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Abstract

The Ganges Dependent Area (GDA) in Bangladesh refers to the southwestern region of the country that relies
heavily on the flow and water resources of the Ganges River (known as the Padma in Bangladesh). This area
includes districts like Jessore, Satkhira, Khulna, Chuadanga, and Mongla which have gone through significant
hydrological changes due to various factors. This study analyzes long-term climatic changes across five
meteorological stations in southwestern Bangladesh, focusing on trends in maximum and minimum
temperatures, rainfall from 1973 to 2020. It uses a comparative temporal scale with two time periods: pre 1996
and post 1996. This demarcation offers a strong foundation for measuring and attributing observed climatic
changes over the last 48 years. Results indicate a consistent increase in both maximum (Tmax) and minimum
(Tmin) temperatures across all stations, with Tmax rising most sharply in Chuadanga(3.05%) and Tmin in
Khulna (+1.75%). Rainfall patterns reveal significant spatial variability, with notable decreases in the western
stations (Chuadanga: —11.40%) and modest decreases in the coast (Mongla: +3.53%). Percent Bias determination
strengthens the result determined by ITA, showing an increasing trend across all stations in maximum and
minimum temperature, except Satkhira in maximum temperature. An inverse relationship between temperature
and rainfall was observed at all stations. This study reveals the serious long-term effects of changes in climatic
parameters in the south-western part of Bangladesh.

Keywords: Innovative Trend Analysis (ITA); Ganges dependent Area (GDA); Climatic Changes, Temporal
Analysis, Regression.

1 Introduction

The Ganges is of vital importance to the people of South Asia, where it is used as a primary water source and for
agriculture both on its banks and further afield. In Bangladesh, the Ganges is also referred as Padma and the
Ganges Dependent Area is more commonly known as the South-western part of Bangladesh. After the 1996
Farakka Barrage treaty, it has led to severe depletion of groundwater recharge, which has led to water stress in
the sub-region of south-western Bangladesh. This has been exacerbated by the increasing salinization in the
surface and groundwater, making it increasingly difficult for them to practice agriculture and posing a threat to
food security in the region. (Mirza, 1997) It was noted that the high salinity intrusion owing to the decreased
freshwater flow after the construction of the Farakka Barrage has damaged crop productivity in the south-
western region. (Hossain et al., 2016a) Another study also discusses how the Farakka Barrage, among other
human interventions and climate change, exerted pressure on the region’s ecosystems. (Masood et al., 2015)

The Ganges Basin has been affected by climate change in addition to human activities. Southwest Bangladesh's
already precarious environmental state has been made worse by global warming, altered rainfall patterns, and an
increase in the frequency of extreme weather events. It is anticipated that the increased frequency of extreme
weather events, such as droughts and floods, will disrupt agricultural methods and water supply. (Hossain et al.,
2016) According to recent studies, Bangladesh is one of the most vulnerable countries to climate change. The
majority of the sites in this analysis showed notable variations in rainfall patterns between 1981 and 2021. At 25
of the 29 weather stations, trend analysis showed declining trends with negative trend slopes. Eight stations
showed non-monotonic falling trends, eight stations showed non-monotonic increasing trends, and eleven
stations showed

patterns of monotonic decline. About half of the stations had no rainfall trend, according to the MK tests, while
the remaining stations had negative trends between 0.03 and 0.01—indicating medium-high susceptibility.

(Roy et al., 2024) Das et al. investigated detailed characteristics of the rainfall of Bangladesh from 1966 to 2019.
To describe the regional patterns of rainfall regimes, rainfall parameters such as the seasonality index (SI) and
precipitation concentration index (PCI) were calculated. The trend was found using percent bias (PBIAS) and
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innovative trend analysis (ITA). The Mann-Kendall (MK) or modified Mann-Kendall (mMK) tests were used to
evaluate its dependability. For every station and time scale, the ITA and PBIAS results indicated an upward
trend. According to ITA, annual rainfall trends at 23 sites were significantly rising (39.13%) and falling.(Das et
al., 2021). Another study revealed that in the past 20 years, the country’s western region experienced more
drought years, whereas the coastal region experienced more wet years. The majority of the stations experienced
cold years from 1975 to 1995; subsequently, warm years prevailed. (Haider et al., 2024) Both the number of days
with heavy rainfall and the yearly maximum rainfall have essentially stayed the same. According to PBIAS
analysis, the annual minimum low water level is falling and the annual maximum tidal high-water level is rising
at rates of 4-8 mm and 7-18 mm annually, respectively. (Mondal et al., 2013). Studies examining ITA trends in
the Ganges Dependent Area were noticeably scarcer. Thus, the purpose of this study is to methodically
investigate how temporal conditions in southwestern Bangladesh have changed due to climate change. In
addition to changes in the yearly cumulative and inter-annual variability of climatic parameters, this includes an
analysis of the long-term trends in rainfall, maximum temperature, and minimum temperature.

2 Methodology

2.1 Study Area

The study area is the southwestern part of Bangladesh as illustrated in Figure 1
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Figure 1 Study Area: South-West Region of Bangladesh

2.2 Data Collection and Pre-Processing

Data were collected from Bangladesh Meteorological Department (BMD) A temporal scale of 1973 to 2020 was
used in this study.

The maximum and minimum daily temperatures as well as the total amount of rainfall were converted into
monthly and annual averages from five meteorological stations in the Southwest region: Jessore, Khulna,
Satkhira, Chuadanga, and Mongla. After identifying missing values and outliers, linear interpolation was used to

fill them in.
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2.3 Innovative Trend Analysis (ITA)

ITA is a novel trend analysis in time series analysis that seeks to change the way we identify and interpret
patterns in environmental data. Proposed by Zekai Sen in 2012, this method was designed to address limitations
of traditional trend analysis methods in complex hydrological and meteorological data sets. ITA has unique
advantages when processing temperature and precipitation data. Trend detection in nonlinear Trend detection in
nonlinear cases when the target of interest is not the trend itself but its parameter changes. While linear
regression assumes it, straight-line relationships are not always what we see and ITA can detect: Accelerating
trends (convex patterns), Decelerating trends (concave patterns), Phase shifts (sudden changes in a trends
behavior) (Sen, 2012)

The analysis is based on monthly time series data of Tmax, Tmin and rainfall from 1973 to 2020. To avoid any
structural breaks as well as overlapping periods, the data was divided into two equal sub-samples: First Half
(1973-1996) and Second Half (1997-2020) Monthly means were calculated for Tmax and Tmin, whereas
rainfall was summed across months. Mean annual values (temperature) and total annual values (rainfall) were
then generated to explore decadal variations. The steps include:

o Division of Data: For each parameter, its chronology was split into two equal parts.

e  Scatter Plotting: The two halves (1973-1996, 1997-2020) were plotted on Excel, with the first half
being the X axis and the second half being the Y axis.

e Determination of Percent Bias (Increasing or Decreasing)

Here, Percent Bias = %X 100%; 1)

X1= Mean of the first half (1973-1996), X,= Mean of the second half (1997-2020)

A positive value indicates an increasing trend, while a negative value signifies a decreasing trend. (Das
etal., 2021)

e Comparison with Linear Regression to validate ITA’s accuracy.
Trend Interpretation:

e The points above the 1:1 line (45° line) represent an increase trend.
e Points down indicate a downtrend.
¢ No trend indicated by the points along this line.

3 Result and Discussion

3.1 Maximum Temperature

All the stations were characterized by positive trends in Tmax while the percent bias values varied from -0.72%
to +3.05%. It is consistent with the global warming trends and studies on the region which have reported
increased temperatures in South Asia. In Jessore, there was +2% increase and Maximum temperature rose.
Anomalies of more than 31°C occurred consistently during 1997—2020, reflecting long-term warming. But in
Satkhira 0.72% decrease can be observed. Slow but continuous decrease, where Tmax lowered in the second
period. Notable increase (+1.39%) is seen on Khulna and Tmax increased from. In Mongla 0.91% increase and
in Chuadanga, +3.05% increase which is the maximum out of all the stations. There may be a spatial gradient in
Tmax trends (strongest in Chuadanga weakest in Satkhira) that is due to Urban heat island effect in Chuadanga.
Land Use Changes (e.g., Deforestation) in Jessore and Chudanga.
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3.2 Minimum Temperature

Tmin presented consistent increases, and percent bias between +0.92% and +1.75%. Nighttime warming has
profound agronomic and ecosystem consequences. Jessore Trend +1.17% gain and all post-1997 values were
above the 21.5°C level, indicative of fewer cold nights. In Satkhira, slight increase of 0.95% was observed. In
Khulna, the largest increase was observed about +1.75% change. Similar type of result was obtained in
Chuadanga about +1.6% increase and in Mongla, +1.6% increase and Tmin raised overall. The percentage bias is
greater for Tmin vs. Tmax (e.g., +.95% vs. -0.69% in Satkhira), indicating nighttime cooling is slow but the
nocturnal increases are still jeopardizing ecological balance.

3.3 Total Rainfall

In Jessore the Trend 4.86% decrease and Rainfall decreased (1,627.5 mm to 1,548.4 mm). But opposite trend
was observed in Satkhira which was 2.91% increase and on average, the average rainfall after 1996 was 1,722.7
mm, rise from 1673.8 mm before 1996. In Khulna, the trend was 2.1% decrease and Rainfall decreased to
1737.2 mm from 1774.5 mm. Chuadanga saw the most decrease in rainfall which was Sharply down —11.40%
and annual rainfall fell from 2,353.6 mm to 2,083.5 mm. Lastly Mongla experienced moderate decrease of
3.53%. Rainfall decreased from 2136 millimeters to 2060.8 millimeters. Western Stations (Chuadanga, Jessore)
Drying in-sync with decline in flow in Ganges Basin. Eastern Stations (Khulna, Mongla) A wet signature may

be indicative of a changing Bay of Bengal moisture supply.

3.4 Summary Table

Table 1. Summary of Trends across different meteorological stations

Station Parameter Percent Bias Trend from ITA
Tmax 2.00% Increasing
Jessore Trin 1.17% Increasing
Rainfall -4.86% Decreasing
Tmax 1.25% Increasing
Khulna Trmin 1.75% Increasing
Rainfall -2.10% Decreasing
Tmax -0.72% Decreasing
Satkhira Trmin 0.92% Increasing
Rainfall 2.91% Increasing
Tmax 3.05% Increasing
Chuadanga Trin 1.60% Increasing
Rainfall -11.4% Decreasing
Tmax 0.95% Increasing
Mongla Tin 1.60% Increasing
Rainfall -3.53% Decreasing

3.5 Graphs from Innovative Trend Analysis Across Different Meteorological Stations:
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Figure 2: Maximum Temperature, Minimum Temperature and Total Rainfall Graphs across Jessore, Khulna, Satkhira,
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4 Discussion

Chuadanga and Mongla

Across all the stations for annual average maximum temperature, percent bias increased except Satkhira and for
minimum temperature, percent bias decreased in all stations. Conversely, for total annual rainfall, decreased
across all stations except Satkhira which might align with the global warming trends. In ITA graphs, points
below 1:1 line represents a decreasing trend and above this line represents an increasing trend. Maximum
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increase in temperature can be observed in Chuadanga and maximum decrease for rainfall as well. An inverse co
relation between these parameters can be observed in Satkhira as well. Other stations showed mixed trends
where most of the time temperature is increasing and rainfall is decreasing.

5 Conclusion

This research used an integrated methodological framework involving Innovative Trend Analysis (ITA) and to
evaluate variation in climatic components in the Ganges Dependent Area (GDA) of Bangladesh. The approach
used long-term climate (maximum temperature, minimum temperature, and cumulative rainfall) estimates to
infer the changes in environmental conditions during a period of decades. Use of software facilities such as Excel
guaranteed vigorous data treatment and statistical validation that was carried out by employing ITA provided
confidence to the trend analysis. Findings indicated that there were noticeable changes in climate, such as
increasing temperatures and unpredictable rainfall patterns, especially in the southwestern. These modifications
might have been associated with human activities (agricultural development, urbanization, resource exploitation),
as well as climate-induced stressors, that had a profound anthropogenic impact including long-term drought and
rainfall regime changes. This study had its limitations though, including restrictions concerning the the
difficulties associated with disentangling climate-driven variations from the effect of human disturbances.
Future studies may utilize higher resolution satellite images and survey of dwelling communities in order to
validate remote sensing observations.
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