18.0  24.5  14.1   1.3                                

15051  17.9  25.3  13.1   0.0                                

15052  17.4  27.1  14.6   0.0                                

15053  19.1  28.4  14.4   0.0                                

15054  18.1  27.3  16.1   0.0                                

15055  18.7  28.1  16.2   0.0                                

15056  14.5  26.4  17.1   0.0                                

15057   3.3  24.8  15.6   2.7                                

15058  20.2  26.9  15.0   0.1                                

15059   9.7  27.9  14.6   0.6                                

15060   1.9  19.4  13.8  13.9                                

15061  10.5  18.7  13.3   9.1                                

15062  19.0  21.4  12.4  20.8                                

15063  18.3  21.3  11.2   0.7                                

15064  21.3  23.4   9.5   0.0                                

15065  21.4  24.8  10.9   0.0                                

15066  21.6  25.8  11.6   0.0                                

15067  21.4  27.0  13.4   0.1                                

15068  21.8  28.8  14.0   0.1                                

15069  22.7  27.8  11.7   0.0                                

15070  22.6  28.6  12.8   0.0                                

15071  21.4  29.6  14.9   0.0                                

15072  19.7  29.8  15.7   0.1                                

15073  15.6  27.4  15.4   6.0                                

15074   4.6  27.5  15.1   4.9                                

15075  21.6  24.6  13.6   1.6                                

15076  22.7  27.5  15.0   0.0                                

15077  21.1  26.4  14.8   1.4                                

15078  22.9  27.4  12.9   0.1                                

15079  22.8  29.2  16.1   0.0                                

15080  23.0  29.8  16.3   0.0                                

15081  23.1  31.4  17.3   0.0                                

15082  23.0  31.8  18.3   0.0                                

15083  23.2  32.0  18.8   0.0                                

15084  23.2  31.5  20.0   0.0                                

15085  23.2  31.7  21.1   0.7                                
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15086  20.2  29.0  20.6  20.1                                

15087  22.2  30.1  19.1   4.7                                

15088  19.8  31.1  19.0   0.5                                

15089   2.1  23.1  17.4  25.0                                

15090  23.9  27.7  16.1   0.0                                

15091  23.1  29.7  17.7   0.0                                

15092  23.7  31.6  18.0   0.2                                

15093  22.1  32.6  19.0   1.1                                

15094  11.8  29.3  18.1   2.5                                

15095  23.8  29.5  17.6   0.1                                

15096  24.7  30.3  16.4   0.0                                

15097  12.0  30.7  17.0   0.1                                

15098  25.1  30.8  17.7   0.0                                

15099  25.3  31.3  17.1   0.0                                

15100  25.4  32.8  18.3   0.0                                

15101  25.5  33.6  18.9   0.0                                

15102  10.0  32.3  18.7   0.9                                

15103  14.4  28.2  20.4  11.1                                

15104  18.4  26.2  19.6   1.1                                

15105  14.8  28.1  19.4   0.9                                

15106  24.5  30.9  19.4   0.2                                

15107  19.6  30.2  20.3   0.7                                

15108  25.0  32.2  18.6   0.4                                

15109  24.7  35.3  20.9   0.0                                

15110  23.9  34.4  21.4   0.2                                

15111  25.0  36.1  21.2   3.3                                

15112  26.5  35.6  20.7   3.5                                

15113  27.0  35.3  18.9   0.2                                

15114  21.3  34.4  20.4   1.4                                

15115   9.1  24.3  19.4   0.3                                

15116  24.9  28.1  17.0   0.1                                

15117  24.1  30.6  18.2   5.2                                

15118   8.0  28.9  19.7  18.1                                

15119  23.5  27.8  19.4   4.1                                

15120  23.5  30.6  18.8   5.8                                

15121  25.8  34.1  19.5   1.3                                

15122  26.2  33.6  21.0   9.8                                

15123  26.8  34.0  20.4   0.5                                

15124  27.3  35.7  18.9   0.0                                

15125  26.8  36.6  20.4   0.0                                

15126  26.6  36.8  21.1   0.0                                

15127  25.3  36.0  22.1   0.4                                

15128  24.2  36.5  22.8   0.0                                

15129  24.3  35.0  24.0   0.1                                

15130  23.6  36.6  22.1   1.8                                

15131  25.8  37.0  22.7   8.2                                

15132  21.3  34.4  21.8   3.1                                
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15133  25.1  35.2  22.0   0.8                                

15134  25.6  33.9  22.7   0.0                                

15135  23.0  36.1  22.4   0.4                                

15136  17.5  35.6  23.5   0.6                                

15137  26.4  35.3  24.3   0.0                                

15138  19.1  35.0  24.2   0.9                                

15139  23.1  36.4  24.1   3.7                                

15140  23.2  38.1  23.6   2.9                                

15141  26.2  38.0  23.1   2.1                                

15142  27.8  40.0  22.8   0.0                                

15143  27.9  39.7  23.2   1.7                                

15144  27.2  39.9  24.0   0.4                                

15145  27.1  38.8  23.1   0.1                                

15146  26.9  38.9  23.6   1.3                                

15147  26.9  38.3  23.4   1.1                                

15148  26.3  37.7  23.3   0.4                                

15149  24.3  39.8  22.8   0.1                                

15150  25.0  38.4  22.7   8.3                                

15151  26.1  38.4  23.1   2.5                                

15152  26.3  39.2  23.9   0.7                                

15153   -99m 39.1  24.2   0.5                                

15154  26.2  39.6  23.7   1.1                                

15155  16.8  38.2  27.1   1.0                                

15156  26.7  38.7  26.1   0.0                                

15157  27.2  40.0  25.2   0.0                                

15158  26.6  40.2a 25.8   0.0                                

15159  27.1  40.9a 26.1   0.6                                

15160  26.4  41.3a 25.6   6.5                                

15161  21.7  41.6a 27.2   1.3                                

15162  17.6  36.6  26.7  16.6                                

15163  20.8  37.8  25.6  15.2                                

15164  21.8  36.3  25.7   7.5                                

15165  25.9  34.8  23.8   6.2                                

15166  22.5  32.7  24.9  19.9                                

15167  22.1  34.3  24.1   2.0                                

15168  24.4  35.5  25.2   1.0                                

15169  25.2  36.5  25.8   0.4                                

15170  22.8  34.8  25.9   5.4                                

15171  24.5  35.6  25.6   3.5                                

15172  24.4  34.0  25.6   9.2                                

15173  22.5  32.1  25.0   2.1                                

15174  20.6  36.6  24.2   5.7                                

15175  22.5  34.5  25.5  32.0                                

15176  13.8  31.9  24.3  45.0                                

15177   6.3  31.3  24.5  33.0                                

15178  14.3  33.7  23.1   8.0                                

15179   5.6  26.4  23.2  34.2                                
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15180  17.2  29.7  22.1   6.0                                

15181  22.9  31.7  23.5   1.8                                

15182  16.8  32.0  24.8   1.6                                

15183  21.6  31.9  23.9   4.9                                

15184  19.3  34.1  24.7   2.0                                

15185  18.9  34.2  24.2   3.1                                

15186   6.3  34.0  25.2  44.2                                

15187   9.8  31.4  24.9  18.8                                

15188  13.2  30.4  24.0   4.0                                

15189  19.9  29.3  23.7   2.9                                

15190  18.3  32.1  24.1   6.9                                

15191  15.4  30.9  23.9  12.5                                

15192   6.7  27.0  23.0  13.3                                

15193  20.6  30.9  23.1   1.6                                

15194  19.1  31.2  23.1   1.4                                

15195  17.5  30.7  24.3   4.1                                

15196   7.6  29.5  24.3  50.2                                

15197   6.8  30.2  24.0  35.4                                

15198  21.8  30.4  23.4   4.3                                

15199  18.8  28.1  22.4   0.7                                

15200  21.6  30.9  21.9   6.3                                

15201  17.5  29.7  23.5   6.2                                

15202  21.9  29.9  22.8   3.4                                

15203  16.0  29.7  22.3   8.5                                

15204  15.4  28.4  22.8   7.1                                

15205  21.3  28.9  22.6   8.1                                

15206  17.2  28.3  22.9   6.4                                

15207  22.8  30.6  23.0   5.0                                

15208  23.4  30.1  22.8   3.1                                

15209  21.6  30.9  22.3   2.7                                

15210  20.2  30.9  22.1   4.1                                

15211  23.0  29.4  22.3  34.1                                

15212  13.1  29.6  22.6  42.5                                

15213   9.0  29.9  22.1  13.5                                

15214  20.5  30.7  23.7   3.4                                

15215  22.6  28.8  23.8   0.5                                

15216  19.7  29.1  22.8   0.5                                

15217  15.9  29.8  23.5   1.0                                

15218  13.6  28.0  22.9  17.1                                

15219  11.6  29.8  22.1  15.3                                

15220  20.2  30.2  22.5  25.5                                

15221  19.5  29.8  23.6  21.6                                

15222  22.0  30.8  24.1  20.0                                

15223  17.9  28.9  24.0  31.3                                

15224  20.8  29.5  23.9   2.8                                

15225  18.3  28.5  23.4   4.2                                

15226  15.8  28.7  23.9   4.3                                
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15227  21.0  28.4  24.0  15.1                                

15228  15.4  28.9  23.9  34.6                                

15229   9.3  29.2  23.8  31.2                                

15230   9.9  29.4  23.8  15.9                                

15231  17.5  28.8  22.8   8.7                                

15232  16.1  28.8  22.9  20.7                                

15233   8.3  28.5  22.2  40.7                                

15234  14.8  28.7  22.2  15.9                                

15235  18.9  29.1  22.3   0.6                                

15236  20.2  29.5  22.4   0.3                                

15237  19.1  28.7  23.0   1.4                                

15238  16.7  29.0  23.1   5.5                                

15239   7.0  27.9  23.7  10.0                                

15240  17.8  28.8  23.0  12.7                                

15241  19.0  29.2  23.1  34.2                                

15242  19.1  29.3  22.9  17.5                                

15243  17.7  29.3  22.8  12.2                                

15244  17.6  28.8  21.9   5.5                                

15245  22.3  29.3  21.1   1.3                                

15246  21.1  29.5  21.7   0.8                                

15247  22.4  29.3  21.8   0.9                                

15248  21.9  28.9  21.5   0.4                                

15249  16.7  28.7  21.2   0.2                                

15250  21.4  28.9  21.6   0.9                                

15251  21.7  29.1  21.3   1.4                                

15252  20.9  29.8  21.7   0.0                                

15253  18.5  29.5  22.6   0.2                                

15254  19.7  29.0  22.9   2.3                                

15255  14.3  25.1  22.7  11.3                                

15256  20.7  28.9  21.5   4.7                                

15257  19.2  29.8  23.3  15.2                                

15258  20.1  29.9  22.9   0.3                                

15259  20.6  28.9  21.7   0.1                                

15260  16.3  29.0  22.8   0.5                                

15261  20.5  30.0  23.9   0.0                                

15262  21.5  30.9  23.3   1.3                                

15263  15.8  28.1  23.0   8.1                                

15264  17.3  26.3  22.3   2.8                                

15265  14.5  27.9  21.8  12.4                                

15266  17.7  29.1  21.4   5.0                                

15267  16.0  28.5  19.9   0.7                                

15268  19.4  28.1  18.6   0.0                                

15269  18.7  28.2  19.4   0.1                                

15270  19.8  28.9  20.9   0.0                                

15271  19.7  29.2  21.3   0.0                                

15272  20.2  30.3  21.3   0.0                                

15273  19.8  30.5  20.9   0.0                                
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15274  20.5  30.4  21.7   0.1                                

15275  20.5  30.4  21.6  11.4                                

15276  21.5  29.9  20.4   0.6                                

15277  21.0  30.6  19.7   0.0                                

15278  21.2  29.7  19.6   0.0                                

15279  21.2  30.3  20.0   0.0                                

15280  21.0  30.8  20.0   0.0                                

15281  20.6  31.4  20.2   0.0                                

15282  20.4  30.6  20.0   0.0                                

15283  19.7  30.3  20.1   3.5                                

15284  17.0  28.8  19.5   0.7                                

15285  11.3  26.3  19.5   0.1                                

15286  19.3  28.2  19.3   1.4                                

15287  18.7  28.2  19.7   0.9                                

15288  18.0  27.7  19.6   6.7                                

15289  18.5  27.1  18.7   2.5                                

15290  15.0  27.9  18.7   0.0                                

15291  17.0  28.2  18.5   0.0                                

15292  17.5  28.4  19.4   0.0                                

15293  17.2  29.1  17.8   0.0                                

15294  17.6  29.0  18.8   0.0                                

15295  18.1  29.0  16.8   0.1                                

15296  18.5  28.3  15.4   0.8                                

15297  18.1  27.8  15.6   0.0                                

15298  18.3  27.7  17.3   0.0                                

15299  15.8  28.1  17.3   0.0                                

15300  18.2  27.8  15.9   0.0                                

15301  12.3  26.7  15.8   1.4                                

15302   3.7  25.0  16.1   4.4                                

15303  16.4  24.8  16.1   0.3                                

15304  17.5  27.6  15.9   0.0                                

15305  17.5  27.4  15.8   0.0                                

15306  17.2  27.6  17.3   0.0                                

15307  17.3  27.1  17.1   0.0                                

15308  17.3  26.4  15.7   0.1                                

15309  16.4  26.8  15.9   0.2                                

15310  16.9  27.0  15.4   0.0                                

15311  16.8  26.9  15.5   0.0                                

15312  16.1  26.3  15.0   0.0                                

15313  16.7  26.8  15.4   0.0                                

15314  16.6  27.1  15.6   0.0                                

15315  16.3  27.3  15.6   0.0                                

15316  16.1  26.8  15.3   0.0                                

15317  15.8  26.4  15.3   0.0                                

15318  15.5  26.1  15.2   0.0                                

15319  14.3  26.9  15.5   0.0                                

15320  14.3  26.2  15.1   0.0                                
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15321  14.8  26.5  15.1   0.0                                

15322  15.3  25.8  14.8   0.0                                

15323  15.6  25.4  14.1   0.0                                

15324  15.6  26.5  16.5   0.0                                

15325  15.5  26.1  16.1   0.0                                

15326  15.1  25.5  15.9   0.0                                

15327  15.1  25.0  16.3   0.0                                

15328  13.7  25.1  16.1   0.0                                

15329  13.4  24.9  14.3   0.0                                

15330  14.7  24.0  14.7   0.0                                

15331  13.8  24.4  14.5   0.0                                

15332   9.7  21.3  15.6   0.0                                

15333  14.3  25.6  15.3   0.0                                

15334  13.7  26.8  16.5   0.0                                

15335  13.7  27.0  15.2   0.2                                

15336   9.6  26.9  14.4   0.0                                

15337  14.2  24.7  14.4   0.0                                

15338  14.1  23.0  13.2   0.0                                

15339  13.6  22.4  12.1   0.0                                

15340  13.6  22.6  12.3   0.0                                

15341  14.0  23.1  13.6   0.0                                

15342  11.9  22.7  12.3   0.0                                

15343  12.7  22.4  11.2   0.0                                

15344   9.4  22.9  12.8   0.0                                

15345  13.7  23.8  12.5   0.0                                

15346  13.8  23.4  13.6   0.0                                

15347  12.6  21.6  11.8   0.0                                

15348  14.3  20.6  10.6   0.0                                

15349  10.7  20.5  10.2   0.0                                

15350  12.5  20.4   8.9   0.0                                

15351  14.2  20.0   9.8   0.0                                

15352  14.2  19.1   8.8   0.0                                

15353  13.5  20.1   9.2   0.0                                

15354  13.7  19.4   8.7   0.0                                

15355  13.9  18.7   8.0   0.0                                

15356  14.3  19.4   8.2   0.0                                

15357  14.3  20.1   8.7   0.0                                

15358  14.4  19.6   9.2   0.0                                

15359  14.5  19.7   8.0   0.0                                

15360  14.4  20.1   7.9   0.0                                

15361  14.4  22.1  10.1   0.0                                

15362  14.3  22.6   9.9   0.0                                

15363  14.5  22.5   9.5   0.0                                

15364  14.3  22.8  11.1   0.0                                

15365  14.7  22.8  11.2   0.0                                
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Appendix 9:  X file (NPKV1506.WHX) used CERES-Wheat Model. 

*EXP.DETAILS: NPKV1506WH WHEAT AT KAPILVASTU 

 

*GENERAL 

@PEOPLE 

DEVID DHAKAL 

@ADDRESS 

NUWAKOT, NEPAL 

@SITE 

KAPILVASTU, NEPAL 

 

*TREATMENTS                        -------------FACTOR LEVELS------------ 

@N R O C TNAME.................... CU FL SA IC MP MI MF MR MC MT ME MH SM 

 1 1 1 0 2014/15                    1  1  0  0  1  1  1  0  0  0  0  0  1 

 2 1 1 0 2014/15                    1  1  0  0  1  1  1  0  0  0  1  0  1 

 3 1 1 0 2014/15                    1  1  0  0  1  1  1  0  0  0  2  0  1 

 4 1 1 0 2014/15                    1  1  0  0  1  1  1  0  0  0  3  0  1 

 5 1 1 0 2014/15                    1  1  0  0  1  1  1  0  0  0  4  0  1 

 6 1 1 0 2014/15                    1  1  0  0  1  1  1  0  0  0  5  0  1 

 7 1 1 0 2014/15                    1  1  0  0  1  1  1  0  0  0  6  0  1 

 8 1 1 0 2014/15                    1  1  0  0  1  1  1  0  0  0  7  0  1 

 

*CULTIVARS 

@C CR INGENO CNAME 

 1 WH IB0488 WK-1204 

 

*FIELDS 

@L ID_FIELD WSTA....  FLSA  FLOB  FLDT  FLDD  FLDS  FLST SLTX  SLDP  ID_SOIL    

FLNAME 

 1 NPKV2015 NPKV       -99   -99   -99   -99   -99   -99 -99    -99  WI_CMNP007 -99 

@L ...........XCRD ...........YCRD .....ELEV .............AREA .SLEN .FLWR .SLAS FLHST FHDUR 

 1             -99             -99       -99               -99   -99   -99   -99   -99   -99 

 

*PLANTING DETAILS 

@P PDATE EDATE  PPOP  PPOE  PLME  PLDS  PLRS  PLRD  PLDP  PLWT  PAGE  PENV  

PLPH  SPRL                        PLNAME 

 1 15324   -99   270   250     S     U    20     0     4   -99   -99   -99   -99   -99                        3rd 20 

 

*IRRIGATION AND WATER MANAGEMENT 

@I  EFIR  IDEP  ITHR  IEPT  IOFF  IAME  IAMT IRNAME 

 1     1    30    50   100 GS000 IR001    10 3rd 

@I IDATE  IROP IRVAL 

 1 15340 IR003    70 

 1 16005 IR003    70 

 1 16052 IR003    70 

 

*FERTILIZERS (INORGANIC) 

@F FDATE  FMCD  FACD  FDEP  FAMN  FAMP  FAMK  FAMC  FAMO  FOCD FERNAME 

 1 15324 FE016 AP002     5     0     0    40   -99   -99   -99 1st 20 

 1 15324 FE006 AP002     5     0    60     0   -99   -99   -99 1st 20 

 1 15324 FE005 AP002     5    50     0     0   -99   -99   -99 1st 20 

 1 15354 FE005 AP002     5    50     0     0   -99   -99   -99 1st 20 

 

*ENVIRONMENT MODIFICATIONS 
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@E ODATE EDAY  ERAD  EMAX  EMIN  ERAIN ECO2  EDEW  EWIND ENVNAME   

 1 15305 A   0 A   0 A   0 A   0 A 0.0 A  20 A   0 A   0 initial 

 2 15305 A   0 A   1 A   1 A   0 A 0.0 A  20 A   0 A   0 tem +1 

 3 15305 A   0 A   1 A   1 A   1 A 0.0 A  20 A   0 A   0 tem +1, 420 

 4 15305 A   0 A   1 A   2 A   2 A 0.0 A  30 A   0 A   0 tem +2, 420 

 5 15305 A   0 A   1 A   3 A   3 A 0.0 A  40 A   0 A   0 tem +3, 470 

 6 15305 A   0 A   1 A   3 A   3 A 0.0 A  50 A   0 A   0 tem +3, 570 

 7 15305 A   0 A   1 A   4 A   4 A 0.0 A  60 A   0 A   0 tem +4, 570 

 

*SIMULATION CONTROLS 

@N GENERAL     NYERS NREPS START SDATE RSEED SNAME.................... SMODEL 

 1 GE              5     1     S 15305  2150 DEFAULT SIMULATION CONTR 

@N OPTIONS     WATER NITRO SYMBI PHOSP POTAS DISES  CHEM  TILL   CO2 

 1 OP              Y     Y     Y     N     N     N     N     Y     M 

@N METHODS     WTHER INCON LIGHT EVAPO INFIL PHOTO HYDRO NSWIT MESOM 

MESEV MESOL 

 1 ME              M     M     E     R     S     L     R     1     G     S     2 

@N MANAGEMENT  PLANT IRRIG FERTI RESID HARVS 

 1 MA              R     R     R     R     M 

@N OUTPUTS     FNAME OVVEW SUMRY FROPT GROUT CAOUT WAOUT NIOUT 

MIOUT DIOUT VBOSE CHOUT OPOUT FMOPT 

 1 OU              N     Y     Y     1     Y     Y     Y     Y     Y     N     Y     N     Y     A 

 

@  AUTOMATIC MANAGEMENT 

@N PLANTING    PFRST PLAST PH2OL PH2OU PH2OD PSTMX PSTMN 

 1 PL          11001 11001    40   100    30    40    10 

@N IRRIGATION  IMDEP ITHRL ITHRU IROFF IMETH IRAMT IREFF 

 1 IR             30    50   100 GS000 IR001    10     1 

@N NITROGEN    NMDEP NMTHR NAMNT NCODE NAOFF 

 1 NI             30    50    25 FE001 GS000 

@N RESIDUES    RIPCN RTIME RIDEP 

 1 RE            100     1    20 

@N HARVEST     HFRST HLAST HPCNP HPCNR 

 1 HA              0 01001   100     0 

 


