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Effect of Tibetan spring snow on the
Indian summer monsoon circulation
and associated rainfall
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In this communication, the effect of Tibetan snowfall
in the month of April on the Indian summer monsoon
circulation and associated seasonal rainfall has been
examined using the Regional Climate Model version 3.
This model has been integrated at 55km horizontal
resolution from April to September in each of the years
from 1993 to 1996. NIMBUS-7 SMMR snow depth data
have been used as boundary conditions. Sensitivity
experiment shows that Tibetan snow results in weak
lower level monsoon westerlies and upper level easterlies.
Without any initial snow, the sensible heat flux is
found to be more, whereas with snow, the latent heat
flux is more over the Tibetan region. Results indicate
that the Indian Summer Monsoon Rainfall is reduced
over entire India and its five homogeneous zones,
when 10 cm of snow has been introduced over the Tibetan
region in the preceding month of April. Quantitatively,
rainfall decreases by 30% for all India, 23% for
northwest India, 20% for west central India, 25% for
central northeast India, 30% for northeast India and
15% for south peninsular India.

THE Tibetan Plateau, known as the Roof of the World,
has been recognized as the heat source/sink in summer/
winter for the monsoon circulation over India. In the lite-
rature' ™ it has been mentioned as one of the most impor-
tant factors for the generation and maintenance of Indian
summer monsoon circulation and rainfall. During summer,
the Tibetan Plateau due to its high elevation receives a
large amount of solar radiation, which effectively heats
the mountain surface creating a strong heat contrast at the
mid-tropospheric level. This causes a heat low near the
surface and anticyclone (Tibetan High) above™. The sensible
heat as well as latent heat flux released over the Tibetan
Plateau drives the Asian monsoon circulation and strongly
influences global circulation patterns®. Results* also show
that the latent heating plays a more important role than
the sensible heating for the maintenance of the Tibetan High.
There is a sharp contrast between the western and eastern
plateau in terms of precipitation and moisture distribution.
Studies™ show that the sensible heat flux is extremely
large over arid western Tibetan Plateau during June compared
to the eastern side. On the other hand, in the eastern side
of the Tibetan Plateau, the latent heat flux is more, so
much so that the eastern plateau is described’ as a huge chim-
ney funnelling water vapour from the lower to the upper
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troposphere. Consequently, the monthly mean rainfall in
the eastern plateau is observed to be more than that of the
western plateau.

There are evidences to suggest that the Tibetan snow
cover/depth largely affects the Asian monsoon rainy season.
Results of General Circulation Model (GCM) experiments®
show that the anomalous cooling due to positive snow
mass anomalies in early spring over Tibet tends to produce a
weak Asian monsoon. Nevertheless, modelling studies
examining the impact of Tibetan snow on Indian summer
monsoon are rare. With the recent developments in regio-
nal models, it is appropriate to examine the effect of Tibetan
snow on the Indian summer monsoon circulation and associ-
ated seasonal rainfall using one such regional model. It
may be noted that snow depth is physically more meaningful
than snow cover for understanding the inverse snow-
monsoon relationship, since the former is a better measure
of the total precipitation that finally results in soil moisture
memory. In this study, it is intended to examine the effect
of Tibetan snow depth on the mean monsoon circulation
and rainfall over India using NIMBUS-7 snow depth data
in the Regional Climate Model version 3 (RegCM3).

RegCM3 is an upgraded version of RegCM2, which in turn
is an incremented version”® of the NCAR/Pennsylvania
State University Mesoscale Model MM4. In this commu-
nication, monthly snow depth data based on NIMBUS-7
Scanning Multichannel Microwave Radiometer (SMMR)
satellite are used over the Tibetan domain (28 to 40°N
and 70 to 100°E) as surface boundary conditions in the model.
The domain is shown in Figure 1. It is well known that
the size of the snow mass anomaly is one of the most im-
portant factors in affecting the experimental results. In a set
of GCM experiments’, the snow depth was set to 2 cm of
water equivalent. This amount was too less. In further experi-
ments9, the snowfall rate in the model’s condensation
schemes of the model was doubled and subsequently, a
snow mass difference of 13 cm was obtained over the exten-
ded region of Eurasia. In another model experiment'’,
5 cm water equivalent of snow mass anomaly was added
over the snow cover area in the Eurasia continent. In sensiti-
vity study, light and heavy snow depths of 2.5 and 10 cm
water equivalent anomalies respectively, were prescribed
to the model initially over Tibet, based on NIMBUS snow
depth data''. Snow depth anomalies of 5 cm water equivalent
were also used in the Meteorological Research Institute
(MRI) GCM experiment® over three separate regions such
as Tibet, Eastern Europe and Siberia on 1 March. In this
study, nine years of data from NIMBUS-7 SMMR have
been used to calculate the monthly mean value of snow
depth in April over the Tibetan domain. The value of mean
snow depth is found to be equal to 11 cm of water equiva-
lent. We have integrated RegCM3 at 55 km resolution
over the Indian domain (55 to 105°E and 5°S to 45°N) from
1 April up to 30 September in each of the years 1993,
1994, 1995 and 1996. In one set of experiments, no initial
snow over Tibet has been prescribed to the model. In
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another set, uniform snow of 10 cm has been prescribed over
the Tibetan domain as shown in Figure 1 on the initial
day of 1 April of each year. Hereafter, these two sets of
experiments will be referred to as ‘no-snow’ and ‘snow’
experiments respectively. In both the sets of experiments, the
model generates its own snow during its integration
thereby making the process interactive. Total amount of
rainfall simulated during June, July, August and Septem-
ber over India in both the no-snow and snow experiments
has been analysed along with the circulation characteristics.

To study the impact of 10 cm of snow depth on the mon-
soon circulation and associated rainfall, we have examined the
differences in temperature at 500 hPa, surface pressure,
winds at 850 and 200 hPa, fluxes of latent heat and sensi-
ble heat and rainfall simulated by the above-mentioned
two experiments. Results show that high snow depth over
the Tibetan area is characterized by low temperature at
500 hPa (Figure 2 a and b) and high surface pressure over
the Indian region (Figure 2 ¢ and d). Both of these are re-
sponsible for the weakening of the Indian summer monsoon
circulation. The composite differences of the four years
of winds show that the westerly wind at 850 hPa over the
Arabian Sea and Indian peninsula is stronger in the no-snow
experiment compared to the snow experiment (Figure
2 e). Similarly, difference of wind at 200 hPa shows
stronger easterlies over the Arabian Sea, Indian peninsula
and the northern part of the country in the no-snow experi-
ment (Figure 2 f).

The differences in the composites of four years of sensible
and latent heat fluxes simulated by the model at the surface
over Tibet are depicted in Figure 3 a and 5. As seen from
Figure 3 a, the sensible heat flux is more over Tibet in the
no-snow experiment than in the snow experiment. The
positive value of the sensible heat flux can be explained
by the fact that the surface radiates more when it is not
covered by snow compared to the melting snow. Also, the
positive difference of the sensible heat flux over the western
side of the Tibetan plateau (west of 90°E) is more promi-
nent than the eastern side. Such differences in the charac-
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Figure 1. Region over which 10 cm of snow has been introduced uni-

formly in the snow experiment.
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