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ABSTRACT. Insufficient rainfall results in water shortage and eventually leads to drought. This research has investigated
drought by utilizing standardize precipitation index in monthly mean rainfall data for 30 years from 1988 to 2017 in Rajshahi
division, a region in the northwestern part of Bangladesh. Estimated indices have identified that the years 1992, 1994, 2006,
and 2012 experienced moderate to severe droughts, and the year 2010 suffered from extreme drought. Non-parametric and
linear trend analyses have shown that the number of draughts in the study area has been growing. The study area is thus
judged as moving forward to experience more droughts from lack of water due to rainfall deficit, especially during monsoon.
This region has already started to experience a shortage of rainwater, approximately 18%, in the monsoon season. This
shortage is likely to affect the volume of surface water and thus the groundwater recharging, which would distort irrigation
for agriculture in the region. This work would therefore assist in policy-making addressing the watering system of the region
to ensure smooth agricultural production.
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INTRODUCTION of the surface water bodies including swamps, beals, rivers
and canals dry up during the dry season. To meet irrigation
Drought is the deficiency of precipitation that  approximately 75% of water demand were sourced from
results in a disturbance of water cycle and thereby water ~ groundwater which led to a sharp rise in the ratio of surface
shortage. The agriculture sector suffers the most due to  to groundwater, as previous literature identified (Shahid
lack of precipitation and subsequent serious hydrological ~ and Hazarika 2010; Rahaman et al. 2016; Bari and Anwar
imbalance, making drought one of the most complex 2000), which was not sustainable from both environment
natural hazards (Heim 2002). Bangladesh experiences dry  and climate change perspectives. A paradigm shift towards
weather because of low precipitation for a period of six ~ a cross-sectoral water management regime is yet to be
months from November to April, and many parts of the achieved (Islam et al. 2020), where additional knowledge
country have already experienced an increasing number of  about the influence of climate variables would play a key
droughts with varying severity in recent years (Uddin et al.  role.
2020; Alamgir et al. 2020; Hoque et al. 2020; Adhikary et al. The drought of Bangladesh, especially in the
2013). The northwestern part of the country is highlighted northwestern part, has already attracted numerous
as a severely drought-prone area because of irregularity  researchers. Many studies during the last decade have
and high variability in rainfall (Rahman et al. 2020; Uddin projected that the northwestern part of Bangladesh would
et al. 2020; Rahman et al. 2019; Shahid and Behrawan  become more vulnerable to droughts (Shahid 2011; Shahid
2008). Agricultural production in the northwest part plays ~ and Behrawan 2008). Although there is an agreement
a pivotal role in the overall economy of the country. Most ~ about greater agricultural losses from droughts (Ahammed
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et al. 2020; Alauddin and Sarker 2014; World Bank 2013;

Alam et al. 2012), various contributions show different
opinions about recent droughts in the region (CEGIS 2013;
Miyan 2015; Nury and Hasan 2016), which creates a room
for further investigation.

Investigations have been conducted to assess drought
severity, vulnerability, historical trend and also to predict
using for instance Standardized Precipitation Index (SPI),
Standardized Precipitation Evapotranspiration Index, and
analytical hierarchical process (Alamgir et al. 2020; Uddin et
al. 2020; Hoque et al. 2020; Ahammed et al. 2020; Miah et al.
2017), However, use of statistical tools is hardly found in the
existing literatures, particularly focusing Bangladesh.

SPI, designed by McKee et al. (1993), for the above
purposes is relatively simple, can describe drought through
water supply condition, and is based on rainfall data
alone. It has the strength to be employed for a variety of
timescales. SPlis a tool to monitor short-term water supplies
to observe soil moisture, which is important for agricultural
production, and also to observe groundwater supplies and
streamflow in the long run (Hayes et al. 1999). Researchers
from several countries including Argentina, Canada, China,
Hungary, India, Korea, Spain, Turkey, and the USA, and are
using this index to monitor droughts (Nury and Hasan 2016;
Quiring and Papakryiakou 2003; Hayes et al. 1999; Wilhite et

al. 1985). While several pieces of research utilized SPI, most
of the studies have not considered the whole water cycle,
instead considered groundwater extraction for irrigation
(Rahaman et al. 2016). The amount of water required has
rarely been addressed in water management.

In this backdrop, this research, in addition to rainfall, the
primary factor in governing drought phenomena (Edossa et
al. 2014), intends to investigate the shortage of water supply
in northwest Bangladesh. Since rainfall is one of the basic
natural resources in the study area, this work reinvestigates
recent droughts, trends, and shortage of water from rainfall
with the estimation of drought indices using the statistical
tools.

MATERIALS AND METHODS
Study area

The study area is Rajshahi division, which is located
in the northwestern part of Bangladesh (Fig. 1). Most of
the region is low-lying plain land except the uplifted and
undulated Barind Tract. It is surrounded by India in the west,
Rangpur division in the north, Dhaka division in the east,
and Khulna division in the south. The area is lying at the
west of the river Jamuna and the north of the river Ganges.

88°0'E 88°30'E
| I

89°0'E 89°30'E
L I

25°0'N 25°30'N
I 1

24°30N

24°0'N

Dinajpur

Index Map
Bangladesl

25°30'N

Gaibandh

Natore

ISHWARDI

T T
88°0'E 88°30E

T T
89°0'E 89°30'E

BANGLADESH LEGE

++ Railway

== |nternational Boundary @ Meteorological Stations

0 10 20 40 Km
————— District Boundary [ District Head Quarter
=== National Highway ~ ZJ» Waterbodies Projection:
Bangladesh Transverse Mercator (BTM)
— Regional Highway 5’ Main River Datum - Gulshan 303

®

Data sources:
National Water Resources Database (NWRD)

Fig. 1. Location map of the study area
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MATERIALS

Daily rainfall data for 30 years from 1988 to 2017
recorded in three meteorological stations in the region
namely Rajshahi, Ishwardi, and Bogura (Fig. 1) by the
Bangladesh Meteorological Department (BMD) have been
used for the analysis.

METHODS
Standardized Precipitation Index (SPI)

SPI conveys the rainfall departure with respect to the
rainfall probability distribution function. SPI computation
requires long-term rainfall data to determine the probability
distribution function which is then transformed to a normal
distribution with mean zero and standard deviation of one
(Edwards and McKee 1997). It is the fitting of a gamma
probability density function and the gamma distribution,
g(x) can be written as shown below.

g = W

x,a,3>0
BT P

where,
logmean = Xi= In(X)

— In(X
U:Xln_zn( )
N
1+ }1+4—U ¥
ﬂ=73anda:—
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The cumulative probability is then can be written as:
G(x) = [g(x)dx

Since Equation 1 is undefined at x = 0 (no rainfall event),
the cumulative probability can be modified further as
written below:

H(x)=q+(1-

()

9)G(x) )

where, g is the probability of zero or for no rainfall.
The cumulative probability H(x) is then transformed to the
standard normal random variable Z with mean zero and
variance of one. Transferred Z is said to be SPI (Edwards
and McKee 1997). Such approximate conversion given by
Abromowitz and Stegun (1965) is as shown below:

Zospr=_|_@ralrel o poocos ()
l+dt+dt* +dt

Zospros|_Qralral oo g 5)
l+dt+dt* +dt

t= ln[ 1
H(x)

/ 0.5<H(x)<1
[(1 0-H(x))

0<H(x)<0.5

2

where,

C0:2.515517; C7:O.8O2583; CZ:O.O1O328; d]:1 432788;
d,=0.189269 and d3:0.001308 (Abramowitz and Stegun
1965).

With the estimated Z or SPI values drought status can be
classified as shown in Table 1.

Mann-Kendall Test

The Mann-Kendall (MK) test is used for determining
monotonic trends and is based on ranks (Helsel and Hirsch
2002). This is a test for correlation between a sequence of
pairs of values. The significance of the detected trends can
be obtained at different levels of significance (generally
taken as 0.05). It has been suggested by the World
Meteorological Organization (WMO) to determine the
existence of statistically significant trends in climate and
hydrologic data time series. The MK test statistic and the
sign function are calculated using the below formula:

n-1 n .
= Zi:l Z/:f+1SIgn(x.f -x)

+1x; > x,

©)

sign(x; —x,)40x, = x, (7)

—lx, <x

where nis the number of data, x is the data point at times i
and j (j > i). The variance of S is as follows:

var(8) = [n(n —D2n=5)= 3" 1ili~1)(2i + 5)} /18

Where ¢, is the number of ties of extent /, and m is the
number of tied groups. For n larger than 10, the standard
test statistic Zis computed as the MK test statistic as follows:
S—1
Jvar(S)
Z=40if §=0
S+1

Jvar(S)

The presence of a statistically significant trend is
evaluated using the Z value. Positive values of Z indicate
upward trends, while negative values show downward
trends.Totestforeitheranincrease ordecreasein monotonic

trend (a two-tailed test) at a level of significance, H, should
be rejected if the |Z|>Zlig
2

@®)

if §$>0
©)

if <0

, where Z . is obtained
2

from the standard normal cumulative distribution tables. For
example, at the significance level, the null hypothesis is
rejected if 171>1.96. A higher magnitude of Zvalue indicates
that the trend is more statistically significant.

Spearman’s Rho Test

Similar to MK, the Spearman’s Rho (SR) is another rank-
based non-parametric statistical test that can also be used
to detect a monotonic trend in a time series (Yue et al.
2002; Yenigun et al. 2008). It is a simple test to determine
whether a correlation exists between two classifications

Table 1. Drought category according to SPI (McKee et al. 1993)

SPI Drought category
0to-0.99 Mild drought
-100to-1.49 Moderately drought
-150t0-1.99 Severely drought
—-2.00to less Extremely drought
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of the same series of observations. The Spearman’s Rho Test
statistic, r,, and the standardized test statistic, Z, are calculated
as follows (Sneyers 1990).

6/ (R(x)—-i)
- |2 RG] (10)
(n’ —n)
L =15 2 (M
1-7,

N

Where R(X) is the rank of the /" observation X in the time series,
and isthe length of the time series. Positive values of Z , indicate
an increasing trend, while negative Z., indicates decreasing
trends in the time series. For example, at the significance level,
the null hypothesis is rejected if 121>1.96. A higher magnitude of
Zvalue indicates that the trend is more statistically significant.

The Mann-Kendall and Spearman’s Rho tests are non-
parametric tests to be applied for the detection of trends
because the tests do not require the data to fit any particular
probability distribution.

RESULTS AND DISCUSSION

SPlis a probability of rainfall at a location computed from
rainfall records at any number of timescales from 1 to 48
months or longer. The time scales 3M (three-month) and 6M
(six-month) are applied in the estimation since the mentioned
scales are agreed to be the right options to address basic
drought and the resulting impact on agriculture in a region
(WMO and GWP 2016). Figures 2-4 show the estimated SPIs
for the stations: Rajshahi, Ishwardi, and Bogura, respectively.
Results show that Rajshahi region has suffered from drought in
the years 1992 and 2010. The indices in most of the months in
1992 have obtained a value as less than -1.0 [Fig. 2(a)] indicating
that the year 1992 experienced moderate to severe drought.
The value of indices has even gone below -2.0 in the year 2010
as shown in Fig. 2(b), which indicates that the area suffered
from extreme drought. Similarly, Ishwardi region experienced
moderate to severe drought in the years 1992, 1994, and 2012,
and extreme drought in the year 2010 (Fig. 3). It is also notable
that the estimated indices for the month of January with 6M
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Fig. 2. Estimated monthly SPIs for the duration from 1988 to 2017 at Rajshahi, using 3M time-scale (a),
and 6M time-scale (b)
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Fig. 3. Estimated monthly SPIs for the duration from 1988 to 2017 at Ishwardi, using 3M time-scale (a),
and 6M time-scale (b)
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time scales were found to be overestimated, and hence were
not considered in later analyses to assess drought in this work.
In contrast, most of the estimated SPIs in Bogura are found
greater or close to -1.0 as shown in Fig. 4. However, the years
2006 and 2012 experienced moderate to severe drought.

According to the investigation made by the Center for
Environmental and Geographic Information Services (CEGIS)
(2013) based on rainfall data for the duration 1982-2008,
Rajshahi experienced severe drought in the years 1995 and
1996. In contrast, this study finds that the years 1995 and
1996 experienced mild drought, or mostly enjoyed normal
condition. Drought severity in the year 1992 for Rajshahi
region is found well aligned with the findings of Miyan
(2015), Adnan (1993) and Hossain (1990). Besides, this study
resembles the findings of Nury and Hasan (2016), where the
authors found extremely dry events in the years 1992, 1999,
and 2010 in Rajshahi.

This study has estimated the trends using Mann-Kendall
and Spearman’s Rho tests as shown in Tables 2-4 over the
estimated SPIs as shown in Figures 2-4. The months July and
August in Rajshahi; March, May, and July in Ishwardi; and July
to November in Bogura are showing strong negative trends

(Tables 2-4). The months June, July, and August are the rainy
or monsoon season all over Bangladesh (Banglapedia 2014),
while March to May and September to November are pre-and
post-monsoon seasons (Syed and Amin, 2016). Trend analyses
show that the months June to November have strong
negative trends in the estimated indices. Whereas, the months
July and August or the monsoon season are approximated
to be common in all three stations having stronger negative
trends. In addition, this work has also included the month of
June as one of the monsoon months to estimate the shortage
of water during the whole monsoon season to be explained
in a later section. The yearly maximum and minimum indices
along with linear trends are shown in Figures 5-6. In the yearly
maximum in both 3M and 6M analyses, linear trends are found
to be negative for the whole study area with a significant
slope of -0.03 in 6M analyses. On the other hand, in the yearly
minimum in 3M analyses, the whole study is showing a
negative trend with a slope of -0.02, while 6M analyses are also
showing a negative trend, except the case of Rajshahi station
which has shown a tiny positive trend. Results are indicating
that Rajshahi division is likely to suffer more in the coming
years than those of the past from drought.
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Fig. 4. Estimated monthly SPIs from 1988 to 2017 at Bogura, using 3M time-scale (a),
and 6M time-scale (b)
Table 2. Trend estimations using Mann-Kendall and Spearman’s Rho tests in SPIs estimated for Rajshahi station

Vonth Using 3M Time Scale SPI Using 6M Time Scale SPI Remarks
MK test SR test Trend MK test SR test Trend
January -0.0 0.1 -/+ 1.6 1.7 +
February -1.3 -1.3 - 0.0 0.0 +
March -04 -0.5 - 0.1 -0.0 +/-
April -0.2 -0.2 - 0.2 0.2 +
May 1.3 13 + 06 0.8 +
June -0.1 -0.2 - -0.7 -0.6 - Both -
July -2.1 23 - -1.1 -1.2 - Both - and stronger
August -1.0 -1.0 - -1.9 -1.9 - Both - and stronger
September 0.5 0.5 + 04 0.5 +
October -1.0 -0.9 - -0.1 -0.1 - Both -
November -1.9 -1.7 - -0.7 -0.7 - Both -
December 0.0 0.0 + -0.8 -0.9 -
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Table 3. Trend estimations using Mann-Kendall and Spearman’s Rho tests in SPIs estimated for Ishwardi station

Using 3M Time Scale SPI Using 6M Time Scale SPI
Month Remarks
MK test SR test Trend MK test SR test Trend
January -09 -0.7 - -0.3 -0.2 - Both -
February -1.6 -1.6 - -0.7 -0.8 - Both -
March -1.5 -1.6 - -1.2 -1.2 - Both - and stronger
April 0.1 0.2 + 09 0.9 -
May -24 -2.8 - -1.5 -1.5 - Both - and stronger
June -0.5 -0.5 - -0.9 -1.0 - Both -
July -1.2 -1.4 - -1.6 -1.5 - Both - and stronger
August 0.1 0.1 + 04 03 +
September 0.2 0.1 + -1.0 1.1 -
October 1.2 1.3 + -0.7 -0.8 -
November -0.8 -09 - -0.6 -0.5 - Both -
December 04 0.5 + 0.0 -0.1 -
Table 4. Trend estimations using Mann-Kendall and Spearman’s Rho tests in SPIs estimated for Bogura station
Using 3M Time Scale SPI Using 6M Time Scale SPI
Month Remarks
MK test SR test Trend MK test SR test Trend
January -1.6 -1.3 - -0.9 -0.8 - Both -
February -04 -0.5 - -1.6 -14 - Both -
March -0.5 -0.5 - -0.0 -0.0 - Both -
April 04 04 -0.2 -0.0 -
May 0.9 0.9 + 0.8 1.0 +
June -0.8 -0.7 - -0.3 -0.3 - Both -
July -1.8 -1.8 - -1.7 -1.7 - Both - and stronger
August -1.5 -1.6 - -1.5 -1.5 - Both - and stronger
September -1.8 2.0 - -2.7 -2.8 - Both - and stronger
October -1.1 -1.0 - -2.7 -32 - Both - and stronger
November -1.5 -1.7 - -3.0 -3.7 - Both - and stronger
December -0.7 -0.5 - 23 -26 - Both -
(a) (d)
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Fig. 5. Yearly maximum index for the duration from 1988
to 2017, in 3M time-scale analyses Rajshahi (a), Ishwardi

(b), and Bogura (c); in 6M time-scale analyses Rajshahi (d),

Ishwardi (e), and Bogura (f)
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Fig. 6. Yearly minimum index from 1988 to 2017, in 3M time-

scale analyses Rajshahi (a), Ishwardi (b),
and Bogura (c); in 6M time-scale analyses Rajshahi (d),
Ishwardi (e), and Bogura (f)
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Fig. 7. Monthly rainfall (MRF), cumulative rainfall (CRF),
and SPIs with the 6M time-scale along with monthly
rainfall trend (MRFT) for the months June (a), July (b), and
August (c) at Rajshahi

MK and SR tests (Tables 2-4), along with maximum
indices (Figure 5) have attributed that the months June,
July, and August are showing stronger negative trends.
With a little slope yearly minimum indices (Figure 6) also
show the negative trends. As the months June, July, and
August belong to the monsoon season and are showing
stronger negative trends in the estimated drought indices,
the following section is appended to show detailed
rainfall along with estimated SPIs for the monsoon season.
Monthly rainfall, cumulative rainfall through which the
indices are estimated, and indices estimated using a 6M
time scale are shown in Fig. 6-8 for the rainfall recorded at
Rajshahi, Ishwardi, and Bogura for the months June, July,
and August. Here, the 6M time scale is applied since the
scale is suggested for investigating agricultural impacts
from drought.

Monthly rainfall in the monsoon season in Rajshahi
region shows negative trends with the slopes -0.03, -0.02,
and-0.002 for June, July,and August, respectively (Figure 7).
The month of August shows that the difference between
monthly rainfall and cumulative rainfall is minimum, and
this minimum difference indicates that the months June
and July are experiencing less rain than that of the month
August.
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Fig. 8. Monthly rainfall (MRF), cumulative rainfall (CRF),
and SPIs with the 6M time-scale along with monthly
rainfall trend (MRFT) for the months June (a), July (b), and
August (c) at Ishwardi

Similarly, the monthly rainfall in the monsoon season
in Ishwardi shows negative trends with the slopes -0.002
and -0.02 for June and July, respectively (Figure 8). The
month of August shows a positive trend with a slope of
0.02. Estimations once again indicate that the months June
and July lack rainwater than that of the month August.

Monthly rainfall in the monsoon season in Bogura
shows a stronger negative trend with the slopes -0.05 and
-0.07 for June and July, respectively (Figure 9). The month
of August showing positive trends with the slope of 0.02
indicates a similar pattern that the months June and July
lack rainwater compared to that during the month of
August. However, the positively trended rainfall in August
in all regions do not show better indices (Fig. 2-4), since
many of the slopes are found to be close to -1.0 or less.

The above findings interpret that during the monsoon
season the whole study area lacks rainwater, whereas
rainwater is the most important agent for keeping better
agricultural production. If the amount of rainwater
becomes scarce, the area is likely to face a shortage of
agricultural productivity. Initially, groundwater may be
used for agriculture to replenish the productivity gap,
but the overall climate of the region would deteriorate.
An overall water deficiency in percentage is estimated
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Fig. 10. Overall water deficit from rainfall in monsoon for the months June, July, and August in the study area

using rainfall data during monsoon. This is done from the
differences of converted monthly rainfall and cumulative
rainfall to a unique scale for Rajshahi division (Figure 10).
Results show that Bogura experiences the least water
deficit in the region, while Ishwardi experiences the most.
Overall water deficit ranges from 4% to 35% in different
years, and the average water deficit is found to be 18%
for the whole study area. Hence, Rajshahi division has to
increase the supply of water from alternative sources for
agriculture to maintain the current level of production.

CONCLUSIONS

Rajshahi division, part of northwestern Bangladesh,
is highlighted as one of the most drought-prone areas in
southeast Asia. This research has reinvestigated the recent
drought status of Rajshahi division with the estimation
of SPI using rainfall data from 1988 to 2017 and has
found discrepancies in past drought years. This work has
identified that the years 1992, 1994, 2006, 2012 have
experienced moderate to severe drought, while the year
2010 has suffered from extreme drought. Drought trends
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