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Abstract

Rainfall is a key climate variable that exhibits high spatial and temporal variations. Hence, climatic changes and
trends in highly variable rainfall deserve much attention. Accelerated urban growth in Jashore, together with
pronounced climatic fluctuations, has exacerbated the region’s exposure to environmental risks. The current study
aims to create a frame structure of stormwater management system of Jashore based on patterns of annual rainfall
and extreme precipitation in Jashore from 1948 to 2021. Necessary rainfall data were collected from the
Bangladesh Meteorological Department (BMD) and processed for further analysis. The current study adopted
several extreme rainfall indices, namely CDD, CWD, RFTOT, rainfall events exceeding 10 mm (R10MM), 20 mm
(R20MM), 99" percentile (R99p), 95" percentile (R95p), and annual count of pre-monsoon days experiencing
rainfall when rainfall (R20PrM). These indices demonstrate a rise in the frequency of moderately heavy rainfall
events. The rainfall indices showed positive Sen’s slope values, indicating upward trends in extreme and heavy
rainfall events and creating a spatial distribution map by ArcGIS together with developing a flowchart for
stormwater management in Jashore. Moderate-intensity rainfall events are increasing in Jashore, indicating rising
risks of waterlogging and the need for improved stormwater management and urban planning.
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1 Introduction

The yearly quantity of rain is greatly affected by the patterns of the monsoons in South Asia and the Bay of Bengal
(M. A. Rahman et al., 2017), which predominantly occurs during the monsoon season (Rahman, 2016). The
southwestern region has significant precipitation, especially in locales like Jashore, located next to rivers and low-
lying floodplains (Catenazzo et al., 2012). Water-related challenges, including waterlogging and localized floods,
persistently afflict this area throughout the year. These concerns persist throughout the year. The volume of
precipitation and its distribution are also elements that contribute to this problem. This alteration has increased the
risk of urban flooding, river inundations, and persistent waterlogging in regions with deficient drainage systems
(Nissen & Ulbrich, 2017).

Stormwater management is one of the most significant climate resilience methods that has emerged in recent years.
It has the potential to contribute to the resolution of these developing issues. The process involves conceptualizing,
implementing, and operating systems to collect, store, and discharge excess rainwater safely (Gersonius et al.,
2012). One of the most important advantages of ecologically responsible stormwater management is that it reduces
the frequency and intensity of floods. A primary advantage of sustainable stormwater management is the mitigation
of flood frequency and intensity (Hernandez-Hernandez et al., 2020). It helps to refill groundwater, stop erosion,
and encourage the building of climate-resilient infrastructure in locations like southern Bangladesh, which are
especially vulnerable (Hathaway et al., 2024).

The Bhabodaho waterlogging crisis in Jashore district of Bangladesh, stems from both natural and man-made
causes, notably the 1961 Bhabodaho sluice gate, which failed to manage upland water due to upstream river
siltation. By late 2024, over 300 villages and 200 schools were submerged, with 25 villages flooded as recently as
September 2024. The disaster severely affected agriculture and fish farming, causing damages worth tens of crores
of taka. Additionally, 115 schools in Jashore were inundated, leading to major disruptions in education. The
Bhabodaho area in Jashore district has suffered from chronic waterlogging, which has significantly impacted
agriculture, livelihoods, and public health. The Bhabodaho crisis has been fueled by silted rivers, inadequate
drainage infrastructure, and absence of political goodwill to effective solutions. The situation has become
exacerbated by the occurrence of extreme rainfall. Furthermore, unplanned and rapid urban growth of urban
centers, combined with extreme climatic variations, has resulted in heightened environmental vulnerability.
Therefore, the primary aim of this study is to analyze the long-term variations and trends in extreme rainfall events
within the Jashore district of Bangladesh.
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2 Methodology
2.1  The Study Area and Data Used

In the current study, long-term extreme rainfall trends are assessed in Jashore district of Bangladesh for the 1948-
2021 period. Jashore climate station (latitude: 23°12", longitude: 89°20", elevation: 6.1 m) is considered for the
analysis. Necessary rainfall data were obtained from the Bangladesh Meteorological Department (BMD) and
processed for further analysis. All the calculations are carried out on the Microsoft Excel Platform. Table 1
summarizes each of the indices used in the current study.

Table 1. Definitions of rainfall indices used in the current study

Index Description Unit
R99%p Annual total rainfall when rainfall >99th percentile mm
R95p Annual total rainfall when rainfall >95th percentile mm
R95pPrM Pre-monsoon total rainfall when rainfall >95th percentile mm
R20 Total number of days in a year with rainfall >20 mm days
R20PrM Total number of pre-monsoon days in a year when rainfall >20 mm days
M5DP Maximum 5-day rainfall in a year mm
CDD Maximum number of consecutive dry days (rainfall = 0) in a year days
CWD Maximum number of consecutive wet days (rainfall > 0) in a year days
TDDMom  Total number of dry days (rainfall = 0) during the monsoon of a year days
TDDPrM Total number of dry days (rainfall = 0) during the pre-monsoon of a year day

CDDPrM Maximum number of consecutive dry days (rainfall = 0) during pre-monsoon of a year days

2.2 Mann-Kendall Test

The Mann-Kendall (MK) test can detect long-term trends and identify trends in time-series data without requiring
the data to be normally distributed (Yue & Wang, 2004).

S = YRt ¥ s sgn(x; — xi) 1)

Where, x; denotes the j* data, n is the data length, and sgn(8) represents the sign function which is expressed by
Equation (2):

+1 if(xj—x) >0

sgn(x) =4 0if(x—x,) =0 )
=1 if(x;—x) <0

For n > 8 the S the statistic adheres to a normal distribution, with its mean and variance determined accordingly
by Equation (3) as:

Var(S) _ n—(n—1)1(§n+5)—C (3)

C is a factor that modifies variance. Equation (3) is used to determine C in the presence of tied data (consecutive
identical values) inside the series, which is also valid to the variance of S (Manatsa et al., 2008).

C=X< 1t —1D(2t;—-5) 4
Where, t; denotes the number of tied data in the i group. The Z statistics of the MK test can be computed as:
S5-1

e 5 >0
Z=40 ifS=0 (5)

S+1
NZoG) if$<0
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The p-value is found using the normal distribution: p = 2x(1-®(|Z])). If p-value < 0.05, null hypothesis Ho (no
trend) is rejected, indicating the presence of a significant trend (Dinpashoh et al., 2014). The MK test for extreme
rainfall indices time series is carried out using the XLSTAT software.

2.3 Sen’s Slope Estimator
Sen's Slope (SS) estimator or the Theil-Sen estimator helps to determine the appropriate slope of a trend in time

series data. This approach is referred to as nonparametric. One phase in the technique is calculating the slope by
Equation (6), defined as the variation in measurement with time.

Q' =- (6)

Where, Q' is slope between data points x,- and x;, x,» and x,are the measurement at time t" and t, respectively.

Q= Q[(NH)] if N is odd (Aswad et al., 2020) @)
2
Oy * Qe
= % if N is even

Where, N is the total count of computed slopes (Aditya et al., 2021). The SS estimator analysis for extreme rainfall
indices time series is performed using the XLSTAT software.

3 Results and Discussion

Table 2. Trend analysis results on extreme rainfall indices time series for Jashore station

Index Kendall's Tau Sen's Slope Remarks
R99p 0.0503 0.82 Not Significant
R95p 0.0701 1.68 Not Significant
R95pPrm 0.0675 0.03 Not Significant
R20 0.2792 0.16 Increasing
R20PrM 0.0560 0.06 Not Significant
M5DP -0.0211 0.00 Not Significant
CDD -0.0244 0.00 Not Significant
CWD -0.0675 0.00 Not Significant
TDDMom -0.0198 0.00 Not Significant
TDDPrM -0.0482 -0.02 Not Significant
CDDPrM -0.0467 0.00 Not Significant

The extreme rainfall trend analysis results for the long-term extreme rainfall indices (1948-2021) are presented in
Table 2. In Table 2, the R99p and R95p indices show positive Sen’s slopes (0.82 mm/year and 1.68 mm/year),
where the trends are not statistically significant which indicates a gradual rise in extreme rainfall in Jashore (S. K.
Adhikary et al., 2015). Furthermore, the R20PrM index statistically significant increase of extreme rainfalls
(Kendall’s Tau=0.2792, Sen’s slope = 0.16 days/year). Due to the R20’s increasing trend is creating a challenging
situation for stormwater management because the drainage system is not suitable for this moderate storm together
with urban flooding and water retention management system going towards more complex modeling.

In the figure 1(a) R99p shows small variation which indicates the large-scale flooding risk is low and a possibility
for short waterlogging. In 1(b) R95p indicate slightly small fluctuation on heavy rainfall denotes the drainage
system will handle moderate rainfall from extreme storms based on the stormwater management(Ratul et al., 2025).
In 1(c) R95pPrM indices demonstrate that the monthly waterlogging is happening because of the moderate rainfall.
In 1(d) R20 indicates the main cause. Here, rainfall days are increasing 20 mm which is the meaning of
waterlogging in frequently and rain gardens, LID (Low Impact Development) practices and infiltration system’s
necessity in Jashore. In figure 1(e) seasonal density in rainfall is more than monthly rainfall.
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Figure 1. Annual total rainfall when rainfall >99th percentile in Jashore

The figures 1(f) ,1(g) and 1(k) M5DP, CDD and CDDPrM indices show rainfall remains stable and alludes to the
effectiveness of the rainwater harvesting system. In figure 1(h) Consecutive wet days are almost constant which
signify the main challenge of the stormwater drainage because here it indicates that the rainfall density is
considered as the main source of the drainage system(S. Adhikary etal., 2011). The figures 1(i) and 1(j) TDDMom,
TDDPrM are represent minor variation which specifies the complexity of the frequent moderate rain.The
stormwater management is Jashore must focus on the rain gardens, bioswales, permeable pavements, and drainage
rehabilitation to improve infiltration and reduce runoff in vulnerable low-lying zones.

Study Ar
(Jashore]

Annual Rainfall

Figure 2. GIS Map and Annual Rainfall in Jashore

In Figure 2 represents the Jashore area and annual rainfall trend. The Sen’s slope indicates a moderate increasing
rainfall trend in southwestern region including Jashore and highlights a high risk for runoff. Due to the flat and
low-lying topography in Jahsore, water removal process is so slower and increases waterlogging.
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Figure 3. Stormwater Management Flowchart in Jashore

In Figure 3 depicts the flowchart of the stormwater management process in jashore. Here Sen’s slope provides
positive value so, rainfall and runoff are increasing. The risky area is planned by the LID. The green and gray
infrastructure (rain garden and bioswales) is used for the developed drainage system which consequence is the
reduced waterlogging and enhanced urban resilience against increasing rainfall.

4  Discussions

At present the waterlogging in Jashore has reached a dangerous level of approximately 32830 hectares which
indicate 13% of land are waterlogged(Akter & Ullah Mazumder, 2025). The Bhutiar Beel in Jashore had dropped
from 3,417 acres in 1995 to just 820 acres in 2015 which is considered as cultivable land through it expanded to
4,541 hectares(Mahmud et al., 2023)(M. M. Rahman et al., 2023). In this paper the extreme rainfall indices such
as R99p, R95p, and R20 specify the rainfall patterns and intensify the waterlogging drainage capacity like
Bhabadaha and Kopotaksho River basins, where over 32,830 hectares remain waterlogged annually. In Jashore
areas 93% of people were informed about the loss of the livelihood and all crop failure rate. This people’s
information points out the poor drainage system, blocked embankment and river siltation. In this study’s flowchart
indicates stormwater management according to this rainfall trend(Nath et al., 2024). This framework can easily
connect with the climate-driven rainfall changes and flood mitigation planning for long-term in Jashore.

5 Conclusions

Waterlogging creates a major problem in Bhabodaho area of Jashore district in Bangladesh. Chronic inundation-
related sufferings, silted rivers (Bhairab and Teka), create an inadequate drainage infrastructure. The inhabitants
of these regions endured considerable difficulty for an extended duration, especially during the transitional phases
of the monsoon and post-monsoon periods. This was particularly evident during periods when agriculture, housing,
transportation, and public health faced challenges. The main purpose of this study is to evaluate the indices of
extreme rainfall, specifically CDD, CWD, R20, R95p, and R99p. These indices determine the frequency, duration,
and intensity. This kind of value indicates the Sen’s slope value, which provides that extreme and moderately
heavy rainfall events are becoming more frequent, directly increasing the risk and duration of waterlogging in areas
like Bhabodaho. This study provides sustainable solutions and refers to the requirement of scientific planning,
community-based adaptation, and stormwater management plans for long term based on the rainfall trend analysis
with rainfall indices. The most suitable infrastructure is rain garden and green infrastructure. The flowchart of
sustainable stormwater management will create a drainage system as well as refers some develop model maintain
a sequence which can provide a long-term solution of waterlogging.
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