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monsoon over Kerala, India

frar mar & s st faa farwmn & e 3 siverwre

551.578.46 : 551.553.21 (548)

Himalayan snow cover area and onset of summer

B.DEY and S. N. KATHURIA*#
Department of Geology & Geography,
Howard University, Washington, D.C. 20059
(Received 5 April 1984)

®C— 1971-198 1 %1 Fafi ¥ fa fgmrera & fmreerea frere oy &m, wiea & drowsreia amga & weama &
v gt o ol 1 € & 1 fywrer w1 fgwrewTae e svwg ¥ fag o faet et ool e frrsea w9l & dae

& e g1 1 fafent srea g€ &1 o amifos e 7

we fau & fr wordt & s s o femery & freers avelt wteey & &7 0 § 9GA § € §1F T ARTO0E 9g-gan
&WW 0. 62) FrT & 1. AW fewd frmerar & fis ety & o aw e o afy afas wEn A o foedr @
Fee | YHETAT WG TedT AT & AW A% ey o S v fad o feaf gt 80

* ABSTRACT. The relationship between the Himalayan snow cover extent and the onset of summer

monsoon over Kerala, India, has been examined for the period 1971-81. The snow cover extent over
the Himalayas has been derived from satellite images and Northern Hemisphere snow cover charts.
India Meteorological Department (IMD) provides the onset dates of summer monsoon over Kerala.
This preliminary study indicated that mean monthly snow cover area over the Himalayas for the
months February through April had positive correlation (correlation coefficient 0.62) with the onset
dates of summer monsoon over Kerala. This implies that large snow cover over the Himalayas for
the months February through April was likely to be followed by an late onset of summer monsoon

over Kerala and vice versa.

1. Introduction

The onset of summer monsoon over India is nc;]w
recognized by some climatologists as a noteworthy
climate singularity (Thambyahpillay 1960; Dey
1970). The onset occurs between late May and early
July depending upon the latitudinal locations. During
the onset period warm continental air mass over India
is replaced by Southern Hemispheric maritime air mass
(Findlater 1969). The onset of summer monsoon over
a station is identified by the characteristic rise in the
cumulative rainfall recorded at the station, India Mete-
orological Department (IMD) publish a chart of the
dates of onset by identifying .the characteristics rise
in the trend of the cumulative rainfall curve over
different meteorological stations. The onset of summer
monsoon was found to be associated with the follow-
ing events (Flohn 1957, Koteswaram 1958); (a) the
ln?tial formation of a weak trough between 90 deg. E
& 100 deg. E longitudes at 700 mb level extending
southward to about 20 deg. N latitude, (b) the deve-
Jopment of an anticyclonic circulation over the Tibetan

ateau, (c) the appearance of an easterly jet stream
well south of the Himalayas, (d) the displacement of

*Prosent Address : Central Water Commission, New Delhi.

the subtropical westerly jet stream north of the Hima-
layas, (¢) the northward displacement of the north
Pacific high from 13 deg. N in May to 23 deg. N by
the end of June and (f) the withdrawal of the Arabian
Sea high from central India to western Arabian Sea,

Blanford (1884) and Walker (1916) correlated the
winter snow cover accumulation over the Himalayas
and the summer monsoon rainfall over northwest India.
Recently, Hahn and Shukla (1976), Dey and Kumar
(1983) examined the relationship between the Eura-
sian/Himalayan snow cover area and the Indian
summer monsoon rainfall. They found a negative
correlation between the winter snow cover area over
Eurasia/Himalayas and the summer monsoon rainfall
over India. In the present paper, the authors have
examined the relationship between the onset of sum-
mer monsoon over Kerala and the Himalayan snow
cover area during the months February through April.

2. Data and methodology

Satellite images and mean monthly Northern Hemis-
phere snow cover charts supplied by NOAA-NESS
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TABLE 1
Mean monthly Himalayan snow cover area (Fabruary throush April) departures in 10° km?

1971 1972 1973 1974 1975

1977 1978 1979 1980 1981

—0.5 1.4 —0.5 —0.3 —0.7

—0.4

0.5 —0.4 0 1.2 —0.3

Sources : Satellite image and Northern Hemisphere snow cover charts.

TABLE 2

Dates of onset of summer monsoon over Kerala (India)
and its departures from 11-year mean date

Onset date  Departurz from
Year over Kerala ll-yg:{emean
1971 27 May —4.8
1972 18 June 17.1
1973 24 May —7.8
1974 26 May —5.8
1975 31 May —0.8
1976 31 May —0.8
1977 30 May —1.8
1978 28 May —3.8
1979 11 June 10.1
1980 1 June 0.2
1981 30 May —1.8

Source : Monsoon Rainfall Summary — a Supplement to Indian
Daily Weather Report (IMD),

were used to obtain monthly snow cover area over the
Himalayas between 25 deg. N & 35 deg. N latitudes
and 60 deg. E & 150 deg. longitude. Monsoon
Rainfall Summary — a supplement of Indian Daily
Weather Report published by IMD provided the dates
of onset of summer monsoon over Kerala.

Digital planimeter was used to measure the snow
cover area over the Himalayas for the period 1971 to
1981. The data prior to 1971 were not used due to
some missing data over the Himalayan region in the
NOAA-NESS charts. The mean monthly snow cover
area for the months of February through April was
computed and expressed as departures from 1l-year
(1971-81) mean and are presented in Table 1. The
dates of onset of summer monsoon over Kerala are
expressed as derivations from 11-year mean and are
given in Table 2. In Table 2, the negative departires

from 11-year mean indicated early onset of summer
monsoon over Kerala and positive departures indicate
late onset.

3. Himalayan snow cover area and onset of summer mon-

soon over Kerala

The variation of mean monthly snow cover area
for the months February through April over Hima-
layas was examined in relation with the correspond-
ing variation of dates of onset of summer monsoon
over Kerala for the study period 1971 to 1981
(Fig. 1). The analyses of data for 11-year indicated
a positive correlation between Himalayan snow cover
area and the dates of onset of summer monsoon. This
implies that more than 11-year mean snow cover. area
during the months February through April over Hima-
layas was likely to be followed by an early onset of
summer monsoon than 1l-year mean date and vice
versa. This type of positive correlation holds good
for the study period except for 1977 when a negative
relation was observed. The correlation coefficient
between the two variables is 0.62.

The value of correlation (y) is significant at 5%
level of significance. The significant value of ¥ suggests
a linear relation between the summer monsoon onset

date deviations (0g4) and the snow cover area devia-
tions (s) :

Odw:a-l—bs
The estimates of g and b are (Fig. 2)
a=0.75 day

b=11.6 x 105 days/km?

It may be seen from above equation that knowing
s, the snow cover area deviation, the onset date of
summer monsoon over Kerala may be estimated.

4. Results and discussion

The onset of summer monsoon over Kerala corre-
lates with the Himalayan snow cover area during the
months February through April, The Himalayan
snow cover extent may indirectly affect summer mon-

soon activity over India in terms of onset over Kerala
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in the following way. Larger snow cover area during
the months February through April increases surface

albedo which may lower atmospheric temperatures

and increase sea level pressure over the continents,
thereby weakening the monsoon circulation (Manabe
and Hahn 1977; Winston and Krueger 1977). This
weakening of monsoon circulation may delay the
onset of summer monsoon over Kerala and vice versa.
Note that the direct relation between Himalayan snow

cover area and dates of onset of summer monsoon
over Kerala does not hold true for 1977 when perh;lga
some other factors have had pronounced cffect on the
monsoon circulation, The warming of surface waters
in the eastern equatorial Pacific Ocean referred to as
El Nino events has been found to be ossociated with
below normal rainfall over India (Rasmusson and
Carpenter 1983). The fluctuations of the larger scale
April pressure index of the Southern Oscillation has
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been found to be correlated with monsoon activity
over India (Bhalme er al. '1983). Rasmusson and Car-
penter (1982) observed that the atmospheric response
to EI Nino includes a modification of the normal Wal-
ker and Hadley circulations which in turn may result
in abnormal variation in snow cover area over the
Himalayas thereby affecting the onset of summer
monsoon over Kerala,

5., Summary and conclusion

The relationship between variations of monthly
(February through April) snow cover area over the
Himalayas and the corresponding dates of onset of
summer monsoon over Kerala has been examined for
the period 1971 to 1981. The study with 11 years
data indicates that there is direct relation between the
onset of summer monsoon over Kerala and the Hima-
layan snow cover area during the months February
through April. This implies that larger area snow
cover extent over Himalayas during the months Feb-
buary through April was likely to be followed by late
onset of summer monsoon over Kerala and vice versa.

To conclude, this preliminary study reveals that
Indian summer monsoon activity in terms of onset
over Kerala is probably the result of a series of feed-
back mechanisms wherein Himalayan snow cover is
but one significant parameter.
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