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CHAPTER I 

INTRODUCTION 

Agriculture is the key driver of the growth of Bangladesh economy. According to the 

provisional estimates of the Bangladesh Bureau of Statistics (BBS), the contribution of the 

agriculture sector to the Gross Domestic Product (GDP) stood at 12.65 percent in Fiscal 

Year (FY) 2013-14. The overall contribution of the broad agriculture sector was 16.33 

percent of the GDP during the same period (Bangladesh Economic Review, 2014). In 

addition, the agriculture sector employs around 47.30 percent of the total labor force of the 

country (LFS, 2010, BBS). Seasonality is the period of time that passes between one 

production event and the next. Most of the major field crops produced in the Bangladesh 

seasonality occur over a 12-month period. Crop seasonality depends on climate variability 

factors like temperature, rainfall, humidity, cloud coverage, etc. Since crops follow a 

seasonal calendar and weather varies significantly between seasons, Bangladesh split the 

year into two seasons—dry (October to March) and wet (April to September). The climate 

of Bangladesh is characterized by high temperatures, heavy rainfall, high humidity, and 

fairly marked seasonal variations. The scientific models that forecast the impact of various 

scenarios of climate variability on the production of crops indicate that potential yields are 

projected to decrease with most projected increases in temperature in 
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most tropical and subtropical regions (IPCC 2001). Agriculture production is always 

susceptible to unfavorable weather conditions and events. Despite technological progress 

such as improved high yielding crop varieties and irrigation facilities, weather and climate 

are still important determinants for agricultural productivity.  According to the UNDP 

report (2008), the Bangladesh has been facing higher temperatures, particularly during the 

monsoon season over the last three decades. Furthermore, an annual mean temperature rise 

of 1 °C is forecasted by 2030, 1.4 °C by 2050 and 2.4 °C by 2100 (IPCC, 2007). The 

prediction for the dry season mean temperature showed a similar rising pattern of 1.1 °C 

by 2030, 1.6 °C by 2050 and 2.7 °C by 2100, while the projected value for the wet season 

mean temperature is 0.8 °C by 2030, 1.1 °C by 2050 and 1.9 °C by 2100 (Agrawala et.al., 

2003; Ahmed, 2006). Based on the projections, it can be said that Bangladesh is likely to 

face more hot days and heat waves, longer dry spells and is at higher risk of drought. In 

general, the projected temperature increase will have adverse effects on the yields of major 

food crops, especially rice, wheat, and pulse thereby exacerbating vulnerability food 

supply.                                    

                                                  Research Question 

How does the impact of climate variability on seasonality affect rice, wheat, and pulse 

productivity in Bangladesh? 

Rice 

First and foremost, rice is the staple food of Bangladesh for 160 million people. The daily 

per capita calorie intake from rice has been falling, from 74.8 percent of total calories in 

1995 to 69.6 percent in 2009 but rice contribution to per capita protein intake fell, from 

65.3 percent to 56.2 percent, in the same period. Rice and wheat alone contribute 71 percent 

and 53 percent of the total per capita calorie and protein intake respectively.  Especially in 
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Asia, where rice is the staple food of many rural and urban poor people, any negative effects 

on rice yields will directly move into major food shortage. For instance, the sea level rising 

causes flooding and salinity intrusion which may affect mega delta limiting future 

production (www.ricepedia.org). Global climate change has potentially grave 

consequences for rice production and consequently, global food security. The International 

Food Policy Research Institute (IFPRI) study forecasts a 15 percent decrease in irrigated 

rice yields in developing countries and a 12 percent increase in rice price as a result of 

climate change by 2050.  The population growth rate is 1.20 percent per year. Due to this 

rate, the total population will become 233.2 million by 2050 

(https://www.census.gov/population/international/files/ppt/Bangladesh93.pdf). However, 

Bangladesh faces a tremendous challenge for providing food security to the increasing 

population. Therefore, it is imperative to increase rice production in order to meet the 

growing demand for food emanating from population growth. The various climatic 

phenomena like cyclones, drought, changing rainfall patterns, temperature, and humidity 

cause significant damage to rice production almost every year. For instance, devastating 

cyclone Sidor in 2007 and cyclone Aila in 2009 caused severe damage to rice production 

(BBS, 2010). Aus rice is generally grown in March and April and then harvested in July 

and August. Aman rice is normally planted in June and August and then harvested in 

November and December. Boro rice is transplanted in December and January, and then 

harvested in April and May. According to the International Rice Research Institute (IRRI), 

a rise in night time temperature by 1 degree Celsius may reduce rice yields by about 10 

percent. 

 

  Figure 1. Rice production trend over the years 

This figure demonstrates the overall rice production in Bangladesh from 2003 to 2014 

http://www.ricepedia.org/
https://www.census.gov/population/international/files/ppt/Bangladesh93.pdf
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Wheat 

Wheat was one of the first of the grains to be domesticated by human being. Bread wheat 

is known to have been grown in the Nile Valley by 5000 BC and it is believed that the 

Mediterranean region was the centre of domestication. The civilization of West Asia and 

of the European peoples have been largely based on wheat, while rice has been more 

important in the East Asia. Since agriculture began, wheat has been the chief source of 

bread for Europe and the Middle East. It was introduced into Mexico by the Spaniards in 

the early part of 16th century and into Virginia, USA by English colonists early in the 17th 

century. Although it is one of the oldest of the cereal crops, it was introduced in Bengal 

between 1930 and 1931. Its importance as a food crop was recognized around 1942-43. 

The plants bear this edible grain in dense spikes. The culm of the mature wheat plant is a 

hollow, jointed cylinder that comprises three to six nodes and internodes. Wheat is grown 

under a wide range of climatic and soil conditions. It, however, grows well in clayey loam 

soils. In Bangladesh, it is a crop of rabi season which requires dry weather and bright 

sunlight. Well distributed rainfall between 40 and 110 cm is congenial for its growth 

(www.banglapedia.org). Almost 50% of the total world production of grain crop is 

occupied by wheat. In Bangladesh although it is less important than rice, it is now 

recognized as the second alternative cereal crop in the country. It is highly nutritious and a 

high energy food source. It is mostly used as ata or maida (wheat flour) for the preparation 

of bread and cakes. Flour from hard-kernelled wheat varieties are used in the manufacture 

of macaroni, spaghetti, noodles, and other paste products. White and soft wheat varieties 

have starchy kernels; their flour is preferred for biscuits, piecrust, and a wide range of 

breakfast foods. Wheat is also used in the manufacture of whiskey and beer, and the grain, 

the bran, and the vegetative plant parts make valuable livestock and poultry feed. The straw 

is used as fuel in the rural areas. Wheat is an especially critical food stuff for about 1.2 

billion people who are classified as wheat-dependent, and 2.5 billion who are classified as 

wheat-consuming and live on less than $2 day per day. There are also about 30 million 

poor wheat producers and their families for whom wheat is the staple crop (FAOSTAT 

2012). Demand for wheat in the developing world is projected to increase 60 percent by 

2050 (Rosegrant and Agcaoili 2010). 
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Figure 2. Domestic consumption (1000 MT) and growth rate (%) of wheat from 1960 to 

2011 in Bangladesh. 

 

 

Figure 3. Yearly production (1000 MT) and growth rate (%) of wheat from 1960 to 2011 

in Bangladesh 
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CHAPTER III 

DATA AND METHODOLOGY 

Data   

I used two categories of data, one is agricultural data and another is climatic or weather 

related data for my analysis. There are various sources for this data. First and foremost, I 

rely on the incredibly rich and valuable data provided by the Yearbook of Agricultural 

Statistics, Bangladesh Agricultural Research Council (BARC),  and Food and Agricultural 

Organization (http://faostat.org). This website is very popular and valuable for agricultural 

research across the world. My study is considering three major agricultural crops (rice, 

wheat, and pulse) defined by the Agriculture Wing, Bangladesh Bureau of Statistics (BBS). 

The sources of agriculture data are: Yearbook of Agricultural Statistics, BBS. The 

Yearbook reports agricultural data at the regional level. There are 23 agricultural regions 

defined by the BBS and each region is composed of one or more current administrative 

districts and 7 divisions cover 23 agricultural regions in Bangladesh. The Yearbook of 

Agricultural Statistics produces estimates of acreage, production and yield per acre for 

more than 100 crops grown in the country. I collected rice, wheat, and pulse acreage, 

production, and yield per acre data from various versions of the Yearbook of Agricultural 

Statistics for the time period of 1980-2013.  I converted acre to hectare in my analysis.

http://faostat.org/
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I also collected monthly rainfall, maximum and minimum temperature, rainfall, humidity, 

and cloud coverage data for the period of 1980-2013 from Bangladesh Agricultural 

Research Council (BARC). There are 32 weather stations in Bangladesh and they cover 7 

divisions. Weather data varies across weather stations. Since crop follow the seasonal 

calendar and weather varies significantly between seasons, I split a calendar year into two 

seasons – dry (Oct- March) and wet (April-Sept). These two seasons also called Rabi (dry) 

and Kharif (wet) seasons, respectively. All weather variables are, thus, for two seasons. In 

the case of temperature, data on monthly maximum and monthly minimum are available. 

So, I created a seasonal average of maximum and minimum temperatures. Not only the 

average but also the fluctuation of temperature in each season might impact agricultural 

productivity. Average monthly rainfall data is available; I created seasonal averages of 

rainfall for dry and wet seasons. Similarly, I created averages seasonal data on cloud 

coverage and humidity conditions. 

Table 1. Descriptive  Statistics    

Variables name Mean Std Dev Min Max  

Rice yield 1.5755 0.2892 1.02 2.76  

Wheat yield 2.099 0.57308 0.98 3.17  

Pulse yield 0.34176 0.23 0.026 1.101  

Maximum temp dry 29.13 0.76755 27.06 31.8  

Maximum temp wet 32.41 0.95013 30.31 35.18  

Minimum temp dry 15.1 1.394 10.2 19.3  

Minimum temp wet 18.03 0.7471 15.23 19.45  

Rainfall dry 71.6 46.18 42.76 248  

Rainfall wet 348 141.96 103.16 844.6  

Humidity dry 79.7 3.82 69.33 88.33  

Humidity wet 82.82 2.68 75.66 88.83  

Cloud coverage dry 2.14 0.4523 1.033 3.63  

Cloud coverage wet 5.43 0.5151 4 6.73  

Observations 238 

Year 34 
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The descriptive statistics exhibits in table 1, portray the basic characteristics of all the 

explanatory variables and dependent variable. The mean yield of wheat is the highest, and 

the mean yield of pulse is the lowest among the three major crops. But standard deviation 

of wheat yield is larger than standard deviation of rice yield. It is noted that average 

maximum temperature (Celsius) in the wet season has increased while dry seasons 

experienced more temperature fluctuations. On the other hand, minimum temperature in 

the wet season is higher than minimum temperature in the dry season. Rainfall for both 

seasons has generally increased, but with more regional variation in the wet season. The 

percentage of humidity is almost the same in both seasons. Clouds conditions for the 

country is more in the wet season. 

Table 2. Correlation between rice yield and explanatory variables 

 

CloudeCove~D     0.1751   0.1637   0.1805  -0.2020   0.3422  -0.0100   0.4290   0.3096   0.0117   0.0750   1.0000

   HumidityW    -0.2422   0.4693   0.1595  -0.3964   0.0601  -0.0914   0.1608   0.2785   0.6465   1.0000

   HumidityD    -0.2986   0.3418  -0.1093   0.0541  -0.2518   0.0095   0.1599  -0.1327   1.0000

   RainfallW     0.3316   0.1237   0.0852  -0.7042   0.3406  -0.3116   0.2084   1.0000

   RainfallD    -0.0293   0.0922  -0.0160  -0.1893   0.1945   0.0981   1.0000

    Minitemw    -0.0503   0.0955   0.2467   0.3215   0.2604   1.0000

    MinitemD     0.0396   0.0766   0.5082  -0.3114   1.0000

     MaxtemW     0.1069  -0.1409   0.1235   1.0000

     MaxtemD    -0.0105   0.2333   1.0000

    Ricearea    -0.1492   1.0000

   Riceyield     1.0000

                                                                                                                 

               Riceyi~d Ricearea  MaxtemD  MaxtemW MinitemD Minitemw Rainfa~D Rainfa~W Humidi~D Humidi~W Cloude~D
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From the above table, it is assumed that the maximum temperature and rainfall during the 

wet season and cloud coverage during the dry season are positively correlated with rice 

yield.  On the contrary, rice area, rainfall, temperature, and humidity during the dry season 

are negatively correlated with rice yield. 

Table 3. Correlation between pulse yield and explanatory variabl 

 

 

From the table, it is observed that pulse area, maximum temperature wet, and minimum 

temperature wet have positive relationships with pulse yield.  The remaining variables are 

negatively correlated with pulse yield.  

Table 4. Correlation between wheat yield and explanatory variables 

 

CloudeCove~D    -0.2962  -0.3322   0.1805   0.3422   0.4290   0.0117   1.0000

   HumidityD     0.1659  -0.0377  -0.1093  -0.2518   0.1599   1.0000

   RainfallD    -0.1720  -0.2570  -0.0160   0.1945   1.0000

    MinitemD    -0.3398  -0.4839   0.5082   1.0000

     MaxtemD    -0.2736  -0.3427   1.0000

   Wheatarea     0.8405   1.0000

  Wheatyield     1.0000

                                                                             

               Wheaty~d Wheata~a  MaxtemD MinitemD Rainfa~D Humidi~D Cloude~D

(obs=238)

. corr Wheatyield Wheatarea MaxtemD MinitemD RainfallD HumidityD CloudeCoverageD

   HumidityW    -0.5543  -0.1108   0.1595  -0.3964   0.0601  -0.0914   0.0172   0.0598   0.6465   1.0000

   HumidityD    -0.3054  -0.1793  -0.1093   0.0541  -0.2518   0.0095  -0.0558   0.0734   1.0000

   rainfallw    -0.1458  -0.0404  -0.1267  -0.0675  -0.0514  -0.0789  -0.0284   1.0000

   rainfalld    -0.0248   0.2566  -0.0533  -0.2703   0.1399  -0.1167   1.0000

    Minitemw     0.1211   0.1777   0.2467   0.3215   0.2604   1.0000

    MinitemD    -0.2220   0.4731   0.5082  -0.3114   1.0000

     MaxtemW     0.5852  -0.2053   0.1235   1.0000

     MaxtemD    -0.0258   0.3120   1.0000

 Pulseareaha     0.0462   1.0000

  Pulseyield     1.0000

                                                                                                        

               Pulsey~d Pulsea~a  MaxtemD  MaxtemW MinitemD Minitemw rainfa~d rainfa~w Humidi~D Humidi~W

(obs=238)

. corr Pulseyield Pulseareaha MaxtemD MaxtemW MinitemD Minitemw rainfalld rainfallw HumidityD HumidityW
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It is really interesting that wheat area has a highly positive correlation with wheat yield. It 

is very close to 1. The humidity dry season also has a positive correlation with wheat yield. 

The other explanatory variables have negative correlation with wheat yield. 

 

METHODOLOGY 

Variables 

There are two type of variables used in this study. First and foremost, the dependent 

variable of this study is the yield of three major crops: rice, wheat, and pulse. Five weather 

variables are considered as independent variables. The five weather variables are average 

maximum temperature, average minimum temperature, rainfall, humidity, and cloud 

coverage for both dry and wet seasons. The endogeneity may arise due to omitted variable 

bias and simultaneity bias. In order to control for this endogeneity and heterogeneity, 

regions dummies are considered as independent variables. I use six dummy variables for 

six of the seven regions because one region, the Barisal used as a reference variable. 

Model specification 

Stationarity and unit root are vital issues for panel data and time series data before 

executing the regression. As the data set of this present study contained over 34 years of 

observations for 7 regions verifying the stationarity is important before selecting the 

regression models. For determining the stationarity of panel data, the Levin-Lin-Chu unit 

root test is a very popular test. Therefore, the Levin-Lin-Chu test is performed to verify the 

presence of unit root. 
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Figure 8. Pulse production in the different regions from 1980 to 2013 

Regions code: 1= Barisal, 2= Chittagong, 3= Dhaka, 4= Rajshahi, 5= Khulna, 6= Sylhet, 

7= Rangpur. 

From the above figure, it is apparent that the Chittagong region produced the highest 

pulse crop production in Bangladesh. The Rangpur and Barisal regions are the lowest 

parts of pulse production.
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CHAPTER V 

FURTHER RESEARCH 

In my study, I did not include major crop price behavior due to data shortage. Further study 

may include a forecast of the yearly commodity prices using a real price. Real prices adjust 

to the changes in new technology, changes in consumer tastes and preferences, changes in 

government policies, world events, and so on. It may help farmers and producers to make 

a decision on continuing to grow the crop and also help them in increasing productivity of 

the crop. Another suggestion for future research, forecasting rice, wheat, and pulse prices, 

understanding the relationship between the exchange rate and commodity prices and to 

analyze the effect of time, seasonality, exchange rate on the crop prices. 
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CHAPTER VI 

SUMMARY OF THE STUDY 

The main goal of the study was to examine the seasonality effect on major crop productivity 

due to climatic variable change. Actually, there was no robust estimate of the seasonality 

effect due to climate change. Although there were some studies estimating the effect, they 

never consider regional variations. In this study, I have created a dataset for seven divisions 

for the period of 1980-2013. I controlled heterogeneity among the regions through the fixed 

effect and random effect models. Using regional fixed effects, I estimated the impact of the 

changes in climatic variables on the productivity of rice, wheat, and pulse. I found that 

when regional variations are considered, it significantly changes the sign of the estimates. 

The impact differs significantly with the choice of climate variables. For example, the most 

influential climate variables for rice production were observed to be maximum temperature 

and minimum temperature wet in this study. This finding ensured that temperature 

maximum and minimum in both season augmented beyond their optimum requirement may 

be jeopardized to the rice yield. For wheat production, minimum temperature dry and 

rainfall are found as influential variables to increase the wheat    production. Rainfall is 

very important for wheat production because it is a rain fed crop. The other explanatory 

variables are statistically insignificant. This does not mean that they are not important for 

wheat crop. The fact is that their optimal use was not confirmed for wheat production. 

Optimum use of variables is very important to get significant results.
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For pulse production, I found maximum temperature dry, rainfall wet, and humidity in both 

seasons are statistically significant. These are the interest variables for pulse production. 

Overall findings from this study proved whether climate variables during the last 34 years 

have affected major crops yield in Bangladesh. This impact was both positive and negative. 

The negative effect is that higher temperature in dry and wet season, declining soil moisture 

or humidity, increasing drought in dry season, more variability in monsoon rain, and more 

salinity in soil are likely scenarios for Bangladesh in the last couple of decades. The 

Intergovernmental Panel on Climate Change (IPCC) climate model projects that South 

Asia will experience an increase of 0.5 degree Celsius along with a 4 % rainfall increase 

from 2010 to 2039 during kharif or wet season months. By 2100, some scenarios predict a 

2-degree temperature increase and 7 % rainfall increase. Depending on regional variations, 

technology advances, and farmer adjustments, these changes could have significant 

positive or negative impacts on Bangladesh agricultural productivity. My study gives the 

message for scientists and policy makers about the robust estimates of the seasonality effect 

on agricultural productivity due to climate variability under different conditions.
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Appendix A 

Consent Form 

 

Figure 9. Temperature pattern in the different regions in Bangladesh 

 

 

Figure 10. Rainfall pattern in the different regions in Bangladesh
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Figure 11. Humidity pattern in the different regions in Bangladesh 

 

Figure 12. Cloud coverage pattern in the different regions in Bangladesh



38 
 

REFERENCES 

 

Agrawala, S.T.O., Ahmed, A.U., Smith, J., Aalst, M.V. (2003). Development and Climate 

Change in Bangladesh: Focus on Coastal Flooding and the Sundarbans; Organization for 

Economic Co-operation and Development (OECD): Paris, France. 

Ahmed, A.U. (2006). Bangladesh Climate Change Impacts and Vulnerability. Climate 

Change Cell, Department of Environment, CDMP, Government of the People’s Republic 

of Bangladesh, Dhaka, Bangladesh. 

Awal, M.A., & Siddique, M.A.B. (2011). Rice Production in Bangladesh Employing by 

ARIMA Model. Bangladesh Journal of Agricultural Research, 36, 51–62. 

Bangladesh Bureau of Statistics. (2000). Yearbook of Agricultural Statistics. Ministry of 

Planning, Dhaka, Bangladesh. 

Bangladesh Bureau of Statistics. (2008). Yearbook of Agricultural Statistics. Ministry of 

Planning, Dhaka, Bangladesh. 

Bangladesh Bureau of Statistics. (2007). Yearbook of Agricultural Statistics. Ministry of 

Planning, Dhaka, Bangladesh. 

Bangladesh Bureau of Statistics. (2010). Yearbook of Agricultural Statistics. Ministry of 

Planning; Dhaka, Bangladesh. 

Bangladesh Bureau of Statistics. (2011). Yearbook of Agricultural Statistics. Ministry of 

Planning; Dhaka, Bangladesh. 

Bangladesh Economic Review. (2014). Government of the People’s Republic of 

Bangladesh, Dhaka, Bangladesh. 

CIMMYT and ICARDA. (2011). Wheat global alliance for improving food security and 

the livelihoods of the resources-poor in the developing world. Proposal submitted by 

CIMMYT and ICARDA to the CGIAR consortium board. 

Esterling WE, Aggarwal PK, Batima P, Brander KM, Erda L,Howden SM, Kirilenko A, 

Soussana JF, Schmidhweer J, Tubiello FN. (2007). Climate change, impacts, adaptation 

and vulnerability. Contribution of working group-11 to the Fourth Assessment Report of 

the Intergovernmental Panel on Climate Change. Cambridge, UK: Cambridge University 

Press, 273–313.



39 
 

Hossain A, Sarker MAZ, Saifuzzaman M, Akhter MM, Mandal MSN. (2009). Effect of 

sowing dates on yield of wheat varieties. Bangladesh Journal of Progressive Science and 

Technology, 7, 5–8. 

Hossain A, Sarker MAZ, Hakim MA, Lozovskaya MV, Zvolinsky VP. (2011). Effect of 

temperature on yield and some agronomic characters of spring wheat (Triticum aestivum 

L.) genotypes. International Journal of Agricultural Research Innovation and 

Technology 1, 44–54. 

Hakim MA, Hossain A, Teixeira da Silva JA, Zvolinsky VP, Khan MM. (2012). Yield, 

protein and starch content of 20 wheat (Triticumaestivum L.) genotypes exposed to high 

temperature under late sowing conditions. Journal of Scientific Research, 4,477–489. 

Hossain, M.K., T.A. Masron, A.A. Kamil, A. Mustafa and M.A. Baten. (2012). Influence 

of environmental constraints on rice productive technical efficiency in Bangladesh. 

Proceedings of the International Conference on Management, Economics and Finance, 

Hilton Hotel, Kuching, Sarawak, Malaysia. 

Hossain A, Lozovskaya MV, Zvolinsky VP, Teixeira da Silva JA. (2012a). Effect of soil 

and climatic conditions on yield-related components performance of spring wheat 

(Triticum aestivum L.) varieties in the northern Bangladesh. Natural Sciences. Journal of 

Fundamental and Applied Researches, 2, 77–86. 

Hossain A, Lozovskaya MV, Zvolinsky VP, Teixeira da Silva JA. (2012b). Effect of soil 

and climatic conditions on phenology of spring wheat varieties in the northern 

Bangladesh. Natural Sciences. Journal of Fundamental and Applied Researches, 2, 86–

97. 

Hossain A, Teixeira da Silva JA, Lozovskaya MV, Zvolinsky VP,Mukhortov VI. (2012e). 

High temperature combined with drought affect rainfed spring wheat and barley in south-

eastern Russia: yield, relative performance and heat susceptibility index. Journal of Plant 

Breeding and Crop Science, 4, 184–196. 

https://www.census.gov/population/international/files/ppt/Bangladesh93.pdf 

http://faostat.fao.org 

Intergovernmental Panel on Climate Change (IPCC). (2001). Climate Change. Third 

Assessment Report. 

Intergovernmental Panel on Climate Change (IPCC). (2007). Climate change, impacts, 

adaptation and vulnerability. In Contribution of Working Group II to the Fourth 

Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge 

University Press: Cambridge, UK. 

Labour Force Survey. (2010). Statistical Year Book of Bangladesh. 

Lobell, D.B., Cahill, K.N., Field, C.B. (2007). Historical Effects of Temperature and 

Precipitation on California Crop Yields. Climate Change, 81, 187–203. 

https://www.census.gov/population/international/files/ppt/Bangladesh93.pdf


40 
 

 

Lobell, D.B., W. Schlenker, and J. Costa-Roberts. (2011). Climate trends and global crop 

production. Science, 333, 616-642. 

Lobell DB, Burke MB, Tebaldi C, Mastrandrea MD, Falcon WP, Naylor RL. (2008). 

Supporting online materials for: Prioritizing climate change adaptation needs for food 

security in 2030. Science, 319, 607–610. 

Rimi, R.H.; Rahman, S.H.; Karmakar, S.; Hussain, S.G. (2009). Trend Analysis of 

Climate Change and Investigation on its Probable Impacts on Rice Production at 

Sathkhira, Bangladesh, Pakistan Journal of Meteorology, 6, 37–50. 

Sarker, M.A.R. (2012). Impacts of Climate Change on Rice Production and Farmers’ 

Adaptation in Bangladesh. Ph.D. Thesis, University of Southern Queensland, 

Toowoomba, Australia. 

United Nations Development Program (UNDP). (2008). Fighting Climate Change: 

Human Solidarity in a Divided World. Human Development Report. Oxford University 

Press. 

WWW.ricepedia.org. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

  

http://www.ricepedia.org/

