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Abstract
The study of long-term rainfall data is significantly important for the country, whose food security and economy 
depend on the timely availability of water. In this study, spatial and temporal rainfall variability in Bangladesh were 
analysed for seasonal and annual trends by using monthly rainfall data for 40 years (1981–2020) from 34 stations 
of Bangladesh Meteorological Department. Linear regression analysis and Mann-Kendall (MK) test were used to 
identify trends and magnitude of the change and Sen’s slope to estimate the slope of the trend line. The Coefficient of 
Variation (CV) was used to examine the variability of rainfall. Spatial interpolation technique was done by a Kriging 
method using Surfer for interpolating the spatial pattern over Bangladesh. With the exception of a few stations, the 
findings of both parametric and non-parametric tests and trend tests were insignificant for most stations, and these 
stations revealed a falling trend in annual rainfall. Sen's test showed a decreasing trend for both annual and monsoon 
rainfall in almost all stations. Over the 40-year periods, among the seasons, the highest percentage of variability was 
observed in winter rainfall (148.6%) while the lowest percentage variability was observed in annual series (12.1%). 
The analysis of rainfall data could help irrigation and agricultural management plan for the most efficient use of 
water resources in Bangladesh.
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Introduction
Bangladesh is a small country with an area of about 147,570 
square kilometres located in the north-eastern part of South Asia 
within 88.02-92.68oE and 20.57-26.63oN. Land of Bangladesh is 
very flat: elevation is about 1-37 meters above sea level except for 
small parts of it. The southeast (about 200 m altitude) part which 
borders Myanmar and, in the northeast, (height of about 100 m) 
part which is on the border of Shillong Hill in India.

Bangladesh being an agricultural country, rice is the staple food 
and success or failure of the crops and water shortage are always 
considered the most important. A major portion of annual rainfall 
over Bangladesh is received during the summer monsoon season 
(June–September). Summer monsoon is also known as southwest 
monsoon in Bangladesh as well as in South Asia. Summer mon-
soon rainfall contributes about 70% of its annual rainfall over 
Bangladesh [1]. In addition, the summer monsoon season in Ban-

gladesh is characterized by the occurrence of severe floods due to 
heavy rainfall causing extensive damage to crops, road, livestock, 
and properties associated with loss of valuable lives. Any change 
or variation in climate and climatic scenarios affecting the summer 
monsoon rainfall over Bangladesh as well as South Asia is consid-
ered to be a direct threat to the economy of Bangladesh. Annual 
variations in monsoon rainfall cause extreme hydrological events 
(widespread droughts and floods) from time to time, resulting in 
a dangerous reduction in agricultural production and affecting the 
country's large population and economy. A normal monsoon rain-
fall that is evenly distributed across the country is a benefit, but 
an extreme occurrence such as floods or droughts that affect the 
entire country or a smaller area is a natural hazard. As a result, 
monsoon and annual rainfall and temperature variability can be 
used to assess climatic variability and change in Bangladesh in the 
context of global warming. Thus, the availability of appropriate 
water for irrigation under changing climatic situations is critical 
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for Bangladesh, where agriculture has a huge impact on both the 
economy and people's lives. The timely supply of water is critical 
to agricultural output. Population expansion, as well as increased 
demand for irrigation water and industry, will place more pressure 
on the environment in the future.

Water is essential to almost every part of the biosphere and human 
societies; the most severe effects of global warming are expected 
to be seen through changes in the hydrologic cycle [2]. The idea 
of global warming causing the hydrological cycle to accelerate is 
of particular relevance. As a result, the intensity of both wet and 
dry extremes has increased [3-10]. However, the factors regulating 
the increase in wet and dry episodes are likely to be closely inter-
related, and manifestations of the same underlying hydroclimatic 
reaction [5, 7].

Agriculture production, flood control, and efficient water resource 
management have all become key priorities for any development 
or planning project. The uneven distribution of water supplies 
across Bangladesh is one of the major challenges facing water re-
source management in the country. This is due to the natural pat-
tern (temporal and spatial) of rainfall, which varies greatly in time 
and location and climate change is exacerbating this variability 
[11].

Changes in rainfall response as a result of climate change are 
alarming hydrologists and water resource managers because these 
changes in rainfall quantity and frequency are currently altering 
the pattern of streamflow and demands, spatial and temporal distri-
bution of runoff, soil moisture, and groundwater reserves [11-13]. 
Changes in rainfall have had a substantial impact on society, thus 
current data is required to determine the geographical distribution 
and variability at all places across India [14]. Floods and droughts 
would be more likely as a result of the substantial change in rain-
fall patterns [15]. The amount of rainfall affects aquifer recharging 
and soil moisture levels for agricultural crop production [16]. As 
a result, regular rainfall monitoring is essential for improved food 
security, as changes in rainfall distribution over time have an im-
pact on cropping patterns and productivity [17].

The agriculture sector appears to be the worst hit, with rain falling 
when it isn't supposed to, and frequently accompanied by violent 
winds and hail, resulting in massive crop losses and crushing farm-
ers that rely solely on their crops. Another irony is that floods are 
occurring in one location while drought is occurring in another. As 
a result, it's critical to determine whether rainfall has a trend or a 
pattern in its variability.
 
To understand the nature of rainfall fluctuations more research is 

needed for Bangladesh. In light of the foregoing, the purpose of 
this research is to examine rainfall patterns and variability over 
Bangladesh.

Data used
Monthly rainfall data of the 34 stations of Bangladesh were col-
lected from Bangladesh Meteorological Department (BMD) and 
used to investigate the spatial and temporal variability of rainfall 
data series for the period 1981 to 2020 (40 years). Fig. 1 depicts 
the locations of meteorological stations of BMD.

There are four distinct seasons in Bangladesh, according to the 
Bangladesh Meteorological Department, namely (1) pre-monsoon 
(March–May), (2) monsoon (June–September), (3) post-monsoon 
(October–November) and (1) winter (December–February), are 
prevailing in Bangladesh. Fig. 1 depicts the spatial distribution of 
stations, and lists of the station characteristics and data availability 
are presented in Table 1. 

Figure 1: Map showing Bangladesh Meteorological Department 
observational rain-gauge stations.
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Fig.1: Map showing Bangladesh Meteorological Department observational rain-gauge stations. 
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Table 1: Statistical summary of seasonal and annual rainfall over Bangladesh 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Statistical summary of seasonal and annual rainfall over Bangladesh

Methodology 
Annual series were prepared from monthly data, and then trend 
analysis was undertaken. The monthly rainfall data was divided 
into four seasons for seasonal analysis: pre-monsoon season, mon-
soon season, post-monsoon season, and winter season, respective-
ly. Spatial interpolation technique was done by a Kriging process 
using Surfer. For rainfall trend analysis, the following tests were 
utilized. 

In this study, Sen's estimator was used to determine the magnitude 
of trend in a time series, and the statistical significance of the trend 
in the time series was determined using the Mann–Kendall (MK) 
test [18-20].

Magnitude of trend
Sen’s method assumes a linear trend in the time series and has been 
widely used for determining the magnitude of trend in hydro-mete-
orological time series [21-23]. In this method, the slopes (Ti) of all 
data pairs are first calculated by

where xj and xk are data values at time j and k (j > k), respectively. 
The median of these N values of Ti is Sen’s estimator of slope, 
which is calculated as follows:

A positive value of β indicates an upward (increasing) trend and 
a negative value indicates a downward (decreasing) trend in the 
time series.

Linear regression method
Linear regression is a parametric statistical tool that is frequently 
used to investigate data trends over time. Trends may be covered 
in data dispersion coming from non-perfect hydrogeologic circum-
stances, testing and examination conditions, and so on, if the tradi-
tional practice of translating the log slope of the regression line is 
used. The most common strategy for detecting trends is to create a 
linear model between data and time.

Gadgil and Dhorde utilized linear regression to determine long-
term changes in seasonal and annual rainfall [25]. The mean tem-
poral change in the studied variable is the fundamental statistical 
metric. A positive slope value denotes an upward tendency, where-
as a negative one denotes a downward trend. The total change 
throughout the time period is calculated by multiplying the slope 
by the number of years [26].
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where N is the number of the data points. Assuming (     )    , the value of sgn    is computed as follows: 
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Significance of trend
The statistical significance of the trend in monthly, seasonal and 
annual series was analysed using the non-parametric Mann-Ken-
dall (MK) test [19]. The MK test has been employed by a number 
of researchers to ascertain the presence of statistically significant 
trend in hydrological climatic variables such as temperature, pre-
cipitation, and stream flow with reference to climate change [23, 
27-30]. The MK test checks the null hypothesis of no trend ver-
sus the alternative hypothesis of the existence of increasing or de-
creasing trend. Following Bayazit & Onoz no pre-whitening of the 
data series was carried out, as the sample size was large (n ≥ 50) 
and the slope of trend was high (>0.01) [31].
The statistic (S) is defined as (Salas, 1993) follows:	

where N is the number of the data points. Assuming (xj-xi )= θ, the 
value of sgn(θ) is computed as follows:

This statistic represents the number of positive differences minus 
the number of negative differences for all the differences consid-
ered. For large samples (N > 10), the test is conducted using a 
normal distribution with the mean and the variance as follows:

where N is the number of tied (zero difference between compared 
values) groups and tk the number of data points in the kth tied 
group [32]. The standard normal deviate (Z-statistics) is then com-
puted as (Hirsch et al. 1993) follows [32]:
The standardized test statistic Z is given by:

If the computed value of |Z| > zα/2, the null hypothesis (H0) is re-
jected at α level of significance in a two-sided test. In this analysis, 
the null hypothesis was tested at 95% confidence level.

Rainfall Variability Analysis (Coefficient of Variation)
Variance is a statistical measure of how different data points differ 
from the mean. The coefficient of variation (CV) is a normalized 
measure of spread around the mean that may be calculated as fol-
lows:

Where the mean is X, and the standard deviations are S. CV is 
a dimensionless number that is preferable to standard deviation. 
When evaluating the middle of datasets with different units or nor-
mally different means, the coefficient of variation should be used 
instead of the standard deviation. A higher CV value indicates 
greater spatial variability, and vice versa. Using CV, the annual 
and occasional rainfall variability for 34 locations in Bangladesh 
was investigated.

Results and Discussions
Statistical Characteristics of Annual and Seasonal Rainfall
Basic statistical features, such as mean, standard deviation (SD), 
coefficient of variation (CV), of annual and seasonal (pre-mon-
soon, monsoon, post-monsoon and winter) rainfall events during 
the period 1981-2020 of 40 years of Bangladesh were analysed as 
shown in Table 2. Annual rainfall data of various stations in Ban-
gladesh varied from 1423.9 to 4232.9 mm and 258.3 to 786.1 mm, 
in mean and SD, respectively. In the case of seasonal rainfall, their 
values varied from 237.4 to 1137.2 mm in pre-monsoon, 1030.0 to 
3518.5 mm in monsoon, 125.1 to 340.9 mm in post-monsoon, and 
21.2 to 56.2 mm in winter and SD from 99.5 to 328.7 in pre-mon-
soon, 237.9 to 631.8 in monsoon, 83.7 to 214.8 in post-monsoon, 
and 18.0 to 58.8 in winter, respectively, for the period 1981–2020. 

This fundamental statistic shows that locations with higher rainfall 
have less variability than the regions with relatively lower rain-
fall. The scrutiny of annual and seasonal rainfall records showed 
that the maximum rainfall was 5412.0 mm in Teknaf (located in 
south-eastern coastal region) in the year 2008, and minimum rain-
fall of 894.0 mm in Rajshahi (located in western region) in the year 
2010. In general, the mean annual rainfall of Bangladesh indicated 
a long-term decreasing trend as shown in Fig. 2(a).

Trend analysis
Linear regression, Mann–Kendall, Sen’s slope estimator has been 
used for the determination of the trend. The brief details of the 
results are presented in the following subsections.

Linear regression analysis of mean annual and seasonal rainfall 
series
Fig. 2 demonstrates mean annual and seasonal rainfall trends 
(pre-monsoon, monsoon, post-monsoon and winter) of all avail-
able stations in Bangladesh. At 95% confidence level tests were 
examined. At all stations, the monsoon season contributes the most 
to annual rainfall in Bangladesh. During the monsoon season, 
more rainfall occurs (June, July, August, and September) in the 
country. Annual and seasonal rainfall series observed decreasing 
trends except post-monsoon rainfall series, whereas post-monsoon 
rainfall series showed increasing trends. The annual, pre-mon-
soon, monsoon, post-monsoon, and winter rainfall series had 
slopes by -5.36, -2.65, -3.15, 0.91, and -0.56, respectively (Fig 2). 
It means that most of the seasonal and annual rainfall showed a 
slightly decreasing trend over Bangladesh and it may be happened 
due to climate change. The significance test indicated that annual 
and seasonal (pre-monsoon, monsoon, post-monsoon, and winter) 
rainfall trends in Bangladesh were insignificant.
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Fig. 2: The temporal plot of (a) mean annual rainfall (b) pre-monsoon rainfall (c) monsoon rainfall (d) post-
monsoon rainfall and (e) winter rainfall trend over Bangladesh during the period 1981-2020. 
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Figure 2: The temporal plot of (a) mean annual rainfall (b) pre-monsoon rainfall (c) monsoon rainfall (d) post-monsoon rainfall and (e) 
winter rainfall trend over Bangladesh during the period 1981-2020.
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Spatial variation of mean annual and seasonal rainfall analysis
The spatial variation in annual rainfall trend values across the 
country shows a nearly falling tendency, with a few exceptions 
in the southeast region (Fig. 3). Pre-monsoon seasonal rainfall 
variation trend shows a slight increase, with the exception of the 
centre to southeast region, where it has shown a tendency to de-
cline. The spatial variation of monsoon and post-monsoon rainfall 
patterns there demonstrates a declining trend, with the exception 
of the southern regions of Bangladesh where there is a rising ten-
dency. Therefore, rainfall trends diversity in south-eastern zone is 
observed due to orographic lift as it can be seen from the mea-

surements shown in Figs.3&4 [33]. The potential demonstration 
of that significant rainfall differs due to monsoonal blowing of 
wind originating from the coastal Bay [34]. Similarly, Ahmed and 
Kim (2003) explained that monsoonal winds might be the possible 
cause of rainfall variations as its depression path is south to north-
ward [35]. The spatial pattern of Bangladesh's winter season rain-
fall shows decreasing, over Bangladesh (Fig. 4). The decreased 
amount of winter rainfall over Bangladesh is influenced by the 
weak depression of Bay of Bengal (BoB) [36].
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Fig.3: Plot of Mann Kendall Z statistics for the annual rainfall trend during the period 1981–2020. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Plot of Mann Kendall Z statistics for the annual rainfall trend during the period 1981–2020.
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Fig.4:  Plot of Mann Kendall Z statistics for the (a) pre-monsoon rainfall (b) monsoon rainfall (c) post-monsoon 
rainfall (d) winter rainfall trend during the period 1981-2020. 
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Fig.4:  Plot of Mann Kendall Z statistics for the (a) pre-monsoon rainfall (b) monsoon rainfall (c) post-monsoon 
rainfall (d) winter rainfall trend during the period 1981-2020. 

 

 

 

 

 

 

 

 

Figure 4:  Plot of Mann Kendall Z statistics for the (a) pre-monsoon rainfall (b) monsoon rainfall (c) post-monsoon rainfall (d) winter 
rainfall trend during the period 1981-2020.

Mann–Kendall test of rainfall series
Seasonal and annual trends the Z statistic values for rainfall time 
series of all stations of Bangladesh for the seasonal (pre-monsoon, 
monsoon, post-monsoon, winter) and annual time scales are seen 
in Table 2 and Figs. 3 and 4. In terms of seasonality, 28 stations 
showed negative or decreasing trends in rainfall in the pre-mon-
soon seasons and 6 stations showed positive or increasing trends, 
but only two stations out of 34 stations showed significant trends 
in the same season. In the monsoon season, 24 stations out of 34 
stations are seen to have decreasing trends and the rest of the 10 
stations showed increasing trends using the MK test at 95% confi-

dence level that seem to be erratic. In the post-monsoon season, 12 
stations showed decreasing insignificant trends and others 22 sta-
tions showed increasing trends including three stations had statis-
tically significant trend (Table 2). All stations showed a decreasing 
insignificant trend in the winter season except three stations where 
these stations had statistically significant at 95% confidence level. 
For the annual time scale, out of 34 stations, 23 stations showed 
negative or decreasing trends and 11 stations showed positive or 
increasing trends. Among the 34 stations, seven stations had statis-
tically significant in which six (6) had decreasing trends and one 
(1) had increasing trend in the annual time series.  
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Table 2. Z statistic values of seasonal and annual rainfall data using MK in Bangladesh during the period 1981-
2020. 

 

 

 

 

 

 

 

 

 

 

Table 2: Z statistic values of seasonal and annual rainfall data using MK in Bangladesh during the period 1981-2020.

Magnitude of trend in rainfall series (Sen’s slope)
Table 3 shows the magnitude of the trend. The magnitude of the 
negative trend in the annual rainfall series was in the range of 1.98 
in Srimangal station to 16.59 in Faridpur station (Table 3). The 
positive trend or increasing trend was found in Khulna station 
(0.24) and Sandwip station (16.17). Rainfall trends showed over 
India a large variability in the magnitude and direction from one 
station to another [37]. This result is very similar to Gajbhiye et al. 
[37]. Six, out of 34 stations showed positive trends and 28 stations 
showed negative trends or decreasing trends in the pre-monsoon 
season, in which two stations had statistically significant decreas-
ing trends (Table 3). In the monsoon season, 24 out of 34 stations 

had negative decreasing trends and 10 stations exhibited positive 
trends in which 5 and 1(one) stations had positively and negative-
ly statistically significant, respectively. The post-monsoon season 
had a positive value of Sen’s estimator for 21 stations including 
three statistically significant and had a negative value for 13 sta-
tions, although they were non-significant. During the winter sea-
son, rainfall showed negative trends for all stations except one 
station which showed a positive trend. Three (3) out of 34 stations 
exhibited negatively statistically significant for the winter season 
and rest of the stations showed negative trends but it was non-sig-
nificant.
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  Table 3. Sen’s estimator of slope (mm/year) for seasonal and annual rainfall. 
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Analysis of annual and seasonal rainfall variability (CV)
From an agricultural point of view, it is essential to understand the 
seasonal variations for precise assessment of supplemental water 
requirements for crops specially for rice. The rainfall variability 
pattern for Bangladesh utilizing CV during the period 1981–2020 
revealed that the inter-annual and inter-seasonal variability was 
highest for the entire Bangladesh (Figs. 5 and 6). The minimum 
values of CV fell to 12.1% for annual rainfall. The seasonal rain-
fall variability was minimum in Sylhet (28.9%) for pre-monsoon, 

Teknaf (14.3%) for monsoon, Cox's Bazar (51.3 %) for post-mon-
soon, and Rangpur (76.0%) for winter rainfall whereas the seasonal 
rainfall variability was found maximum in Chandpur (59.4%) for 
pre-monsoon, Chandpur (31.2%) for monsoon, Dinajpur (105.5%) 
for post-monsoon, and Sitakunda (148.6%) for winter rainfall sea-
sons (Table 1). The winter rainfall variability was greater than that 
of annual rainfall. Overall, there was a lot of variance in rainfall, 
indicating that places with more inter-annual variability in rainfall 
are more vulnerable to floods and droughts.
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   Fig.5: Spatial distribution of inter-annual variability of annual rainfall (CV) during the period 1981-2020. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Figure 5: Spatial distribution of inter-annual variability of annual rainfall (CV) during the period 1981-2020.
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Fig.6: Spatial distribution of inter-seasonal variability of seasonal rainfall (CV) during the period 1981-2020. 
 

 

 

 

 

 

 

 

 

 

 

Figure 6: Spatial distribution of inter-seasonal variability of seasonal rainfall (CV) during the period 1981-2020.
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Conclusions
Linear regression, Mann–Kendall test, and Sen's slope estimator 
were used to examine trends in annual and seasonal rainfall time 
series for 34 stations in Bangladesh from 1981 to 2020. The Z-value 
of MK test represents both positive and negative trends of rainfall 
in Bangladesh. Annual rainfall series results reveal non-significant 
upward (increasing) and downward (decreasing) trends for most 
of the stations, with the exception of Rangpur, Rajshahi, Faridpur, 
Madaripur, M. Court, Bhola and Sandwip, which exhibit statisti-
cally significant downward and upward trends (Z-value). Winter 
season rainfall in Bangladesh showed a decreasing insignificant 
trend for all stations except three stations namely Dinajpur, Rang-
pur and Tangail, where these stations had downward statistically 
significant. In the monsoon season, more than one-third out of 34 
stations seen negative or decreasing trends with non-significant 
except five stations like as Dinajpur, Rajshahi, Madaripur, M. 
Court, Bhola and Sandwip stations whereas, these stations showed 
statistically significant downward and upward trends. Praveen et 
al. demonstrated that reanalysis data (ECMWF ERA5) exhibit that 
increasing/ decreasing precipitation convective rate, elevated low 
cloud cover and inadequate vertically integrated moisture diver-
gence might have influenced on change of rainfall in India [37]. 
The same may have happened for Bangladesh. 

Irrigation for a man rice and agricultural management could ben-
efit from the analysis of rainfall data, which could help them plan 
for the most efficient use of water resources because a man rice is 
dependent on monsoonal rainfall. Similarly, in the present explora-
tion mostly shows decreasing tendency, which varies seasonally so 
crop transplanting time period may change to reduce food scarcity 
as well as water availability for agricultural production.

Therefore, the water resource is essential part of the progressive 
economy of Bangladesh and its economy is totally dependent on 
the rainfall either it is agriculture or industry. However, the glob-
al rainfall pattern has been altered as a result of climate change. 
Therefore, many studies were carried out in the developed coun-
tries to quantify the pattern of the rainfall changes and formulate 
the management plan accordingly. However, very few researches 
were conducted in the case of Bangladesh to do this. The present 
study provides information in all aspects like rainfall variability 
and trend for overall and change station wise for annual and sea-
sonal rainfall, rainfall change rate, year wise departure, and most 
importantly this study analyses the causes of rainfall changes in 
Bangladesh. Technically, the present study used several sophisti-
cated techniques which have been admired worldwide by the sci-
entists for providing high precision results. This type of studies has 
not been conducted for Bangladesh. Therefore, the present study 
can be the full package and should be very much helpful to the 
Bangladesh planners to proposing plans for small- and large-scale 
regions.
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