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Climate extremes are the major concerns due to their impact on agriculture and ecosystem services. 
This study examined the frequency and spatial extent of 9 climate extreme indices relevant to agriculture 
in the coastal region of the Ganges Delta in Bangladesh and India. The study was conducted using 
the latest projected future climate data from IPCC’s sixth assessment report (CMIP6, Coupled Model 
Intercomparison Project Phase 6).  Agriculture in the Ganges Delta suffers the most due to less availability 
of usable water; therefore, the study particularly focused on projected climate changes during the dry 
season (November-April), at short-term (2021- 2040), mid-term (2041- 2060) and long-term (2061-2100) 
basis. The results show an overall increase for both temperature and rainfall, with variations occurring 
spatially and temporarily. Across the region, projected maximum temperature increases are 1.3ºC and 
2.2ºC for the mid and long-term, respectively under SSP245 (Shared Socioeconomic Pathways). The 
difference between daily maximum and minimum temperature decreases indicating a higher increase 
for minimum temperature compared to maximum temperature. At an annual scale, the rainfall increases 
by 160, 400, and 620 mm under the short, medium and long-term projections, respectively. For the same 
projection periods, the total rainfall during the dry season rises by 12, 42 and 41 mm, respectively. 
Similar increasing trend was also observed at mid and long - term projections. The intensity of 1-day 
and 5-day rainfall increases inboth short and long-term compared to the historical average rainfall of 
the region. While total rainfall increases during the dry season, the number of consecutive wet days 
remains unchanged and the number of consecutive dry days slightly increases across the region. It 
implies that shorter but more intense spells of rainfall are likely to occur during the dry season in the 
Sundarbans. The findings of this study are valuable for adaptation and future planning to minimize 
climate risks to agriculture.  
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Rising temperature and extreme precipitation events 
have significant impact on agricultural productivity 
across the world (Islam, 2022; Ozer et al., 2020; Wilson 
et al., 2022). 

This problem is exacerbated by poor environmental 
resource management and a lack of adaptive capacity 
in developing nations (Croitoru et al., 2016; IPCC, 
2014). The agricultural land use and land management 
practices need to adapt to the changes in climate spur. 

Therefore, understanding changes in precipitation 
and temperature extremes is crucial for implementing 
appropriate strategies to mitigate potential climate 
impacts on food security.

The Ganges Delta relies heavily on agriculture 
for food security and livelihoods unlike most of the 
Deltas across  the world. However, this region is highly 
vulnerable to climate change and its ill effect. The 
region often experiences precipitation and temperature 
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extremes, which can significantly impact agricultural 
productivity. Recent studies have focused on 
understanding the changes in precipitation and 
temperature extremes both inland and coast in 
Bangladesh. Abdullah et al. (2022) have indicated 
that both coastal and inland areas were warming 
significantly but the rate of warming was higher 
in coastal areas. Similarly, Das et al. (2022) have 
estimated that the rate of increase of warm extremes is 
almost similar all over Bangladesh; however, with the 
extreme cold events, increases at a little higher rate 
in inland than in the coastal region. In both regions 
(Bangladesh and India), a greater rise in climate 
extremes is expected in the far future. In the Ganges 
Delta, growing non-rice crops successfully in the dry 
season depends partially on the rainfall distribution 
patterns especially on the occurrences of heavy 
rainfall (Yu et al., 2019). The heavy rainfall during 
sowing time delays seeding because of waterlogging 
or causes failure of seedling emergence and growth. 
Modest rainfall at sowing or at other growth stages can 
act synergistically for crop growth and development 
in dry season (Islam et al., 2022; Paul et al., 2021; Yu 
et al., 2019). Also, the delayed establishment of crops 
expose to higher temperature during flowering and 
grain filling stages which shortened the reproductive 
period and reduced yield (Paul et al., 2021). So, it 
is essential to understand the variations in rainfall 
patterns during dry season. 

Significant progress has also been made in projecting 
the climate of Bangladesh. Kamruzzaman et al. (2021) 
assessed the relative performance of CMIP6 models, 
and found the ACCESS-CM2 model was the best that 
could reliably capture the inter-annual variability of 
annual and seasonal rainfall and temperature. Das et al. 
(2022) assessed extreme rainfall characteristics using 
four CMIP6 GCMs (Global Circulation Models) for 
two emission scenarios. Since the simulation results 
depend on the models employed, it is more insightful to 
investigate changes in air temperature and precipitation 
in Bangladesh from a large set of models and under 
diverse scenarios.

However, their study estimated overall changes 
in extreme events without focusing on dry - season 
extremes which is more important for agricultural 

production and food security in the region. In this study, 
we have used the latest available climate data based on 
IPCC’s 6th assessment report (AR6) (IPCC, 2018). We 
have investigated climate extremes most relevant to dry-
season agriculture in the Ganges Delta and quantified 
changes. This information is crucial for adaptation and 
future planning to minimize risk and maximizing yield. 

Materials and Methods

Study area and data

The study includes the southwest coastal region 
of Bangladesh and the southeast coastal region of 
West Bengal in India. It lies between approximately 
21°30′ N to 23°30′ N latitude and 88°00′ E to 90°30′ E 
longitude and covers an area of  27,200 km2. This area 
is commonly known as the Ganges Delta. It includes 70 
upazilas (third-level administrative unit) in Bangladesh 
and 19 blocks of South and North 24 Parganas district 
in the Indian state of West Bengal (Fig. 1). The study 
area is crisscrossed by several rivers that discharge 
into the Bay of Bengal. The area is characterized by its 
proximity to the Bay of Bengal and its intricate network 
of rivers, estuaries, and tidal flats.

The agricultural operation in this area is primarily 
rainfed with low cropping intensity. Due to the lack 
of freshwater sources, dry season crops are limited 
compared to other parts of both the countries. Most of 
the lands remain fallow in the dry season (Islam et al., 
2022); however, some pit-based crops like watermelon, 
sweet gourd, or sunflower are grown by some 
progressive farmers in some pocket areas. Majority of 
households have a pond in their home yards. The pond 
is the main source of freshwater for regular domestic 
activities including bathing, washing dishes and 
water for cooking foods. There are tube wells in some 
households, which are the source of drinking water for 
the village dwellers despite that the tube wells produce 
moderate saline water in the dry season. Soil salinity 
level in the dry season is medium and it decreases in the 
wet season. River water salinity starts to increase from 
December and gets maximum in April/May (25 - 30 dS 
m-1) (Paul, 2020). The region is highly susceptible to 
natural disasters, particularly cyclones, storm surges, 
and flooding, which pose significant risks to crop yields 
and transport infrastructures.
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The study area experiences mean daily temperatures 
ranging from 22 to 30.8°C throughout the year. The 
annual mean precipitation varies across the region, with 
approximately 2000 mm in the east to 1800 mm in the 
west (Yu et al., 2019).

Historical climate data

In this study we have used weather station data as 
well as gridded data for downscaling and bias correction 
of GCM data. For location specific future predictions, 
we have used climate data from 6 gauging stations (5 
in Bangladesh and 1 in West Bengal) from 1980 to 
2020. The data were obtained from the Bangladesh 
Meteorological Department (BMD) and from ICAR-
CSSRI, RRS, Canning Town, India. Fig. 2 shows the 
location of meteorological stations and simulation grids 
in the global climate models (GCMs). For gridded 
climate information, we have used satellite-based 
gridded historical data from the ECMWF Reanalysis v5 
(ERA5) global data set, at 0.25° resolution covering the 
period from January 1940 to the present. ERA5 is the 
fifth generation European Centre for Medium - Range 
Weather Forecasts (ECMWF) atmospheric reanalysis of 
the global climate. The ERA5 is the publicly available 
data produced by the Copernicus Climate Change 
Service (C3S) at ECMWF. Based on rainfall and 

temperature detection metrics, ERA5 demonstrated 
superior performance for historical climate in 
Bangladesh (Islam and Cartwright, 2020). Recently, 
Kamruzzaman et al., (2022) used the ERA5 as reference 
data to evaluate the efficiency of CMIP6 GCMs in 
modelling rainfall data over Bangladesh. The data were 
downloaded from the ECMWF website (https://www.
ecmwf.int/en/forecasts/datasets/reanalysis-datasets/
era5). We have used ERA5 data for the period of 1985 
to 2020 for the bias correction of GCM data.

GCM data

We have used future climate data from the IPCC’s 
sixth assessment report (AR6) for the two Shared Socio 
- Economic Pathways (SSPs) scenarios, SSP245 and 
SSP585. These data are based on the Coupled Model 
Intercomparison Project Phase 6 (CMIP6) which is the 
5th generation of CMIP products from the World Climate 
Research Programme (WCRP). All CMIP6 data are 
available from the World Climate Research Programme 
for downloading and using at no cost. Through the 
Australian Nation Computational Infrastructure (NCI, 
https://nci.org.au), we have downloaded and processed 
daily precipitation, maximum and minimum temperature 
from 26 climate models for the period of 1985 to 2100. 
Based on the analysis conducted in the previous studies 

Fig. 1. Study area map showing administrative boundary of land units in 
Bangladesh and West Bengal and meteorological stations in the Ganges 
Delta
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Fig. 2. Location of weather stations and global climate models (GCMs) in the Ganges Delta

(e.g., Islam and Cartwright, 2020; Kamruzzaman et al., 
2022), 18 out of 26 GCMs are used in the study (Fig. 2). 
It is important to note that the spatial resolution of each 
GCM varies from 100 to 500 km. This study only used 
the results from the first realization (r1i1p1f1) of each 
GCM to keep the evaluations consistent and to minimize 
the model bias. 
Downscaling and bias correction of climate data 

Daily GCM simulations for the period of 1985 to 
2100 were downscaled at 0.25° resolution using the 
Simple Quantile Mapping (SQM) method (Cannon et al., 
2015) and then bias was corrected using ERA5 historical 
data. The SQM approach uses empirical quantile 
mapping to refine GCM simulations independently. 
The method includes: (i) extraction of the GCM data 
corresponding to each target ERA5 grid location, (ii) 
assessment of GCM’s biases, and (iii) bias correction of 
future climate data. The retroactive period differences 
between observed and simulated cumulative distribution 
functions (CDFs) were calculated and applied to future 
simulations for a particular percentile. The ERA5 and 
raw GCM data were used as inputs in a non-parametric 
empirical equation for minimizing systematic bias. 
Further information on downscaling and bias correction 
can be found in Kamruzzaman et al. (2022).

Selecting climate indices 
Cropping seasons in Bangladesh are broadly 

classified as wet (May to October) and dry (November 
to April) which cover the main developmental stages for 
Aman and Boro. The wet season crops (e.g., Kharif crops: 
Aus and Aman rice) largely depend on the characteristics 
of the monsoon (Islam and Mondal, 1992; Jensen et al., 
1993; Mainuddin et al., 2015). The changes in rainfall 
can have either positive or negative impacts on crop 
yield depending on timing, location and duration of 
the monsoon. The starting of monsoon determines the 
sowing/transplanting period of Aus and Aman rice. Any 
delay in transplanting from the optimum period reduces 
yield and also exposes the crop, particularly Aman rice, 
to low rainfall period, thus requiring supplementary 
irrigation. Low rainfall and/or prolonged rainless period 
during the wet season adversely affect the yield of both 
Aus and Aman rice, and the impact is mostly statistically 
significant (Sarker et al., 2012). Also, extreme rainfall 
and floods, quite often encountered, can drastically 
reduce Aman rice yield (Asada et al., 2005; Dastagir, 
2015).

Cropping in the Ganges Delta is particularly 
vulnerable during dry season due to shortage of 
freshwater (Bell et al., 2019). Therefore, this study 
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focused on climate risk during dry season. To assess 
changes in extreme temperature and rainfall, 9 climate 
indices of different climate parameters, were computed 
using the projected temperature and rainfall time series 
data (Table 1). 

Assessing changes for climate extremes 

We have assessed changes in future climate. 
Assessments were conducted for 3 different time 
periods, shortterm (2021-2040), mid-term (2041-2060) 
and long term (2061-2100). Changes in future climates 
are evaluated with respect to historical climate in the 
period of 1995 to 2020. We have investigated changes 
at monthly, seasonal, and annual scales. We assessed 
the climate extremes (e.g., maximum temperature, 
minimum temperature, total rainfall) based on entire 
data series, However, changes for 9 agriculture relevant 
indices were estimated based on dry season (November-
April) data only.

Results and Discussion

Annual and seasonal temperature 

Fig. 3 shows that maximum and minimum 
temperature in the coastal region of Bangladesh and 

West Bengal are increasing irrespective of GCM 
selection. While every GCM is different, there are 
consistently increasing trends for both historical (thick 
red line) and future projections (green line for SSP245 
and blue line for SSP585). There are large uncertainties 
among the GCM predictions, and the uncertainties are 
higher for long-term predictions (e.g., in the period of 
2061-2100). For the short-term (2021-2040) similar 
increases are projected for SSP245 and SSP585. 
However, for the long-term (2061-2100), maximum 
and minimum temperature experience a greater increase 
by about 2oC and 1.5oC respectively under SSP585 
scenario,  compared to SSP245. 

Like the annual scale, increase in mean monthly 
maximum and minimum temperature is predicted by 
most of GCMs (Fig. 4). Compared to the historical 
monthly average (red line), predicted temperatures are 
higher for all 12 months of the year and the increase 
is slightly higher for the SSP585 (blue line) compared 
to SSP245 (green line). While the trends are similar for 
the 2021-2040, 2041-2061 and 2061-2100 projection 
periods, the increase in the period 2041-2060 is higher 
than 2021-2040. Similarly, the increase in 2061-2100 is 
higher than in 2041-2060. Comparing with the historical 

Table 1. List of temperature and precipitation indices used in this study

Indices Definition Unit Purpose
TMAXmean Seasonal average of monthly maximum 

value of daily maximum temperature
oC Tendency of maximum monthly temperature

TMINmean Seasonal average of monthly minimum 
value of daily minimum temperature

oC Tendency of minimum monthly temperature

SU25 Seasonal count of days when daily 
maximum temperature > 25 oC

days Tendency of days above maximum temperature 
limits for rice

DTR Monthly mean difference between daily 
maximum and minimum temperature

oC

RX1day Monthly maximum 1-day precipitation mm Examine the extreme rainfall events  
RX5day Monthly maximum consecutive 5-day 

precipitation
mm Examine the extreme rainfall events

PRCPtot Seasonal total precipitation in wet days 
with precipitation >= 1 mm

mm Tendency of seasonal rainfall

CDD Seasonal maximum number of consecutive 
days with precipitation < 1 mm

days Tendency of dry conditions

CWD Seasonal maximum number of consecutive 
days with precipitation >= 1 mm

days Tendency of wet conditions
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Fig. 4. 	Historical and projected maximum temperature in the coastal region of Bangladesh 
and West Bengal for the SSP245 and SSP585 scenarios in the period of 2021-
2040, 2041-2060 and 2061-2100

Fig. 3. Historical and projected maximum and minimum temperature in the Ganges Delta for the 
SSP245 and SSP585 scenarios (red line: historical, green line: SSP245, blue line: SSP585, 
with shades representing range of values)



30	 Karim et al.	 40(2)

Fig. 5. 	Projected changes in 4 temperature indices for dry season (November-April) 
compared to historical conditions in the Ganges Delta

temperature, monthly temperature is projected to 
increase by 0.5 - 0.7oC, 0.9 - 1.7oC and 1.5 - 4oC in the 
short, mid and long-term. Abdullah et al. (2022) also 
reported based on trend analysis that both coastal and 
inland areas of Bangladesh were warming significantly 
but coastal areas exhibited a higher rate of warming.

Changes in temperature extremes

Fig. 5 and Table 2 shows the spatial and temporal 
variations in 4 temperature indices, extracted for the 
dry season (November to April) at Khepupara, Barisal 
and Satkhira in Bangladesh and Canning in West 
Bengal, India. Three temperature indices (TMAXmean, 
TMINmean and SU25) show increasing trend under 

projected future climate.  Across the region, for 
all gauges and projection periods, the increase in 
TMAXmean is higher for SSP585 compared to SSP245. 
TMAXmean  increases in the range of 0.6ºC to 1.4ºC 
with an average of 1.0ºC in the period of 2041-2060 for 
the SSP245. The average increases are 0.3ºC and 1.9ºC 
in the period 2021-2040 and 2061-2100 respectively. 
The increase in maximum temperature slightly differs 
spatially. As the distance from the coast increase, the rise 
in the maximum temperature decreases. For example, in 
the period of 2041-2060 for the SSP245, the increase 
in TMAXmean with respect to the historical is 1.4oC at 
Khepupara, and 0.6ºC at Barisal which is the minimum. 
Similar to TMAXmean, the increase in TMINmean 
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Table 2. Projected increase and decrease for four temperature indices in the Ganges Delta for dry season (November-April) 

Locations Indices SSP245 SSP585
2021-2040 2041-2060 2061-2100 2021-2040 2041-2060 2061-2100

Barisal DTR -0.5 -0.7 -1.0 -0.3 -0.7 -1.9
SU25 3.9 9.3 13.5 2.0 9.9 16.9
TMAXmean 0.0 0.6 1.4 0.3 1.1 2.8
TMINmean 0.7 1.3 2.2 0.5 1.6 4.1

Canning DTR -0.4 -0.7 -0.9 -0.4 -0.8 -1.3
SU25 5.7 13.6 19.8 3.6 14.9 25.0
TMAXmean 0.4 1.1 1.9 0.4 1.5 3.3
TMINmean 0.8 1.6 2.9 0.8 2.2 5.5

Khepupara DTR -0.6 -1.1 -1.7 -0.6 -1.4 -2.6
SU25 5.6 9.8 12.9 3.8 9.9 14.8
TMAXmean 0.5 1.4 2.4 0.6 2.0 4.0
TMINmean 0.9 1.8 3.0 0.9 2.4 6.3

Satkhira DTR -0.5 -0.8 -1.0 -0.5 -0.9 -1.9
SU25 3.0 10.5 15.8 1.0 11.7 20.7
TMAXmean 0.3 1.0 1.9 0.3 1.4 3.4
TMINmean 0.8 1.5 2.6 0.7 2.0 5.0

also varies spatially and temporarily and the increase in 
higher for the long-term projection (e.g., 2061-2100). In 
general, the increase in TMINmean is higher compared 
to TMAXmean for all gauging sites.

The days with maximum temperature greater than 
25ºC (SU25) increases temporally. The increase varies 
between 9 to 14 days across the region with an average 
of 11 days in the period 2041-2060 for the SSP245. The 
increases are 5 and 15 days in the period 2021-2040 
and 2061-2100 respectively. Unlike the TMAXmean 
and TMINmean, the variations in SU25 exhibit spatial 
difference from west to east, with the largest increase 
of 25 days at Canning, and the smallest of 15 days at 
Khepuparain the long-term projection under SSP585. 

While TMAXmean, TMINmean and SU25 
increases in the future, the difference between daily 
maximum and minimum temperature (DTR) decreases 
(Fig. 5). Negative DTR as shown in Fig. 5 indicates 
that the increase in minimum temperature is greater 
than in maximum temperature. Across the region, DTR 
varies in the range of -0.7ºC to -1.1ºC with an average 
-0.8ºC in the period of 2041-2060 for the SSP245. The 

average DTR in the periods of 2021-2040 and 2061-
2100 are -0.5ºC and -1.1ºC respectively. Compared to 
SSP245, DTRs for SSP585 are slightly larger for all 
gauging sites. The average DTR in the periods 2021- 
2040, 2041 -2060 and 2060-2100 are -0.5ºC, -0.9ºC and 
-2.0ºC respectively. This finding implies that winter is 
becoming much shorter than the earlier period. Similar 
scenario is already existing in USA where winter is 
becoming warmer by 2.7 degrees over the normal 
average (ABC News, 2023).

Annual and seasonal rainfall

Across the Ganges Delta, increase in annual 
rainfall is projected by most GCMs with a clear 
increasing trend for both future scenarios as shown 
in Fig. 6. Thick red, green and blue lines represent 
average of 18 GCMs for the historical climate, 
SSP245 and SSP585 scenarios, respectively. Results 
show large uncertainties in the GCM predictions for 
seasonal rainfall, and the uncertainties are higher for 
long - term predictions (e.g., in the period of 2061-
2100). While some GCM predicts decrease in rainfall, 
majority of the models predicts increase in rainfall 
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Fig. 6. 	Historical and projected future rainfall in the Ganges Delta for the SSP245 and SSP585, (left) 
annual rainfall and (right) dry season (November-April) rainfall

and there is an overall increasing trend in annual mean 
rainfall. Future predictions are 2700, 2940 and 3160 
for the periods 2021-2040, 2041-2060 and 2061-2100 
respectively for SSP245, showing an increase of 160, 
400 and 620 mm respectively compared to historical 
average of 2540 mm.

Although there is a clear increasing trend for the 
annul mean rainfall, increase is small in the dry season 
(Fig. 6, right panel). At a regional scale, mean annual 
dry season rainfall are 224 mm (minimum: 173 mm, 
maximum 283 mm) for 2021-2040, 259 mm (minimum: 
193 mm, maximum 351 mm) for 2041-2060 and 258 
mm (minimum: 168 mm, maximum 368 mm) for 2061-
2100 whereas the historical mean of 206 mm (minimum: 
152 mm, maximum 278 mm) for the SSP245. 

Most GCMs predicted increases for mean monthly 
rainfall for all 12 months and the increase is higher for 
long term prediction. Fig. 7 shows the monthly average 
rainfall in the study area for the short-term (2021-2040), 
mid-term (2041-2061) and long-term (2061-2100). 
Compared to historical monthly average, predicted 
rainfalls are higher for all 12 months of the year and the 
increase is higher for the SSP585 (blue line) compared 
to SSP245, particularly in the long-term. However, most 

increases occur during the wet season months, especially 
between July and September.   

Changes in rainfall extremes

Across the Ganges Delta, increases for seasonaltotal 
rainfall as well as extreme events are projected. Fig. 8 
shows spatial and temporal changes for five rainfall 
indices (RX1day, RX5day, PRCPtot, CDD and CWD) 
relevant to agriculture. Results show an increase in dry 
season rainfall at all gauging sites for short-term as well 
as long-term projections. For both future scenarios, 
dry season rainfall increases in the range of 31 to 51 
mm across the region with an average of 42 mm in the 
period of 2041-2060 with respect to historical average 
dry - season rainfall of 206 mm. These increases are 12 
mm for 2021-2040 and 41 mm for 2041-2100 (Table 3). 
It is important to note that at a longer time scale (2061-
2100), rainfall increase is nominal compared to mid - 
term projection for SSP245. 

The intensity of 1-day and 5-day rainfall increases 
both at short - term and long-term compared to historical 
climate. One day rainfall (RX1day) increases in the 
range of 8 to 15 mm with an average of 11 mm for the 
period 2041-2060 for SSP245, compared to historical 
mean of 60 mm. The increases are 4 mm and 11 mm 
for the 2021-2040 and 2061-2100, respectively. Similar 
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Fig. 7. 	Historical and projected future monthly rainfall in in the coastal region of Bangladesh and West 
Bengal for different periods (rainfall are averaged in the periods 2021-2040, 2041-2060 and 2061-
2100)

to total rainfall increase in the dry season, one day 
maximum rainfall in the period of 2061-2100 is similar 
to 2041-2060. The 5-day rainfall (RX5day) increases by 
26 mm for the period 2041-2060 for SSP245 compared 
to historical mean of 102 mm. The increases are 12 
mm and 24 mm for the 2021-2040 and 2061-2100, 
respectively (Table 3). It is important to note that 5-day 
rainfall increase for long range projection is slightly less 
than the mid - range projection at some stations. Results 
are consistent with other rainfall indices but different 
than temperature indices. 

While total rainfall increases during the dry season, 
the number of consecutive wet days (CWD) is about 
4 days, which remains similar to historical condition.
The consecutive dry days (CDD) however, slightly 
increase across the region. For the 2041-2060 period, 
CDD increases by approximate 2 days for the SSP245 
compared to historical mean of 53 days. The increases 
are 2 and 1 days for 2021-2040 and 2061-2100, 
respectively (Table 3) which indicates that there will 
be a longer consecutive dry period between November 
and April in the study area, although the total rainfall is 

projected to increase.

Uncertainty in climate extremes

Each GCM is different in terms of input climate 
variables and simulation algorithms. Therefore, 
projected changes in future climates are not uniform 
between GCMs, some models predict increase while 
other predict decrease. The uncertainty comes from 
projections of climate change as the climate models are 
driven by emission scenarios that are plausible future 
projects of energy demand and supply, which are all 
inherently uncertain. However, when we combine 
results from all GCMs, we can see a general trend of 
increase or decrease that is most plausible. 

The box and whisker plot in Fig. 9 shows estimated 
climate indices (4 for temperature and 5 for rainfall) 
using downscaled results from 18 GCMs. The horizontal 
line in the figure represents the 50th percentile of all 
GCMs, while top and bottom lines represent 75th and 25th 

percentile, respectively. For all indices the uncertainty is 
higher for predictions (SSP245 and SSP585), compared 
to GCM simulations for historical climate (red boxes). 
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Fig. 8. Changes to rainfall indices for the dry season (November-April) in the Ganges Delta

Among all indices, the TMAXmean is relatively less 
spread out and doesn’t have outliers, implying a more 
consistent and homogenous outcome. 

Overall, the models could capture the interannual 
variability of annual and seasonal rainfall and 
temperature reliably. Similar results were reported by 
Kamruzzaman et al. (2021) to simulate annual and 

seasonal mean rainfall and temperature over Bangladesh. 
The climatic variabilities of the Ganges Delta are 
usually influenced by a number of global and regional 
scale factors such as geographic location, the effect of 
North-South continental scale atmospheric pressure 
gradient, fluctuations in the terrestrial and sea surface 
temperature, and so on (Islam and Neelim, 2010). The 
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Table 3. Projected changes for rainfall indices during dry season (November-April) at selected gauging sites in the Ganges Delta

Locations Indices SSP245 SSP585
2021-2040 2041-2060 2061-2100 2021-2040 2041-2060 2061-2100

Barisal CDD 1 0 -1 1 1 0
CWD 0 0 0 0 0 0
PRCPtot 10 47 51 40 39 93
Rx1day 2 12 13 12 7 16
Rx5day 8 25 27 29 23 40

Canning CDD 2 2 1 2 3 1
CWD 0 0 0 0 0 1
PRCPtot 16 39 29 34 26 73
Rx1day 6 8 6 10 8 13
Rx5day 15 26 16 24 17 38

Khepupara CDD 3 3 3 3 7 2
CWD 0 0 0 0 0 1
PRCPtot 12, 51 45 42 39 102
Rx1day 4 15 14 16 12 24
Rx5day 15 37 31 38 31 62

Satkhira CDD 1 0 0 2 2 1
CWD 0 0 0 0 0 1
PRCPtot 11 31 40 30 37 85
Rx1day 5 9 9 10 11 18
Rx5day 10 18 21 22 24 39

Fig. 9. 	Box plot showing uncertainties for 9 climate indices for the dry season in the Ganges Delta 
(Khepupara) for SSP245 and SSP585 scenarios
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coastal region usually experiences more extreme events 
than any other parts of the country and the increasing 
trend in temperature is also pronounced (Ahmed et 
al., 2022). The current study supports the findings of 
previous studies on changes in climate extremes. The 
study also identified remarkable increasing trends in 
maximum and minimum temperature in short-term, 
mid-term and long-term future up to 1.9°C. This finding 
is aligned with the global temperature increase of 
1.5°C by 2050 and 2-4°C by 2100 as reported by IPCC 
(2018). The seasonal count of days with daily maximum 
temperature above 25°C will be varied from 5 to 15 
days and the maximum counts will be in long-term 
future. Moreover, the uncertainty in projected seasonal 
rainfall could be an alarming indication for future crop 
production. Rising annual temperature results in greater 
frequency and intensity of cyclonic storms (Haque et 
al., 2019 ; Minar et al., 2013).

The mitigation and adaptation strategies for 
agriculture are strongly depending on the magnitude 
and rate of climate change and also with the associated 
climate risks.  Agriculture is the most vulnerable sector to 
climate change effects and it also indirectly contributes 
to GHG emissions and aggravates global warming. 
The climate extremes are responsible for reducing the 
agricultural production and putting the security under 
pressure. 

The increasing frequency or amount of heavy 
precipitation or uncertainty in precipitation can harm 
crops by eroding soil and depleting soil nutrients 
(Gowda et al., 2018). The coastal region of Bangladesh 
covers about 20% of total land area and over 30% of the 
cultivable lands of the country (Minar et al., 2013). The 
crop production will adversely be affected by shortening 
the length of crop growing season.

The future climate predictions show a significant 
variability in climatic patterns for climate extremes like 
increase in temperature, and uncertainty in rainfall with 
higher intensity. In a case study, Habib-ur-Rahman et 
al. (2022) quantified climate change effects on rice and 
wheat and tried to develop adaptation strategies for rice 
- wheat cropping system during mid - century (2040-
2069). They predicted a yield reduction of 15.2% in rice 
and 14.1% in wheat by DSSAT crop model and 17.2% 
in rice and 12% in wheat by APSIM crop model. On 

the other side, in another study in the Northern part 
of Bangladesh, Hasan et al. (2019) reported that the 
production of rice and wheat will be increased almost 
double for in future period (2040) as per both APSIM 
and DSSAT crop models if additional irrigation supply 
can be provided. Therefore, there is a need of strategic 
plans to adopt climate - smart and resilient agricultural 
technologies for sustainable crop production in future 
under rapid changing climate. Wheat and mustard 
yields appear to be becoming more sensitive to 
minimum temperature, especially during post-anthesis 
period (Rao et al., 2015). Though the region is not 
predominating wheat growing area an increase in 1oC 
Tmin may decline wheat yield by 7% in India. Testing 
of adaptation strategies like adjusting the sowing dates 
and growing heat tolerant cultivars at the local level 
needs prioritisation.

To make cropping systems intensification a reality, 
a number of changes in the systems need to be made in 
the coastal zone (Bell et al., 2019) as follows: surface 
drainage of excess water at the end of the wet season;  
better understanding and use of the limited fresh 
groundwater; increased surface water storage capacity; 
planting of earlier maturity and shorter duration rice 
varieties during the monsoon season to provide better 
timeliness of Rabi crops in relation to water availability; 
increased use of salt tolerant Rabi cultivars, use of 
mulches to reduce Rabi season soil evaporation and 
hence reduce salinity build-up in surface soil.

A wide range of field crops and vegetable crops are 
feasible in the coastal zone, and profitable intensified 
cropping patterns have been identified. Among the 
cropping patterns that increased BCR (benefit-cost ratio) 
in Sundarbans region are Kharif  rice-potato-mungbean, 
Kharif rice-mustard-mungbean, Kharif rice-garden pea-
mungbean, Kharif rice-spinach-mungbean (Saha et al., 
2019). One of the most promising new crops introduced 
was zero-tillage (ZT) potato after Kharif rice (Maji 
et al., 2020). The ZT potato is placed on wet soil and 
covered by a thick layer of rice straw mulch equivalent 
to 12 t ha-1. The main opportunity involves changing the 
cropping season to use stored water from the monsoon 
season in the Rabi season when the solute potential is 
low and to harvest crops early enough to avoid crop 
stress from waterlogging, salinity/drought, heat and or 
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storms (Bell et al., 2019). Provision of field drainage 
for harnessing the productivity of waterlogged soils is 
required.

The coastal regions of India are marked as one 
of the traditionally backward and disadvantaged areas 
with low agricultural productivity due to poor quality of 
soil and water. Enhancing farm income and sustaining 
livelihoods of resource poor farmers under such fragile 
environment become a real challenge both for technology 
developers as well as policy makers. Resource poor 
farmers were naturally risk averters and they tend to 
prefer a lower outcome that is relatively certain to the 
prospect of a higher return associated with a greater 
degree of uncertainty. For achieving and continuing with 
higher cropping system intensification from the existing 
cropping system, farmers need continuous support 
like, more capital investment, additional knowledge on 
crop management and assurance of remunerative price. 
Contingent planning, real time weather forecasting with 
agro-advisory and crop insurance could increase the 
resilience of the system (Bhattacharyya et al., 2020). 

CONCLUSION

The study assessed changes in temperature and 
rainfall in the Ganges Delta using data from IPCC’s 
CMIP6 for SSP245 and SSP585. We estimated changes 
at local and regional scales and at short (2021-2040) mid 
(2041-2160) and long term (2061-2100) time scales. The 
study particularly focused on changes during dry season 
(November-April) because agriculture in the Ganges 
Delta suffers the most due to water shortage. Across the 
region increases are projected for both temperature and 
rainfall and the increase vary spatially and temporarily. 
The difference between daily maximum and minimum 
temperature decreases which indicates higher increase 
for minimum temperature compared to maximum 
temperature. While there is a large increase in annual 
rainfall (e.g., 400 mm for the period 2041-2060), dry 
season increase is only 42 mm for the same period. The 
intensity of 1-day and 5-day rainfall increases both at 
short-term and long-term. While total rainfall increases 
during dry season, number of consecutive wet days 
remains similar to historical but consecutive dry days 
slightly increases across the region.

The assessment of temperature and rainfall 

extremes provides insights into the challenges faced by 
the agricultural sector, especially during the dry season 
when freshwater is insufficient. The findings emphasize 
the need for climate adaptation strategies that enhance 
the resilience of agricultural systems. By implementing 
appropriate measures, such as improved water 
management, crop diversification, and capacity building 
for farmers, the region can enhance its agricultural 
resilience and ensure food security in the region.
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