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Abstract

Global climate variability, particularly in air temperature and rainfall, necessitates detailed regional analysis to
understand its spatiotemporal impacts, especially in nations like Bangladesh that rely on rain-fed agriculture.
This study employed the statistical Mann-Kendall test and Sen’s slope estimator to examine temperature and
rainfall data from 1991 to 2020 across seven meteorological stations in southeastern region of Bangladesh. The
results reveal both broad regional trends and significant localized variability. While the overall annual analysis
showed a non-significant upward trend in mean temperature and a non-significant decreasing trend in rainfall, a
deeper spatiotemporal analysis revealed more complex patterns. Temperature trends were not uniform, with
some stations like Cox’s Bazar and Kutubdia showing more pronounced warming (+0.01648 and +0.0178
°Clyear), while Teknaf experienced a decline in minimum temperatures (—0.03571 °C/year). Seasonally,
maximum temperatures increased most significantly in winter (0.04°C/year), and minimum temperatures rose
notably during the monsoon (0.022°C/year). This suggests that monsoon and winter seasons are getting warmer
over the years. Rainfall patterns also demonstrated significant spatial heterogeneity and seasonal shifts, with
increases during the monsoon and post-monsoon seasons contrasting with decreases in winter and pre-monsoon
periods. Annually, mean rainfall displayed an upward trend (3.031 mm/year), but localized trends varied, with
Shitakundu getting wetter (+17.26 mm/year) and Rangamati and Teknaf showing drying patterns. These findings
underscore a warming climate and shifting, spatially heterogeneous rainfall, emphasizing the critical need for
tailored, region-specific climate adaptation strategies.
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1 Introduction

Climate change has emerged as one of the most pressing global concerns of the 21st century, significantly
impacting weather patterns, ecosystems, and socio-economic systems. Among its numerous consequences,
alterations in temperature and precipitation regimes pose serious threats to agriculture, water availability, and
human livelihoods, particularly in vulnerable regions. Bangladesh, owing to its flat topography and location in
the monsoon belt, is highly susceptible to these climatic shifts (Agrawala, Ota, Ahmed, Smith, & van Aalst,
2003). The south-eastern region, which encompasses both coastal and hilly landscapes, is especially prone to
climate-induced hazards such as cyclones, salinity intrusion, irregular monsoon onset, and extreme rainfall
events (Suhan & Adhikary, 2025). Assessing long-term climatic trends in this zone is vital to understanding the
scale of change and informing climate adaptation strategies.

Rainfall patterns in Bangladesh vary significantly from west to east, with the western region receiving
approximately 1,400 mm annually, while eastern areas receive more than 4,400 mm. This gradient, estimated at
about 7 mm/km, is driven by geographical and atmospheric factors (Shahid, Harun, & Katimon, 2012).
Temperature patterns also exhibit spatial disparities; southern districts are generally 5°C warmer than the
northern ones, particularly during the pre-monsoon season (Agrawala et al., 2003). During March to June,
prevailing westerlies dominate for short periods, resulting in elevated evaporation and sporadic heavy showers.
Maximum daily temperatures may exceed 40.6°C in April, particularly in inland and south-eastern locations.
Long-term climate records indicate a consistent warming trend across Bangladesh. Compared to the 1951-1980
baseline, the national average temperature has increased by approximately 0.5°C, which is consistent with global
warming trends (Basak, Ali, & Islam, 2013). These shifts are linked to a growing incidence of floods, salinity
encroachment, and the disruption of monsoon patterns, particularly over the Bay of Bengal (Saha & Ravela,
2024). Studies show that decadal averages of annual temperature have continued to rise since the 1961-1970
period, with the trend being more prominent in coastal and low-lying areas (Basak et al., 2013).
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Recent research has highlighted a statistically significant increase in both temperature and rainfall across south-
eastern Bangladesh over the past several decades. For example, Suhan and Adhikary (2025) reported upward
trends in annual, seasonal, and monthly rainfall and temperature across four meteorological stations in the region,
based on data from 1950 to 2023. Similarly, nation-wide assessments by Bosu, Rahman, Islam, and Bala (2021)
confirmed a warming rate of approximately 0.27°C per decade, particularly in post-monsoon and winter seasons.
Despite growing attention to climate change in Bangladesh, several research gaps remain. First, many national-
scale studies fail to capture station-level trends, particularly in south-eastern districts. Second, limited attention
has been given to jointly analyzing both temperature and rainfall extremes, especially in terms of seasonal
variability. Third, studies rarely incorporate local perceptions alongside quantitative trend analyses. Finally,
intra-seasonal variations—such as shifts in the onset and cessation of monsoon—are underexplored.
The novelty of this study lies in that this research incorporates more recent data compared to previous studies
which primarily focused on earlier periods, typically between 1965 and 2015. Including the latest three decades
of observations, the study provides a better knowledge of recent climatic shifts and growing regional variations,
offering useful insights for future climate adaptation and policy planning in Bangladesh. By applying non-
parametric statistical tools such as the Mann—Kendall test and Sen’s slope estimator, this study will detect and
quantify trends in monthly and seasonal climate parameters. The research further aims to compare observed
trends with existing projections and evaluate their implications for local adaptation planning and policy
development. The primary objectives of this study are as follows:
1. To analyze the temporal variations in maximum and minimum temperatures, as well as total annual
rainfall, across seven meteorological stations located in the south-eastern region of Bangladesh over a
30-year period (1991-2020).
2. To examine long-term trends in temperature and rainfall at these stations, using robust statistical
methods to detect the direction, magnitude, and significance of climatic changes over time.

2. Methodology

2.1 Study Area and Data Collection

This study focuses on seven meteorological stations situated in the south-eastern region of Bangladesh. Climate
data spanning a 30-year period from 1991 to 2020 were obtained from the Bangladesh Meteorological
Department (BMD). The dataset includes monthly values of maximum temperature, minimum temperature,
mean temperature, and annual total rainfall (mm). The figure 1 represents the study area selected for the study.

Rangamati

Sitakunda

Ambagan

Patenga

Cox'syBazar

Teknaf

Figure 1 Study area used in this study
Initially, monthly fluctuations in temperature and rainfall are assessed to identify patterns and anomalies. From
an environmental and meteorological standpoint, Bangladesh recognizes four distinct seasons: 1) winter
(December - February), 2) pre-monsoon (March - May), 3) monsoon (June - September) and 4) post-monsoon
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(October - November) (Ahasan, Chowdhary, & Quadir, 2010). Seasonal variations are then observed for each
station to evaluate intra-annual variability.

2.2 Trend Analysis Methods
To detect and quantify trends in the temperature and rainfall time series data, two widely accepted non-
parametric statistical methods are employed: the Mann—Kendall (MK) trend test and the Sen’s slope estimator.

2.2.1 Mann-Kendall Trend Test
The Mann-Kendall (MK) test, developed by Mann (1945) and enhanced by Kendall (1975), is a non-parametric
method used extensively in climatological and hydrological studies to identify trends in time-series data. One key
advantage of this test is that it does not require the data to be normally distributed. Additionally, it is robust
against sudden changes due to outliers or non-homogeneous data.
The null hypothesis (Ho) assumes that the data are independent and randomly distributed, indicating no trend.
The alternative hypothesis (H1) proposes the presence of a monotonic upward or downward trend.
The Mann—Kendall test statistic SSS is calculated as:
n—1 n
S=3 > Sgn(xj — xk )
k=1 j=k+1
(€}
[1 if(j—xk)>0]
Sgn(xj —xk)= [0 if(xj—xk)=0]
[-1 ifg—xk)<0]
where x; and xx are the data values at time j and k, respectively, and n is the number of observations.

2.2.2 Sen’s Slope Estimator

To quantify the magnitude of detected trends, Sen’s slope estimator (Sen, 1968) is applied. This non-parametric
method estimates the true slope (change per year) of a trend in a time series. The method is based on computing
the slopes of all possible pairs of data points and then taking the median of these slopes as the Sen’s slope.

A positive slope indicates an increasing trend, while a negative slope indicates a decreasing trend. This method is
particularly effective in datasets with missing values or non-normal distributions and was implemented using
XLSTAT software.

Results

The variations in maximum temperature, minimum temperature, mean temperature, and annual total rainfall are
analyzed for each selected meteorological station over the period from 1991 to 2020. Among these, a comparison
of the mean temperature and annual rainfall at the Rangamati station between the years 1991 and 2020 is
illustrated in Figure 2 & Figure 3 respectively.
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Figure 2 Mean Temperature of Rangamati Station in 1991 and 2020
From figure 2, it is observed that both 1991 & 2020 years exhibit a similar pattern: temperatures are lowest
during the winter months (e.g., January and December) and highest during the pre-monsoon & monsoon months
(e.g., May to September). A closer look reveals that the mean temperatures in 2020 were consistently higher than
those in 1991 across all months. For example, in January, the mean temperature was around 18°C in 1991 and
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just under 20°C in 2020. The peak temperatures in the pre-monsoon & monsoon season of 2020 reached nearly
29°C, while in 1991, they were closer to 28°C. This comparison suggests an overall increase in monthly mean
temperatures over the 30-year period.

The figure 3 provides a comparison of monthly total rainfall between the years 1991 and 2020. Both years show
a similar seasonal pattern, with minimal rainfall during the dry season (typically from November to March) and a
significant increase during the monsoon season (from June to September). However, a distinct difference is
visible in the rainfall amounts between the two years. The monthly rainfall totals for 1991 are consistently and
significantly higher than those for 2020. For instance, during the peak monsoon months of May through
September, the rainfall in 1991 often exceeded 500 mm, peaking above 600 mm in June. In contrast, the rainfall
in 2020 during the same period was substantially lower, peaking at around 450 mm in July. This graph suggests a
notable decrease in total monthly rainfall between 1991 and 2020, particularly during the wettest months.
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Figure 3 Mean Temperature of Rangamati Station in 1991 and 2020

The temperature and rainfall trends for seven meteorological stations are analyzed using the statistical Mann-
Kendall test and Sen’s slope estimator. Among these stations, the trends in maximum and minimum temperatures
at the Rangamati station, along with the annual average temperature and rainfall pattern trends, are illustrated in
Figures 4 and 5, respectively.
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Figure 4 Maximum and Minimum Temperature Trend of Rangamati Station (1991-2020)
Figure 4 displays the Mann-Kendall and Sen's slope analysis for both maximum and minimum temperature
trends from 1990 to 2020. The top panel shows the maximum temperature, which exhibits a slight, non-
significant increasing trend with a Mann-Kendall S value of 27.00, a p-value of 0.64274, and a Sen's slope of
0.01250 °C per year. The bottom panel illustrates the minimum temperature trend, which also shows no
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significant change, indicated by a Mann-Kendall S value of -10.00, a p-value of 0.87243, and a Sen's slope of

0.00000 °C per year, suggesting that neither the maximum nor minimum temperatures have undergone a
statistically significant trend change over the three-decade period.

The figure 5 presents a trend analysis for both annual average temperature and annual total rainfall from 1990 to
2020. The top panel, depicting the annual average temperature, shows a slight, but not statistically significant,
increasing trend with a Mann-Kendall S value of 25.00, a p-value of 0.66852, and a Sen's slope of 0.00576 °C
per year. Conversely, the bottom panel, which illustrates the annual total rainfall, indicates a non-significant
decreasing trend with a Mann-Kendall S value of -25.00, a p-value of 0.66852, and a Sen's slope of -8.36364 mm
per year. This suggests that over the thirty-year period, there have been no statistically significant changes in
either the annual average temperature or total rainfall.
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Figure 5 Annual Average (Mean) Temperature and Annual Rainfall Trend of Rangamati Station (1991-2020)

A comprehensive Mann-Kendall trend analysis coupled with Sen’s Slope estimation is conducted across seven

meteorological stations in southeastern Bangladesh to assess long-term changes in temperature and rainfall
which are presented in Table 1.

Table 1: Mann-Kendall test result of temperature (maximum, minimum and mean) and rainfall

Maximum Minimum Annual Average Annual Total Rainfall
Temperature Temperature Temperature
Station Mann- Sen's Mann- Sen's Mann- Sen's Mann- Sen's
kendall | Slope(°C/ | kendall | Slope("C/ | kendall | Slope(°C/ kendall Slope(mm

Score year) Score year) Score year) Score lyear)

Patenga 24 0.01225 6 0 86 0.01869 45 13.72

Aambagan -24 -0.03 -7 0 27 0.00819 1.25

Cox's Bazar 5 0 14 0 167 0.01648 1.25
Kutubdia -49 -0.02 21 0.00769 155 0.0178 47 9.47619
Rangamati 27 0.0125 -10 0 25 0.00576 -25 -8.36364
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Shitakundu 20 0.00769 -28 -0.02 103 0.01165 60 17.26316
Teknaf -4 0 -60 -0.03571 89 0.00913 -79 -14

The results reveal a consistent upward trend in annual average temperature at all stations, with Cox’s Bazar and
Kutubdia exhibiting the most pronounced warming (Sen’s Slope: +0.01648 and +0.0178 °C/year, respectively).
Maximum temperature trends varied, showing increases in Patenga and Rangamati, while stations like
Aambagan and Kutubdia experienced declines. Minimum temperature trends were notably negative in Teknaf
(Sen’s Slope: —0.03571 °Cl/year), suggesting potential nocturnal cooling. Rainfall trends were predominantly
positive, with Shitakundu showing the highest increase (+17.26 mm/year), whereas Rangamati and Teknaf
exhibited declining patterns, indicating localized drying. These spatially heterogeneous trends underscore the
need for region-specific climate adaptation strategies, particularly in the context of geotechnical resilience and
sustainable infrastructure planning.

Conclusion

In conclusion, while the overall annual trend in mean temperature showed a slight but statistically non-significant
increase, and rainfall displayed a non-significant decreasing tendency, detailed spatiotemporal analysis revealed
critical variations. Notably, Cox’s Bazar and Kutubdia experienced significant warming trends, with mean
temperature increases of +0.01648 °C/year and +0.0178 °C/year, respectively, whereas Teknaf showed a decline
in minimum temperatures at —0.03571 °C/year. Seasonally, maximum temperatures increased most during winter
at a rate of 0.04 °C/year, and minimum temperatures rose during the monsoon at 0.022 °C/year, suggesting
gradual seasonal warming. Rainfall trends were spatially and seasonally diverse, with annual mean rainfall
increasing by 3.031 mm/year. However, Shitakundu exhibited a substantial rise of +17.26 mm/year, while
Rangamati and Teknaf recorded declining rainfall. These findings underscore the emergence of a warming
climate coupled with spatially variable rainfall patterns, highlighting the urgent need for region-specific climate
resilience and adaptation strategies.

Limitations and Future Works

Although this study provides an updated analysis of temperature and rainfall trends across eight meteorological
stations in Bangladesh from 1991 to 2020, it does have some limitations. The dataset is limited to 30 years, and
future climate changes after 2020 are not captured. As more recent data become available, extending the analysis
period up to 2030 would provide a more complete picture of current climatic patterns. Additionally, this study
focuses on historical trend analysis; integrating future climate forecasts using statistical or climate models could
develop the predictive understanding of temperature and rainfall patterns in Bangladesh.
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