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ABSTRACT. Monthly and seasonal variations of southwest monsoon rainfall over the districts of Gangetic
and Sub-Himalayan West B:ngal are presented and their differences discussed. Latitudinal variations of monsoon
rainfall are brought out. Decadal means of seasonal rainfall over plains are compared with those at  higher ele-
vations and northern latitudes. An attempt is made to study long term rainfall trends.
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1. Introduction

The State of West Bengal gets 71 to 849, of its
annual rainfall in the southwest monsoon season (June-
September). A normal distribution of this rainfall is
highly beneficial to the agriculture based socio-economy
of the State. An attempt has been made to examine
certain aspects of the monsoon rainfall with reference to
the associated synoptic situations and other meteoro-
logical factors. Chances (in °,) of occurrence of appre-
ciable amount of rainfall at few places over two meteo-
rological sub-divisions, viz., Gangetic West Bengal and
Sub-Himalayan West Bengal in a particular month and
during the season as a whole have been worked out.
Spatial (latitudinal), diurnal variations with intensity
of rainfall and decadal (one, three, five) variations of
monthly and seasonal rainfall amounts with the recent
trend etc have also bzen discussed.

2. Data used and methodology

Rainfall data recorded at all India Meteorological
Department (IMD) observatories and at various rain-
gauge stations maintained by the State of West Bengal
and other organisations and also those situated in the
adjoining areas of other States have been utilised for the
purpose. Available data from 1901 to 1980 have been
utilised for finding out the monthly and seasonal means,
decadal, three-decadal and five-decadal variations etc.

3. Chances (in ) of occurrence of a certain amount of rainfal
at different stations

Theoretically, the amount of rainfall at a place over
a specified time interval may vary from zero to a pro-
bable quantity. The chances (in %) hereafter called

‘chances’, of occurrence of 20, 40, 60 and 80 cm
of rainfall in each of the months of June, July,
August and September and that of 80, 120, 160,
200 and 300 cm of rainfall during the season (June-
September) in respect of some important stations
in West Bengal are computed using simple statistical
methods and the results are presented in Table 1. The
chances of getting at least 40 cm of rainfall in any of
the four months is not appreciably high for stations
situated in Gangetic West Bengal and in the southern
part of Sub-Himalayan West Bengal. Other stations
in Sub-Himalayan West Bengal region are having
moderate to high chances of getting at least 60 cm of
rainfall in each of these months.

Figs. | (a & b) show average chances of occurrence of
rainfall amounts, sub-divisionwise for Gangetic West
Bengal and Sub-Himalayan West Bengal, starting from
10 ¢m to the highest possible values. In Fig. 1 logarith-
mic scale along the abscissa and simple scale along the
ordinate are taken for convenience. From Fig. 1 follow-
ing inferences are drawn :

(/) For stations in Gangetic West Bengal :

(a) The chances of occurrence of a certain amount
of rainfall is highest in July followed by August,
June and September. This order may reverse
in case of June and September foi years having
rainfall less than 15 cm in each of these months.

(b) Average chances for a certain amount of rainfall
in July and August are almost same and much
higher than those for June and September,
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Figs. 1(a&b). Average chenees (in ) of occurrence

and (b) Sub-Himalayan West Bengal

(c) Average chances for occurring anamount ol
40 cm or more rainfall in July and August arc
three times more than that in September and
almost double to that in June.

(if) For station in Sub-Himalayan West Bengal :

(a) July is the rainiest month followed by June,
August and September. Here also. the order
between August and June may change for
years having rainfall less than 23 cm in each of
these months.
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of W monsoon rainfall over : (a) Gangetic West Bengal,

(b) Sub-Himalayan West Bengal
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(b) Average chances for having an amount "of
50 ¢m in each of the months of June, July and
August lie between 489 and 60°%. However,
the average chances for having rainfall 80 cm
or mors in June and July is about 3 times
higher compared to the rainfall in September
and almost double to that in August.

(iiiy The average chances for having rainfall amount
of 50 ¢cm or more in a month in  Sub-Himalayan West
Bengal is much more than that in Gangetic West Bengal.
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TABLE 1
Chances (in %) of occurrence of rainfall (mm) in Wast Benga! during the months of June-September
Location Rainfall amount (¢cm)
Name of the e T R e o -
station Lat./Long. Jun Jul Aug Sep Jun-Sep
(“*" N/°’ E) e ——— A —— N ———— e ——. A
20 40 60 80 20 40 60 80

Gangetic West Bengal

- o ~——
20 40 60 80 20 40 60 80 80 120 160 200 300 400

Calcutta (Alipore) 22 32/88 20 69 20 3 — 86 24 5 — 90 24 | — 68 11 — — 98 44 13 — — __

Sagar Island 21 39/88 C3 0024 2 — %0 39 8 — 91 40 6 — 75 14 6 1 98 67 O —

Gosaba 22 11/88 48 72 14 — — 97 43 6 3 97 42 3 — 67 6 — 97 31 20 3 —

Bongaon 23 04/88 49 69 20 2 — 82 22 80 31 6 2 59 4 92 41 6 —

Krishnagar 23 24/88 31 60 19 81 18 5 73 8 1 48 1 89 20 -

Berhampur 24 08/88 16 56 6 74 19 3 74 13 3 59 6 88 24 |

Uluberia 22 28/88 07 67 21 3 80 32 8 94 31 11 48 9 89 50 17 —

Arambagh 22 53/87 47 54 10 2 82 18 6 2 84 16 6 42 10 82 31 2

Contai 21 47/87 45 55 14 83 18 4 1 67 33 5 3 74 19 1 — 96 45 11

Midnapur 22 25/87 19 54 13 91 24 1 8 23 5 9 8 1 95 36 5 —

Bankura 23 14/87 04 48 12 85 23 — — 87 18 1 47 5 88 25 3

Purulia 2320/8623 42 9 2 | 83 23 | 96 26 1 60 12 1 91 23 3

Asansol 23 41/86 59 46 8 3 90 28 5 2 90 21 49 B8 93 34 5 —

Burdwan 23 14/87 51 538 5 1 8 24 8 1 78 25 4 1 53 6 1 88 31 1 —

Bolpur 23 40/87 42 45 11 79 14 3 71 14 40 5 82 15 3 = o o=
Sub-Himalayan West Bengal

Malda 2502/88 08 53 13 1 75 20 1 70 13 1 1 64 15 4 88 25 4 — . _.

Balurghat 25 13/88 46 76 39 11 3 89 34 13 4 8 31 7 3 70 18 6 94 65 24 8 ] —

Raiganj 25 37/88 08 67 20 6 4 89 28 4 — B85 28 6 2 64 15 2 —. 922 55 19 2 — —

Bagdogra 26 38/88 19 97 63 32 15 92 63 44 21 89 55 22 11 71 40 15 | 99 89 &4 42 8§ —

Darjeeling 27 03/88 16 97 68 30 12100 96 79 42 97 88 44 9 93 43 12 | — 100 99 76 — —.

Jalpaiguri 26 32/88 43 100 85 56 32100 94 79 44 96 78 55 28 96 66 30 9 — — 100 90 18 .

Buxa 20 46/89 35 100 98 91 72 100 91 78 98 95 91 76 100 95 71 47 100 94 52

Cooch Behar 2620/8927 97 84 63 38 99 88 61 37 92 69 41 23 92 65 31 16 100 99 86 27 5

Mathabhanga 26 21/89 (3 98 81 60 44 100 82 60 33 96 67 33 12 93 61 23 7 — 100 93 70 16 —

(iv) Similarly for the seasonal rainfall chances for an
amount of 160 cm over Sub-Himalayan West Bengal is
nearly 10 times more than that over  Gangetic
West Bengal.

As the distribution of rainfall over West Bcngul
depends highly on the position of the eastern end of
monsoon trough, the reason for occurrence of greater
amount of rainfall over Sub-Himalayan West Bengal
during the season may be attributed to the following
observations in respect of the different positions of the
monsoon tiough during July-September.

The Average Areal Precipitation (AAP) per day over
Sub-Himalayan West Bengal as compared to Gangetic
West Bengal is :

(i) More than 5 times when the trough remains
along Lat. 257 N or north of it (position A),

(7ii) 50%, more when the trough lies between Lat,
25 N and Lat. 22° N (position B),

(iii) Almost the same when the trough lies along
Lat. 22° N or south of it (position C), and

(iv) Nearly double when the trough remains west
of Long. 88° E (position D),

Moo frequencies in deys in respect of trough posi-
Liois AB.Curd Dere20.3,26.6,37.7and 7.4 (Biswes
1988) respectively. Henee, the totzl amount of mean
reinizll over Sub-Himelayan West Bengal is almost
double to that over Gangetic West Bengal during the
morths of July-September (Table 2). This ratio (2 : 1)
docs not decreese iff we consider the rainfall in June
also. It is obvious that the probzbility of occurrence of
higher  reinfall  over Sub-Himaleyan West Bengal
increascs appreciably during the years of prolonged
‘break” in the monsoon when the trough remains closer
to the foothills of the Himalayas (refer position A).

4. Latitudinal and longitudinal variations of rainfall over West
Bengal
The mean latitude (23.6° N) of the rainfall minimum
zone coincides witu wie axis of the monsocn trough
[Figs. 2(a & b)]. This agrees with Sadlcr’s (1969) observae
tion of minimum cloudiress elong trough axis, as
observed on satellite mosaics over oceanic areas. So,

rainfell is minimum elong this mcan position of the
raonsoon trough (Rao 1976). From Lat, 24° 15'N rainfall
increases towerds north end the increase is rapid from
This is the area wherg

Lat. 25° 45'N to 26° 45'N.
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Figs. 2(a&Db). (2) Latitudinal, and (b) longitudinal variation
= of average rainfall aver West Bengal during !:}W
monsoon season (Jun-Sep) : (i) Gangetic West

Bengal, (ii) sub-Himalayan West Bengal

TABLE 2

B > ot < F T ok 4l in

Average rainfall (mm) per day at various places in West Benga .

relatiogn to the different positions of the monsoon trough during the
months July-September

Trough position with Sub-divi
. frequcni(daiyrs_) _— snl%T'\:i-lsc
Sation T E  C D rainfall rainfal

(20.3) (26.6) (37.7) (7.4) (mm) (mm)
Asansol 6.8 11.6 9.3 5.0 834
Bankura 4.6 14.8 8.7 3.9 844
Berhampur 12.6 12,1 5.5 3.0 807
Burdwan 8.0 11.8 9.1 4,7 854
Calcutta 6.5 14.0 10.5 5.0 937 .
(Alipore) 884
Contai 5.0 12.4 12,3 9.3 964
Krishnagar 7.8 10.8 8.0 2.5 766
Midnapur s& 13.8 103 6.0 918
Purulia 5.2 13.5 10.2 5.5 890
Sagar island 5.4 14,0 15.0 5.3 1087
Sriniketan 6.3 11.5 8.0 4.7 770
Uluberia 6.0 14.8 10,5 4.5 945
Gangetic W.B. 6.7 12,9 9.8 4.9 885
Bagdogra 41.0 22.5 10.8 6.2 1854
Balurghal 19,2 13.5 5.9 6.0 1016
Cooch Behar 41,4 21.5 11.0 8.0 1886
Darjeeling 32,6 21.0 12,9 6.6 1756
Jalpaiguri 40.5 22.5 11.8 10.0 1940 1717
Kalimpong 28,0 16.5 10,0 5.5 1425
Malda 12.2  13.1 5.0 6.1 830
Buxa 65.6 34.7 16.8 14.5 2995

S.H. W. B. 35.10 20.7 10.5 7.9 1717

orographic aseent of moist air takes place and since
the average altitude along Lat. 26745 N is about 600
to 900 m, rainfall reaches a maximum along this latitu-
de (Murray 1948). North of Lat. 26 45'N. rainfall
gradually decreases. It is seen that the ratio between
the maximum (129.0 cm) and the minimum (1043
cm) amounts of latitudinal rainfall over Gangetic
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Fig. 3. Discrete decadal variation of monthly ¢nd seasonal
rainfall during SW monsoon Scason at various
places in West Bengal

West Bengal is of the order of 5 : 4, but the same
in respect of Sub-Himalayan West Bengal is of the
order of 13 : 5,

For Sub-Himalayan West Bengal average rainfall
is minimum in the west as the major contribution
to this area is made by Malda and south and north
Dinajpur districts. It increesss repidly towards east
from the longitude of Bagdogra (8%° 19'F) and becomes
maximum along 89" 35'E (Buxa). The location of Buxa
is such that it is affected equally both by southerlies
and easterlies and its altitude is 814 m, very favourable

for maximum orographic effect causing rainfall (Murray
1948).

5. Diurnal variations and intensity of rainfall

During the southwest monsoon season Gangetic
West Bengal reccives about 359 of its rainfall within
a period of six hours from 1100 to 1700 IST. About
8", of the total rainfall occurs from 2000 to 2300 IST.

The rainfall during the monsoon season is mainly
showery, occasionally accompanied by thunder, rain-
fall must be greater when convective activity is greater,
The development of Ch clouds over Calcutta airport
and 300 km around, /e, over Gangetic West Bengal
during the monsoon menths of June to September is
maximum in the afternoon and evening hours (Biswas
and Gupta 1989).

Near the hills, maximum rainfall occurs in the night
and carly morning hours, f.e., between 1900 and 0500
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TABLE 3
Running decadal averages of highest, lowest and mean rainfall values (em) of southwest nionsoon season in West Beagal during
1901-1980
o Running dec“:’ldal averages Running 3-decadal averages Running 5-decadal averages
Sia S —— = d Y A —A S
] o I-Egﬂ;.:" I.owgsr__Mcan E.V Ifgh}'ﬂ Lowest Mean C.V. ‘rltlighcst Lowest  Mean V.
) Gangetic  West Bengal o A
gdk?}.m (Alipore) I__}ﬁ..\ 107.4  121.7 6.2 125.0 114.9 119.9 2.2 121.1 118.6 119.9 0.7
|<m_'uhla 121.3 96.1 108.4 5.0 109.8 105.8 107.9 0.9 109.7 106.5 107.9 0.8
rishnagar 117.0 93.0 103.8 5.2 105.2 98.9 102.3 1.7 104.0 100.4 102.2 0.9
Sub-Himalayan Wes .
Mallda 1391 90.9 108.4 I5.3lmalzl.;;.l:: l“gl)n?lgmll() 1 4.5 1145 103.9 110.0
Darjecling 265.1 1998 227.5 7.0 2447 2093 2261 43 2381 2162 2261 ;';
Jalpaiguri 290.8  237.4 263.0 5.6 278.9 251.7 266.7 2.7 271.7 258.8 266:4 1:2
TR R ([ s s T the magnitude of changes is very low in respect of Purulia
s | r/ V\ | I and very high in respect of Darjeeling.
N \/ A A J\ s ] ‘“N Fig. 4(a) shows the running decadal averages of rain-
- ”ﬂ / \ /1 1t fall in respect of the above stations. It is observed
[ \ L\ L\, \T 20 o that the changes for stations in Gangetic West Bengal
A 'L o] are more or less similar for corresponding decades
n/‘ - - N with a few minor exceptions. It is also observed that
WV \ e o 0 the changes are wavy in nature, long period waves
g [ | __ are superimposed by short period ones. The last decadal
£ . L ] s ol (1971-80) means are higher than the corresponding first
ipm f\ Nl A,\ decadal (1901-1910) ones.  The Coefficient of Variation
i [\ U™ L (C.V.) in respect of the running decadal averages
B al_f”m \ N H ain are 6.2, 5.1 and 5.2 per cent for Calcutta (Alipore),
f / b 1] "#“'"'""wmﬂ ol Purulia and Krishnagar respectively (Table 3).
MRS HNAGA R 'd‘ | i i i i
f )N! " A f\ | \Vh\ all It is evident from Fig. 4(a) that the changes in run-
' »\/\L 7\ R ‘m’.I“ P ning decadal averages of rainfall in respect of stations
™ o /,1 g el AN ] in Sub-Himalayan West Bengal are not in phase during
‘m;\ o, P AAPC the eurlier decades under study. It increased highly
o ‘ ‘/V‘-n: [ i allia” o for Malda, appreciably for Darjeeling but decreased for
| VN,, T [y J f" e Jalpaiguri. The changes_dqrmg_ the second half of the
apose ] [N AT, period are more or less similar in respect of all stations.
oA 8.8 J[C G, & aillew B 9 It is interesting to note that the last decadal (1971-1980)
PSS ColiGO Y S A average rainfall in respect of Malda is higher than the

Figs. 4(a-¢). Running : (#) decadal, (b) 3-decadcl, and (c) 5-
decadel  variations ¢f SW monsoon  seasonal

rainfall 21 viricus staticns in West Bengal

IST and the minimum between 0800 and 1200 1ST:
Here, nocturnal cooling over the hills and the associated
katabatic wind flow might help in increasing vertical

motion.

Very heavy rainfall amounting to 60 to 100 mm or
more in 2n hour and 200 to 493 mm in 24 hours have
been recorded by almost all stations in the State during
the months from June to September

6. Decadal, 3-decadal and 5-decadal variations of rainfall

Decadal variations of rainfall for eight decades
(1901-1980) is small and regular in Gangetic West
Bengal. But in Sub-Himalayan West Bengal the variation
from one decede to another is rather high and even
irregular. The discrete decadal veriations of monsoon
seasonal rairfall in respect of observatories at Calcutta
(Alipore), Purulia and Krishnagar situated in Gangetic
West Bengal and at Malda, Darjeeling and Jalpaiguri
in Sub-Himalayan West Bengal are shown in Fig. 3.
The figure shows that the corresponding changes in
respect of stations in Gangetic West Bengzal are almost
similar in nature but those in respect of Sub-Himalayan
West Bengal vary from one station to another. Also,

first decadal (1901-1910) one: it is appreciably less in
respect of Jalpaiguri and remarkably less in respect
of Darjeeling.

30-year running average values of rainfall for Calcutta
(Alipore) vary between 114.9 and 125.0 cm, the first
(1901-1930) and the last (1951-1980) values are nearly
equal to 122.8 cm [Fig. 4(b)). For Purulia these running
average values lie between 105.8 and 109.8 cm and for
Krishnagar between 98.9 and 105.2 cm. The last
average value for Purulia is higher than its first one
while the corresponding values are in a reverse order
in case of Krishnagar. The changes in the running
3-decadal values are wavy in nature; longer waves are
superimposed by shorter ones.

For Malda and Jalpaiguri the 30-year running average
values of rainfall are more or less in the increasing
phase during the first part of the period under study
and subsequently in the falling phase. But for Derjeeling
it decreased continuously from the beginning to the
end of the period with occasional slight increase for
shorter periods. The last 30-year average value being
less than the corresponding first one in respect of stations
in Sub-Himalayan West Bengal,

In Fig. 4(c), it is seen that the 50-year running avreage
values of southwest monsoon seasonal rainfall in West
Bengal follow nearly a similar relation to their corres-
ponding values for 30-year running averages,
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The highest, lowest and mean values (in cm) of run-
ning averages of southwest monsoon seesorel rewnicll
for different periods and the corresponding C.V. (7))
in respect of the above statiors ere shown in Teble 3
As it should be. C.V. decreases as the data length
increases. The value of C.V. is less then | for runring
5-decadal sverages in case of all stations in Gengetic
West Bengal and it lies between | and 3.5 for stotions
in Sub-Himalayan West Bengal.

7. Trend values of seasonal rainfall

Trend values of the seasonal rainfall (¥ ) in r spect
of various stations are examined using the regression
line :

Y. = a + bX;
where, X; corresponds to the ith year of which trend
value (Y,) for the yeer is to be determired. « and
b are constants;
Z¥; 2XY;
a = b =
N ZXz?
where Y, is the seasonel reinfell amourtin the /th yeer
and N is the total number of yrars considered. -0
for the mid-year,

Now qonsidering the monsoon seasonal rainfell
amounts in respect of Darjeeling we find the following
regression lines

Y,=227.26 — 0.6657X; for 79 years (1902-1980).
Y, =214.14 — 0.3476X, for4l yeers (1940-1980)-
Y.=214.98 — 1.9497X;  for 21 years (1960-1920)

All of the above three regression lines have falling
tendency: the last one being most stifl.

Regression equations in respect of oth'r stations
have also been worked out. From these. it @ppeers that
the trend of southwest monsoon scasonel reinfall
in respect of stations in Sub-Himalayan West Bengul
has a falling tendency for periods ending in 1980, Bul
in respect of most of the stetions in Gengetic Wrst Bengel
rising tendency seems suggestive.

8. Conclusions

(i) July is the rainiest month in West Bengal. It is
generally followed by August, June end Sceptember
in  Gangetic West Bengal and June. Avgud
and September in Sub-Himalayan West Bergal.

(ii) The chance of getting &n amount of reinizll
over 40 cm in @ month or 160 ¢m in the sceson during the
period from June to September is low (8 to 257.) for
any station situated in Gangetic West Bepeal @nd also
in the southern part of Sub-Himalayan West Bengal
whereas the same in respect of any other station in
Sub-Himalayan West Bengal is high (50 to 100%,).

(iii) Rainfall is minimum along Lat. 23" 37'N which
coincides with the mean position of the monsoon
trough and maximum along Lat. 26" 37'N havine
average altitude of 600 to 900 m. Buxa (26" 46'N. 89" 35'F)
gets the highest amount of rainfall in West Bengel
by virtus of its favourable locztion and altitude (814 m).

(iv) The average areal precipitation over Sub-Hima”
layan West Bengal is almost double to that over Gangetic
West Bengal. But during the southwest monsoon
season the chance for occurrence of an 2mount of 160 cm
rainfall over Sub-Himalayan West Bengal is almos!
10 times greater than that over Gangetic West Bengal.

wp K. GUPTA

(v) The lztituding]l veriation of rainfall is low over
Gangrtic West Bengal but is rather high over Sub-
Himaloyen West Bengal. The ratio between the maximum
and ths minimum emounts of zverzge latitudinal
reinfall over Gungetic West Bengal is of the order of
5 : 4 but th= same over Sub-Himalayan West Bengel
is about 13: 35,

(vi) Over Gengetic West Bengal ebout 359 of the
total rainfzll during the southwest monsoon season
occurs within a period of six hours from 1100 to 1700
IST 2nd only 87, occurs between 2000 and 2300 IST.

(vii) Over and nezr the hills in Sub-Himzlayan
West Bepgal, the maximum rzinfall occurs between
1900 and 0500 IST @nd the minimum between 0800 and
1200 IST.

(viii) Very heavy rainfzll emounting to 60-100 mm
per hour or 200-493 mm per day have been recorded
by most of the stations in West Bengal.

(ix) The coriesponding chenges in decadal averages
of monthly and seesonal rainfall amounts during
southwest monsoon sceson for stations in Gangetic
West Bengal are generally low and almost similar
in neture: but thoss in respect of stations in Sub-Himae-
layan West Bengel are very high and not similar in
nature. Moreover. the megnitude of changes is very
low in respect of Puruliz nd high in respect of Darjee-
ling.

(x) The changes in the running decadal average
veluss of seesonal reinfzll in respect of stations in
Gengetic West Bengal conform to 2 sinusoidal pattern
long period waves seem superimposed by short period
onrs. The lest decedel (1971-80) means being  higher
then the respective first decadal (1901-10) ones, Such
similzrity is not observed in respect of stations in Sub-
Himaloyen West Bengal. Almost similar types of observa-
tions have been noticed in respect of 30-year es well as
50-year running averages of seasonal rainfall.

(xi) The trerd. upto 1980, of southwest monsoon
weesonal rainfzll in respact of stetions in Sub-Himalayan
West Bengal seems to display felling tendency, but
in resnect of most of the stations in Gangetic West
Bengal it s2ems to indiczte a rising tendency.
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