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ABSTRACT. The present study describes the temporal and spatial distributions of mean monthly rain-
fall and its variability together with the spatial distributions of the probabilistic estimates of rainfall extremes
over Bangladesh during the southwest monsoon season. The probabilistic rainfall extremes have been com-
puted for two time scales - (a) in | year out of 4 years, and (b) in 1 year out of 10 years — representing relatively
less extremic events and extreme events respectively. The mean monthly rainfall increases from June to July at
most places over Bangladesh and then decreases up 10 September. The variability of rainfall decreases with
increasing rainfall up to July a1 many places and then increases up to September. The study also reveals that
the mean rainfall and the probabilistic rainfall extremes are maximum over the southeastern and north-
eastern parts ol the country where the variability ol rainfall is low and the rainfall is reliable. There exists a
belt of low rainfall over the central part of Bangladesh roughly between 23°N and 24°N. The rainfall gradients
are maximum over northeastern Bangladesh. and the gradients of the probabilistic high rainfall are more
than those of the probabilistic low rainfall in this area.
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1. Introduction

Rainfall is the main linking component in the
hydrologic cycle. There is a tremendous increasing
need for fresh water use in all types of man's
economic activities. For this reason. the rainfall
analysis and its distribution are very important. The
quantitative analysis of rainfall, its spatial and
temporal variations have wide applications in
agriculture and hydrology (Anderson 1970, Carr
1972, Das 1968. Kutiel 1982, Kromm 1985 and
Vines 1986).

Rainfall amounts generally vary from place to
place and from one month to another. For the pur-
pose of agricultural. industrial and hydrological
planning and water management. it is very impor-
tant to know the average amount and the variability
of rainfall which can be expressed in terms of its
probabilistic occurrence. The spatial variation of
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the probabilistic occurrence of low and high rain-
fall extremes is very significant due to the fact that
such extreme amounts affect both agriculture and
hydrology of a given region. The technique of pro-
babilistic analysis was effectively used by Glover
and Robinson (1974) for mapping the reliability of
annual rainfall in East Africa, by Ahmed (1978.
1989), and Sanderson and Ahmed (1979) for the
probabilistic estimation of water balance com-
ponents and probabilistic estimates of rainfall
extremes in Bangladesh during the pre-monsoon
season.

The southwest monsoon enters Bangladesh
through the southeastern region, i.e. Cox’s Bazar.
then moves northwards up to Shillong plateau
across Sylhet region and finally moves westward
(Ahmed and Karmakar 1993). The mean arrival
dates of the summer monsoon in the extreme
southeastern coastal part and in the extreme




48 S. KARMAKAR AND A. KHATUN

MEAN MONTHLY RAINFALL

Figs. 1{a & b). Temporal variation of : (a) mean monthly. and
(b) coellicient of varmation ol monthly raintall
during the southwest monsoon season lor some
selected stations of Bangladesh

northwestern part of Bangladesh are 2 June and 15
lune respectively. Mean withdrawal dates of the
summer monsoon from the extreme northwestern
part and extreme southeastern part of the country
are 30 September and 17 October respectively.
During the southwest monsoon. Bangladesh
receives about 75-80% of the total annual rainfall.
The life-style and the socio-economic condition of
the people of Bangladesh are governed mainly by
this rainfall. Since the economy of the country
mainly depends on agriculture which. in trn.
relics on rainfall. the study of rainfall pattern is
very important for its agricultural planning. When
rains fail or are too abundant. crops may be
seriously damaged. Fxcessive rains persisting for a
few days may even prevent crops from maturing.
On the other hand. il the rainfall is below normal
but properly distributed. it may help the farmers to
grow crops successfully. The present paper is
aimed at gaining insight into the analysis of
variability and probabilistic occurrences of less
extreme and extreme rainfall amounts in
Bangladesh on a monthly basis during the
southwest monsoon season.

2. General synoptic condition during the southwest
monsoon season

The heat low over northern India and neigh-
hourhood is a quasi-stationary feature of the
southwest monsoon months, This is the seasonal
low. From the seasonal low. a trough extends

southeastwards to Gangetic West Bengal, some-
times upto the northeast Bay. The trough line,
known as ‘monsoon axis’, runs at the surface from
Ganganagar to Calcutta (Rao 1976) with west to
southwest winds to the south and easterlies to the
north of the trough line. This trough line is also seen
in the upper air flow patterns up to about 6 km, the
trough line sloping southwards with height. Rain-
fall is concentrated near the trough line and over the
entire southern part of Bangladesfl and India.
When the axis of the monsoon trough moves
towards the Himalayas and lies there. the rain on
the plains decrcases and a ‘break’ in the monsoon
occurs. while the rain on the hills increases and
heavy rain occurs at the foot of the Himalayas. ie..
over the northern parts of India and Bangladesh.
Sometimes the axis of the monsoon trough passes
across northern Bangladesh and exists there for a
longer period when northern Bangladesh receives
copious rainfall. The orographic barriers of Myan-
mar. Chittagong Hill-tracts. Sylhet the Himalayas
and the Tibetan plateau play an important role in
channelling the monsoon current and thus con-
trihute to the formation of monsoon trough
(Huq 1978).

During the southwest monsoon. low pressure
waves frequently travel from the east to the west
over upper Myanmar. the north Bay of Bengal and
Bangladesh. These low pressure waves. locally
kown as ‘casterly waves”. have been traced to have
their origins in the China Sea and sometimes in
the Pacific. Often a disturbance is found in-the
form of a cyclonic vortex superimposed upon the
prevailing monsoon winds. On occasions. such a
vortex may develop into a tropical depression or
storm mostly associated with the passage of an
casterly low pressure wave (Huq 1978). As the
monsoon depression deepens in the Bay and
moves westwards. moderate to heavy rain occurs
over southern part of Bangladesh. The main
synoptic [factors responsible for intense rain
storms over Bangladesh are the monsoon dep-
ressions and ‘break’ in the monsoon. The position
and intensity of the upper tropospheric anti-
cyclone over the Tibetan plateau and adjoining
area and easterly jets over India appear to control.
to a considerable extent, the activity of the mon-
soon over this region (Filohn 1960).

3. Data

(i) Source: Bangladesh Meteorological De-
partment.

(ii) Starions: 20 |as shown in Fig. 3 (a)].
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TABLE 1 [

Mean monthly minfall (mm) during the southwest monsoon over Bangladesh for the period 1961-1990

June July Augnst September

Station == —

" v " [ " v n X
Sylhet X1 N16.89 A R21.79 29 650,00 28 533196
Srimangal g 30507 M 36870 25 324.96 24 25513
Comilla 26 40333 26 43015 20 35119 27 25970
Rangaman R 321.25 29 60203 R 431.18 29 277.34
Chittagong R 399.57 2R 79846 27 515.85 28 253.64
Cox’s Razar 29 67,10 29 976.09 30 70010 9 354.07
Sandwip n 620.83 3 85213 24 695,33 23 407.35
Maijdee Conn B 32600 21 075.86 22 697.32 22 413.00
Faridpur 2R 35650 25 341.84 I8 292,50 30 256.40
Dhaka L) 38572 2R 377.07 29 31203 27 296.33
Mymensingh 24 41283 24 45895 25 34840 26 311.81
Khulna LI 6909 22 336.68 RE] 139.09 20 251.25
Barisal 29 403.07 0 3IRV.63 29 366.76 29 298.52
Satkhiva 26 280007 26 148,96 R () 302.50 26 284.65
lessore R 0364 29 30376 29 295.59 27 231.74
Ishurdi 26 29742 M .70 26 266.69 26 247.85
Bogra 28 32854 bt 421.00 28 27718 29 255.00
Rajshahi 3 27191 25 151.96 s 280,76 25 247.04
Dinajpur N 313.65 19 S01.53 ek, 35445 21 283.33
Rangpur 27 411.37 L 49501 24 359.13 n 32030

¥ — Mean rainfall (mm). n — No. of years.

about the mean is the CoefTicient of Variation (CV)
which can be expressed (in %) as:

(iii) Period of observations
(a) Junc through September,
(h) 1961 through 1990 (ie. for 30 years). 100 X &

X

cV = (D

(iv) Variable : Monthly rainfall (mm).
where. o is the standard deviation of monthly rain-

It may be noted that for some stations, obser-
vations are not available for a few years and some
stations have been established much after 1961.
These data arc considered as missing and have not
been used in the statistical apalysis.

4. Methodology

The mean monthly rainfall amounts and their
standard deviations have been computed for June
through September during the period 1961 through
1990. The mcasurc of variability of a distribution

fall and X is the mean monthly rainfall.

The probability of an amount of rainfall in some
expected percentage can be obtained by the concept
of = score (Alder and Roessler 1964), which can be
wrillen as :

X=Xtz o (2)
where. x' is the probabilistic estimate of the variable.

For two time scales. the formulae for the computa-
tion of probabilities are given below :
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Figs. 2(a-¢). (a) Coellicient of variation (%) of rainfall in July. (b & ¢) probabilistic low and high rainfall (mam) in 1-year out
of 4 and 10 years in July respectively over Bangladesh

(1) In 1 year out of 4 years: x' =X £ 06750
(7)) In | ycar out of 10 years: x' =¥+ 1.28 0

75% of the occurrence will be below (' + 0.675 o)
and 75% of the occurrence will be above
(¥ = 0.675 o). These are the cases of less extreme
events and are relatively frequent events that will
occur in 1 year out of 4 years. Similarly. 90% of the
occurrence will be below (¥ + 1.28 5) and 90% of the
occurrence will be above (¥ — 1.28 o). These are the
cases of extreme events which will occur in 1-year
out of 10 years,

For the study of the probability. it is necessary
that the data have a normal distribution. To test the
normality of monthly rainfall from June to Septem-
ber of 30 years from 1961 to 1990. Cornu test (Geary
1936) has been used for four sample stations,
namely. Dhaka. Chittagong. Khulna and Rajshahi.
It has been found that the monthly rainfall data of
these stations are normally distributed within 95%
level of significance.

5. Results and discussion

5.1. Temporal and spatial variation of mean
monthly rainfall

5.1.1. Temporal variation — The mean monthly
rainfall of each station has been computed for each
month of the southwest monsoon period. The mean
values are given in Table 1. The temporal variation
of the mean monthly rainfall over 20 stations have

been studied by graphical method. Some of the
results are given in Fig. 1(a). Over 15 stations, the
mean monthly rainfall has been found to increase
from June to July and then to decrease up to Sep-

tember except over Maijdee Court. where the mean
rainfall is maximum in August. The mean monthly
rainfall over stations, viz. Srimangal. Khulna.
Barisal. Dhaka and Faridpur are found to have
maximum value in June with the decreasing trend
in the subsequent months.

5.1.2. Spatial variation — The distributions of
mean monthly rainfall over Bangladesh during
June through September have been studied. It has
been found that the mean rainfall in June, as shown
in Fig. 3 (b). is maximum in the southeastern and
northeastern regions having the value of more than
800 mm with maximum values 867.10 and 816.89
mm at Cox’s Bazar and Sylhet respectively, and the
mean rainfall is minimum (about 250 mm) in the
western part of the country with the minimum
values of 271.91 and 29742 mm at Rajshahi and
Ishurdi respectively. This type of rainfall distribu-
tion can be attributed to the advancing nature of the
southwest monsoon over Bangladesh. The Fig. 3 (b)
also shows that there exists a belt of low mean rain-
fall between latitudes 23°N and 24°N. The distribu-
tion pattern in July [as shown in Fig. 3 (c)] differs
slightly from that in June which may be due to the
spreading of the monsoon with its on-going activity
over the whole of Bangladesh. The maximum rain-
fall regions are the southeastern and northeastern
parts of the country having the maximum values
0f 976.69 and 821.79 mm at Cox’s Bazar and Sylhet
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TABLE 2

CoefTicient of varation (%) of rainfall during the southwest
monsoon over Bangladesh

Coellicient of Variation (%)

Station June July August  September
Sylhet R07 3230 3431 45.57
Srimangal 4282 3434 30.06 5021
Comilla 463 36.02 46.27 5294
Rangamati 3849 43.39 KT8 1) 38.05
Chittagong 34.81 34.65 56.52 47.78
Cox's Bazar 3451 40.13 43.46 53.95
Sandweep 40.54 3294 36.43 47.30
Maijdee Coun 1579 40.07 3570 37.23
Faridpur 33.00 36.21 4943 5340
Dhaka 4257 36.54 4251 4029
Mymensingh 45,50 3427 63.34 5292
Khulna 16.62 50.08 36.67 67.85
Barisal 4858 30.86 3871 3899
Satkhira 37.19 44.70 257 5757
Jessore 5288 34.96 4774 5221
Ishurdi 70,36 49.11 554] 5327
Bogra 36.21 3052 48.51 48.36
Rajshahi 54,88 34.83 40.99 46.83
Dinajpur 05.67 4450 55.23 41.31
Rangpur 46.44 47.68 4299 47.19

respectively. and the region of minimum rainfall is
the central western region having the minimum
value of about 300 mm with 303.76. 341.84 and
351.96 mm- at Jessore. Faridpur and Rajshahi res-
pectively. In the month of August. the mean mon-
thly rainfall has almost similar distribution pattern
as in July. the maximum values being over the same
are as in June and July with 700.10 and 650.00 mm at
Cox’s Bazar and Sylhet respectively. and the
minimum value being 250 mm over the central wes-
tern part of the country. The minimum values are
266.69. 280.76. 292.50 and 295.50 mm at Ishurdi,
Rajshahi. Faridpur and Jessore respectively. In Sep-
tember. the mean rainfall has almost similar dis-
tribution pattern in respect of maximum and
minimum rainfall regions. In this month. the mean
rainfall has further decreased. the primary zone
with maximum rainfall is located over the Sylhet
region with 533.96 mm at Sylhet and the secondary
maximum rainfall being located over the southern

part of Bangladesh with 413.00 mm at Maijdee
Court. The mean rainfall is minimum (about 200
mm) over the central western region in September.
The minimum values of rainfall are 231.74. 247.04
and 247.85 mm at Jessore, Rajshahi and Ishurdi res-
pectively. The study of the spatial distribution of
me&an monthly rainfall during Juie-September sub-
stantiates that there exists a belt of low rainfall over
the central Bangladesh roughly between latitudes
23°N and 24°N. and this may be due to the exis-
tence of the monsoon axis over the southern and
northern parts of the country for a longer period.
The areas of maximum mean rainfall are also the
same for all the months. This may be due to the fact
that orography plays an important role in rainfall
distribution over these regions and that these areas
are the eastern end of the monsoon trough where
more influx of moisture from the Bay of Bengal and
its subsequent convergence take place.

5.2. Variability of monthlv rainfall

5.2.1. Temporal variation — The coefficient of
variation of monthly rainfall has been computed for
the months of June through September and is given
in Table 2. The temporal variation of the CV for
each station has been studied by graphical method.
some of which are given in Fig. 1 (b). It is seen that
the curves show no definite pattern of variation.
However. at 10 stations, CV of monthly rainfall has
been found to decrease from June attaining the
minimum value in July and then has an increasing
trend in the subsequent month. Four stations such
as Cox’s Bazar. Faridpur, Khulna and Sylhet have
minimum CV in June, and 5 stations. namely.
Srimangal. Rangamati, Maijdee Court. Satkhira
and Rangpur. have minimum CV in August where-
as only Dinajpur has the minimum CV in Septem-
ber. The coefficient of variation of rainfall is
maximum in June or in September in most of the
places of Bangladesh as can be seen from Table
2.

5.2.2. Spatial variation — The spatial distri-
butions of the variability, coefficient of variation.
of monthly rainfall during June through September
have been studied separately for each month. The
patterns of distribution are more or less the same for
all months. The variability of rainfall in June ranges
between 28 and 71%. The minimum variability of
30-35% is found over southern Bangladesh and
along a belt from Khulna-Faridpur region to Sylhet
region with the minimum values of 34.51, 34.81 and
28.07% at Cox’s Bazar, Chittagong and Sylhet res-
pectively. The variability of rainfall in June
increases in the western part and Chittagong hill
tracts having 65-70% in the western Bangladesh and
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Figs. 3 (a-c). (a) Station location map of Bangladesh. (b & ¢) distribution of mean monthly rainfall (mm) over Bangladesh

in June and July respectively

40-50% in the Chittagong hill tracts. The maximum
values of 70.36 and 65.67% are found at Ishurdi and
Dinajpur respectively. The maximum variability
over the western part of Bangladesh may be due to
the nature of the advancing southwest monsoon. In
July. the variability. in general. ranges between 30
and  50%  [Fig. 2(a)l. having the maximum
variability over the western and northwestern parts
of the country with 50.08 and 49.11% at Khulna and
Ishurdi respectively. and the minimum variability is
observed over the southern part of Bangladesh and
over the arca between Mymensingh and Dhaka.
The minimum values are 30.86. 32.95. 30.52 and
32.30% at Barisal, Sandwip. Bogra and Sylhet res-
pectively. In August. the rainfall variability ranges
between 30 and 64%. The minimum variability lies
over Dhaka-Srimangal-Sylhet region and south of
Satkhira-Barisal-Sandwip region with 30.06. 32.57
and 35.70% at Srimangal. Satkhira and Maijdee
Court respectively. The maximum variability
exceeding 55% lies over Mymensingh. Dinajpur.
[shurdi-Jessore and Chittagong hill tracts with
63.34. 55.23. 5541 and 56.52% at Mymensingh, Dina-
jipur. Ishurdi and Chittagong respectively. In this
month. a clear belt of minimum variability in the
range of 30-40% has been found over Rangpur-
Rajshahi-Bogra-Dhaka-Srimangal-Sylhet region.
This may be due to the presence of the monsoon
axis over this region for a longer period in the
month of August. In September. the variability of
rainfall ranges between 37 and 68%. the maximum
variability being over the southwestern part of
Bangladesh with 67.85% at Khulna and 57.67% at
Satkhira. The minimum variability lies over the

area south of Barisal and Maijdee Court where the
variabilities are 38.99 and 37.23% respectively. The
variability ranges between 47 and 54% over the
Chittagong-Cox’s Bazar region. A belt of variability
of about 40% has been found over the Rangpur-
Dinajpur-Rajshahi-Bogra-Dhaka-western  Sylhet
region having 41.31% at Dinajpur and 40.29% at
Dhaka.

5.3. Probabilistic monthly rainfall

Probabilistic high and low rainfall amounts for
each month of the southwest monsoon season have
been computed for two time scales. viz.. in 1 year out
of 4 and 10 years. Stationwise results are given in
Table 3. The spatial distributions of these rainfall
amounts over Bangladesh have been studied and
discussed in the following sub-sections. The dis-
tribution patterns of probabilistic monthly rainfall
are almost similar in all the meonths of the southwest
monsoon period. Figs. 2 (b & c), for example, show
the distribution patterns of the probabilistic mon-
thly rainfall in July.

5.3.1. Probabilistic monthly rainfall in June —
From the distribution of probabilistic high rainfall
over the country, it is seen that in 1 year out of 4
years, the maximum rainfall areas are the
southeastern and northeastern parts of the country
having 1069.10 mm at Cox’s Bazar and 971.69 mm
at Sylhet. The western part of Bangladesh receives
less rainfall ranging from 372.64 mm at Rajshahi to
412.01 mm at Jessore (Table 3). There exists a belt
of minimum rainfall over the central Bangladesh
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between about 23” and 24°N. The maximum pro-
babilistic high values of rainfall over the north-
eastern region may be due to the orographic effects
and passing of the monsoon axis through this
region most of the time. and that over the southeas-
tern region may be due to: (a) the orographic
elfects. (b) the movement of the monsoon axis from
the south to the north when this area gets the first
impact of the monsoon rain spells. and (c) the for-
mation of the monsoon low/depression over north
Bay and their subsequent movements towards west/
northwest when steep pressure gradients exist over
this region. The distribution pattern of the pro-
babilistic high rainfall amounts in 1 year out of 10
years is the same as that in | year out of 4 years. but
the rainfall amounts are higher ranging from 462.92
mm at Rajshahi in the west to 1050.15 mm at Cox’s
Bazar in the southeast and 1110.43 mm at Sylhet in
the northeast. The belt of minimum rainfall also
exists over the same area.

The probabilistic low rainfall in 1 year out of 4
years ranges [rom 156.16 to 665.10 mm. having the
maximum and minimum values over the same
arcas as mentioned carlier. The minimum values of
156.16. 171.18 and 195.27 mm are found at Ishurdi.
Rajshahi and Jessore respectively. while the maxi-
mum values of 665.10 and 662.09 mm are found at
Cox’s Bazar and Sylhet respectively. In 1 year out of
10 years. the probabilistic low rainfall ranges from
29.55 to 52335 mm with almost similar pattern of
distribution. In the west. 29.55 is at Ishurdi. and
484.05 and 523.35 mm are found at Cox’s Bazar and
Sylhet in the southcastern and northeastern parts of
the country. In all of the above distributions of pro-
babilistic rainfall. it has been found that the rainfall
gradients are maximum in the northeastern part of
Bangladesh and that the probabilistic high rainfall
gradients are much more than the probabilistic low
rainfall gradients.

5.3.2. Probabilistic monthly rainfall in July — In
July. the distributions of probabilistic high rainfall
amounts lie in the range of 37545 to0 1241.27 mm in
I year out of 4 years and 439.71 10 147841 mm in 1
yearoutof 10 years (Table 3). In | year out of 4 years,
the maximum rainfall of 1241.27 and 1000.98 mm
are found at Cox’s Bazar and Sylhet respectively,
while the minimum rainfall values of 375.45. 425.38.
43471 and 48026 mm lie at Jessore. Faridpur,
Rajshahi and Tshurdi respectively. The maximum
rainfall over the Cox’s Bazar region may be due to
the higher variability at Cox’s Bazar (o = 391.97.

-CV = 40.13%) than that at Sylhet (o = 265.46.
CV = 32.30%) and higher mean rainfall at Cox’s
Bazar (R = 976.69) than that at Sylhet (R = 821.79).

The rainfall gradients are also maximum over the
Sylhet region. It may also be noted that the
probabilistic high rainfall amounts in July are
greater than that in June at most of the stations. In 1
year out of 10 years. maximum rainfall at Cox’s
Bazar and Sylhet are 147841 and 1161.58 mm
respectively.

The distribution of the probabilistic low rainfall
amounts for July in 1 year out of 4 and 10 years
shows the same distribution patterns and rainfall
gradients as mentioned earlier. In 1 year out of 4
years. the range of the probabilistic low rainfall over
the country is 222.88-712.11 mm and it is 120.87-
49278 mm in 1 year out of 10 years as can be seen
from Table 3.

The belt of minimum rainfall exists between
about 23°N and 24°N in all the above spatial
distributions.

5.3.3. Probabilistic monthlv rainfall in August —
The distributions of the probabilistic high and low
rainfall over Bangladesh in 1 year out of 4 and 10
years [or the month of August are similar to the pat-
terns of distribution as in the earlier months of the
monsoon season. The probabilistic high and low
rainfall values have been found to decrease in
August (Table 3) over the country. and this decrease
in rainfall is due to the fluctuations in monsoon
intensity in August. The ranges of the probabilistic
high rainfall in August are 358.45-905.50 and 428.08-
1089.59 mm in 1 year out of 4 and 10 years respec-
tively. The ranges of the probabilistic low rainfall
over the country are 166.95-529.29 and 77.56-378.69
mm in | year out of 4 and 10 years respectively. The
distribution patterns have also shown that the
gradient of high probabilistic rainfall over the
Sylhet region are more than those of the probabilis-
tic low rainfall. The belt of minimum rainfall also
exists between 23°N and 24°N.

5.34. Probabilistic monthly rainfall in Septem-
ber — The distribution of the probabilistic high and
low rainfall amounts over Bangladesh in 1 year out
of 4 and 10 years have been studied for the month of
September. The distribution patterns. the areas of
maximum and minimum rainfall remain the same
as in the earlier months. but the gradients. in
general. over the Sylhet region have become less as
compared to the months of June through August.
This may be due to the decrease in the intensity of
the southwest monsoon which starts retreating at
the end of September from the north or northwes-
tern parts of the country. The ranges of the pro-
babilistic high rainfall are 313.40-689.20 and
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386.61-84538 mm in | vearout of 4 and 10 years res-
peetively (Tahle 3. In this month. the ranges of the
probabilistic low rainfall are 136.18-369.73 and
33.05-222.54 mm in | year out of 4 and 10 years
respectively.

6. Conclusions

On the basis of the present study. the following
conclusions can he drawn :

(/) The mean monthly rainfall over Bangladesh
increnses from June to July at most places and then
decreases up to September, The mean monthly rain-
fall over Srimangal. Khulna. Barisal. Dhaka and
Faridpur has been lfound to have maximum value in
June with decreasing trend in the subsequent mon-
ths. The mean monthly rainfall is maximum in the
southeastern and northeastern parts of Bangladesh
during the southwest monsoon scason. There exists
a low amount of mean rainfall in the central part of
the country roughly between 23°N and 24°N having
the lowest value in the west.

(77} The variability of rainfall decreases with
increasing rainfall up to July at many places over
the country and then increases upto September.
High variability exists over west central. north-
western and southwestern parts of Bangladesh
during the monsoon scason. The variability of rain-
fall over the rest of part of the country is lower and
the rainfall is more reliable.

(iii) The distribution patterns of the probabilis-
tic high and low rainfall extremes over Bangladesh
in 1 year out of 4 and 10 years respectively are
similar to those of mecan monthly rainfall through-
out the monsoon season.

(iv) In June. the maximum probabilistic high
rainfall values over the northeastern and south-
castern parts of Bangladesh are 971.69 and 1069.10
mm in | year out ol 4 years respectively. and
111043 and 1250.75 mm in | year out of 10 years
respectively. The minimum probabilistic  high
rainfall values over the western part are 372.64 and
462.92 mm in 1 year out of 4 and 10 years respec-
tively. In this month. the ranges of the probabilis-
tic low rainfall over Bangladesh are 156.16-665.10
and 29.55-523.35 mm in 1 year out of 4 and 10
years respectively.

(v} Tn July. the ranges of the probabilistic high
rainfall over Bangladesh are 37545-1241.27 and

439.71-1478.41 mm in | year out of 4 and 10 years

8—800 IMD/%4.

respectively. and the ranges of the probabilistic
low rainfall arc 222.88-712.11 and 120.87-492.78 mm
in 1 vear out of 4 and 10 years respectively.

(vi) In August. the probabilistic high rainfall
over Bangladesh ranges from 358.45-905.50 and
from 428.08-1089.59 mm in | year out of 4 and 10
years respectively. The ranges of the probabilistic
low rainfall are 166.95-529.29 and 77.56-378.69 mm
in | year out of 4 and 10 vears respectively.

(vir) In September. the ranges of the probabilis-
tic high rainfall over Bangladesn are 313.40-689.20
and 386.61-845.38 mm in | yearout of 4 and 10 years
respectively. and the ranges of the probabilistic low
rainfall are 136.18-369.73 and 33.05-222.54 mm in |
vear out of 4 and 10 years respectively.

(viii) The gradients of the probabilistic high and
low rainfall are maximum over the northeastern
part ol Bangladesh. The gradients of the probabilis-
tic high rainfall are comparatively greater than
those of the probabilistic low rainfall.

(i) A belt of minimum values of the probabilis-
tic high and low rainfall exists over the central part
of the country roughly between latitudes 23°N
and 24°N.
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