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RETREAT OF GLACIERS IN INDIAN HIMALAYA
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1990 4014 -
1998 38.21 1.93 459 57
2000 37.73 0.48 22 11
2001 36.87 0.84 97 97
2004 130 43
2006 76 38
Loss 1990-2006 784 49
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ANNUAL LOSS OF GLACIER AREA IN INDIAN HIMALAYA
1962 - 2001/4

0.9

Mean rate of area loss 0.39 % per year

MOUNTAIN GLACIER RETREAT IN DIFFERENT
REGIONS OF THE WORLD

From: Racoviteanu et al. 2008




FRAGMENTATION OF GLACIER: CHENAB BASIN

FRAGMENTATION OF GLACIERS

CHENAB BASIN
(Kulkarni et al 2007)
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CAUSES OF FRAGMENTATION
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Ice melt near Gomukh, Gangotri glacier.
Less melt near Gomukh. (Source: Maruthi
et.al., 2003)

Fragmentation will have profound impact on glacial retreat. It effectively reduces depth,

response time and accelerates retreat.

Glacier mass balance for 228 glaciers
distributed through out the globe,
Cumulative mean ice loss is 20 m
w.e. out of 100 m. Disintegrating
many glaciers (Zemp et al., 2009)

EFFECT OF FRAGMENTATION ON RETREAT: CHENAB
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GLACIERS IN PARBATI BASIN
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Fragmentation will have

profound impact on glacial
retreat. It effectively reduces
depth, response time and
accelerates retreat.
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DEVELOPMENT OF MODEL TO ESTIMATE

MASS BALANCE: BASPA BASIN
Sept. 6,5 (KULKARNI 1992, 2004)
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Accumulation area ratio

Chandra GLACIERS ZERO AAR: BHAGA: 18 CHANDRA: 4
BASPA 4

MEAN SP. MASS BALANCE: 19 GLACIRS BASPA BASIN
2001:-40cm  2002:-78 cm 2004: -57 cm
Loss of glacial ice: 0.11735 cu km/year

CHANGES IN MASS BALANCE IN HIMALAYA

Snow line altitude at the end of summer on

Chhotha Shigri glacier Warwan: 340 glaciers
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In the Himalaya no systematic record is available. Maximum alt. of snow line is
shifted from 4800 m to 5200 m from mid 1980 to 2008. This is significantly affecting
mass balance

BASPA: Snowline shift 4900- 5200 m between 1976 TO 2006 AAR FROM 0.7 TO 0.3.




CHANGES IN TEMPERATURE AND PRECEPITATION IN
WESTERN HIMALAYA
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From: Shekhar et. al., 2009

MODELING GLACIAL CHANGES
PARBATI GLACIER

OBSERVATIONS
Arial extent of glacier in 2001 23.7 km?
Accumulation area in 2001 3.56 km?
Accumulation Area Ratio in 2001 0.138
Estimated glacial mass balance 2001 -86 cm
Estimated depth of glacier in 2001 126 m
Measured rate of melting at snout -6 m/year
Measured glacier length in 2001 10120 m
PREDICTIONS
Estimated response time from 2001 21 years
Estimated loss in glacial length from 2001 to 2022 1461 m (69 mly)
VALIDATION
Measured loss in glacial length from 2001 to 2006 | 206 m (41 mly)

Kulkarni et al., Current Science 88(11), 2005
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SNOW STUDIES

FCC
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Snow accumulation and ablation pattern in basins
located in different parts of Himalaya

Bhaga basin (10 Daily)

80

% Areal extent of snow
5
&

H
& \
5o AT .
oM -
3 40 ; —
i/
£ 20

(]

1-Oct 1-Dec 1-Feb 1-Apr 1-Jun

Date
—e— 2004-05 —=— 2005-06 —e— 2006-07

Alaknanda basin (10 Daily)

e N

T e

—— year 04-05

1-Dec 1-Feb 1-Apr 1-Jun

Date

—— year05-06 —— year 06-07

9% Areal extent of Snow
IS
S

Ravi basin (10 Daily)

TISTA BASIN (COMPOSITE) 2004-2008

AN

/ VAN

[Ny AN

™\

/L =N

AV N

MO

9% AREAL EXTENT OF SNOW

Sy

1-Oct

1-Dec 1-Feb 1-Apr 1-Jun
Date
——2004-05 —— 2005-06 ——2006-07

DEC FEB APR JuN

MONTHS

|— 2004-2005 —=— 2005-2006 = 2006-2007 —— 2007-2008 |

Mean snow fall Western Himalaya: 2004-5: 739 cm; 2005-6: 606 cm; 2006-7: 596 cm

SNOW DEPLETION CURVE:BEAS BASIN
ALTITUDE 3000-3600 m
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DEVELOPMENT OF SNOW AND GLACIER MELT RUNOFF

MODEL FOR MICRO AND MINI RIVER BASINS
(Kulkarni et. al. 2002)

SEASONAL SNOW AND GLACIER MELT RUNOFF MODELING
(Pre-feasibility investigation, Autumn, winter, summer, Monsoon )
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Validation of snow and glacier melt runoff model:

(Rathore and Kulkarni, 2009)

Wangar Gad basin
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due to rise in temperature by 10C
(Rathore and Kulkarni, 2009)

Runoff (Cumec)

25

Autumn Winter Summer
Season

Monsoon

11/5/2009

12



SALIENT OBSERVATIONS

Retreat of 1317 glaciers 11 basins suggest 16 % loss in area from 1962.

Mean of glacial extent reduced from 1.4 to 0.32 sq km. Number of glaciers
increased due to fragmentation but extent is reduced.

Snow line at the end of summer changed from 4900 m to 5300 m from
1970. Many glaciers are without accumulation area and may experience
terminal retreat due to lack of formation of new ice.

Large scale melting and retreat of seasonal snow was observed in basins
like Ravi throughout the winter. In high altitude basins like Baspa and
Bhaga, large scale retreat was observed in beginning of winter. Snow
depletion curve in Beas basin suggest early and rapid melting of snow
cover.

Average stream runoff of Baspa river in December was increased by 75
per cent from 1970.

TERMINUS OF PARBATI GLACIER
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