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A B S T R A C T

Evaluation of drought is essential and useful to eradicate climate change impact. Therefore, this study aims to
explore the spatiotemporal drought intensity trend in seven climatic zones of Bangladesh during 1979–2019.
Mann-Kendall trend test and Standardized Precipitation Evapotranspiration Index (SPEI) are employed to identify
drought trend and status, whereas spatial visualization is checked through Inverse Distance Weighting Interpo-
lation. The study's findings emphasize the decreasing rate of SPEI in all climatic zones except the south-eastern
zone, which is > 0.0065, >0.007, >0.0128, and >-0.0001 for SPEI 09 12, 24, and 06, respectively. Further-
more, the northern region has the highest value in SPEI in some periods with the highest decrease rate in SPEI 06,
SPEI 09, SPEI 12 demonstrates greater drought responsibilities. The Barisal (.>-3.75), Rangpur (>-3.65), Dinajpur
((>-3.00), Rajshahi (>-4.35), Bogra (>-4.50), Ishurdi (>-3.45), Faridpur (>-4.30) and Madaripur (>-2.10) found
under extreme drought-prone climatic zone. Thus, the study recommends taking initiatives and management for
water resources to adopt mitigation planning for drought-prone climatic zones.
1. Introduction

Drought is a naturally recurring phenomenon that causes a reduction
of water availability with inadequate rainfall. As a result of inadequate
evaporative and transpiratory processes, drought significantly influences
all climatic zones (Mishra and Singh, 2010; Pal et al., 2000). Droughts are
defined as water shortages that endure for months or years and are
accompanied by lower-than-normal rainfall (Bae et al., 2018). Based on a
different study when rainfall deficit is more than 25 or 30 percent, it is
considered drought (CWC, 1996; Venkateswarlu, 1992). Drought con-
sists of subversive impacts on irrigation, the environment, and society.
Rainfall variability and temperature rise are caused by climate change,
while drought has increased in various parts of the world (Habiba et al.,
2013a; IPCC, 2007). As a result of global warming, Bangladesh is the
most vulnerable country to climate change, with temperatures rising in
recent decades. This could lead to water scarcity and drought dominance
in the future decades (Rahman and Lateh, 2017; Uddin et al., 2020).

Global perspective demonstrates drought is the second most devas-
tative disaster (Nagarajan, 2010). Bangladesh is considered a
drought-prone country, including floods, cyclones, and coastal erosion.
The country is also experienced several historical droughts in the year of
1951, 1957, 1958, 1961, 1966, 1972 and 1979 which covers total land
Rahman).
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area of 31.63%, 46.54%, 37.47%, 22.39%, 18.42%, 42.48% and 42.04%
respectively (Banglapedia, 2014c). Drought influenced the reduction of
crop production by 25–30% (Habiba et al., 2013a), whereas 53% of
people live in Bangladesh's drought-prone areas (Ahmed, 2006). How-
ever, extensive irrigation practice continues in several parts of the
country, requiring a demand for water and future availability that may
conclude with food security. Several studies indicate the loss of agricul-
ture, life, and property due to drought is more than flood consequences;
less attention is paid to this phenomenon (Alexander, 1995; Rahman and
Saha, 2007; Shahid and Behrawan, 2008; WBB, 1998). Therefore, a
detailed investigation is urgently needed for minimizing potential risk
drought severity in Bangladesh.

Trend analysis can detect the effect of climate change scenarios on the
provided variable of hydroclimatic variabilities (Nourani et al., 2018).
Protracted changes in hydro climatological factors (variations) have been
shown to alter the deliverable, geographical, and spatiotemporal vari-
ability of air and water in a region (Danandeh Mehr and Nourani, 2017).
Several methods were applied for drought analysis in various studies
among them meteorological data based Standardized Precipitation
Evapotranspiration Index (SPEI) and the Palmer Drought Severity Index
(PDSI) are most common; however, SPEI is a new method, but it fulfills
proper data utilization (McKee et al., 1993; Palmer, 1965). Also, wavelet
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trans-form Mann–Kendall (WTMK) is also used as a recent method of
hydroclimatic statistics (Danandeh Mehr et al., 2013; Nourani et al.,
2015). In a recent article, the new approaches of innovative trend anal-
ysis (ITA) and sequential average methodology (SAM) were also
employed in conjunction with the optimization of the Mann-Kendall
(MK) test and Sen's Slope estimator for trend analysis on different
geological timescales (Danandeh Mehr et al., 2021; Jerin et al., 2021).
Therefore, the Mann-Kendall test has been the most extensively used
approach because it is easy to evaluate and does not reflect any particular
summary statistics (Mehr and Vaheddoost, 2019). Also, SPEI is the
combined analysis of PDSI and SPI, which signifies its analytical strategy
which needs to be implemented in the study area (Wang et al., 2017).
Throughout the age of climate extreme weather events, flood and
drought occurrence trends are crucial for protracted river basin man-
agement, agriculture and fisheries, and crisis response in Bangladesh.

Several drought assessments have been conducted in Bangladesh
(Hoque et al., 2020; Kamruzzaman et al., 2019; Shahid and Behrawan,
2008). Zinat et al. (2020) explored SPEI and MK test for BORO rice
growing capacities with only eight stations. Rahman et al. (2017) studied
drought impacts on groundwater table by utilizing SPI and MK test in the
Figure 1. Digital elevation m
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Brand area of Bangladesh from 1971-2011. More recently Mondol et al.
(2021) identified meteorological drought for the north Bengal of
Bangladesh. However, most of the study focused on the drought assess-
ment of the whole Bangladesh in part. Other study focused on ground
water drought in North (Shahid and Hazarika, 2010), mitigation strategy
of farmers during drought occurrences (Habiba et al., 2012), character-
istics of dry periods (Dash et al., 2012). Therefore no study focused
historical drought intensity assessment considering climatic region in
Bangladesh. However, the climatic region contained vast importance on
quantification of reference evapotranspiration (Salam et al., 2020),
farmland value (Shakhawat Hossain et al., 2020), crop farming and
climate change vulnerabilities (Hossain et al., 2019). Also, the existing
literature does not emphasize drought intensity despite evaluating only
drought frequency, agricultural drought severity, and parametric anal-
ysis for seasonal variation (Alamgir et al., 2019; Dash et al., 2012;
Kamruzzaman et al., 2019). To fill these gaps, this study focuses on dry
periods intensity change trends in seven climatic zones in Bangladesh
with the spatial distribution of drought severity. Thus, this study aims to
identify the specific dry periods trends in Bangladesh's seven climatic
zone with spatiotemporal evaluation. To the best of the author's
odel of the study area.



Table 1. Monthly rainfall and temperature statistics from 26 meteorological stations (1979–2019), including WMO code, latitude, longitude, elevation, temperature,
precipitation, standard deviation, skewness, and kurtosis.

Stations WMO
Code

Lat(N) Lon(E) Elevation (m) Mean Std. Deviation Skewness Kurtosis

Rainfall Temp. (0C) Rainfall Temp. Rainfall Temp. Rainfall Temp.

Teknaf 41998 23.43 91.18 06 4123.51 26.22 831.57 0.32 -1.94 0.38 6.21 -0.72

Sylhet 41891 22.72 90.37 35 4089 25.42 681.11 0.57 0.76 0.03 0.19 -0.96

Srimangal 41915 24.30 91.73 23 2372.37 25.12 450.02 0.32 1.14 0.52 1.31 0.38

Sitakunda 41965 23.23 90.7 10 3028.9 25.90 823.15 0.39 -0.87 -0.04 2.47 -0.49

Satkhira 41946 22. 43 89. 40 06 1699.76 26.53 262.33 0.34 -0.24 -0.07 -1.04 0.28

Rangpur 41859 24.73 90.42 34 2244.9 24.92 474.14 0.38 0.76 -0.47 1.49 0.77

Rangamati 41966 23.2 89.33 63 2577.17 25.87 525.51 0.38 0.49 -0.41 -0.02 -0.14

Rajhshahi 41895 22.72 89.08 20 1422.9 25.91 293.86 0.32 0.31 0.40 0.94 0.15

Patuakhali 41960 23.6 89.85 03 2469.95 26.40 603.50 0.33 -1.12 0.34 2.91 0.13

Mymensigh 41886 24.15 89.03 19 2225.51 25.41 503.43 0.34 0.05 -0.57 0.12 1.30

Madaripur 41939 24.37 88.7 13 1925.17 26.21 353.60 0.29 -0.02 -0.12 0.01 0.07

M.court 41953 22.52 91.06 06 3099.51 26.16 532.79 0.50 0.86 -0.48 1.76 0.02

Khulna 41947 24.85 89.37 04 1837.07 26.55 357.19 0.41 -0.24 -0.16 -0.22 -0.15

Khepupara 41984 21.59 90.13 09 2716.05 26.34 549.50 0.31 -1.40 0.03 2.43 0.74

Jashore 41936 25.73 89.27 07 1677.76 26.36 319.16 0.31 0.23 0.23 -0.66 0.23

Ishurdi 41907 24.15 89.05 14 1489.85 25.82 294.05 0.34 0.26 0.29 -0.04 0.46

Hatiya 41963 22.40 91.00 04 3202.07 25.93 660.97 0.35 -1.45 0.17 5.92 -0.68

Faridpur 41923 24.9 91.88 09 1788.73 26.06 347.31 0.38 0.37 0.21 -0.61 0.05

Dinajpur 41863 25.38 88.38 37 1937.37 25.07 464.08 0.32 0.42 -0.13 0.72 -0.05

Dhaka 41923 23.03 91.42 09 2045.95 26.37 468.62 0.42 0.33 0.14 -0.57 -0.57

Cox's Bazar 41992 21.98 90.68 04 3608.93 26.52 783.30 0.47 -1.60 -0.11 4.10 -0.94

Comilla 41933 22.33 90.33 10 2063.37 25.71 403.70 0.37 0.44 0.01 0.65 0.12

Chittagong 41977 22.19 91.50 34 2964.29 26.17 494.20 0.46 0.65 0.15 0.10 -0.90

Chandpur 41941 23.13 90.39 07 2157.24 26.21 550.13 0.47 0.95 -0.44 0.90 1.33

Bogra 41883 21.45 91.96 20 1747.41 25.90 387.03 0.33 0.06 0.49 -0.84 0.12

Barisal 41950 22.68 90.65 04 2084.9 26.04 361.12 0.36 -0.01 0.53 -0.82 0.28

Table 2. Parameters of SPEI.

Category SPEI

Extreme drought �1.83 and less

Severe drought �1.82 to �1.43

Moderate drought �1.42 to �1.49

Near normal -1.0 to 1.0

Moderate wet 1.42 to <1.0

Severely wet 1.82 to <1.43

Extremely wet 1.83 and above
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knowledge, this is the first study of drought assessment that exploits
seven climatic zones.

The scope of the study is limited to recent datasets (1979–2019) and
methodological illustration of SPEI, MK and IDW approach employed in
the research. The duration of dataset could be extended if methodolog-
ical advancement is implemented for missing values before 1979. How-
ever, we expect this investigation could bring vital significance to
vulnerable drought-prone area identification based on zonation and
mitigation; drought management response could also be assigned
through this study. This study examines recent datasets of monthly
rainfall, focused on the spatiotemporal exploration of dry periods
changes by calculating SPEI and MK test (Kendall, 1975; Mann, 1945;
McKee et al., 1993; Palmer, 1965). An index of drought differentiation
contained seven classes have been used for quantifying severity in seven
climatic regions. Also, spatial pattern of dry period occurrence is per-
formed through IDW techniques (Shepard, 1968).
3

2. Data and methods

2.1. Study area

The absolute geographical location of Bangladesh defines the location
of 20�340 N – 26�380 N latitude to 88�010 E– 92�410 E longitude with an
area of 147570 sq km. The country is consisting extremely flat regions
except for hilly areas in the southeast and southwest (Figure 1). The re-
gion experiences winter (December to February), pre-monsoon (March to
May), monsoon (June to September), and the -post-monsoon (October to
November) season (Banglapedia, 2014b). The influential climatic char-
acter of Bangladesh could be divided in seven climatic regions namely
south-eastern region(A), north-eastern region(B), northern part of
northern region(C), north-western region(D), western region(E),
south-western region(F), south-central region (G), (Figure 1) (Bangla-
pedia, 2014a). The country's average mean annual rainfall is 2428 mm,
the maximum temperature is 30 �C–40 �C, and the minimum tempera-
ture is observed 5.2 �C–10 �C (BMD, 2013). Therefore monsoon season
gets more than 80% precipitation, the hottest and coldest season is found
for summer and winter (January) respectively (Islam et al., 2018; Rah-
man and Islam, 2019).
2.2. Data acquisition and pre-processing

Monthly rainfall and temperature data are needed to calculate the
Mann-Kendall trend test and Standardized Precipitation Evapotranspi-
ration Index (SPEI) calculation, which were collected from Bangladesh
Agricultural Research Council (BARC). For this study, we considered a
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recent dataset for twenty-six climatic stations among the total of 35
stations used from 1979 to 2019, where no missing data were found
(Table 1) although several studies signify that less than 2 per cent of
missing data is adequate to analyze the rainfall records (Shahid, 2008;
Towfiqul Islam et al., 2020; Mortuza et al., 2019). Such selected stations
have proven data integrity for long-term hydro-climatic measurements
(Mondol et al., 2021; Mortuza et al., 2019). To avoid biases and maintain
data quality, the other nine stations are excluded as those stations are
newly established and do not contain more extended period dataset
(Towfiqul Islam et al., 2020) containing 6 to 22 percent missing values on
average (Shahid, 2008), which include stations Ambagan (1979–2019),
Bhola (1979), Chuadanga (1979–2002), Mongla (1979–1998), Syedpur
(1979–2002), Tangail (1979–1986), Feni (2001), Kutubdia
(1979–1986), Sandwip (2003). Additionally, the von Neumann ratio,
standard normal homogeneity test, and range test were used to deter-
mine homogeneity, where all datasets being found to be homogeneous
(Alexandersson, 1986; Buishand, 1982; von Neumann, 1941). Further-
more, we have illustrated the spatial distribution where IDW was used in
ArcMap 10.8.
Figure 2. Average minimum SPEI in South-eastern zone an
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2.3. Standardized Precipitation Evapotranspiration Index (SPEI)

SPEI is an extended method for Standardized precipitation index
(SPI) which calculate the drought status with the help of precipitation
data and potential evapotranspiration (PET) data where SPI only uses
the precipitation data (Mengyao Guo, 2018; Mohsenipour et al., 2018;
Vicente-Serrano and Sergio, 2015). The PDSI was among the first
methods to successfully estimate the magnitude of droughts in various
environmental conditions (Palmer, 1965). However, it lacks efficiency
on extreme variations of precipitation (Burke et al., 2006). Further-
more, SPI contains the absence of hydrologic balance, which was solely
used to account for data-limited locations for individual purposes
(Wang et al., 2017). To avoid these methodological omissions, we
employed SPEI as it incorporates the PDSI's reactivity to variations in
evaporation requirement due to temperature oscillations and patterns
with simplified computations of SPI (Vicente-Serrano, 2006). SPEI also
offers several benefits, such as being identical towards the SPI and even
being determined across various time frames to evaluate meteorolog-
ical drought, including length, origin, magnitude, severity and
d North-eastern zone in the time period of 1979–2019.
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accomplishment (Wang et al., 2017). SPEI was used by Miah et al.
(2017) to identify local drought variance over our research area. In our
study area, Uddin et al. (2020) identified SPEI as being superior to SPI.
We performed SPEI 03, SPEI 06, SPEI 09, SPEI 12, and SPEI 24 to
observe drought possibilities and differences on temporal purposes. In
addition, SPEI 03 represents the seasonal or short time drought con-
ditions (WANG et al., 2018), SPEI 06 and SPEI 09 represents the
long-time drought characteristics (Mengyao Guo, 2018), SPEI 12 re-
flects the interannual variation of drought (Wang et al., 2018) and SPEI
24 represents the most extended time drought characteristics. For
calculating the SPEI, the algorithm and process developed by (Vice-
nte-Serrano et al., 2010) were used in this study which documentation
and executable files are available in http://hdl.handle.net/10
261/10002 (Potop et al., 2014; Tong et al., 2017). This software re-
quires creating a particular dataset, a complete dataset was created for
twenty-six stations to calculate the SPEI values. SPEI parameters
(Danandeh Mehr et al., 2020), which represent the wet and dry periods
in an area, are presented in Table 2.
2.4. Mann-Kendall trend test

The Mann-Kendall test (Kendall, 1975; Mann, 1945) is used for
determining whether a time series has a trend or not, which can be an
Figure 3. Average minimum SPEI of Northern part of the northern r
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upward or downward trend. The significance of trends can be classified
into 90%, 95%, and 99% confidence level thresholds. In this study, we
used a 95% confidence level for all results. No autocorrelation in data is
required, neither does the data need to be distributed normally or line-
arly (Milan and Slavisa, 2013). This is widely used as a nonparametric
test worldwide. For statistic S calculated with the following Eq. (1)
(Kabanda, 2018; Meena et al., 2019; Mohsenipour et al., 2018; Rahman
et al., 2017; Sharma and Singh, 2017; Wang et al., 2020)

S¼
Xn¼1

l¼1

Xn

j¼kþ1

Sign
�
xj � xi

�
(1)

where data points are xi and xj and data values are in i and j (j> i), where
Signðxj � xi) is determined by Eq. (2)

Sign
�
xj � xi

�¼
8<
:

1 if
�
xj � xi

�
> 0

0 if
�
xj � xi

� ¼ 0
�1 if

�
xj � xi

�
< 0

(2)

The variance of S is determined by Eq. (3)

var¼ 1
18

"
nðn�1Þð2nþ 5Þ�

X
t

ftðft � 1Þð2ft þ5Þ
#

(3)
egion and North-western zone in the time period of 1979–2019.

http://hdl.handle.net/10261/10002
http://hdl.handle.net/10261/10002
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where n represent the data points, t differs across the tied ranks, and ft is
the number of rank t occurrence.

The following Eq. (4) is for calculating the standard normal test sta-
tistic Z

Z¼

8>>>>>>><
>>>>>>>:

S� 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
VARðSÞp if S > 0

0 if S ¼ 0

S� 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
VARðSÞp if S < 0

(4)

The positive value of Z represents the upward trend, where the
negative value means the downward trend. There is no trend in the null
hypothesis for this trend; however, the alternative hypothesis is a trend
inside the two-sided test or an upward trend (or downward trend) inside
the one-sided test (Milan and Slavisa, 2013). This study was developed
with a 95% confidence level, so the null hypothesis was rejected if |Z|>
1.96. The documentation and the tools which were used for the calcu-
lation MK trend test are available in https://www.real-statistics.com/
time-series-analysis/time-series-miscellaneous/mann-kendall-test/.
Figure 4. Average minimum SPEI of the Western zone and
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2.5. Inverse Distance Weighting Interpolation

As a prevalent and simplistic interpolation method, Inverse Distance
Weighting (IDW) was used for this study (Shepard, 1968; Adhikary et al.,
2017; Amini et al., 2019; Chen et al., 2017; Das, 2019). This method is
frequently used to determine unknown hydrological or geographic de-
tails. This method states that every measurement origin has a local effect
that decreases with distance. The impact of a deliberate point is weighted
from an examined highlight, an inexact point according to the distance.
Following the IDW method formula,

ZðS0Þ¼
XN
i¼1

λiZðSiÞ (5)

here, ZðS0Þ is the interpolated value at point S0, ZðSiÞ is the observed
value at a point ðSiÞ, n represents the number of observations, and λi is the
weight. The weights λican be calculated by Eq. (6)

λi ¼ d�p
i0PN

i¼1d
�p0
i0

;
XN
i¼1

λi ¼ 1 (6)
South-eastern zone in the time period of 1979–2019.

https://www.real-statistics.com/time-series-analysis/time-series-miscellaneous/mann-kendall-test/
https://www.real-statistics.com/time-series-analysis/time-series-miscellaneous/mann-kendall-test/
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here, p represents power and di0 is the distance between a target and
observations.

3. Results

3.1. SPEI variability and spatial distribution

Standardized Precipitation Evaporation Index (SPEI) quantifies the
condition of droughts through monitoring the combined effects of tem-
perature and precipitation. The Mann- Kendall test analyzes seven cli-
matic regions of Bangladesh to identify the SPEI intensity trend. From the
period of 1979–2019, the appearance of drought is computed in SPEI 03,
Figure 5. Average minimum SPEI of South-central zone in the time period
of 1979–2019.
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SPEI 06, SPEI 09, SPEI 12, and SPEI 24 in 26 stations to assess and
analyze the meteorological drought of the study area. For calculating the
SPEI result zone-wise, the station's results in the same zone, were aver-
aged and the highest minimum SPEI value is displayed in (Figures 2, 3, 4,
and 5). Table 3 MK test elucidates upward trends (Z parametric more
than 1.96) and downward trends (Z parameter less than -1.96). Z values
of all stations were used for creating the spatial distribution.

Minimum SPEI values of SPEI 03, SPEI 06, SPEI 09, SPEI 12, and SPEI
24 in different zone reflects the highest dry period in a year in a 40-year
time scale. Where every area has a decreasing rate in all SPEI values, the
south-eastern location shows a different result which is an increasing rate
in SPEI 09, SPEI 12, and SPEI 24 (0.0065, 0.007, 0.0128) with a mini-
mum decreasing rate (�0.0001) in SPEI 06 (Figure 2) which is also re-
flected in MK test result. Three of the four significant trends in the south-
eastern site, SPEI 09, SPEI 12, and SPEI 24, have an upward trend, while
significant negative downward trends were observed for Barisal district
in the south-eastern zone, corresponding to -2.84, -3.49, -3.31, -2.75, and
-3.79 for SPEI 03, SPEI 06, SPEI 09, SPEI 12, and SPEI 24 respectively
(Table 3& Figure 6). On the other hand, the north-eastern zone shows no
discernible trend. However, the northern part of the north of region has
the highest value in SPEI (Figure 3) in some periods with the highest
decrease rate in SPEI 06, SPEI 09, SPEI 12 (�0.268, -0.0308, -0.0356)
which is reflected in the MK test where the result shows the significant
downward trend for those SPEI classes of -2.41, -2.35, -3.04 and -3.65
from SPEI 06 to SPEI 24 accordingly. Similarly, the north-western zone
experienced lowered rate for SPEI 09 (�0.0264), SPEI 12 (�0.0283) and
SPEI 24 (�0.0386) where every station's MK test outcome sustained
notable highest downward trend for Bogra (�4.50), Dinajpur (�3.02),
Ishurdi (�3.45) corresponds SPEI 24. Equivalent results are obtained in
the western area, with SPEI 24 (�0.0482) leaving a massive decreasing
rate and a downward trend of drought severity from shorter to extended
period represents -2.57, -2.89, -3.04, -2.73 and -4.35 for SPEI 03, SPEI 06,
SPEI 09, SPEI 12, and SPEI 24 (Table 3 & Figure 6) respectively. Except
for Satkhira, practically every station in the south-western zone has a
significant negative trend for interannual, shorter, and biannual periods,
with Z statistics of -2.41(SPEI 06), -2.03(SPEI 09), -2.03(SPEI 12) for
Jessore, -2.12(SPEI 03), -3.04(SPEI 06), -2.01(SPEI 09) (Table 3 &
Figure 6), and consequently, we identified an annual decline in all SPEI
values (Figure 5). In the south-central zone, however, remarkably
different results are obtained; only Dhaka in this zone shows a marked
negative tendency in all SPEI classes corresponding to -2.71, -2.82, -2.89,
-2.39, and -2.64 from SPEI 03 to SPEI 24 (Table 3 & Figure 6) with a
decreasing rate yearly in all SPEI especially in SPEI 24 (0.0236). Overall,
nine of the stations do not show a significant trend, whether downward
or upward. Four of the nine stations are in the southeastern zone, namely
Chattogram, Cox's Bazar, Khepupara, and Rangamati (Table 3 &
Figure 6).

As mentioned earlier, Spatial distribution shows the same pattern in a
result that is a significant downward trend in the northern part of the
northern region, north-western zone, western zone, south-western zone
(Figure 6). These parts of Bangladesh show that the dry periods have a
downward trend in all SPEI, where the south-eastern area shows an
entirely different result (Table 3). The South-eastern zone does not offer
much significant downward trend but shows a significant upward trend
in SPEI 09, SPEI 12, and SPEI 24 in the different stations (Figure 6). The
North-eastern zone also does not have any significant upward and
downward trend (Figure 6).

4. Discussion

This study detects most dry periods in the northern part of the
northern region, North-western zone, western zone, and south western
zone, representing that the dry periods are decreasing significantly in
those areas. The decreasing rainfall trend in most of the stations validates
the dry periods of stated zones (Bari et al., 2016; Rahman and Shozib,
2021). Miah et al. (2017) also revealed the Northern and North-western



Table 3. Z values of Mann-Kendall test in 26 stations of SPEI 03, SPEI 06, SPEI 09, SPEI 12, and SPEI 24 for the time period of 1979–2019. Bold values represent the
significant trend.

Climatic zone Station SPEI 03 SPEI 06 SPEI 09 SPEI 12 SPEI 24

South Eastern Zone Barisal -2.84 -3.49 -3.31 -2.75 -3.79

Chattogram -1.22 -0.80 -1.13 -1.47 0.21

Cox's Bazar -1.02 -0.12 0.60 0.48 0.30

Hatiya -0.29 1.15 2.06 1.79 2.95

Khepupara -0.62 0.38 1.01 0.83 0.99

M.Court -0.10 1.25 2.13 2.06 1.85

Patuakhali -2.02 -0.99 -1.06 -0.80 -1.20

Rangamati -0.10 0.03 -0.26 -0.73 0.26

Sitakunda -0.33 0.15 1.18 1.45 2.44

Teknaf 1.18 2.39 2.98 2.26 2.44

North-eastern zone Srimongal -1.70 0.51 0.39 0.46 0.55

Sylhet -1.22 -0.80 -1.13 -1.47 0.21

Northern part of northern region Rangpur -1.88 -2.41 -2.35 -3.04 -3.65

North western region Bogra -2.28 -2.30 -2.82 -2.80 -4.50

Dinajpur -1.58 -2.44 -3.02 -3.29 -3.02

Ishurdi -1.97 -1.65 -2.37 -2.30 -3.45

Western zone Rajshahi -2.57 -2.89 -3.04 -2.73 -4.35

South western zone Faridpur -3.76 -3.43 -2.66 -3.45 -4.30

Jashore -1.67 -2.41 -2.03 -2.03 -1.52

Khulna -2.12 -3.04 -2.01 -1.52 -1.65

Satkhira -0.69 0.12 -0.93 -0.71 -0.30

South Central Zone Chandpur -2.33 -1.54 -0.51 -1.70 -1.43

Comilla -1.18 -0.60 -0.26 -0.73 -0.93

Dhaka -2.71 -2.82 -2.89 -2.39 -2.64

Madaripur -2.01 -0.26 -0.64 -1.29 -2.12

Mymensingh -0.95 -0.01 0.01 -0.55 -1.92

Md.N. Rahman et al. Heliyon 7 (2021) e08249
zone as the hotspot of the drought-prone region. Most of the stations in
those zones have significant downward trends and drought periods,
which is very similar to the previous studies (Mohsenipour et al., 2018;
Figure 6. MK test interpolation of SPEI 03, SPEI 06, SPEI 09, SP
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Uddin et al., 2020). Nevertheless, the dry periods are not decreasing
significantly; moreover, they are increasing in some parts of the
south-eastern zone, which is reflected in the SPEI and MK test results.
EI 12 and SPEI 24 of seven climatic regions in Bangladesh.
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This increasing trend, is observed in SPEI 06, 09, 12, and 24 moreover in
the SPEI 09, 12, 24 which represents the long term dry periods increasing
significantly proved by MK test (Kamruzzaman et al., 2019).

From 2009 to 2013 extreme dry periods are observed in this study in
all zones, similar to (Mohsenipour et al., 2018; Uddin et al., 2020).
Although in the north-eastern region, the year 1995–1997 faced severe
drought conditions identical to the north-western zone. Those years
faced extreme droughts than the other year in Bangladesh. In the
north-eastern spot, the values are increasing, which means these areas
face more rain than other periods. However, Mohsenipour et al. (2018)
demonstrate the extreme conditions of prior dry periods; Roy (2013)
justifies the findings for the north-eastern zone's drought conditions
which define exacerbated precipitation conditions.

On the other hand, the values at the beginning of the periods have a
high value which elucidates that the dry periods of this country are
increasing day by day (Mohsenipour et al., 2018). Sometimes like
mentioned before, this can be so much severe. The northern part of the
northern region, western region, and the south-western region has
maximum dry periods in the periods causing heavy decreasing rate,
which has a terrible negative impact on the hydro climatological change
of the respected places. In other literature, similar findings of extreme dry
periods were proved for the northern and western zones (Murad and
Islam, 2011; Rahaman et al., 2016; Shahid, 2008). Existing climate
change, monsoonal wind, and the Himalayas presence are causing
drought in the mentioned zone (Rahman and Lateh, 2016; Shahid, 2010).
Also, a barrier of Farakka Barrage is responsible for shortages of water
supply in Padma river resulted in drought in the south-western zone
(WBB, 1998). As a result, gigantic sediment has accumulated in river-
beds, causing hydraulic congestion and lowering water pressure during
dry periods (Abdullah, 2014; Arnell and Gosling, 2016). This also causes
water scarcity and has an adverse impact on Bangladesh's microclimate
and drought severity (Alam et al., 2011). However, the south-eastern
zone has an increasing rate in the long term SPEI, which proves that
the wet periods of this area have been increasing steadily, which is the
only one scenario of all zones—similar scenario sustained by Habiba
et al., (2013b) and Umma and Rajib (2014).

As the increasing trend observed in the south-eastern zone, this zone
has a higher SPEI rate from 1999 to 2001, much more significant than
any other zone. Relative fluctuations of sea surface heat and rainfall for
the extensive period may lead to drought possibilities in the south-
eastern zone (Ramamasy S, 2007). This period has higher SPEI rates,
representing higher SPEI rates, representing that this area has faced
fewer dry periods in this period, which less significant MK results can
determine. Basak et al. (2013) also analyzed the rare drought events for
the respected zone. MK results also show that the significance of the
southeastern zone is very low. The Northern part of the northern region,
north-western region, Western zone, and Southwestern zone hold the
most significant result in trend analysis, proved in the previous state-
ments. Changing temperature and rainfall patterns influence the
increasing dry periods in Bangladesh, especially in these zones (Mohse-
nipour et al., 2018). Dry periods are increasing, and therefore the trend of
increasing dry periods is happening, which may be considered an im-
mediate concerning issue for the climate change variabilities in
Bangladesh. In contrast, rainfall will also increase shortly which may
lower drought possibilities (Islam et al., 2018). In addition, the different
studies also depicting an upward trend of temperature that can lead to
the reduction of seasonal precipitation may result in severe dry periods in
Bangladesh (Rahman & Lateh, 2016, 2017).

5. Conclusion

The study performed drought intensity trend in spatiotemporal
observation, which utilized Mann-Kendal trend test, Standardized Pre-
cipitation Evapotranspiration Index (SPEI), and Inverse Distance
Weighting Interpolation. The results signify heterogeneous spatial dis-
tribution followed by a particular trend—additionally, it emphasizes
9

identifying excessive, severe and moderate drought formation that varies
through SPEI demonstration. Strict drought-prone districts found in two
climatic zones includes Jashore (>-1.50) and Khulna (>-1.65), covering
the south-western zone and Mymensingh (>-1.90) covering the south-
central location. Therefore, moderate drought is found in the south-
eastern zone and south-central zone, which includes Patuakhali
(>-1.20) and Chandpur (>1.40), respectively. Temporal drought changes
vary actively, including both favorable and unfavorable 40 annual ten-
dencies, while distribution variation also varies with degree of zoning.
However, a homogeneous trending structure throughout all areas sug-
gests minor unusual dryness measurements in Bangladesh. The study is
expected to improve agricultural planning and water management in
Bangladesh.
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