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Abstract: The crops that we grow for food need specific climatic conditions to show better
performance in view of economic yield. A changing climate could have both beneficial and
harmful effects on crops. Keeping the above view in mind, this study is undertaken to
investigate the impacts of climate change (viz. changes in maximum temperature,
minimum temperature, rainfall, humidity and sunshine) on the yield and cropping area of
four major food crops (viz. Aus rice, Aman rice, Boro rice and wheat) in Bangladesh.
Heteroskedasticity and autocorrelation consistent standard error (HAC) and feasible
generalized least square (FGLS) methods were used to determine the climate-crop
interrelations using national level time series data for the period of 1972-2010. Findings
revealed that the effects of all the climate variables have had significant contributions to
the yield and cropping area of major food crops with distinct variation among them.
Maximum temperature statistically significantly affected all the food crops’ yield except
Aus rice. Maximum temperature also insignificantly affected cropping area of all the crops.
Minimum temperature insignificantly affected Aman rice but benefited other three crops’
yield and cropping area. Rainfall significantly benefitted cropping area of Aus rice, but
significantly affected both yield and cropping area of Aman rice. Humidity statistically
positively contributed to the yield of Aus and Aman rice but, statistically, negatively
influenced the cropping area of Aus rice. Sunshine statistically significantly benefitted only
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Boro rice yield. Overall, maximum temperature adversely affected yield and cropping area
of all the major food crops and rainfall severely affected Aman rice only. Concerning the
issue of climate change and ensuring food security, the respective authorities thus should
give considerable attention to the generation, development and extension of drought
(all major food crops) and flood (particularly Aman rice) tolerant varieties.

Keywords: Bangladesh; climate change; yield and cropping area; major food crops;
food security; drought; flood; sustainable agricultural development

1. Introduction

The effects of climate change on crop production are international concerns, but they are
particularly significant for the sustainable agricultural development of Bangladesh [1]. This is a
country of variant climatic conditions year-round due to its geographic position and physiographic
status. The biggest mountain Himalayas in the north and the funnel-shaped Bay of Bengal in the south
have made Bangladesh a meeting point of the life-long monsoon precipitations and the catastrophic
devastation of floods, droughts, cyclones, storm surges, efc. [2]. Agriculture is always susceptible to
unfavorable weather conditions and climate events. In spite of technological progress (such as
improved crop varieties and irrigation potentialities), weather and climate are still key determinants for
agricultural productivity and sustainability. Agriculture in Bangladesh is already under pressure, both
from huge and increasing demands for food as well as from obstacles related to the degradation of
agricultural land and water endowments [3]. Any internal and external threat (social, political, natural
and environmental) to agriculture directly affects food grain production as well as food security of the
country [4]. Sometimes the relation between these key factors and production losses are obvious,
but often the relations are less direct. In spite of the recent strides regarding gaining sustainable
development, Bangladesh’s ability to restore its development is experienced with significant challenges
and confounded by climate change [5].

Bangladesh has been facing higher temperatures over the last three decades [6]. Moreover,
it is forecasted to experience a rise in annual mean temperatures of 1.0 °C by 2030, 1.4 °C by 2050 and
2.4 °C by 2100. The prediction for the winter season (December, January and February) average
temperature also showed a similar increasing pattern, 1.1 °C by 2030, 1.6 °C by 2050 and 2.7 °C by
2100. The projected value is 0.8 °C by 2030, 1.1 °C by 2050 and 1.9 °C by 2100 for the monsoon
months [7,8]. However, the Global Climate Model (GCM) data estimated more warming for winter
than for the summer months [9]. Based on the above projections, Bangladesh is likely to face more hot
days and heat waves, longer dry spells and higher drought risk. In contrast, almost 80 percent of
rainfalls in Bangladesh have been occurring during monsoon season (June-September). The remaining
20 percent covers eight months, including the winter months in which the high-yielding rice Boro is
grown. Though monsoon season’s rainfall is projected to increase; the rainfall variability may increase
significantly causing more intense rainfall and/or longer dry spells. Most of the climate models
estimated that precipitation will increase during the summer monsoon [10-12]. This erratic and
unevenly distributed pattern produces extreme events, such as floods and droughts, which have
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remarkable harmful effects on major food crops’ yield, especially on Aman rice. As a result, rice
production is likely to decline by 8%—17% by 2050 [6,13,14]. It is noticed that Aman rice had dominated
in Bangladesh from 1980-1981 and contributed to 57% of the total share. However, due to drought and
flood events, the trend of share of Aman rice to the total rice production decreased to 40% by 2005-2006,
even though the total cultivated area devoted to this crop is much higher than others to date [4].

Food security is defined as access to enough and safe food by all people at all times for maintaining
an active and healthy life. Bangladesh is predominantly an agrarian country with a high population
density, where food security is a crucial issue. However, aggregate domestic production and per capita
availability of food grains have increased in the country over the past decades. Nonetheless, the
country still depends on import of food grains [4]. In 2007-2008, it imported 11.5 percent of total
availability and it is predicted that until 2021, the annual requirement for staple food will also exceed
supply, indicating that demand is higher than production [15]. Thus, it needs to increase the rice and
wheat yield in order to fulfill the growing demand for food emanating from population growth.
Climate change is a potential threat towards achieving the above mentioned objective. It is therefore
necessary to realize the effects of climate change on the production of major food crops under
sustainable environmental conditions [16]. Examination of climatology at the national level is most
important for the remedy of agricultural problems arising from climate change. Climatic information
not only recommends the most suitable time for sowing and harvesting but also acts as a guide to the
selection of the proper sites for a certain crop [17]. Historically, most of the past studies regarding
climate change impacts have concentrated on US outcomes [18,19]. Interestingly, recent work has
increasingly studied the impacts of climate change on agricultural production in the developing nations
(such as Asia and Africa) [20-25]. However, all of these studies have demonstrated that agricultural
activities in developing countries are extremely vulnerable to climate change.

Despite the status of Bangladesh as a country that is greatly sensitive to climate change, factual
studies of the significance of climate change on major food crops in this country have been scarce [26].
The study of climate change impacts on Bangladesh agriculture has achieved recent attention, due to
the share of Bangladesh’s agricultural sector. Rimi et al. [27] have conducted a study on the trend and
prediction of future climate change scenarios with GCMs, most purposively investigating the impacts
of climate change on rice production. They found that temperature variations had spectacular
implications on crop yield. The summer crop Aus production has decreased significantly. The production
of Boro rice, a winter crop, has increased significantly with the increase of minimum temperature.
The inter-annual fluctuation in the amount of winter season rainfall was little. Boro production,
therefore, was insignificantly affected by this variable. However, correlation between the climatic
variables and crop production was not statistically significant. In most situations, they found that
irrespective of crops and GCMs, climate change would have an adverse effect. However, their study
simulated the future scenarios of a specific region and specific crop (confined to Satkhira district and
rice crop only). Awal and Siddique [28] estimated the trend of rice production by employing ARIMA
model but did not consider climate influence. Hossain and Teixeira da Silva [1] have undertaken an
initiative to document the climate change impact on rice and wheat yield in Bangladesh. Their study
has drawn a conclusion that global warming is expected to severely reduce the yield of various crops,
including rice and wheat, directly affecting the food security of 165 million people in Bangladesh.
However, this study only reviewed the past studies. Sarker [29] carried out a study to examine the
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relationship between three climate variables (maximum temperature, minimum temperature and
rainfall) and three rice crops. He considered 1971-1972 fiscal years’ yield as the yield of 1972.
However, to ensure consistency between climate parameters and yield, he accounted 1972’s climate
for 1972’s yield. Actually, the previous (1971) year’s climate data should be calculated for Aus and
Aman rice as their growing season completely fell in this year. In case of calculating climate data for
Boro rice, it should merge two calendar years into one (for example, from December of 1971 to May
of 1972 for 1972’s yield), as he considered the growing months for Boro rice to be December-May.
That is why his study might not represent the real relation between climate change and crops yield.
In addition, he did not consider humidity and sunshine as climate variables although these variables
have significant influence on crop production. Furthermore, to explain climate change impacts, he
considered only rice in terms of the climate parameters, and did not pay attention to wheat.

Few studies have been done in Bangladesh to investigate the pattern and trend of rainfall, temperature,
solar radiation, relative humidity, heat budget and energy balance on various ecosystem, and
meteorological application on rice production, response of weather on wheat yield. However, previous
records show that very few of them have intensively examined the relationship between climate change
and crop production [2]. Consequently, these studies might have generated deceptive findings owing to
misinterpretation. Moreover, different crops might be affected non-uniformly [21]. Accordingly,
crop-oriented research (particularly on major staples) is pledged to formulate better policy suggestions
for sustainable development. Therefore, the purpose of this study is to analyze the nexus between
climate change and yield as well as cropping area of major food crops in Bangladesh using national
level time series data over the span from 1972 to 2010.

2. Climatic Features of Major Food Crops in Bangladesh

Three rice crops (Aus, Aman and Boro) and wheat are the major food crops in Bangladesh. These
are grown in different distinct seasons. Aus is generally sown/grown in March—April and harvested in
July—August. Aman is normally planted in June-August and harvested in November-December.
Boro is transplanted in December-January and harvested in April-May. Finally, wheat is sown in
November-December and harvested in March-April [29-31]. To some extent, the calendar for these
major crops differs marginally from place to place, regulated by edaphic and climatic conditions.
Surprisingly, these growing periods are also essentially matched with three climatic periods, for example,
the hot summer (March—May), the monsoon (July—October) and the winter (December—February).
According to BRRI (1991), Aus rice demands supplementary water at the initial stage of its growing
season while Aman is completely rain-fed rice that grows in the months of monsoon, though it requires
supplementary irrigation at the transplanting and occasionally at the flowering stage subject to the
availability of precipitation. Boro is the fully irrigated rice as it grows in the dry winter and the hot
summer [32]. Finally, wheat is also a winter crop as it grows in the winter months under mostly
rain-fed conditions.
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3. Methodology
3.1. Data Sources and Properties

National level yield data of major food crops (Aus rice, Aman rice, Boro rice and wheat) in the time
span 1972-2010 were collected from various versions of the yearbook of agricultural statistics in
Bangladesh [33]. Yield data were found as the fiscal year basis, such as 1971-1972, 1972—-1973, etc.
Then, these fiscal year data were converted to yearly data, for example, 1971-1972 was considered as
1972. Aggregate level monthly data on climatic parameters for all (32) the weather stations was
procured from the Bangladesh Meteorological Department (BMD) [34] for the same time period,
which covers the whole country. These year-wise monthly data were then transformed to seasonal data
according to the growing period of the crops. In case of Aus and Aman rice, as the length of growing
season varies from March—August and June-November respectively, climatic variables have been
defined for this total time period. However, the growing period for Boro rice and wheat has been
counted from December-May and November-April respectively. Generally, the life span average has
been taken into consideration for all the climatic parameters except for rainfall. Production period total
has been calculated for rainfall. As a result, the study came to the point that, in order to make a
consistency between climatic variables and yield (as well as cropping area) data, 1971’s climate data
were used against 1972’s yield and cropping area particularly for Aus and Aman rice. Similarly, the
previous year (1971) and next year (1972) climate data were merged for 1972’s yield and cropping
area for Boro and wheat, as these two crops’ growing period is distributed into two calendar years.

3.2. Descriptive Statistics

The descriptive statistics were presented in Table 1, which delineates the basic properties of all the
variables under study. In case of yield, it was found that, among the four major crops, the mean yield
of Boro rice was the highest and it was two times higher than that of Aus rice. The observed mean
yield of the four crops under study according to the descending order was as follows: Boro > wheat >
Aman > Aus. In view of average (mean) cropping area and production, Aman rice ranked the highest
position and wheat ranked the lowest. Boro and Aus rice stood second and third place in respect of
average cropping area and production respectively. In case of climate variables, the highest maximum
temperature was noticed in the Aus growing season and the highest minimum temperature were
monitored in the Aman growing season. In contrast, the lowest maximum and minimum temperature
was observed in the wheat season. In the case of rainfall, wheat received the lowest total rainfall,
whereas Aus and Aman received more than seven times than that of wheat’s growing season. However,
the highest rainfall was observed in the Aman rice growing season followed by the Aus rice season.
In view of humidity, the highest percentage of humidity was detected in the Aman season, but the
lowest value was detected in the wheat growing season. Finally, highest sunshine was observed in the
wheat growing season and lowest was seen in the Aman season.
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Table 1. Descriptive statistics, 1972-2010.

Variables Major Statistics

Crops Mean Std. dev. Min. Max. Skewness Kurtosis

Aus 2174.49 882.37 906.40 3422.01 —-0.05 1.33

Cropping area Aman 5709.70 343.36 5050.11 7181.51 1.66 10.14

(’000 ha) Boro 2479.74 1253.25 855.04 4718.35 0.31 1.74

Wheat 509.63 216.31 119.78 882.45 —0.51 2.31

Aus 2349.16 612.29 1500.47 3287.94 0.17 1.46

Production Aman 8740.37 1738.29 5586.56  12,207.16 0.13 2.13

(’000 tons) Boro 7232.98 5044.70 1650.13  18,058.96 0.75 2.38

Wheat 985.34 495.34 90.00 1908.44 —0.22 2.49

Aus 475 111 314 720 0.81 2.56

Yield Aman 622 132 396 872 0.29 1.94

(kg/acre) Boro 1072 229 737 1560 0.64 2.44

Wheat 736 160 303 970 -1.29 4.22

Aus 32.04 0.44 31.15 33.04 —-0.06 2.44

Maximum Aman 31.18 0.37 30.47 32.04 0.23 2.70

temperature (°C) Boro 29.6 0.54 28.58 30.82 0.08 2.63

Wheat 29.03 0.54 28.08 30.53 0.39 3.08

Aus 24.03 0.35 23.34 24.62 -0.32 2.22

Minimum Aman 24.17 0.3 23.50 25.13 0.57 4.27

temperature (°C) Boro 18.26 0.42 17.49 19.10 0.22 2.49

Wheat 17.37 0.43 16.66 18.48 0.45 2.62

Aus 9308 1520 5559 11579 —0.54 2.50

Rainfall Aman 9811 1587 5642 12811 —0.28 2.73

(mm/year) Boro 2436 728 942 3912 0.27 2.51

Wheat 1236 516 459 2162 0.25 1.91

Aus 80.51 1.49 76.99 82.88 -0.21 2.15

.1 Aman 84.36 1.13 81.92 86.32 —-0.35 2.31

Humidity ©0) - oo 74.63 2.47 69.47 79.01 0.2 1.94

Wheat 74.49 2.57 69.92 78.71 —-0.15 1.71

Aus 5.98 0.41 5.35 7.10 0.93 3.51

Sunshine Aman 5.44 0.37 4.65 6.37 0.42 3.03

(hours/day) Boro 7.69 0.64 6.73 9.11 0.86 2.93

Wheat 7.83 0.63 6.81 9.23 0.69 2.86

Source: Authors’ own estimation based on GOB (2012) and BMD (2013).
3.3. Analysis of Quantitative Linear Trend in Climatic Variables

It is obviously true that the above descriptive statistics could not reflect climate change and
variability among climate parameters. Therefore, further verification was done to observe exact trends
in climatic variables by estimating linear trend model with time (t) as an explanatory factor over the
whole period. The results of the linear trend model of changes in climatic parameters were displayed in
Table 2. Both t-values and p-values revealed that most of the climate variables showed noticeable
significance of trend. However, the significance of trend for maximum temperature was the largest for
the Aman rice and the smallest for wheat. With the perspective of the minimum temperature,



Sustainability 20185, 7 904

the significance of trend was highest for the Boro rice and lowest for the Aman rice. With regard to the
rainfall, the maximum significance of trend was seen in the case of the Aman rice growing period and
minimum were seen in the Aus season. Humidity showed the highest significance of trend in the Aus,
Boro and wheat season, but lowest in the Aman season. Sunshine expressed maximum significance of
trend in Aman, Boro and wheat growing period, but minimum significance of trend in the Aus season.
However, empirical findings displayed that, maximum temperature, minimum temperature, rainfall
(particularly in the Aus and Aman rice growing season) and humidity appeared to show an upward
(increasing) trend over the entire period, 1972-2010. In contrast, sunshine demonstrated a downward
(decreasing) trend for all the major crop growing periods. These pictures provided clear evidence of
changing climate across the four major food crops growing seasons in Bangladesh. We have estimated
whether this potential climate change affected major food crops yield and their cropping area later.

Table 2. The results of the linear trend model of changes in climate parameters, 1972-2010.

Crops Climate Parameters  Intercept  Coefficient for Time (Trend) t-value p-value R?

Maxt —5.78 0.02 *%*=* 341 0.002 0.24

Mint =5.21 0.0] *** 3.35 0.002 0.23

Aus Rice Rainfall —117,984.50 63.93 3.32 0.002 0.23
Humidity —61.44 0.07 *%** 3.95 0.000  0.30

Sunshine 42.41 —0.02 #*=* —3.58 0.001  0.26

Maxt —12.88 0.02 *** 5.76 0.000 0.47

Mint 8.55 0.01 * 1.90 0.065 0.09

Aman Rice Rainfall —176,815 93.73 %% 5.54 0.000 045
Humidity -19.76 0.05 *** 3.76 0.001 0.28

Sunshine 45.86 —0.02 *** —4.91 0.000 0.39

Maxt 0.60 0.01 * 1.98 0.055 0.10

Mint —19.80 0.02 *#** 3.75 0.001  0.28

Boro Rice Rainfall —9587 6.04 0.58 0.567 0.01
Humidity —231.79 0.15 #%=* 6.13 0.000 0.50

Sunshine 90.47 —0.04 #*=* —6.82 0.000 0.56

Maxt 3.11 0.01 * 1.73 0.092  0.08

Mint -16.06 0.02 **=* 3.02 0.005 0.20

Wheat Rainfall 6899 —2.84 —-0.38 0.704  0.01
Humidity —256.11 0.17 *%=* 6.61 0.000 0.54

Sunshine 91.72 —0.04 #** =7.21 0.000 0.58

* and *** represents the 10% and 1% level of significance respectively. Maxt = growing season average

daily maximum temperature. Mint = growing season average daily minimum temperature.
3.4. Trend Graph

In addition to examining descriptive statistics and analyzing linear trend between time and climatic
variables, graphs were also constructed with time (t) as an explanatory variable to observe the
spectacular impression about the variations and changes in trend (upward or downward) among the
five climatic variables over the whole period (1972-2010) (Figures 1-5). Maximum temperature
fluctuated greatly, but the overall trend was observed to increase for all the seasons (Figure 1). Small
variations were noticed in minimum temperature; however, the trend still appeared to be increasing
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(Figure 2). Rainfall in the Aus and Aman rice growing seasons showed upward trends with distinct and
greatest fluctuations. The Boro rice and wheat season did not reveal any distinct trend over time, but
the variations would be seriously affected these two crops (Figure 3). Humidity also demonstrated an
increasing trend with minor deviations (Figure 4). Interestingly, sunshine exhibited a decreasing
(downward) trend for all the seasons with greater fluctuations (Figure 5). However, investigation was
done to confirm whether these climatic trends and fluctuations affected crops yield in the later section.
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Figure 1. Graph showing the trends and variations in the average maximum temperature of
Bangladesh, 1972-2010.
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Figure 2. Graph showing the trends and variations in the average minimum temperature of
Bangladesh, 1972-2010.
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The trend of Rainfall
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Figure 3. Graph showing the trends and variations in the total rainfall of Bangladesh,
1972-2010.
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3.5. Non-Climatic Trend (Influence of Production Inputs) Removal in Crop Yields

There are significant and positive trends between crop yields and time. The results of crop yield
increases are largely from technique improvements, so the contributions of climate change are hard to
identify from the raw yield data. Therefore, we need to remove the yield trend caused by non-climate
factors (improved variety, management techniques, fertilizers, pesticides, etc.). There are five methods
commonly used to remove its trend. Firstly, crop yields are regarded as a function of time, and yields
are divided into two parts including trends and variations. The trend yields represent the yields of
long-term periods of historical productivity, and the variation yields represent the yields impacted by
climate. This linear regression method also receives larger absolute values of variation, known as
heteroskedasticity, which violate some of the basic assumptions of linear regression. Secondly, in order
to avoid heteroskedasticity in linear regression, log-transformation can transform absolute differences to
relative differences. Thirdly, if crop yield trend changed by time is obvious with non-linear trend,
higher order polynomials can be a choice in that case. Fourthly, another choice commonly used is
first-differences to analyze time-series, that is, crop yield in this year subtracts the yield in the previous
year. At the same time, climate data are also dealt with like this. This method can focus on year to year
variation, so it can reduce the long-term trend of technical progress. Fifthly, adding time variables like
year and year-squared in regression analysis is also a method considering technical improvements [35].
This study has paid attention to the fifth method. Accordingly, year (time variable) was included in the
regression model to control the influence of technology advances in yield.

3.6. Stationarity and Unit Root

As the data series of this present study contained over 20 years of observations, this has enforced
verifying for stationarity before executing the regression [36]. For determining the stationarity of a
time series, a very popular formal method is the Augmented Dickey-Euller (ADF) test. Consequently,
the augmented Dickey—Fuller (ADF) test was performed for all the time series to check the presence of
unit roots [37] and the output was presented in Table 3. In view of dependent variables, the empirical
results exposed that Aman rice and wheat yields have integrated of order 1(0), thus, this series was
stationary in their level form. However, Aus and Boro rice yields have integrated of order I(1), that
indicated non-stationarity of this two data sets. In case of independent variables, humidity and
sunshine showed integration of order I(1) for Boro rice and sunshine displayed integration of order I(1)
for wheat, which have mentioned the presence of a unit root in the level data for Boro rice and wheat.
However, the variables with I(1) were differenced first before computation [38,39].

Table 3. Augmented Dickey-Fuller (ADF) test for checking the stationarity of the data series.

Variables Integration of Integration of Order  Integration of Integration of
Order for Aus for Aman order for Boro  Order for Wheat
Yield I(1) 1(0) I(1) 1(0)
Maxt 1(0) 1(0) 1(0) 1(0)
Mint 1(0) 1(0) 1(0) 1(0)
Rainfall 1(0) 1(0) 1(0) 1(0)
Humidity 1(0) 1(0) I(1) 1(0)

Sunshine 1(0) 1(0) (1) (1)
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3.7. Empirical Model Specification

The dependent variable of this study was yield and cropping area of four major crops (such as
Aus rice, Aman rice, Boro rice and wheat) and the independent variables included five climate
variables (maximum temperature, minimum temperature, rainfall, humidity and sunshine). The major
difference was that the growing season is different by crop, which is the most useful time for
determining the impacts of climate change on the yield and cropping area of crops [40—42].

Multiple linear regression modeling was the guide to determine nexus between climate variables
and crops yield as well as cropping area (harvested area) of different crops under the study. Based on
the properties of dependent variables and inherent autocorrelation that existed among the independent
variables, we came to the viewpoint that that Heteroskedasticity and Autocorrelation (HAC) consistent
standard error and Feasible Generalized Least Square (FGLS) were the most suitable method
compared to Ordinary Least Square (OLS) method [43—45]. Accordingly, the following format for
regression modeling was used for the selected four major food crops.

Yi/CAit = aio + aitMaxtit + ai2Mintit + aisRainfallic + cisHumidityit + aisSunshineit + aie Y earit + it
where, Y = yield (kg/acre) and CA = cropping area (in thousand hectares) of respective crop

1=1,2,...... 4; 1 means Aus rice, 2 means Aman rice, 3 means Boro rice and 4 means wheat
Maxt = Growing season average daily maximum temperature (°C)

Mint = Growing season average daily minimum temperature (°C)

Rainfall = Growing season total daily rainfall (mm)

Humidity = Growing season average daily humidity (%)

Sunshine = Growing season average daily sunshine (hours/day)

t = time (year)

€ = Error term

In each case, the a priori expectation is that the crops that we grow for food need specific
conditions to survive, such as the optimum temperature, soil moisture (water), atmospheric humidity
and sunshine. A changing climate could have both beneficial and harmful effects on crops. Maximum
and minimum temperature benefits crop production by enhancing photosynthesis thereby increasing
crop yield as it increases [46]. However, extremely high temperature differentially affects the
tremendous metabolic processes of plants, including the stability of various proteins and membranes
and the effectiveness of enzymatic reactions in the cell which causes denaturation and finally
metabolic imbalance. Higher temperature shock also leads to a reduction in photosynthetic rates by
affecting photosystem II and Rubisco function and thereby inhibiting crops yield [47]. On the other
hand, very low temperature may cause chilling injury in plants [48]. Precipitation increase affects crop
yield positively by readily dissolving the nutrients for easy soil absorption by plants [49,50].
Unfortunately, intense rainfall during the monsoon season can also lead to soil erosion or the wash-out
of surface soil and the depletion of plant nutrients in soil due to runoff. Destructive floods may
devastate crops and leave farmers with no food to thrive and sell. Similarly, farmers can suffer
production losses as a result of the insufficient and erratic precipitation during the rainy season [51].
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Very high or very low relative humidity is not beneficial for higher grain yield. Crops tend absorb
soil nutrients for optimum yield when there is sufficient humid air. Relative humidity directly controls
the plant-water relationships and indirectly influences leaf growth, photosynthetic rates, pollination,
occurrence of diseases and ultimately crop yields. Moreover, atmospheric dryness can seriously
threaten dry matter production through stomatal control and leaf water potential [52]. Solar radiation
(sunshine) directly affects crop growth and flowering by inducing photosynthesis. Plants are dependent
on solar radiation to generate food, complete their life cycle and ease healthy growth and development.
In contrast, excessive sunshine shows similar negative effects on crops, like higher temperature stress [53].
Thus, changes in climate would be likely to have various significant impacts on crops.

4. Results and Discussion
4.1. The Regression Results for Aus Rice

The HAC method was administered to identify the climate change impacts on the yield and
cropping area of Aus rice. The findings are presented in Table 4, which revealed that climate variables
affected the cropping area more than yield.

Table 4. The regression results of different rice crops and wheat.

Independent
Aus Rice Aman Rice Boro Rice Wheat
Variables
Yield C.Area Yield C.Area Yield C.Area Yield C.Area
13.38 -157.5 —46.69 * -157.4 —40.61 * —36.89 —74.55 * -23.09
Maxt
(1.27) (-1.87) (—2.69) (—0.93) (—2.37) (—0.53) (—2.35) (—0.67)
21.59 157.8 -30.19 —325.3 54.15* 39.24 40.24 59.53
Mint
(1.36) (1.05) (-1.72) (—1.86) (2.17) (0.53) (1.27) (1.64)
-0.01 0.135 *=* —0.02 ** —0.162 ** 0.01 0.01 0.01 0.02
Rainfall
(-1.13) (3.44) (-2.92) (—2.84) (0.65) (0.35) (0.27) (0.71)
10.75 * —135.6 ** 18.83 * 145.1 4.869 -9.42 —17.45 -1.95
Humidity
(2.16) (-3.14) (2.70) (2.00) (1.62) (—0.43) (-1.73) (—0.24)
0.04 93.72 -3.12 -137.2 41.87 * 162.4 22.32 5.80
Sunshine
(0.00) (0.51) (-0.12) (=0.51) (2.22) (1.77) (0.89) (0.18)
-0.67 —70.54 *%* 13.15 #*=* —8.786 0.47 126.5 *** 15.68 ** -2.35
Trend
(—1.38) (—16.67) (12.90) (—0.69) (0.47) (11.58) (3.46) (-1.31)
—406.4 152,962.7 ***  —24777.7 *** 26151.8 =721.7 —249,739.1 ***  —27733.7 ** 4443.1
Intercept
(-0.42) (24.13) (—13.37) (1.09) (-0.44) (—11.88) (-3.14) (1.46)
Model R? 0.25 0.95 0.87 0.38 0.30 0.85 0.05 0.23
Adjusted R? 0.10 0.94 0.84 0.26 0.16 0.82 0.14 0.10

* %% and *** represents the 10%, 5% and 1% level of significance respectively. Figure in the parenthesis

indicates “T-value”. C. Area = Cropping Area.

The results further indicated that the effects of climate change on cropping area differed from the
effects of climate change on the yield of Aus rice. In both the cases, humidity showed statistically
significant influence. Surprisingly, the contribution was found to be positive for yield but negative for
cropping area. Similarly, maximum temperature also displayed positive effect on yield and negative
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for cropping area, but the effect was statistically not significant for both the cases. Contrastingly, while
rainfall very insignificantly affected the yield, it showed statistically significant and positive influence
on the cropping area. Finally, minimum temperature and sunshine expressed positive influence on the
yield and cropping area of Aus rice, although the effects were not significant. The adjusted R? value
implied that 10% of the yield variation and 94% of the variation in cropping area of Aus rice is
influenced by the climatic variability and change.

4.2. The Regression Results for Aman Rice

FGLS method was employed to find out the influence of the climatic variables to the yield and
cropping area of Aman rice. The results were presented in Table 4 which demonstrated that the effects
of all the climatic parameters except humidity were observed to be detrimental for the yield and
cropping area of Aman rice. The yield and cropping area are both negatively affected by the rainfall at
the 5% significance level. Similarly, both maximum and minimum temperature and sunshine also
negatively contributed to the yield and cropping area of this crop, although only maximum temperature
showed statistically significant influence on the yield at the 10% level. For both the cases (yield and
cropping area), humidity contributed positively with a statistically significant effect on yield. It is
obviously true that Aman rice grows in monsoon (rainy) season with relatively higher atmospheric
humidity than other cropping seasons. However, the adjusted R? value expressed that 84% variability
in yield and 26% variability in cropping area of Aman rice is explained by the climatic factors, which
strongly justified the climatic influence on this crop. Therefore, we can conclude that temperature
extremes, intense rainfall and excessive sunshine all disastrously affected this major crop.

Findings of the present study are also justified by the past study that 1 °C increase in maximum
temperature at vegetative, reproductive and ripening causes a decrease in Aman rice production by
2.94, 53.06 and 17.28 tons respectively. This past study also stated that a I mm increase in rainfall at
vegetative, reproductive and ripening stages decrease Aman rice production by 0.036, 0.230 and
0.292 ton respectively [54].

4.3. The Regression Results for Boro Rice

Boro rice is cultivated in Bangladesh using irrigation facilities during the dry season. The HAC
method was performed to determine the climate-Boro rice relationship and the findings were presented
in Table 4. Results showed that, while the contribution of maximum temperature was found to be
negative, four other climate variables greatly favored the yield of this crop. However, maximum
temperature, minimum temperature and sunshine displayed statistically significant correlation with the
yield of Boro rice at the 10% level of statistical significance. In contrast, none of the climatic variables
showed statistically significant contribution to the cropping area of Boro rice. While maximum
temperature and humidity insignificantly affected the cropping area of this crop, the other three
variables (minimum temperature, rainfall and sunshine) positively influenced the same. The Adjusted
R? value indicated that 16% variation in Boro rice yield and 82% variation in cropping area are
explained by the climatic parameters.
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Interestingly, similar findings were found for all the climatic variables in both situations (yield and
cropping area) but not for humidity. Therefore, it is clear that temperature climbing above the
requirement seriously affected Boro rice yield in Bangladesh.

4.4. The Regression Results for Wheat

Wheat is grown in Bangladesh during the winter season, mostly under rain-fed conditions. The
contribution of the climate variables obtained from FGLS method was presented in Table 4. Results
indicated that maximum temperature and humidity showed adverse effects on the yield and cropping
area of wheat, although the influence was statistically significant only for maximum temperature and
only for the yield. Experimental evidence further showed that minimum temperature, rainfall and
sunshine positively influenced the crop (in terms of yield and cropping area), though the relation was
not statistically significant. More surprisingly, the direction of climatic influence for all the climatic
variables was observed to be similar to the yield and cropping area of this crop. The adjusted R? value
showed that 14% variation of yield and 10% variation of cropping area of wheat are explained by
climate change and vulnerabilities in Bangladesh.

The t-value revealed that the contribution of maximum temperature to the yield was significant at
the 10% level. However, this indicated the harmful impact of maximum temperature to the yield of
wheat. The literature review also explored the same justification that high temperature is one of the
major abiotic stresses that have adverse effects on growth, development and ultimately yield of wheat.
At some specific stages of the life cycle of wheat, even a minute increase in temperature may lead to a
total loss of crop yield [47].

Finally, we can say that, although different crops responded differently to the climate variables,
among the four major crops, Aman rice, which is the number one major crop of Bangladesh in view of
cropping area and production (see Table 1) was found to be more vulnerable to climate change effects
compared to the other three major crops.

5. Conclusions

The utmost effort of this study was to examine the impacts of climate change on the yield and
cropping area of major food crops in Bangladesh. The HAC and FGLS methods were applied to satisfy
the objective. Results indicated that cropping area of Aus rice was influenced greatly by the climatic
variations compared to the yield of this crop. The most influential climatic variables for Aman rice
production in Bangladesh were observed to be maximum temperature and rainfall. The findings
confirmed that temperature (both maximum and minimum) and rainfall increases beyond their
optimum requirement may be devastating to the yield and cropping area of Aman rice. In contrast,
humidity positively influenced the yield and cropping area of Aman rice and this is justifiable because
this crop grows in moist (humid) conditions during the monsoon months. The influence of maximum
temperature was also observed to be detrimental for Boro rice and wheat. However, minimum
temperature and sunshine exposed positive interrelation with Boro rice and wheat in respect of both
yield and cropping area with statistically significant contribution to Boro rice yield only. Output
further indicated that while humidity insignificantly favored the yield, it also insignificantly affected
the cropping area of Boro rice. Similar to the effect of maximum temperature, the effect of excessive
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humidity was also shown to be undesirable for wheat cultivation, though this was not statistically
significant. However, the empirical evidence established strong credibility that, overall, climate
variability and change adversely impacted yield and cropping area of major food crops in Bangladesh.
Similarly, the concerned body thus should take proper initiative to combat against climate change
impacts on agriculture in the country for ensuring food security for the ever increasing population
through implementing sustainable agricultural development. To summarize, national level data might
not depict the true scenario for the different agro-ecological zones of any country about climate change
impacts on crops yield [55]. Therefore, region-specific research should be conducted to highlight
regional differences and to guide intensive measures on the perspective of climate change and
cultivation of major food crops in Bangladesh.
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