
Mausam,(l988), 39, r, 103·106

556.15 :556. 124. 2

Computation of water budget of a snow bound r iver basin

S. R. PURl, D. S. UPAD HYAY and SU RIN DER KAUR

Meteorological Office, New Delhi

[Received 22 June 1984)

lIT{ _ . W '""-'10 if \ll!'f'! '1ft >F~~ eBI >F 'l!W'l if 'llfirl;~ .., 'l"Rl rn .., """"" ~ 'If
~ I~~ 'l!W'l ii .,.1'1 amli'[ """"'" f_ 'T'lT ~ I \ll!'f'! ""~ eBI, nm.:r"""~ s7, 2 44'" f",. >it 0 ~
( 2 2, 3 10 '" f!; . >it.~ ,rn if ~ ) ih: .To "" 'f'N~ 7 0 "fif~" "'" lli'ffi if f~" i""f<1 ~ ~ I W'l'T '""" ",oi
4 0 "j," .~ ~ro;j 'f': 17 '<'l ~ '""ii if = f!;ln "'" ~ I f",,'lT ~ f'fl(f...""~'" ...1"iTi'li'l "" lIT'l oi'loR ( I 9 45 )
.. "'"""" iif'l'l'l1ir 'T'lT ~ .-n wii~.To of; f<11( "'i"I f!:lIT " OT~ I f'flT'<r of; f...f'F<'T, ""'"""', ii"""""', 'm' "~'.
'fffilt ~~l >t't ....... if '"'It 'I"R >t't """" 'f':~ >t't.-.:~ >t't 'If ~ I

~BSTRACT. l !l this paper. the snow bound catchment or river Sutlej has been chosen to illustrate the
techniq ue or computmg monthly water budget and estimating total runoff. Th is catchment covers an area or
22,310 krnt in the Indian territory (total area 57,244 km"), about 70 % of which remains under seasonal snow
during winter. The average areal precipitation has been estimated by using 17 years' data of 40 selected stations.
The potential evapo transpi ration for the station Shimla computed by using Penman (1948) equation is taken
to be representative for the catchment. The snowmelt rates are worked out by energy budget conce pt with the
help of normals of radiation, temperature. cloudiness. wind and humidity data recorded at Shimla,

1. Intrcduetlon

The computat ion of water budget in a snow bound
catchment becomes a complicated problem as it
involved the estimation of seasonal snow co ver varia
tions and processes of glacier melt. The main difficulty
is due to non-availability of representat ive ground
observations of related parameters. A general equat ion
of water balance is expressed as :

P-Q-E-6S-~ = 0 (I)
where, P : Precipitat ion, Q : Discharge, E : Evaporation,

6 S : Change in water storage, ~ : Erro r term.
6 S consists of the following sub-compo nents:

(a) change in soil moisture storage (6 M), (b) cha nge
in ground water storage (6 G), (c) change in storage of
seasonal snow cover (6S.) and (d) glacier mass balance
sub-component (6G,). If we are evaluating monthl y
or other long-term water budget, the retention of
surface water in micro depressions may be neglected .
Therefore,

6 S= 6 M+6G+ 6 S.+6G, (2)

Another :complexity ar ises due to the fact that pre
cipita tion occurs in solid form over higher reaches
of the catchmen t and at the same time in liquid form
over the lower reaches. The delineation between these
two areas is necessary as there is large time lag in
respect of water yield as run off. The observations
of snow lines and freezing levels are veTy inadequate
h~ the mountainou s watershed. .

The mass balance studies of glaciers are just in the
initial stage and insignificant informat ions are avai l
able in this regard. Even the surface area of glaciers
(or permanent snow fields) are very roughly known
for the Himalayan river basins. Nevertheless, the
importance of water balance study of snow bound
catchment cannot be ignored .

For the basins without snow, the water balance
equat ion is normally utilized for the evaluat ion of actual
evaporation losses or runoff after estimat ing other
components. For snow bound watersheds evaluation
of 6 S. and 6 G, poses more challenging problem,
where Eqns. ( I) an d (2) could be useful. For this purpose
an alterna tive method has to be adopted for computing
E. We should also have long term run off dat a for
estimati ng Q. In this pa per, however, all the cornpo
nents have been independcntly work ed out in order
to ' check the balance. Th e procedures of estimation
in the absence of relevant data have also been suggested.
An illustrat ion of the procedure is provided using
snow. meteorological and physiographi c data of Sutlej
basin. Sutlej catc hment covers an area of 57,244 km'
upto Bhak ra dam of which 3 .934 km' lies in Tibet,
11 % (Dhir and Singh 1956) of this area remains under
permanent snow and glaciers thro ughout the year .
During winter the snow line co mes down to an ele
vat ion of 1600 m a.s.l. and about 75% of the Indian
area becomes snow bound (U pad hyay 1983),
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