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Abstract

Rainfall has been extensively considered as one of the initial point towards the apprehension of climate change courses. Bangladesh
is recently experiencing climate change impact related to hazards like cyclone, rainfall, flood, draught etc. Climate variable like
rainfall is the main parameter which is linked with agricultural aspects too for this country. Drought is generally recognized as a
phenomenon associated with scarcity of water. The Standardized Precipitation Index (SPI) expresses the actual rainfall as
standardized departure from rainfall probability distribution function. In this study the daily rainfall data of Bangladesh Meteorology
Department (BMD) recorded at meteorological stations located at North-West Regions (NWR) in Bangladesh for the last 40 years
(1985-2024) used in the analyses. Estimated severity and spatial pattern of meteorological drought are analyzed in the North Western
part of Bangladesh using multi-temporal SPI. The analyses suggest that the trend of annual and monsoon season average rainfall of
this region at last 40 years are decreasing and drought assessment are facing trend from normal to moderately dry of the majority
years. The result of this study will help to take necessary steps and measures for disaster management, agricultural production,
drought mitigation etc. and also informed about the forecasting of rainfall and drought situation of North-West region of Bangladesh
for next years. Finally, on the basis of this study, it is recommended that appropriate measures should be taken on behalf of the
government so that the variation of drought can not affect environment and agriculture section in Bangladesh.
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1. Introduction

Climate change has created a new challenge to hamper de-
velopment process throughout the world. The impact of higher
temperatures, more extreme weather events such as floods, se-
vere drought, cyclones and sea level rise are already being felt
in South Asia and will continue to intensify [1, 2]. Different
studies established that Indian sub-continent is facing decreas-
ing rainfall while trend of surface temperature is increasing [3].
Bangladesh is one of the most vulnerable countries related to

climatic change in the world. Rainfall has been extensively con-
sidered as one of the initial point towards the apprehension of
climate change courses. Bangladesh is recently experiencing
climate change impact related to hazards like cyclone, rainfall,
flood, draught etc [4]. Its economy strongly depends on agricul-
ture and natural resources that are sensitive to climate change.
Precipitation in Bangladesh shows clear intra seasonal variation
with time scales of 7-25 days during the monsoon season [5, 6].
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Rainfall is most important factor that determines the agricul-
tural production in Bangladesh. The variability of rainfall and
extreme high or low precipitations are very important for agri-
cultural production as well as the economical growth of the
country [7]. The summer monsoon is the main rainy season in
Bangladesh which accounts for about 72 percent of the annual
rainfall during summer monsoon season. Agriculture is the
mainstay of the economy in Bangladesh and the country largely
depends on the rainfall from the summer monsoon. The life of
all inhabitants of Bangladesh directly and indirectly depends on
the summer monsoon rainfall [8].

Only 1.92% rainfall has occurred in winter in conformity
with BMD data and only 1.60% rainfall has occurred in winter
in conformity with MPI-ESM-LR (CMIP5) model data. The
lowest rainfall occurred in Sydpur with 8.30 mm in winter for
BMD data and only 2.17 mm rainfall occurred in Rajshahi and
Ishurdi for MPI-ESM-LR (CMIP5) model data. Overall, the
rainfall is decreasing in north-western region [9]. The results
showed an overall decrease of variability in annual and sea-
sonal rainfall, but an increase in mean pre-monsoon rainfall
and a decrease in mean monsoon rainfall [10]. Rainfall assess-
ment and meteorological drought assessment is very essential
in identifying climate and water supply trends and thus to de-
tect the probability of occurrence and the anticipated severity
of drought [11]. Climate change is anticipated to aggravate the
frequency and intensity of extreme weather events in Bangla-
desh. Drought is one of the major setbacks for the agriculture
and its development. There are some regions in Bangladesh
where every steps of agricultural activities from field prepara-
tion to harvesting of crops dependents on rainfall [12].
Droughts are the result of acute water shortage causing severe
and sometimes catastrophic economic and social conse-
quences. Out of all natural common disasters in the North-
West Region (NWR), droughts affect more people and larger
area than other regions of Bangladesh. Otherwise, drought -as
an environmental phenomenon, is an integral part of climatic
variability. Out of all common natural disasters, droughts af-
fect more people and larger areas than any other. It is generally
considered to be occurring when the rainfall in monsoon is
scanty. Scarcity of rainfall in the monsoon may reduce crop
productions, creates shortage of drinking water and also may
affect the socio-economic life. Ishurdi, Rajshahi, Rangpur,
Sayedpur and Dinajpur stations were found that a decreasing
trend in annual rainfall was observed at all six stations [13]. In
Bangladesh, several researches have been investigated
drought impacts on agriculture, food production, economy
and society [14, 15]. According to the report of National
Drought Mitigation Center of year 2006, Bangladesh has al-
ready shown an increased frequency of droughts in recent
years. Additionally, agriculture, power generation and indus-
trial production depend upon precipitation [16]. In the last 50
years, Bangladesh has suffered about 20 drought conditions.
A part from loss to agriculture, droughts have significant ef-
fect on land degradation, live stock population, employment
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and health. Past droughts have typically affected about 47 per-
cent of the country and 53 percent of the population [17]. On
average, the North-West part of Bangladesh over 5% of the
region had extreme droughts, while more than 12% experi-
enced severe droughts during last decade [18]. The severity
and spatial pattern of the meteorological dry spell are investi-
gated in the NWR of Bangladesh using multi-temporal SPI
[19]. The forecasting of drought was performed employing
SPI and fuzzy logic [20]. Assessment of meteorological
drought was conducted for five rain gauge stations in the
North-Western part of Bangladesh for the period 1975-2014.
To estimated the drought classification as per SPI for this pe-
riod. It is observed from this study the moderate and severe
drought are occurs every station [21].

Generally, the amount of rainfall absorbed in any region
provides idea about the occurrence of drought of that region.
Since drought is closely associated with crop productions and
thereby food security; hence, the study on drought hazards,
especially drought monitoring is important to reduce its im-
pact in any country. The present study has provided an assess-
ment of rainfall variability and drought situation in NWR of
Bangladesh based on analysis of historical data of rainfall rec-
orded at six meteorological stations in Bangladesh.

2. Data Collection and Data Range

Data for this study have been extracted from the Bangla-
desh Meteorological Department (BMD). The BMD collects
everyday surface data through weather stations situated all
over Bangladesh. There are 34 old rain gauge stations under
BMD in Bangladesh. Among them 6 (Ishurdi, Rajshahi, Bogra,
Rangpur, Syedpur and Dinajpur) stations in NWR collected
data for a period of 40 years during 1985 to 2024. Our study
period is from January 1985 to December 2024. In this study,
the missing rainfall values were estimated by expectation
maximization (EM) method by using the precipitation records
of the nearest gauging stations. The EM algorithm iteratively
computes the maximum likelihood estimates to increase the
relationship between the missing value and the unknown pa-
rameters of a data model. A full description of EM algorithm
can be found in McLach-lan and Krishnan [22]. The collected
data have been compiled, tabulated and analyzed by MS Excel.

3. Methods

The Standardized Precipitation Index (SPI) can be com-
puted for different time scales, can provide early warning of
drought and help to assess drought severity, and is less com-
plex than the Palmer. The SPI provides the forecasting of
drought. The primary reason for using SPI is that SPI is based
on rainfall alone so that drought assessment is possible even
if other hydro meteorological measurements are not available.
The SPI is defined over various timescales, which allows it to
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describe the situation of drought over a range of meteorologi-
cal, hydrological and agricultural applications. The SPI also
detects moisture deficit more rapidly which has a response
time scale of approximately 3, 6, 12, 24, 48 months.

In this study the monthly rainfall data were used as in put for
the calculation of SPI. The SPI is computed by fitting an appro-
priate probability density function to the frequency distribution
of precipitation summed over the time scale of interest (usually
3, 6, 12, and 24 months). The SPI is computed by dividing the
difference between the normalized seasonal precipitation and
its long-term seasonal mean by the standard deviation. Thus
ij " Nim
O

SPI = (1)

Where, R is the seasonal precipitation at the i-th rain

gauge station and j-th observation, Ri. is the long-term sea-
sonal mean and O is its standard deviation.

The fact that, precipitation is not normally distributed is over-
come by applying a transformation (i.e., gamma function) to the
distribution. The computation of SPI requires long term rainfall
data. It was found by [23] that the gamma distribution function fit-
ted to the rainfall time series. The long-term record is fitted to a
probability distribution, which is then transformed into a normal
distribution so that the mean SPI for the location and desired period
is zero [24]. The rainfall series is fitted to the gamma distribution.
It is defined by its frequency or probability density function. The
gamma probability distribution function is given as follows.

The alpha and beta parameters of the gamma probability
density function are estimated for each station.

X
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where, x = rainfall amount

O =shape parameter
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= number of rainfall observations

X
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a
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I'(@) = gamma function

It is an index based on the probability of rainfall for any
time scale. Many drought planners appreciate the SPI’s versa-
tility. Define the criteria for a drought event for any of the time
scales [25]. A drought event may occur any time then the SPI
is continuously negative and reaches an intensity of -1.0 or
less. The event ends when the SP1 becomes positive. SPI was
calculated by using the daily rainfall data of six rain gauge
stations of North West region in Bangladesh for the period of
1985-2024. The SPI values have been calculated by using the
method which explained in seven classes of SPI shown in Ta-
ble 1 are used to assess drought in the present study.
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Table 1. Drought Classifications as per SPI.

SPI Range Drought Classification
-2.0 and less Extremely dry
-1.5t0-1.99 Severely dry

-1.0to -1.49 Moderately dry

-0.99 t0 0.99 Normal

1.0t01.49 Moderately wet
1.5t01.99 Severely wet

2.0 and above Extremely wet

4. Results and Discussion

Since rainfall pattern of Bangladesh is of high variety in time
and space, hence the pattern of distribution of rainfall in Bang-
ladesh is most uneven and varies considerably from year to year
and region to region. In Bangladesh the meteorologists divided
the year into the following four principal seasons: (i) the cold
weather season- December to February; (ii) the hot weather sea-
son- March to May; (iii) the southwest monsoon season- June
to September; and (iv) the post monsoon season- October to
November. During the summer monsoon season (June-Septem-
ber), much of the precipitation was brought by the monsoon low
(pressure system) originated from the Bay of Bengal and moved
along the Ganges. Prediction of heavy rainfall over NWR of
Bangladesh is a challenging job. Attempt is therefore made to
derive the variability of rainfall, rainy days and frequencies of
rainfall with their trends over NWR of Bangladesh using the
daily rainfall data recorded at Ishwardi, Rajshahi, Bogra,
Rangpur, Dinajpur and Syedpur. The results of the present study
on the rainfall variability and drought situation over the North-
West part of Bangladesh have been analyzed and discussed.

4.1. Annual Average Rainfall Variability in
NWR

Investigation depicts that the variability of rainfall over
NWR of Bangladesh are shown in Figure 1. The analyses
show that the annual average rainfall over the study region
was found between 101 mm to 193 mm respectively and the
annual average rainfall was 150 mm. It was also noted that the
annual average rainfall occurred in Ishurdi region lowest 75
mm (2010) and highest 175 mm (1990); In Rajshahi region
lowest 66 mm (2010) and highest 172 mm (1992); In Bogra
region lowest 90 mm (2016) and highest 217 mm (1998); In
Rangpur region lowest 108 mm (1994) and highest 271 mm
(1987); In Syedpur region lowest 104 mm (1994) and highest
262 mm (1998 and 1999); In Dinajpur region lowest 77 mm
(2018) and highest 265 mm (1987). According to the Bangla-
deah Meteorological Department, the annual average normal
rainfall in this region will be 160 mm.


http://www.sciencepg.com/journal/ajam

American Journal of Applied Mathematics

http://www.sciencepg.com/journal/ajam

—4+—Bogra
—%— Dinajpur

—i— Rajshahi
—&— Syedpur

275

250
225
200
175
150
125
100

75
50

Average Rainfall (mm)

Year

Figure 1. Annual average rainfall in North West Region from 1985 to 2024.

4.2. Monsoon Season Average Rainfall
Variability in NWR

The data are analyzed to investigate the variation of mon-
soon season rainfall over NWR of Bangladesh is shown in
Figure 2. The analysis shows that the monsoon average rain-
fall over the study region was found between 201 mm to 480
mm respectively and the average rainfall of this season was

327 mm. Moreover, it was also analyses that the monsoon sea-
son average rainfall occurred in Ishurdi region lowest 143 mm
(2010) and highest 365 mm (1997); In Rajshahi region lowest
127 mm (2010) and highest 455 mm (1997); In Bogra region
lowest 170 mm (2016) and highest 491 mm (1998); In
Rangpur region lowest 215 mm (1994) and highest 677 mm
(1987); In Syedpur region lowest 183 mm (1994) and highest
598 mm (1999); In Dinajpur region lowest 162 mm (2018) and
highest 675 mm (1987).
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Figure 2. Monsoon season average rainfall in NWR from 1985 to 2024.

4.3. Station Wise Annual Drought Situation on
NWR

The annual drought situations of six rain gauge stations are
shown in the Figure 3. Drought years for the six stations in the
study were identified based on SPI criteria. It is observed that
there were affected stations by extremely drought in the years

262

Ishurdi (2010), Rajshahi (1992, 2010), Rangpur (1994, 2010)
and Dinajpur (2018). There were severely drought affected
stations in the years Ishurdi (1992, 1994, 2012), Rajshahi
(1994, 2018), Bogra (2006, 2012, 2016) Rangpur (2018), Sy-
edpur (1994) and Dinajpur (1994, 2006). The analysis sug-
gests that the moderately drought were suffered stations in the
years Ishurdi (1985, 2003, 2013, 2022), Rajshahi (2009, 2022),
Bogra (1994, 1997, 2010, 2013), Rangpur (2000, 2006, 2014,
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2021), Syedpur (1992, 2000, 2016, 2018, 2022) and Dinajpur
(2000, 2012, 2014). Besides, 70 percent stations are occurred

normal to moderately drought situation trends in the years
2006 to 2024.
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Figure 3. Station wise annual drought assessment on NWR of Bangladesh as per SPI.

4.4. Annual Drought Situation on NWR

The annual drought situation on NWR is shown in Figure 4.
Drought classification based on SPI criteria shows that the
moderately drought was seen in the years 1989, 1996, 2000,

2008, 2009, 2011, 2013, 2014, 2021, 2023 and 2024. Other-
wise, severely dry years were 1994 and 2018; and extremely
dry year no found. The analysis also shows that the years 1978,
1980, 1985, 1989, 1996, 2009 and 2014 were suffered normal
to moderate drought situation.
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Figure 4. Annual drought assessment on NWR of Bangladesh as per SPI.

4.5, Station Wise Monsoon Drought Situation
on NWR

The monsoon season drought situations of six rain gauge

stations are shown in the Figure 5. Drought years for the six
stations in the study were identified based on SPI criteria. It is
observed that there were affected stations by extremely
drought in the years Ishurdi (2010), Syedpur (1994) and Di-
najpur (2018). There were severely drought affected stations
in the years Ishurdi (1994, 2012, 2022), Rajshahi (2010, 2018),
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Bogra (2006, 2016), Rangpur (1994, 2018), Syedpur (2000,
2016, 2022) and Dinajpur (1994). The analysis suggests that
the moderately drought were suffered stations in the years
Ishurdi (2003, 2013, 2018), Rajshahi (1992, 2019, 2022,
2023), Bogra (2010, 2012, 2013), Rangpur (2000, 2006, 2013,

2017, 2021), Syedpur (2013, 2018) and Dinajpur (2000, 2006,
2021). Besides, this analysis that 75 percent stations are oc-
curred normal to moderately drought situation trends in the
years 2003 to 2024.

@ Ishurdi # Rajshahi #Bogra  ©¢Rangpur @ Syedpur +# Dinajpur
3.50
3.00 -—* +
2.50 Extrenelyrwet
; 18 e e ey
= 100 alal [ | & * bderate 1
R 0.50 b4
E 0.00
-0.50 v ",_.}L
7 il Pyl
s MIOGeratghy a L . 2 *l *—' A 4
-2.00 | evere - * )
22.50 MNire E? ] ]
el e e e e e o Re N He N ol telole e tele Lo R R E e P g e e e I I L R
(=N e e Ne No N N N W N We Re N N e o Yo Lo Lo Yo N J o o o i e v N o N o i o e Nt o e o o o
nlan e R ke e R R R E R R e i e Ko Ko Faw Faw Haw Naw N Now Nou Kou Kow Raw Naw Now Hae Now How Nou Kow Kaw Raw Naw Naw Nao |
Year

Figure 5. Station wise monsoon drought assessment on NWR of Bangladesh as per SPI.

4.6. Monsoon Drought Situation on NWR

The monsoon season drought situation on NWR is shown
in Figure 6. Drought classification based on SPI criteria shows
that the moderately drought was seen in the years 2006, 2013,
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and 2022. Otherwise, severely dry years were 1994 and 2018;
and extremely dry year no found. Besides, the analysis also
shows that the years 1986, 1989, 1992, 2000, 2001, 2003,
2008, 2009, 2010, 2012, 2014, 2016, 2017, 2019, 2021, 2023
and 2024 were suffered normal to moderate drought situation.
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Figure 6. Monsoon season drought assessment on NWR of Bangladesh as per SPI.
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5. Conclusion

The analysis of the study on the variability and trends of
annual and monsoon season rainfall of the study region of
Bangladesh have been analyzed. It has been observed that the
annual average rainfall amount was found to be between 101
mm to 193 mm, whereas the monsoon season’s average rain-
fall amount was found to be between 201 mm to 480 mm. The
SPI values were calculated based on monthly rainfall values
with monsoon and annual time scale for all the rain gauge sta-
tions in North-West region of Bangladesh. The SPI was de-
signed to quantify the rainfall deficit for multiple time scales,
which reflects the impact of drought on the availability of the
different water resources. The SPI has been developed to iden-
tify and classify the drought by stations. SPI, the results were
verified with past data on drought and have been found good
consistency. Therefore, the Figures 3 to 6 shown that the plot-
ting a time series of year against SPI provides a good indica-
tion of the drought history of a particular station, monsoon and
annual.

The present study aimed to rainfall variability and drought
assessment procedure in meteorological and agricultural con-
texts of the study region. The North-West part in Bangladesh
is selected as the study area. The analysis of the study on the
variability and trends of annual and monsoon season rainfall
and drought situation of Ishurdi, Rajshahi, Bogra, Rangpur,
Syedpur, Dinajpur and all over North-West region have been
analyzed. The meteorological drought assessment was carried
out using SPI method. The analyses suggest that the trend of
annual and monsoon season average rainfall of this study re-
gion at last 40 years are decreasing and drought assessment
over study region the majority years were facing trend from
normal to moderately dry. Finally, it can be concluded that the
amount of rainfall is in a decreasing trend and create drought
in recent years due to climate change in Bangladesh.

Abbreviations

SPI Standardized Precipitation Index
BMD Bangladesh Meteorology Department
NWR  North-West Regions

EM Expectation Maximization
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