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ABSTRACT: 

This study aims to identify rainfall trends and evaluate their significance in the southwestern coastal 

region of Bangladesh. Rainfall is an essential aspect of any watershed, playing a vital role in agriculture 

adaptation, food and waterlogging management, groundwater recharge, navigation and river transport, 

hydropower, and renewable energy potential. The study concentrates on recent variation in monthly and 

yearly precipitation at three stations of Barisal and Patuakhali. Rainfall records from 1981 to 2022 were 

sourced from NASA open data and data extraction was done in a Python program. To examine 

precipitation trends, both statistical and graphical methods were used, including the Mann–Kendall (MK) 

test with Sen’s Slope (SS) estimator for statistical analysis and the Innovative Trend Analysis (ITA) 

technique for graphical evaluation across the Barisal and Patuakhali regions. The findings are typically 

statistically significant at the 5% significance level. By applying the Mann–Kendall test and Sen’s Slope 

estimator, it indicates that rainfall in all three coastal districts is increasing significantly. This increase is 

particularly during the monsoon months (May–October). Annual totals show a strong positive trend, with 

Barisal showing the highest rates of increase, while Patuakhali exhibits a moderate but still significant 

increase. The ITA result is almost similar to the Mann–Kendall test, with both analyses indicating an 

overall increase in rainfall across all three regions. Barisal shows a moderate and stable rainfall increase 

with lower extremes, while Patuakhali experiences rapid rises, higher peaks, and greater variability. 

Minimal precipitation is observed from January to April and November to December, indicating possible 

drought conditions in these months. The ITA method is more effective at detecting trends because it does 

not assume any assumptions like the MK test. Overall, the findings highlight the increasing rainfall trends 

and seasonal variability in southern Bangladesh, providing crucial insights for effective water resource 

management, rainwater harvesting, agricultural planning, and climate adaptation strategies in the region. 
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1.  INTRODUCTION 

Climate change stands as one of the foremost environmental challenges of the present age, capturing 

the attention of governments, scientists, and global communities alike. It is defined by the 

Intergovernmental panel on climatic change (IPCC) as long-term change in climatic system, which 

manifests itself in the long-lasting changes in the mean state or variability of climatic properties that are 

sustained over a period of decades or more (Bari et al., 2016; Salman & Ahmed, 2020). Bangladesh is 

ranked among the most climate-prone countries based on a set of hydrogeologic and socio-economic 

circumstances. It is particularly sensitive to environmental hazards by virtue of its geographical location 

in South Asia, great volatility of climate as a result of the monsoon winds, and low-lying topography as 

a delta (Ali et al., 2025; Khan et al., 2019; Salman & Ahmed, 2020). Moreover, a significant percentage 

of the population relies on agriculture which is very sensitive to changes in rainfall and temperature, 

and the high population density and poverty experienced in the country make it even more prone. 

Bangladesh is considered to be among the countries that are most vulnerable to climate change (IPCC, 

2013). The number of natural disasters like rising temperatures, floods, cyclones, droughts, saline water 

intrusion, sea-level rise, and heavy monsoon downpours is high and offers a massive social and 

economic disruption (Ahmed & Karmakar, 1993). The economic system of the country, especially its 

farming and industry, depends on good climatic conditions. The monsoon towards the southwest 

prevails in Bangladesh and most of the seasonal rainfall, crop yield, and general farming output are 

greatly influenced by it. 

Barisal, located in the south-central coastal zone of Bangladesh, exemplifies the nation’s high exposure 

to climatic hazards (Khan et al., 2019). The rate of precipitation in Barisal is vital in understanding the 

hydrological balance of the area and agricultural performance, as well as vulnerability to climate 

change. Being a part of the Ganges-Brahmaputra-Meghna delta, the economy and livelihoods of Barisal 

are directly dependent on rainfall, which supports crop planting, fisheries, and freshwater. Any change 

in the precaution will influence the soil fertility, irrigation needs, and flood intensity- factors that 

directly influence the food security and income earned in rural regions (Alam et al., 2023; 

Kamruzzaman et al., 2019). Extreme events of weather, including droughts, severe monsoon floods, 

etc., are also essential to detect changes in the occurrence of this phenomenon with a changing climate 

due to extended rainfall (Ahmed & Kim, 2003; Zena Besha et al., 2022). It is estimated that USD 10 

million is lost by the communities of Barisal every year due to floods and cyclones, and this amount is 

expected to increase dramatically by 2050. With a middle growth and climate description, the 

cumulative climate-related expenses may end up totalling around USD 130 million per annum by the 

middle of the century (Salman & Ahmed, 2020). As a result, proper understanding of how precipitation 

behaves is important to policymakers and planners so that in their endeavour to come up with effective 

water management systems, they develop better disaster preparedness and sustainable development in 

the area. 

Various researchers around the world have conducted research to understand the effects of climate 

change and ways it can be reduced to bring the negative effects to a minimum. Nevertheless, Bangladesh 

continues to be behind in the establishment of in-depth research and adjustment plans on the same. 

Despite the fact that a number of studies have been done to analyze rainfall variability in certain areas 

of the country (Ahmed & Kim, 2003; Ali et al., 2025; Hamed, 2008a; Khan et al., 2019), none of them 

has conducted a comprehensive analysis of the major climatic variables in the whole country. The 

majority of the research work has been inclined to narrow parameters, and there are gaps in the 

knowledge about wider interactions of climatic interactions. Non-parametric techniques like the 



                 Proceedings of the 8th International Conference on Civil Engineering for Sustainable Development 

            (ICCESD 2026), 5~7 February 2026, KUET, Khulna, Bangladesh 

 

ICCESD_2026_0784_3 

The countrywide studies have found out that post-monsoon rainfall decreases ((Güçlü, 2018)) and in 

the northeast, temperatures were rising, with uneven rainfall patterns (Mann, 1945). There was an 

improvement in the rainfall and temperature in Dhaka per year (Agbo et al., 2023; Hossen & Evan, 

2023). India and Turkey studies of a similar nature affirmed that there were regional differences in 

rainfall and temperatures (Gupta & Verma, 2023). The results demonstrate the usefulness of MK, Sen 

slope, and ITA in identifying climatic variation and as such, they should be used in the study of the 

precipitation at Barisal. 

A test for serial correlation was conducted at first in the study, but for serially dependent time series, 

any Mann Kendall trend test was not utilized, which could produce erroneous results. Besides, the 

majority of the studies examined seasonal differences without dwelling upon long-term annual trends. 

In order to overcome these shortcomings, the current paper uses both the Mann-Kendall and modified 

Mann-Kendall tests and Sen slope estimator to test time series changes in correlated and uncorrelated 

climatic variables. The study places emphasis on rainfall variability and anomalies, which play a crucial 

role in determining Barisal’s long-term agricultural output and adaptive capacity to climate change. 

2.  METHODOLOGY: 

 The current study investigates statistical trends associated with climate change in the southwestern 

coastal area of Bangladesh. Precipitation exhibits significant variability in the southwestern coastal 

region of Bangladesh . The study concentrates on two meteorological stations—Barisal and Patuakhali 

chosen and at least 42 years of rainfall data are collected from NASA power data. 

   

 

 

Figure 1:Study area map of Barisal division 
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Climate records, spanning from 1981 to 2022, are analyzed for these locations. In the current research, 

the precipitation trend is assessed using three different methods. Firstly, the statistical (MK test) is 

applied to detect the presence of rising or falling trends. After that, to find the proper slope of a linear 

trend, the SS estimator test is used. Lastly, a graphical method (ITA) is adopted to find trends in 

precipitation data with or without considering the effects of autocorrelation, size of the dataset, and 

distributions. Figure 2 shows the outline of the methodology adopted for the analysis. (Patel & Mehta, 

2023) 

2.1 The Study Area and Data Collection 

Barisal District (Barisal division) has an area of 2784.52 sq. km, located between 22°27' and 22°52' 

north latitudes and between 90°01' and 90°43' east longitudes. It is bounded by Madaripur, Shariatpur, 

and Chandpur districts on the north; Patuakhali, Barguna, and Jhalokati districts on the south; Bhola 

and Lakshmipur districts on the east; Jhalokati, Pirojpur, and Gopalganj districts on the west. Total 

population 2324310 (Bangladesh Population Census 2001 and 2011, Bangladesh Bureau of Statistics; 

Cultural survey report of Barisal District 2007; Cultural survey report of the Upazilas under Barisal 

District 2007). This study focuses on three coastal districts: Barisal and Patuakhali (Figure 1). These 

districts are located along the lower Meghna estuary and the Bay of Bengal, making them highly 

vulnerable to the impacts of climate change. The region is characterized by a tropical monsoon climate 

with hot, humid summers and mild winters, where rainfall plays a vital role in agriculture, fisheries, and 

livelihoods. (Salman & Ahmed, 2020) 

For this study, monthly and annual precipitation data covering 42 years (1981–2022) were obtained 

from NASA POWER satellite products. Table 1 displays the information about those stations. 

Table 1: Location and characteristics of meteorological stations considered in this study. 

Serial No. Station Name Latitude (N) Longitude (E) Elevation 

from 

MERRA-2 

(m) 

Data Period 

1 Barisal 22°42′0″ 90°22′0″ 9 m 1981-2022 

2 Patuakhali 22°21′31″ 90°19′54″ 6 m 1981-2022 

2.2 Testing Autocorrelation 

Autocorrelation constitutes a critical issue in the trend analysis of precipitation time series. The presence 

of either positive or negative autocorrelation leads to biased and underestimated trend outcomes 

(Ahmed & Kim, 2003; Hamed, 2008a). Moreover, in cases where no actual trend exists, non-parametric 

tests may incorrectly identify a significant trend under positive autocorrelation or fail to detect a true 

trend under negative autocorrelation. Hence, it is imperative to address and eliminate autocorrelation 

prior to conducting trend analysis (Patel & Mehta, 2023). To assess its presence, the lag-1 

autocorrelation coefficient (𝑟1) is computed at a 5% significance level using the following equation. 

r1 =

1

n−1
 ∑ [xi−E(xi)

] × [x(i+1)−E(xi)]
n−1
i=1

1

n
∑ (xi
n
i=1 −E(xi))

2
                                                                                      (1) 

∑(𝑥𝑖) =  
1

𝑛
∑ 𝑥𝑖
𝑛
𝑖=1                                                                                                                             (2)         
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 Where ∑(xi) represents the mean of sample data and n denotes the sample size.            

 To determine the presence of autocorrelation, 𝑟1 is evaluated at a 95% confidence interval using the 

following equation. 

𝑟1[95%] =
−1±1.96√𝑛−2

𝑛−1
                                                                                                          (3)                     

2.2.1 Mann-Kendal Trend Test: 

In Mann-Kendall trend test (Hamed, 2008b; Mann, 1945) the data are estimated as an ordered time 

series. It is a statistical test (non-parametric rank-based) and usually applied to discover trends in the 

precipitation time series, whether it is linear or not (Agbo et al., 2023). The initial value of the Mann-

Kendall statistic S is assumed to be 0 (no trend). The Mann Kendall statistics S is given as follows- 

𝑆 = ∑ ∑ 𝑠𝑖𝑔𝑛(𝑥𝑗 − 𝑥𝑖
𝑛
𝑗=𝑖+1

𝑛−1
𝑖−1 )                                                                                               (4) 

  

If 𝑥1, 𝑥2, 𝑥3, … . 𝑥𝑛 represent n data points where 𝑥𝑖  represents the data point at time i. where 𝑥𝑖  and 𝑥𝑗 

represent precipitation time series data(years) and n represents the length of data. 

𝑠𝑖𝑔𝑛(𝑥𝑗 − 𝑥𝑖) = {

−1, (𝑥𝑗 − 𝑥𝑖) > 0

0, (𝑥𝑗 − 𝑥𝑖) = 0

+1, (𝑥𝑗 − 𝑥𝑖) < 0

                                                                                             (5)                       

 To calculate the variance, the following equation is used -                                                                         

 𝑉𝑎𝑟(𝑆) =  
𝑛(𝑛−1)(2𝑛+5)−∑ 𝑡𝑖𝑖(𝑖−1)(2𝑖+5)          

𝑘
𝑖=1

18
                                                                           (6) 

 

Where, t means the number of observations. The following equation is applied to determine the standard 

statistic (𝑍𝑀𝐾) value: 

𝑍𝑀𝐾 =

{
 
 

 
 

𝑆+1

√𝑉𝑎𝑟(𝑆)
, 𝑖𝑓 𝑆 < 0

0               , 𝑖𝑓 𝑆 = 0
𝑠−1

√𝑉𝑎𝑟(𝑆)
, 𝑖𝑓 𝑆 > 0

                                                                                                                     (7)                     

To determine whether a significant trend is present or not, the predicted ZMKvalue is compared to a 

typical normal distribution using two-tailed significant levels. The null hypothesis (H0) is accepted at a 

5% significant level. There is an increasing or positive trend in the data, if the value of ZMK is more 

than zero (ZMK>0). Similarly, when the ZMK value is less than zero (ZMK < 0), it shows a decreasing 

or negative trend exists in the data. However, if  ZMK is equal to zero (ZMK=0), the trend is interpreted 

as no trend. 
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2.2.2 Sen’s Slope Estimator Test: 

The MK test cannot determine the magnitude of trend variation. Therefore, the Sen’s Slope estimator 

developed by Sen’s (1968) is used to determine the rate of change or slope of the linear trend in the 

precipitation data (Prodhan et al., 2024). 

It can be calculated using the following equation: 

 𝛽𝑖  =  𝑚𝑒𝑑𝑖𝑎𝑛 
𝑥𝑖−𝑥𝑗

(𝑖−𝑗)
, 𝑗 < 𝑖                                                                                                         (8) 

Where 𝛽𝑖 means slope, x means variables, i and j are indices. If 𝛽𝑖 > 0 it indicates upward trends in a 

time series data. Otherwise, the data series shows a downward trend during the period, when 𝛽𝑖 < 0. 

 

2.2.3 Innovative Trend Analysis: 

Innovative Trend Analysis (ITA) is a non-parametric graphical method that was employed to identify 

monotonic trends in hydro-climatic time-series, which involves splitting the data on even halves and 

ranking the two sets of data separately and then comparing them (Şen, 2012). A 1:1 line is a line whose 

data above the line show an increasing trend and a decreasing trend, respectively. ITA is particularly 

effective for climate variables that exhibit disruptiveness, short data records, and autocorrelation, 

conditions under which classical trend tests may lose reliability (Patel & Mehta, 2023). Compared to 

MK-based approaches, ITA demonstrates greater resilience to serial correlation and skewed 

distributions, making it useful for hydrological trend assessment under climate variability. 

 

3. RESULTS & DISCUSSION: 

The analysis of rainfall trends arise abrupt changes found in Bangladesh over the time period 1981–

2022. The obtained outcomes are described in the following sections. The trend analysis of the 

precipitation data has been done using the data of precipitation of Barisal and Patuakhali stations. 

Table 2: Mann-Kendall test data for Barisal 

Period Kendall Tau p-value Sen Slope Trend Significant 

JAN 0.003221 0.975711 0 Increasing No 

FEB 0.052854 0.613058 0.0508 Increasing No 

MAR 0.145877 0.162784 0.404559 Increasing No 

APR 0.040169 0.700725 0.194779 Increasing No 

MAY 0.389006 0.000198 5.825364 Increasing Yes 

JUN 0.498943 1.81E-06 10.06074 Increasing Yes 

JUL 0.424947 4.78E-05 11.10932 Increasing Yes 
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AUG 0.587738 1.87E-08 12.85136 Increasing Yes 

SEP 0.545455 1.80E-07 8.857604 Increasing Yes 

OCT 0.560254 8.30E-08 7.845427 Increasing Yes 

NOV 0.160847 0.124165 0.375439 Increasing No 

DEC 0.106499 0.311284 0.012154 Increasing No 

ANN 0.610994 5.03E-09 61.07738 Increasing Yes 

The Mann–Kendall (MK) test and Sen’s slope estimator were applied to evaluate precipitation trends 

in Barisal. The findings suggest that the pattern shows the steady rising trend of all months of the year 

and on the annual basis though the statistical significance varies seasonally. During January–April, 

precipitation trends are positive but statistically insignificant (p > 0.05), implying minimal long-term 

change. A significant increasing trend emerges in May (τ = 0.389, p = 0.000198), marking an early 

intensification of pre-monsoon rainfall. The upward trends in the monsoon months (June- October) are 

strong and significant (p < 0.05) with Sen’s slope values ranging between 7.84 and 12.85 mm/year and 

this shows that there are very great changes in the intensity of the rainfall. The most pronounced rise 

occurs in August (Sen’s slope = 12.85 mm/year). Conversely, November–December show weak, non-

significant increases. On an annual scale, precipitation demonstrates a highly significant increasing 

trend (τ = 0.611, p = 5.03 × 10⁻⁹) with a Sen’s slope of 61.08 mm/year. These results indicate that there 

is a net increase in rainfall especially during the monsoon season and this could affect the hydrology of 

the region, flood cycles and farming plans in southern Bangladesh. 

Table 3: Mann-Kendall test data for Patuakhali 

Period Kendall Tau p-value Sen Slope Trend Significant 

JAN 0.005416 0.959407 0 Increasing No 

FEB 0.042283 0.685793 0.031214 Increasing No 

MAR 0.099366 0.341736 0.201429 Increasing No 

APR 0.040169 0.700725 0.223889 Increasing No 

MAY 0.353066 0.00073 4.333268 Increasing Yes 

JUN 0.372093 0.000371 5.488986 Increasing Yes 

JUL 0.418605 6.20E-05 7.769686 Increasing Yes 

AUG 0.547569 1.61E-07 9.009697 Increasing Yes 

SEP 0.539112 2.49E-07 7.353703 Increasing Yes 

OCT 0.490486 2.69E-06 7.071274 Increasing Yes 
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NOV 0.152543 0.145171 0.305513 Increasing No 

DEC 0.114633 0.277944 0.02625 Increasing No 

ANN 0.589852 1.66E-08 45.92491 Increasing Yes 

  

In the dry months (January-April), rainfall trends remain positive but statistically insignificant (p > 

0.05), hence there are slight variations in precipitation during the early seasons. The major positive 

trend starts in May (τ = 0.353, p = 0.00073), when the strengthening of the pre-monsoon rainfall starts. 

The monsoon months (June- October) have shown very high increasing trends (p < 0.05) with the values 

of Sen’s slope between 5.49 to 9.01 mm/year indicating that rainfall is increasing substantially in the 

wet months. August has been found to have the greatest increase (Sen’s slope = 9.01 mm/year). The 

post-monsoon period (November–December) exhibits weak, non-significant increases, reflecting stable 

precipitation toward the year’s end. On the annual scale, the increasing trend of rainfall is highly 

significant (τ = 0.5899, p = 1.66 × 10 -8) at a Sen’s slope of 45.92 mm/year, which allows confirming 

a steady increase in the overall yearly rainfall. These findings suggest that intense monsoonal rainfall 

in Patuakhali is increasing, and this can increase the risk of floods and impact the regional water 

resources management in the coastal areas in Bangladesh.  

 

 3.1 Graphical Analysis of Precipitation Trends Using the ITA Method: 

Innovative Trend Analysis (ITA) was used to assess the temporal change as the time series of 

precipitation was divided into two equal parts and compared in terms of their behaviour. Figures 2 and 

3 indicate the pre-monsoon, SW (southwest), post-monsoon, and winter seasonal ITA results in Barishal 

and Patuakhali, and Figure 4 depicts the annual precipitation rates in the two areas. The 1:1 line in the 

dashed form in each panel is the equality line or the place where the value of the earlier period and the 

later period are equal and hence represent the existence of no trend. The data points on this line indicate 

stable conditions whereas the data points above and below indicate increasing and decreasing trends 

respectively. The scale of adjustment is gained upon the dispensation of the points along the 1:1 line; 

the greater the deviation the greater the trends. In all seasons and at the annual level the most 

observations are above the equality line indicating general increase in rainfall. The highest growth is 

recorded during the SW monsoon season with almost 1200 mm in Barishal and over 800 mm in 

Patuakhali which reflects the increase in recent monsoonal rainfall. The pre-monsoon and post-

monsoon periods show the moderate upward trends as well with winter rainfall showing relatively weak 

yet consistent increase. Altogether, the ITA outcomes in Figures 2-4 indicate a steady increase in 

seasonal and annual silage in the area of interest, where the changes are the most notable during the SW 

monsoon season. 
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Figure 2: Seasonal precipitation trend analysis for Barisal (a) ITA for pre-monsoon, (b) ITA for SW-

monsoon, (c) ITA for post-monsoon, (d) ITA for winter 

(a)  (b) 

(c) (d) 
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                                            (e)                                                                                (f)     

(g)                                                                   (h) 

Figure 3: Seasonal precipitation trend analysis for Patuakhali (a) ITA for pre-monsoon, (b) ITA for 

SW-monsoon, (c) ITA for post-monsoon, (d) ITA for winter 
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4. CONCLUSION: 

This paper examined the long-term precipitation trends of the southwestern coastal area in Bangladesh, 

i.e., Barisal and Patuakhali, in terms of both statistical (Mann Kendall and Sen’s Slope) and graphical 

(Innovative Trend Analysis, ITA) methods during 1981-2022. The slope tests by Mann–Kendall and 

Sen showed that annual and monsoon rainfall is positively increasing and at a steady rate, especially 

during the months of May to October which is a sign of high monsoon activity in the past few decades. 

These findings were further supported by the ITA results with the majority of data points above the 1: 

1 line indicating an overall upward trend in rainfall of all seasons. Spatial differences between rainfall 

intensification in the region as seen in Barisal and Patuakhali indicated that in Barisal there was a 

stronger increase in precipitation than in Patuakhali. This increase in rainfall is important to the 

agriculture-based economy of the Barisal Division, but it has also increased flooding, road damage, and 

deterioration of infrastructure. In general, the results indicate a gradual change to a more humid 

environment in the coastal areas of Bangladesh and emphasize the necessity of changing the way the 

water resources are managed and agricultural systems have to be climate resilient to address the possible 

effects of changing precipitation patterns. The future study should focus on enhancing the accuracy of 

data by including various data sources and increase the observation stations within the Barisal Division. 
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