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Abstract

It is essential to understand the spatiotemporal variability of climate extreme indices of precipitation at a local
scale for climate change resilience and regional planning. This study examines the rainfall trends over the period
of 1981-2024 by analyzing precipitation climate extreme indices across all the upazilas of Chattogram district. The
CHIRPS precipitation dataset was analyzed using Google Earth Engine (GEE) for trend analysis using the non-
parametric Mann-Kendall test and Sen’s slope estimator. Results from this study demonstrate that most indices
were not statistically significant. There are several indices including PRCPTOT, R10mm, R20mm, CWD, R95p,
and R99p indicates an increasing rainfall trend. It is suggesting a tendency toward more frequent and intense
precipitation. CDD, Rx1Day, and Rx5Day in contrast showed a decreasing trend, with some variation between
coastal and inland upazilas influenced by the Bay of Bengal and local topography. The findings of this study show
a largely uniform spatial pattern across the district. But it also highlights localized variation in some indices. The
results show that there is a tendency towards intensifying rainfall extremes, which underscores the need. The
insights from the study can support decision-making for future climate resilience adaptation strategies of the study
area.
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1 Introduction

Bangladesh is considered as one of the most climate-vulnerable countries in the world (Eckstein et al., 2017; Kreft
et al., 2013). It has a subtropical monsoon climate characterized by hot summers, heavy rainfall, high humidity,
and cooler winters with strong seasonal contrasts (Caesar et al., 2015). According to the World Bank (2010) the
rising sea surface temperatures, increasing sea levels, and more intense cyclones are expected to worsen flooding,
storm surges, and coastal erosion, threatening water resources, and livelihoods across the country.

Over the past few decades, several studies have been conducted to analyze the trends in rainfall extremes across
Bangladesh (Ahmed et al., 2017; Caesar et al., 2015). Results from ground-based weather stations have shown
shifts in rainfall patterns, including increases in heavy rainfall events and decreases in overall consecutive dry
days. However, the number of meteorological stations in Bangladesh is limited. And due to missing data often
restricts the ability to fully capture regional variations in climate extremes (Khan et al., 2019). As a result, spatially
detailed information on extreme rainfall behavior at local and sub-district scales remains unexplored. To fill this
gap, this study employs high-resolution satellite-based rainfall data spanning 1981-2024 along with cloud-based
geospatial processing to analyze long-term spatiotemporal variability in precipitation extremes across 15 upazilas
of the Chattogram district. Using non-parametric statistical approaches the Mann—Kendall test to detect trends and
Sen’s slope estimator to assess the magnitude and direction of the precipitation climate extreme indices. Nine key
precipitation extreme indices are analyzed to understand the changes in rainfall intensity, frequency, and duration.

This study combines modern remote sensing datasets, cloud computing tools, and statistical techniques to analyze
the localized rainfall patterns in a region highly exposed to climate risks. The findings of this study can help
policymakers in future climate adaptation strategies in the study area.

2 Data and Methodology

2.1 Study Area

For this study Chattogram district was selected which is located in the southeastern part of Bangladesh. It covers
an area of 5,282.92 km2. Geographically, it is located in between 20°43" and 23°15’ north latitudes and 91°30' to

92°23' east longitudes. Chattogram city, situated within this district, is the most populous coastal city in Bangladesh
and plays a vital role in trade, industry, and economic activities. Administratively, the district is divided into 15
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upazilas: Anwara, Banshkhali, Boalkhali, Chandanaish, Fatikchhari, Hathazari, Lohagara, Mirsharai, Patiya,
Rangunia, Raozan, Sandwip, Satkania, Sitakunda, and Chattogram Sadar. The study area includes both coastal
upazilas such as Anwara, Banshkhali, Sandwip, Sitakunda (BBS, 2021) and Chattogram Sadar and inland regions,
allowing for a comprehensive analysis of spatial rainfall variability across the district.
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Figure 1. Study Area

2.2 Dataset

This study used the Climate Hazards Group InfraRed Precipitation with Station data precipitation dataset. Also
known as CHIRPS precipitation dataset. CHIRPS dataset provides gridded daily precipitation data at a spatial
resolution of 0.05° (5 km), which is suitable for regional climate studies in data-scarce regions such as Bangladesh.
This dataset covers the period from 1981 to the present. For this study daily precipitation data was used from the
period of 1981-2024 to ensure a consistent temporal coverage. Then the grided daily precipitation data is converted
into zonal average value for each upazila for further analysis.

2.3Precipitation Climate Extreme Indices

To analyze the long-term spatiotemporal variability of precipitation extreme events this study uses precipitation
climate extreme indices developed by the Expert Team on Climate Change Detection and Indices (ETCCDI).
These are a set of precipitation climate extreme indices widely used to assess changes in rainfall patterns. Key
indices include PRCPTOT (annual total precipitation on wet days), CDD (maximum consecutive dry days), CWD
(maximum consecutive wet days), R10mm and R20mm (number of days with rainfall >10 mm and >20 mm),
Rxlday (maximum 1day precipitation), Rx5day (maximum 5 day precipitation), R95p (very wet days, rainfall
above the 95th percentile), and R99p (extremely wet days, above the 99th percentile). Together, these indices
capture rainfall intensity, frequency, and duration, offering valuable insights into regional climate extremes(Klein
Tank et al., 2009).

2.4 Methodology
In this study gridded rainfall data area used along with statistical trend analysis to assess the spatiotemporal
variation of precipitation indices across 15 upazilas of Chattogram district. The methodological framework of the

study includes these major steps; data acquisition and preprocessing, computation of nine precipitation climate
extreme indices, followed by a statistical trend analysis of these indices.
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At first Google Earth Engine (GEE) is used for data acquisition, data preprocessing and computation of the nine
precipitation climate extreme indices. Initially CHIRPS daily rainfall data is obtained directly from the GEE data
catalog. Then during the preprocessing step daily gridded rainfall data were aggregated for each upazila, producing
average zonal daily precipitation time series for regional scale-precipitation indices values. Ather the preprocessing
rainfall data for regional scale precipitation extreme indices analysis precipitation extreme indices were computed
in GEE for the 15 upazilas. These indices represent the intensity and frequency of rainfall extreme events at the
regional level.

To assess the long-term spatiotemporal changes of the precipitation extremes, non-parametric statistical methods
were applied. The Mann—Kendall (MK) test was used to detect the presence of monotonic upward or downward
trends in the time series of these indices. Mann-Kendall test results are interpreted by analyzing the MK-p, MK-S
values obtained for the indices for different upazilas. A positive MK-S value indicates an increasing trend, while
a negative value suggests a decreasing trend. The significance of the trend was assessed at the 95% confidence
level (p <0.05). MK-p value less than 0.05 indicated a higher significance in the trend, whereas MK-p value above
0.05 indicates no significant trend with confidence level less than 95%. In addition, Sen’s slope estimator was used
to quantify the magnitude and direction of observed trends for different indices. The MK test and Sen’s slope
provided both the statistical significance and the rate of change of precipitation extremes. This non-parametric
statistical trend analysis in performed in google colab environment using the pyMannKendall package library
which is widely used for used for non-parametric statistical trend analysis. The test results are evaluated and
analyzed to understand the long-term trend and regional level spatial variability of precipitation extreme indices.
Time series plots were also generated to illustrate temporal and regional variability of these indices.

In summary, the methodological framework combined high-resolution gridded rainfall data, efficient cloud
computing through GEE, and robust statistical methods for trend analysis. This integrated approach allowed for a
efficient regional level spatiotemporal evaluation of precipitation extremes in 15 upazilas of Chattogram district.

3 Results

The Mann—Kendall and Sen’s slope trend analysis of precipitation climate extreme indices for the 15 upazilas of
Chittagong district revealed most indices demonstrated non-significant trends at the 95% confidence level. Among
the 9 indices 6 of theme exhibited increasing pattern whereas 3 of them showed decreasing pattern for almost all
the 15 upazilas with some few exceptions. Sen’s slope value for these 6 indices PRCPTOT, R10mm, R20mm,
CWD, R95p, R99p are found positive indicating an increasing pattern. These trends suggest a potential tendency
towards more extreme precipitation events in almost all the upazilas showing an increasing trend, though not
statistically significant. Whereas negative Sen’s slope value was found for CDD, Rx1Day, Rx5Day indicating a
decreasing pattern. Figure 2. And Figure 3. shows the time series of the 9 climate extreme indices for precipitation
across the 15 upazilas of Chattogram district. These graphs are clearly indicating the homogeneous distribution of
almost all the indices across all the upazilas of Chattogram showing similar pattern.

Although homogeneous distribution of almost all the indices across all the upazilas of Chattogram there are some
heterogeneities observed in the statistical trend analysis results of R99p, Rx1Day and Rx5Day. Analysis of the
statistical tests shows that Rx1Day exhibits decreasing pattern for 11 upazilas except Banshkhali, Satkania, Patiya
and Anwara. Among these 4 upazilas 3 of them has open boundaries with Bay of Bengal. For Rx5day almost all
the upazilas showed the same decreasing pattern except Raozan and Sandwip which shows increasing pattern.

Raozan is situated in the east of the study area with some hilly terrains and Sandwip is situated in the north-west
of the study area surrounded by Bay of Bengal. And finally for R99p trend analysis result showed increasing
pattern in the temporal distribution except Mirsharai, Rangunia and Fatikchari. Rangunia and Fatikchari are the
most distant upazila from the coast having less influence of the Bay of Bengal.
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Figure 2. Time Series of Rx5Day, Rx1Day, R99p, R95p and R20mm for 15 upazilas of Chattogram District
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Figure 3. Time Series of R10mm, PRCPTOT, CWD, CDD for 15 upazilas of Chattogram District

It shows that among the 9 indices two third of them exhibits homogeneous distribution across the study area and
one third of them showed some level of heterogeneity in their distribution. Overall, the results demonstrate that
the distribution of precipitation extremes in Chattogram district are homogeneous except for these R99p, Rx1Day
and Rx5Day in few coastal adjacent upazilas and few most distant upazilas from the coast. While statistical
significance was limited, the direction and magnitude of Sen’s slopes provide useful evidence of changing rainfall
behavior. The heterogeneity observed across upazilas underscores the influence of local topography, monsoon
variability, and proximity to the coast. These findings emphasize the importance of regional analyses, as district-
level or national-scale assessments might mask localized variations that are highly relevant for water resources
management, agriculture, and disaster preparedness.
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4 Discussions

This study analyses precipitation climate extreme indices across the 15 upazilas of Chattogram district. Although
most trends observed were not statistically significant. But the direction and size of Sen’s slope values still offer
valuable insights about the changing rainfall patterns. For many indices such as PRCPTOT, R10mm, R20mm,
CWD, R95p, and R99p the slopes were mostly positive, suggesting a general shift toward heavier rainfall events.
Similar increasing pattern for heavy rain days(R10mm), very heavy rain days (R20mm), R95p, R99p, CWD,
PRCPTOT was also found in coastal regions in several previous studies (Imran et al., 2023; Khan et al., 2019).
These previous studies also found the increasing pattern in CDD, Rx1Day and Rx5Day in coastal districts. Whereas
negative trend is found in this study for these three indices. The potential reason for this contradictory nature of
the trend could be related to the regional averaging of the daily precipitation for all the upazilas. The findings of
the study aligns with global research findings that link to more frequent and intense extreme precipitation (Donat
etal., 2013; Westra et al., 2014). However, some indices particularly R99p, RX1day, and RX5day displayed more
spatial variations. For example, RX1day trends decreased in most upazilas. But in coastal upazilas like Banshkhali,
Satkania, Patiya, and Anwara showed positive trends, likely due to the Bay of Bengal’s influence on rainfall
extremes during cyclonic events. Sandwip, being an island, recorded rising RX5day values, whereas inland areas
like Rangunia and Fatikchhari saw declines, possibly because they are less exposed to the Bay of Bengal.

5 Conclusions

This study analyzed the spatiotemporal variation of precipitation climate extreme indices across the 15 upazilas of
Chattogram in the period of 1981 and 2024. For this analysis CHIRPS daily gridded rainfall dataset is used and
done statistical trend analysis on the 9 precipitation climate extreme indices. The study found that there is no
statistical significance in majority of the indices. But the direction and magnitude of the trendline provided valuable
insights about the overall trend. Statistical analysis shows that there are six indices having increasing trend. They
are PRCPTOT, R10mm, R20mm, CWD, R95p, and R99p. This indicated overall trend towards heavier and more
frequent precipitation in this direction. On the other hand, CDD, Rx1Day, and Rx5Day exhibited a declining
tendency. Although this variability in the trend of these indices varied considerably among the upazilas indicating
a influence of local topography and coastal proximity in the extreme climate events in this region.

Although this high-resolution gridded CHIRPS dataset are widely used in many rainfall analysis in different
analysis, it does not fully replace the ground based rainfall observations. Moreover, calculation of average
precipitation at the upazila level might failed to address the localized variability across a upazila. Despite the
absence of statistical significance, the consistent upward pattern across several indicators signals potential changes
that warrant close monitoring for future water resource management and local climate adaptation strategies in
Chattogram.
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