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Abstract 

Agriculture is one of the most important sectors of the world which is going to be 

threatened by the change of climate, specially the rise of global mean temperature. 

That is why; the 21st conference of parties (COP21) of the Intergovernmental Panel 

on Climate Change (IPCC) has come with the aim of limiting global temperature to 

1.5°C within the year 2020. 

 Bangladesh is an agrarian country and rice is the staple food of this country. 

Agriculture contributes to 35% of the GDP and 70% of the labor force in 

Bangladesh. With the present population growth rate of 2 million per year, the total 

population of Bangladesh would be 238 million by 2050. It will require more than 

55.0 million tons of rice by the year 2050 to meet this demand. Aman is the rice 

variety that covers most of the lands of the country and it is so important because of 

its growing season at Monsoon period. BR11 cultivar of Aman was used for studying 

the impact of climate change on the production of rice.  

 The impacts of climate change on the production of Aman rice in Bangladesh have 

been evaluated using the DSSAT (Decision Support System for Agrotechnology 

Transfer) crop modelling software. The model was calibrated using BR11 variety of 

Aman rice for the years 2007-2010 and validated for 2011-2014 incorporating BBS 

(Bangladesh Bureau of Statistics) data with statistical parameter RMSE (Root Mean 

Square Error). Eight genetic coefficients for BR11 variety of Aman rice are the 

calibration parameters of Aman rice in DSSAT 4.6. Impact of future climate is 

analysed considering baseline period of 30 years from 1981-2010. The future yield 

was predicted for the near future or 2030’s (2021-2050) and the far future or 2080’s 

(2070-2099). The historic weather data was taken from the meteorological stations of 

Bangladesh Meteorological Department (BMD) while the projection was made 

taking seven bias corrected ensembles of Regional Climate Models provided by 

CORDEX (The Coordinated Regional Downscaling Experiment) for South-Asia 

region. The soil profile data was integrated in DSSAT by extracting data from 14 soil 

databases of Bangladesh available in WISE 1.1 soil database.  
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From the predictions it is observed that, most of the districts would have negative 

yield in future, reaching over 15% decrease in some regions. The mean decrease of 

Aman yield at the 2030’s (2021-2050) and 2080’s (2070-2099) are found to be 5%-

8% and 8%-13% respectively. The maximum temperature rise would exceed 1.5°C 

in 2030’s and 4°C in 2080’s whereas the minimum temperature would rise up to 

4.5°C in 2080’s. This rise in daily temperature over the growing period of Aman rice 

indicates the adverse impact of temperature on crops. However, the increasing 

amount of Carbon dioxide increases crop yield up to a certain limit. But, it is not 

significant enough in comparison to the negative impacts of the rise of temperature. 

Basing on the sensitivity analysis, almost all the regions have an increased yield in 

the elevated CO2 emission than that in the fixed CO2 emission in 2030’s and 2080’s. 

However, the range of unpredictability in rice yield has increased with the elevated 

CO2 emission. This might indicate the complex correlation between temperature and 

elevated CO2 emission in the yield of crop.  

The outcome of the study indicates that the increase in global mean temperature 

would significantly decrease the yield of Aman rice. It is high time we took 

necessary adaptation and mitigation measures to save our valuable crop. 
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Chapter One 

INTRODUCTION 

 

1.1 General 

Climate Change is a burning issue at present time. The global issue of climate change 

encompasses significant challenge to the survival of all living entities on earth. 

Global warming and its consequent effect of climate change are attributed directly or 

indirectly to human activities that alters the composition of global atmosphere. 

Despite contributing insignificantly to the causes of climate change, developing 

countries are expected to be the worst victims. Due to its geographical location, 

Bangladesh is one of the most disaster-prone countries in the world and due to 

adverse impact of climate change. Natural calamities are predicted to be even more 

intense and frequent in the coming years. Demographic and socio-economic 

condition of the country makes the situation more precarious.  

The impact of climate change is indispensable on various sectors. Crop yield aspect 

is not an exception to this. The impact and disastrous consequences of climate 

change on the crop yield and subsequent food security are enormous, especially in 

the developing countries (FAO, 2007; IPCC, 2007; Mertz et al., 2009; WB, 2010; 

Roudier et al., 2011). Due to the stress of population growth and rise in income, the 

demand of cereal in the globe will almost be doubled in 2080, from 2 to 4 billion 

tonnes (e.g., Fischer et al., 2005). Bangladesh is a developing country principally 

dependent on agriculture. Here, 76% of the population lives in rural areas and 47.5% 

of the total manpower is involved in agriculture. Agriculture contributes 19.3% of 

the gross domestic product (GDP) of the land (Bangladesh Finance Bureau, 2014). 

Because of the geographic location, huge number of floodplains, low elevation, high 

population density coupled with low economic and technological capacity, the 

country is considered as one of the most vulnerable countries due to climate change 

(MOEF, 2005; DOE, 2007; Shahid and Behrawan, 2008; Pouliotte et al., 2009; Huq 

and Rabbani, 2011). 
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Agriculture is dominated by rice in Bangladesh. Rice is the staple cereal of the 

country which covers almost 80% area of cultivation and contributes to 90% of the 

total grain yield of the country (Alauddin and Tisdell, 1987, 1991; BBS, 2009; 

Asaduzzaman et al., 2010). It is grown almost throughout the country. The 

physiological, agricultural and climatic conditions of Bangladesh are suitable for 

growing rice throughout the year. However, the average rice yield rate of Bangladesh 

is lower (2.94 t/ha) than that of other rice-growing countries (BBS, 2012). 

Bangladesh will require more than 55.0 million tons of rice to feed its people by the 

year 2050 (Basak, 2010). This ever increasing demand on agriculture is coupled with 

problems like decreasing agricultural lands and water source depletion (Ahmed et al., 

2000). The total cultivable land is decreasing at a rate of 1% per year due to the 

multifarious uses of land like construction of industries, factories, houses, roads, and 

highways. Furthermore, with the rapid growing of urbanization and changed food 

habits, the demand of the cultivation of new crops has raised which would decrease 

the share of land used for rice cultivation. Therefore, attempts should be made to 

increase the yield per unit area of rice. Moreover, due to climate change, agriculture 

is experiencing impediments like drought, flood, salinity, extreme temperature stress, 

and low soil fertility. Even though we are fighting hard against these impediments 

with the help of our advanced technology, improved variety of crops, newer 

irrigation system and stronger fertilizers, the effect of adverse climate proves it still 

indomitable. Rain fed rice variety or Aman rice accounts for about 38% of total rice 

production in the country (BRRI, 2006 and Risingbd, 2014).As the demand of rice 

rises, so is that of Aman rice which holds a big share. However, climate change is the 

major threat towards attaining this objective. So, it is very important to evaluate the 

effect of climate change on Aman production in Bangladesh.  

Several studies were carried out to assess the impacts of climate change on crop yield 

of developing countries (Lansigan et al., 2000; Chang, 2002; Gbetibouo and Hassan, 

2005; Kurukulasuriya and Ajwad, 2007; Kabubo-Mariara and Karanja, 2007; Haim 

et al., 2008; Sanghi and Mendelsohn, 2008; Deressa and Hassan, 2009; Moula, 2009; 

Wang et al., 2009).These studies investigated and found that crop agriculture is 

highly vulnerable to climate change in developing countries. Even after the country 

being highly susceptible to climate change, the area and attempt of researches to find 
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out the impact of climate change on crop agriculture in Bangladesh have been limited 

(Mahmood, 1998; Paul, 1998; Ali, 1999; Rahman, 2000; Rashid and Islam, 2007). 

Moreover, some of these studies are of descriptive type (Paul, 1998; Ali, 1999; 

Rashid and Islam, 2007). Several empirical studies were done by CERES-rice model 

in DSSAT to evaluate the impact of climate change on rice production in Bangladesh 

(Karim et al., 1996; Mahmood, 1998; Mahmood et al., 2004; Basak et al., 

2010).These studies mainly focused on the effects of higher air temperature on rice 

yield. For instance, Basak(2010) has carried out simulations of 12 representative 

regions from various zones of the country using the regional climate model PRECIS. 

This study would be more detailed as all the 64 districts have been considered. 

Moreover, simulations has been done using seven numbers of bias corrected 

ensembles of regional climate models which would help to catch the range of 

unpredictability in crop yield of various regions; which was not possible to find in 

the previous studies. 

As the regional variations in natural and anthropogenic factors control the response 

of the crop; the impact of climate change on crop also depends on the region, 

scenarios and the type of crop (Tubiello et al. 2002). The impact of temperature 

depends both on the change of temperature and the crop growth stage (Hatfiled 

2008).The impact of climate change in agriculture, however, is abated by the 

addition of the effects of CO2 fertilization with plant physiological processes. 

(Salinger et al. 2005). A study has been done on 2xCO2scenario which witnessed a 

positive change of yield than the normal emission scenarios (Pongratz et al., 2012). 

1.2 Objectives 

The primary objective of the study is to assess the effects of climate change on the 

yield of Aman rice in Bangladesh. Specific objectives include- 

i. To setup, calibrate and validate DSSAT crop model for the Aman BR11 

variety.  

ii. To study the impact of climate change on the production of Aman rice 

through sensitivity analysis. 
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1.3 Scope of the study 

The scope of this study is as follows-  

i. This study would help to find the impacts of climate change on rain fed rice 

variety Aman in Bangladesh.  

ii. This study would help us to compare the impacts of climate change on Aman 

rice with the impacts on other crops in Bangladesh.  

iii. The sensitivity analysis would help us to assess the vulnerability of crop 

yield to temperature and high carbon emission.  

iv. The measure of loss in crop yield projected in this study would be significant 

to find the adequate adaptation and mitigation measures for food security of 

Bangladesh in future.  

    

1.4 Organization of the Thesis 

The study has been presented in five chapters. 

Chapter 1 presents the background and objectives of the study. 

Chapter 2 presents literature review on important climatic parameters and then 

observed and predicted changes, effect of climatic and other parameters on Aman 

rice production and use of crop simulation model for predicting rice yield. 

Chapter 3 presents the methodology of the study and the details of the working 

procedures of crop simulation model. 

Chapter 4 presents the change in the climatic parameters and their subsequent 

impacts on the production of Aman rice in Bangladesh 

Chapter 5 presents the major conclusion from the present study and 

recommendations for further study in this area. 
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Chapter Two 

LITERATURE REVIEW 

  

2.1 General 

Life on the globe is depended largely on weather and climate. They are part of the 

daily experience of human beings and are essential for health, food production and 

well being. Many consider the prospect of human-induced climate change or 

anthropogenic change as a matter of concern. The IPCC Third Assessment Report 

(IPCC, 2001) presented scientific evidence that human activities may already be 

influencing the climate. If one wishes to understand, detect and eventually predict the 

human influence on climate, one need to understand the system and determines the 

climate of the Earth and of the processes that lead to climate change. Crop yield 

depends on various factors such as soil, climate, irrigation, pesticide, seeds and other 

parameters. The available climate as a resource, should therefore, be thoroughly 

understood and crop-weather relationships using different climatic parameters like 

rainfall, temperature, humidity, sunshine hour etc. need to be established to identify 

potential areas and at the same time to characterize the adverse areas with emphasis 

on research needs for varietals improvement and improved cultural practices. The 

information related to the present study existing in the literatures were reviewed and 

presented below. 

2.2 Important Climate Parameters and Their Changes 

Weather is one of the most important factor to have a profound on food availability 

and socio-economic conditions of the people in general and farming community in 

particular. The average conditions of the atmosphere near the earth's surface over a 

long period of time, taking into account temperature, precipitation, humidity, wind, 

cloud etc.. Geographical location and physical settings govern the climate of any 

country (Attri, 2004). 

Climate is not invariant in greater or less degree, it is ever changing. In all points of 

the world, one-year, one decade, one country differs from another. Temperature 

variations from year to year and from epoch to epoch generally increase towards high 
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latitudes. Rainfall variations are greatest in low latitudes, where the heaviest 

individual falls occur, rain and snowfall varies most in and near the warm and cold 

deserts of the tropics and Polar Regions (WMO, 1999). 

The year to year variation of crop yield is mainly due to the fluctuations in weather. 

The most important component of weather is the amount of rainfall and its 

distribution during the life span of plant growth. Islam (1996) also found a minor 

change in plant life and/or climatic environment also carried a large change in plant 

life and plant communities. Food security in south Asia is now threatened by yield 

stagnation, and possibly decline in rice yields, in the face of continuing population 

growth. Added to this are current threats to sustainability including overexploitation 

of ground and surface waters, water logging and salinity, declining soil organic 

matter, water and atmospheric pollution, and global climate change (Hobbs and 

Gupta, 2003). The sustainability of irrigated agriculture in the rice-growing areas of 

southern Australia is also threatened by reduced availability and increasing price of 

water and by secondary salinisation and global climate change. 

2.2.1 Temperature 

Bangladesh has a tropical monsoon type climate, with a hot and rainy summer and a 

pronounced dry season in the cooler month. January is the coolest month of the year, 

with the temperature ranging from 13.5°C to 26.5°C, and April the warmest month, 

with the temperature ranging 33°C and 36°C. In rare cases the temperature goes 

down less than 5°C but never touches freezing point. The climate is one of the 

wettest in the world; most places receive 1525 mm (60 in) of rain a year, areas near 

the hills receive 5080 mm (200 in) (Karim et al., 1990). 

According to the Third Assessment Report (TAR), for the range of scenarios 

developed in the IPCC Special Report on Emission Scenarios (SRES), the globally 

averaged surface air temperature is projected to rise by 0.8-2.6°C by 2050 and by 

1.4-5.8°C by 2100, relative to 1990 as shown in Table 2.1. 

 

 

 



7 

 

 

 

Table 2.1: Global temperature change (IPCC, 2001) 

Year Global temperature change (°C) 

1990 0 

2000 0.2 

2050 0.8-2.6 

2100 1.4-5.8 

 

Change in global mean annual temperature relative to 1990 averaged across simple 

climate model runs emulating results of seven AOGCMs with an average climate 

sensitivity of 2.8°C for the range of 35 fully quantified SRES emissions scenarios.  

Table 2.2: Plausible changes in area-averaged surface air temperature as a result of 

future increases in greenhouse gases (IPCC, 2001) 

              Note: Numbers in parenthesis are area=averaged changes when direct effects of surface aerosols are 

included   

 

Besides, projections of changes in surface air temperature have also been made for 

some Asian regions (under lS92a emission scenarios) and these are presented in 

Table 2.2. The projection considered the time periods around 2020s (2010-2029), the 

2050s (2040- 2069), and the 2080s (2070-2099), and changes in surface air 

temperature have been projected relative to 1961-1990. The projected area-averaged 

annual mean warming is 1.6±0.2°C in the 2020s, 3.1±0.3°C in the 2050s and 4.6± 

0.4°C in the 2080s over land regions of Asia as a result of increases in the 

Regions 2020s 2050s 2080s 

Temperature Change (°C) Temperature Change (°C) Temperature Change (°C) 

Annual Winter Summer Annual Winter Summer Annual Winter Summer 

Asia 1.58 

(1.36) 

1.71 
 
(1.52) 

1.45 

(1.23) 

3.14 

(2.49) 

3.43 

(2.77) 

2.87 

(2.23) 

4.61 

(3.78) 

5.07 

(4.05) 

4.23 

(3.49) 

South Asia 1.36 

(1.06) 

1.62 

(1.19) 

1.13 

(0.97) 

2.69 

(1.92) 

3.25 

(2.08) 

2.19 

(1.81) 

3.84 

(2.98) 

4.52 

(3.25) 

3.2 

(2.67) 

South-East 
Asia 

1.05 

(0.96) 

1.12 

(0.94) 

1.01 

(0.96) 

2.15 

(1.72) 

2.28 

(1.73) 

2.01 

(1.61) 

3.03 

(2.49) 

3.23 

(2.51) 

2.82 

(2.34) 



8 

 

 

 

atmospheric concentrations of GHGs. Under the combined influence of GHGs and 

sulfate aerosols, surface warming will be restricted to 1.4±0.3°C in the 2020s, 

2.5±0.4°C in the 2050s, and 3.8±0.5°C in the 2080s. The area- averaged increase in 

surface air temperature is likely to be most pronounced over boreal Asia and least in 

Southeast Asia in all seasons. The annual changes for South East Asia, where 

Bangladesh lies are, 1.36, 2.69, and 3.84°C, respectively. The projections also 

conclude that rise in temperature during winter is higher compared to that during the 

summer even though aerosol forcing reduces surface warming. Table 2.2 also shows 

that rise in temperature during winter is higher compared to that during the summer. 

It is also evident from Table 2.2 that even though aerosol forcing reduces surface 

warming, the magnitude of projected warming is still considerable and could 

substantially impact the Asian region. 

Modelling studies by Hug et al., (1999) indicated that the average increase in 

temperature would be 1.3 °C and 2.6 °C for the projection years, 2030 and 2075, 

respectively. Similar to IPCC projections, the rise in winter temperature in 

Bangladesh was predicted to be higher by Hug et al., (1999), probably due to 

significant increase in monsoon precipitation, which could also cause severe flooding 

in the future. The projected changes were: 1.4 °C change in the winter and 0.7 °C in 

the monsoon months in 2030. For 2075, the variation would be 2.1°C and 1.7°C for 

winter and monsoon respectively (From Table 2.4 and 2.5). Temperature increases 

reported by World Bank (2000) are: by 2030, a 0.7°C temperature rise in monsoon, 

and a 1.3°C rise in winter temperature, and by 2050, 1.1°C rise in monsoon, and 

1.80°C rise in winter. The projected increases in surface air temperature by Hug et 

al., (1999) and World Bank (2000) were somewhat lower than those projected for 

south Asian regions by IPCC (2001). 

SAARC Meteorological Research Centre (SMRC) has studied surface climatological 

data on monthly and annual mean maximum and minimum temperature, and monthly 

and annual rainfall for the period of 1961-90. The study showed an increasing trend 

of mean maximum and minimum temperature in some seasons and decreasing trend 

in some other seasons. Overall the trend of the annual mean maximum temperature 

has shown a significant increase in annual mean maximum temperature over the 

period of 1961-90 (Karmakar and Shrestha, 2000). The study has also projected 
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climatic changes up to 2050 and 2100 using a 5 years running average, and actual 

values. Based on a 5-year running average, it is found that the annual mean 

maximum temperature is likely to rise by 0.48°C and 0.88°C in 2050 and 2100, 

respectively. It is also found that the annual mean minimum temperature is likely to 

decrease by 0.06°C and 0.11°C by 2050 and 2100respectively. The overall annual 

mean temperature is likely to increase by 0.21°C and 0.39°C by 2050 and 2100, 

respectively. The most important finding of the study is the seasonal variation of 

future temperature and rainfall. It is found that in the pre-monsoon season the mean 

maximum temperature is likely to decrease by 0.44°C and 0.80°C by 2050 and 2100, 

respectively. Conversely in the southwest monsoon season the maximum 

temperature is likely to increase by 0.90°C and 1.65°C by 2050 and 2100, 

respectively and the increasing trend is statistically significant (Karmakar and 

Shrestha, 2000). 

Chowdhury and Debsarma (1992) observed the increasing tendency of the lowest 

minimum temperature over Bangladesh. Warrick et al., (1994) studied the variation 

of temperature and rainfall over Bangladesh. In this study, mean-annual temperatures 

have been expressed as departures from the reference period 1951-1980. It is evident 

that, on this time scale, Bangladesh region has been getting warmer. Since the later 

part of the last century, there has been, on average, an overall increase in temperature 

by 0.5°C which was comparable in magnitude to the observed global warming. 

Karmaker and Nessa, 1997 studied climate change and its impacts on natural 

disasters and southwest- monsoon in Bangladesh and the Bay of Bengal. They found 

that the decadal mean annual temperature over Bangladesh have shown increasing 

tendency especially after 1961-1970. 

2.2.2 Rainfall 

Water that is considered from the aqueous vapor in the atmosphere and falls in drops 

from sky to the earth is called rain; and the total amount of rain that falls in a 

particular area within a certain time is called rainfall. The rainfall in Bangladesh 

varies seasonally and place to place. Among the climatic parameters the most 

important one is rainfall. Rainfall varies not only with time but also with 
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geographical area and altitude in space and is a continuous random variable (Ali et 

al., 1994). 

Rainfall is the single most important climatic parameter influencing agriculture of 

our country since some 75% to 80% of the cultivated land is non-irrigated. This is 

the free source of water directly and most uniformly available to a crop and the 

foliage. But it can be utilized most efficiently by reducing its harmful effect and 

increasing beneficial outcomes, which requires planning of agricultural activities in 

such a way that beneficial effect of the rainfall is maximized and harmful effect 

minimized (Khan et al., 1991). 

Hargreaves and Prassad (1985) stated that rainfall was erratic, uncertain and 

unevenly distributed. Although irrigation facilities in the country rapidly expanding, 

but it was a costly input in crop production. Out of the total cultivable areas available 

in the country, about 85% of the cultivated areas were under rain-fed agriculture 

(Handa and Srenath, 1983). 

Patterns of Rainfall 

Instrumental records of land-surface precipitation continue to show an increase of 0.5 

to 1 % per decade in much of the Northern Hemisphere mid- and high latitudes. A 

noTable exception includes parts of eastern Russia. In contrast, over much of the 

sub-tropical land areas rainfall has decreased during the 20th century (by -0.3% per 

decade), but this trend has weakened in recent decades. Other precipitation indicators 

suggest that large parts of the tropical oceans have had more precipitation in recent 

decades, and that precipitation has significantly increased over tropical land areas 

during the 20th century (2.4% per century). The increase in precipitation over the 

tropics is not evident during the past few decades. In the Southern Hemisphere, the 

pattern of island rainfall in parts of the South Pacific has changed since the mid-

1970s, associated with the more frequent occurrence of the warm phase of the El 

Nino-Southern Oscillation (ENSO). 

  In the IPCC third assessment report, projections of changes in precipitation in 

different Asian regions have also been made (under IS92a emission scenarios) and 

these are presented in Table 2.3. The projections considered time periods around 
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2020s (20 I0- 2029), the 2050s (2040-2069), and the 2080s (2070-2099), and 

changes in precipitation have been projected relative to 1961-1990. In general, all 

models simulate an enhanced hydrological cycle and increase in annual mean rainfall 

over most of Asia. Projected increases are more pronounced under the combined 

influence of GHGs and sulfate aerosols, compared to those under the influence of 

GHGs alone. The models show high uncertainty in projections of future winter and 

summer precipitation over south Asia (with or without direct aerosol forcing). The 

effect of sulfate aerosol on Indian summer monsoon precipitation is to dampen the 

strength of the monsoon compared to that seen with GHGs only. Table 2.3 shows 

increases in summer precipitation for projected years, especially under the influence 

of GHGs alone. On the other hand, it shows a reduction in winter precipitation 

(especially with consideration of sulfate aerosols)  

Table 2.3: Plausible changes in precipitation over Asia and its sub regions as a result 

of future increases in greenhouse gases (IPCC, 2001) 

Regions 2020s 2050s 2080s 
Precipitation Change (%) Precipitation Change (%) Precipitation Change (%) 
Annual Winter Summer Annual Winter Summer Annual Winter Summer 

Asia 3.6 
(2.3) 

5.6 
(4.3) 

2.4 
(1.8) 

7.1 
(2.9) 

10.9 
(6.5) 

4.1 
(1.5) 

11.3 
(7.0) 

18.0 
(12.1) 

5.5 
(3.5) 

South 
Asia 

2.9 
(1.0) 

2.7 
(-

10.1) 

2.5 
(2.8) 

6.8 
(-2.4) 

-2.1 
(14.8) 

6.6 
(0.1) 

11.0 
(-0.1) 

5.3 
(11.2) 

7.9 
(2.5) 

South-
East 
Asia 

2.4 
(1.7) 

1.4 
(3.3) 

2.1 
(1.2) 

4.6 
(1.0) 

3.5 
(2.9) 

3.4 
(2.6) 

8.5 
(5.1) 

7.3 
(5.9) 

6.1 
(4.9) 

     Note: Numbers in parenthesis are area=averaged changes when direct effects of surface aerosols 

are included 

The results of modelling studies on Bangladesh presented by Huq et al. (1999) and 

World Bank (2000) follow a trend similar to those presented in Tables 2.3 and 2.4. 

Huq et al.(1999) predicted (see Tables 2.4, 2.5) that winter precipitation would 

decrease at a negligible rate in 2030, while in 2075 there would not be any 

appreciable rainfall in winter. On the other hand, monsoon precipitation would 

increase at a rate of II percent and 28 percent for the years 2030 and 2075, 

respectively. This may cause severe drought conditions in some parts of the country 

putting pressure on both domestic and irrigation water supplies. 
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Table 2.4 shows that compared to 1990 values, average evaporation would be almost 

similar in 2030 and slightly higher in 2075. But in winter months (December to 

March), evaporation for 2075 would be much higher owing to less precipitation, 

which would decrease moisture availability in dry months. Even in monsoon months 

evaporation would be much higher in 2075. All these results suggest that there would 

be extreme events in monsoon and winter, while the average annual change in 

evaporation would be insignificant (Huq et al., 1999). 

Table 2.4: Climate change scenarios for Bangladesh in 2030 and 2050 (Huq et al., 

1999 and World Bank, 2000) 

Ye
ar  

Bas
e  

Average Temperature Temperature increase Average precipitation Precipitation Increase 
Wint
er 

Monso
on 

Av
g 

Wint
er 

Monso
on 

Av
g 

Wint
er 

Monso
on 

Av
g 

Wint
er 

Monso
on 

Av
g 

°C °C mm/month mm/month 
199
0 

19.9 28.7 25.
7 

0 0 0 23 418 17
9 

0 0 0 

203
0 

21.4 29.4 27 2.3 0.7 1.3 18 465 18
9 

6 47 10 

207
5 

22 30.4 28.
3 

2.1 1.7 2.6 0 530 20
7 

-12 112 28 

 

Table 2.5: The fluctuations of values of parameters considered by Huq et al. (1999) 

with respect to their values under base year (1990) situation (Huq et al., 1999) 

Parameter 2030 2075 
Winter Monsoon Winter Monsoon 

Temperature (°C) 2 0.65 3 1.5 
Evaporation (%) 10 2 16 5 
Precipitation (%) -3 11 -37 28 

Discharge (%) -6 20 -67 51 
Watershed development 

(%) 
60 100 

Sea Level rise (cm) 30 70 

 

The SAARC Meteorological Research Council (SMRC) carried out a study on recent 

relative sea level rise in the Bangladesh coast. The study has used 22 years historical 

tidal data of the three coastal stations. The study revealed that the rate of sea level 

rise during the last 22 years is many times higher than the mean rate of global sea 

level rise over 100 years, which shows the important effect of the regional tectonic 

subsidence. Variation among the stations was also found. 
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General Circulation Model used by the US Climate Change Study team for 

Bangladesh reported that the average increase in temperature would be 1.3°C and 

2.6°C for the years 2030 and 2070, respectively. It was found that there would be a 

seasonal variation in changed temperature: 1.4°C change in the winter and 0.7°C in 

the monsoon months in 2030. For 2070 the variation would be 2.10°C and 1.7°C for 

winter and monsoon, respectively. For precipitation it was found that the winter 

precipitation would decrease at a negligible rate in 2030, while in 2075 there would 

not be any appreciable rainfall in winter. On the other hand, monsoon precipitation 

would increase at a rate of 12 per cent and 27 per cent for the two projection years, 

respectively (Ahmed and Alam, 1999). 

Availability of Rainfall 

Murshid (1987) presented the year to year variation of crop yield was mainly due to 

the fluctuation in weather. The most important component of weather was the 

amount of rainfall and its distribution during the life span of a crop. Karmakar (2004) 

studied the monthly country averaged rainfall had inter-annual variation and it had 

increasing linear trends during the pre-monsoon season. The rates of increase of 

country-averaged rainfall were 1.3359 mm/year, 1.0909 mm/year and 1.1189 

mm/year in March, April and May, respectively. The variation of monthly country 

averaged rainfall over Bangladesh maintained a similar pattern of variation with 11-

13 year cycle. Quadir et al., (2003) reported that the average annual of rainfall over 

Bangladesh varies from 1429 to 4338mm. About 75% of the annual precipitation 

occurred during the monsoon period, about 15% in the pre-monsoon and the rest 

10% occurred in winter and post-monsoon season. In Bangladesh monsoon, average 

rainfall varied from 1994 to 3454 mm (BBS, 2002). 

The average annual rainfall in the country was 2486 mm. They also found that the 

average monsoon rainfall in every year was found to be 66.76%. About 70 to 80% of 

the rainfall occurred during the month from June to September. Leaving the most 

productive dry season (November to March), there is extremely inadequate rainfall 

for crop growth (Ali et al., 1994). 

 Talukder et al. (1988) studied the average annual rainfall in Bangladesh was 2047 

mm. The rainfall for the months of June, July, August and September were 416, 415, 
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342, and 269 mm respectively. The annual rainfall in the country ranges from 1400 

to 5800 mm, but its distribution is uneven. Amin et al., (2004) analyzed the period 

between May to October was surplus period (rainfall>PET), and generally no 

problem with agricultural and other water-based activities in Bangladesh. The 

months from November to March, and in some instant up to April was deficit period 

(rainfall<PET). Individually months of May-October there is no aridity in 

Bangladesh. Only for individual months of November, December, January and 

February Bangladesh falls in aridity condition. In March, except Sylhet, Rangamati, 

Chittagong, Cox's Bazar whole country falls in arid zone. In April month, only 

Rajshahi, Bogra, Dinajpur, Rangpur, Jessore, Satkhira, Cox'x Bazar falls in arid zone 

(Quadir et al., 2003). 

  Islam et al., (2002) described ascent and descent of severity of droughts mostly 

depended on fluctuation in rainfall distribution. Higher fluctuation was responsible 

for higher drought; while less varied distribution causes somewhat lower drought. 

Rainfall at 50% and 80% probability with respect to crop demand was almost scarce 

throughout the crop season. Specially, at the beginning of ripening stage availability 

of rainfall was nearly zero. The irrigation requirement during different months of the 

crop growing period is a function of rainfall deficits in those months for planting an 

irrigation water supply system. Thus, rainfall deficit information for different areas 

and periods can greatly help in determine optimal water release from a reservoir in 

accordance with demand, when rainfall exceeds evaporation, soil moistures reserves 

are recharged till filed capacity is reached and any further rainfall is termed as 

surplus. When rainfall is less than evaporation, soil moisture is utilized and rainfall 

deficit conditions occurred. The rainfall deficits are functions of time (Talukder et 

al., 1994). 

2.2.3 Solar Radiation 

Solar radiation is radiant energy from the sun, measured as a total amount (direct 

beam solar radiation plus sky radiation) expressed in calories per cm per hour 

(cal/cm2 /hr) or MJ per m2 per day (MJ/m2 /day). Only the "visible" part (380-720 

nm) of the total solar energy is important for photosynthesis. During the ripening 

period of the crop in the tropical monsoon regions, the intensity of solar radiation 
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during an average day is about 350 ca/cm2 per day, which is similar to the values 

reported during the rice growing season in temperate Asia such as in Japan 

(Munakata et al., 1969) and Korea (lRR1, 1972). Fukui (1971) reported that, in the 

temperate Asian countries, solar radiation during the main cropping season is nearly 

the same as that for the rainy season in humid tropical regions, that is, 400 cal/cm2 

per day. 

In the rice-growing areas in the Mediterranean countries, the United States, and 

southern Australia, average solar energy for the rice-growing season is about 100 cal/ 

cm2 per day greater in either Asian temperate or monsoon tropical countries. Solar 

energy during the ripening period of rice in the southern Australia is 100 cal/ cm2 per 

day more than in Asian temperate or monsoon tropical condition (Fukui, 1971). At 

least 700 cal/ cm2 per day are recorded in some rice growing regions in Portugal and 

the United States. 

2.2.4 Relative Humidity 

Relative humidity refers to water vapor, exclusive of condensed water, in the 

atmosphere. It is the ratio, expressed as a percentage, vapor pressure (e) to saturation 

vapor pressure (em) at the existing temperature. March and April are the least humid 

months over most of the western part of the country. The lowest average relative 

humidity (57%) has been recorded in Dinajpur in the month of March. The least 

humid months in the eastern areas are January to March. Here the lowest monthly 

average of 58.5% has been recorded at Brahmanbaria in March. The relative 

humidity is everywhere over 80% during June through September. The average 

relative humidity for the whole year ranges from 78.1 % at Cox's Bazar to 70.5% at 

Pabna (Banglapedia, 2004). 

2.2.5 Sunshine Hour (Day Length) 

The natural day length, or photoperiod, which affects growth of the rice plants, 

consists of the length of the period of daylight and the duration of the civil twilight. 

Day length is the interval between sunrise and sunset. Civil twilight is the interval 

between is the interval between sunrise or sunset and the time when the position of 

the center of the sun is 6° below the horizon. The day length (including civil twilight) 



16 

 

 

 

pattern during the main rice cropping season varies most in high latitudes such as in 

Sapporo, Japan, and least near the equator such as in Bogor, Indonesia. Similarly, the 

day length patterns of selected upland rice-growing areas in some countries show 

that greater changes take place in Uberaba, Brazil, than in Ibradan, Nigeria (De Datta 

and Vergara, 1975). 

2.2.6 Carbon di oxide (CO2) 

The atmospheric CO2 concentration has risen dramatically since pre-industrial times, 

and it might be doubled by end of the century (IPCC, 2001). As a result of enhanced 

rate of trapping of infrared radiation by the increased levels of CO2 and other trace 

gases in the atmosphere. The elevated CO2, together with higher temperatures, could 

have a large impact on future agricultural productivity at the time when the larger 

global population will demand more food to be produced from the smaller land area 

that is available for agriculture. According to UNEP, CO2 induced warming is 

expected to land to rises in sea level as a result of thermal expansion of the oceans 

and partial melting of glaciers and Ice caps and its most severe effects on agriculture 

are likely to stem directly from inundation. South-east Asia would be most affected 

because of with a 1.5 m sea-level rise, about 15 percent of all land area in 

Bangladesh would be inundated and a further 6 percent would become more prone to 

frequent flooding. Altogether 21 percent of agricultural production could be lost. 

  The predicted temperature increase in the low latitudes is expected to be even 

smaller than the global average. Modest increases of less than 1-3.5°C  will be 

deleterious but manageable. Further, adaptation and carbon fertilization are expected 

to mitigate most of these effects. Current predictions suggest impacts in most 

developing countries that range from losses to small gains. In order to cast some light 

on these predictions, a low, medium and high climate scenario of 1, 2, 3.5°C global 

temperatures increase. This range of temperatures is partly due to range of possible 

CO2 concentrations. The 1°C scenario has a 2100 CO2 concentration of 700 ppmv, 

the 2°C scenario is 800 ppmv and 3.5°C scenario involves a 1000 ppmv 

concentration. Country-specific changes in temperature and precipitation are 

predicted using UIUC 11 (Schelesinger and Andronova, 1995; Schelesinger and   

Veritsky, 1996) for each of these three climate scenarios. Agricultural impacts are 
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then predicted using country-specific future agricultural projections along with two 

climate sensitivities. 

  A pessimistic prediction is taken from agronomic-economic results and an 

optimistic prediction is taken from cross-sectional results (Mendelsohn and 

Schelesinger, 1999).  Developed countries are likely to benefit in every scenario as 

carbon fertilization effects are expected to more than compensate for climate effects. 

The agricultural GOP in the OECD is expected to increase 4% to 11% by 2100 from 

global warming. The biggest winners are Eastern Europe and the former Soviet 

Union which are expected to gain between 9% and 48% of agricultural GOP. 

Developing countries, however, may experience losses. The range of effects for 

developing counties is between gains of    4% of agricultural GOP.  

2.3 Effect of Climatic Parameters on Rice Production 

To delineate the effects of climate on rice production, understanding of both weather 

and climate is essential. Weather, which depends upon the heating and cooling of the 

earth's atmosphere, is a condition of the atmosphere at a given moment; climate is 

the condition of atmosphere over a period of time. Climatic differences must be 

carefully considered when comparing the performance of a rice crop or a variety 

grown at different sites. 

According to Quadir et al., (2004) production of crops depends on different types of 

weather parameters and phenomenon. Crop failure may sometimes occur due to 

excess and deficit rainfall conditions or flood or drought of the country comes as a 

significant strain to its socio-economic structure. Nooruddin (2004) mentioned that 

the yield levels of both local and high yielding rice crops were significantly different 

between seasons in Bangladesh. It is highest during Boro and lowest during Aus 

season. 

According to BINA (2004) crop grew under rain-fed condition when short duration 

and low water demand crop varieties could be chosen. In addition, the areas where 

usually occurred excessive depletion of the groundwater (e.g. Rajshahi) and 

problems like arsenic contamination has been started; the dry-land crops might be 

produced instead of winter rice (Boro) for as sustainable and environment safe 
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agricultural production. The effect of climate on the environment for the rice crop is 

major. Basic to understanding climate is knowledge of its elements, especially 

temperature, rainfall, solar radiation, relative humidity, sunshine hour and CO2. 

2.3.1 Effect of Temperature on Rice Production 

The tropical and subtropical countries will be more vulnerable to the potential impact 

of global warming through the effect on crops, soils, insects, weeds and diseases. 

Bangladesh is in the subtropical region. Therefore, the agriculture of this country will 

be affected. The effects of climate change are already evident in the agro-ecosystem 

of the country. Agriculture is strongly interrelated with climate factors. Temperature, 

which is one of the main factors of climate, is closely associated with agricultural 

production. In agricultural, rice production is affected by deviation in temperature. 

Climate change will increase the temperature which will bring changes in rice 

farming activities and affect crop yield. Temperature regime greatly influences not 

only the growth duration but also the growth pattern of the rice plant. During the 

growing season, the mean temperature, and the temperature sum, range, distribution 

pattern, and diurnal changes, or a combination of these, may be highly correlated 

with grain yields (Moomaw and Vergara, 1965). 

A Boro crop encountering critical low temperature is appeared to suffer from cool 

injury. The extent of cool injury depends on the nature and duration of low 

temperature and diurnal change of low temperature and diurnal change of low (night) 

and high (day) temperature. The critical low temperature for a rice crop at agronomic 

panicle initiation (API), reduction division (RD) and anthesis are 15°C, 19°C and 

22°C, respectively. The probability of experiencing stage-wise critical temperature 

approaches to 100% for established and short duration crop (Biswas, 2009). In 

Bangladesh, low temperature occurs in winter season. Usually during November to 

February, minimum temperature remains often below 20°C. Sometimes minimum 

temperature occurs below 20°C in March and April in some parts of the country. 

Injury of rice plants by low temperature occurs in temperate and tropical regions. 

Kaneda (1972) reported 20 counties, mainly in lower-latitude areas, where cold 

injury in rice was confirmed. Those countries included Australia, Bangladesh, 

Colombia, Indonesia, India(Kashmir), Nepal, Peru, Sri Lanka, China and the United 
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States. In Nepal, 15-20% of 1.3 million hectares of rice land are in a temperate 

region. Large areas of that land area are at altitude of 1000-2000 m and cold damage 

to rice is common. The highest altitude at which rice is grown is in Nepal's Jumla 

Valley (2621 m) in the far western Himalayas (Shahi and Heu 1979). In temperate 

regions, cold injury is the main constraint limiting the rice growing area and length 

of growing season. In Korea, low temperature often causes low rice yields (Chung 

1979). In the Beijing area of China, where the temperature can go as low as 5°C, rice 

seedlings have to protected from cold injury. In California, two major types of cold 

problems have been cited since rice became a commercial crop about 1912: 

1. Seedling vigor and establishment in cool water (15°C or below). 

2. Sterility caused by cool night temperatures (below 15°C) 10-14 days before 

heading (Rutger and Peterson, 1979). 

Two factors cause cold injury to rice-cool weather and cold irrigation water. The 

common types of symptoms caused by low temperature are (Keneda and Beachell, 

1974) 

I. Poor germination 

2. Slow growth and discoloration of seedlings 

3. Stunted vegetative growth characterized by reduced height and tillering 

4. Delayed heading 

5. Incomplete panicle exsertion 

6. Prolonged flowering period because of irregular heading 

7. Degeneration of spikelets 

S. Irregular maturity 

9. Sterility 

10. Formation of abnormal grains 

 Islam et al., (1995) studied that the higher minimum temperature during the ripening 

phase also affected the grain yield significantly. In one study, multiple regressions 
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between grain yield and temperature and solar radiation revealed that higher mean 

temperature at vegetative stage affected grain yield. He reported that cold 

temperature during Boro season often reduced the rice production. In Bangladesh, in 

many areas, early planting of short duration varieties suffered from cold temperature 

during Boro season. It was found that Boro season crops often suffered from cold at 

the seedling stage and sometime at reproductive phase particularly for early planting 

with short duration rice varieties (Islam and Morison, 1992). In 1990 Boro field 

observations revealed very high grain sterility (40-90%) due to unusual fall of 

temperature in March resulting crop failure in several regions of Bangladesh (Haque 

et al., 1992). 

  When temperatures exceed the optimal for biological processes, crops often respond 

negatively with a steep drop in net growth and yield. If night time temperature 

minimum rise more than day time maximum, heat stress during the day may be less 

severe than otherwise, but increased night time respiration may also reduce potential 

yields. High temperature is accelerated physiological development, resulting in 

hastened maturation and reduced yield (Rosenzweig and Hillel, 1995). Karim et al., 

(1996) reported that higher temperature reduced the yields in almost all locations in 

Bangladesh and it was particularly pronounced with 4°C increase. The production of 

Boro rice decreases 4% and 7% for temperature increases of 2°C and 4°C, 

respectively. The increased production over baseline varied between 16 and 30% for 

combinations of increased temperature and CO2. In generally, though, the 4°C 

increase was more detrimental that the 2°C increase, despite of the level of CO2. 

Yoshida (1981) conducted experiments at the International Rice Research Institute 

(IRRI) in the Philippines showed that when rice was exposed to air temperature 

higher than 35°C, heat injuries occurred. Varietals differences were observed for 

higher temperatures at different growth stages. The rice appeared to be the most 

sensitive to high temperatures at flowering. High temperatures during anthesis 

induced high percentage of spikelet sterility, which was attributed to disturbed pollen 

shedding and impaired pollen germination. Early morning anthesis was considered 

one way of avoiding high temperature stress. Studies showed that heat tolerance had 

a fairly high heritability, and that most genetic variation was additive. Amin et al., 

(2004) studied that temperature regulated respiration and translocation. Plant 
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respiration rate increased with temperature. The optimum temperature for the 

ripening of rice was 21-22°C. At temperature below 21°C translocation was usually 

decelerated, while at temperature above 22°C the respiration rate was accelerated and 

the grain-filling period shortened. 

Satake and Yoshida (1976) reported the heading stage at which the rice plant is most 

sensitive to high temperature. Fertility of spike lets was 75% for plants held at 35°C 

for 4 hours, about 55% at 38°C for 4 hours and about 15% at 41°C for 2 hours. It is 

common to have maximum daily temperatures from 35°- 41°C or higher in semiarid 

regions and during hot months in tropical Asia. In these areas, a heat susceptible 

variety may suffer from a high percentage of sterility induced by high percentage of 

sterility induced by high temperature (Satake and Yoshida, 1977). According to 

Satake and Yoshida (1978), spikelet sterility from high temperature is induced 

largely on the day of flowering. Within the flowering day, high percentage just 

before anthesis was second most detrimental and high temperature after anthesis had 

little effect on spikelet fertility. Two important characteristics for heat tolerance of 

rice varieties at flowering are good pollen shedding and early morning anthesis. 

Change of temperature would also have an effect on moisture available for crop 

growth, whether or not levels of rainfall remained unchanged. In general, and mid 

latitudes, evaporation increases by about 5 percent for each °C of mean annual 

temperature. Imean temperature increase in the east of England by 2°C potential, 

evaporation would increase by about 9 percent (Rowntree et al., 1989). 

Most agricultural diseases have greater potential to reach severe levels under warmer 

conditions. Fungal and bacterial pathogens are also likely to increase in severity in 

areas where precipitation increases. Under warmer and more humid conditions 

cereals would be more prone to diseases such as Septoria (Beresford et al., 1989). 

Zhao et al., (1988) indicated drier soil moisture conditions will exist in South Asia 

(including Bangladesh) during Boro rice growing under global warming conditions. 

Air temperature is the critical variable that influences the dry season Boro rice 

productivity (when water supply is not a major issue), inclusion of the variations in 

the weather variables is not necessary. 
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2.3.2 Effect of Rainfall on Rice Production 

Variability in the amount and distribution of rainfall is the most important factor 

limiting yields of rainfed rice, which constitutes about 80% of the rice grown in 

South and Southeast Asia. For the same amount of rainfall, the coefficient of 

variability of the rainfall is higher in the tropics than in the temperate areas. In low-

rainfall areas, variability is high regardless of latitude (De Datta, 1970). 

Unfortunately, the world's two largest rice growing countries, India and China, have 

many areas that receive less than 1200-1500 mm of rainfall. India, with the largest 

rice growing in the world, often has inadequate or excessive rainfall during the rainy 

season. As a result, drought or flood, and sometimes both, cause substantial damage 

to rainfed rice production. 

Variability of rainfall affects the rice crop at different times. If the variability is 

associated with the onset of the rain, stand establishment and the growth duration of 

rice are affected. If variability is associated with an untimely cessation at the 

reproductive or ripening stage of the rice crop, yield reduction is severe (Moomaw 

and Vergara, 1965). Rainfall variability is more critical for upland rice-growing than 

for lowland rice. Moisture stress can damage, or even kill, plants in an area that 

receives as much as 200 mm of precipitation in a day and then receives no rainfall 

for the next 20 days. An evenly distributed precipitation of 100 mm/month is 

preferable to 200 mm/month that fall in 2 or 3 days. 

The irrigation requirement during different months of the crop growing period is a 

function of rainfall deficits in those months for planting an irrigation water supply 

system. Thus, rainfall deficit information for different areas and periods can greatly 

help in determine optimal water release from a reservoir in accordance with demand, 

when rainfall exceeds evaporation, soil moistures reserves are recharged till filed 

capacity is reached and any further rainfall is termed as surplus. When rainfall is less 

than evaporation, soil moisture is utilized and rainfall deficit conditions occurred. 

The rainfall deficits are functions of time (Talukder et al., 1994). 

Nooruddin (2004) mentioned that rainfall would supply water that was very essential 

for rice growth particularly the rain-feed rice cultivation. Adequate water will 

support the plant growth particularly during vegetative until the middle of 
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reproductive stages, from nursery until about 75 days after seedling. Soil can hold the 

water for some times depending on the soil texture. The lighter the soils texture the 

lower capacity in holding the water. He also found that the yield levels of both local 

and high yielding rice crops were significantly different between seasons in 

Bangladesh. It is highest during Boro and lowest during Aus season. 

Karim et al., (1999) reported that a little rainfall in early February helped the 

standing Boro cultivation to a significant extent while local rainfall may lead to 

severe floods in late August, resulting into significant decline in area suitable for 

Aman cultivation. Soil moisture depletes rapidly in the later part of crop growth if 

there is scantly or no rainfall during the wheat crop growing period. Soil moisture 

stress is reported to be adversely affecting wheat yield (Islam, 1990). 

 Ingram et al., (1993) and Islam et al., (1994) observed that yield losses resulting 

from water deficit were particularly severe when drought strikes at booting stage. 

Effects on yield, however, are small as compared to drought stress at reproductive 

stages, which irreversibly reduces the number of fertile spikelets. Hargreaves and 

Prassad (1985) stated that rainfall was erratic, uncertain and unevenly distributed. 

Although irrigation facilities in the country rapidly expanding, but it was a costly 

input in crop production. Out of the total cultivable areas available in the country 

about 85% of the cultivated areas were under rain-fed agriculture (Handa and 

Srenath, 1983). 

2.3.3 Effect of Solar Radiation on Rice Production 

The absorption of solar radiation by a plant canopy is a major factor determining its 

rate of photosynthesis, and therefore also its rate of growth and development. The 

photosynthesis mechanisms as well as the water demand and canopy micr°C limate 

are influenced by light penetration (Blad and Lemur, 1979). It was stated that 

arrangement, shape and number of leaves in plant canopy affect the penetration 

interception, distribution and reflection of light. 

The importance of solar energy in tropical agriculture was recognized only after 

World War II (Best, 1962). Calculated by De Wit’s (1958) method, the average daily 

solar radiation are available in the temperate rice-growing regions such as the Po 
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Valley, Italy, Australia or Davis, Calfornia. But, because of his dependence on 

rainfall, the farmer of rainfed rice in the tropics must grow his crops when there is 

low sunlight intensity. On the other hand, where irrigation water is available, rice can 

be grown in the dry season and the grain yield will be higher than in the wet season 

because of the higher intensity of solar radiation. 

Solar radiation at soil surface increased rapidly at nearly 9.00 h to till on and 

exceeded the peak values of global radiation (Ham et al., 1991), because of extra 

radiation reflected from the canopy towards the sensors (Bate!l et al., 1997). Marani 

and Ephrath (1985) conducted an experiment to investigate the penetration radiation 

into canopies. Photo- synthetically active radiation (PAR) above and below the 

canopy was also measured. A high correlation was found between plant height and 

leaf area index (LA1), and both were highly correlated with radiation penetration. 

Based on experiments in Texas, Stansel et al., (1965) and Stansel (1975) suggest that 

the rice plant's most critical period of solar energy requirement is from panicle 

initiation until about 10 days before maturity. In the tropics, the correlation between 

solar radiation for 45-days period before harvest (from panicle initiation to crop 

maturity) and grain yield, plotted by harvest month was highly significant (De Datta 

and Zarate, 1970). Earlier experiments indicated a strong correlation between grain 

yield and solar radiation during the last 30 days of growth (Moomaw et al., 1967). 

Subsequent IRRI research indicated that the increase in dry matter between panicle 

initiation and harvest was highly correlated with grain yield (De Datta et al., 1968). 

These results indicate the amount of solar energy received from as early as panicle 

initiation until crop maturation is important for the accumulation of dry matter during 

that period. This may be explained from the results obtained by Murata (1966), 

which showed that the accumulation of starch in the leaves and culms begins about 

10 days before heading. Starch accumulates markedly in the grain during the 30-day 

period following heading (Murata 1966, Yoshida and Ahn 1968) and the total period 

of 40 days before maturity may be considered as the period of grain production. 

With irrigation, the dry-season rice yields in the tropics (11 t/ha reported at lRRl) 

should be similar to those reported by Best (1962) for the temperate region (12.5 

t/ha). However, the grain yield obtained during the wet season is lower than those in 
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the dry season because of the lower level of solar radiation received during the crops' 

grain-filling and ripening stages (De Datta and Zarate, 1970). 

The solar radiation requirement of a rice crop differs from one growth stage to 

another (Islam and Morison, 1992). Shading during the vegetative phase only slightly 

affected yield and yield components. In contras, shading during the reproductive and 

ripening phase caused significant reductions in yield by reducing panicle number, 

tinal spikelet number, grain weight etc.. Kumar and Tripati, (1991) reported that 

direct sun under drought condition reduced leaf water potential and influences 

canopy temperature of wheat. 

Yoshida (1977) has shown that critical stage in rice was the 25-day period before 

flowering when the number of spikelets is determined solar radiation is especially 

important. The spikelet number accounts for 60% of the yield variation. Solar 

radiation affects many physiological processes, particularly photosynthesis. The light 

requirement varies with plant species. There are critical stages of plant growth when 

solar radiation is especially important. For the same amount of daily solar radiation, 

the photosynthesis rate increase with day length. 

2.3.4 Effect of Relative Humidity on Rice Production 

The effects of relative humidity in the tropics are generally confused with the effects 

of solar energy and temperature. The average relative humidity before harvest 

follows a trend opposite that of the solar radiation values for the same period. 

Therefore, no importance is attributed to the high negative correlation between 

relative humidity and grain yield. However, a long dew period often causes increased 

incidence of blast disease in rice. In such cases, the effects of high relative humidity 

are often confounded by the night temperature regime, which cause a long dew 

period. 

Relative humidity may affect gram formation after milk stage, ripening and disease 

incidence in rice. High relative humidity favours crop growth through the vegetation 

stage. During grain formation, low humidity may cause grain to shrink, but high 

humidity favors disease, particularly in rain fed rice (Amin et al., 2004). 
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2.3.5 Effect of Sunshine hour on Rice Production 

Rice is generally a short-day plant and sensitive to photoperiod. Thus, long days can 

prevent or considerably delay flowering (Vergara and Chang, 1976). In lowland 

rainfed rice culture, delay in transplanting photoperiod-sensitive varieties because of 

delayed rains does not usually affect the grain yields. It is because of that flexibility 

at the seedling stage that photoperiod-sensitive varieties have traditionally been 

grown in monsoonal Asia (Vergara, 1976). The photoperiod-sensitive traditional 

varieties have provided stability in rice production even though their yield levels 

have been low. Those varieties produced some yield levels have been low. Those 

varieties produced some yields levels regardless of lodging, typhoon damage, or 

inadequate management practices such as no fertilizer or no weeding (Vergara et al., 

1966). In some areas, the need to delay harvesting until monsoon-season floodwater 

has receded makes it essential to grow varieties with long growth duration. This is 

possible only by using photoperiod-sensitive varieties. But day length or 

photoperiod-insensitive rice varieties enable the farmer in the tropics and subtropics 

to plant rice at any time of the year without great change in growth duration (Chang 

and Vergara, 1972). In irrigated areas, and in rainfed areas where flooding is limited 

to a maximum water depth of 15-20 cm, improved photoperiod-insensitive varieties 

have partially replaced photoperiod-sensitive varieties. Thus, it is obvious that 

insensitivity to day length is essential in one situation and a liability in another. Amin 

et al., (2004) studied the months from November to March, and in some instant up to 

April is deficit period (rainfall<PET). But from the viewpoint of availability of bright 

sunshine hour, this period is best suited for crop production. 

Yoshida (1981) described that grain yield in rice was comparatively low due to 

inadequate light intensity but showed positive correlation with solar radiation, 

especially during later stages of crop growth. Drought has some impact on the early 

stage of aus rice but its greater influence could be visualized during the anthesis and 

milk stages. According to Chang (1981) photoperiod is important in crop 

development. It can cause crop failure and hinder the introduction of new varieties. 
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2.3.6 Effect of Carbon dioxide (CO2) on Rice Production 

Plants grow through the well-known process of photosynthesis, utilizing the energy 

of sunlight to convert water from soil and carbon dioxide from the air into sugar, 

starches, and cellulose. CO2 enters a plant through its leaves. Greater atmospheric 

concentrations trend to increase the difference in partial pressure between the air 

outside and inside the plant leaves, and as a result more CO2 is absorbed and 

converted to carbohydrates. Crop species vary in their response to CO2. Wheat, rice, 

and soybeans belong to a physiological class (called C3 plants) that responds readily 

to increased CO2 levels. Higher levels of atmospheric CO2 induce plants to close the 

small leaf openings through which CO2 is absorbed and water vapour is released. 

Thus, under CO2 enrichment crops may use less water even while they produce more 

carbohydrates (Rosenzweig and Hillel, 1995). 

Higher air temperatures will also be felt in the soil, where warmer conditions are 

likely to speed the natural decomposition of organic matter and to increase the rates 

of other soil processes that affect soil fertility. Additional application of fertilizer 

may be needed to counteract these processes and to take advantage of the potential 

for enhanced crop growth that can result from increased atmospheric CO2 

(Rosenzweig and Hillel, 1995). Higher temperature reduced the yields in almost all 

locations in Bangladesh and it was particularly pronounced with 4°C increase. The 

production of Boro rice decreases 4% and 7% for temperature increases of 2°C and 

4°C, respectively. The increased production over baseline varied between 16 and 

30% for combinations of increased temperature and CO2. In generally, though, the 

4°C increase was more detrimental was more detrimental that the 2°C increase, 

despite of the level of CO2 (Karim et al., 1996). 

Singh and Padilla (199S) studied the effect of climate change on rice yield and 

adaptive management practices in the Philippines. They reported that, under current 

temperature regime, there would be beneficial effects of CO2 from current (330 ppm) 

to high (660 ppm) concentrations in terms of grain yield, reduced transpiration, 

increased water-use efficiency, increased radiation use efficiency, reduced N losses, 

and higher N-use efficiency. The trends would be reversed for all the above 

parameters for each °c increase in temperature from 0 to 5°C at each CO2 level. The 



28 

 

 

 

increase in grain yield with high N at 660 ppm concentration was much greater than 

at 330 ppm concentration. At zero N, crop response to temperature was similar, but 

response to an increase in CO2 concentration was very low, suggesting that the 

benefits of higher concentration would be more pronounced in high input irrigated 

rice. Further, some of negative effects of temperature increase in warmer regions 

could be offset by the use of rice cultivars tolerant to high temperature-induced 

spikelet sterility, and by planting cultivars with longer growth duration, particularly 

longer grain-filling duration. 

Karim et al., (1994) studied the impact of climate change on rice production at two 

contrasting locations (Mymensingh and Barisal) in Bangladesh. At both sites, 

simulated rice yield decreased significantly with temperature increases but this was 

offset by the physiological effects of CO2. The study concluded that if CO2 

concentrations did not increase, or if the fertilization effects of CO2 were less than 

predicted, then rice production in Bangladesh could be negatively affected and the 

country's food security for the increasing population would be threatened from 

climate change. 

The agronomic results cited above do not include carbon fertilization or efficient 

adaptation. The agronomic-economic studies suggest that including adaptation would 

reduce the magnitude of losses. The experiments in laboratories and the field suggest 

that elevated carbon dioxide levels will also have a dramatic positive effect. The 

IPCC estimates that doubling carbon dioxide will roughly increase farm productivity 

by 30% for most crops (Reilly et al., 1996) 

2.4 Response of Soil Parameters on Rice Production 

Rice is grown from the equator to 50°N and from sea level to 2500 m. It is grown in 

the hot, wet valleys of Assam and in the irrigated deserts of Pakistan. The soils on 

which rice grows are as varied as the climatic regime to which the crop is exposed: 

texture ranges from sand to clay, pH from 3 to 10; organic matter content from 1 to 

50%; salt content from almost 0 to 1%, and nutrient availability from acute 

deficiencies to surplus. Productivity of land used for growing rice is to a large extent 

determined by soil and water conditions. Rice is the only major annual food crop 

(with the exception of aroids)that thrives on land that is water saturated, or even 
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submerged, during part or all of its growth cycle. Rice is grown on a variety of soils 

ranging from water logged and poorly drained to well drain. It is also grown under 

many different climatic and hydrologic conditions. Adequate water supply is a key to 

optimum rice growth and grain yield. Because of the characteristic shrinkage and the 

accompanying changes in physical properties that occur, drying paddies are likely to 

pose conditions that will restrict root development for sensitive plants cultivated 

under upland conditions, which is also the case when an upland crop is grown in 

rotation with lowland rice. The nature of soil impedance to root growth takes 

cognizance not only of the role of water content as it affects mechanical resistance 

but also to the characteristics of the growing root tip. 

Understanding of clay minerals is important for management of rice soils. Both clay 

content, as expressed by texture, and clay mineralogical characteristics have great 

bearing on the productivity of soils. In Japan, and in most tropical Asian countries, 

soils with montmorillonitic clay have higher fertility and higher yield potential than 

soils with allophone (amorphous silicates) as the major clay constituents (Kawaguchi 

and Kyuma,  1969). Clay minerals play a significant role in physical and chemical 

properties of rice soils. Soil pH, before and after flooding lowland fields, are 

important determinant in evaluating fertility and management of rice soils. The pH 

values of lowland rice soils vary greatly from country to country. Example of the 

range of pH values of paddy soils in some South and Southeast Asian countries are, 

given in Table 2.6. 

Table 2.6: pH of Plow layer soils of the Paddy Fields in selected Countries (In a 

water suspension of Air Dried Soil) (Adaoted from Kawaguchi, 1973) 

Country Thailand Malaysia Sri 

Lanka 

Bangladesh India Philippines Indonesia Japan 

pH 5.2 4.7 5.9 6.1 7.0 6.4 6.6 5.5 

 

With regard to mineral composition, many Indonesian soils contain low silica and 

high iron, aluminum, and manganese. Soils from Thailand and Kampuchea have 

extremely low phosphorus content. Soils from Sri Lanka are highly siliceous and low 
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in iron oxide, reflecting their sandy texture. Soils from India, Bangladesh and Burma 

have intermediate levels of minerals (Kyuma, 1978). 

Rice generally reported as a moderately salt-tolerant crop but no rice variety can 

withstand high salinity throughout its growth cycle. Soil solutions high in sodium 

chloride with specific conductance values 6- I 0 mS/cm are harmful to rice plants and 

cause as much as 50% decrease in rice yield. In tidal areas, the specifics conductance 

values change from day to day depending on tidal regime. Inland saline soils 

generally have a pH>7. They are low in nitrogen, low in available phosphorus, but 

well supplied with potassium. Coastal saline soils may be eutric (fertile), dystric 

(infertile), ca1caric (calcareous), thionic (sulfidic and sulfaticc), or histic (organic). 

Saline-sodic soils and calcaric saline soils are deficient in available zinc; thionic 

saline soils may have problems of aluminum toxicity and iron toxicity as well as 

phosphorus deficiency; histic saline soils are deficient in major nutrients as well as 

copper and zinc, and have other soil problems. Hydrology and relief are important in 

determining the suitability of saline lands for rice production (Ponnamperuma and 

Bandyopadhya, 1980). 

2.5 Response of Planting Date on Rice Production 

The gradually decrease in duration of the life cycle of different varieties occurrs 

because of the change in the vegetative phase at different dates of planting in the 

winter season. The duration of the vegetative phase were the longest in January 

planting and the shortest in March planting? Such variation was due to the number of 

days exposed to minimum temperature below 20°C. The minimum temperature in 

January is usually the lowest and it gradually rises towards March-April. Similarly 

tillering duration at January planting was the longest, followed by February and 

March planting. The higher the tillering duration, the higher is the percentage of 

productive tillers. The smaller percentage of productive tillers in the warm season 

was probably due to presence of a high number of underdeveloped tillers. Thus, the 

long tillering duration as affected by the prevailing temperature in the winter-season 

rice crop is one of the key factors for the achieving higher yield (Peng and Hardy, 

2001). 
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The vegetative phase of rice is extended due to low temperature (Vergara and Chang, 

1985). In November planting of BR3 when the temperature was cool, the vegetative 

phase was extended by 50 d and the relative tillering rate reached its peak at 40 to 50 

d after transplanting. In contrast, with planting in July when temperature was high, 

the relative tillering rate reached the highest value within 15 to 25 d after 

transplanting. In most cases, tillering rate decreases because of low temperature 

(Kondo, 1954). Planting time or sowing time is very important to obtain higher grain 

yield and the same time to increase the land productivity. So, it is essential to screen 

advanced breeding lines that have potential as future rice variety. An experiment was 

conducted at the BRRI farm, Gazipur in the T,Aman season 2005. The lines 

BR6592-4-6-5, BR6592-4-6-4 and IR70175-54-1-1-2-3-HR2 were tested and 

compared with BRII and BRRI dhan32 (ck). Thirty-day-old seedlings were 

transplanted during 15 July to 1 October at 15 days intervals. The promising lines 

BR6592-4-6-5 and BR6592-4-6-4 gave more than 4.00 t/ha yield up to I September 

planting. However, these two lines gave more than 3.92 t/ha yield up to 15 

September. Although grain yields of these two promising lines were greater than 

check varieties irrespective of planting dates, they required about 7 days more for 

maturation compared to BRRI dhan32. Moreover, grain yield drastically reduced 

during I °C tober planting, which was related with water stress in the flowering stage. 

Thus, BR6592-4-6-5 and BR6592-4-6-4 could supplement SRI J and BRRI dhan32 

for obtaining more than 3.92 t/ha grain yield planted up to 15 September (BRRI 

annual report, 2005-06). 

The time seeding had contrasting effects on the two components of water 

productivity of Boro rice grown in the South Western coast of Bangladesh. Seeding 

before November resulted in very low yields due to cold stress at the critical 

reproductive stages of Boro rice. Late-seeding required more water to be taken from 

the limited storage capacity of the canal network, and therefore will reduce the area 

that can be irrigated. With the optimum dates of seeding around 1-10 November and 

proper water management, 15% of the rice land can be planted after the Aman 

season. The percentage can be increased to 40% with some investments to improving 

the conditions of the canals (Abul et al., 2006). 
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 2.6 Water Requirement for Rice Production 

Water is indispensable to plant life. A plant's water content varies by species and 

within various plant structures and also diurnally during the entire growth period. 

The formative water for the plant is obtained mainly from soil through absorption by 

the plant roots. The plant uses less than 5% of the water absorbed. The rest is lost to 

the atmosphere through transpiration from the plant leaves. 

Karmer (1969) summarized the functions of water for a plant: 

1. It is a vital constituent of cell protoplasm. 

2. It is a reactant or reagent in chemical reactions. 

3. It is solvent for organic and inorganic solutes and gases facilitating their 

translocation within the plant. 

4. It gives mechanical strength to the plant by producing turgidity. 

Water affects the physical character of the rice plant, the nutrient and physical status 

of the soils, and the nature and extent of weed growth. The height of the rice related 

to the depth of water in the paddy; the plant height generally increases with 

increasing water depth. Tiller number of a rice plant, on the other hand, appears 

inversely related to water depth, at least over a relatively wide range of moisture 

conditions. With progressive drying of the soil, tiller number decreases, and much 

more sharply than under the influence of increased water depth. Culm strength of the 

rice plant, and therefore lodging resistance, decreases as the plant height increases. 

Thus, Culm strength decreases if culms elongate as water depth increases. There is 

no evidence that grain-straw ratio is affected by water management practice in the 

rice field. Senewiratne and Mikkelsen, (1961) compared growth of rice plants in 

submerged and upland soil. At the early growth stage of rice, plants grew larger in 

the non submerged upland soil than on the submerged soil. But later there were more 

increases in tiller number, plant height, and leaf area in the submerged soil than in 

the non submerged soil. 

One benefit of submerging rice soils is that it increases the availability of many 

nutrients, particularly phosphorus, potassium, calcium, silicon, and iron. But if the 
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soil is highly permeable, nutrients will be leached downward from the root zone. 

Flooding a soil causes chemical reduction of iron and manganese, as well as other 

elements in the soil. Various organic acids such as acetic and butyric, and gases such 

as carbon dioxide, methane, and hydrogen sulfide are produced. All except methane, 

when present in large amounts, may retard root development, inhibit nutrient 

absorption, and cause root rot (usually between the seedling and panicle initiation 

stages). These toxic effects are variously identified as physiological diseases, such as 

Akiochi (degraded paddy soils) in Japan and bronzing in Sri Lanka. Toxicity is most 

often noticed when oxygen in the soil is depleted due to the rapid decomposition of 

large quantities of organic matter. 

High and low water temperature have adverse effects on growth and grain yield of 

rice. High water temperatures have been reported to reduce rice yield, reduced 

uptake silicon, potassium (sometimes resulting in brown spot caused by 

Helminthosporium oryzae), reduced tiller number, and increased percentage of 

unfilled spikelet. At low water temperature some indica varieties grow poorly, 

usually with reduced tillering. At the later stages of rice growth, low water 

temperature delays panicle initiation, decreases panicle size, and increases sterility. 

Nutrient uptake is adversely affected by low (15°C) water temperature 

(Bhattacharyya and De Datta, 1977). 

Emergence of weeds and the type of weeds in a weed population are closely related 

to the moisture content of the soil and the water depth in the rice field. Conditions 

that favor weed growth also make weed control difficult. Moist, but un-flooded soil, 

warmer temperature, and adequate light favour growth of grass. Water control during 

the early stages of crop has a major effect on weed control. As weed become 

established, it much more difficult to control them through water management. For 

transplanted rice, proper management can substantially substitute for weeding. 

Grasses can be completely eliminated if continuous flooding to a 16 cm depth is 

maintained throughout crop growth. Even with 5 cm of continuous standing water, 

grasses are substantially controlled (De Datta et al., 1973). Continuous flowing 

irrigation has the potential to produce optimum rice yields. In an experiment at 

Japan's Niigata Agricultural Experiment Station, flowing irrigation practiced (3-5 cm 

depth) from 35 days before heading 0 maturity gave about 7% increase in yield over 
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that from continuous static submerged plots (5 cm depth). There was, however, 8% 

reduction in grain yield if flowing irrigation was practiced throughout crop growth, 

indicating the period of flowing irrigation may be critical (Baba et al., 1963). 

In the Asia tropics rice is primarily transplanted for stand establishment. However, in 

most of Sri Lanka, and in parts of India, and Bangladesh, rice is broadcast-seeded 

either in the dry soil or wet or moist soil. Seeding into standing is not common in the 

tropics because lack of proper water control and low oxygen concentration in water 

under the high temperatures that occur in the tropics lead to poor establishment. In an 

experiment by De Datta et al. (1973), as the water depth was increased for direct-

seeded flooded rice, crop establishment or number of plants per square meter was 

decreased. A brief drainage period at the maximum tillering and panicle initiation 

stages reduced lodging but increased weed populations. 

It is important to determine water quality before the water is used for irrigation. It is 

equally important to monitor water quality periodically against the potential hazards 

of crop damage by poor irrigation water. For example, some parts of IRRI's 

experiment station had the soil pH increased to 7.9, the electrical conductance to 12 

mSI cm (12 mmhol cm), and the available Boron content to 13 ppm as a result of 

irrigation with alkaline, slightly-saline, deep-well water high in bicarbonates of 

calcium and magnesium, Boron, and silicon. The high pH, deposition of calcium and 

magnesium carbonate, and the accumulation of silicon depressed the availability of 

zinc (Ponnamperuma, IRRI 1980). In Arkansas, United States, many of the irrigation 

wells produce water containing high concentrations of calcium and magnesium 

carbonates. In parts of southwest and southeast Arkanass, the groundwater contains 

high levels of sodium. Contained application of such poor-quality water on a rice 

field may cause chlorosis and sometimes death seedlings. 

In California, Finfrock et al., (1960) described good rice irrigation water as that with: 

1. Specific conductance less than 0.75 mSI cm (0.75 mmhol cm). 

2. Boron contents of less than 1 ppm. 

3. Sodium adsorption ratio (SAR) index (tendency to from alkaline soil) less than 
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When high sodium water is used regularly each growing season, it may deflocculate 

the soil so that thickness, compactness, and impermeability increase. The 

deflocculated soil makes tillage difficult and usually produces low yields. 

2.7 Growth Duration of Rice production 

In temperate Asia, the growth duration of rice can be manipulated in a limited was by 

manipulating cultural practices. For example, in Japan where rice is mostly machine 

transplanted, seedbed technology has been considerably improved. Farmers in Japan 

extend the rice season by the use of temperature-protected seedbeds. This led to use 

of longer-duration varieties and to significant yield increase (Ishizuka et al., 1973). 

Rice yields in Japan have increased steadily due to improvements in variety and 

cultural practices. The rice growing season has been shifted to earlier in the spring by 

using nonseasonal varieties. Transplanting is done when temperature is lower. 

In tropics, where temperature is favourable for the year-round rice culture, there 

appears to be optimum growth duration for high grain yields. The growth period of 

short-duration plants (of less than 100 day maturity) grown under normal field 

conditions usually do not permit the production of sufficient leaf area to result in 

production of larger number of panicles with well filled spikelets. Results of tests by 

Vergara (1970) indicate that under certain environmental conditions (4°N), the best 

yields are from varieties that mature in 130- 140 days. Optimum growth duration 

could be attained earlier by closer spacing or higher nitrogen levels. With increased 

emphasis on increased cropping intensity in both irrigated and rainfed areas, there is 

a considerable demand for rice with growth duration around 100 days. With the use 

of those shorter duration varieties, it is possible to raise the productivity per hectare 

per day even if the individual crop yield is somewhat lower than for varieties with 

130 days or longer. Thus, growth manipulation should be designed to efficiently use 

given resources such as water, fertilizer, solar radiation, and temperature. 

2.8 Effect of Fertilizer Application on Rice production 

Development of a rational method of fertilizer application requires knowledge of the 

mineral nutrition of the rice plant at the different growth stages. It is also essential to 

know the contributions of the nutrients absorbed to grain yield. A dynamic insight 
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into the physiological condition of the plant at any stage of the growth requires 

analytical studies of every part of the plant. The characteristics of various plant 

organs are greatly influenced by environmental factors of which one of the most 

important is mineral nutrition. 

For rice, 16 elements are essential- carbon (C), hydrogen (H), oxygen (0), nitrogen 

(N), phosphorus (P), potassium (K), sulfur (S), calcium (Ca), magnesium (Mg), zinc 

(Zn), iron(Fe), copper (Cu), molybdenum (Mo), Boron (B), manganese (Mn) and 

chlorine (CI). These are divided into major and minor elements. The major elements, 

C, H, 0, N, P, K, Ca, Mg and S are needed by plants in relatively higher amounts 

than the minor elements, Fe, Mn, Cu, Zn, Mo, Band Cl. All essential elements must 

be present in optimum amounts and in forms usable by rice plants. Nitrogen, 

phosphorus, zinc and potassium are nutrient elements most commonly applied by 

rice farmers (De Datta, 1981). 

Rice plants require a large amount of nitrogen at the early and mid tillering stages to 

maximize the number of panicles. Nitrogen absorbed at the panicle initiation stage 

may increase spikelet number per panicle, size of leaves and grain and protein 

content in the grains (Yoshida, 1975). The rate of dry matter production of the rice 

plant, the proportionate weight of each plant part, and the mineral content of a given 

plant part change as the plant develops. The causes are changes in physiological 

status of the plant with the development of growth phases and changes in 

environmental conditions, such as temperature, availability of each nutrient in the 

soil and so on, during growth and development. The accumulation of nitrogen in the 

vegetative organs is high during the early growth stages and decrease with growth. 

After flowering, translocation of nitrogen from the vegetative organs to the grains 

becomes significant. There is some translocation of carbohydrates from the 

vegetative plant parts to the grams. Accumulation of carbohydrates in the vegetative 

organs is negligible during the vegetative phase, and after flowering a large amount 

of carbohydrates accumulates in the grains (Ishizuka, 1965). 

  Fertilizer use efficiency is the output of any crop per unit of fertilizer nutrient 

applied under a specific set of soil and climatic conditions. Barber (1977) defined 

fertilizer efficiency as the increase in yield of the harvested portion of the crop per 
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unit of fertilizer nutrient applied. The highest fertilizer efficiency is obtained with the 

first increment of fertilizer and the size of the yield increase decreases successively 

with each additional increment of fertilizer added. Therefore, the lowest rate of 

fertilizer would give the highest efficiency but the yield obtained may be low and 

unprofiTable. Another approach to defining fertilizer efficiency is based on plant 

uptake with the least amount of fertilizer needed to match plant use with maximum 

grain yield as the most efficient rate of fertilizer application. Bartholomew (1972) 

classified nitrogen need according to plant use-good use efficiency, average use 

efficiency, poor use efficiency and pollution range. There are two possible reasons 

for not reaching expected yield levels: 

I. The fertilizer nutrients are not taken up by the plants because they are applied at 

the wrong time or in the wrong place, or transformation of nutrients has made them 

unavailable. 

2. Although taken up by the crop, the nutrients are not used for grain production due 

to other growth-limiting factors such as in sufficient water or light or lack of other 

mineral elements. 

  For India, Mahapatra et al., (1974) summarized fertilizer efficiency in cereals as 

dry-season rice> wet-season> wheat> maize> millet> sorghum. In all those crops, a 

well planned and well executed program of field research would help identify 

nutrient deficiencies and determine yield responses from low, as well as high, rates 

of fertilizer application. Nitrogen is generally needed in most rice soils, particularly 

in places where nitrogen-responsive modem rice varieties are grown with improved 

cultural practices. Low nitrogen use efficiency, the widespread need for nitrogen for 

food production, the anticipated world shortage of petroleum products.  

Numerous nitrogen-response experiments have shown that the recovery of the 

fertilizer applied to the rice crop is seldom more than 30-40%. Even with the best 

agronomic practices and strictly controlled conditions the recovery seldom exceeds 

60-65% (De Datta et al., 1968). Ironically, the soil and climatic conditions that 

favour rice growth adversely affect the recovery of nitrogen from the soil and are 

responsible for its rapid loss. Nitrogen may be lost from plants through root 

exudation, the flushing action of dew or rain and natural or mechanical loss of plants 
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parts. Even considering all these possibilities, a portion of the applied nitrogen is not 

accounted for. Recent research indicates that there is a relationship between gaseous 

nitrogen loss and efficiency of nitrogen utilization by rice plants. These losses may 

need to be considered to determine nitrogen fertilizer effectiveness in rice (da Silva 

and Stutte, 1979). 

2.9 DSSAT/CERES-Model for Production of Rice Yield 

Both rice and wheat are important crops in south Asia and Australia, and are grown 

together in sequence in large areas. The sustainability of rice-wheat cropping systems 

is a serious concern for food security in south Asia, and for viable regional 

communities in Australia. Issues facing both regions include reduced availability of 

water for irrigation, ability to farm profitably, and shallow water Tables and salinity. 

Therefore there is much interest in technologies that increase water use efficiency, 

productivity and profitability of rice-based systems. 

Crop models are useful tools for considering the complex interactions between a 

range of factors that affect crop performance, including weather, soil properties and 

management. Where pests and diseases are controlled, water and nitrogen fertilizer 

management are the main factors influencing yield for a given environment. The 

CERES Rice and Wheat models simulate crop growth, development and yield taking 

into account the effects of weather, genetics, and soil water, carbon and nitrogen, and 

planting, irrigation and nitrogen fertilizer management. The rice and wheat models 

can also be run in sequence under the DSSAT framework. Therefore 

DSSAT/CERES Rice-Wheat offers the ability to evaluate options for increasing 

yield and water and nitrogen use efficiency of rice-wheat systems. 

 Ritche et al., (1987) reported that the CERES-Rice model assumes nine stages of 

rice plant growth: pre-sowing, germination, emergence, juvenile, floral induction, 

heading, flowering, grain filling, and harvesting. Completion of these growth stages 

is determined by accumulation of degree-days. 

The phenology components of CERES Wheat and CERES Rice have been described 

by Singh (1994) and Ritchie et al., (1998). The models describe the progress through 

the crop life cycle using degree-day accumulation (heat sum). The duration of growth 
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stages in response to temperature and photoperiod varies between species and 

cultivars, and genetic coefficients to describe these differences. The phenology 

component also simulates the effect of water or N deficit on the rate of life cycle 

progress (Singh et al., 1999). These effects may vary with life cycle phase; for 

example, water deficit may slow the onset of reproductive growth but accelerate 

reproductive growth after the beginning of grain filling. 

In the sub-tropical environment of Kherala, India, Saseendran et al., (1998) reported 

that grain yields of Jaya and IR8 were within 3% and straw yields within 27% of 

measured yields, and that grain weight and grain number per m were also predicted 

closely by CERES model. In the same state, Rao et al., (2002) also observed very 

good agreement between simulated and observed yields of Jaya, Jyothi and Triveni 

for all transplanting dates in one year (0-2% of observed values). In a year in which 

heavy rains which caused high sterility, the simulated yields were 5-10% greater than 

the observed yields. Timsina et al. (1995) reported that for experiments at Pant nagar 

in northwest India, simulated grain yields ofPant-4 were generally within 1-15% of 

observed yields. But in some cases, the simulated yields were out by up to 40%, 

mainly due to the fact the model didn't accurately predict the phenological events. In 

northern Bangladesh, simulated yields of BRI4 and BRII were either over or 

underestimated relative to observed yields. The model undoubtedly yields at zero N 

(Timsina et al., 1998). However, some of the discrepancy between simulated and 

observed yields was due to insect damage and lodging at high N rates, which resulted 

in lower yields. 

  Timsina et al., (1995) tested the sensitivity of the CERES Rice and Wheat for a 

range of variables (moisture regimes, planting dates, weather years, and N 

application rates) that influence the productivity and sustainability of rice-wheat 

systems in the rainfed and irrigated ecosystems on a fertile and an infertile soil in a 

subtropical environment at Pantnagar, India. In the infertile soil, the simulated rice 

yields increased with increasing level of fertilizer N while in the fertile soil, yields 

leveled otT for application rates higher than 90 kglha. These results suggest that both 

models were sensitive to a number of management related variables. Buresh et al., 

(1991) used CERES Rice to assess year to year variability in response to N 

application for two transplanting dates (15 January and 15 July) in Philippines. The 
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model consistently predicted higher N response with the January than July 

transplanting and greater NH3 loss for July than January transplanting. At Pantnagar, 

India, CERES wheat predicted a small response to applied N in fertile soil but a large 

response in fertile soil. 

Timsina et al., (1998) calibrated and validated the CERES Rice and Wheat models 

and established the long-term yield trends for wheat systems at Nashipur in northern 

Bangladesh. Using the minimum soil, crop, and weather data, they then predicted the 

long-term yield trends two rice (BRI4 and BRII) and two wheat (Kanchan and 

Sowgat)cultivars for low (zero N, rainfed) and high (120 kg-N/ha, irrigated) input 

systems for three sites in north (Dinajpur District), northwest (Jessore District) and 

central (Gazipur District) Bangladesh. Across sites, years, moisture and N regimes, 

BRII rice always out yielded BRI4, consistent with experimental results. Wheat 

yields across sites and years were highest at Nashipur due to lower minimum 

temperature and higher solar radiation during the growing season. Conversely, yields 

were lowest at Gazipur due to higher temperatures and lower solar radiation.  

  Hundal and Karu, (1996) used CERES models to study the effects of climate 

change on rice, wheat, maize and ground nut in Ludhiana, India. Scenarios included 

the effect of changes in each parameter separately and in combination, with daily 

increases in temperature (up to 3°C above normal), solar radiation (up to 10%), 

precipitation (up to 50%) and CO2 concentration (up to 600 ppm). Hundal et al., 

(1998) also studied the effect of climate change on the yields of rice cv. PR I06 under 

various scenarios, also in Ludhiana. Increased temperatures advance wheat maturity, 

but delayed rice, and reduced leaf area, biomass and yield more in wheat than in rice. 

A 10% decrease in radiation decreased the maximum leaf area index (LAI) by 7.6% 

in wheat and 5.9% in rice, whilst a 10% increased LAI by 7.1 and 5.7%, respectively. 

Both Biomass and grain yields of rice and wheat increased with solar radiation, 

increasing CO2 concentration to 660 ppm increased LAI, biomass, and grain yield of 

rice by II, 7.7 and 8.7%, respectively. Decreased rainfall did not have any effect on 

rice and wheat yields as those crops were fully irrigated. The interaction between 

temperature and solar radiation did not have any effect on phenology. Negative 

effects on LAI, growth and yield of wheat were further intensified where both 

temperature and radiation were increased. In rice, however, the adverse effect of an 
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increase in temperature by 1°C on growth and yield was compensated for by 

increasing radiation by 5%. Increasing both temperature and CO2 concentration 

reduced the maximum LAI, biomass and grain yield of rice. 

Lal et al., (1998) predicted rice and wheat yields for various climate change scenarios 

(Increase or decrease of maximum and minimum temperatures, CO2 concentrations, 

and various water management levels) for Delhi, Hissar, and Ludhiana. Greater 

yields of both crops (15 and 28%, respectively) were predicted for doubling of CO2 

levels, but this was nearly cancelled out by 3°C and 2°C temperature rises during the 

wheat and rice seasons, respectively. While wheat yield was decreased by an 

increase maximum temperature, rice was affected by an increase in minimum 

temperature. With increasing CO2 and maximum and minimum temperatures, wheat 

yields would increase by 21% while rice yields would increase by 4%. 

2.10 Production of Aman Rice in Bangladesh  

Aman is one of the three major rice varieties of Bangladesh. The trend of yield of 

Aman rice for six previous years (2009-2014) is discussed in Figure 2.1 and cited in 

Table 2.7. These data are collected from Bangladesh Bureau of Statistics (BBS). 

From the Figure it is evident that, a spatial variation is prevailing among the districts 

of Bangladesh in terms of Aman yield. Six among sixty four districts have a yield 

less than 1500 Kg/hectors. Most of these districts are mainly located in the western 

half of the country within the latitudes of 88°-90° east. Yield of no district could 

cross the line of 3000 Kg/hectors. . 

 

Figure 2.1 Range of production of Aman rice in the years 2009-2014 at 64 districts  
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It is seen that, 15 amongst 64 districts have a very small variation (within 500 

Kg/hectors) of yield over this six years. Again, only 8 amongst sixty four districts 

have a variation over 1000 Kg/hectors over that period. So, almost 40 districts of the 

country have a change of yield within 500-1000 Kg/hector over these six years. The 

results depict that; Aman rice is not suitable for all the regions of the country. Fig 

2.11 is also indicates the suitability of Aman rice in different regions of Bangladesh. 

It is clear from the figure that, Aman rice is not favourable to grow at the North East 

and South East portion of the country. However, the southern and eastern districts of 

the country are most suitable for the growth of Aman rice. The districts at the mid 

longitudes of Bangladesh are moderately suitable for the growth of Aman rice.    

 

Table 2.7: Production of Aman rice at various districts of Bangladesh for last six 

years  

(Source: Bangladesh Bureau of Statistics) 

Year 2009-10 2010-11 2011-12 2012-13 2013-14 2014-15 

Bagerhat 1902 1797 1760 1977 2168 2184 

Bandarban 2694 2256 2582 2528 2636 2519 

Barguna 1726 1758 1769 1838 1861 1763 

Barisal 1842 2028 2069 1812 2016 1942 

Bhola 1733 1890 1977 1848 1934 1942 

Bogra 2049 2162 2336 2462 2544 2650 

Brahmanbaria 1883 2010 2075 2088 2361 2339 

Chandpur 1899 1562 1767 1927 1895 1661 

Chittagong 2579 2580 2538 2637 2678 2799 

Chuadanga 2272 2162 2830 2754 2780 2738 

Comilla 2291 2389 2402 2353 2328 2103 

Cox’s Bazar 3065 2781 2892 3018 2489 2416 

Dhaka 1419 1438 1498 1457 1594 1214 

Dinajpur 2364 2606 2453 2569 2637 2461 

Faridpur 1949 1948 1969 1996 2036 2318 
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Table 2.7 contd...  

Year 2009-10 2010-11 2011-12 2012-13 2013-14 2014-15 

Feni 2579 2916 2864 2826 2933 2830 

Gaibandha 1987 2268 2532 2528 2543 2561 

Gazipur 2844 2872 2731 2611 2301 2416 

Gopalgonj 1026 1151 1137 1370 1233 1335 

Hobigonj 2638 2389 2394 2371 2331 2068 

Jamalpur 2005 2173 2252 2216 2336 2546 

Jessore 2271 2380 2598 2394 2412 2596 

Jhalakathi 1717 1901 1956 1470 1461 1749 

Jhenaidah 2591 2500 2739 2688 3004 2812 

Joypurhat 2355 2522 2491 2659 2772 2796 

Khagrachari 2771 2875 2905 2972 2873 2833 

Khulna 2448 2235 2172 2259 2588 2551 

Khustia 2435 2882 2775 2446 2394 2527 

Kishoregonj 1997 2194 2288 2306 2216 2358 

Kurigram 1936 2273 2375 2621 2528 2608 

Lakshmipur 1811 1915 1994 2222 2320 2443 

Lalmonirhat 2349 2613 2567 2546 2646 2726 

Madaripur 1628 1479 1107 1186 1408 1490 

Magura 2290 2455 2573 2351 2310 2554 

Manikgonj 1018 1016 1082 1106 1208 1303 

Maulavibazar 2788 2658 2796 2618 2609 2477 

Meherpur 2342 2269 2773 2588 2612 2973 

Munshigonj 1185 1193 1175 1163 1164 1199 

Mymenshing 1799 2151 2103 2162 2195 2463 

Narail 1761 1845 1875 2789 2838 2034 

Narayangonj 1558 1453 1401 1893 1787 1339 

Narsingdi 2492 2428 2519 1389 1287 2331 

Natore 2251 2043 2241 2140 2151 2388 

Nawabgonj 2554 2608 2497 2181 2225 2618 
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Table 2.7 contd...  

Year 2009-10 2010-11 2011-12 2012-13 2013-14 2014-15 

Netrokona 1996 2258 2327 2590 2494 2338 

Nilphamari 2294 2445 2681 2345 2246 2839 

Naogaon 2601 2582 2639 2810 2622 2836 

Noakhali 1850 1795 1856 1880 1899 1957 

Pabna 1871 1946 2118 2132 2111 2126 

Panchagar 2097 2437 2478 2467 2628 2707 

Patuakhali 1664 1704 1652 1758 1728 1760 

Perojpur 1716 1803 1820 1803 1744 1884 

Rajbari 2360 2125 2098 2197 2398 2518 

Rajshahi 2557 2666 2544 2844 2803 2897 

Rangamati  2638 2552 2634 2528 2726 2760 

Rangpur 2390 2646 2673 2619 2743 2767 

Satkhira 2300 2799 2609 2681 2976 2994 

Shariatpur 1127 1268 1318 1306 1372 1488 

Sherpur 1908 2404 2325 2119 2044 2069 

Sirajgonj 1985 2016 2117 2106 2243 2376 

Sunamgonj 2737 2446 2445 2400 2388 2102 

Sylhet 2443 2440 2384 2157 2512 2130 

Tangail  1844 2006 1916 1855 2011 2124 

Thakurgaon 3026 3089 2534 2492 2709 2791 
 

From Figure 2.2 it is evident that, the growing pattern of Aman rice in Bangladesh 

has a spatial variation. The eastern zone of the country, especially the hill tracts of 

Chittagong at South-East and the North-East hilly zone of Sylhet are not suitable for 

the production of Aman rice. However, it is the coastal zone of the southern region 

and the western districts which have a very high potential for the growth of Aman 

rice. The Mid North districts from 25°N to 26°N latitude are also suitable for the 

production of Aman rice. Rest of the country is either marginally suitable or suitable 

for the growth of Aman rice.   
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Figure 2.2 Suitability of Aman Rice at various places of Bangladesh 
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Chapter Three 

METHODOLOGY 

 

3.1 Study area 

Bangladesh, the largest delta plane of the world has 80% lands with floodplain that 

makes it suitable for rice production. The vertical boundary of the country is from 

from20°34˝ North Latitude to 26°38˝ North Latitude while it extends from 88°01˝ 

East Longitude to 92°41˝ East Longitude. The growing season of Aman rice, this 

country experiences a hot weather with a humid climate and monsoon rainfall. The 

temperature of this growing season is also the maximum for any rice growing season 

of the country. So, the impact of temperature rise would definitely have a lot of 

significance for projecting the yield of Aman rice. The country is divided in 64 

districts which are our study areas. Figure 3.1 shows the district map of Bangladesh.  

Bangladesh has a subtropical monsoon climate characterized by wide seasonal 

variations in rainfall, high temperatures and humidity. There are three distinct 

seasons in Bangladesh: a hot, humid summer from March to June; a cool, rainy 

monsoon season from June to October; and a cool, dry winter from October to 

March. In general, maximum summer temperatures range between 30°C and 40°C. 

April is the warmest month in most parts of the country. January is the coldest 

month, when the average temperature for most of the country is about 10°C.  

Heavy rainfall is characteristic of Bangladesh. With the exception of the relatively 

dry western region of Rajshahi, where the annual rainfall is about 1600 mm, most 

parts of the country receive at least 2000 mm of rainfall per year. Because of its 

location just south of the foothills of the Himalayas, where monsoon winds turn west 

and northwest, the regions in northeastern Bangladesh receives the greatest average 

precipitation, sometimes over 4000 mm per year. About 80 percent of Bangladesh's 

rain falls during the monsoon season. 
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          Figure 3.1 : District Map of Bangladesh  

3.2 Selection of Crop simulation Model 

The utilization of crop management as an effective tool for the evaluation of 

management practices in agronomy has been observed in recent years (Sinclair and 
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Seligman, 1996). DSSAT (Jones et al., 2003), EPIC(Williams et al., 1989) and 

CropSyst (Stöckleet al., 2003) is three of the most used crop simulation models over 

the last decade of last millennium. Again, among these widely used software, 

DSSAT has been used most for the last 15 years because of its improvising of 

management techniques like irrigation and fertilizer application.(Aroraet al., 

2007;Cabreraet al. 2007; Rinaldi et al., 2007; Rinaldi and Ubaldo, 2007;Brassard and 

Singh, 2008; Thorp et al., 2008; Timsinaet al., 2008; Luo et al., 2009; Ventrella et 

al., 2009b; Iqbal et al., 2011).CERES-rice model of DSSAT 4.6 version was used for 

the simulations in our study. There has been a comprehensive description of the 

simulation method as described by Ritchie et al. (1987) and Hoogenboom et al. 

(2003).  

3.3 Integrating field data in DSSAT 

Soil is an essential part for the simulation of crop. Soil texture, pH, depth, soil 

profile, moisture content, ion exchange etc. are necessary parameters in simulation. 

These data was collected from the WISE 1.1 soil database. Although there are only 

14 WISE soil inventories in Bangladesh compared to 64 districts, the gap was made 

up by using the soil profile by nearest distance and same soil type.   

3.4 Selection of Rice Variety 

Choosing variety for the simulation study is important because, the variety has to be 

representative for the study. Moreover, with identical soil conditions, irrigation 

facility, fertilizers available and weather scenario, various variety of the same crop 

gives different impact. For the study purpose, it is wise to select a variety that has a 

widespread use throughout the country. The genetic coefficients of various crops 

show how they would react in various surroundings. BR11 variety of Aman rice was 

selected for our simulation by CERES rice model of DSSAT. BR11 has been 

calibrated and validated for the model using the BBS and BMD data. The key 

information of BR11 variety has been is shown in Table 3.1.  
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Table 3.1 Key information of the BR11 rice (source:BRRI) 

Item Value 

Real Name Brridhan11 

Height 115 cm 

Duration of growth 145 days 

Grain quality Medium 

Yield (Kg/hectares) 5500 

Developed on 1980 

Developed by Bangladesh Rice Research Institute (BRRI) 

 

3.5 Weather data 

The weather manager of DSSAT has four essential parameters: Rainfall, Daily 

maximum temperature, Daily minimum temperature and Solar Radiation.(Jones et 

al., 2003).The daily weather data was obtained from Bangladesh Meteorological 

Department (BMD) which was integrated in Weatherman tool of DSSAT (Wilkens, 

2004).The daily maximum and minimum temperature was used directly. However, 

the insufficient observations of solar radiation are a problem for running DSSAT. 

(Thornton and Running, 1999; Liu and Scott, 2001). With the effort of some people, 

the conversion technique of solar radiation from temperature or sunshine hours has 

been invented (Ampratwum and Dorvlo, 1999; Rivington et al., 2005; Yorukoglu 

and Celik, 2006).The meteorological stations of BMD are shown in Figure 3.2. As 

the station numbers are 35 compared to 64 districts, the data of the nearest station is 

taken for each of the districts. BMD provides the sunshine hours which was 

converted to solar radiation by the weather manager itself. The yield data of district 

level was available from the year 2007. That is why, four years of calibration (2007-

2010) and four years of validation (2011-2014) has been considered in this study. 

The historic weather data reveal that, the temperature rise has been steep in 

Bangladesh over the previous 30 years and it has left its impact on Monsoon period 

as well (GOB and UNDP, 2009). Moreover, according to some researches, the daily 

average temperature would cross 1°C by 2030 and 1.4°C by 2050(FAO, 2006; 

IPCC,2007). 
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         Figure 3.2 Meteorological Stations of Bangladesh Meteorological Department  

The rainfall trend of the past also reveals that, the annual average rainfall would 

increase a bit while the frequency would be less, so the extreme scenarios like 

drought or flood is most likely to occur in coming days (Alauddin and Hossain, 

2001; UNDP, 2008; GOB and UNDP, 2009). 
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3.6 Climatic Data 

The future data was collected from 7 bias corrected ensembles with RCP 8.5 scenario 

of regional climate models RCM’s under 4 GCM’s. The baseline period was 30 years 

(1981-2010) and the projection was made for 2030’s (2021-2050) and 2080’s (2070-

2099). Table 3.2 describes the details of the ensembles used.  

As the variations of Global Circulation Models ensembles and the methods of 

downscaling vary, so is the projection of the effects of emissions on climatic 

parameters (Asseng et al., 2014). For this reason, multi-model ensembles are used 

which would vary in results. The more is the number of ensembles used, the more 

accurate would be the prediction. Asseng et al. 2014 stated that, up to a temperature 

rise of 3.5°C, the use of 5 ensembles would be enough to get the range. As the 

temperature would not cross more than 4.5° C and we are using 7 ensembles, it 

would not be an exaggeration to state that, the climate data is enough to predict the 

range of uncertainty in rice yield in future. 

 Table 3.2 Details of the bias corrected ensembles of regional climate models 

(Source: Helix Climate) 

Institute GCM RCM 
Driving Ensemble 

Member 
Res. RCP 

SMHI 
CNRM-CERFACS-

CNRM-CM5 
RCA4 r1i1p1 0.5° 8.5 

SMHI ICHEC-EC-EARTH RCA4 r1i1p1 0.5° 8.5 

MPI-

CSC 
MPI-M-MPI-ESM-LR REMO2009 r1i1p1 0.5° 8.5 

SMHI MPI-M-MPI-ESM-LR RCA4 r1i1p1 0.5° 8.5 

SMHI 
NOAA-GFDL-GFDL-

ESM2M 
RCA4 r1i1p1 0.5° 8.5 

SMHI IPSL-CM5A-MR RCA4 r1i1p1 0.5° 8.5 

SMHI MIROC-MIROC5 RCA4 r1i1p1 0.5° 8.5 

 



52 

 

 

 

3.7 Crop Management 

It is the crop management practices that influence the yield of crop. The slight 

change in dose of irrigation or amount of application of fertilizer can bring out a 

massive change in yield of crops. Moreover, the transplant date also has a significant 

impact on the final yield of crop. For the BR11 Aman crop, BRRI has given a 

guideline for crop management options which is given in Table 3.3 

Table 3.3 Crop management data for simulations of BR11 in DSSAT (source: BRRI)  

Parameter Input Data 

Planting Method Transplant 

Plantation Date June 8 

Planting distribution Hill 

Plant population at seedling 40 plants/ m2 

Plant population at emergence 35 plants/ m2 

Planting Depth 5 cm 

Transplant age 25-30 days 

Fertilizer Application  72 kg/ha applied equally in 3 phases after 

15, 35 and 55 days of transplant 

respectively  

Irrigation 700 mm applied in 15 applications with 7 

days interval in 1st month and 10 days 

interval later  

Harvest November 24 

 

3.8 Calibration and Validation 

Performance of a model can be evaluated by appropriate calibration and validation 

using the most suitable statistical parameters (Willmott,1982; Willmott et al., 1985; 
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Reckhow et al., 1990; Yang et al.,2000). Although the values of correlation are of 

great use in hydrologic models, the single yield data can be calibrated by this 

parameter. Rather, the parameters that indicate the percentage of errors are more 

effective in this case. For statistical analysis, Root mean square error (RMSE) is a 

widely used parameter that can give a view of the model’s performance. For any 

given set of data, the deviation of the observed data from the simulated one is the 

error and RMSE is a way to express it.(Loague and Green, 1991). In order to get the 

actual significance of RMSE, normalized RMSE or nRMSE is used which expresses 

the error at percentage. The formulas of RMSE and nRMSE are as follows: 
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Here, Si and Oi means the Simulated and observed values in a particular year 

respectively, n is the number of years taken for calibration or validation and O�is the 

mean of the observed values.  

The objective of the calibration and validation with the grain yield was to find the 

correct genetic coefficients of the cultivar by iterative approaches like some past 

studies(Sarkar and Kar, 2006; Saseendran et al., 2013, Ma et al., 2006). The iterative 

approach has been used in some previous studies through trial and error adjustments 

in order to reach an accepTable (good or moderate) value of nRMSE(Ma et al., 2006; 

Mavromatis et al., 2001).nRMSE≤15% is termed as a ‘good’ calibration while 

nRMSE between 15–30% is considered “moderate”and nRMSE≥30% is a “poor” 

agreement (Bakhsh et al., 2013; Liu et al., 2013; Nangia et al., 2010, Gaiser et al., 

2010). The genetic coefficient of BR11 for various districts of Bangladesh has been 

set by these arguments. Table 3.4 shows the default values of the genetic coefficients 

for BR11 Aman rice. 
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Table 3.4 Default values of Genetic coefficients of BR11 Aman Rice 

Coefficient ID Name of coefficient  Default Value 

P1 Basic vegetative phase coefficient 740 

P20 Critical photoperiod at maximum growth 
rate 

180 

P2R Extent in delay of panicle initiation 400 

P5 Time from emergence to maturity 10 

G1 Potential spikelet number coefficient) 55 

G2 Single grain weight in gm in ideal 
condition 

0.25 

G3 Tillering coefficient 1.0 

G4 Temperature tolerance coefficient 0.9 

 

3.9 Working Procedure of DSSAT  

DSSAT or Decision Support System for Agrotechnology Transfer is one of the most 

widely used crop simulation software used in the field of Crop Modeling. The unique 

features of DSSAT make it enable to simulate several treatments of the crop using 

various types of Models. The crop simulation models simulate growth, development 

and yield as a function of the soil-plant-atmosphere dynamics. For applications, 

DSSAT combines crop, soil, and weather data bases with crop models and 

application programs to simulate multi-year outcomes of crop management 

strategies. It has been in use for more than 20 years by researchers, educators, 
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consultants, extension agents, growers, and policy and decision makers in over 100 

countries worldwide.  

DSSAT is formed of three major components: Weather Manager, Soil Management 

and Crop Management. Figure 3.3 shows how the main window of DSSAT looks 

like. The left portion of DSSAT is comprised of several tools for aiding the 

simulation. These include ‘Xbuild’ or Crop Management, Soil data, Experimental 

file and Weather analysis tool or ‘Wbuild’.  

Other then tools, there are also some accessories for aiding the calibration process. 

Sensitivity Analysis, Genetic Coefficient Calculator, Easy Grapher and Glue 

coefficient calculator are the accessory tools. Moreover, it includes the references 

and documentation or manual of how to use this software. Right to this column, there 

is a selection panel for the crop. Each crop has several varieties from which one can 

be selected. At the middle, the name of the experimental or Xbuild file is shown in 

window. By clicking the experimental files to be simulated, one can start simulation. 

Figure 3.4 shows the working window of DSSAT.     

 

Fig 3.3 Starting window of DSSAT  
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Figure 3.4 Working window of DSSAT 

3.9.1 Weather Manager  

Weather Manager is the tool that effectively integrates weather input data in 

DSSAT for the crop to be cultivated. Weather input files here contain daily 

Maximum and Minimum temperature, precipitation and Solar Radiation. The 

value of daily maximum and minimum temperature, rainfall was entered directly in 

the tool. However, the value of solar radiation was obtained by inserting the value 

of daily sunshine hours. Weather Manager consists of formulas that can convert 

various parameters in solar radiation. Figure 3.5 shows how the weather manager 

looks like.  

The weather manager needs a 4 digit name for the newly added station. Other than 

the weather parameters the date is also a necessary data. There can be several formats 

to choose the date input data. But among them, the mm/dd/yyyy format is the most 

widely used format.   
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Figure 3.5 Main window of Weather Manager   

The raw weather data needs to be corrected for using in the crop simulation. 

Correction is needed to check the following cases: a) when Tmax (Maximum 

temperature) is less than or equal to Tmin (Minimum temperature) for a particular 

day b) when the value of any parameter is out of range or c) to fill up the missing 

data using the variance of the time series data.  

3.9.2 Soil Management tool  

Soil management tool is another important tool of DSSAT. It integrates the soil data 

into the software which would be very crucial in simulation. The soil data is stored in 

soil.sol file of source directory of DSSAT. There are several ways to determine the 

important soil parameters. Previously it was not possible for the model to get the 

exact soil data of the location. But recently WISE 1.1 soil database has surveyed in 

17 stations of Bangladesh and generated the soil profile for those regions. This wise 

database has been a milestone towards getting precise results by DSSAT crop 

modeling.  

3.9.3 Crop Management tool  

Crop management tool is the combination of various management practices done for 

maximization of crop yield. Most of the times, there is a set of guidelines which can 
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be implemented for best management practices of crop. The crop management tool 

or Xbuild contains the field data, planting data, environmental modification data, 

irrigation data, fertilizer data, harvest data and the simulation data.  

Figure 3.6 shows the planting data window. Here one have to put the planting date, 

emergence date, planting method, planting distribution and the number of rows and 

seeds per rows.  

 

Figure 3.6 Planting data window in Crop Management  

The irrigation data in Crop management is depicted in Figure 3.7. Irrigation data has 

to be put in two different columns. One is the date of application and another one is 

the amount of application in depth units (mm, cm etc.). Other than these two data, it 

is necessary to choose the type of operation used for irrigation.   
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Figure 3.7 Irrigation data window in Crop Management  

The fertilizer data in Crop management is shown in Figure 3.8. In the fertilizer data, 

one have to put the information regarding the name of fertilizer, the amount of 

application, depth of the application, the type of application and finally the date of 

application.  

 

Figure 3.8 Fertilizer Application window in Crop Management  
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Finally, in crop management one has to put the Harvest data in crop management. 

Harvest needs the information like date of harvest, type of harvest, size group, 

percent of grain filling etc.. Figure 3.9 shows how the window of harvest appears at 

crop management in DSSAT.  

 

 

Figure 3.9 Harvest window in Crop Management  

 

3.9.4 Sensitivity Analysis in DSSAT  

Sensitivity analysis is the most widely used accessory tool of DSSAT. The theme of 

sensitivity analysis is to keep the value of one parameter changing while all other 

parameters remain the same. That enables the user to understand impact of one 

particular parameter in the yield of crop. Sensitivity analysis is used for the change of 

crop yield in specific warming levels by increasing temperatures by some degrees 

than the baseline period. Sometimes, the best irrigation management practice is also 

determined by trial and error at the sensitivity analysis tool.  

The use of sensitivity analysis is indispensable for determining the value of genetic 

coefficients by trial and error method. The value of single genetic coefficient can be 
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changed by iteration with a regular increment in sensitivity analysis. When a set of 

genetic coefficients produce a yield far below the expected value, the iteration of 

genetic coefficient shows whether an increment or decrement would increase the 

value of yield and vice versa. Figure 3.10 shows how the start window of iteration 

looks like.  

 

Figure 3.10 Starting window of Sensitivity analysis   
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Chapter Four 

RESULTS AND DISCUSSIONS 

 

4.1 Introduction  

The calibration and validation of the model for BR11 has been done with nRMSE for 

all 64 districts of Bangladesh. The change in the maximum and minimum daily 

temperatures, rainfall etc.. has been projected using the ensembles of Regional 

Climate Models of CORDEX (Coordinated Regional Downscaling Experiment). 

CORDEX was done by WCRP (World Climate Research Program) back in 2009. 

The spatial changes of these parameters have been addressed in this chapter. The 

change of the yield of Aman rice with respect to the baseline period has been 

described later in this chapter. The change in the yield has been discussed in several 

ways like- their range, uncertainty, mean value from various models etc.. Finally, an 

experimental case was taken to project the yield of Aman rice at elevated level of 

CO2.  

4.2 Calibrated value of Genetic Coefficients  

The value of genetic coefficients of BR11 variety of Aman rice is determined after 

the model is calibrated and validated using nRMSE as statistical parameter. Since, 

the crops response to the climatic and soil parameters varies from region to region, it 

is necessary to find the set of values of the genetic coefficient for each individual 

district. Table 4.1 shows the value of the genetic coefficients of various districts of 

the country including the value of nRMSE. We recall from the earlier discussion of 

previous chapter, any calibration nRMSE value within 15% is considered as a ‘good’ 

agreement. It is seen that, almost all the districts has been calibrated with a ‘good’ 

agreement except some having the ‘moderate’ one. However, the value is seen to be 

almost identical for the adjacent or nearby districts with same soil type. It is 

indispensible to state that, the iterative value of the genetic coefficients is not the 

‘actual’ value in experimental sense. Due to lack of the set of experimental genetic 

coefficinet values for various locations, the iterative approach was applied to find the 

approximate value by trial and error simulation.   
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Table 4.1 Value of Genetic coefficients for various districts. 

District  P1 P20 P5 P2O G1 G2 G3 G4 nRMSE(%) 

Calibration 

nRMSE(%) 

Validation 

Bagerhat 740 180 400 10.5 55 0.025 1 0.9 9.48 8.73 

Bandarban 740 180 400 10 55 0.025 1 0.9 8.49 6.57 

Barguna 740 181 404 10.4 55 0.025 1 0.9 9.73 5.62 

Barisal 740 180 400 10.5 55 0.025 1 0.9 11.8 11.5 

Bhola 740 180 400 10.5 55 0.025 1 0.9 11.43 13.65 

Bogra 742 180 400 10.5 55 0.025 1 0.9 13.3 13.2 

Brahmanbaria 742 182 400 10.5 55 0.025 1 0.9 13.42 12.6 

Chandpur 742 182 400 10.5 55 0.025 1 0.9 12.5 13.5 

Chittagong  735 177 405 10.1 55 0.025 1 0.9 16.5 10.1 

Chuadanga 741 178 399 10.5 55 0.025 1 0.9 13.45 11.13 

Comilla 742 182 400 10.5 55 0.025 1 0.9 14.37 11.7 

Cox’s Bazar 735 177 405 10.1 55 0.025 1 0.9 15.35 12.21 

Dhaka 744 182 400 10.5 55 0.025 1 0.9 14.94 15.88 

Dinajpur 742 183 400 10.5 55 0.025 1 0.9 11.69 14.82 

Faridpur 738 181 400 10.5 55 0.025 1 0.9 12.03 13.48 

Feni 740 180 400 10.5 55 0.025 1 0.9 12.64 11.52 

Gaibandha 740 180 400 10.5 55 0.025 1 0.9 7.32 8.29 

Gazipur 744 182 400 10.5 55 0.025 1 0.9 13.36 15.27 

Gopalganj 738 181 400 10.5 55 0.025 1 0.9 13.41 12.52 

Habiganj 738 182 403 10.2 55 0.025 1 0.9 10.21 8.53 

Jamalpur 740 180 400 10.5 55 0.025 1 0.9 2.8 5.7 
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Table 4.1 contd... 

District  P1 P20 P5 P2O G1 G2 G3 G4 nRMSE(%) 

Calibration 

nRMSE(%) 

Validation 

Jessore 741 179 402 10.5 55 0.025 1 0.9 8.2 6.55 

Jhalkathi 740 180 400 10.5 55 0.025 1 0.9 10.72 10.41 

Jhenaidah 741 179 402 10.5 55 0.025 1 0.9 7.26 5.85 

Joypurhat 742 180 400 10.5 55 0.025 1 0.9 12.78 11.28 

Khagrachori  737 177 405 10.1 55 0.025 1 0.9 16.39 12.42 

Khulna 740 180 400 10.5 55 0.025 1 0.9 7.61 7.91 

Kishorganj 740 180 403 10.2 55 0.025 1 0.9 14.39 14.14 

Kurigram 740 180 400 10.5 55 0.025 1 0.9 7.25 6.38 

Kushtia 741 178 399 10.5 55 0.025 1 0.9 15.34 10.42 

Laksmipur 740 180 400 10.5 55 0.025 1 0.9 11.92 11.45 

Lalmonirhat 740 180 400 10.5 55 0.025 1 0.9 7.24 8.21 

Madaripur 738 181 400 10.5 55 0.025 1 0.9 11.42 12.28 

Magura 741 179 402 10.5 55 0.025 1 0.9 7.32 7.65 

Manikganj 744 182 400 10.5 55 0.025 1 0.9 13.19 15.79 

Meherpur 741 178 399 10.5 55 0.025 1 0.9 15.34 10.42 

Moulavibazar 738 182 403 10.2 55 0.025 1 0.9 9.46 7.82 

Munshiganj 744 182 400 10.5 55 0.025 1 0.9 14.94 15.88 

Mymensingh 740 180 404 10.2 55 0.025 1 0.9 14.53 14.56 

Naogaon 740 180 400 10 55 0.025 1 0.9 8.92 7.75 

Narail 741 179 402 10.5 55 0.025 1 0.9 8.2 6.55 

Narshingdi 744 182 400 10.5 55 0.025 1 0.9 13.77 14.27 

Naryanganj 744 182 400 10.5 55 0.025 1 0.9 14.94 15.88 
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Table 4.1 contd... 

District  P1 P20 P5 P2O G1 G2 G3 G4 nRMSE(%) 

Calibration 

nRMSE(%) 

Validation 

Natore 740 180 400 10 55 0.025 1 0.9 8.92 7.75 

Nawabganj 740 180 400 10 55 0.025 1 0.9 10.66 9.29 

Netrokona 740 180 403 10.2 55 0.025 1 0.9 12.48 13.47 

Nilphamari 740 180 400 10.5 55 0.025 1 0.9 7.36 8.19 

Noakhali 740 180 400 10.5 55 0.025 1 0.9 13.44 12 

Pabna 742 178 400 10.5 55 0.025 1 0.9 13.74 12.93 

Panchagar 742 183 400 10.5 55 0.025 1 0.9 12.47 14.39 

Patuakhali 740 181 404 10.4 55 0.025 1 0.9 10.73 4.62 

Perojpur 740 180 400 10.5 55 0.025 1 0.9 9.92 11.68 

Rajbari 738 181 400 10.5 55 0.025 1 0.9 14.31 11.26 

Rajshahi 740 180 400 10 55 0.025 1 0.9 8.92 7.75 

Rangamati 738 178 403 10.2 55 0.025 1 0.9 11.04 11.5 

Rangpur 740 180 400 10.5 55 0.025 1 0.9 7.54 8.25 

Satkhira 740 180 400 10.5 55 0.025 1 0.9 7.21 9.93 

Shariatpur 738 181 400 10.5 55 0.025 1 0.9 11.63 12.48 

Sherpur 740 180 400 10.5 55 0.025 1 0.9 4.67 6.9 

Sirajganj 742 178 400 10.5 55 0.025 1 0.9 13.89 10.73 

Sunamganj 738 182 403 10.2 55 0.025 1 0.9 8.93 7.85 

Sylhet 738 182 403 10.2 55 0.025 1 0.9 9.46 7.82 

Tangail 740 180 400 10.5 55 0.025 1 0.9 13.03 10.1 

Thakurgaon 742 183 400 10.5 55 0.025 1 0.9 12.64 13.72 
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4.3 Change in Climatic scenarios 

The climatic scenarios include the maximum daily temperature (°C), minimum daily 

temperature (°C) and rainfall (mm).Spatial pattern for the rise of temperature at the 

2030’s (2021-2050) and the 2080’s (2070-2099) is observed throughout the country. 

It is not the same for all districts. Again, the same place does not experience same 

increase of maximum temperature as that of the minimum one.  

 

           Figure 4.1 Change in Maximum temperature at 2030’s 

 



 

 

             Figure 4.2 Change in Minimum

When it comes to maximum temperature increase

change has been found almost uniform across the country. Maximum temperature of 

most of the districts remains

per Figure 4.1. However,

northern districts like Jamalpur, Sherpur and Mymensingh; the nearby west districts 

of almost same latitude like: Bogra and Joypurhat; the mid southern districts like 

Patuakhali and Barguna and finally 

 

4.2 Change in Minimum temperature at 2030’s 

When it comes to maximum temperature increase during the 2030’s (2021

change has been found almost uniform across the country. Maximum temperature of 

remains far below the limit of 2°C and do not exceed 1.7°C as 

However, some of the districts cross 1.7°C and these are the mid

northern districts like Jamalpur, Sherpur and Mymensingh; the nearby west districts 

of almost same latitude like: Bogra and Joypurhat; the mid southern districts like 

Patuakhali and Barguna and finally Rangamati from the hill tracts. Again, among 
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and do not exceed 1.7°C as 

°C and these are the mid-

northern districts like Jamalpur, Sherpur and Mymensingh; the nearby west districts 

of almost same latitude like: Bogra and Joypurhat; the mid southern districts like 

s. Again, among 



68 

 

 

 

these districts, the change is maximum at the Western districts like Bogra and 

Joypurhat; Rangamati, Sherpur and also Barguna with a change above 1.8°C.     

The pattern of minimum temperature rise is not uniform at 2030’s as we see Figure 

4.2. It varies from 1.8°C to 2.5°C. Firstly, the rainfall enriched zone of North East 

(Sylhet, Hobigonj, Maulavibazar) along with mid west districts (Narail, Magura, 

Rajbari), Bandarban and Dinajpur had the minimum temperature within 1.9°C. Most 

of the districts of North-West of the country are the worst sufferers of minimum 

temperature rise as some of these districts even cross 2.5°C at 2030’s. To be specific 

almost the whole Rangpur division would experience the rise of minimum 

temperature above 2.25°C. Other than these parts, the places like Noakhali, 

Laxmipur also experiences a rise above 2.25°C. Rest of the country other than the 

cited regions gets the rise of minimum temperature around 2°C at 2030’s (1.9°C-

2.25°C).  

So, from the change of both maximum and minimum temperature, it is observed that, 

the North-East and the Western districts at lower latitude of the country are the least 

sufferers of temperature change during 2030’s (2021-2050). However, the worse 

sufferer of temperature change during 2030’s is not evident. As the Figures depict, it 

seems that; the mid-west districts and the coastal districts jointly share the worst 

impacts of temperature rise in between the years 2021-2050.   

One very interesting pattern of maximum temperature rise at 2080’s (2070-2099) is; 

it almost divides the country in West and East in terms of change. As we see in 

Figure 4.3, other than the very North-West extremity (Panchagar, Thakurgaon) of the 

country, whole west part experiences a temperature rise above 3.8°C while the 

coastal regions also follow them. The Mid-East and Eastern part of the country has 

the rise below 3.8°C. Surprisingly, Chittagong, Cox’s Bazar and Bandarban remains 

very unwelcome to the rise in maximum temperature as they remain to a increase 

near 3°C during 2080’s. The rest of the country; especially the Eastern zone 

experiences a rise in maximum temperature within a range 3.17°C-3.77°C.  
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            Figure 4.3 Changes of Maximum temperature at 2080’s  

The severity of the increase of temperature rise can be perceived when it is observed 

that, at 2080’s (2070-2099), all the districts of the country crosses minimum 

temperature rise over this 4°C than the baseline period. This is quite alarming for the 

future. The coastal districts of South, the adjacent districts like Noakhali, Laxmipur 

and some North-West districts like Sherpur, Gaibandha, Joypurhat etc. gives a 

temperature rise over 4.7°C. Keeping these districts at center, some adjacent districts 

would also have a rise of minimum temperature at the range of 4.56°C-4.7°C Rest of 



70 

 

 

 

the whole country shows a rise of minimum temperature of 4.2°C to 4.7°C during the 

2080’s (2070-2099) or far future.     

 

             Figure 4.4 Changes of Minimum temperature at 2080’s 

So, it is observed that, for both daily maximum and minimum temperature; the 

change is the most adverse at the North-West districts at the range of 23.5°N to 

24.5°N latitudes. Again, the coastal districts at the south like Patuakhali, Barguna 

and Bhola also share a fair share of that adversity. However, the southern part of the 

country experiences the least increase in temperature during the 2080’s (2070-2099).   



 

 The rainfall shows an increasing trend in future and it increases as time goes on. 

During the 2080’s (2070

2050). The spatial distribution as the 

not uniform, rather erratic. This pattern induces droughts and floods and such would 

pose a devastating threat on crop as well (Alauddin and Hossain, 2001; UNDP, 2008; 

GOB and UNDP, 2009). 

             Figure 4.5 Changes in Rainfall Pa

 

 

The rainfall shows an increasing trend in future and it increases as time goes on. 

During the 2080’s (2070-2099), we would share more rainfall than 2030’s (2021

. The spatial distribution as the Figures is indicative that, the share of shower is 

not uniform, rather erratic. This pattern induces droughts and floods and such would 

pose a devastating threat on crop as well (Alauddin and Hossain, 2001; UNDP, 2008; 

GOB and UNDP, 2009).  

Changes in Rainfall Pattern at 2030’s  
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             Figure 4.6 Changes in Rainfall Pattern at 

The rainfall pattern is not uniform at the 2030’s (2021

of the rainfall across Bangladesh is shown in Figure 4.5

(Sylhet, Hobigonj, Maulavibazar

period with rainfall increase >210 mm at that period. The North

flanks of the country would show the rainfall increase of 140

districts (Tangail, Manikganj,

majority of the country wou

 

Changes in Rainfall Pattern at 2080’s  

is not uniform at the 2030’s (2021-2050) as the spatial variation 

of the rainfall across Bangladesh is shown in Figure 4.5. The North

Sylhet, Hobigonj, Maulavibazar) is the major beneficiary of rainfall during that 

rainfall increase >210 mm at that period. The North-West and South

flanks of the country would show the rainfall increase of 140-170 mm 

Manikganj, Sirajgonj) at the middle joins them. 

majority of the country would get an increase of 90-130 mm during the 2030’s. 
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130 mm during the 2030’s. 
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Nevertheless, still some districts are there where the rainfall increase is even less 

than 90mm during the 2030’s (2021-2050).    

The rainfall would further increase at 2080’s (2070-2099) as we can see in Figure 

4.6. Most of the North-East zone (Sylhet, Hobigonj, Maulavibazar) has an increase 

of over 210 mm of rainfall over this period. However, some of the North-West zone 

(Dinajpur) and the South-East zone (Chittagong, Cox’s Bazar) also have a rainfall 

rise over 210 mm at the far future. However, the middle part of the country would 

experience an increased amount of rise in rainfall at that period (140-200 mm) than 

the previous scenario of 2030’s (2021-2050). Still, some parts of the country at the 

West and the North would get an increase of 46-90 mm during this period.   

4.4 Change of the yield 

As the weather parameters and soil profile varies for different districts, so is their 

combined impact on crop yield. Due to the combination of these two and crop 

management practices, there is a spatial pattern of Aman yield across various 

districts of the country. As the results are combination of four weather parameters 

and several soil parameters, one particular parameter cannot control the entire pattern 

of the yield.  

As the time ticks up and we reach the 2030’s (2021-2050), the adverse impacts on 

Aman yield increases. Figure 4.7 shows that, the North East, South East and the 

North West part of the country are having a loss of 2%-5% yield over this period. 

However, the coastal zones would suffer a loss of 8%-13% in this period. Rest of the 

whole country will have a uniform decrease of 4%-7% in the yield of Aman rice.   

 

The country divides to four various parts when we divide them by change of Aman 

yield at the 2080’s (2070-2099) as we see them in Figure 4.8. Primarily, the least 

affected zone further shrinks and remains in the den of rain fed zone of North-East 

region and some parts of North-West corner with a change of 4%-7%. The tail end of 

South East portion and some of the North districts (Sherpur,Jamalpur,Mymensingh 

etc.) experiences a decrease of yield of 5%-8%. Most of the middle part of the 

country experiences a decrease of 8%-10%. However, some of the mid East districts 



 

like Comilla, Chandpur,Feni and Noakhali deteriorates more than previous 

(2021-2050) and shows a loss of Aman yield at a range 10%

regions cross the decrease above 10% like before but here the condition of some 

regions become worse. The districts lik

Aman yield from 14% to 19%. So, this shows that, with the course of time the 

condition will deteriorate more and more. 

             Figure 4.7 Change in Aman Rice y

 

like Comilla, Chandpur,Feni and Noakhali deteriorates more than previous 

and shows a loss of Aman yield at a range 10%-13%. All the coastal 

ross the decrease above 10% like before but here the condition of some 

regions become worse. The districts like Patuakhali and Bhola undergo

Aman yield from 14% to 19%. So, this shows that, with the course of time the 

condition will deteriorate more and more.  

4.7 Change in Aman Rice yield at 2030’s   
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             Figure 4.8 Change in Aman Rice Yield 

4.5 Range of uncertainties in prediction 

The range of uncertainty of the results of various models has long been a topic for 

discussion. It is believed that, with use of more number of models, the uncertainty 

can be restrained and this would bring t

indicates the change in yield of Aman rice in according to the various climate models 

(ensembles) in the 2030’s (2021

East zone are experiencing positive yield

 

Change in Aman Rice Yield at 2080’s  

Range of uncertainties in prediction  

The range of uncertainty of the results of various models has long been a topic for 

discussion. It is believed that, with use of more number of models, the uncertainty 

can be restrained and this would bring the studies closer to precision. 

indicates the change in yield of Aman rice in according to the various climate models 

in the 2030’s (2021-2050). It is observed that, only 4 districts of North 

East zone are experiencing positive yield change during this period. However, we got 
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10 districts, whose yield is shown positive by some of the models. Nine districts 

show a decrease over 10% yields by some models whereas the mean of four districts 

are below 10% decrease. In a nutshell, at near future (2021-2050), almost all districts 

have a yield change in between the limit 0-10%.      

 

           Figure 4.9 Range of Uncertainty for Districts of Bangladesh at 2030’s  

The range of uncertainty for the far future or 2080’s (2070-2099) is shown in Figure 

4.10. Although five districts cross zero line at that period, no district would show 

positive yield of Aman rice by all the models used. The ten districts which remained 

above zero line at SWL 2°C remains above -10% line at 2080’s. Moreover, 30 of 

total 64 districts show a mean value less than 10% decrease. That means, almost half 

of the country would experience more than 10% loss of Aman crop in far future.   

In case of the range of uncertainty, it was seen that, at 2080’s the level of uncertainty 

is more than that at 2030’s. So, it shows that, with the increase in global temperature, 

the impacts not only become devastating but also become more and more 

unpredictable day by day.  
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            Figure 4.10 Range of Uncertainty for Districts of Bangladesh at 2080’s  

4.6 Sensitivity of the increasing CO2 on yield 

Among the three emission scenarios (RCP 2.6, RCP 4.5, RCP 8.5); the worst case 

scenario RCP 8.5 has been applied for further inquiry on their impact on crop yield. 

Previously some studies have been done considering this emission and a positive 

outcome was achieved (e.g., IPCC, 2001; Reilly et al., 2003; Pongratz et al., 2012).  

However, the impact of high end emission was not found as beneficial as thought 

according to some previous studies and its positive impacts would decrease with the 

temperature rise (Hitz and Smith, 2004).   

We made the sensitivity analysis by increasing CO2 emission to 500 ppm at the 

specific temperature rise of 2°C and to 950 ppm at 2080’s (IPCC 2007). From Figure 

4.11 and Figure 4.12, it is observed that, the yield of Aman rice increases to some 

extent with the elevated carbon emission. However, this increase in yield is not a 

blessing as a whole; as they cannot offset the bad impacts of temperature rise. 

Another observation of high end emission is, the increase of yield with quantity of 

emission is not proportional, rather the yield shows a decreasingly increase pattern in 

future. If the carbon emission could increase the yield proportionally, we would have 

observed more positive offset in the 2080’s (2070-2099) at Figure 4.12 than that of 

the 2030’s (2021-205) at Figure 4.11. But, in reality it was not achieved.   
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          Figure 4.11 Range of Uncertainty for Districts of Bangladesh predicted by                   

seven ensembles at the elevated CO2 emission during 2030’s (2021-2050) 

 

           Figure 4.12 Range of Uncertainty for Districts of Bangladesh predicted by                                                                                                   

seven ensembles at the elevated CO2 emission during 2080’s (2070-2099) 
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Chapter Five 

CONCLUSION AND RECOMMENDATION 

 

5.1 Conclusions  

The Calibration and Validation of DSSAT model for all districts of the country are 

done and it is found as a ‘good’ or ‘moderate’ calibration. Most of the regions 

encountered severe change in maximum and minimum temperature over the 

emergence to end period of Aman crop. The yield trend is gradually decreasing at an 

alarming rate. The growth and yield of crops are directly related to the rate of 

photosynthesis and their response to temperature, solar radiation and rainfall. 

Maximum temperatures cause the reduction in rice yield mainly. However CO2 is 

also increasing which pose a positive impact on crop production. But, it is not 

dominant over the impact of temperature. We have also observed the positive 

impacts of elevatedCO2emissions in our study.  

 

5.1.1 Calibration and Validation of DSSAT for BR11 Aman Rice  

a) The model is calibrated and validated for 4 years apiece. Calibration was done 

for (2007-2010) and validation was done for (2011-2014). Although it is logical 

to take at least 20 years for calibration of hydrologic models, this model DSSAT 

gives a single value. Moreover, in order to calibrate 64 districts by yield, data 

was available from 2007.  

b) The extent of calibration and validation was found mostly ‘good’ and there were 

very few ‘moderate’ calibrations as well. A calibration or validation with nRMSE 

less than 15% is considered ‘good’ and between 15% -25% is considered 

moderate.  

c) The calibrated values of the genetic coefficients are not the ‘experimental’ value. 

Experimental values have been started to be figured out in future by a project 

taken by Bangladesh Rice Research Institute (BRRI); hopefully within 2020. Our 

values are the iterated values from DSSAT sensitivity analysis.  
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    5.1.2 Change in yield of Aman rice through sensitivity analysis    

a) There has been a massive rise in maximum and minimum temperature over 

the growing period of Aman in Bangladesh. Again, the country has seen a 

bewildering change in yield of Aman rice at the 2030’s (2021-2050) and 

2080’s (2070-2099). It is observed that, the rice yield for Aman has decreased 

from 8% to 13% at 2030’s and it reached up to 15% at some regions during 

the 2080’s (2070-2099). Development, growth and yield of plants are 

dependent on many physiologic as well as climatic parameters like: 

temperature, solar radiation, rainfall etc. For this country, it is optimum for 

the plants to keep temperature within 25°C-30°C. If the mean temperature 

crosses this limit, grain sterility would happen. From our studies, it was 

observed that many of the districts would cross this optimum limit during the 

growing season. So, it would definitely pose some negative impact. High 

emission of CO2 has minimized some of the loss as it inspires photosynthetic 

action. But like Basak, 2010; we found that these positive impacts are not 

enough strong to mitigate the adversities of temperature rise.  

b) The yield of Aman rice deteriorates gradually with the course of time. As the 

2030’s (2021-2050) precedes 2080’s (2070-2099); we expected the loss 

would be the minimum at 2030’s. With the temperature rise, rainfall also 

increases to some extent in future. Although it cannot contribute on the yield 

due to the devastating impacts of temperature, it has some spatial impacts of 

decreasing the loss to some minor extent. Just for instance, the North-East 

zone of the Bangladesh is considered to be its rainfall heaven.      

c) The trend of climate change has both spatial and temporal outcomes. Firstly, 

for both the scenarios of near future and far future, we see that the rainfall 

shed region of North-East has had the least impact. That indicates that, 

natural rainfall is necessary to offset the bad impacts of temperature rise. 

Secondly, it was observed that the change of yield becomes worse as days 

pass by. Again, the rate of becoming worse is more in 2080’s from 2030’s. 

This pattern leaves us the warning that, this problem should be dealt 

immediately. Thirdly, the decrease in Aman yield is the most at the coastal 
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regions. Although, these are neither the drought prone areas nor the area of 

maximum rise in temperature, the combined effect of all the weather and soil 

parameters plays a role here. This indicates that, even though we are 

concerned with temperature and solar radiation, the mystery behind the 

impacts of climatic parameters is far more complicated to be dealt with.      

d) The impact of elevated amount of CO2 has been found to be positive on the 

production of Aman rice in Bangladesh. However, this impact was not found 

to be enough strong to cover up the loss made by adverse impacts of 

temperature rise. The source of CO2 has been the Green House Gas (GHS) 

emission which creates a lot of harm to mankind and environment including 

rise of global temperature. So, in order to protect our food grain, it is high 

time we should make policies and enforce laws to cut down the high end 

emission.     

5.2 Recommendations for further research  

a) The temperature and precipitation patterns are of great importance for an 

agro- based economy like Bangladesh. Therefore, it is necessary to compile, 

monitor and analyze climatic parameters related to agriculture regularly and 

systematically. 

b) The trends for intense precipitation events (which could not be assessed in 

this study due to absence of relevant data) should be analyzed and its impact 

on flood (especially flash flood) and agriculture should be assessed. The risk 

of drought is a major concern and the risk of drought should be assessed. It 

would be useful to develop a simple drought index which could be used to 

easily assess the drought situation in any particular region (e.g., the northern 

region). 

c) Many other climate change phenomenon (e.g., more intense precipitation, 

increase in flood and cyclone peaks, increase of heat index over lands etc..) 

could be analyzed to predict the future changes and projections. 

d) In the present study, soil data were collected from literature for the 17 

stations of WISE database. More reliable predictions could be made if the 
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required soil parameters for different regions could be generated based on 

laboratory and field experiment. 

e) Sensitivity analysis was carried out for some selected areas only, using 

predicted climatic parameters for the years 2008 and 2070, changing one 

parameter at a time. Similar type of study can be conducted for other areas of 

Bangladesh to assess relative importance of these parameters on rice yield. 

Further research can be performed under various treatments and management 

conditions like irrigation, fertilizer, chemical applications, organic carbon, 

atmospheric CO2 concentrations, etc.. 

f) The future scenarios were generated by the Regional Climate Models of 

CORDEX. CORDEX went for a 50 km x 50 km grid for these projections. 

This case might have put two or more districts of Bangladesh in the same grid 

with identical values of the climatic parameters. Newer high resolution 

climatic models with 25km x 25km grid can be used in future for more 

precise results.      

g) The genetic coefficients of BR11 variety of Aman rice is not experimentally 

proven for the various regions of the country. For the proper investigation of 

the impacts of climate change on future yield of crops, it is necessary to find 

all these values by experimental way. BRRI, BARI should come forward in 

this regard.  

h) As temperature change interrupts the growth and yield of Aman rice, few 

more varieties of Aman rice can be discovered that have greater tolerance to 

temperature rise.    
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APPENDIX A 

 

A.1 R Script for Box plots for district yields of Aman rice  

 

a<-read.csv('aman yield.csv', header = TRUE) 

par( cex.axis = 0.8, mar = c(6, 5.0, 0.5, 2.0)) 

par (cex.lab = 1.0) 

boxplot ( a ,outline=FALSE, range=0, axes=FALSE, frame.plot=TRUE, las=1,             

ylim=c(-20,10)) 

axis(line=0.8,las=2,cex=0.8,at=c(1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,2

3,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,

53,54,55,56,57,58,59,60,61,62,63,64), labels= 

c("Dhaka","Chittagong","Rajshahi","Barisal","Khulna","Sylhet","Rangpur","Comilla","My

mensingh","Bogra","Jessore","Kishorganj","Kushtia","Faridpur","Jamalpur","Noakhali","Pat

uakhali","Pabna","Tangail","Khagrachori","Dinajpur","Rangamati","Bandarban","Cox's 

Bazar","Chandpur","Brahmanbaria","Laxmipur","Feni","Maulavibazar","Sunamganj","Habi

ganj","Gazipur","Manikganj","Munshiganj","Naryanganj","Narshingdi","Rajbari","Madarip

ur","Gopalganj","Shariatpur","Sherpur","Netrokona","Jhalkathi","Perojpur","Bhola","Jhenai

dah","Magura","Narail","Bagerhat","Satkhira","Chuadanga","Meherpur","Barguna","Joypur

hat","Thakurgaon","Panchagar","Sirajganj","Naogaon","Natore","Nawabganj","Gaibandha",

"Kurigram","Nilphamari","Lalmonirhat"),side=1,tick=FALSE) 

axis(line=0,las=1,at=c(-30,-20,-10,0,10,20,30),labels = c("-30","-20","-

10","0","10","20","30"),side=2,tick=TRUE) 

axis(line=1.5,at=c(-5),labels = c("Yield Change(%)"),side=2,tick = FALSE) 

abline(h=0,col="black",lty=2,lwd=1) 

abline(h=-10,col="black",lty=2,lwd=1) 
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A.2 R Script for Box plots for yield at high end emission of Aman rice  

a<-read.csv('aman yield.csv', header = TRUE) 

b<-read.csv('aman yield at high carbon.csv',header=TRUE) 

par(cex.axis = 0.8, mar = c(6, 5.0, 0.5, 2.0)) 

par(cex.lab = 1.0) 

boxplot( a,outline=FALSE, range=0, axes=FALSE, space =2, frame.plot=TRUE,las=1,col = 

(rainbow(2)), ylim=c(-30,20)) 

axis(line= -

0.8,las=2,cex=0.8,at=c(1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26

,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,5

6,57,58,59,60,61,62,63,64),labels = 

c("Dhaka","Chittagong","Rajshahi","Barisal","Khulna","Sylhet","Rangpur","Comilla","My

mensingh","Bogra","Jessore","Kishorganj","Kushtia","Faridpur","Jamalpur","Noakhali","Pat

uakhali","Pabna","Tangail","Khagrachori","Dinajpur","Rangamati","Bandarban","Cox's 

Bazar","Chandpur","Brahmanbaria","Laxmipur","Feni","Maulavibazar","Sunamganj","Habi

ganj","Gazipur","Manikganj","Munshiganj","Naryanganj","Narshingdi","Rajbari","Madarip

ur","Gopalganj","Shariatpur","Sherpur","Netrokona","Jhalkathi","Perojpur","Bhola","Jhenai

dah","Magura","Narail","Bagerhat","Satkhira","Chuadanga","Meherpur","Barguna","Joypur

hat","Thakurgaon","Panchagar","Sirajganj","Naogaon","Natore","Nawabganj","Gaibandha",

"Kurigram","Nilphamari","Lalmonirhat"),side=1,tick=FALSE) 

axis(line=0,las=1,at=c(-30,-20,-10,0,10,20,30),labels = c("-30","-20","-

10","0","10","20","30"),side=2,tick=TRUE) 

axis(line=1.5,at=c(-10),labels = c("Yield Change(%)"),side=2,tick = FALSE) 

abline(h=0,col="black",lty=2,lwd=1) 

legend(x=8,y=16,c('380 ppm','500 ppm'),fill = rainbow(2) 
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A.3  

Table A.1: Index of BMD Stations used for various districts   

BMD Station Districts Covered 

Ambaghan Chittagong 

Barisal Barisal,Jhalokathi 

Bhola Bhola 

Bogra Bogra,Gaibandha,Jamalpur,Joypurhat 

Chandpur Chandpur 

Chuadanga Chuadanga,Jhenaidah,Meherpur 

Comilla  Comilla,Brahmanbaria 

Coxs Bazar Cox's Bazar 

Dhaka Dhaka, Gazipur, Munshiganj,Naryankanj, Narshingdi 

Dinajpur Dinajpur,Thakurgaon 

Faridpur Faridpur,Manikganj,Rajbari 

Feni Feni 

Hatiya 

Ishurdi Kushtia,Natore,Pabna 

Jessore  Jessore,Magura 

Khepupara Barguna 

Khulna Narail 

Kutubdia 

M.Court  Noakhali,Laksmipur 

Madaripur  Madaripur,Gopalganj,Shariatpur 

Mongla Khulna,Bagerhat 

Mymensingh Mymensingh,Kishorganj,Netrokona,Sherpur 

Patuakhali Patuakhali,Perojpur 

Rajshahi Rajshahi,Naogaon,Chapainawabganj 

Rangamati Rangamati,Bandarban 

Rangpur  Rangpur,Kurigram,Lalmonirhat 

Satkhira Satkhira 

Sitakunda Khagrachori 
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Table A.1 contd... 

BMD Station Districts Covered 

Srimangal Habiganj,Maulavibazar 

Swandip  

Syedpur Nilphamari,Panchagar 

Syllhet Sylhet,Sunamganj 

Tangail  Tangail,Sirajganj  

Teknaf  

 

 


