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TABLE 1

Average monthly discharge of the Sutlej at Bhakra
(Period 1925-1971)

Month Average Month Average

discharge discharge

(cusec) (cusec) ’
Jan 4345 Jul 49149
Feb 4431 Aug 52213
Mar 4760 Sep 24596
Apr 6676 Oct 9957
May 18336 Nov 5880
Jun 30304 Dec 4575

TABLE 2

Year Dec  Jan  Feb  Mar  Apr

Station A (ht 2410 m)

1973-74 .095 084 042 .067 .165
1974-75 .067 .059 .051 116 197
1975-76 .063 .077 .081 .092 .250
1976-77 .065 072 .059 — —
Mean )

(em/cm®)  .073 .073 .058 .092 .204

. Station B (ht 3128 m)

1973-74 .100 125 .110 .160
1974-75 .118 128 .100 .240
1975-76 .090 .100 .090 .130
- 1976-77 —_ .055 .055 —_
Mean .103 .102 .089 177

Station C. (ht 3080 m)

-1973-74 .089 .084 L1000 .168
1974-75 .080 .062 .061 .169
1975-76 070 .110 110 .150
1976-77 .065 .054 .055 —
‘Mean .076 077 .081 162

— -
gl

P

3. Water equivalent of snow

‘The depth of water obtained by melting the
‘whole snow cover on the same area, assuming
-that there are no losses due to evaporation,
infiltration or runoff, is termed as the water
‘equivalent of the snow cover. The water equiva-
lent (W) of a snow cover of thickness D is given
given by ‘

n
W=2(115P'=P“D ()]
‘where, the snow cover of thickness D has been
divided into n homogeneous thicknesses d, ds,..
e .- .dy having densities p,, ps
re The mean density of snow cover
p may be defined as :

— nop
p=1/D Z; id; 3
I=

It is customary for Indian snowfall regions to
assume a constant value of fresh snow density
as 0.1 gm/cc and hence the water equivalent of
snow is one tenth of snowfall depth. Seeing the
large variations in snowfall densities, this thumb
rule may not be appropriate particularly during
early winter when p << 0.1 and late winter
periods when p > 0.1 and may give mis-
leading results. For estimating exact amount of
water equivalent, density of fresh snow is required
to be measured. This may be done in a simple
way by weighing a small cylinder full of snow
whose volume is known (generally 1000 cc ).
In case it is not possible to arrange these appara-
tus for each observatory the thumb rule may be
modified by using appropriate densities for each
month. It may be mentioned here that the accu-
racy of snowfall observations in terms of water
equivalent recorded by cylindrical snowgauges
also is not very high for the want of represen-
tative sample collection. Winds and intensity of
precipitation in mountain regions tend to reduce
this accuracy. It is felt that the density and snow
depth method of water equivalent is more reliable.

4. Variation in fresh snowfall demsity

Fresh snowfall densities were recorded at
3 stations A, B and Cin avalanche prone regions
of northwest Kashmir. These stations are situated
at various altitudes, viz., A (34°35'N, 74°40°E,

2410m); B (34°25'N, 75°50'E; 3128m) and (34°25'

N, 75°10°E; 3080m). Monthly mean densities (gm
cm—3) at these places over a period (1973-1977)
are given in Table 2.

It has been observed that the density of fresh

-snow follows the variation trend of ambient tem-

perature to a considerable extent. On occasions
and places of lower ambient temperatures the
snow crystals have been found dry or less humid
and with lower densities. During February,
when the snow density was low the temperature
was also observed to be minimum during the
same period. Thus the behaviour of minimum
temperature during a snow spell is a very impor-
tant factor for estimating its water cquivalent,

In order to establish a relation between fresh
snowfall density ( P gm cm—3 ), and ambient

- temp (T deg. C), 3 different samples were studied.

The scatter diagrams suggested a linear relation-
ship between the two. The linear regression
equations between p and T have been worked
out and are given below :

Station A : p; =0.1234-0.005T

Station B : p, =0.107-4-0.003 T

Station C : ps =0.1174-0.008 T,
where, p is in gm/cc & T is in centigrade.
The gradients of these lines are highly signi-
ficant, o

5. Variation of snow cover density
If a snow cover has uniform texture, its density

increases with depth for the simple reason that
the lower layers are compressed by the weight

s, F

e




)

(¢ 15

STANDING SNOW Cemd

<260} " L AN
P R I

X

-,

2200

DENSITY Cgm/cc)

180k N\

TABLE3 . s Gulmarg on 28 February 1976 are

- Depth of snow  Densit

. cover(em)  (gm
0

50; e

80 e : .

M0 oo 318

cm?) and teﬁb;k(“‘(‘f) of snow cover

\ ;rp T (°d : «\fp : T (°C)‘\

0.090 —8.1 0.150 ~3
0.270 —4.8 0.350 —2.¢
0.288 —4.2 0.380 —
0.330 —1.7 0.380 —1.
—4.7 0.320 -

~ consideratiofi durin
serving densities at
~cover every d




284 A

cylindrical vessel. The average values of snow
density for different layers and months are
given in Table 3.

Table 3 shows that by March melt metamor-
phism becomes predominant and density of each
layer increases due to percolation of melt water
through the cover. From April onward the meli-
ing becomes excessive and the seasonal snow
cover starts contributing significantly to the river
flows. During this period snow cover generally
becomes homogeneous in texture, being com-
posed of mainly round grains with high degree
of cohesion.

6. Time variation of smow cover density

Snowfall in Western Himalayas generally takes
place during the month of December to April,
though at reaches higher than 3.0 km asl
snow occurs in the months of November, May
and June also .

Variation of fresh snow densities from Decem-
ber to March has been shown in Fig. 1. It dec-
reases gradually in the beginning and attains a
minimum in January end or early February. This
phenomenon is fairly in agreement with the tem-
perature variation which also attains minimum by
the same period. A sharp rise in snow densitics
are observed during late winter and spring
months. On the basis of data recorded at stations
A, B & C during the past 4 years the following
means have been worked out for various months
in Kashmir valley :

Months Dec Jan Feb Mar Apr
Average
densities .084 .083 .076 .144 .192
(gm/cc)

These normal values may be used to deter-
mine water equivalent of fresh snowfall at obser-
vatories in Kashmir,

A sample variation of snowcover densities are
also presented in Fig. 2 for different layers
(ground to 80 cm). The following features are
observed from Figs. 1 and 2 :—

(¢) In all layers the variation in density ex-
hibits increasing trend “with the advancement of
season. It may be regarded mainly due to pres-
sure metamorphism which continues to increase
with time owing to faster growth of standing
snow depth, ‘

(ii)) The variations in densities of different
layers reduces in late winter or spring months,
In other words the cover tend to acquire unifor-
mity with respect to density in later part of the
winter. From March onwards the cover becomes
fairly uniform except for the topmost layers
which remain lighter due to fresh snowfall or
comparatively less settled snow.

(@ii) On slopes facing towards the south in
Nestern Himalayas the melt metamorphism  is
nore predominant than on northern slopes. It
‘auses faster settlement, faster homogenisation

D. S. UPADHYAY

and quicker ablation of the cover resting on ~
southern slopes. As an example the snow cover
conditions recorded at Gulmarg (34° 03’ N,
74° 24’ E; height 2655 m) on 18 March 1978
are as follows :

Northern Southern
slopes slopes

Standing snow 240 150
depth (cm)
Average density .300 0.402
(gm/cc)
Temperature (°C)
() Top —4.0 0.0
(ii) Average —0.5 0.0

7. Summary and conclusions

Owing to various metamorphism process
the density of snow cover undergoes continuous
spatial and temporal variations. After studying
these variations from a small sample of obser-
vations covering a period of 4 years at 3 places

in snow bound areas of northwest Kashmir, the )

following inferences are drawn. These inferences
are tentative at present and need verification on
the basis of a larger sample.

(¢{) Density of fresh snow is minimum (.06~
08 gm/cc) in January and February months.
It increases sharply from March onward and
attains a value between .15 to .20 gm/cc. Hence
the routine practice of considering water-equiva-
lent as 1/10th of the snow depth is not a relia-
ble approximation,

(if) The density of a uniform snowpack not-
mally increases with depth.

({ii) During the spring season due to exces-
sive solar radiation, the snow cover attains a
homogeneous density profile. In northern hemis-
phere slopes facing towards south receive more
solar radiation than those facing towards north.
Thus the pack lying on southern slopes melts
faster making it ripe for yielding runoff. In such
cases the density of whole snow cover is homo-
geneous of the order of 0.5 or 0.6 gm cm—3
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