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Abstract: The potential consequences of climate change emanated from global warming are very alarming; the greatest 
concern is the potentially disastrous consequences on crop agriculture and food security in many parts of the world.  
Bangladesh is a country highly susceptible to climate change, but information in this regard is still inadequate.  This study 
investigated the effects of climate change on three major crops – wheat, potato and rice – in the north-central region of 
Bangladesh.  Two climate change scenarios, A2 and B2, of the Intergovernmental Panel on Climate Change (IPCC) were 
generated by employing MAGICC/SCENGEN model together with the observed climate data of the region.  The growth and 
yield of the crops were simulated using DSSAT CERES-Wheat, SUBSTOR-Potato and CERES-Rice models under the present 
and projected future changing climatic conditions.  For a predicted 5.32ºC increase in temperature in the year 2100, the yield 
of wheat, rice and potato would decrease by 47.6%, 67.8% and 38.6%, respectively.  The increased temperature would 
accelerate physiological maturity of the crops as reflected by their reduced length of growing season (LGS) by 1.20% to 18.5%.  
The reduced LGS would reduce seasonal evapotranspiration (ET) of the crops by shortening time-span for ET generation.  
Due to dominant yield reduction over ET reduction, the water use efficiency (WUE) for grain/tuber and biomass yields would 
decrease with the changing climate.  The reduced crop yields are an indicative of a potential future risk of food security in 
Bangladesh.  The results of this study can therefore guide to adopt coping mechanisms in the light of climate change to ensure 
future food security of the country. 
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1  Introduction  

The current population of Bangladesh is 156 million[1], with 
one of the highest densities (1015 persons/km2) in the world, and 
the population of the country is still growing at 1.37% per year.  
Although this rate is expected to slow down in future, most 
projections estimated a 200 million population by 2050[2].  This 
would mean a more than 25% increase in the demand for food 
grains.  Therefore, providing food security to its population would 
be a crucial socio-economic and political priority of the 
government of Bangladesh. 

The economy of Bangladesh largely depends on agriculture, 
which contributes 18.7% to GDP and employs 47.3% of the labor 
force[3].  Despite the increase in the shares of fisheries, livestock 
and forestry, crop agriculture alone accounts for 60.8% of 
agricultural GDP[4].  At present, nearly 10 million hectares of land 
is used for growing food grains.  Rice being the principal grain 
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crop accounts for 77% of agricultural land use and contributes half 
of the agricultural GDP and one-sixth of the national income.  
Other major crops include jute (4.74%), potato (3.07%), vegetables 
(2.45%), wheat (2.50%) and others (10.24%)[5].  Overall 
agricultural production in the country, since independence in 1971, 
has increased almost a three-fold due to adoption of modern 
cultivars, implementation of flood control projects, application of 
fertilizers and irrigation, and use of pest control and disease 
management practices.  There remains hardly any scope for 
bringing new lands under cultivation, while the country is losing 80 
000 hm2 of arable land every year[6] due to housing and settlement, 
building physical infrastructures, river erosion and various other 
non-agricultural uses. 

Assessment reports of the Intergovernmental Panel on Climate 
Change (IPCC)[7] and various other studies listed the potential 
consequences of climate change.  According to those reports, 
combined with the potential increase in global temperature, rainfall 
has become variable and unpredictable, and the occurrence and 
strength of climate-related extreme events, such as floods, droughts, 
heat waves and cyclones are anticipated to increase in the future[7,8].  
Taking 1990 as the base year, predictions made by IPCC[9] show 
that the average global surface temperature might increase by 1°C 
to 5°C by the year 2100.  In Bangladesh, temperature has been 
increasing for the last three decades, and it is predicted to 
experience an increase in average day temperature of 1°C by 2030 
and 1.4°C by 2050[7,8].  Some model simulations (e.g., Agrawala 
et al.[10]) support the IPCC predictions and further forecast of 
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increasing annual rainfall in Bangladesh.  By analyzing historical 
data of 34 meteorological stations in Bangladesh for the period 
1976 to 2008, Basak et al.[11] found an increasing rate of 0.0186ºC 
and 0.0152ºC per year for the yearly average maximum and 
minimum temperatures, respectively.  Most models estimate that 
precipitation will increase, but insignificantly, during the summer 
monsoon and decrease in the winter months of December to 
February. 

One of the greatest concerns of climate change is the 
potentially disastrous consequences on crop agriculture and food 
security in many parts of the world, particularly in the developing 
countries[7,8,12-14] like Bangladesh.  Analyses of multiple climate 
change scenarios indicate that climate change will likely have a 
slight to moderate negative effects on crop yields[15,16].  Basak et 
al.[11] investigated the effects of climate change on the yield of two 
Boro rice varieties at 12 locations of Bangladesh.  They predicted 
a 20% and 50% yield reduction of both rice varieties for the years 
2050 and 2070, respectively.  The increase in the predicted daily 
maximum and minimum temperatures was found to be primarily 
responsible for the reduction in yield.   

As Bangladesh is a most vulnerable country to climate change, 
the future water and food security of the country will largely 
depend on the impact of climate change on water demand for 
irrigation.  However, there is an uncertainty of demand and 
availability of water for future food production in the country.  
Although the demand for food grains is expected to increase by a 
substantial margin, the resources like land and water needed for 
growing food grains would become scarcer.  The growing 
scarcities of water and land are projected to increasingly constrain 
food production, causing adverse impacts on the goals for food 
security and human well-being[17]. 

The north-central region of Bangladesh is primarily known for 
its leading role in agricultural productions in all sectors, including 
cereal grains, livestock and fisheries.  Five districts of this region, 
Jamalpur, Sherpur, Kishoregonj, Netrokona and Mymensingh, 
account for 14.5% of rice, 2.83% of potato and 2.45% of wheat of 
the total national production[18].  The major impacts of climate 
change-induced erratic behavior and distribution of rainfall and rise 
in temperature would be on agriculture and availability of water 
resources for agriculture, particularly in the dry season.  In the 
future, climate change will alter crop-water demand and, hence, the 
growth and yield of crops.  Despite such highly susceptible 
climate change-induced status of the region, investigations on the 
potential impacts of climate change on crop-water demand and use 
as well as the growth and yield of various crops have been limited.  
A proper crop-production scenario allied with the future overall 
climate change scenario is crucially important for this region.  
Thus, this study was planned to investigate the effects of climate 
change on the length of growing season (LGS), evapotranspiration 
(ET), water-use efficiency (WUE) and yield of wheat, potato and 
rice with DSSAT CERES-Wheat, SUBSTOR-Potato and 
CERES-Rice models, respectively.  The IPCC climate change 
projection A2 and B2 scenarios were constructed using the outputs 
of MAGICC/SCENGEN model in combination with observed 
climate data of the study region. 

2  Materials and methods 

2.1  Study area 
The north-central region of Bangladesh is characterized by 

moderate temperature and rainfall compared to the average 

condition of the country and is full of intensive agricultural 
activities.  The study site (Figure 1) belongs to the agro-ecological 
zone 9, which lies at 24.1º-25.2ºN latitude and 89.67º-91.24ºE 
longitude.  The soil in the study location is silt loam type with 
grey texture and moderately well drained.  The annual 
temperature varies between 11.7°C and 31.9°C, and the mean 
annual precipitation is 2490 mm.  The elevation of the site varies 
from 18 to 30 m above the mean sea level.  

 
Figure 1  Map of the study area 

 

2.2  Data collection 
Data used for model calibration were collected from several 

experiments that were conducted previously in Bangladesh 
Agricultural University (BAU) Research Farm at Mymensingh in 
Bangladesh.  The models used in this study required data on 
weather, soil, and crop growth and management.   
2.2.1  Climate data 

The climate or weather data such as the maximum and 
minimum temperatures, rainfall, daily solar radiation, sunshine 
period and wind speed of 30 years, spanning from 1985 to 2014, 
were collected from a weather station located at BAU Research 
Farm.  These data constituted the baseline climate of the study. 
2.2.2  Soil data 

The texture of the experimental soil in the study area was silt 
loam underlain by sandy loam.  The other soil data: soil profile 
information, nutrient status, and chemical and hydraulic properties 
were collected from the previous studies[19,20].  Organic matter 
content of the soil was low (<1%, except for rice field).  The top 
soil was moderately acidic, but the sub-soil was neutral in reaction.  
The average field capacity and permanent wilting point of the soil 
were 39.94% and 18.70%, respectively.  The average bulk density 
was 1.33 g/cm3 for the top 60 cm profile.  The major 
physico-chemical properties of the soil in the crop fields are 
provided in Table 1. 
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Table 1  Physical and chemical properties of the pre-sowing soils at different layers in wheat, potato and rice fields 

Crop Soil depth 
/cm 

Particle size distribution/% Bulk density
/g·cm-3 

Textural class 
Field capacity

/% 
Wilting point 

/% 
pH 

Organic C
/% sand silt clay 

Wheat and 
potato 

0−20 32.6 56.7 10.8 1.26 Silt loam 42.5 19.6 6.89 0.63 

20−40 54.6 40.0 5.43 1.35 Sandy loam 38.9 18.4 7.14 0.34 

40−60 67.9 26.7 5.42 1.40 Sandy loam 38.5 18.2 7.18 0.28 

Rice 0−20 10 60 30 1.35 Silty clay loam   5.80 2.11 
 

2.2.3  Crop growth and management data 
The crop growth and management data required for model 

calibration include crop phenological data, crop management data 
(such as amount of irrigation, irrigation method, fertilizer and 
harvesting), previous crop information, planting information (such 
as soil depth, spacing between adjacent rows, plant distribution, 
plant population and cultivar coefficients).  The wheat and potato 
cultivation data for model set up were collected from the previous 
studies, which investigated the effects of wastewater and fertilizer 
application and their interactions on the crops[19].  In this study, 
data on the crops irrigated with only freshwater and fertilized with 
recommended standard doses were used for calibration and 
validation of the model.  Data on rice cultivation were collected 
from a separate study, which investigated the effects of 
transplanting date on the yield and yield attributing characters of a 
Transplant Aman (T. Aman) rice variety[20].  The crop 
management data of wheat, potato and rice, used for model set up, 
are presented in Table 2.  The wheat and potato crops were 
irrigated with 87 and 130 mm water, respectively, and each 
irrigation split into three applications.  For rice, a constant water 
level of 6 cm was maintained for the entire growing season.  
Standard fertilizer doses for the study area recommended by the 
Bangladesh Agricultural Research Council[21] were applied for all 
crop types studied. 

 

Table 2  Crop management data of wheat, potato and rice 

Planting information Wheat Potato Rice 

Date of planting Dec.12th, 2007 Dec.12th, 2007 July 18th, 2013

Depth of planting/cm 2−3 5 5 

Row spacing/cm 20 60 15 

Plant population/m−2 − 8 27 

Planting method Hand rack Furrow Transplant 
 

2.3  Climate change scenarios generation 
Seven climate sets: a ‘baseline’ scenario that represents the 

current climatic conditions and two climate change scenarios for 
three future time periods were generated.  The future scenarios 
were produced using the output from MAGIC/SCENGEN model 
(version 5.3) for three future time periods: (i) 2025 to 2054, 
centering 2040 (known as climate change scenario year 2040), (ii) 
2055 to 2084, centering 2070 (known as climate change scenario 
year 2070) and (iii) 2085 to 2114, centering 2100 (known as 
climate change scenario year 2100).  For each time period, two 
emission scenarios, A2 (high) and B2 (medium), were simulated 
according to the Special Report on Emission Scenarios (SRES)[22].  
The observed daily mean of the climatic data (maximum and 
minimum temperatures, rainfall and solar radiation) from 1984 to 
2014 taken as baseline climate, were used to calculate future 
climatic scenarios, which were constructed together with 
MAGICC/SCENGEN model output using delta change approach.  
The SCENGEN model utilized the observed data of 1961 to 1990 
from every region of the world and constituted the baseline data.  
In combination with the observed data, SCENGEN can generate 

climate scenarios for any region and time period in the 21st century.  
The output of the SCENGEN model was obtained in a 
2.5×2.5-degree latitude/longitude grid resolution.  In this study, 
climatic variables predicted by this model were taken as the 
averages of 18 Atmosphere/Ocean GCMs (AOGCMs) to ensure 
that the model outputs were not biased. 

The monthly outputs of the model were converted and used to 
construct daily climatic data for the future by the following 
equations:  

( ) 1
100

pcp
day adj day

adj
R R

⎛ ⎞
= +⎜ ⎟

⎝ ⎠
            (1) 

where, Rday [Rday (adj)] is the rainfall/adjusted rainfall amount falling 
in the study area on a given day and adjpcp is the percentage change 
in rainfall. 

Tav(adj) = Tav+ adjtmp           (2) 
where, Tav is the daily mean temperature, ºC; [Tav(adj)] is the 
adjusted daily mean temperature, ºC; and adjtmp is the change in 
temperature, ºC.  The daily solar radiation data was constructed 
from the daily maximum and minimum temperatures by employing 
modified Bristow−Campbell (B−C) model as described by Goodin 
et al.[23]. 
2.4  DSSAT model 

The Decision Support System for Agrotechnology Transfer 
(DSSAT) modeling system is an advanced physiologically-based 
crop growth simulation model, which has been applied widely to 
study the relationship between growth, development stages and 
yield of crops and their environment[24].  The inherent parts of 
the program include specific simulator crop models (e.g.,  
CERES, CROPGROW, SUBSTOR, etc.) and databases for 
weather, soil, experimental condition and measurements, and 
genotype information.  The crop model simulates crop yield, 
growth and development based on several characteristics of the 
crop under investigation, such as phenology, photoperiod and 
biomass accumulation as well as partitioning among its roots, 
stems and leaves, as defined by cultivar-specific genetic 
coefficients.  The DSSAT enables the user to predict the 
possible results from diverse managerial dimensions and 
strategies through separate independent programs functioning 
together[25].  Among the suits of the Cropping System Model 
(CSM) in DSSAT, CERES-Wheat, CERES-Rice, and 
SUBSTOR-Potato modules were employed to study the effects of 
climate change on the respective crops.    
2.5  Calibration and validation of the models  

The calibration of each model was done such that the model 
parameters truly represented the characteristics and responses of 
the crops to soil and atmospheric conditions.  The CERES-Wheat, 
CERES-Rice and SUBSTOR-Potato were calibrated using the 
observed data by changing one parameter at a time.  The data 
from field experiments, conducted during 2007-2008 season, were 
used to calibrate CERES-Wheat and SUBSTOR-Potato models, 
while the data collected during 2013 T.  Aman season were used 
for CERES-Rice calibration.  Each time, a model parameter was 
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changed, and the model was run with the changed parameter value.  
The resulting model simulated Leaf Area Index (LAI) and yield of 
the crops were compared with the corresponding observed values.  
This process of simulation and comparison was repeated until 
satisfactory LAIs and yields were obtained, which were ensured by 
satisfactory values of the model performance indicators.  Few 
cases during the model calibration, due to unavailability of plant 
phenology and plant population data, planting date and row 
spacing/plant population were slightly adjusted (not in each case) 

to match the simulated results with the observed LAIs and yields.  
The model calibration involved changing the values of the cultivar 
coefficients.  The default and calibrated values of the cultivar 
coefficients for wheat, potato and rice are given in Table 3, 4 and 5, 
respectively.  After calibration, CERES-Wheat and 
SUBSTOR-Potato models were validated using the data that were 
collected during 2008–2009 crop season from the same study.  
The CERES-Rice model was validated using the data collected in 
2011 rice season from a different study[26]. 

 

Table 3  Default and calibrated cultivar coefficients for CERES-Wheat model 

Parameters’ code Meaning Default value Calibrated value 

P1V Days required to complete vernalization 5 6 

P1D Percentage reduction in development rate in a photo period 75 86 

P5 Grain filling phase duration/ºC·d 450 990 

G1 Kernel number per unit canopy weight at anthesis/# g‒1 30 49 

G2 Standard kernel size under optimum conditions/mg 35 80 

G3 Standard, non-stressed dry weight of a single tiller at maturity/g 1.0 2.0 

PHINT Interval between successive leaf tip appearances/ºC·d 60 100 
 

Table 4  Default and calibrated cultivar coefficients for SUBSTOR-Potato model 

Parameters’ code Meaning Default value Calibrated value 

G2 Leaf area expansion rate after tuber initiation/cm2·m-2·d-1 2000 2000 

G3 Potential tuber growth rate/g·m-2·d-1 22 39 

G4 Partitioning coefficient 0.20 0.20 

PD Index that suppresses tuber growth during the period that immediately follows tuber induction 0.7 0.5 

P2 Tuber initiation sensitivity to long photoperiods 0.4 0.6 

TC Upper critical temperature for tuber initiation/°C 19.0 20.0 
 

Table 5  Default and calibrated cultivar coefficients for CERES-Rice model 

Parameters’ code Meaning Default value Calibrated value

P1 Time period (expressed as growing degree days [GDD] in ºC above a base temperature of 9ºC) from seedling 
emergence during which the rice plant is not responsive to changes in photoperiod. 740 750 

P2R Extent to which phasic development leading to panicle initiation is delayed (expressed as GDD in ºC) for each 
hour increase in photoperiod above P2O. 180 200 

P5 Time period in GDD ºC from beginning of grain filling (3 to 4 days after flowering) to physiological maturity 
with a base temperature of 9ºC. 400 400 

P2O Critical photoperiod or the longest day length (in hours) at which the development occurs at a maximum rate. 10.5 13.5 

G1 Potential spikelet number coefficient as estimated from the number of spikelets per gram of main culm dry 
weight (less lead blades and sheaths plus spikes) at anthesis. 55 70 

G2 Single grain weight (g) under ideal growing conditions. 0.025 0.028 

G3 Tillering coefficient (scalar value) relative to IR64 cultivar under ideal conditions. 1.0 1.10 

G4 Temperature tolerance coefficient, usually 1.0 for varieties grown in normal environments. 0.90 1.50 
 

2.6  Model performance evaluation 
Before applying the models for simulation with future climatic 

data, the results of calibration and validation of the models were 
evaluated, and the model goodness of fit was determined.  Two 
deviation statistics, namely, root-mean square error (RMSE) and 
forecasting efficiency (EF), and one test statistic, called coefficient 
of determination (R2), were calculated for performance evaluation 
of the CERES-Wheat, SUBSTOR-Potato and CERES-Rice models.  
The deviation statistics were calculated by the following equations:  
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where, si refers to the model-simulated value of a parameter; mi is 
the observed/measured value of the parameter; n is the number of 
data points used and m  is the mean value of the measured data.  
The RMSE measures the average of the difference between the 
simulated and measured values in the same unit.  In case of model 
efficiency, an EF value of unity indicates absolute correspondence 
between the simulated and measured data (such as, s=m), while 
EF<0 indicates that the simulated values (s) are different (smaller 
or larger) from the measured value (m).  The R2 statistic (0≤R2≤1) 
provides data variance in percentage accounted for by the model. 
2.7  Model simulation with future climate data 

The effects of climate change on the three selected crops were 
investigated by comparing the results of model simulation under 
climate change projection with the baseline.  The calibrated 
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models were employed to simulate crop growth and yield under 
future changing climatic conditions by selecting the generated 
future weather data as model weather inputs.  Simulations were 
run for the baseline and three future periods of 2040, 2070 and 
2100 of the projected climate change and for the two emission 
scenarios of B2 and A2.  From the outputs of the models, yields, 
WUE, seasonal ET and LGS of the crops were estimated. 

3  Results and discussion 

3.1  Baseline climate  
The mean monthly climatic parameters, calculated from the 

observed data over a period of 1985 to 2014, are illustrated in 
Figure 2.  These parameter values constituted the baseline climate 
for this study.  The mean monthly maximum and minimum 
temperatures were 31.9°C and 11.7°C, respectively.  The mean 
annual rainfall was 2490 mm, which is slightly higher than the 
mean annual rainfall of the country (2300 mm).  Most of the 
rainfalls were concentrated in the months of April to October.  
The mean solar radiation ranged from 14.6 to 21.5 MJ/(m2·d).  
The monthly mean solar radiation was higher in the dry periods 
than in the rainy periods, suggesting that cloud cover obstructed 
solar radiation reaching the ground.  The range of the monthly 
mean temperatures was also higher during the dry period   
(Figure 2). 

 
Figure 2  Mean monthly maximum and minimum temperatures, 

mean monthly total rainfall and mean solar radiation for the 
baseline period (1985-2014) in the study area 

 

3.2  Future climate change scenarios 
The future climate projection reveals that temperature would 

be gradually increasing with time in the B2 emission scenario; the 
year 2100 would have the highest increase of 2.99°C (Table 6).  
Usually, the colder months would go on larger changes than the 
warmer months of the year; the highest increment would be for 
January in 2100.  The magnitude of change of temperature among 
the months of the year would become larger as time would elapse 
from the baseline to the future years of prediction.  The amount of 
precipitation would increase or decrease in different months of the 
year compared to the baseline in the B2 climate change scenario 
(Table 6).  The change of precipitation would be higher at the 
dryer months than the baseline climate.  The highest increase of 
precipitation (42.2%) would be in December of 2100.  In contrast, 
the precipitation would decrease during April to June; the highest 
decrease (-12.5%) would be in April of 2100. 

The change of temperature in 2040 would be almost similar for 
both A2 and B2 scenarios (Table 6).  However, the predicted 
change of temperature would be higher in 2070 and 2100 under A2 
compared to B2 climate change scenarios.  The highest increase in 
temperature would be 3.29°C in 2070 and 5.32°C in 2100 in the 
month of January.  Like B2 scenario, the variation in temperature 

change among the months of the year would increase in the future 
as the time elapses from the baseline period.  Precipitation would 
also follow the trend of temperature variation; the highest change in 
precipitation was in A2 compared to B2 climate change scenario 
(Table 6).  The precipitation would increase or decrease in 
different months of the future years; the highest change would 
occur in the year 2100.  The highest increase of precipitation 
would be 62.2% in December of 2100, while the highest decrease 
of precipitation (-18.4%) would be in April of the same year.  A 
similar trend of change in temperature and precipitation was 
observed in both scenarios but with different magnitudes. 

 

Table 6  Increase (+ve values) or decrease (-ve values) in 
temperature and precipitation for the years 2040, 2070 and 

2100 for B2 and A2 future climatic scenarios of the study area 
compared to their baseline values 

Scenario Month 
Change in temperature/°C Change in precipitation/%

2040 2070 2100 2040 2070 2100 

B2 

January 1.53 2.58 3.63 10.5 17.8 24.9 

February 1.39 2.35 3.30 11.2 19.0 26.6 

March 1.31 2.21 3.10 5.7 9.6 13.5 

April 1.29 2.17 3.05 -5.3 -8.9 -12.5

May 1.29 2.18 3.07 -3.2 -5.4 -7.6 

June 1.21 2.04 2.86 -0.60 -1.0 -1.4 

July 1.12 1.90 2.67 1.2 2.0 2.8 

August 1.22 2.06 2.90 1.3 2.2 3.1 

September 1.30 2.19 3.08 1.7 2.9 4.1 

October 1.06 1.79 2.51 5.6 9.4 13.2 

November 1.28 2.16 3.04 9.0 15.1 21.3 

December 1.26 2.13 2.99 9.2 30.2 42.4 

A2 

January 1.59 3.29 5.32 10.9 22.6 36.6 

February 1.59 3.0 4.84 11.7 24.2 39.1 

March 1.36 2.82 4.55 5.9 12.3 19.9 

April 1.34 2.77 4.48 -5.5 -11.4 -18.4

May 1.34 2.78 4.50 -3.3 -6.9 -11.1

June 1.24 2.60 4.20 -0.6 -1.2 -2.0 

July 1.17 2.42 3.91 1.2 2.6 4.1 

August 1.27 2.63 4.25 1.3 2.8 4.5 

September 1.35 2.37 4.52 1.8 3.7 6.0 

October 1.10 2.28 3.69 5.8 12.0 19.4 

November 1.33 2.76 4.46 9.3 19.3 31.2 

December 1.31 2.72 4.39 18.6 38.5 62.2 
 

3.3  Model calibration and validation 
The CERES-Wheat, CERES-Rice and SUBSTOR-Potato 

models were calibrated and validated for crop yield and LAI and 
the results are presented in Figure 3 and Table 7.  The prediction 
of crop yields in the validation period was in close agreement with 
the observed yields for all three crops under investigation (Figure 
3).  The simulated yield in the calibration phase was 4.12, 16.8 
and 5.6 t/hm2 for wheat, potato and rice, respectively against the 
observed corresponding yields of 4.11, 16.3 and 5.5 t/hm2. 

The CERES-Wheat model was calibrated well for LAI with R2 
of 0.72, RMSE of 0.28 t/hm2 and EF of 0.78 (Table 7).  The 
performance of SUBSTOR-Potato model for LAI prediction was 
satisfactory as indicated by large value of R2 and small deviation 
statistics (Table 7); the values of R2, RMSE and EF were obtained 
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as 0.71, 0.29 t/hm2 and 0.45, respectively during calibration.  For 
CERES-Rice, R2 was 0.87 and EF was 0.74, indicating a strong 
correlation between the simulated and observed LAIs.  The 
calibrated models performed well during validation for LAI as 
indicated by the obtained R2, RMSE and EF.  However, prediction 
of LAI for rice during model validation was not as good as the 
other two models; the poor performance of the model was indicated 
by higher RMSE and negative EF values.     

 
Figure 3  Simulated and observed grain yield of wheat, potato and 

rice during model calibration 
 

Table 7  Coefficient of determination (R2), root-mean square 
error (RMSE) and model efficiency (EF) in simulating leaf area 
index (LAI) during calibration of CERES-Wheat, CERES-Rice 

and SUBSTOR-Potato models 

 Performance parameters for 

 Wheat Potato Rice 

 R2 RMSE 
/t·hm-2 EF R2 RMSE 

/t·hm-2 EF R2 RMSE
/t·hm-2 EF

Calibration 0.72 0.28 0.78 0.71 0.29 0.45 0.87 0.83 0.74

Validation 0.93 0.28 0.76 0.77 0.74 0.27 0.97 2.31 -0.32
 

3.4  Impact of climate change on wheat, potato and rice 
3.4.1  Yield 

The simulated yields of wheat, potato and rice gradually 
decreased in both emission scenarios (A2 and B2) as time elapsed 
from the baseline to the future years of prediction (Figure 4).  For 
all three crop types, decrease in yield was higher in A2 scenario 
compared to B2 scenario, revealing the negative impacts of 
increased temperature and changes in precipitation on the yield.  
The simulated wheat yield ranged from 2.16 to 3.69 t/hm2 in A2 
scenario and from 2.64 to 3.72 t/hm2 in B2 scenario; the simulated 
yield was the lowest in 2100.  The predicted potato yield ranged 
from 10.4 to 11.2 t/hm2 for A2 scenario and from 11.2-11.5 t/hm2 

in B2 scenario.  In B2 scenario, potato yield increased with time 
after an initial decrease from the baseline; the simulated yield was 
the lowest in 2070.  The yield decrease was also simulated for rice, 
and the lowest predicted yield was 2.52 t/hm2 for B2 and      
1.80 t/hm2 for A2 scenario in 2100. 

The simulated wheat yield started decreasing more drastically 
in scenario A2 after 2040 compared to scenario B2 (Table 8).  The 
highest yield reduction was 35.9% and 47.6% in B2 and A2 
scenario, respectively in the year 2100.  The highest reduction in 
potato yield, with respect to baseline, was 38.5% for A2 scenario in 
2100 and 33.6% for B2 scenario in 2070.  The highest reductions 
in potato yield due to climate change reported to be 40% in Idaho 
and 50% in Nebraska[27] are in close agreement with our findings.  
The yield reduction due to climate change was the highest for rice, 

simulating 67.8% reduction in A2 scenario and 55.2% reduction in 
B2 scenario in 2100 compared to the baseline yield.  Several 
studies investigating climate change impact on rice production also 
reported yield reduction, which compared well with our results.  
Due to climate change, Basak et al.[11] predicted a 57% yield 
reduction of Boro rice for the year 2070 for Mymensingh region, 
while Iqbal[28] reported a 61.3% yield reduction of Aman rice for 
the year 2050 for Rangpur district.  Climate change affects the 
physiology of the rice crop that occurs, mainly, from increased 
temperature[29].  However, the overall impact on rice yield 
depends on the combined effects of various climatic parameters, 
including temperature[30].  Likewise, the yield reduction of wheat, 
potato and rice was attributed to the change of climatic parameters, 
in which the precipitation and temperature have gone a major 
change in both A2 and B2 scenarios.  The predicted change in 
temperature and precipitation affected the crop yields by hastening 
plant development, altering water and nutrient budget in the field 
and modifying plant stress[31,32]. 

 
Figure 4  Predicted yield of wheat, potato and rice at baseline and 

three future years of projected climatic change 
 

Table 8  Simulated yield reduction (%) of wheat, potato and 
rice in the future years due to climate change under B2 and A2 

scenarios compared to the baseline climate 

Year 
Wheat Potato Rice 

B2 A2 B2 A2 B2 A2 

2040 9.79 10.5 33.6 33.6 39.7 39.9 

2070 23.8 31.8 33.6 34.7 49.1 55.5 

2100 35.9 47.6 31.6 38.5 55.2 67.8 
 

3.4.2  Water use efficiency 
Water use efficiency, WUE, calculated as the ratio of yield to 

total water used, for biomass production in wheat would increase 
in 2040 compared to the baseline WUE, but would decrease 
thereafter due to climate change (Figure 5a).  The predicted 
highest WUE for biomass production was 302 kg/(hm2·cm)   
and 303 kg/(hm2·cm) in A2 and B2 scenario, respectively in  
2040.  The lowest biomass-WUE was 233 kg/(hm2·cm) and        
260 kg/(hm2·cm) in A2 and B2 scenarios, respectively in 2100.  
The simulated WUE for grain production was lower than the 
biomass-WUE, but it followed the trend similar to that of 
biomass-WUE.  The WUE would increase in 2040 but decrease 
in 2100.  The predicted grain-WUE ranged from 119 to     
186 kg/(hm2·cm) in A2 scenario and from 140-185 kg/(hm2·cm) 
in B2 scenario.  Although WUE depends on water balance 
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components and, consequently, varies with location and time 
slice[33], the reduced WUE obtained in this study compared well 
with published results of other similar studies[34].  However, due 
to the likely occurrence of temperature and precipitation in 

appropriate proportions resulting from climate change, the WUE, 
compared to baseline, would increase in 2040.  Temperature- 
mediated increase in wheat WUE was also observed by Guo et 
al.[34] in a similar study on climate change in China. 

 
a. Wheat b. Potato c. Rice 

 

Figure 5  Predicted water use efficiency (WUE) for biomass and grain/tuber production of (a) wheat, (b) potato and (c) rice at baseline and 
three future years (2040, 2070 and 2100) under projected climate change for B2 and A2 scenarios 

 

The simulated WUE for biomass and tuber production of 
potato at baseline was 1185 kg/(hm2·cm) and 1081 kg/(hm2·cm), 
respectively in B2 scenario, and 1183 kg/(hm2·cm) and 1080 
kg/(hm2·cm), respectively in A2 scenario.  WUE would decrease 
in the future years due to projected climate change in both 
scenarios (Figure 5b).  The lowest WUE for biomass and tuber 
production in A2 scenario was 706 kg/(hm2·cm) and          
637 kg/(hm2·cm), respectively.  The corresponding quantity in B2 
scenario was 798 kg/(hm2·cm) and 716 kg/(hm2·cm) for the year 
2070.  The decrease in WUE was attributed to the decrease in 
biomass and tuber production, and increase in total water use.     

Rice biomass-WUE dropped abruptly in 2040 and continued to 
drop until 2070, but it regained in 2100 for both scenarios (Figure 
5c).  The lowest biomass-WUE was 146 kg/(hm2·cm) in A2 
scenario and 148 kg/(hm2·cm) in B2 scenario in 2070.  On the 
contrary, no increase of WUE for grain production was observed 
after initial drop from the baseline.  The baseline WUE for grain 
production was 82.3 kg/(hm2·cm) in both B2 and A2 scenarios, but 
it decreased in the future years due to climate change.  The lowest 
WUE for grain production, obtained for the year 2100, was    
27.6 kg/(hm2·cm) in B2 scenario and 19.1 kg/(hm2·cm) in A2 
scenario.  The WUE decreased, likely, due to the change of 
climatic parameters (e.g., increasing precipitation), and soil and 
crop management practices that would influence water balance for 
cultivation of the crops[33]. 
3.4.3  Length of growing season   

The length of growing season, LGS, for the three crops under 
investigation decreased from the baseline to the future years due to 
the predicted climate change under both A2 and B2 scenarios 
(Figure 6).  The LGS of wheat would be 119 d at baseline climate 
but would reduce to 97 d in A2 scenario and 103 d in B2 scenario 
in 2100.  However, the LGS of potato would not change 
considerably in that period.  The simulated LGS at baseline would 
be 84 d in both A2 and B2 scenarios and would reduce to 83 d for 
both scenarios in all future years under prediction.  The LGS of 
rice would decrease gradually from 147 d at baseline to 131 d and 
129 d for B2 and A2 scenario, respectively.  Changes in 
temperature and solar radiation substantially affect physiological 
maturity of the crops.  Consequently, these climatic parameters 
would accelerate crop development and maturity, and, thereby, 
reduce the LGS[11,34,35].  Planting date also has an effect on 
physiological maturity of a crop; delayed planting may reduce 

physiological maturity or LGS[35].  However, accelerated crop 
development due to increased temperature reduces LGS for which 
there may not have enough time for effective grain filling that, 
ultimately, results in reduced yield[37]. 

 
Figure 6  Simulated length of growing season of wheat at baseline 

and in the year 2040, 2070 and 2100 under projected climate 
change for B2 and A2 scenarios 

 

3.4.4  Seasonal crop evapotranspiration 
Simulated evapotranspiration, ET, of the three crop types 

under investigation decreased from the baseline to the future years 
due to projected climate change.  The reduction of ET over time 
was linear for wheat, but non-linear for potato and rice (Figure 7).  
After an initial drop of ET from the baseline in 2040, the reduction 
of ET was only minor for potato and rice (Figures 7b and 7c).  At 
baseline, the simulated ET of potato was 425.1 mm in both A2 and 
B2 scenarios that decreased to 272.4 mm and 279.8 mm in B2 and 
A2 scenario, respectively in 2100.  ET of rice at baseline was 
1001 mm and dropped abruptly to 595 mm in B2 and 591 mm in 
A2 scenario in 2040.  However, the decrease in ET was very small 
after 2040; the lowest ET was 577 mm in B2 and 581 mm at A2 in 
2100.  ET depends on both climatic and non-climatic variables, 
such as precipitation, temperature, sunshine, wind speed, soil 
porosity, land slope, crop variety, etc.[11].  In this study, the 
climatic factors in combination with LGS were the main drivers for 
decreasing ET; the shorter LGS reduced the time for ET generation 
and, consequently, resulted in reduced ET.  The observed 
reduction of ET agreed well with a climate change study done in 
some parts of China[34], where the rise of temperature and CO2 
level were reported to contribute in reducing ET. 
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a. Wheat b. Potato c. Rice 

 

Figure 7  Simulated evapotranspiration (ET) of (a) wheat, (b) potato and (c) rice at baseline and in the year 2040, 2070 and 2100 under 
projected climate change for B2 and A2 scenarios 

 

4  Conclusions 

Due to climate change, temperature of the north-central 
Bangladesh would increase progressively from the baseline 
(observed mean of the climatic data of 1984 to 2014) to the year 
2100 for the IPCC climate change scenarios A2 and B2.  The 
predicted highest increase in temperature is 3.62ºC in B2 and 
5.32ºC in A2 scenario in 2100.  Precipitation would also increase, 
except in the months of April to June; the increase would be higher 
during October to February than in the other months.  The 
predicted climate change would exert enormous effects on crop 
production in the region.  The 5.32ºC increase in temperature 
would cause yield reduction of wheat, rice and potato by 47.6%, 
67.8% and 38.6%, respectively.  The increased temperature would 
reduce LGS of the crops by accelerating their physiological 
maturity, especially for rice and wheat, with a consequent reduction 
in seasonal ET of the crops.  But, because of dominant yield 
reduction over the ET reduction, WUE would decrease for both the 
grain/tuber and biomass yields for wheat and potato, but only for 
grain yield for rice.  The predicted crop yield reduction exposes a 
potential risk for food security in Bangladesh in the verge of 
increasing population and diminishing crop lands.  Therefore, the 
results of this study, as well as of similar others, need to be 
considered as guidelines for a better planning, such as changing the 
current cropping practices or developing new varieties, to adopt 
climate change coping mechanisms to safeguard future food 
security of the country. 
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