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ABSTRACT

Climate change presents significant challenges globally, with Bangladesh being especially vulnerable 
due to its geographic and socioeconomic conditions. This study examines the potential impacts of cli-
mate change on temperature and precipitation in Bangladesh using observational data from 22 weath-
er stations and future projections from the MPI-ESM-LR and MPI-ESM-MR global circulation models 
(GCMs) under Representative Concentration Pathway (RCP) scenarios 4.5 and 8.5. Four precipitation 
indices and two temperature indices are analyzed to assess model performance by comparing observed 
data with GCM outputs and identifying biases. Again, bias correction is performed using the Climate 
Model data for hydrologic modeling (CMhyd) software, applying techniques such as delta change, 
distribution mapping, linear scaling, power transformation, and local intensity scaling. Initial testing 
at the Sylhet station indicates that the delta change method is the most effective, achieving a Root Mean 
Square Error (RMSE) of zero for both temperature and precipitation. This method is subsequently ap-
plied to data from 21 additional stations, significantly improving the accuracy of future projections by 
aligning extreme precipitation and temperature patterns closer to observed values than raw GCM data. 
After bias correction, projections under RCP 4.5 and RCP 8.5 scenarios reveal substantial increases in 
daily precipitation and maximum temperatures, with RCP 8.5 indicating a more pronounced warm-
ing trend and greater variability in precipitation. These findings provide valuable insights for water 
resource management and the formulation of effective climate adaptation strategies in Bangladesh.

Cite this article as: Nury AH, Mahmud MS, Majumdar SN, Anti SB. Assessing climate change 
impacts on precipitation and temperature in Bangladesh. Environ Res Tec 2025;8(4) 900-927.

INTRODUCTION

Bangladesh is among the nation’s most at risk from climate 
change, with extreme weather events such as floods and cy-
clones causing significant economic and human losses be-
cause of its poor infrastructure, geographical location, and 
high population (more than 1100 people per square kilome-
ter [1]. Among the most underdeveloped countries in the 
world, Bangladesh is in hot zone for climate change. This 

country is susceptible to the consequences of extreme weath-
er events, such as heat exhaustion and heavy rainfall, as a 
result of its proximity to the Bay of Bengal, which frequently 
results in a humid environment [2]. Also, Bangladesh is a 
member of the Asian monsoon regime, which means that 
the summer monsoon season's predominant southerly flows 
enhance the risk of heat stress by bringing warm, humid air 
masses from the Bay of Bengal to the country. The nation is 
especially vulnerable to the consequences of climate change 
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as a result of the aforementioned variables, and the hazards 
connected to these impacts will probably increase as climate 
change intensifies [3].
Recent climatic records indicate that Bangladesh is already 
experiencing severe heatwaves and intense rainfall. South 
Asian countries along the Indus and Ganges River valleys, 
including India, Pakistan, and Bangladesh, experienced 
heat waves that broke records between 1979 and 2015 [4, 5]. 
Maximum wet-bulb temperatures of 31°C have recently been 
recorded in Bangladesh; these temperatures are exceedingly 
dangerous to human health [6, 7]. An estimated 4,000 peo-
ple died from heat-related illnesses in 2015 as a result of the 
South Asian heat wave [8]. Apart from high temperatures, 
2017 saw disastrous floods in South Asia that affected about 
40 million people and claimed over 1,000 lives [9]. Strong 
cyclones that produce deluges of rain every three years, on 
average, pose a threat to Bangladesh as well [10].
The economy and society of Bangladesh are dependent on 
agriculture, which is highly sensitive to changes in tempera-
ture and precipitation patterns. Thus, several studies have 
emphasized the significance of precise climate projections 
and bias-corrected data for nations such as Bangladesh. One 
study highlights the necessity for region-specific research on 
environmental variables and their effects on rice production, 
acknowledging the difficulties presented by temperature 
fluctuations and inconsistent precipitation in Bangladesh 
[11]. In a research, the susceptibility of Bangladesh to climate 
change, especially with relation to temperature and precipi-
tation changes, is underlined together with the need of reli-
able climate projections and adaptation plans [12]. Further 
research [13] indicate that bias correction techniques are es-
sential for enhancing the precision of climate model outputs, 
which can subsequently be utilized to forecast the effects of 
climate change on hydrological processes and agricultural 
systems. Therefore, precise climate data is crucial for formu-
lating effective policies and strategies to tackle the difficulties 
posed by climate change, with Global Circulation Models 
(GCMs) being vital in producing this data.
Global Circulation Models (GCMs) are frequently used to 
forecast temperature, precipitation, and other meteorologi-
cal variables in order to anticipate the implications of climate 
change in the future [14-16]. Nevertheless, GCMs are pres-
ently unable to accurately depict meteorological processes at 
a resolution appropriate for generating local climatic vari-
ables [17]. Model structure, initial circumstances, and sce-
nario mistakes are the sources of the constraints, which cause 
biases in GCM outputs [18, 19]. GCMs do not adequately 
reflect the local climate, which makes them inadequate for 
research of climate change consequences at the watershed 
level. Hence, there are major uncertainties in the accuracy 
of Global Circulation Models (GCMs) for simulating precip-
itation and temperature trends in Bangladesh, which must 
be addressed using a variety of bias correction approaches. 
To reconcile the discrepancies between simulation and ob-
servation, bias detection and correction must be applied to 
the GCM-derived meteorological variables. The biases and 
uncertainties of these variables such as temperature and 

precipitation specifically over Bangladesh have not yet been 
adequately addressed by previous studies. The literature pro-
vides a number of bias correction methods to address these 
problems, such as quantile mapping, linear scaling, and local 
intensity scaling [20, 21].
A study [22] evaluates the impact of various bias correction 
methods, including distribution mapping and scaling, on 
hydrological simulations for flood peaks and streamflow in 
RCM-simulated temperature and precipitation data. These 
methods are computationally difficult and focuses on mean 
values and hydrological effects, neglecting extreme occur-
rences and region-specific validation, limiting its application 
to Bangladesh. Another study compared the bias correction 
methods of linear scaling and quantile mapping in the Ka-
ligandaki River Basin, and the results indicated that there 
was no substantial distinction between the two [23]. How-
ever, the effectiveness of high-precision climate projections 
may be restricted by the failure to capture extreme events 
and finer-scale variations due to the reliance on linear scal-
ing.
In a paper [24], power transformation and gamma distri-
bution modification are investigated for correcting GCM 
precipitation simulations, with a focus on dry day accuracy. 
The problem of this bias correction method is that it only 
considers precipitation and dry day accuracy, leaving out 
temperature biases and severe events, which are critical for 
a thorough climate impact analysis. Another study shows 
that, since the delta change method adjusts model outputs 
depending on observed changes, thereby enhancing the ac-
curacy of future climate projections and hence it remains a 
popular bias correction method [25]. By means of a consis-
tent adjustment across the data, the approach specifically 
improves forecast of future temperature and precipitation 
patterns by so reducing variations between model and ob-
served values.
Therefore, the main objective of this study is to use bias-cor-
rected GCM data to predict how temperatures and rainfall 
will change in Bangladesh in the future using the Climate 
Model data for hydrologic modeling (CMhyd). In order to 
do this, weather data from different sites is gathered and 
compared with GCM outputs. Different techniques, such as 
Delta Change, distribution mapping, and local intensity scal-
ing, are used to find biases. The Delta Change method works 
best, lowering biases to almost zero. After applying the Delta 
Change bias correction, the data is statistically validated and 
pre-processed for further hydrological analysis. This ensures 
reliable climate forecasts across several climate change sce-
narios (RCP 4.5 and 8.5), which are subsequently utilized 
to guide adaptation strategies and facilitate evidence-based 
decision-making in response to possible climate effects in 
Bangladesh. This paper represents the first comprehensive 
investigation of future climate forecasts for Bangladesh, ex-
amining diverse bias correction methodologies and their 
ramifications for forthcoming climate impact evaluations.
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STUDY AREA

This study region includes all 22 Bangladesh Meteorologi-
cal Department (BMD) stations and evaluates how reliable 
Global Circulation Models (GCMs) are at modeling tem-
perature and precipitation in the nation (Figure 1). Table 1 
provides the stations' geographic coordinates and elevation 
information. Southeast Asian nation of Bangladesh is locat-
ed between India and Myanmar, between 88°01' and 92°41' 
E longitude and 20°34' and 26°38' N latitude. This nation is 
made up of a small deltaic plain with hills in the southeast 
and east and sandy beaches in the south [26]. Bangladesh has 
a tropical monsoon climate that is humid and varies signifi-
cantly with the seasons [27]. More over 70% of the nation's 
yearly precipitation falls during the monsoon season, which 
runs from June to September [28]. Winter (December to 
February) is primarily dry, with the remaining precipitation 
falling during the post-monsoon (October–November) and 
pre-monsoon (March–May) seasons. The country's long-
term average minimum and maximum temperatures are 
21°C and 29°C, respectively. The extremes of regional pre-
cipitation differ greatly throughout Bangladesh. The average 
annual precipitation in the southwest is the lowest at 1527 
mm, while the average annual precipitation in the northeast 
is the highest at 4197 mm [29]. While there are regional dif-
ferences in both temperature and precipitation extremes, the 
western area is generally drier than other regions of the na-
tion [30, 31].

Figure 1. Study area map of Bangladesh with 22 BMD stations 
for GCM analysis

METHODOLOGY

This study employs a thorough and integrated methodolo-
gy to forecast future temperature and precipitation patterns 
in Bangladesh, ensuring reliable and precise outcomes. The 
process started with the collection and organization of mete-
orological data from 22 stations, obtained from the Bangla-
desh Meteorological Department (BMD) and the Bangladesh 
Water Development Board (BWDB). After that, missing data 
were methodically addressed, and historical daily records of 
precipitation and temperature were compiled for analysis.
To integrate climate projections, the MPI-ESM-LR and MPI-
ESM-MR global climate models were employed, chosen for 
their capacity to provide both global (low resolution) and re-
gional (medium resolution) insights. The models, based on 
RCP 4.5 and RCP 8.5 scenarios, were pre-processed and ana-
lyzed against observed station data to detect differences. This 
comparison revealed biases that were corrected by advanced 
correction techniques, such as delta change, distribution 
mapping, linear scaling, local intensity scaling, and power 
transformation of precipitation. The delta change method 
was recognized as the most effective, minimizing biases to 
nearly zero RMSE values and enhancing the correspondence 
between modeled and observed data.
Following bias reduction, the study authenticated the ad-
justed data by statistical metrics to guarantee resilience. The 
validated data were subsequently pre-processed for incorpo-
ration into hydrological models with CMhyd software, hence 
enhancing the precision of future climate effect projections 
under various emission scenarios. These projections offer 
critical insights into possible climatic alterations and related 
risks, enabling the assessment of climate impacts. The pro-
jections facilitate evidence-based decision-making for cli-
mate adaption measures and water resource management in 
Bangladesh. The overall methodology of the study is visually 
represented in the flowchart shown in Figure 2.
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ID Station Latitude Longitude Elevation

1 Barishal 22.7167 90.3667 2.1
2 Bhola 22.6833 90.65 4.3
3 Bogra 24.85 89.3667 17.9

4 Cumilla 23.4333 91.1833 7.5

5 Cox's Bazar 21.45 91.9667 2.1

6 Dhaka 23.7667 90.3833 8.45

7 Faridpur 23.6 89.85 8.1
8 Feni 23.0333 91.4167 6.4
9 Ishwardi 24.15 89.0333 12.9

10 Jessore 23.2 89.3333 6.1

11 Khepupara 21.9833 90.6833 1.83

12 Khulna 22.7833 89.5667 2.1
13 Madaripur 23.1667 90.1833 7
14 Maijdee Court 22.8667 91.1 4.87
15 Mymensing 24.7333 90.4167 18
16 Rajshahi 24.3667 88.7 19.5
17 Rangpur 25.7333 89.2667 32.61
18 Rangamati 22.3667 92.15 68.89
19 Satkhira 22.7167 89.0833 3.96
20 Sitakunda 22.6333 91.7 7.3
21 Sylhet 24.9 91.8833 33.53
22 Teknaf 20.8667 92.3 5

Table 1. Coordinates and elevation of BMD stations in Bangladesh
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Figure 2. Flowchart of the methodology for meteorological data processing and GCM integration
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Observed and Global Circulation Model (GCM) Data
Daily maximum (Tmax) and minimum (Tmin) Tempera-
tures, along with precipitation data, were obtained from the 
Bangladesh Meteorological Department for 22 stations (as 
shown in Figure 1 and Table 1) covering the period from 
1980 to 2015.
The Global Circulation Model (GCM) data used in this study 
were sourced from the MPI-ESM-LR and MPI-ESM-MR 
models, developed by the Max Planck Institute for Meteorol-

ogy in Germany. These data were acquired from the Coupled 
Model Intercomparison Project phase 5 (CMIP5) database, 
which includes outputs from various GCMs under different 
emission scenarios.
In this study, historical simulation data (1980-2015) and fu-
ture projections (2020-2045) were utilized based on the sce-
narios of Representative Concentration Pathways (RCP) 4.5 
and 8.5, as shown in Table 2.

Missing Data Treatment
Multiple imputation techniques were used to handle missing 
data. Several believable imputed datasets with various imput-
ed values for the missing data were created using this meth-
od. The observed data and the variable distribution served 
as the foundation for the creation of these datasets. Each im-
puted dataset was then subjected to statistical analysis, and 
the outcomes were aggregated to get a general estimate of 
the parameters of interest. Multiple imputation was useful 
because it took into account the uncertainty associated with 
the missing data and could provide more accurate estimates 
compared to other methods of handling missing data [32].
Mathematically, multiple imputation can be expressed as:

Imputation model as equation (1):

Where, Yi is the incomplete variable to be imputed for ob-
servation i, Xi is the observed covariate data, Y-i is the incom-
plete variable data for all other observations except i, and εi 
is the error term.
Analysis model as equation (2):

Where, θ is the parameter of interest, and g(Y)  is the func-
tion used to estimate the parameter from the imputed data-
set.
Combining imputations as equation (3):

Where, θ_mis the estimated parameter from imputed data-
set m, and M is the total number of imputed datasets. The 
estimates from each imputed dataset were combined to get 
the final estimate of the parameter.

Extreme Climatic Indices Used for Bias Identification
The expert group on Climate Change Detection and Indi-
ces (ETCCDI) had chosen six extreme climatic indices for 
this investigation, including four precipitation indices and 
two temperature indices [33]. Monthly mean and standard 
deviation were computed for both precipitation and tem-
perature. The utilization of extreme precipitation metrics 
included dry days, wet days, Simple Daily Intensity Index 
(SDII), and Maximum 1-day precipitation (RX1day). RX-
1day was a short-lived, exceptionally heavy precipitation 
event. The maximum daily minimum temperature (TNx) 
and minimum daily maximum temperature (TXn) were 
used to calculate the temperature indices [34]. The cli-
matic indicators were employed to detect discrepancies in 
temperature and precipitation information obtained from 
GCMs and observational data.

Selection of Bias Correction Techniques
In this study, bias identification was performed using sever-
al bias correction methods, including delta change correla-
tion, distribution mapping of precipitation and tempera-
ture, linear scaling (multiplicative), power-transformation 
of precipitation, precipitation-local-intensity-scaling [35]. 
For this study, the delta change correlation method was 
employed for bias correction for both precipitation and 
temperature. This method was selected as it had the ability 
to adjust the model output to more accurately reflect the 
observed data.

Linear scaling of precipitation/temperature (LS)
LS is the most straightforward bias correction technique 
employed in several studies [36-38]. It adjusts the GCM 
mean value with a perfect agreement with the observation 
data. The control and scenario precipitation/temperature 
are then adjusted based on the ratio between the long-term 
monthly mean observed and control/scenario data using 
equations (4) and (5), respectively. However, this approach 
can correctly adjust the climatic factors only when the 
monthly mean values are included.

Model Calendar Institution Historical 
Simulation Period

Future Simulated 
Period Scenario

MPI-ESM-LR 365-day Max Planck Institute for 
Meteorology in Germany 1980-2015 2020-2045 RCP-4.5, 

8.5

MPI-ESM-MR 365-day Max Planck Institute for 
Meteorology in Germany 1980-2015 2020-2045 RCP-4.5, 

8.5

Table 2. Overview of GCM models used in the study
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Where, P = precipitation/temperature; (d) = daily time se-
ries;  μm = mean and P*= final bias corrected.

Local intensity scaling (LOCI) of precipitation
The LOCI method is introduced by extends the linear scal-
ing method a step forward. Added to the mean, it also adjusts 
wet-day frequencies and wet-day intensities of precipita-
tion. The precipitation intensity threshold (P_(th,control)) 
for every month is initially confirmed. Then, the number of 
wet days in control data that exceeds the threshold will be 
adjusted based on the number of days the observed precip-
itation was determined. The number of precipitation events 
for control and scenario run is corrected by applying the 
calibrated GCM precipitation threshold (P_(th,control)) 
using equations (6) and (7), respectively. This approach vir-
tually eliminates the drizzle effect because excessive drizzly 
days are frequently added to the GCM outputs.

A scaling factor s is then calculated using equation (8) to 
confirm that the mean of corrected precipitation is equal to 
observed data.

Where, P*1= intermediate step in bias correction and Pth 
= threshold.

Power transformation of precipitation (PT)
PT corrects both the monthly mean as well as the variance. 
It uses an exponential correcting factor a Pb [39, 40]. Pa-
rameter 'b' is measured monthly (bm) using the distribu-
tion-free method with a three-month window. Initially, 'b' 
is determined by equalizing the Coefficient of Variation 
(CV) of corrected GCM precipitation (Pb) and observed 
precipitation (P_observed) for every month (m) using the 
root-finding algorithm. Then ' bm ' is calculated using equa-
tion (11) and 'CVm' using equation (12). Equation (13) & 
(14) were used for equalizing the datasets.

Afterwards, 'PT' equalizes the observed precipitation (P_
observed) with the intermediate series (P_control^(*1)) 
using the LS method. Finally, the corrected control and sce-
nario precipitation datasets were derived using equations 
(15) and (16) respectively.

Distribution mapping of precipitation & temperature 
(DM)
The DM method is applied to correct mean, standard de-
viation (SD), and quantiles by equalizing the distribution 
functions of both the GCM outputs and the observed data. 
The method assumes that the GCM-simulated and ob-
served precipitation, temperature follows a particular fre-
quency of distribution, in turn, may cause biases. Accord-
ingly, Gamma distribution is used for effective precipitation 
& temperature distribution as equation (17).

Where, Γ(α) is the Gamma function, α is the shape param-
eter, and β is the scale parameter.
Subsequently, GCM outputs are corrected in terms of the 
Gamma cumulative distribution function (F_γ) and its in-
verse function (F_γ^(-1)) as follows equation (18) & (19):

Delta change method
Delta change correlation method is a widely used method 
for correcting biases in climate model output. Mathemat-
ically, the method involves adjusting the model output by 
a correction factor that is derived based on the correlation 
between the model output and the observed data. The ratio 
of the mean value of the observed data to the mean value of 
the model output is used to compute the correction factor 
[41]. A multiplicative correction is used for the precipita-
tion & temperature correction equation (20) & (21).
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Here, P*scenario (d) represents the bias-corrected value for a 
specific variable (e.g., precipitation, temperature) at a given 
location and time. Pobserved (d)  is the observed value for the 
same variable at the same location and time. μm (Pscenario (d))  
is the mean value of the model-simulated variable (e.g., pre-
cipitation, temperature) across a specific time period, such 
as a month, at the same location. μm (Pcontrol (d)) is the mean 
value of the model-simulated control variable (e.g., precipi-
tation, temperature) across the same time period at the same 
location. Overall, the delta change correlation method pro-
vides a useful and straightforward approach to correcting 
biases in climate model output [42, 43].

RESULTS AND DISCUSSIONS

The application of the delta changes bias correction meth-
od utilizing Global Circulation Model (GCM) data yielded 
predicted precipitation and temperature data for the 2020-
2045 timeframe under RCP 4.5 and 8.5 scenarios across 
22 meteorological stations in Bangladesh. RCP 4.5 and 8.5, 
denoting moderate and high greenhouse gas emission sce-
narios respectively, were selected to encompass a spectrum 
of anticipated climate change impacts, from intermediate to 
worst-case outcomes [44, 45]. This study predicted substan-
tial effects of climate change on temperature and precipita-
tion in Bangladesh. The projected rise in precipitation is like-
ly to intensify flooding and landslides in certain regions, but 
the increase in temperature is associated with elevated heat 
stress, diminished agricultural productivity, and alterations 

in disease patterns.
The findings indicate an urgent necessity for climate adap-
tation and mitigation methods in Bangladesh, highlighting 
the importance of prompt and evidence-based action. These 
techniques must be customized to address the distinct issues 
encountered by various locations, taking into account the 
specific climatic and socio-economic settings of each.
The project implemented five distinct bias reduction tech-
niques on the Sylhet station dataset during its preliminary 
phase. An extensive assessment indicated that the delta 
change strategy was the most efficacious in mitigating biases 
in the data. This technique was later utilized to rectify the 
bias in precipitation and temperature data across 21 supple-
mentary stations in Bangladesh.
The Root Mean Square Error (RMSE) values for precipita-
tion, daily maximum temperature, and daily minimum tem-
perature were computed for each bias correction approach, 
with the findings displayed in Table 3. RMSE is an important 
metric that measures the standard deviation of the error dis-
tribution between observed and simulated data [46]. It gives 
a clear picture of how accurate and reliable model projec-
tions are.
The delta change method exhibited a remarkable RMSE 
value of 0 for all three variables, signifying an exceptional 
alignment between the observed and model-simulated data 
([47], [48]). This outstanding performance highlights the ef-
ficacy of the delta change approach in mitigating biases and 
precisely representing observed climate conditions ([42], 
[43]). Consequently, the delta change method was deemed 
the most dependable strategy for bias correction in this in-
vestigation, owing to its capacity to entirely eradicate bias 
and generate simulations that nearly align with the observed 
data.

After applying the bias adjustment, future estimates for pre-
cipitation and temperature were produced for the 22 mete-
orological stations in Bangladesh for the period 2020-2045 
under the RCP 4.5 and 8.5 scenarios. These projections will 
be crucial in informing climate adaptation and mitigation 
measures by offering more precise and dependable future 
climate forecasts. This study emphasizes the significance of 
bias correction methods in enhancing the precision of cli-
mate projections and underscores the need for meticulous 
evaluation of uncertainties in model simulations, especially 

regarding the potential effects of climate change on vital sec-
tors such as agriculture, water resources, and public health 
in Bangladesh.

Bias Correction and Uncertainty Mitigation in Model 
Projections
The bias-corrected dataset from 1980 to 2015 significantly 
improves the raw Global Circulation Model (GCM) out-
puts through the Delta Change methodology, as outlined 
in Tables 4, 5, 6 and depicted in Figures 3–8. The modifi-

Bias Correction Methods Precipitation RMSE Daily Maximum 
Temperature RMSE

Daily Minimum 
Temperature RMSE

Linear scaling 11.273 2.128 1.486
Distribution mapping 9.254 1.855 1.354

Delta change 0 0 0
Local intensity scaling 11.234

Power transformation of precipitation 9.484

Table 3. RMSE for precipitation, daily maximum temperature, daily minimum temperature using different bias correc-
tion methods
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cations improve the precision of maximum and lowest tem-
perature forecasts and precipitation assessments, mitigating 
systematic biases and ensuring the dataset more accurately 
corresponds with observed climatological data from Ban-
gladesh. Figure 3 combines observed and forecasted maxi-
mum temperatures, revealing that the unrefined projections 
(38.6°C–45.6°C) considerably overestimated the actual val-
ues (33.4°C–38°C), especially in years characterized by high 
heat. Following the implementation of bias correction, un-
certainties were reduced, and predictions corresponded with 
observed data within a range of 31.2°C to 36.3°C. Figure 
4 further demonstrates these enhancements in long-term 
maximum temperature patterns. Figures 5 and 6 concentrate 
on minimum temperatures, indicating that raw predictions 
(27.5°C–35.6°C) exceeded the observed values (23°C–30°C). 
Bias adjustment diminished uncertainty to a range of 
±0.4°C–±0.9°C, resulting in better consistency between 
observed and forecasted minimum temperatures. Figure 
7 analyses precipitation, revealing that raw GCM forecasts 
(13.5–21.6 mm/day) significantly surpass observed values 

(10.5–14 mm/day), especially during years of peak rainfall. 
Figure 8 shows how bias correction reduced these discrep-
ancies, enhancing trend alignment, and mitigating predic-
tive uncertainty in precipitation forecasts. Tables 4, 5, and 6 
present the observed and predicted climate variables before 
and after bias correction, emphasizing a significant decrease 
in uncertainty. The Delta Change approach considerably en-
hanced the consistency of forecasts with observed trends, 
illustrating its efficacy in enhancing model reliability. The 
analysis highlights that uncertainties included in raw GCM 
outputs were significantly reduced, guaranteeing that adjust-
ed datasets more accurately represent natural climatic vari-
ability instead of model biases. This refined dataset, derived 
from empirical data from the Bangladesh Meteorological 
Department and simulations from MPI-ESM-LR and MPI-
ESM-MR, offers a reliable foundation for analyzing histori-
cal climatic conditions and forecasting future scenarios with 
reduced uncertainty. This is especially crucial for areas like as 
Bangladesh, where precise climate modelling is necessary for 
comprehending risk and guiding adaptation strategies.
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Year Observed Max 
Temp(°C)

Predicted Max 
Temp. Before Bias 

Correction(°C)

Predicted Max 
Temp After Bias 
Correction(°C)

Uncertainty Max 
Temp Before 

Correction(°C)

Uncertainty 
Max Temp After 
Correction(°C)

1980 34.5 39.5 35 ±5.0 ±0.5
1981 36 40.8 36.4 ±4.8 ±0.4
1982 37.2 45.1 33 ±7.9 ±0.6
1983 35.8 41.7 37.8 ±5.9 ±0.3
1984 34.8 40.9 35.3 ±6.1 ±0.5
1985 33.4 39.2 34.1 ±5.8 ±0.7
1986 36.5 39.4 37.1 ±2.9 ±0.6
1987 35.1 43.7 35.5 ±8.6 ±0.4
1988 37 40 37.5 ±3 ±0.5
1989 33.8 40.2 34.4 ±6.4 ±0.6
1990 34.2 40.4 34.7 ±6.2 ±0.5
1991 36.1 38.6 36.5 ±2.5 ±0.4
1992 35.5 40.8 35.8 ±5.3 ±0.3
1993 37.4 41 37.9 ±3.6 ±0.5
1994 36.6 43.1 37.2 ±6.5 ±0.6
1995 34.7 41.3 35.4 ±6.6 ±0.7
1996 33.9 39.5 34.5 ±5.6 ±0.6
1997 36.4 41.7 36.9 ±5.3 ±0.5
1998 34.9 40.8 35.5 ±5.9 ±0.6
1999 37.1 42 37.6 ±4.9 ±0.5
2000 36.7 42.3 37.3 ±5.6 ±0.6
2001 35.4 42.5 35.9 ±7.0 ±0.5
2002 33.6 42.7 34 ±9.1 ±0.4
2003 36.2 42.8 36.7 ±6.2 ±0.5
2004 35.9 43 36.4 ±7.1 ±0.5
2005 36.2 43.2 36.8 ±7 ±0.6
2006 34.6 43.4 35.1 ±8.8 ±0.5
2007 33.5 43.6 33.9 ±10.1 ±0.4
2008 36.8 43.8 37.4 ±7 ±0.6
2009 38 45 38.4 ±7 ±0.4
2010 36.9 44.2 37.4 ±7.3 ±0.5
2011 34.4 44.4 35 ±10 ±0.6
2012 36.1 45.6 36.6 ±9.5 ±0.5
2013 35.2 44.8 35.6 ±9.6 ±0.4
2014 36.7 45 37.2 ±8.3 ±0.5
2015 37.1 45.2 37.6 ±8.1 ±0.5

Table 4. Yearly analysis of observed vs. simulated maximum temperatures: Uncertainty insights before and after bias correction
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Figure 3. Observed vs. predicted maximum temperature trends before bias correction

Figure 4. Observed and predicted maximum temperatures after bias correction
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Year Observed Max 
Temp(°C)

Predicted Max 
Temp. Before Bias 

Correction(°C)

Predicted Max 
Temp After Bias 
Correction(°C)

Uncertainty Max 
Temp Before 

Correction(°C)

Uncertainty 
Max Temp After 
Correction(°C)

1980 23 28 23.7 ±5.0 ±0.7
1981 24 28.4 24.6 ±4.4 ±0.6
1982 23.5 27.8 24 ±4.3 ±0.5
1983 24.1 29.3 24.5 ±5.2 ±0.4
1984 24.2 28.9 24.8 ±4.7 ±0.6
1985 24.3 27.5 25.1 ±3.2 ±0.8
1986 24.5 30.3 24.9 ±5.8 ±0.4
1987 24.7 32.1 25.2 ±7.4 ±0.5
1988 25 29.2 25.7 ±4.2 ±0.7
1989 25.2 28.6 25.8 ±3.4 ±0.6
1990 25.3 30.7 25.9 ±5.4 ±0.6
1991 25.4 29 25.9 ±3.6 ±0.5
1992 25.5 32.6 26.1 ±7.1 ±0.6
1993 25.7 29.1 26.4 ±3.4 ±0.7
1994 25.8 31.8 26.2 ±6 ±0.4
1995 26 29.4 26.5 ±3.4 ±0.5
1996 26.2 30.7 26.7 ±4.5 ±0.5
1997 26.4 29.1 27 ±2.7 ±0.6
1998 26.6 31.5 27 ±4.9 ±0.4
1999 26.8 30.2 27.4 ±3.4 ±0.6
2000 27 29.2 27.5 ±5.0 ±0.5
2001 27.2 28.8 27.8 ±2.1 ±0.6
2002 27.4 34.9 28 ±7.2 ±0.6
2003 27.6 33.5 28.2 ±5.9 ±0.6
2004 27.8 35.6 25.4 ±7.8 ±0.6
2005 28 32.2 28.5 ±4.2 ±0.5
2006 28.2 33.6 28.8 ±5.4 ±0.6
2007 28.4 32.9 28.9 ±5.7 ±0.5
2008 28.6 33.7 29 ±5.8 ±0.4
2009 28.8 30 29.4 ±1.2 ±0.6
2010 29 35.1 29.7 ±6.0 ±0.7
2011 29.2 35.3 29.8 ±6.1 ±0.6
2012 29.4 35.6 29.9 ±6.2 ±0.5
2013 29.6 34 30.2 ±4.4 ±0.6
2014 29.8 34.3 30.4 ±4.5 ±0.6
2015 30 34.3 30.5 ±4.3 ±0.5

Table 5. Observed vs. simulated minimum temperatures: A yearly breakdown with uncertainty before and after bias adjustment
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Figure 5. Observed and predicted minimum temperature before bias correction

Figure 6. Observed and predicted minimum temperature trends after bias correction
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Year
Observed 

Precipitation 
(mm/day)

Predicted Precipitation 
Before Bias Correction 

(mm/day)

Predicted Precipitation 
After Bias Correction 

(mm/day)

Uncertainty 
Precipitation Before 

Correction (mm/
day)

Uncertainty 
Precipitation

1980 10.5 15.5 11.1 ±5.0 ±0.6
1981 12.3 17.4 13 ±5.1 ±0.7
1982 11 16.2 11.8 ±5.2 ±0.8
1983 14.1 19.4 14.7 ±5.3 ±0.6
1984 13.6 19 14.1 ±5.4 ±0.5
1985 11.2 16.7 11.8 ±5.5 ±0.6
1986 12.8 18.4 13.5 ±5.6 ±0.7
1987 14 19.7 14.8 ±5.7 ±0.8
1988 13 18.8 13.9 ±5.8 ±0.9
1989 10.8 16.7 11.3 ±5.9 ±0.5
1990 11.4 17.4 12 ±6.0 ±0.6
1991 12.1 18.2 12.8 ±6.1 ±0.7
1992 11.9 18.1 12.5 ±6.2 ±0.6
1993 13.3 19.6 14.1 ±6.3 ±0.8
1994 12.5 18.9 13.2 ±6.4 ±0.7
1995 13.2 19.7 14 ±6.5 ±0.8
1996 11.3 17.9 12 ±6.6 ±0.7
1997 12.6 19.3 13.4 ±6.7 ±0.8
1998 12 18.8 12.7 ±6.8 ±0.7
1999 13.4 20.3 14 ±6.9 ±0.6
2000 13.1 20.1 13.7 ±7.0 ±0.6
2001 12.4 19.5 12.9 ±7.1 ±0.5
2002 11.1 18.3 11.6 ±7.2 ±0.5
2003 12.7 20 13.3 ±7.3 ±0.6
2004 12.9 20.3 13.4 ±7.4 ±0.5
2005 13.5 21 14.2 ±7.5 ±0.7
2006 12.8 20.4 13.3 ±7.6 ±0.5
2007 12 19.7 12.6 ±7.7 ±0.6
2008 13.1 20.9 13.6 ±7.8 ±0.5
2009 13.2 21.1 13.8 ±7.9 ±0.6
2010 13.4 21.4 14.1 ±8.0 ±0.7
2011 12.5 20.6 13.2 ±8.1 ±0.7
2012 13.3 13.5 13.9 ±8.2 ±0.6
2013 12.6 20.9 13.3 ±8.3 ±0.7
2014 13.2 21.6 13.8 ±8.4 ±0.6
2015 12 20.5 12.5 ±8.5 ±0.5

Table 6. Precipitation trends revisited: Observed vs. simulated values with uncertainty before and after bias correction
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Figure 7. Observed and predicted precipitation patterns before bias correction

Figure 8. Observed and predicted precipitation patterns after bias correction
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Observed Data, GCM Data & Bias Corrected Data for 
Calibration Period
The comparison of observed data, GCM (Global Circulation 
Model) projections, and bias-corrected data during the cal-
ibration period offers a thorough evaluation of how well the 
GCM simulates important climate variables, such as tem-
perature and precipitation. This process computed several 
statistical metrics for the observed, GCM, and bias-corrected 
data, including the monthly mean, standard deviation, fre-
quency of dry and wet days, Simple Precipitation Intensity 
Index (SDII), and maximum 1-day precipitation (RX1day). 
Figure 9 compares the monthly mean and standard deviation 
of precipitation, showcasing the close match between the bi-
as-corrected data and the GCM with the observed values. By 
comparing the frequency of dry and wet days, Figure 10 fur-
ther investigates precipitation extremes and provides insight 
into how well the model captures the variability in precip-
itation across time. Figure 11 analyzes severe precipitation 
events using the maximum 1-day precipitation (RX1day) 
and the SDII. This demonstrates how the bias-corrected data 
can more accurately depict the observed patterns of heavy 
rainfall.
Similar comparisons were done for temperature, with an 
emphasis on the monthly mean, standard deviation, and 
extreme temperature values, including the maximum value 
of the daily lowest temperature (TNx) and the minimum 
value of the daily maximum temperature (TXn). Figures 12 
and 13 present the analysis and visualization of these tem-
perature variables. Figure 12 displays the monthly mean, 
standard deviation, and TXn (minimum of daily maximum 
temperatures), while Figure 13 compares the monthly mean, 
standard deviation, and TNx (maximum of daily minimum 
temperatures) between the observed and modeled data. This 
thorough comparison evaluates the accuracy with which the 

GCM depicts temperature trends and whether the bias cor-
rection technique improves the simulation of extreme tem-
perature events.
It also looks at the connection between the two datasets and 
quantifies the bias between the observed and GCM data. The 
results show that the bias correction procedure successfully 
lowers the differences between the observed and GCM data, 
improving agreement on the precipitation and temperature 
extremes' frequency and magnitude. Severe occurrences 
such as high temperatures and heavy rainfall, particularly 
well-represented in the bias-corrected data, are crucial for 
understanding climate variability and extremes. This im-
provement illustrates the significance of bias correction in 
improving the precision of climate model forecasts.
Results are shown for four regions: Dhaka, Sylhet, Cox's Ba-
zar, and Rajshahi, in order to emphasize the bias correction's 
efficacy. In order to meet the paper's space constraints and 
demonstrate how well the bias correction method works 
in several geographic locations with various climates, these 
places were chosen. Both temperature and precipitation es-
timates are significantly more accurate using the bias-cor-
rected data for these places, providing a more trustworthy 
picture of potential future climate conditions. This thorough 
comparison of observed, GCM, and bias-corrected data of-
fers important information about how well the GCM model 
performs and how well the bias correction technique refines 
climate projections two factors that are crucial for making 
well-informed decisions about planning and policy related 
to climate change.

Figure 9. Monthly mean and standard deviation of precipitation: comparison between observed data, GCM projections, and 
bias-corrected results for (a) Dhaka, (b) Sylhet, (c) Cox's Bazar, and (d) Rajshahi
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Figure 10. Precipitation comparison for dry and wet days: observed data, GCM projections, and bias-corrected results for (a) 
Dhaka, (b) Sylhet, (c) Cox's Bazar, and (d) Rajshahi

Figure 11. Comparison of maximum 1-day precipitation (Rx1day) and simple daily intensity index (SDII) across observed data, 
GCM projections, and bias-corrected results for (a) Dhaka, (b) Sylhet, (c) Cox's Bazar, and (d) Rajshahi



917Environ Res Tec, Vol. 8, Issue. 4, pp. 900-927, December 2025

Figure 12. Evaluation of monthly mean, standard deviation, and TXn daily maximum temperature across observed data, GCM 
projections, and bias-corrected results for (a) Dhaka, (b) Sylhet, (c) Cox's Bazar, and (d) Rajshahi
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Figure 13. Assessment of monthly mean, standard deviation, and TNx of daily minimum temperature for observed data, GCM 
projections, and bias-corrected results in (a) Dhaka, (b) Sylhet, (c) Cox's Bazar, and (d) Rajshahi
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Climate Projections for Precipitation and Temperature 
Using MPI-ESM-LR and MPI-ESM-MR Models
This section utilizes the MPI-ESM-LR and MPI-ESM-MR 
models to study the expected changes in temperature and 
precipitation. This study centered on climate scenarios based 
on RCP 4.5 and RCP 8.5, providing valuable perspectives on 
possible changes in climate trends for both moderate and 
high-emission scenarios. These forecasts aid in the under-
standing of potential regional variations in temperature and 
precipitation throughout time. Distinguishing between the 
Model for Interdisciplinary Research on Climate - Earth 
System Model (MPI-ESM-MR) and the Model for Interdis-
ciplinary Research on Climate - Low Resolution (MPI-ESM-
LR) is crucial for evaluating climate projections and their 
effects. The MPI-ESM-MR model generally functions at an 
elevated spatial resolution, providing more localized and de-
tailed climate variables, rendering it appropriate for investi-
gations necessitating high precision in regional evaluations 
[49]. Conversely, the MPI-ESM-LR model is less computa-
tionally intensive, employing a lower resolution while still 
offering valuable insights into large-scale climate patterns, 
especially in contexts where computational resources are 
constrained or when global-scale projections are paramount 
[50]. Both models, despite variations in resolution, are ex-
tensively utilized in climate modeling and provide distinct 
advantages contingent upon the scale of research [51].

MPI-ESM-LR model projections

-RCP 4.5 scenario
The RCP 4.5 scenario provides a moderate emissions route, 
providing forecasts for both historical and future climate 
conditions. Using the MPI-ESM-LR climate model, Figure 
14 (Precipitation) compares Bangladesh's historical and pre-
dicted precipitation trends. The future scenario was predicted 
on the RCP 4.5 emissions trajectory for 2020–2045, whereas 
the historical data spans the years 1980–2005. Historically, 
the majority of Bangladesh had relatively little precipitation, 
with the exception of the northeastern and southeast areas, 
where the largest rainfall (red) was recorded in towns like 
Sylhet and Chittagong. But now, significant changes in pre-
cipitation patterns are indicated by the future estimate under 
RCP 4.5. According to the model, precipitation is expected 
to rise in the central areas (yellow), including Dhaka and 
Barishal. This may increase the likelihood of flooding and 
waterlogging in some regions. In contrast, the southwestern 
area, which includes Khulna and Rajshahi, might see less 
precipitation (green), which might make the drought and 
water shortage worse. These precipitation fluctuations may 
therefore have a substantial effect on Bangladesh's agricul-
ture, water resources, and ecosystem. More rainfall in certain 
areas may result in erosion and flooding, while less rainfall 
in others may impact crop productivity and freshwater avail-
ability. Furthermore, the frequency and severity of extreme 
weather events like droughts and cyclones may be impacted 
by modifications in precipitation patterns. 
According to Figure 14 (Daily Maximum Temperature), 
daily maximum temperatures of Bangladesh are expected to 

rise sharply under RCP 4.5. The temperature in Khulna and 
Rajshahi used to be between 31 and 32°C (brown), while the 
majority of other places in Bangladesh had temps between 
30 and 31°C (yellow). However, according on the future sce-
nario, Khulna and the area surrounding it will see tempera-
tures above 32°C (red), with cities like Dhaka, Chittagong, 
and Sylhet being among the numerous new places where 
temperatures will rise above 30°C (brown). In certain areas, 
the implications of urban heat islands, public health, and ag-
riculture might all be severely impacted by this increase.
The daily minimum temperatures of Bangladesh are expect-
ed to rise sharply under RCP 4.5, as seen in Figure 14 (Daily 
Minimum Temperature). The majority of places have his-
torically seen temperatures between 21 and 22°C (yellow), 
with others, like Sylhet, Rangpur and Rajshahi, experiencing 
temperatures as low as 20 to 21°C (green). Nonetheless, the 
future scenario projects a significant increase in regions with 
temperatures above 22°C (red), including cities like Dhaka, 
Khulna, Barishal and Chittagong. Agriculture, public health, 
and general thermal comfort in these areas may all be nega-
tively impacted by this increase.
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-RCP 8.5 scenario
Climate variables were predicted to alter significantly in the 
RCP 8.5 scenario. While both RCP 4.5 and RCP 8.5 were ex-
pected to result in a significant increase in daily precipitation 
in Bangladesh, the amount of the increase was greater under 
RCP 8.5. Figure 15 (Precipitation) indicates that the majority 
of regions had lower precipitation levels (green and yellow), 
though places like Sylhet and Chittagong had higher rainfall 
(red) in the past. The red areas are predicted to moderate-
ly expand under RCP 4.5, indicating higher precipitation in 
numerous areas. But under RCP 8.5, the yellow area exten-
sion is much more noticeable, indicating a considerable rise 
in precipitation nationwide, particularly in major cities like 
Dhaka, Barishal and Rangpur. In the future, the red area will 
likewise grow. 
Bangladesh's daily maximum temperatures were expected to 
rise considerably under both RCP 4.5 and RCP 8.5, but the 
extent of the increase was greater under RCP 8.5. In Figure 
15 (Daily Maximum Temperature), temperatures in most 
places were in between 30 to 31°C (yellow), with certain 
places, including Sylhet and Rangpur, experiencing under 
30°C in the past. The red areas are now predicted to expand 
moderately under RCP 4.5, showing higher temperatures in 
many areas. The growth of red areas, however, is noticeably 
more noticeable under RCP 8.5, indicating a considerable 

rise in the nation's maximum temperatures. In certain ar-
eas, the implications of urban heat islands, agriculture, and 
public health might all be severely impacted by this increase. 
Almost the entire map turns red (above 32°C temperature) 
in the future scenario under RCP 8.5, signifying a sharp and 
pervasive rise in Bangladesh's daily maximum temperatures. 
This indicates that the probability of heat waves will be much 
higher than in the past, endangering the health of vulner-
able groups. Given that many crops are vulnerable to high 
temperatures, the agriculture industry may also be negative-
ly impacted. More severe heat conditions could result from 
the exacerbation of the urban heat island effect in places like 
Dhaka and Chittagong.
According to Figure 15 (Daily Minimum Temperature), 
Bangladesh's daily minimum temperatures will climb dra-
matically under both RCP 4.5 and RCP 8.5, with the increase 
being more pronounced under RCP 8.5. Under RCP 8.5, the 
entire map turns red, indicating extreme heat waves across 
the nation, whereas historically, most regions saw tempera-
tures between 21 and 22°C (yellow). Although there may still 
be some green in places like Sylhet and Rangpur, the general 
trend is toward much higher minimum temperatures.

Figure 14. Historical vs projected precipitation and daily temperature (maximum and minimum) data under the RCP 4.5 sce-
nario using the MPI-ESM-LR model, including distribution analysis
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MPI-ESM-MR Model Projections

-RCP 4.5 scenario
The MPI-ESM-MR model provided informative climate pro-
jections for the RCP 4.5 scenario. Through the use of distri-
bution maps, these results improved the comprehension of 
the spatial and temporal dynamics of precipitation and tem-
perature under the RCP 4.5 scenario using the MPI-ESM-
MR model. According to Figure 16 (Precipitation), RCP 4.5 
is expected to drastically alter Bangladesh's precipitation pat-
terns. In the past, Sylhet and Chittagong had higher rainfall 
(red), whereas the other of regions had lower precipitation 
levels (green and yellow). According to the future scenario, 
the southwestern region, which includes Khulna, may see 
less precipitation (more green areas), while the central and 
northern regions are expected to have more precipitation 

(more yellow areas). Bangladesh's environment, agriculture, 
and water supplies may all be significantly impacted by these 
changes.
Figure 16 (Daily Maximum Temperature) illustrates how 
Bangladesh's daily maximum temperatures are expected to 
rise dramatically under RCP 4.5. In the past, temperatures 
in most places were below 32°C (yellow), with select plac-
es, including Khulna and Rajshahi, experiencing 31-32°C 
(brown). But according to the future scenario, brown ar-
eas will significantly expand, suggesting a sharp rise in the 
whole nation's maximum temperatures. The concentration 
of red patches in these places suggests that they are likely to 
face some of the worst heat waves, especially in Chittagong, 
Khulna, and the Rajshahi border region. This highlights the 
necessity of focused adaption strategies.

Figure 15. Historical and projected precipitation, daily maximum, and minimum temperature data under the RCP 8.5 scenario 
using the MPI-ESM-LR model, accompanied by spatial distribution maps to illustrate variability
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Bangladesh's daily minimum temperatures are expected to 
rise sharply under RCP 4.5, as seen in Figure 16 (Daily Min-
imum Temperature). The majority of places have historically 
seen temperatures between 21 and 22°C (yellow), with oth-
ers, like Sylhet and Rangpur, experiencing temperatures as 
low as 20 to 21°C (green). But according to the future scenar-
io, red areas will proliferate significantly, suggesting a sharp 
rise in the nation's minimum temperatures, notably in places 
like Dhaka, Chittagong, and Sylhet. The general tendency 
is toward noticeably higher minimum temperatures, even 
though there may be isolated pockets of comparatively mild-
er weather, especially in the northern regions like Rangpur 
and Rajshahi. Agriculture, public health, and general ther-
mal comfort in these areas may all be negatively impacted 
by this increase.

-RCP 8.5 scenario
The MPI-ESM-MR model provided a complete assessment 
of expected climate changes in the RCP 8.5 scenario. Fig-
ure 17 (Precipitation) illustrates how RCP 8.5 is expected to 
drastically alter Bangladesh's precipitation patterns. In the 
past, Sylhet and Chittagong had higher rainfall (red), where-
as the other of regions had lower precipitation levels (green 
and yellow). According to the future scenario, there will be a 
little increase of precipitation nationwide, with yellow areas 
- including in city like Dhaka - growing considerably. Higher 
hazards of floods and waterlogging in some areas could re-
sult from this.

Figure 16. Historical vs future projections of precipitation, daily maximum, and minimum temperatures under the RCP 4.5 
scenario using the MPI-ESM-MR model, with spatial distribution maps depicting variability
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According to Figure 17 (Daily Maximum Temperature), 
Bangladesh's daily maximum temperatures are expected 
to rise sharply under RCP 8.5. In the past, some places, in-
cluding Sylhet and Rangpur, had temperatures below 30°C 
(green), while other places, like Khulna and Rajshahi, had 
temperatures between 31 and 32°C (brown). But the future 
map clearly illustrates a pattern, with the left half of Bangla-
desh in red and the right half mostly in brown. This implies 
that, in comparison to the northern and western regions (Ra-
jshahi, Dhaka, Khulna, and Barisal), the southern and east-
ern regions (Chittagong, Sylhet, and Rangpur) might have 
somewhat colder temperatures. Overall, nevertheless, con-
siderable warming is anticipated in all regions. According to 
Figure 17 (Daily Minimum Temperature), Bangladesh's dai-
ly minimum temperatures are expected to rise sharply under 
RCP 8.5. Previously, most locations experienced tempera-
tures in the range of 21 to 22°C (yellow), while some, such 
as Sylhet and Rangpur, witnessed temperatures as low as 
20 to 21°C (green). However, even in places like Dhaka and 
Chittagong, the future forecast predicts that red areas would 
greatly increase, indicating a major rise in the country's min-
imum temperatures. The main trend is towards much higher 
minimum temperatures, which poses hazards to agriculture, 
health, and thermal comfort in these places, even though 
there may be isolated pockets of comparatively colder areas, 
especially in the northern regions like Rangpur and Sylhet.

These figures and accompanying distribution maps help to 
better understand the climate dynamics of the area. They 
provide important information on the anticipated temporal 
and spatial shifts in precipitation and temperature patterns 
under the RCP 8.5 scenario.

Significant increases in Bangladesh's maximum and mini-
mum temperatures were regularly predicted by both mod-
els. A more severe warming trend was indicated under the 
higher emissions scenario, as the amount of the increase was 
generally bigger under RCP 8.5 than under RCP 4.5. Fur-
thermore, both models predicted variations in precipitation 
patterns, with some areas seeing higher rainfall and others 
seeing lower rainfall. The two models may differ in the pre-
cise patterns and levels of change.

Although both models offer useful information, their projec-
tions differ in a few ways. To obtain a more thorough grasp 
of Bangladesh's future climatic trends, it is crucial to take 
these variations into account and refer to other climate mod-
els. Furthermore, the estimated amount of climate change is 
greatly impacted by the scenario selected (RCP 4.5 or RCP 
8.5). Compared to RCP 4.5, RCP 8.5 depicts a greater emis-
sions scenario with more severe climatic impacts.

In summary, the MPI-ESM-LR and MPI-ESM-MR models 
suggest that Bangladesh is likely to undergo substantial cli-
matic changes in the future, with the severity of these effects 
being dependent upon the chosen emissions scenario. It is 

Figure 17. Historical and projected precipitation, daily maximum, and minimum temperature data under the RCP 8.5 scenario 
using the MPI-ESM-MR model, with spatial distribution maps highlighting variability
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essential to consider the outcomes of both models alongside 
with those of other climate models in order to inform policy 
decisions and adaptation strategies. The results of this inves-
tigation can be used to develop critical adaptation strategies 
for the effects of climate change on Bangladesh. For instance, 
if sea levels rise, the results will direct migration plans to 
safer places and coastal protection measures like embank-
ments. Agricultural adaptation measures like introducing 
salt-resistant crops and enhancing irrigation infrastructure 
will be supported by predictions of changing rainfall and 
temperature patterns. Additionally, the study will support 
urban resilience initiatives, especially in Dhaka, by aiding in 
the development of heat-resistant infrastructure and flood 
control systems. The results will also support climate finance 
initiatives, assisting in obtaining foreign money to put these 
plans into action.

CONCLUSIONS

The goal of this research is to reduce biases in Global Circu-
lation Models (GCMs) in order to increase the accuracy of 
climate projections for Bangladesh. The study uses observed 
data from 22 weather stations and future projections from 
the MPI-ESM-LR and MPI-ESM-MR GCMs under RCP 4.5 
and 8.5 scenarios to investigate how climate change affects 
temperature and precipitation. The study compares simulat-
ed and observed weather data and uses a variety of meth-
ods, such as linear scaling and delta change correlation, to 
increase the accuracy of climate forecasts. Initially, five bias 
correction techniques are used on the Sylhet station dataset 
to fix the biases between observed and GCM-simulated data. 
The delta change method is tested and found to be the most 
successful; it is then used for all 22 stations' data. When the 
accuracy of the corrected data is assessed using the Root 
Mean Square Error (RMSE), the delta change approach pro-
duced an RMSE value of zero, which signified a perfect fit 
between the corrected and observed data. Following bias 
correction, future climate predictions are produced for the 
2020–2045 period for both RCP 4.5 and RCP 8.5 scenarios 
for temperature and precipitation across the 22 stations. This 
made it possible to comprehend the two emissions scenarios' 
effects on future climate trends more clearly. The accuracy 
of the GCM data is significantly improved by the bias cor-
rection procedure. The findings demonstrate that compared 
to the original GCM data, the bias-corrected data aligns 
considerably more closely with the observed data. Extreme 
temperature and precipitation events, which are essential for 
comprehending the effects of climate change, are projected 
more realistically as a result of this modification. Maximum 
and minimum temperatures in Bangladesh are expected to 
rise significantly according to both GCM models, with the 
RCP 8.5 scenario showing a more pronounced warming 
trend than RCP 4.5. Changes in precipitation patterns are 
also predicted, with some areas seeing more rainfall and 
others seeing less. Since different parts of Bangladesh may 
suffer different climatic shifts, these variances show the com-
plexity of the effects of climate change. The study's findings 
highlight the significant impacts of climate change on Ban-

gladesh, including increased crop failures, water scarcity, and 
more frequent floods or droughts. These findings highlight 
the significance of creating effective plans for climate adapta-
tion and mitigation. Informing national and regional climate 
action plans, the study highlights the contrasts between the 
two emissions scenarios and offers trustworthy statistics to 
planners and politicians. The study advances the accuracy 
of climate model projections, which helps us better compre-
hend Bangladesh's future climatic trends and prepares the 
country to deal with the challenges posed by climate change. 
Because the RCP 4.5 and RCP 8.5 scenarios differ greatly, 
policymakers must prioritize adaptation policies that ad-
dress the more drastic changes anticipated under the RCP 
8.5 scenario. This can entail supporting crop diversification 
to reduce possible agricultural losses, improving water man-
agement systems to handle shifting precipitation patterns, 
and fortifying infrastructure to handle increased flooding. 
Bangladesh's national climate action plans must incorporate 
these insights for effective climate adaptation and mitigation 
policies.
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