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ABSTRACT. Rainfall condition in Bangladesh is of seasonal type having maximum monsoonal rain during
June-September. During other months of the year the rainfall intensity decreases substantially. In this paper
efforts have been made to investigate into the occurrence of monthly and annual aridity and drought conditions of
Bangladesh. Towards this end, rainfall and temperature data for 31 years (1949-1979) have been collected and
processed. ‘Aridity Index'' and “Drought Index™ have been used in this study. It is found that aridity condition

generally exists over almost all parts of Bangladesh during November-March while the same prevails a bit longer
period, i.e, upto April for the northwestern and western parts of Bangladesh. Drought condition is just irregular
and spatially limited meteorological phenomenon in Bangladesh.

1. Introduction

Bangladesh is a country which is situated at the
northern fringe of tropics. It is dominated by
annual alternating winds from south-west during
summer and northeast during winter resulting
wet southwest monsoon and dry northeast mon-
soon respectively. Bangladesh, at times, ex-
periences drought conditions having disastrous
crop failure. In 1979 Bangladesh had just passed
through a major drought year which was termed
by many as the worst in the recent past. As the
economy of Bangladesh is mainly agriculture
oriented, crop failure either by the drought or
flood comes as a significant strain to its socio-
economic structure. In view of the national
interest, a study of 31 years (1949-1979) rainfall
and temperature data for 24 stations of Bangla-
desh was undertaken to gain insight into the
details of drought and aridity conditions on the
lines as was done for Sri-Lanka by Manfred
Domros (1978). The aim of the present paper
is to submit a report of the results obtained in
the study.

2. Data source

Data used in this study have been collected
from Bangladesh Meteorological Department. Ef-
forts have been made to acquire 31 years of

data (rainfall and temperature) from 1949-1979
for all the 24 meteorological stations in Bangla-
desh under consideration in this study. During
compilation of data, some difficulties have been
faced due to non-continuous nature of data
both in months and years. - In this context, it
can be noted that the stations, namely, Pabna is
with 19 years of data, Jamalpur and Chandpur
each with 12 years of data and Rangamati and
Sylhet each with 23 years of data. Efforts for
finding out the estimated rainfall for the missing
records of the stations as the weighted average
have not been of much success. This could be
due to the irregular spatial distribution of the sta-
tions. However, difficulties in filling up the missing
data for some months of a few stations have
been overcome by considering monthly normals
of the stations. These discrepancies impose some
limitations to this study. It has not been pos-
sible to study the drought and aridity conditions
in the region of Tangail, Kushtia and Patuak-
hali due to complete lack of observational data.

3. Rainfall pattern in Bangladesh

Two monsoons are, of course, separated by
two transitional seasons namely pre-monsoon
and post-mongoon. Out of all these four sea-
sons, except winter the other three contribute
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Fig.1. 31 years (1949-79) average antual rainfall (mm)
distribution of Bangladesh

major share to the total rainfall of Bangladesh.
However, life giving rain comes during south-
west monsoon accounting for over 70 %, of the
total annual rainfall, It is of interest to note that
the highlands situated to the east and north of
Bangladesh play their due role to this monsoonal
rain. Leaving aside the ftransition seasons. the
two monsoons are quite apart in their fundamen-
tal structure, origion and airmass. In fact,
the southwest monsoon is of maritime, moist
and unstable air whereas the northeast mon-
soon is generally of continental, dry and stable
air over Bangladesh. As a result, rainfall dis-
tributions in Bangladesh are basically governed
by seasonally varying meteorological system of
southwest monsoon as against drier north-
east monsoon. This average annual rainfall dis-
tribution is shown in the rainfall distribution
map (Fig. 1). Fig. 1 shows 31 years mean an-
nual rainfall for each of the recording stations
as well as the isopleths drawn representing the
distribution pattern of rainfall. It can be seen
that the mean annual rainfall totals range from
over 4500 mm in Sylhet region to little over
1480 mm in Pabna and Rajshahi regions. This
implies that the wettest region of Bangladesh is
Sylhet and the driest is Rajshahi-Pabna region.
It is, however, important to note that annual
mean rainfall over Rajshahi is little over that

in Pabna. In reality the case might be reverse
if full-length of 31 years rainfall data for Pabra
could have been considered. Chittagong-Noak-
hali region has the second highest rainfall having
over 3000 mm =t Cox’s Bazar and Maizdeecourt.
Taking account of the rainfall pattern over Bangla-
desh from east to west and north to south, it
can be implied that the distribution in Bangla-
desh stretches in two directions. namely the
spatial distribution and temporal distribution,

4. Basic consideration

Climatological water or moisture is the most
important single factor which influences the
drought and aridity condition. Obviously, the
demand of water depends on many factors like
plantation, population, crops cultivation, land-
use, life style and rainfall amounts. So either
unusually large demand of water or unusually
small amount of rainfall and water supply
from other sources can be sufficient to define the
terms drought and aridity adequately. There is
no single definition of drought but the concept
of its definitions is mainly based on meteorologi-
cal, soil-water and crop parameters. Drought
is generally a temporary, recurrent and large-
scale phenomenon which can occur in any tem-
perature and rainfall condition. On the other
hand. aridity bears a distinction from drought
in the sense that it is a pseudo-permanent feature
of low average rainfall generally dominant in
the areas of high temperature.

There happens to be large variety of indices for
aridity and drought condition in use. Full accounts
of important drought and aridity indices are
available in Technical Note No. 138 and Special
Environmental Report No. 5 by WMO. Study
on aridity and drought can be based either on
climatological elements or hydrological factors.
In the present study aridity index of de Mar-
tonne (1926) has been used to find out aridity
condition of Bangladesh.

Aridity index is :

Annual aridity : 7 = 2
I+12

Monthly aridity : i = 122 _
t+10

where P(p) is the average annual (monthly) rain-
fall in mm and 7(¢) is the mean annual (monthly)
temperature in °C, If the index is less annual
than 20, (monthly) aridity condition exists,

According to Gibbs and Maher (1967), the
concepts of the limits of each decile of the rain-
fall distribution from a cumulative frequency
curve have been used to investigate into drought
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conditions of Bangladesh. In this concept, the
first decile gives rainfall amount, not exceeded
the lowest ten per cent of totals. Thus the first
decile range is that below the first decile indica-
ting very much below normal rainfail. Simi-
larly, the tenth decile range is above decile nine
meaning very much above normal rainfall.

5, Results and discussions
5.1. Aridity

The use of annual aridity index of de Mar-
tonne (1926) to the rainfall and temperature
observations of meteorological observatories
under consideration in Bangladesh shows that
no part of Bangladesh falls within the annual
aridity limit of 20. Taking the driest station
like Rajshahi and Pabna in the northwest, can
be seen :

Rajshahi (p=1498.58 mm, T'=25.60 °C,
i=39.86) and

Pabna (p=1480.87 mm, 7'=26.06 °C, i=38.91)

The value of i in both the cases clearly exceeds
the aridity limit of 20. It is, therefore, implied
that Bangladesh falls outside arid-zone. Efforts
have been made to deal with the detailed analy-
sis of temporal as well as spatial occurrence of

aridity in Bangladesh by the use of monthly
aridity index of de-Martonne. With the use
of de Martonne method, the number of arid
or humid months is calculated to find out
its spatial varnation in Bangiadesh showing arca
and population percentages affected due to
aridity condition seasonally every year. The
result is shown in the map as in Fig. 2. The
map clearly shows the existence of seasonally
arid conditions in Bangladesh having moderate
spatial variation. Variation of the number of
arid/humid months reaching a maximum of 6/6
months to a minimum of 4/8 months. This means
scasonal aridity increases from 4 months (Nov-
ember-February) in the northeast and south-
eastern parts (Sylhet and Chittagong region)
to 6 months (November-April) in the northwes-
tern parts (Rajshahi, Pabna, Bogra and Dinaj-
pur region). With this. percent of area and popula-
tion affected by seasonal arid conditions in-
creases from 13.8% and 14.21% in the north-
eastern and southeastern parts to 17.399, and
16.569%, respectively in the northwestern parts
of Bangladesh, whereas the maximum area and
population percentage, i.e., 68.81% and 69.327]
respectively are found to be affected by five arid
months every year, and this maximum is ob-
viously in between these two extremes, It can,
therefore, be inferred that Bangladesh with
its regions having seasonal period between 4
and 6 arid months with respect to period bet-
ween 8 and 6 humid months can hardly be termed
as arid or semi-arid country

5.2. Drought

In order to apply drought index, an initial
methodological procedure has been followed.
At the beginning, square roots of rainfall data
(in mm) of the study period for each station have
been grouped in the range of 5mm and as such
there is a variation of group numbers from sta-
tion to station depending on the variation of the
total annual rainfall. Then frequency density
and cumulative frequency have been calculated.
By taking square roots of the rainfall (in mm)
as abscissa and frequency density as the ordinate,
the decile curve is constructed for each station.
As already mentioned, the first decile range and
the tenth decile range in respect of Gibbs and
Maher (1967) have been considered as abnor-
mally dry or drought and abnormally wet con-
ditions respectively for each station. The drought
years with corresponding annual rainfall and
drought index for each meteorological stations
of Bangladesh are shown as bar-diagrams in
Fig. 3. From Fig. 3, evidence of the occurrence
and frequency of drought in different regions
of Bangladesh during the years under study can
be clearly seen. It can be observed that Chit-
tagong region is completely drought-free but its
southern most part around Cox’s Bazar has an
incidence of two drought years in 1951 and 1972.
It is of interest to note that Bogra and Noakhali
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TABLE 1

Area and population percentage of Bangladesh under
drought conditions based on period 1949-197¢

Year Percen- Percentage
tage of of popu-
area lation

1950 13.79 14.13

1951 31.63 31.51

1952 6.57 5.95

1954 3.43 3.92

1955 9.83 15.49

1956 11.25 9.53

1957 46.54 53.03

1958 37.47 36.24

1960 2.70 311

1961 22.39 20.76

1962 11.30 9.74

1963 8.60 6.63

1966 18.42 16.54

1570 9.10 10.55

1971 4.80 5.66

1972 42.48 43.05

1976 5.02 5.48

1978 3.66 4.51

1979 42.04 43.90

Note : 1. Completely drought-free years : 1949, 53, 59, 64,

65, 67, 68, 69, 73, 74, 75, 77.

Completely drought and semi-drought. free
vears i 1949 53, 59, 73, 77

regions have the maximum number of drought
years. It can be further seen, in the year 1979
known as drought year for Bangladesh areas
like northern parts of Sylhet, Jessore, Rajshahi,
Dacca, Faridpur and Barisal are found to be
free from the incidence of heavy drought. In
some district regions having more than one ob-
servational stations it can be seen that the drought
vear numbers are not the same. This can be the
fact, but the other reason for such anomaly can
be attributed to the lack of full-length data pe-
riod under study. From the drought years op.
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Fig. 3. Drough! years showing corresponding annyal rain-
fall ymm x 10°) with drought index for each station.
Number in bold at the top of each histogram indi-
cates drought index for respective station

tained, it is quite difficult to identify a clear pe-
riodicity from the incidence of drought in Bangla-
desh. Fig. 3 also demostrates the characteristic
irregularity in the spatial distribution of drought
condition in Bangladesh. It can be further seen
from Fig. 3 that the value of the first decile range
indicating drought condition varies from region
to region in Bangladesh. It is thus highest (i.e.,
58.32) in Sylhet region situation in the north.
castern part and lowest (i.e., 30.61) in Rajshahi

region in the north-western parts of Bangla-
desh.

The area and population percentages of Bangla-
desh subjected to annual drought condition
during the study period (1949-1979) have been
investigated and shown in Table 1. It can be
seen from the table that the drought conditions
never affect the whole country with its total popu-
lation in any drought year. In fact, drought is a
spatially limited phenomenon, affecting only
small parts of Bangladesh. From the table, it is
interesting to note that Bangladesh experienced
severe drought condition in 1957 having 46.54
and 53.03 as percentage of area and population
affected respectively. The area and population
percentages affected during drought condition in
1979 are 42.09 and 43.9 respectively. The table
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TABLE 2

Percentage probability of drought

Percentage area

Frequency

°/Probability of
drought

also shows that the incidence of drought condi-
tions irrespective of population and area percen-
taces in more than one or two consecutive year,
{s not uncommon. Out of 31 years under study,
Bangladesh experienced 12 completely drought
free years and 5 completely drought as well as
semi-drought free years.

From the frequency of drought incidence in
Bangladesh for years from 1949-1979, the pro-
bability percent of annual drought conditions
for a given percentages of the total area of Bangla-
desh has been calculated and shown in Table 2.
This table shows that drought can affect Bangladesh
in about 7 to 8 years less than 5 per cent and 11
to 20 per cent, 6 to 7 years only 5 to 10 per cent, 30
to 31 years 21 to 30 per cent, 15to 16 years31to40
per cent and 10 to 11 years 41 to 50 per cent of total
area of Bangladesh. It is almost impossible that
more than 50 per cent area of Bangladesh could be
affected by drought condition in any single year.
It can also be seen that the drought free condition

3

in Bangladesh can occur once in every 2 to 3
years.

6. Conclusion

The discussions presented in this study based
on 31 years rainfall and temperature data lead to
the following conclusions :

(a) Though Bangladesh is freefrom annual
aridity condition, there is existence of
seasonal aridity in Bangladesh having
maximum number of arid months (upto
6 months) in the northwestern parts to
a minimum of 4 months in the north-
eastern and southeastern parts of Bangla-
desh. The per cent of area and popu-
lation affected by maximum arid months
in the northwestern parts do not exceed
17.39% and 16.56 %, respectively.

(b) Drought is a temporary, spatially ir-
regular and non-periodic phenomenon

12

129 16.13 12.9 38.71

affecting smali parts of Bangladesh.
While only Chittagong region i8 com-
pletely drought-free except its southern
tip, Bogra and Noakhali have the ma-
ximum number of drought years.

(c) The value of first decile range, as per
Gibbs and Maher (1967), indicating
drought conditions in Bangladesh varies
from region to region reaching from the
lowest value (30.61) in Rajshahi region
to the highest (58.32) in Sylhet region.

(d) Bangladesh has never been wholly
affected by drought conditions in any
drought year during the study period.
The highest percentages of area and po-
pulation subjected to the incidence of
drought in 1957 are 46.54 % and 53.03 %
respectively.

(¢) Only less than 5 per cent and 41 to 50
per cent of the total area of Bangladesh
can be affected by drought in about 7 to
8 years and 10to 11 years respectively.
It is almost impossible for Bangla-
deshto be affected with its area more
than 50 per cent by] drought fcondition
in any single year.
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