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Abstract

Bangladesh has been suffering from frequent occurrences of droughts in the last decades. Particularly, the
Rajshahi division in the northwestern region has become a major hotspot of drought disaster. Therefore, the
current study aimed to assess the drought and its frequency of occurrence and spatial distribution to recognize
drought risk areas in the Rajshahi division of Bangladesh. Monthly rainfall data from five meteorological stations
in the study area, namely, Rajshahi, Ishwardi (Pabna), Bogura, Tarash (Sirajganj), and Badalgachi, for the 2004-
2023 period are collected from the Bangladesh Meteorological Department (BMD). The widely used
standardized precipitation index (SPI) is adopted to estimate the drought. The drought assessment is carried out
using the DrinC software. Two probability distribution functions, such as gamma and log-normal distributions,
are used to calculate SPI-based droughts for 1-, 3-, 6-, 12-, and 24-month time scales. The QGIS software is used
to analyze the spatial distribution of different drought categories across various time scales in the study area. The
results demonstrate that the study area has suffered from frequent severe drought during the years 2021 and 2022
for the SPI-3 timescale. For the SPI-12 timescale, drought risk years are found to be 2009 and 2011, while for the
SPI-6 timescale, 2009 and 2011 are identified as the drought risk years. The spatial drought distribution maps
with different time scales demarcate the drought-risk areas in the study area. The outcome of this study is
expected to support the policymakers in planning for adaptation mechanisms to minimize the drought risk.
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1 Introduction

According to Palmer (1965), a drought is a time period, usually spanning many months to years, in which the
actual moisture supply at a particular place usually falls short of the moisture supply that is anticipated or
appropriate for the environment. Drought is a period of abnormally dry weather sufficient for the lack of
precipitation to cause a serious hydrological imbalance and carries connotations of a moisture deficiency with
respect to man’s usage of water (McMohan and Arenas, 1982). Wilhite and Glanz (1985) divided droughts into
four main kinds, namely meteorological drought, hydrological drought, agricultural drought, and socio-economic
drought. The meteorological drought refers to a lack of rainfall in an area where precipitation is less than 25% of
what it should be. It is described by the American Meteorological Society as an extended period of very dry
weather that results in significant hydrologic imbalances. However, the hydrological drought is a time when
stream flows are insufficient to meet established needs within a particular water management system (Linsley et
al., 1975). Although the deficiency of precipitation is the root cause of all droughts, hydrological drought focuses
primarily on how this deficiency impacts various elements of the hydrological system, including soil moisture,
stream flow, groundwater, reservoir levels, etc. Besides, the agricultural drought connects several aspects of
hydrological or meteorological droughts to impact on agriculture, emphasizing reduced groundwater or reservoir
levels, disparities between actual potential evapotranspiration and soil, and deficiencies in precipitation. Finally,
the socio-economic drought refers to the supply and demand for economic commodities as well as aspects of
agricultural, hydrological, and meteorological droughts. This kind of drought mostly occurs when weather-
related water shortages cause demand for an economic commodity to outpace supply.

As the effects of climate change increase, one of the most destructive environmental dangers is drought. Drought
can also be expressed by extended periods of insufficient precipitation, which have a substantial impact on water
availability, agricultural output, environmental stability, and socioeconomic advancement (Rana et al., 2024). In
the recent decades, droughts have become more frequent, severe, and prolonged in many regions of the world,
presenting significant problems for environmental and human systems. Bangladesh has been experiencing
droughts almost every year. Agricultural crop cultivation is typically delayed by drought, and crop yield is
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subsequently reduced based on the degree of the drought (Rabby & Adhikary, 2025). Early drought warning and
evaluation are crucial in a country with a high population density like Bangladesh, where food security is a
constant concern. Early notice aids farmers and agricultural management in taking the appropriate actions to deal
with the impending drought. However, whenever there is a drought, the relevant policymakers can use the
knowledge to take prompt, appropriate action to ensure the nation's food security.

Recent studies have focused on the assessment of drought in Bangladesh's Rajshahi Division because of its
effects on water and agricultural resources. In order to assess drought conditions, studies have used the
Standardized Precipitation Index (SPI) (Rabby & Adhikary, 2024, Mamun et. al., 2021, Sami & Hasan, 2023).
According to Rabby & Adhikary (2024), moderate to severe droughts occurred in Rajshahi, and the frequency of
these drought events had been rising. Significant rainfall deficiencies have affected surface water and
groundwater recharging in the area, especially during monsoon seasons (Rana et al., 2024; Rana & Adhikary,
2024; Mondol et. al., 2016). Dina et. al. (2020) developed the Drought Disaster Risk Index (DDRI) model to
measure drought risk and proved that Rajshahi is significantly vulnerable to drought than other northwest
regions. Nury et al. (2016) used SPI and its relationship to the Southern Oscillation Index to investigate drought
patterns in northwestern Bangladesh. These studies underscore the susceptibility to drought conditions, its impact
on agricultural output and food security and necessity of efficient water management techniques. Both the Sen's
slope and the SPI trend showed an increasing trend in dryness in the study area. In the study area, the 3-month
scale SPI showed a dominant periodicity at 8 to 16 months, 16 to 32 months, and 32 to 64 months.

McKee et al. (1993) primarily developed the SPI concepts to define and track meteorological drought. SPI is a
simpler instrument than PDSI (Palmer Drought Severity Index) since it relies just on rainfall data and requires
less computation work. For each rainfall station with historical data, it enables an analyst to ascertain the rarity of
a drought at a specific time scale (temporal resolution) of interest. Additionally, it can be used to identify times
when unusually rainy events occur. Positive SPI values indicate the rainfall is greater than median rainfall and
negative values indicate less than median rainfall. In dry condition monitoring, the drought part of the SPI range
is divided into near normal conditions (0.99 < SPI <-0.99), moderately dry (-1.0 < SPI < -1.49), severely dry (-
1.5 < SPI <-1.99) and extremely dry (SPI < -2.0). A drought event starts when SPI value reaches -1.0 and ends
when SPI becomes positive again (McKee et al., 1993). In the light of the climate change context, the current
study attempts to assess the hazards of drought in the Rajshahi division. The study area with location of
meteorological stations is shown in Figure 1. Historical monthly precipitation data was gathered for five land
sites (2004-2023; 20 years) from the Bangladesh Meteorology Department (BMD). The data were utilized for
SPI-based drought risk assessments. Drought Index Calculator — Climatic (DrinC) is used to determine the short-
and long-term SPI at the important stations in the study area. Three different kinds of droughts have been
identified: groundwater drought (SPI-12), hydrological droughts (SPI-6), and agricultural droughts (SPI-3) to
identify meteorological drought by SPI method.
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Figure 1. Location of Rajshahi Division of Bangladesh (the study area) with meteorological stations
2 Methodology

Rajshahi is situated in the northwest of Bangladesh between 23°48' and 25°16' north latitudes and 88°01' and
89°48' east longitudes, the Rajshahi Division spans 18174.40 square kilometers. In the northern section, the
Bangladesh Meteorological Department (BMD) has established five weather stations under the Rajshahi
divisions including Rajshahi, Ishwardi (Pabna), Bogura, Tarash (Sirajganj), and Badalgachi (Noagaon). Daily
temperature and rainfall data for the time period (2004-2023) has been gathered by meteorological stations and
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is accessible on its official website (https://www.bmd.gov.bd). In case of Tarash and Badalgachi station, the data
of time period (2004-2017) were missing on meteorological website and hence, the missing data were collected
from the NASA POWER Data Access Viewer (https://power.larc.nasa.gov/data-access-viewer/.) SPI based
drought analysis is carried out using the DrinC software. DrinC (Drought Indices Calculator) can be used to
calculate several drought indices including the Reconnaissance Drought Index (RDI), the Stream ow Drought
Index (SDI), the Standardized Precipitation Index (SPI) and the Precipitation Deciles. The classification of
different types of droughts is performed on the Microsoft Excel platform. The interpolated map of rainfall,
temperature and different drought categories over the study area are generated using the QGISv3.10 software.
Based on the generated spatial drought maps, the drought risk areas have been identified. Figure 2 details the
methodological framework adopted in the current study.

Review of previous works 1. Satellite (sentinel 2A and land set) image
1T 2. Meteorological data (monthly rainfall, Tmax, Tmin)
3. Preparation of annual average rainfall, Tmax, Tmin index

Data collection and pre-processing

! Preparation of annua_l average rainfall, Tmax, Tmin, drought map
Preparation of map using QGIS 3.10 software
4 : :
Drought assessment using SPI ':vl Camieion o Sl By Classify meteorologlcal
9 T g rainfall data by DrinC software drought using SPI values
Overall droi%l:]é\(;lzsreezsment of the £:> Preparation of SP1 anomaly index to assess overall drought risk

Figure 2. The methodological framework adopted in the current study.
3 Results and Discussion

In order to estimate unknown values based on values at known locations, Inverse Distance Weighting (IDW)
method is generally used, which is also adopted in the current study. Open-source QGIS is a well-known
geographic information system program that offers powerful features for IDW interpolation. The study employed
QGIS 3.10 software to undertake a geographical analysis of various aridity indicators or meteorological data,
including the annual average rainfall map, the annual average maximum and minimum temperature map as well
as drought map. Table 1 represents the average annual rainfall, minimum and maximum temperature of 5 stations
during 2004-2023. It is evident that the maximum annual average rainfall is recorded at Bogura station of about
1629 mm and maximum and minimum temperature at Badalgachi station are about 41.4°C and 5.9°C,
respectively.

Table 1. Summary of mean annual rainfall, minimum and maximum temperature in the study area

Station Latitude Longitude Mean Annual M,;e/lzr;iﬁr\:SnLial M:/Iairr: iﬁnnunrﬁal
Name (Degree) (Degree) Rainfall (mm) Temperature (°C) Temperature (°C)
Bogura 24.8526 89.3730 1629 38.51 7.83
Badalgachi 24.9685 88.9102 1413 41.40 5.90
Ishwardi 24.1292 89.0657 1427 40.39 6.39
Rajshahi 24.3746 88.6004 1292 40.76 6.46

Tarash 24.4309 89.3725 1556 40.60 7.40

Actually, SPI-1 represents short term meteorological drought and is useful for evaluating rapid changes in soil
moisture and early crop stress. Capturing seasonal drought patterns, SPI1-3 (3-month) make it valuable for
monitoring agricultural conditions and short-term water availability. The impacts on soil moisture, reservoirs and
shallow ground water systems are easily understandable by a medium-term trend named 6-month SPI. On the
other hand, to asses long term hydrological drought SPI-12 (12-month) is used by providing insights into
sustained precipitation deflects that affect river flows, aquifers and long-term water resource planning. Together,
these timescales reflect a comprehensive understanding of drought dynamics across different climate and
hydrological conditions.

Figure 3 shows the drought risk classification in the study area based on the 3-month SPI (SPI-3) values. As can
be seen from the figure, 3-month SPI values from 2004 to 2023 revealed dynamic spatial and temporal variations
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in drought severity. In periods like January-March 2005-06, April-June 2008-09, January-March 2009-10, April-
June 2011-12, July-September 2012-13 and October-December 2015-16 were frequently observed severe and
moderately severe drought conditions in the southern and southeastern parts of the division. Temporally,
moderate to extreme drought conditions are emerged at the period of April-June having a notable shift from
widespread severe conditions in 2004-05 (SPI-3 < -2.82) to more localized (Bogura, Rajshahi) but still notable
severity in 2022-23 (SPI-3 < -1.46). A considerable drought impact is highlighted at July-September 2009-10
(SPI-3 < -2.97) with a large central severe drought and significant extreme drought in 2011-12 (SPI-3 < -2.76) in
the southern/eastern zone. Localized severe drought pockets particularly in the south is also seen in October-
December in 2014-15 and January-March in 2020-21 periods while other regions maintained milder or no
drought conditions.
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Figure 3. Drought risk classification in the study area based on the 3-month SPI (SPI-3) values

The drought risk mapping based on the 6-month SPI values are presented in Figure 4. It can be seen from the
figure that the SPI-6 for 2009 and 2011 provides insight into medium term drought conditions, which affect
stream flow and reservoir storage. Widespread severe drought (SP1-6 < -2.05) across much of the division is
exhibited in 2009 for the April-September period. On the contrary, some areas experienced severe (SPI-6 < -
1.47) and moderate drought (SP1-6 from -1.47 to -1.18) in 2011 and larger portion of the division is categorized
as having no drought (SPI-6 > -0.89) which suggests a less intense and less widespread drought compared to
2009 for the same period. The western and central southern parts of the study area exhibit a significant and
prolonged precipitation deficit having extreme drought conditions (SPI-6 < -2.28) impacting the dry season and
early pre monsoon period.
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Figure 4. Drought risk map based on SPI-6 in the study area for (a) (Apr-Sep) in 2009, (b) (Oct-Mar) in 2011,
and (c) (Apr-Sep) in 2011

The long-term drought risk (12-month SPI) as shown in Figure 5 reveals the distinct inter-annual variations of
drought over the study area. As can be seen from the figure, the entire Rajshahi division exhibited
overwhelmingly wet or near normal conditions in 2004 as indicated by the blue color in Figure 5(a), where the
values are consistently above -0.1795155. It is evident of a year which is free from long term hydrological
drought. The southern and central western regions experienced extreme to very severe drought conditions in
2009 having SPI-12 < -2.42 shown in Figure 5(b), while other areas presented or ranged from moderate to mild
drought (presented by green to orange spectrum). In 2011, the SPI-12 shifted again shown in Figure 5(c), where
the eastern and central southern faced severe drought conditions (SPI-12 < -1.96) and western as well as the
central northern part as marked with blue spectrum showed mild or no droughts. Overall, these maps underscore
the considerable variability and spatial distribution with some years experiencing significant, spatially
heterogeneous long term water deficits and some years experiencing widespread wet conditions.
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Figure 5. Drought risk map based on SPI-12 in the study area for (a) 2004, (b) 2009, and (c) 2011

4 Conclusions

The spatial and temporal dynamics of drought risk in the Rajshahi Division, Bangladesh is assessed is this study
with the help of SPI at multiple scales across various years like 2004 to 2023. The findings show the
heterogeneous and dynamic nature of drought over the region with its severity depending on the temporal scales
of analysis. Short time analyses reveal the frequent often localized drought conditions. SPI-1 time scale shows
that 2004 (August), 2005 (November), 2006 (January, August), 2008 (July, September), 2009 (October,
December), 2011-12 (January, August), 2014-15 (January), 2015-16 (January), 2017-2018 (December), 2020-
2021 (July, December), 2021-2022 (September, October), 2022-2023 (July) are in drought risk. SP1-3 reveals
that the southern and southeastern parts experiences severe drought during April-June and July-September, while
other regions is in milder or near normal conditions. For medium term assessment (SPI-6), April-September
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periods of 2009 and 2011 depicts notable inter annual differences in drought conditions in severity offering a
major impact aspects like stream flow. Finally, SPI-12 highlighted inter-annual variability in hydrological
drought across the entire division ranging from predominantly wet conditions to spatial distinct severe long-term
drought. Overall, this multi-scalar analysis proved that drought in the study area is a complex phenomenon,
require a nuanced understanding for its manifestation cross different timescales. As natural phenomenon cannot
be altered, but concerned action at political and institutional intervention can increase capacity and reduce
susceptibility of people to drought impact. In this study, a drought risk map is developed using SPI analysis
(DrinC software) and GIS which may aid the stakeholders of the country including disaster management,
agricultural, development/ planning and educational authorities as well as risk insurers by improving their
understanding of drought impacts in the region.
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