Journal of

Al-Mamun et al., J Earth Sci Clim Change 2018, 9:3
DOI: 10.4172/2157-7617.1000457

Earth Science & Climatic Change

Research Article Open Access

Identification of Meteorological Drought Prone Area in Bangladesh using

Standardized Precipitation Index

Abdullah Al-Mamun™, Md. Niaz Farhat Rahman’, Md. Abdullah Aziz', Md. Abdul Qayum?’, Md. Ismail Hossain', Sheikh Arafat Islam Nihad?

and Md. Shahjahan Kabir®

'Agricultural Statistics Division, Bangladesh Rice Research Institute, Bangladesh
2Plant Pathology Division, Bangladesh Rice Research Institute, Bangladesh
SDirectorate General, Bangladesh Rice Research Institute, Bangladesh

Abstract

The Standardized Precipitation Index (SPI) was computed in three different cropping seasons namely, Pre-Kharif,
Kharif and Rabi based on the monthly precipitation data of thirty-five meteorological stations over Bangladesh during
the period 1980-2015. In this study, different features of meteorological drought including frequency of drought, dry
and wet periods, percentage of drought area, temporal and spatial variations of drought in Bangladesh were examined.
The results revealed that the most significant increasing trend of drought area was found in Rabi season (8.66% per
decade) and decreasing trend was found in Kharif season (2.47% per decade). In Kharif season, the trend of drought
area was found increasing in northern region with a rate of 2.63% per decade where central region, eastern region
and southern and western region were decreasing with a rate of 1.06%, 3.02% and 3.02% per decade, respectively.
All drought affected areas were experienced by moderate, severe and extreme droughts in several years during the
study period in three seasons. The significant drought events were found in 1992, 2008, 2012 and 2014 in Pre-Kharif,
1981, 1985, 1992, 1994, 2006 and 2012 in Kharif and 1985, 1986, 2005, 2006, 2009, 2010 and 2012 in Rabi season.
Some areas of southern and western regions, central regions, eastern regions and most of the northern region were
more vulnerable to meteorological drought. Major finding of this study was Pre-Kharif and Rabi season were the most
vulnerable to meteorological drought that indicates high seasonal rainfall anomaly in most of the regions of Bangladesh.
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Introduction

A crop faces many biotic and abiotic stresses during their growing
period. Among the different abiotic stresses drought is becoming
a great threat for crop production due to climate change. Drought
is nothing but a natural disaster which prevails due to scarcity of
water or moisture. In general drought is classified as meteorological,
agricultural and hydrological droughts which are differing from one
another by depending on intensity, duration and spatial coverage [1].
Meteorological drought is directly related to rainfall which prolongs
existence consequence the agricultural drought [2]. In addition, dry
winds, less precipitation, high temperature and many other factors also
responsible for causing meteorological drought.

Bangladesh is a more vulnerable to climate change due to its
geographical condition. Among the many abiotic stresses drought was
more prominent in northern and south-western regions of Bangladesh
compared to the other parts of the country [3]. On the other hand, the
north-western region was the most vulnerable region of the country
[4] which experienced most severe drought because of high variability
in rainfall [5]. Three distinct seasons can be recognized from climatic
point of view: the dry winter season Rabi (November to February), the
pre-monsoon hot summer season Pre-Kharif (March to May), and the
rainy monsoons season Kharif (June to October) [6]. Drought has a
great impact on the agricultural production of Bangladesh. During
Kharif season, T. Aman rice is tremendously affected by drought
whereas in Rabi and pre-kharif season; wheat, potato, mustard and
T. Aus rice are mainly affected. Early drought delays transplanting as
well as harvesting time of aman rice which affects the cultivation of
rabi crops after T. Aman. As consequences a large area remains fellow
after T. Aman due to lack of optimum growing periods for rabi crops.
In case of rice, early drought represses tillering and vegetative growth
whereas terminal drought in Kharif season affects the heading, panicle

initiation and milking stages of rice and reduces the achievable yield. In
severely drought prone areas, yield losses may exceed 50 percent where
in general it varies from 35 to 45 percent depending on rainfall, soil
types and planting time of the crops. Conversely, in moderate drought
prone areas, yield losses fluctuate from 20 to 35 percent [7].

For monitoring drought, there are various indices that measure
how much precipitation for a given period of time has deviated from
historically established norms. Some of the broadly used drought
indices include Palmer Drought Severity Index (PDSI), Surface
Water Supply Index (SWSI), Standardized Precipitation Index (SPI),
Reclamation Drought Index (RDI) and Crop Moisture Index (CMI).

To see the beginning and termination of drought, duration and
severity, Datta [8] compared the Palmer Drought Severity Index
(PDSI) with the SPI and the Harbst methods. She found that all the
three methods identified the same drought years in the N-W region
of Bangladesh. To develop map and the spatial extents of drought
hazards in different time steps, a study was carried out by Shamsuddin
and Behrawan [9] using Standardized precipitation index [10,11]
method. Jalpa and Parekh [12] studied various drought indexes and
concluded that SPI permits comparisons over space and time better
than any other index. Many other researchers [13-17] have applied SPI
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to analyze the drought characteristics in various parts of India. Also,
some researchers [18-21] used the SPI and other indexes to evaluate the
spatial and temporal drought characteristics in various regions across
the world.

The SPI computation for a specific time scale and location requires
a long term monthly precipitation data. The event of drought in
the study area is identified using SPI in multiple time scales. In the
present study SPI has been used to observe the drought event of Pre-
kharif, Kharif and Rabi seasons from the year 1980 to 2015. The main
objective of this study is to assess the spatial and temporal pattern of
meteorological drought over different regions of Bangladesh using the
Standardized Precipitation Index.

Materials and Methods

Monthly precipitation data of 35 meteorological stations were taken
from Bangladesh Meteorological Department for a maximum period
of 36 years from 1980 to 2015. The total area of Bangladesh (latitudes
20°34'N and 26°38°'N and longitudes 88°01 E and 92°41 ‘E) is divided
into northern region (NR), southern and western region (SWR), central
region (CR) and eastern region (ER) for better understanding of the
meteorological drought (Figure 1). The calculation of Standardized
Precipitation Index (SPI) [10,11] was followed in this research to assess
anomalous and extreme precipitation developed the Standardized
Precipitation Index (SPI) for the purpose of defining and monitoring
drought [10,11]. Among others, the Colorado Climate Center, the
Western Regional Climate Center, and the National Drought Mitigation
Center use the SPI to monitor current states of drought in the United
States. The nature of the SPI allows an analyst to determine the rarity of
a drought or an anomalously wet event at a particular time scale for any
location in the world that has a precipitation record. Thorn [22] found
the gamma distribution to fit climatological precipitation time series
well. The gamma distribution is defined by its frequency or probability
density function:

1 a-1_-—x/b
g(x)=——F=x""¢ for x>0
Where, a>0 (a is a shape parameter), >0 (p is a

scale parameter), x>0 (x is the precipitation amount) and
= J'_ 0A [yA (a-1)e" (—y)dy] y(a) is the gamma function)

Computation of the SPI involves fitting a gamma probability
density function to a given frequency distribution of precipitation totals
for a station. The alpha and beta parameters of the gamma probability
density function are estimated for each station, for each time scale of
interest (3 months, 12 months, 48 months, etc.), and for each month of
the year. From Thorn HC, the maximum likelihood solutions are used
to optimally estimate a and f:

d:L 1+ /1+ﬁ and ==
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n = number of prec1p1tat10n observations.

The resulting parameters are then used to find the cumulative
probability of an observed precipitation event for the given month and
time scale for the station in question. The cumulative probability is
given by:

G(x) - j:g(x)dx - %de-le-x/ﬁ "y

Letting,s=~, this equation becomes the incomplete gamma

function:
1 o

G(x)= MJ.O t*e

Since the gamma function is undefined for x=0 and a precipitation
distribution may contain zeros, the cumulative probability becomes:
H(x)=q+(1-q)G(x) [22] states that g can be estimated byg=m/n
, where g is the probability of a zero. If m is the number of zeros in
a precipitation time series and n is the number of precipitation
observations. Thorn [22] uses tables of the incomplete gamma function
to determine the cumulative probability G(x) [10] use an analytic
method along with suggested software code from Press et al. [23] to
determine the cumulative probability. The cumulative probability,
H(x), is then transformed to the standard normal random variable Z
with mean zero and variance of one, which is the value of the SPI. Then
standardized precipitation index is calculated by:

Z=SPI=+| ——SFAHE | p05<H(x)<10
l+dt+d,t* +d,t’

Z=SPI=+| ——FAHEL 05 H(x)<10
l+dt+d,t* +d,t’

Where:

! 2 f0r0<H <05
H x

1

forOO5<H <10
10 H(x

z

¢, =2.515517, ¢, =0.802853, ¢, =0.010328,

d, =1.432788, d, =0.189269, d, = 0.00130

Conceptually, the SPI represents a z-score, or the number of
standard deviations above or below that an event is from the mean. To
find out SPI value; 3-month rainfall data of pre-kharif season, 4-month
data of Rabi season and 5-month data of season were analyzed through
R programing software. After that, obtained SPI value was classified
according to the drought classification of World Meteorological
Organization (Table 1). The most common first order two states
Markov Chain Model [24] was used to assess the dry and wet periods
of all studied stations. Time series of annual drought percentage of area
for all study station of Bangladesh (and various regions within) were
calculated based on the ratio of the number of stations with SPI < 1.0
to the related total number of study stations or the regions [25]. To
analyze the variations of the drought areas, linear regression methods
were used to detect the changing trend of the annual percentage of
drought area at different significance levels for the different regions
of Bangladesh. Variations of drought areas were also plotted and
investigated by different seasons (Pre-Kharif, Kharif and Rabi) of
Bangladesh. Geographic Information System (GIS) has been used for
mapping of spatial extent of meteorological drought from point data.
SPI values of 35 meteorological stations have been determined then

SPI Values Classification
>0.00 No Drought
<0.00 to -0.99 Normal Drought
-1.00 to -1.49 Moderately Drought
-1.50 to -1.99 Severely Drought
-2.00 and less Extremely Drought

Table 1: Standardized Precipitation Index (SPI) values.
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.u% SL SJZ:?: Extrer(\:;:e aDrr)ouc.slht Seve(r$el:;rrc)>ught ModeraYt:a?)rought Norm(aYIe[;:;)ught Dry Period Wet Period
o K:;erif Kharif | Rabi K::if Kharif Rabi K::’;if Kharif ~Rabi K:::if Kharif Rabi K::’;if Kharif Rabi K:;erif Kharif Rabi
c 1 Bogra 0 1 0 3 0 3 3 5 2 12 15 | 12 | 50.00 58.33 47.22  50.00 41.67 52.78
2| 2 | Dinajpur 2 0 0 1 3 0 4 2 6 7 13 9 40.00 | 51.43 42.86 60.00 48.57 57.14
€ 3 Ishurdi 0 1 0 1 1 5 5 5 2 14 12 | 8 | 5556 5278 41.67 44.44 4722 58.33
S 4  Rajshani | 0 2 0 1 1 2 3 2 3 14 12 | 11 | 5000 47.22 44.44 50.00 52.78 55.56
§ 5 | Rangpur = 1 1 0 1 2 0 2 1 7 13 12 | 9 | 4722 44.44 4444 5278 5556 55.56
Z | 6 | sydpur 0 1 0 0 1 0 2 1 4 10 12 | 7 | 5200 60.00 44.00 48.00 40.00 | 56.00
7 | Barisal 0 0 0 1 4 2 1 2 4 | 20 | 12 10 6111 50.00 44.44 38.89 50.00 55.56
5 8 Bhola 0 0 1 1 2 4 6 3 3 12 13 | 7 | 5278 50.00 41.67 47.22 50.00 58.33
E’ 9 |Chuadanga 0 1 0 2 1 3 1 2 3 13 7 7 | 5926 40.74 48145 40.74 59.26 51.85
€ 10 Hatiya 0 0 0 0 0 0 0 2 0 16 8 | 14 5162 32.26 45.16 48.38 67.74 54.84
% 11 | Jessore 1 0 0 1 2 3 2 3 2 18 12 | 13 | 61.11 47.22 50.00 38.89 52.78 50.00
2 12 Khepupara O 1 0 2 2 1 3 1 1 14 | 15 | 16 5278 52.78 50.00 47.22 47.22 50.00
2 13 Knuna 0 2 0 2 0 2 1 2 4 17 | 15 | 12 5556 5278 50.00 44.44 47.22 50.00
€ 14 MCout 0 0 0 2 2 3 5 3 3 11 15 | 9 | 50.00  55.56 41.67 50.00  44.44 | 58.33
€ 15 Mongla 0 1 2 2 0 1 2 3 0 10 9 9  56.00 | 52.00 48.00 44.00 48.00 52.00
® 16 Patuakhali 1 1 0 0 2 3 2 2 3 17 | 12 | 11 5714 4857 4857 42.86 51.43 | 51.43
17 Satkhira 0 1 0 3 0 3 2 5 4 15 | 11 | 10 5556 47.22 A7.22 4444 5278 |52.78
18 Chandpur 0 0 2 0 1 1 4 2 2 15 18 | 12 | 5429 60.00 48.57 4571 40.00 51.43
_ 19 Conmila 1 1 0 2 1 2 1 5 4 16 10 | 11 | 5556 47.22 47.22 44.44 5278 52.78
2 20 Dhaka 0 1 2 2 2 2 2 1 3 16 14 | 8 | 5556 50.00 41.67 44.44 50.00  58.33
€ 21 Faridpur 1 0 2 2 3 2 4 4 2 10 13 | 10 | 4722 5556 44.44 5278 44.44 5556
g 22 | Madaripur =~ 0 1 0 0 0 4 6 3 4 13 16 | 8 | 5278 5556 44.44 47.22 44.44 5556
S 2 My- 1 0 0 1 3 2 3 2 4 13 13 | 11 | 50.00 50.00 47.22  50.00 50.00 52.78

mensingh

24 | Tangail 0 0 0 2 1 2 2 3 4 7 11 6 | 4138 51.72 41.38 58.62 48.28 58.62
25 A'?gf‘gg)a” 0 0 0 1 1 1 1 1 3 7 5 3 | 5294 4118 4118 47.06 58.82 58.82
26 | Chittagong 0 0 0 0 0 0 5 1 5 14 13 | 12 | 5278 38.89 47.22 47.22 61.11 52.78
27 CoxsBazar 0 1 0 4 0 4 2 2 3 11 13 10 | 47.22 | 4444 4722 52.78 5556 52.78
5 28 Feni 0 2 3 3 3 0 1 0 2 1 10 | 11 | 4167 | 4167 44.44 5833 58.33 5556
E’ 29 | Kutubdia = 0 0 0 1 0 2 6 4 3 7 15 9 4516 | 61.29 4516 54.84 38.71 54.84
€ 30 Rangamati 1 0 0 2 2 4 4 4 1 10 9 | 14 4722 4167 |52.78 5278 58.33 47.22
@ 31 Sandwip 0 0 0 2 2 0 3 3 9 12 | 13 | 6  47.22 50.00 41.67 5278 50.00 58.33
“ 32 sitakunda @ 2 1 0 1 1 4 1 3 4 16 11 8 | 5556 44.44 44.44 44.44 5556 | 5556
33 | Srimangal 0 0 0 1 2 4 3 1 1 14 | 13 | 10 | 50.00 4444 4167 50.00 5556 58.33
34 | Sylhet 0 1 1 4 0 1 2 3 2 11 15 | 17 | 4722 | 5278 58.33 52.78  47.22 | 4167
35 | Teknaf 1 2 0 4 0 3 2 0 4 10 | 16 | 10 4444 50.00 47.22 5556 50.00 | 52.78

Table 2: Descriptive statistics of number of drought years and percentage of dry and wet periods of Pre-Kharif, Kharif and Rabi seasons during 1980-2015.

with these SPI value point shape file prepared by ArcGIS10 software.
Spatial analysis (surface interpolation by ordinary krigging) with these
point data were done by the ArcGIS10.

Result and Discussion

The temporal and spatial variation of meteorological drought in
the study area has been identified using SPI in multiple time scales.
The SPI value for 3-months, 4-months and 5-months’ time scales have
been calculated from 1980 to 2015 for 35 meteorological stations.
Descriptive statistics of number of drought years, percentage of dry and
wet periods of Pre-Kharif, Kharif and Rabi seasons of the study periods
has been presented in the Table 2.

Meteorological drought assessment of northern region

Evaluation of meteorological drought of Pre-Kharif season, it is

possible to explain that two years extreme drought in Dinajpur, three
years severe drought in Bogra, five years moderate drought in Ishurdi,
fourteen years normal drought was occurred in Rajshahi and Ishurdi
(Table 2). The highest percentage of dry period were found in Ishurdi
(55.56%) followed by Syedpur (52%), Rajshahi and Bogra (50%) in Pre-
Kharif season. On the other hand, two extreme droughts in Rajshahi,
three severe droughts in Dinajpur, fifteen normal droughts in Bogra
and five moderate droughts in Bogra and Ishurdi were prevailed during
Kharif season. The highest frequencies of dry period were 60.00% in
Syedpur and 44.44% in Rangpur. In Rabi season, Ishurdi faced the
highest five years severe drought whereas seven years moderate
drought was occurred in Rangpur. The highest percentage (47.22%) of
dry period was found in Bogra whereas 44.44% was found in Rajshahi
and Rangpur.
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Meteorological drought assessment of southern and western
region

Analyzed data of meteorological drought of Pre-Kharif season
showed that one-year extreme drought was occurred in Jessore and
Patuakhali station; whereas the highest number of severe drought
was found in Satkhira and two years extreme drought was found in
Chuadanga, Khepupara, Khulna, Maijdi Court and Mongla stations.
The large number of moderate drought was six years and five years
in Bhola and Maijdi court, respectively. On the other hand, highest
eighteen years normal drought in Jessore and seventeen years
normal drought was happened in Khulna and Patuakhali station.
The percentage of dry period was greater than 50% for all stations
in southern and western region during Pre-Kharif season (Table 2).
According to the data of Kharif season, two years extreme drought in
Khulna, two years severe drought was in Bhola, Jessore, Khepupara,
Maijdi Court and Patuakhali. Whereas five years moderate drought
was appeared in Satkhira. The dry periods of most of the stations were
ranges from 45% to 55% (Table 2). In case of Rabi season, highest two
years extreme drought was in Mongla and four years severe drought
was found in Bhola. In addition, four years moderate drought was
prevailed in Barisal, Khulna and Satkhira during rabi seasons (Table
2). Also, all of the stations were shown the dry period ranges from
41.67% to 50.00%. From these three seasons the highest percentage of
dry period was found in Pre-Kharif season.

Meteorological drought assessment of central region

The meteorological information of Chandpur, Comilla, Dhaka,
Faridpur, Madaripur, Mymensingh and Tangail stations were evaluated
to assess the meteorological drought of central region. In Pre-Kharif
season, it was revealed that one-year extreme drought in Comilla,
Faridpur and Mymensingh stations; two years severe droughts in
Comilla, Dhaka, Faridpur and Tangail stations; six years moderate
droughts in Madaripur station and maximum sixteen years normal
droughts was occurred in Dhaka and Comilla stations. Moreover, in
Kharif season; the highest percentage of dry period was 55.56% in
Comilla and Dhaka (Table 2). During Kharif season the highest one-
year extreme drought in Comilla, Dhaka and Madaripur; severe three

year’s drought in Faridpur and Mymensingh; moderate five years
drought was occured in Comilla. And the percentage of dry period
was 60% in Chandpur and 55.56% in Madaripur and Mymensingh
(Table 2). In Rabi season, two years extreme drought in Chandpur,
Dhaka and Faridpur; four years severe droughts in Madaripur; four
years moderate droughts in Comilla, Madaripur, Mymensingh and
Tangail and maximum twelve years normal droughts were happened
in Chandpur. Most of the stations expressed dry periods less than 50%
(Table 2). Therefore, during Rabi season central region of Bangladesh
was found large wet period than others region.

Meteorological drought assessment of eastern region

In Pre-Kharif season, Sitakunda faced the highest two years extreme
drought, Sylhet, Cox’s Bazar and Teknaf faced four years severe
droughts, Kutubdia confronted highest six years moderate droughts
and Sitakunda faced sixteen years normal droughts of total drought
years. Among them the highest dry period percentage (55.56%) was
found in Sitakunda (Table 2). On the ther hand, Feni and Teknaf
stations were found highest two years of extreme drought in Kharif
season where Feni was also faced three years severe droughts; Kutubdia
and Rangamati were faced four years moderate droughts and Teknaf
faced sixteen years normal droughts. Highest percentage (61.29%) of
dry period was found in Kutubdia (Table 2). In Rabi season, three years
extreme droughts occurred in Feni; four years severe droughts in Cox’s
Bazar, Rangamati, Sitakunda and Srimangal; nine years moderate
droughts in Sandwip and seventeen years normal droughts in Sylhet
during study period. And the highest percentage (58.33%) of dry
period was found in Sylhet station (Table 2).

Seasonal variation of droughts in different region of
Bangladesh

Drought years, which were defined as years with drought percentage
more than 40% [26] showed different variation patterns in different
regions. Figures 1-3 presented the changes and linear trends of drought
areas (SPEI < 1) from 1980 to 2015 over three cropping seasons (Pre-
Kharif, Kharif and Rabi) of different regions of Bangladesh. In case of
Pre-Kharif season (Figure 2), the most significant increasing trend of

Legend

®  Meteorological Stations.
el Eastern Region
Central Region

South Western Region

Northern Region

Figure 1: Study region and meteorological stations of Bangladesh.
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Figure 2: Percentage of drought area in Pre-Kharif season over different regions of Bangladesh (a) Central Region (CR), (b) Eastern Region (ER), (c) Southern and
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Figure 3: Percentage of drought area in Kharif season over different regions of Bangladesh (a) Central Region (CR), (b) Eastern Region (ER), (c) Southern and Western

drought area was found in central region with a rate of 7.18% per 10
years followed by southern and western region with a rate of 5.42% per
10 years and northern region with a rate of 1.31% per 10 years. Eastern
region shows decreasing trend with a rate of 2.19% per 10 years. In
Kharif season, only northern region showed increasing trends with a
rate of 2.63% per 10 years and the other three regions namely central
region, eastern region and southern and western region were found
decreasing trend 1.05%, 3.02% and 3.02% per 10 years respectively
(Figure 3). Also, in Rabi season, the highest increasing rate of droughts
areas were found in eastern region (11.11%) followed by northern
region (8.22%), southern and western region (7.56%) and central
region (6.79%) per 10 years (Figure 4).

Figure 5 presented the changes and linear trends of drought areas
during 1980-2015 over different seasons of Bangladesh. The most
significant increasing trend of drought was found in Rabi season with
a rate of 8.66% per 10 years and Pre-Kharif season with a rate of 2.57%
per 10 years. Where, Kharif season represented decreasing trend with
a rate of 2.47% per 10 years. Widespread and large droughts occurred
in Pre-Kharif season in the years of 1992, 1995, 2007, 2008, 2012 and
2014 over the different regions of Bangladesh. Among the all regions

of Bangladesh, significant drought years of Kharif seasons were 1981,
1985, 1992, 1994, 2006 and 2012. And highest drought year in Rabi
season were 1985, 1986, 2005, 2006, 2009, 2010 and 2012.

Spatial distributions of meteorological drought in Bangladesh

In this study, drought intensity was investigated for three cropping
seasons of Bangladesh. The SPI value for Pre-Kharif, Kharif and Rabi
seasons have been analyzed through geo-spatial analysis using GIS.
This type of analysis will clearly help to identify the intensity of drought
in the study region. In Pre-Kharif season, moderate, severe and
extreme drought events were occurred about 41% of total area in 1995
and affected northern, south-western and few eastern regions which
covered by Rajshahi, Dinajpur, Rangpur, Bogra, Jessore, Chuandanga,
Sylhet, Bhola and its neighborhood areas (Figure 6). About 34%
of total areas in south-western and eastern regions were affected
by meteorological drought in 2008 with the neighborhood areas;
Patuakhali, Bhola, Mongla, Noakhali, Chandpur, Comilla, Chittagong
Rangamati Cox’s Bazar. Moderate and severe droughts were found in
most of the northern and southern-western regions in 2012. In 2014,
drought shifted to central and eastern region and affected about 57%
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Figure 4: Percentage of drought area in Rabi season over different regions of Bangladesh (a) Central Region (CR), (b) Eastern Region (ER), (c) Southern and Western
Region (SWR) and (d) Northern Region (NR).
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Figure 5: Percentage of drought area in different season of Bangladesh (a) Pre-Kharif season, (b) Kharif season, and (c) Rabi season during 1980-2015.
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Figure 6: Spatial distributions of meteorological drought in 1995, 2008, 2012 and 2014 of Pre-Kharif season.
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Figure 8: Spatial distributions of meteorological drought in 2005, 2006, 2010 and 2012 of Rabi season.

of the study area by severe and moderate drought conditions. Again,
from the spatial variation of meteorological drought in Kharif season
(Figure 7), it is seen that the severe and moderate drought events
were occurred in few parts of northern region, south-western region,
central region and eastern region in 1981, which was 31% of total area.
Extreme, severe and moderate drought events were found about 68%
of the total area of Bangladesh in 1994. In the same year, Northern
region, most of the central region and some area of eastern region
were affected by extreme and severe drought conditions. In 2006,
northern region was mostly affected by extreme, severe and moderate
drought conditions which covered about 31% of area of Bangladesh.
Approximately, 29% area was affected by moderate to extreme drought
conditions in 2012, where south-western region and central region were
suffered by extreme as well as by severe drought, and northern region
was suffered by moderate drought. In Rabi season, about 50% of total
area was affected by severe and moderate droughts in 1985 and mostly
affected area were some part of northern, southern-western, central
and eastern regions. In drought condition of 2005 (Figure 8), Dhaka,
Satkhira, Bhola, Rangamati and cox’s Bazar and its neighborhood areas
were affected by severe and moderate drought. Most of the regions of
Bangladesh were affected by different types of drought in 2006 and
2010. In 2012, eastern regions were severely affected, and some area of
central region and south-western region were moderately affected by
meteorological drought.

Conclusion

This study provides a broad knowledge about spatial and temporal
variations of meteorological droughts over different regions of
Bangladesh during the period 1980-2015. The drought index of the
study area was calculated in three different cropping seasons namely
Pre-Kharif, Kharif and Rabi. The most significant increasing trend
of drought area was found in Rabi season and decreasing trend was

found in Kharif season. From the study period, it was found that all
drought affected areas were experienced by moderate, severe and
extreme droughts in several years of three seasons. In pre-Kharif
season, major drought events were found in 1992, 1995, 2007, 2008,
2012 and 2014. The significant drought conditions were found in
Kharif season in 1981, 1985, 1992, 1994, 2006 and 2012 and in Rabi
season same condition was found in 1985, 1986, 2005, 2006, 2009, 2010
and 2012. In southern and western regions, Jessore, Satkhira, Khulna,
Bhola, Barisal and its neighborhood areas; from central regions, Dhaka,
Faridpur, Feni, Tangail and its neighborhood areas and from eastern
regions, Chittagong, Rangamati hill areas and most of the northern
region were more vulnerable to meteorological drought. Major finding
of this study is Pre-Kharif and Rabi season were the most vulnerable to
meteorological drought which indicates high seasonal rainfall anomaly
in most of the regions of Bangladesh. But the terminal drought that
occurred in Kharif season (T. Aman) was also responsible for losses of
crop yield due to shortage of rainfall. A timely adequate rain showed
an increase in the crop yield. Therefore, it is indispensable duty to
us to take proper crop managements against extreme conditions of
meteorological droughts to increase the crop yield. Meteorological
drought simultaneously affects the agricultural productivity, deficit
of soil moisture, ground water level and socio-economic problems
in a drought affected region. So, agricultural planners and irrigation
engineers should take necessary steps to mitigate drought vulnerability
based on agro-climatic conditions of Bangladesh.
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