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The Himalayan Glaciers on the Tibetan Plateau have been among the
most affected by global warming. The Himalayas…provide more than
half of the drinking water for 40% of the world’s population…Within
the next half-century, that 40% of the world’s people may well face a
very serious drinking water shortage, unless the world acts boldly and
quickly to mitigate global warming.” —Al Gore, former US Vice
President, An Inconvenient Truth: The Planetary Emergency of Global
Warming and What We Can Do About It, 2006.
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“
Brain Storming Workshop on Snow and Glaciers and the Himalayan River
Systems on 29-30 May 2013
Organized by:
State Centre on Climate Change
(State Council for Science Technology & Environment)
34 SDA Complex, Kasumpti, Shimla-9
Agenda
VENUE:

HOTEL HOLIDAY HOME

29th May 2013: Day - 1
09:30-10:00

Registration

10:00-10:05

Lightening of Lamp

10:05-10:15

Welcome Address by Dr.S.S.Negi, I.F.S. Director (Env.) -cumMember Secretary (EC) State Council for ST & Environment.

10:15-10:45

Keynote Address – Prof. V.K.Jain
Vice Chancellor, Doon University, Dehradoon.

10:45-11:00

Address by Sh.Sudripta Roy,I.A.S., Chief Secretary, Govt.of
Himachal Pradesh

11:00-11:05

Vote of Thanks, Dr.H.K.Gupta, I.F.S., Joint Member Secretary

TEA

11:05- 11:30

Technical Session I

11:30- 13:00
Chairman
Prof.V.K.Jain
Vice Chancellor
Doon University, Dehradun
Co-Chairman

Dr.H.K.Gupta, I.F.S.
Joint Member Secretary

11:30-12:00

Initiatives of Department of Science & Technology on the Himalayan
Cryosphere: Dr. P. S. Rao Scientist ‘G’ SERC Division, DST, Govt.
of India, New Delhi

12:00-12:30

Initiatives of Govt. of India under National Mission for Sustaining the
Himalayan Ecosystem (NMSHE):Dr.Sanjay Mishra, Advisor Climate
Change, DST, Govt. of India, New Delhi
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12:30-13:00

Climate Change Projections over Himalayan Region: Dr.K.J.Ramesh,
Scientist ‘G’ and Head Climate Change, Ministry of Earth
Sciences, Govt. of India, New Delhi

13:00-13:30

Role of National Center of Glaciology in encouraging snow
Glacier research in the Himachal Himalayas: Dr.Deepak Srivastva,
Ex Director GSI & NCFG, Wadia Institute of Himalayan Geology,
Dehradoon

LUNCH

13:30-14:15

Technical Session II

14:00-15:30
Chairman

Dr.K.J.Ramesh
Scientist ‘G’ & Advisor,
Ministry of Earth Sciences, GoI,
New Delhi

Co-Chairman

Dr.D.B.Dobhal
Scientist, WIHG Dehradun

Rapporteurs:

Ms. Pooja Rana, Ms. Shubra Randhawa, Ms.Anjna Sharma

14:15-14:45

Studies carried out on the Indian Himalaya: Dr. S.P.Shukla,
Suptd.Geologist , Geological Survey of India, Lucknow

14:45-15:15

Glaciological Studies carried out by Space Applications Centre
Ahmedabad: Dr. I. M. Bahuguna, Scientist ‘G’

15:15-15:45

Studies carried out by SASE Chandigarh: Dr. M.Bhutiyani, SASE,
Chandigarh

TEA

15:45-16:00

Technical Session III

15:45-18:00

Chairman

Dr.P.S.Rao
Scientist ‘G’,SERC, Department of Science &
Technology, GoI, New Delhi

Co-Chairman

Dr.S.P.Shukla
Suptd.Geologist, Geological Survey of
India, Faridabad

Rapporteurs:

Ms. Pooja Rana, Ms. Shubra Randhawa, Ms.Anjna Sharma

16:00-16:30

Studies carried out by WIHG in Himalayan region with special
reference to Himachal Pradesh: Dr. D. B. Dobhal, Scientist, WIHG
Geology.

16:30-17:00

Glaciological studies carried out by Jammu University on glaciology
with reference to Himachal Himalayas: Dr. R. K. Ganju, Professor,
Department of Geology, University of Jammu, Jammu.
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17:00-17:30

Glaciological studies carried out on Chhota Shigri Glacier:
Dr. AL. Ramanathan, School of Environmental Sciences, JNU, New
Delhi

17:30-18:00

Glaciological studies carried in Himachal Himalayas:
Sharma, Deptt. of Geography, JNU, New Delhi

Dr. Milap

30TH May 2013: Day - 2
Technical Session IV

09:30-13:00

Chairman

Dr.Sanjay Mishra
Advisor Climate Change, DST

Co-Chairman

Dr.M.Bhutiyani
SASE Chandigarh

Rapporteurs:

Ms. Pooja Rana, Ms. Shubra Randhawa, Ms.Anjna Sharma

09.30-10:00

River System under Indus Basin & Water Resources Development
and CWC Snow Hydrology studies in Himalaya River basins :Sh. P.
Dorje Gyamba , Director Central Water Commission Ministry Of
Water Resources, Govt of India Shimla

10:00-10:30

Hydrological studies carried out by National Institute of Hydrology,
Roorkee in Himalayan River Basins: Dr.M.Arora, National Institute
of Hydrology Roorkee

10:30-11:00

Studies carried out by Sharda University, Greater Noida:
Dr. Rajesh Kumar, Associate Professor, Sharda University, Greater
Noida, U.P.

11:00-11:30

Studies carried out by Dept. of Geology, Govt. PG College,
Dharamshala: Dr. Sunil Dhar

11:30-12:00

Aerosol studies carried out by GBPHIED Kullu in Himachal Himalaya:
- Dr. J. C. Kunial, Scientist GBPHIED, Kullu

12:00-12:30

Studies carried out by SCCC in Himachal Himalayas
- Dr. S. S. Randhawa, Sr. Scientific Officer

12:30-13:00

Concluding Discussions and recommendations:
Chairman

Dr.S.S.Negi, IFS
Director (Env.) –cum- Member Secretary(EC)
State Council for Science Technology & Env.

Panelist

Chairman (Technical Session I, II,III,IV)

13:00-13:10

Vote of Thanks

LUNCH

13:10-14:15
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REPORT ON BRAIN STORMING WORKSHOP ON SNOW
GLACIERS AND THE HIMALAYAN RIVER SYSTEMS,
SHIMLA, 29-30 MAY, 2013
-------------------------------------------------------------------------------------------Background:
The information and knowledge on glaciers, their spatial extent and health
as a function of time is valuable not only as a frozen fresh water resource but a
possible indicator of changing climate. The information that glaciers worldwide are
losing mass since at least 1970 have been used strong evidence in favor of climate
change. The link between the glaciers and climate change has attracted the attention
of scientific community worldwide. It is in this context, the study of glaciers and
glacial environs in the Himalayan region is important and useful notwithstanding the
fact that hydrological cycle of the Indian Region is mainly influenced by the monsoon
patterns, the melting of snow and glaciers during the summer period constitute a key
source of water to the major river system especially the Northern Himalayans Rivers.
Hence scientific study of glaciers and their response to the climate variability,
acquires great significance as far as the sustainable plans for the mountain regions
and the adjoining plains with regard to hydropower, water supply and environmental
quality are concerned.
Five major river systems of Northern India either originate or pass
through Himachal Himalayas.
The studies pertaining to the
Himalayan

cryosphere

constituting mainly of snow
and glacier forms a major
input to these river systems
as far as the sustainability of
our hydro power plants is
concerned.

Hence

in

the

present scenario of climatic
variations, the studies pertaining to snow and glaciers are very important in order to
understand its dynamics and the downstream effects on our river system.
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The catchment areas of these river systems are being investigated by a
number of organizations as glacier studies forms a major component under the
National Mission for Sustaining the Himalayan Ecosystem (NMSHE) of the National
Action Plan on Climate Change (NAPCC). There are several institutions such as
ISRO Ahmedabad, GSI Lucknow, NIH Roorkee, Jammu University, IIT Mumbai, JNU
Delhi, IISC Bangalore, WIHG Dehradoon, SASE Chandigarh, PEC Chandigarh,
BITS Ranchi, Govt. PG College Dharamshala & SCSTE Shimla working on different
aspects of snow and glaciers in Himalayan region in general and Himachal
Himalayas in particular .Over the years these institutions have generated a large
wealth of information and data base on Himalayan cryosphere and River Systems.
This information can be helpful in evolving strategies and planning for the Himalayan
Water Resources. Hence in order to compile and share the information with other
institutions, so as to apprise the key functionalities at the planning and policy level, a
brain storming workshop was organised by the State Centre on Climate Change of
the State Council for Science Technology & Environment, Shimla-9. In the brain
storming Scientists from different organsiations such as Department of Science &
Technology (MoST,GoI),MoES, ISRO, NIH Roorkee, JNU New Delhi, Geological
Survey of India, Lucknow,Sharda Unviersity ,G.Noida, Jammu University, Himachal
University, SASE Chandigarh, WIHG Dehradun, GBPIHED Kullu participated and
presented their findings and had brain storming on this vital issue of importance as
far as Himlayan Regions are concerned.
Objectives:
The workshop was organised with the objective to assess the state of art
and the research being carried out by the other institutions in and outside the state
on the Himalayan cryopshere.To assess the impacts of climate change on the snow
and glaciers and its effects on the livelihoods and the river system in the Himalayan
region in general and the Himachal Pradesh in particular.
The broad themes which were discussed in one and half day
workshop were mainly the :


Glacier Monitoring



Glacier Inventory
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Seasonal snow cover



Mass Balance of the glaciers



Future projections



Glacier impact studies on the livelihoods, river system etc.



Fluctuation of snow line on the biodiversity (floral or faunal)



Run off estimation and the future projections.



Instrumentation etc.



Climate induced hazards

Key speakers:
The key speakers were mainly from various institutions in and outside the
state who have been working directly or indirectly on the Himalayan cryosphere and
were from :
1. Geological Survey of India, Lucknow
2. Space Applications Center (ISRO), Ahmedabad
3. SASE, Chandigarh
4. Wadia Institute of Himalayan Geology, Dehradun
5. GB Pant Institute of Himalayan Environment & Development (GBPHIED),
Kullu, H.P.
6. National Institute of Hydrology, Roorkee
7. Jawaharlal Lal Nehru University, New Delhi
8. Sharda University, G.Noida
9. Department of Geology, Jammu University
10. Department of Geology, Govt.PG College, Dharamshala
11. Department of Science & Technology, New Delhi
12. Ministry of Earth Sciences, New Delhi
13. Central Water Commission, Shimla
14. State Centre on Climate Change (SCSTE)
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Target Audience:
In the one and half day brain storming, about 100 officers from
stakeholder departments like Agriculture, Horticulture, Irrigation and Public Health,
Forest,

Ayurveda,

NHPC,

NTPC,

HPSEB,
HPPCL,

SJVNL,
Energy,

Himurja, Urban Development, Himachal
Pradesh University, CSK Agriculture
University

Palampur,

Dr.Y.S.Parmar

University of Horticulture and Forestry
Nauni, Solan, IHBT Palampur, NBPGR
Shimla, ICAR Shimla, HFRI Shimla and
CPRI Shimla etc. participated in the
deliberations.

Inaugral Session:
The one and half day brain
storming

workshop

began

with

the

lighting of the lamp by the dignatories
followed by its formal inaugration by
worthy

Chief

Secretary,

Govt.

of

Himachal Pradesh.
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Dr.S.S.Negi ,IFS, Dirctor (Environment ) GoHP –cum- Member Secretary
(EC)

State

Sh.Sudripta
Chief

Council

for

Roy,

Secretary,

Science

Technology

&

Environment

welcomed

IAS,
Himachal

Pradesh and the Prof V.K.Jain, ,
Hon’ble Vice Chancellor ,Doon
University Dehradun, the Guest
of Honour on this occasion. He
also welcomed the distinguished
scientists

from

different

institutions in and outside

the

State and the other participants from differnt stakeholder departments

like IPH,

Agriculture, Horticulture, Forests, All the Universities in the State, Hydel Sector,
Energy Department, HPSEB and the Members of the Working Group of the Mission
for Sustaining the Himalayan Ecosystem (NMSHE). Dr Negi in his welcome address
said that this workshop is of great significance for us as it is perhaps for the first time
that the State Centre on Climate Change since its inception has taken an initiative to
bring all the scientific community on one platform to enlighten the policy makers, the
scientific community, the academicians and the other stakeholder departments about
the research being carried out by them. He further said that during next two days we
will be dealing with Himalayan Glaciers and River Systems especially in Western
Himalayas. He told that in pursuance to the National Action Plan on Climate Change
(NAPCC), a Himalayan Chief Minister’s Conclave on 'Indian Himalaya: Glaciers,
Climate Change & Livelihoods' was held at Shimla on October, 29-30, 2009 and the
joint programme evolved therein called 'Shimla Declaration on Climate Change and
Himalayan Development'. As a follow up of shimla declaration and to achieve the
objectives of NAPCC, a State Centre on Climate Change was established under the
aegis of the State Council for Science Technology & Environment(Department of
Environment, Science & Technology) Himachal Pradesh so that State's initiatives
could be dovetailed with the Centre's initiatives. He further said that this workshop
will help to prepare a roadmap for future action plan for next 5 years for State Centre
on Climate Change.
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In

the

inaugral

Dr.S.S.Randhawa

Senior

session,
Scientific

Officer and the Co-ordinatore of the
State Centre on Climate Change briefed
the august gathering about the mandate
laid down under the State Centre on
Climate Change and the activities /work
done by the Centre sicne its inception in
the State. He also apprised the Chief Guests and the other distinguished guests
about the status of the Snow and Glaciers in Himachal Himalaya and the intiatvies
taken along with other institutions in the state on this vital issue of importance. Some
of the findings of the State Centre on Climate Change on the Himalayan Cryosphere
are as under:
Remote Sensing based Glacier Inventory of Himachal Pradesh:
Geological history of Earth indicates that glacial dimensions are constantly
changing with changing climate. During Pleistocene the earth’s surface has
experienced repeated glaciations over a large land mass. During the interglacial
period, climate was warmer and deglaciation occurred on large scale. This suggests
that glaciers are constantly changing with time and these changes can affect the
discharge of most of the Himalayan Rivers. Therefore it is important to carry out the
investigation for snow and glaciers for the proper management of Himalayan water
resources.
Keeping in mind this view, Space Applications Center had initiated a
programme for the mapping of glaciers and permanent snowfields in the Satluj basin.
Using IRS satellite data inventory was completed for the Satluj basin right from its
orgin in Tibet catchment. In this programme mainly three agencies were involved i.e
SAC Ahmedabad, WIHG Dehradoon and HPRSC Shimla. The results obtained from
the investigation suggest the presence of 334 glaciers in the Satluj basin right from
its origin. The aerial extent of the glaciers in the basin has been calculated as 1515
sq.km.. The study also shows the presence of 1987 permanent snowfields having a
total area of 1182 sq.km. Thus the total area under glaciers and permanent
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snowfields in the Satluj basin has been calculated as 2607 sq.km.(Based on 1991,93
Liss I & II satellite data analysis).
Similar investigations were also carried out in the Chenab and Ravi
basins in Himachal Pradesh. The mapping was carried out on 1:50,000 scale using
LISS III- High Resoultion Satellite Data. The data base has been compiled in the
form of an Atlas which cover information mainly about the Chenab basin in Himachal
Pradesh. The investigation suggests the presence of total 457 glaciers in the
Chenab basin with a total aerial extent of 1055.27 Sq.Km. A total of 732 permanent
snow fields were also mapped having total area of 245.0 Sq.km. Besides this fifty
moraine dammed lakes and five supra glacier lakes were also delineated from the
satellite data in the Chenab basin(Based on 2001 IRS Liss III satellite data analysis)
Distribution of glaciers and permanent snow fields in Beas and Satluj & Chenab Basins in
Himachal Himalayas :

Basin Name

No. of Glaciers

Aerial
No. of
Aerial
Extent
snow fields
Extent
(Sq.Km.)
(Sq.Km.)
-----------------------------------------------------------------------------------------------------------------------Beas Basin
51
503.725
237
312.564
{Parvati Sub Basin 36

450.627

131

188.188

{ Sainj Sub Basin

09

37.255

59

51.934

Satluj Basin

151

616.299

857

544.173

{ Spiti Sub Basin

71

258.237

597

368.366

{ Baspa Sub Basin 25

203.300

66

64.964

1055.27

732

245.000

Chenab Basin

457

----------------------------------------------------------------------------------------------------------------------Distribution of glaciers on the basis of their aerial extent in Satluj Basin:
Range of Aerial

Number of

Total Area

Extent (Sq.Km.)

Glaciers

of glaciers (Sq.Km.)

0.5

41

10.254

0.5-1.0

47

37.167

1.0-2.0

75

108.641

2.0-5.0

92

296.208

5.0-10.0

51

377.649

>10.0

28

687.202
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Distribution of Glaciers in different ranges of aerial extent in Chenab Basin:
Glacier Area (Sq.Km.)

No.of Glaciers

Total Area (Sq.Km.)

<1

244

113.832

1-5

165

394.599

5-10

34

211.284

>10

14

335.612

Monitoring of Glaciers of Spiti Basin:
Monitoring of glaciers in Spiti River basin of Satluj River catchment has
been carried out using RS &GIS technique. Four different glacier layers were
generated for monitoring in the basin. Base layer was generated using Survey of
India topographic maps on 1:50,000 scale , 1993 glacier layer was extracted from
the Himalayan Glacier information System(HGIS) in which glacier inventory data
base was created using LISS I and II satellite data and the glacier layers for 2001
and 2007 were generated using IRS LISS III satellite data. As far as the base layer
for 1965/65 is concerned, glacier boundaries are incomplete due to non-availability
of the topographic maps as some part of the study area falls in the Chinese Territory,
as a result of which the number of glaciers in each layer varies from one to another.
Also in some cases the glacier boundaries of the base layer do not match with the
glacier layer generated though satellite data which may lead to some errors in
interpretation as this is the only reliable baseline data available as on day. Common
glaciers from the interpreted layers were taken in order to estimate the retreat in
terms of loss of area for the year 1962, 1993, 2001 and 2007. On comparing these
250 glaciers during these monitoring years, it is found that about 5% area as a
whole has been lost between 1962-93 which also includes some glaciers which
indicates gain in the area and about 2% area loss in between 1993-2001 followed by
about 12% loss between 2001 and 2007. On comparing which are common in 1993,
2001 and 2007, it is found that about 13% deglaciation occurred between 2001 and
2007 and a marginal loss of area about 0.44% between 1993-2001. On analyzing
the glacier layer in 2001 and 2007, it is found that about 50% of the glaciers marked
from SOI topographic maps when compared with 2001 glacier layer shows an
increase in their aerial extent which may or may not be due to topographical sheet
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errors. However in order to estimate the loss of area, only 188 glaciers from base
layer were considered which shows reduction in their aerial extents. When compared
with 2001 glacier layer, it is found that total glacier area for these 188 glaciers have
been reduced to 230.84 sq.km. in 2001 from 311.13 sq.km. area in 1962 indicating
an overall reduction of 25.80% glacier area within 1962 to 2001.While comparing
the glaciers based on their aerial size, it is found that maximum retreat of about 65%
has taken place in case of glaciers where area is more than 10sq.km between 19622001 followed by about 38% area loss in 5-10 sq.km. glacier size range and 30% in
case of 3-5 sq.km glacier size. About 13% glacier area has been lost amongst the
glaciers where glacier size is in between 1-3 sq.km. The small sized glaciers with
glacier area less than 1 sq.km shows an increase in the numbers as well as total
area indicating that small sized glaciers have been increased due to the
fragmentation of large and medium sized glaciers during this period. This further
reflects that large and medium sized glaciers have been affected by the climatic
variations over a period of time as a result of which fragmentation of these glaciers
has taken place thereby increasing the small sized glaciers in 2001.
The comparison of 2001 and 2007 glacier layers reveal that a loss of
11.04% of the total glacier area has been lost due to deglaciation in the basin
between 2001 and 2007 which varies in different proportions when compared based
on their glacier size. Maximum deglaciation of about 21% area loss has been
observed in the large sized glaciers where glacier area is more than 10sq.km. and
about 18% occurred in the 1-3 sq.km glacier size range. The other category does not
show much retreat in comparison to these two prominent categories. As far as
variation in the number of large sized glaciers is concerned, it is found that their
number does not vary where as shows a considerable decrease in their aerial extent
indicating that these large sized glaciers are continuality being affected by the
climatic variations with the result these are undergoing in the retreating phase.
Increase of small sized glaciers i.e. 621 glaciers in 2007 from 556 in 2001 indicates
that their numbers has been increased due to reduction in the spatial extent of the
different glaciers in the higher order with the result

their numbers has been

increased in the lower category. The variation of the atmospheric

temperature

variations in the valley further corroborate the fact that the maximum and minimum
temperature in almost all the locations i.e Losar, Kaza, Maling and Namgia shows
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increasing trend after 2000 onwards which may have contributed in having higher
melting rate in different ranges of glaciers thereby decreasing their spatial extents.
The linear retreat has also been estimated for some of the glaciers between 1962,
2001 and 2007 which indicates different rates of retreat during the period of
observations.
Thus on the basis of above observations it is inferred that the glaciers in
the Spiti sub catchment of Satluj Basin has shown a retreating trend both in spatial
as well as in linear retreat. In case of 188 glaciers which shows decrease in their
aerial extents in 1962 when compared with the corresponding glaciers in 2001 found
that a deglaciation of 25.80% has occurred in terms of area loss between 1962 to
2001.Likewise 812 glaciers in the year 2001 when compared with the glaciers in
2007, found that a total deglaciation of 11.04% has taken place between 2001 and
2007. As far as linear retreat is concerned, the glaciers which could have been
monitored, shows different variations in terms of their snout positions.
GLACIER LAKE OUTBURSTS FLOODS (GLOF)

Glacier outbursts floods caused by moraine dammed lakes are a common
feature in the glaciated terrain in the world. The bursting of these lakes increases the
discharge of the stream causing flash floods
huge

in the downstream areas and causes

loss of life and property. Many events of such outbursts floods have been

reported in the North America, Europe and in the Himalayas (Clark & Mathews,
1981, Deslognes et al 1989 ) . So far in the Himalayan region the bursting of such
lakes have been reported from Manalsu region, Central Nepal and in Bhutan
(Gansar, 1983).However no systematic records of glacier lake outbursts

from

Indian Himalayas is available.
During the investigation for the snow and glaciers in the Himachal
Himalayas, an attempt has also been made to delineate all such lakes formed in the
glaciated region. A total of 38 lakes could be mapped in the entire Satluj basin ,out of
which 14 lakes falls in the Himachal Himalayas where as the remaining lakes fall in
the Tibet Himalayas. The aerial extent of these lakes is given as per Table..
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Table : DISTRIBUTION OF MORAINE DAMMED LAKES IN SATLUJ BASIN
GLACIER NUMBER

BASIN NUMBER

53E09013
53E09014
53E09018
53E09021
53I07013
53I07014
53I10024
53I14001
53I07017
53I0700
53I05001
52L16003
52L16005
52L16006

2211314
2211314
2211521
2211531
2220012
2220012
2220060
2220061
2220308
2220711
2221000
2221400
2221400
2221400

AREAOF
LAKE (SQ.KM.)
0.200
0.100
0.075
0.050
0.025
0.050
0.050
0.100
0.025
0.150
0.075
0.200
0.025
0.050

INVENTORY OF MORAINE DAMMED LAKES IN SATLUJ BASIN IN TIBET HIMALAYAS
SR.NO.

BASIN NUMBER

TOPOSHEET NO.

AREA OF LAKE
IN SQ.KM

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22
23.
24.

2220028
2220028
2222010
2222010
2222010
2222010
2222010
2222042
2222051
2222052
2222052
2222052
2222053
2222203
2222230
2222230
2222266
2222267
2222267
2222322
2222410
2222410
2222410
2222421

53M08001
53M08003
52P03004
52P03005
52P03007
52P06001
52P06002
62B06010
53M12051
53M12005
53M12006
53M12008
53M08004
62E04007
62E08001
62E08002
62F07001
62F07002
62F07003
62B10001
62B06001
62B06002
62B10007
62B06005

0.050
0.050
0.025
0.025
0.050
0.050
0.025
0.050
0.050
0.050
0.100
0.025
0.050
0.025
0.050
0.050
0.050
0.100
0.075
0.025
0.050
0.050
0.025
0.050
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Table : Distribution of moraine dammed lakes in Chenab basin
Sr.No. Toposheet No. Lake Area
(Sq.km)
1
2
3
4
5
6
7
8
9
10

52C/12
52C/12
52C/12
52C/12
52C/12
52C/12
52C/12
52C/16
52C/16
52C/16

11

52C/16

12

52C/16

13

52C/16

14

52C/16

15
16
17
18
19

52C/16
52C/16
52 D/13
52 D/13
52 D/13

.013
.021
.043
.207
.023
.017
.033
.012
.028
.025
(SGL)
.013
(SGL)
.005
(SGL)
.005
(SGL)
.004
(SGL)
.015
.015
.021
.011
.012

Sr.No. Toposheet No. Lake Area
(Sq.km)

Sr.No. Toposheet No.

20
21
22
23
24
25
26
27
28
29

52 D/13
52 D/13
52 D/13
52 D/13
52 H/01
52 H/01
52 H/01
52 H/01
52 H/01
52 H/02

.006
.019
.007
.023
.012
.003
.009
.036
.033
.003

39
40
41
42
43
44
45
46
47
48

52 H/06
52 H/06
52 H/06
52 H/06
52 H/06
52 H/06
52 H/06
52 H/06
52 H/06
52 H/08

Lake
Area
(Sq.km)
.003
.006
.010
.002
.003
.005
.677
.051
.011
.063

30

52 H/02

.538

49

52 H/08

.023

31

52 H/03

.062

50

52 H/10

.017

32

52 H/05

.076

51

52 H/10

.049

33

52 H/06

.105

52

52 H/11

1.053

34
35
36
37
38

52 H/06
52 H/06
52 H/06
52 H/06
52 H/06

.104
.096
.054
.006
.041

53
52 H/11
.004
54
52 H/11
.003
55
52 H/11
.004
SGL: (Supra Glacier lake)

BASIN WISE AREA UNDER SNOW IN HIMACHAL PRADESH DURING 2011-12
The state of Himachal Pradesh, which receives winter precipitation in the form of
snow in the higher altitudes. About 1/3rd of the total geographical area remains under thick
snow cover during the winter season. Most of the major rivers and the perennial streams
originating from the Himalayas depend upon the seasonal snow cover for their discharge
dependability. Keeping this in consideration, using AWiFS satellite data the analysis was
done for assessing the variation of seasonal snow cover in different basins of Himachal
Pradesh every year.
Basin Name: Pin
Sr.No Month
1
2
3
4
5
6
7
8
9

Oct 2011
Nov 2011
Dec 2011
Jan 2012
Feb 2012
Mar 2012
Apr 2012
May 2012
Jun 2012

Basin Area: 1266 sq Km
SnowCover(Sq.Km)
262.50
284.00
637.72
1146.38
1272.12
1269.45
1177.25
1001.88
648.89

Basin Name: Spiti
Sr.No Month
1
2
3
4
5
6
7
8
9

Oct 2011
Nov 2011
Dec 2011
Jan 2012
Feb 2012
Mar 2012
Apr 2012
May 2012
Jun 2012
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Basin Area: 8871 sq Km
SnowCover(Sq.Km)
629.67
817.00
1560.00
5451.00
8523.33
8417.33
6119.33
4636.33
2174.00
17

Basin Name: Baspa
Sr.No Month
1
2
3
4
5
6
7
8
9

Basin Area: 1096 sq Km
SnowCover(Sq.Km)

Oct 2011
Nov 2011
Dec 2011
Jan 2012
Feb 2012
Mar 2012
Apr 2012
May 2012
Jun 2012

301.66
237.00
514.00
792.33
1095.33
1045.00
959.00
841.00
521.67

Basin Name: Jiwa
Basin Area: 1445 sq Km
Sr.No
Month SnowCover(Sq.Km)
1
2
3
4
5
6
7
8
9

Oct 2011
Nov 2011
Dec 2011
Jan 2012
Feb 2012
Mar 2012
Apr 2012
May 2012
Jun 2012

175.33
177.00
251.00
1227.66
908.00
765.66
596.67
492.00
237.67

Basin Name: Parbati Basin Area: 1773 sq Km
Sr.
Month
SnowCover(Sq.Km)
No
1
Oct 2011
598.63
2
Nov 2011
783.25
3
Dec 2011
909.23
4
Jan 2012
1688.33
5
Feb 2012
1628.14
6
Mar 2012
1508.41
7
Apr 2012
1350.42
8
May 2012
1263.57
9
Jun 2012
953.40
Basin Name: Beas
Basin Area: 1132 sq Km
Sr.
Month SnowCover(Sq.Km)
No
1
Oct 2011
356.33
2
Nov 2011
333.00
3
Dec 2011
386.00
4
Jan 2012
1068.33
5
Feb 2012
932.00
6
Mar 2012
851.66
7
Apr 2012
691.00
8
May 2012
538.00
9
Jun 2012
248.00

Prof. V.K.Jain , Hon’ble Vice Chancellor delivered the keynote address
on “Air Pollution and Himalayan Glaciers”. In his keynote he said that that air
pollution and glaciers are linked
with each other by climate
change and arresting climate
change and melting of glaciers
is one of the most important
environmental challenges in the
contemporary context as it has
Scientific dimensions, Economic
dimensions, Social dimensions,
Political

dimensions

and

at

stake very survival of planetary life itself. He enumerated the various sources of air
pollution and the categories of pollutants i.e. primary and secondary pollutants. He
said that Green House Gases (CO2, CH4, N2O, CFCs, O3), aerosols (sulphates /
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nitrates and black carbon) and land use changes are the main drivers of climate
change. Prof. Jain presented an graphical overview of recent global trend of
greenhouse gas concentrations and global distribution of aerosols. He said aerosols
interact with incoming shortwave and outgoing long wave infrared radiations and
have the capacity to redistribute the incoming or outgoing energy. He said that
aerosols may be water soluble i.e. sea salt, sulphate, nitrate, organic carbon, they
may be sulphate particles, soot, carbonaceous material and dust like substances or
minerals etc. The chemical composition of aerosol determines the Refractive Index
(µ).
Prof.

Jain

further

said

that

the

Atmospheric Brown Cloud (ABC) is
extending over the Gangetic Plains
and into the Indian Ocean. He said
that biomass burning sources such as
fuel wood and agriculture waste and
emissions from coal fired industries
are major contributor for the formation
of ABC. It consists of a mixture of light-scattering and light-absorbing aerosol
particles like tiny particles of soot, sulphates, nitrates, fly ash, soil dust and many
other pollutants .He told that black carbon (i.e. light absorbing elemental and organic
carbon particles) and many organic acids are the main constituents of soot. He
further informed that the brownish colour of ABCs is due to the absorption and
scattering of solar radiation. ABC modifies the energy budget of earth and causes
dimming which affects the biomass
production. There are five regional
ABC hot spots:
•

East Asia;

•

Indo-Gangetic Plains;

•

Indonesia;

•

Southern Africa;

•

The Amazon basin in South America.
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Prof. Jain also told that ABCs modify the radiation budget of Earth Atmospheric
system leading to changes in temperature, precipitation and biomass production. He
stressed that ABC has significant impact on the glacier dynamics. Black soot
aerosols falling on the glaciers darken their surface, reducing snow albedo and
favouring glacier melting. He said globally, the annual emissions of BC are 20% from
biofuels, 40% from fossil fuels and 40% from open biomass burning. It reduces the
albedo of glaciers and due to reduction of Albedo, runoff increases of 70-204 mm of
water are predicted.He said black carbon induces 10-20 Wm-2 radiative forcing in
troposphere. At the end he concluded that BC atmospheric heating may be an
important contributing factor to the retreat of Himalayan glaciers. Analysis of
temperature trends on the Tibetan side of the Himalayas reveals warming in excess
of 1 °C since the 1950s. This large warming trend at the elevated levels is proposed
as the causal factor for the retreat of glaciers through melting.
Sh. Sudripta Roy,IAS
Chief Secretary Himachal Pradesh
in his inaugral address at the
outset welcomed all the invited
speakers and participants and
also

congratulated

the

State

Centre on Climate Change for
organizing

the

Brain

Storming

Workshop on the Snow

and

Glaciers and the Himalayan River Systems. He said that it is an important issue of
concern as the Himalayan glaciers are the third largest deposit of snow on the earth
after Antarctica and north pole and most vulnerable on account of large habitations
which have grown by 120 per cent over past few years.
He informed that as many as 36 new lakes have been formed in Himalayan region
over the past one year, including a lake in Lahaul Spiti for which the the district
administation has been informed to take further precautionary measures as per the
suggestions of Geological Survey of India. He further said that if the glacier would
continue receding speedily, it would increase the area of these lakes and that could
lead to catastrophe if it breaks.
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He further said that not only global warming but there are several factors which were
responsible for the reduction of the glaciers and we must make concerted efforts to
make various activities eco-friendly. Climate change issues were of global concern
and

pose

major

challenge

to

mountain environment as mountain
ecosystem was highly vulnerable
and sensitive to climate variations,
he added.
Hon’ble Chief Guest further

said

the state had begun a crusade
against climate change and a state
action plan on climate change had also been framed and is in the final stage of its
launch. He said the Himalayan region is highly vulnerable to climate change and
millions of people downstream in the south Asian region would be directly affected,
even if small change in climate occurs in mountains.
He said realizing the threat and consequences of the changing climate in the
western Himalayan region the state had pioneered several initiatives to combat it
and had also brought together various Himalayan states and agreed upon 12 major
actions which is known as the Shimla declaration.
He further told that with most rivers including Satluj, Beas, Chenab and Ravi being
glacier fed, the alarming rate at which the glaciers are receding will deal a huge blow
to Himachal Pradesh’s plans to produce half of country’s hydro-power.
It has been noticed that while the flow of water in the Beas and Ravi has slowed,
there has been a significant change in the water flow in the Sutlej. This could be a
result of the fast melting glaciers,” Sh. Roy added.
Further he said that Instead of engaging in a debate and creating hype about how
fast or slow they are melting, the focus should be on undertaking real time studies to
assess the impact so that effective measures could be taken to combat it. He called
upon the scientists to work to provide a healthy, stable and sustainable environment
to the future generations.
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Dr.

Hemant

Gupta,

IFS

,Joint Member Secretary delivered the
vote of thanks to the Chair, the
distinguished scientist, the participants
and the print and electronic media at
the close of the inaugural session.

TECHNICAL SESSIONS:
The programme was divided into four technical sessions. The technical
session –I mainly comprises of the initiatives being taken at the Govt. of India level
by the nodal departments like Ministry of Science & Technology and Ministry of Earth
Sciences on this issue. The other three sessions includes the work done by the
respective organizations in the field of Snow and Glaciers and the Himalayan River
Systems in the western Himalayan region.

Technical Session I

The
session-I

Prof.V.K.Jain
Vice Chancellor
Doon University,Dehradun

Co-Chairman

Dr.H.K.Gupta, IFS
Joint Member Secretary

technical

was

Prof.V.K.Jain,

Chairman

chaired
Hon’ble

by
Vice

Chancellor, Doon University
Dehradun
Gupta,

and

Dr.Hemant

Joint

Member

Secretary, SCSTE. The key
speakers of this session were
Dr.P.S.Rao,

Scientist

‘G;

SERC Division, Department of
Science & Technology, GoI new Delhi, Dr.Sanjay Mishra, Advisor Climate Change,
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Department of Science & Technology, GoI New Delhi and Dr.K.J.Ramesh Advisor &
Head Climate Change, Ministry of Earth Sciences, GoI New Delhi.

Dr. P. S. Rao, Scientist ‘G’ , SERC Division, DST, Govt. of India, New Delhi
Dr. Rao presented an
overview of Initiatives taken by
Department

of

Technology

on

Science
the

and

Himalayan

Cryosphere. He sadi that

the

Glaciers and glacial environments in
the Himalaya are expected to be
sensitive to variations in climate
forcing. The response time of these
glaciers to adjust their length changes (ex. Snout) may vary from 20 to 50 years
depending on the prevailing micro-climatic conditions and have influence on many
factors like slope, aspect, bottom topography and geothermal flux. The recent
reports have projected significant changes in the extent of snow cover, intensity of
snowfall, melting of snow, losses in the glacier mass balance leading to wide
fluctuations in the river flows sustained by glaciers. The hydrological cycle of the
Indian region is further complicated by the Asian monsoon system and the influence
of extra-tropical systems. However, there is little doubt that melting of glaciers
provides a key source of water for the region in the summer months, as 30-60% of
the flow in the major rivers of the region is through snow and glacier melt water.
In view of strategic importance, the Government of India through the Department of
Science and Technology supporting
campaign

mode

surveys

and

research studies over 25 years. Out
of the 9500 glaciers exist in the
Indian Himalaya, about 50 glaciers
were partially studied the length
changes, especially position of snout
using

in-situ

measurements

and
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satellite remote sensing techniques. These efforts are aimed at understanding the
processes and response of these systems using varied approaches and techniques.
The available data / information from all these sources are not enough to
conclusively relate the hydrological processes and glacier length changes to the
phenomena of climate change. Also, recognized that Himalayan Glaciers are unique
in many respects and hence studies undertaken in other parts of the globe could not
be directly relevant to our region for adaptation towards mitigating the effects of
climate variability.
He further highlighted some of the initiatvies like , a status report on the `Dynamics
of Glaciers in the Indian Himalaya - The Science Plan' was prepared. He
informed that 10 benchmark Glaciers have already been selected for adaptation
based long term monitoring which are, Dokriani, Chorabari, Hampta, Naradu, Puche,
Chhota Shigri, Satopanth Bhagirath, Patsio, East Rathong and Gorang Chu. Various
thrust areas for in-depth studies in glaciology were recognized to generate the
necessary scientific information to devise suitable S&T based interventional
strategies. Based on the accessibility, length, aspect, altitude, etc. identified ten
bench-mark glaciers across the Indian Himalaya for continuous monitoring in
collaboration with the participating scientists from different institutions and
organizations. Status reports on `Chhota Shigri Glacier' and 'Gangotri Glacier''
have been published. Recognizing the importance of Gangotri Glacier as one of the
key Hydrological resource of national significance, an `Integrated program on
Gangotri Glacier’ was prepared. This plan is focused to understand the role of
climate forcing on various aspects of glacier dynamics, including hydrological
processes utilizing modern in-situ observations and advanced remote sensing
techniques. Few research proposals were evolved to undertake snow cover, mass
balance, hydrological, geo-chemical, geomorphological and aerosol forcing over
Himalaya were approved for implementation. Initiated the establishment of a
`National Centre for Himalayan Glaciology’ at Mussoorie for undertaking longterm monitoring of the glaciers, strengthening of integrated observational systems in
the glaciated environments; identified thrust areas for extra mural research support;
creation of `Centers of Excellence in Glacier Research` at Universities located in
the Himalayan region and to build multi-disciplinary research capacities in this
specialized discipline of Himalayan Glaciology. The Department intends to
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implement more intensive studies through multi-disciplinary collaboration and active
participation from various institutions located in the region.
Dr Rao was of the opinion that even after 25 years of Himalayan Glaciology program
implemented,

we are not able in drawing definitive conclusions and policy

formulation on the basis of available data. He told that the studies carried out were
not uniform for all the glaciers, and also the manpower component is weak. Some of
the identified problems leading to have slow progress in the Himlayan region are
like:
•

Rigor of working in the inhospitable terrain and weather conditions without
adequate back-up of infrastructure and logistic facilities

•

Absence of any formal academic University level programs in glaciology for
in-depth academic training of manpower

•

Lack of adequate career opportunities and incentives commensurate with the
demands of the profession

•

Short span studies on project mode with indistinct program objectives.

•

Absence of identified focal organization vested with the responsibility of
providing the required thrust to field and research activities.

Dr.Sanjay Mishra, Advisor, Climate Change, DST, Govt. of India, New Delhi
Dr Mishra presented his talk on “Initiatives of Govt. of India under
National Mission for Sustaining the Himalayan Ecosystem (NMSHE)”. He
presented a general introduction of
climate

change

and

its

casual

agents. He also briefed about the
National Action Plan on Climate
Change under which Eight National
Missions has been formulated that
outlines a National Strategy that
aims to enable the country adapt to
climate change and enhances the ecological sustainability of India’s development
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path. Dr Mishra explained about mandate under

National Mission for Strategic

Knowledge on Climate Change (NMSKCC) and told that DST’s role is to build
human and institutional capacities to address and deliver the objectives of NMSKCC.
He further told that this mission focuses on the identification of knowledge gaps and
formation of global technology watch groups and creation of new dedicated centres.
He told that the objective of NMSKCC is the formation of knowledge networks
among the existing knowledge institutions engaged in research and development
relating to climate science and creating institutional capacity for research,
infrastructure including access to relevant data sets. He also listed out the various
institution like Department of Science & Technology, Council of Scientific & Industrial
Research, Department of Bio-technology, Ministry of Earth Sciences, Ministry of
Environment & Forests, Department of Space and Ministry of External Affairs who
will coordinate for the implementation of NMSKCC. Under this mission at least 10
thematic knowledge networks will be established, 10-12 technical reports as a part of
implementation will be published, Regional and disaggregated climate models will be
studied and 50 Chair professorships
and about 200 specially trained
climate

change

research

professionals will be selected. He
told that IIT Bombay and ICRISAT,
Hyderabaad has been identified as
two centre of excellence.
Further he briefed about National
Mission for Sustaining the Himalayan Eco System (NMSHE) and told that the main
objective of this mission is to develop a sustainable national capacity to continuously
assess the health of Himalayan eco system, and Enable policy bodies in policy
formulation function, and Assist Himalayan States in actions for sustainable
development. Under this mission there will be three components of scientific
assessment i.e. physical science, biological science and socio-economic/ traditional
knowledge. Dr Mishra told that a top to down approach will be followed for
identification of knowledge gap areas, generation of databases, status reports and
thematic action Plans. He also listed out the theme wise identified nodal institution
for this mission:
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•

WIHG D’dun- Natural, geological wealth

•

NIH Roorkee- Water, ice, snow

•

GBPIHE Almora- Forest resources, Plant biodiversity

•

WII, D’dun- Micro Flora, Fauana, wild life and animal population

•

DST/JNU- Traditional Knowledge

•

ICAR/Min Agri- Himalayan Agriculture

In the end Dr Mishra introduced about the Indo-Swiss collaboration in which 100
experts and 25 glaciologists will be trained. The first batch of 30 students has
already completed the phase one of the training. He told that all states are
developing State Action Plans for Climate Change and a hands on workshop with
states has been planned in July this year.

Dr.K. J .Ramesh, Scientist ‘G’, Head Climate Change, Ministry of Earth Sciences, Govt. of
India, New Delhi
Dr Ramesh discussed about the “Perspectives of Weather and Climate
Variability over the Himalayan Region”. He said that there is a need to recognize
‘mountain meteorology’ as a distinct
discipline and to establish a modern
system of weather and climate
monitoring and forecasting along the
Himalayan belt. He presented an
overview of the climatic conditions
of various Himalayan zones and the
contrasting features of eastern and
western Himalayas. He said that
eastern Himalayas has prolonged monsoon and are warmer whereas the western
Himalayas have shorter monsoon and are comparatively cooler. He also presented a
graphical view of hailstorm occurrences in India and their monthly and diurnal
variations. Dr Ramesh also listed out and presented the geographical locations of
IMD stations situated in J & K, Uttarakhand and Himachal Pradesh and also the
stations established under the project “Parwat” from 2001-2009.
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Dr Ramesh informed that IMD has organized various workshops on “Users’
requirements of Weather and Climate” at Guwahati, Shimla, Srinagar and Dehradun.
The various user requirements felt are:
•

Monthly and seasonal forecast

•

Warnings for smaller regions with better accuracy

•

Sector specific customized weather forecast

•

Improved Agromet advisories

•

Information/ advisories on climate change

•

Dissemination of earthquake information to local media and disaster
managers

•

Seismic micro-zonation of Himalayas

Dr Ramesh briefed about the Integrated Himalayan Meteorology Programme, which
has the objectives of modernization, strengthening and integration of network of all
the organization and to meet data
needs

related

glaciology,

to

hydrology,

environmental

and

climate change issues. Under this
programme capabilities will be for
accurate forecasting of

severe

weather events for smaller areas
and for providing special forecasts
(Highway, Expeditions, Tourism,
Hydro - electric projects, Agriculture,

Horticulture etc).

He also presented graphical representation of the precipitation trends over the
eastern, central and western Himalayas. He said that the annual precipitation over
the region increases with altitude upto 1.5 km. Dr Ramesh told that Western and
central Indian Himalayas has been further divided into three regions for detailed
studies i.e. Region I(73º E-75º E), Region II (75º E-77º E) and Region III (≥77º E). He
said that in seasonal variation case all the stations in region I show an increasing
trend in post monsoon monthly precipitation. In region II Ambala shows increasing
trend except winter season. On the other side, Banihal and Qazi Gund shows
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increasing trend in winter and decreasing trend in other seasons whereas in region
III, all the stations shows decreasing or non-significant trend in winter and post
monsoon precipitation. In monsoon precipitation, all the stations except Dehradun
show the decreasing trend. Except Manali, all stations shows increasing or nonsignificant trend in pre-monsoon precipitation.
Dr Ramesh also presented review of Climate Change studies over Himalayas. He
said Asia has warmed by more than 1°C on average over the past 100 years, and
observations indicate fast increased trend in last decades. At the end he presented
the model based map outputs showing the trends of temperature and precipitation
and told that the evolution of GHG and anthropogenic aerosols in RCP 4.5 scenario
produces a global radiative forcing of +4.5 W m-2 by 2100 . It is expected that annual
mean temp will rise by 0.50 C. The monsoon rainfall may decrease by 3-7 %. Based
on A1B projected scenario for 2030 temperature, precipitation, water resources and
net primary productivity shows increasing trends, agricultural productivity shows no
particular trend and transmission windows for malaria shows no change in
Himalayan region.

Technical Session II
Chairman

Dr.K.J.Ramesh
Scientist ‘G’ & Advisor,
Ministry of Earth Sciences, GoI,
New Delhi

Co-Chairman

Dr.D.P.Dobhal
Scientist, WIHG Dehradun

The techncial session-II was
chaired by Dr K.J.Ramesh and
Dr.D.P.Dobhal
The

key

session

respectively.

speakers
were

Government

of

mainly
of

this
from
India

organisations viz. Geological
Survey of India, Indian Space
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Research Organsiation and the Minitry of Defence i.e. Snow Avalanche Study
Establishment.

Dr.S.P.Shukla, Suptd. Glaciological Division, Geologist, Geological Survey of
India, Lucknow ,Uttra Pradesh.
Glaciological studies by
GSI dates back 1840. Systematic
studies, however, were undertaken
since beginning of the last century.
These studies can be grouped in
two phases (i) Early phase: From
1906

to

1974

establishment

of

before

the

Glaciology

Division and (ii) Advance phase:
With the inception of glaciology division on 4th January 1974. During the early
phase, systematic glacier observations by determining secular movement of the
glaciers were made during 1906-1912 with collection of information on glacier
fluctuations. Subsequently, during International Geophysical Year (1957-58) followed
by International Hydrological Decade (1965-74), several glaciers were monitored and
data on secular movement was collected. The advance phase started with the
establishment of Glaciology division in 1974, when the studies became more
systematic and diversified.
Studies on snow, ice and glaciers are aimed at:–
Assessment of Glacier Resources: Himalaya possesses more than 9500 glaciers.
Compilation of detailed glacier inventory of Himalaya provides data on this valuable
resource.
Glacier Regimen Studies: Assessment of glacier mass balance, measurement of
water discharge and suspended sediment load, besides glacier flow.
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Climate Variability Studies: Climate changes are reflected in fluctuations in the
glacier fronts. The studies on secular movement of glaciers provide valuable data on
the past as well as the present.
Other Glaciological Studies: Other studies related to glaciology including depth
assessment, lichenometry, artificial augmentation of melt, dating of ice, Assessment
of snow cover of the selected basins for snow runoff modelling and avalanche
studies etc.
GLACIER AND ICE RESOURCES
Compilation of glacier inventory on modern lines started after 1974 with the
establishment

of

Glaciology

division in GSI. Glacier resources
of

Indian

Himalaya

were

computed by compiling glacier
inventory as per the guidelines of
Temporary Technical Secretariat
(TTS) for World Glacier Inventory
(WGI). The important inventory
parameters included in the TTS
for WGI guidelines are : Glacier Identification and No., Coordinates, Accumulation
(Ac) and Ablation Area (Ab), Orientation, Elevation, Maximum Length, Mean width,
Surface Area, Accumulation Area Ratio (AAR), Mean Depth, Volume and
Classification. The secretariat has divided Indian Himalaya into two first order basins
viz. Ganga (5O) and Indus (5Q). The Indus river rises near Mansarovar in Tibet and
flows through Kashmir and thereafter through Pakistan and finally falls in Arabian
Sea. It’s important tributaries flowing in Indian territory are Shyok, Nubra, Indus,
Satluj, Beas, Ravi, Chenab and Jhelum. These basins support 7997 glaciers. (Table1).
Ganga originates from Gangotri glacier in Uttarakhand and is drained by four fourth
order streams mainly Yamuna, Bhagirathi, Alaknanda and Ghaghra containing 968
glaciers. In addition, Brahmaputra river which starts its journey from Mansarovar in
Tibet and supports 610 glaciers (Table-1).
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Table-1: Distribution of glaciers in Indian Himalaya

Inventory
status

Indus Basin
Ravi

Detailed
Inventory
(Level 3&4)

Regional
Assessment
(Level 1)

No. of
glaciers
172

Chenab

1278

Jhelum

Ganga Basin
Yamuna

No. of
glaciers
52

Bhagirathi

238

133

Alaknanda

407

Beas

277

Ghaghra

271

Satluj

926

Tista

449

Indus

1796

Brahmaputra

161

Shyok

2658

Kishangan
ga
Gilgit

(Arunachal Pradesh)

222

535
7997

Total
Grand Total

1578
9575

GLACIER REGIMEN STUDIES
Glacier regimen studies including assessment of mass balance were conducted on
nine glaciers. The studies involved assessment of glacier mass balance, hydrometry,
suspended sediment transport, glacier flow, geomorphology, micro-climate etc.
Studies indicate that glaciers of J&K, Uttarakhand and northeast Himalaya show
negative mass balance for all the years. This is also corroborated by the continuous
recession of the glaciers.
In Himachal Pradesh, mass balance studies were initiated in 1974 and first balance
data for the year 1974-75 was obtained on Gara glacier. During 1974-2010 period
GSI has undertaken detailed glaciological studies on four glaciers viz. Gara, Gor
Garang and Shaune Garang in Satluj basin, Kinnaur district and Hamtah glacier in
Chenab (Chandra) basin respectively. The comparison of specific balance of
Hamtah glacier with other glaciers in H.P. clearly reveal much higher negative
specific balance of Hamtah glacier which could be attributed mainly to the lower
AAR, lower highest elevation and lower ELA of Hamtah glacier and may not be
mistaken as a signal of climate change.
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CLIMATE VARIABILITY STUDIES
Glaciers and ice sheets are considered as proxy records of climate change.
Sensitivity of the glaciers and their wide-spread distribution in space makes them
most suitable as proxy records of climate change. The trails left by the advancing/
retreating glaciers viz. erosional terraces, glacial deposits, etc. also make them the
best available indicators of climatic variations in the past.
The monitoring of the glaciers of Uttarakhand, H.P, and J&K were undertaken at
regular intervals and so for more than forty glaciers have been monitored. The
glaciers monitored in Uttarakhand include Banderpunch, Jhajju, Jaundar, Tilku,
Bhrigupanth, Gangotri, Glacier No. 3, Chaurabari Bhagirathi Kharak, Dunagiri,
Milam, Burphu, Jhulang, Nikarchu, Pindari, Poting, Adikailash, Shankalpa, Meola,
Chipa. In H.P. several glaciers viz. Chhota Shigri, Bara Shigri, Hamtah, Triloknath,
Yoche Lungpa, Mulkila, Panchinala – I, Panchinala – II, Tingal Goh, Man Talai, Beas
Kund, Gl. No. 30, Jobri, Tal, Manimahesh, Gara-I, Shaune Garang, Gangstang,
Miyar, Sara Umga were monitored.
The studies carried out by GSI have revealed that the majority of glaciers of
Himalayan region are passing through a phase of recession as has been the case
with the glaciers located in other parts of the world. Even in Himalayan region, the
rate of recession in different climatic zones is found to be variable in different years.
This variable rate of recession can be attributed to the several factors like micro as
well as macro climate, morphology of the valley, orography, size of the glacier, nature
of nourishment etc. In Himachal Pradesh, the glaciers located north of Pir Panjal
Range in Lahaul region show less retreat as compared to that of south viz. Ravi,
Beas and Satluj. The glaciers of Satluj basin showing higher retreat as they fall
under the moisture shadow region of Pir Panjal Range. The interplay of Western
Disturbances and Indian Summer Monsoon vis-à-vis the major mountain ranges
result in orographic control over the accumulation of the snow and thereby influence
the rate of retreat of the glaciers.
RECENT INITIATIVES
Long-term monitoring of mass balance of Hamtah glacier is continuing after
conclusion of decadal studies (2000-2010.) GPR surveys were conducted on
Hamtah glacier in 2011 and 2012. GPR surveys undertaken in the accumulation
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zone has indicated ice thickness of up to 80 m in the central portion of the glacier
which gradually declines towards the margins to 15 m in west & 30 m in the East.
GSI has continued its efforts on monitoring of glaciers and during 2011 three glaciers
viz. Shaune Garang, Naradu Garang and Bilare Bang were monitored in the State of
Himachal Pradesh.
During 2012, the Snout of Gepang Gath glacier was monitored, besides
geomorphological mapping and assessment of likely threat due to GLOF. It has
been found that the snout of Gepang Gath glacier is calving into a large proglacial
lake which is increasing in size due to the continued retreat of the glacier. The
studies suggest that the possibility of GLOF in near future appears to be highly
improbable. Although the lake has been evaluated as relatively stable, based on the
field relations, the possibility for a GLOF to occur sometime in the future cannot be
dismissed. Furthermore, expansion of infrastructure in the vulnerable sectors
downstream means that the actual risk associated with an individual event is
increasing. A safety breach, creating an additional passage for the lake-water, will
reduce the GLOF-risk.

Dr.I.M.Bahuguna, Scientist, “G”, Space Applications Centre (ISRO)
Ahmedabad
Snow and glaciers of Himalaya are vital natural resources for our nation
as (i) snow and glaciers together
provide melt water for irrigation,
hydropower

generation,

sustainability of wetlands, biodiversity,
resources

production
and

of

bio-

fulfilling

the

domestic water requirement in the
catchment and alluvial plains of
the three major Himalayan rivers
i.e. the Indus, the Ganga and the Brahmaputra,

(ii) snow in the Himalaya plays an

important role in controlling Earth's radiation balance because of very high albedo
over it, (iii) snow precipitation in high altitude regions governs the mass balance of
glaciers and (iv) the glaciers play key role in climate change studies being sensitive
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indicators of climatic variations . Therefore, mapping of the areal extent of snow and
glaciers of Himalaya is very important and inputs from mapping are used as
important parameters for various climatological and hydrological applications. Some
of the highlights of the studies carried out on mapping and monitoring of “Himalayan
Snow and Glaciers” at Space Applications Centre, Ahmedabad is following:
1. Snow cover mapping and monitoring: Mapping and monitoring of snow cover is
being done widely by remote sensing. It is mainly because of three main
characteristics of satellite data; (i) synoptic view coverage, (ii) high temporal
resolutions or frequency of data acquisition and (iii) distinct spectral signatures of
snow in optical remote sensing data which makes it easily identifiable and mappable.
In a terrain like Himalayas where accessibility to remote areas is highly difficult and
hazardous, remote sensing plays a major role in monitoring and mapping of snow
cover.
Digital mapping of snow cover is being carried out at Space Applications Centre for
the

last

one

decade.

AWiFS

sensor of Resourcesat-1 and 2
satellites is being used to generate
basin-wise snow cover products.
The products are generated at 5
and 10 days interval for the period
starting from October to June of
consecutive year for entire Indian
Himalayan

region.

For

auto-

extraction of snow cover from satellite data, an algorithm has been developed at
SAC which generates Normalized Difference Snow Index (NDSI) for area of Interest
(AOI). NDSI is calculated using the ratio of difference and sum of reflectance in the
green (band 1) and SWIR (band 4) channel of AWiFS sensor. The data is used to
analyze the snow accumulation and ablation pattern in different parts of Himalaya in
view of climatic variations and to develop snow and glacier melt runoff model in
which snow cover is an important input.
2. Glacier Inventory: SAC has carried out inventory of glaciers using

satellite

data for the Himalayan region. The glacier inventory data primarily deals with the
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occurrence and distribution of glaciers and also provides details for each gla cier on
the more significant glacier parameters like morphology, dimensions, orientation,
elevation, etc. for both the active glacier component as well as the associated deglaciated valley. The sub-basin wise glacier inventory data provides a means to
compare the glacier characteristics among the glaciated sub-basins. The glacier
inventory map depicts the presence of glaciers and their distribution in space. The
significant glacier morphological features for each of the glacier are mapped and
appropriately represented on the map by a pre-defined colour scheme.
The first inventory was carried out at 1:250,000 scale in the in early nineties. Based
on that exp erience, inventory was taken up at 1: 50000 scale for the Satluj, the
Dhauliganga, the Tista basin and the Chenab basin. Recently an inventory of
glaciers for the entire Himalayan region covering all glaciers of the Indus, the Ganga
and the Brahmaputra region was taken up by ISRO. In this inventory 32392 glaciers
were mapped covering 71182.08 sq km respectively.
3. Glacier Monitoring: Ground based studies on monitoring of Himalayan glaciers
require enormous effort in terms of time and logistics due to reduced atmospheric
oxygen in high altitudes, trekking in rough terrain and very cold climatic regimes.
Satellite remote sensing has demonstrated its utility for glacier monitoring in different
mountain regions of the world including Himalayas.
SAC has been carrying out monitoring of Himalayan glaciers for more than one
decade. Recently a study has been carried out on monitoring of 1823 glaciers from
across Himalayan region for an interval of about one decade between 2001 and
2010/2011 using mainly data from LISS III sensor of IRS. Using the same sensor’s
data helps in high registration accuracy and quality of interpretation.
4. Glacier Mass balance: The mass balance of the glacier is usually referred as the
total loss or gain in glacier mass at the end of the hydrological year. It is estimated
by measuring the total accumulation of seasonal snow and ablation of snow and ice.
Mass balance has two components, accumulation and ablation. The accumulation
(input) includes all forms of deposition, precipitation mainly and ablation (output)
means loss of snow and ice in the form of melting, evaporation and calving etc from
the glacier. The boundary between accumulation and ablation is the Equilibrium line.
The difference between net accumulation and net ablation for the whole glacier over
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a period of one year is Net balance. Generally mass balance studies are carried out
mainly by following methods; The Geodetic Method; The Glaciological Method and
The Hydrological method. Another method based on computing Accumulation Area
Ratio (AAR) is an alternate method to assess mass balance at reconnaissance level.
Delineation of Accumulation and ablation zone on high-resolution satellite images of
ablation period is a well-established procedure. The snow line at the end of ablation,
which roughly corresponds to the equilibrium line on glaciers in mountainous region
glaciers, can be identified on satellite images. Fluctuations of snow line at the end of
ablation season year to year are indicative of variations in mass balance. Based on
this approach monitoring of snow line at the end of ablation season is being carried
out for glaciers of 18 sub-basins of the

Himalayas for a period of 2004-2013.

AWiFS data from IRS P-6 (Resourcesat-1 and 2) satellite is the main source of
information in the present study. Its repeativity of 5 days has been used for
monitoring of snow line. A data base of about 10 years is being generated to
understand the spatial and temporal variations of snow line at the end of ablation
season.
5. Moraine-dammed lakes (MDL):

Moraine-dammed lakes (MDL) are vital to

mankind as glacial lakes outburst floods (GLOFs) caused by MDLs are a common
phenomenon in the glaciated terrain of the world. These floods can cause extensive
damage to the natural environment and human property; as it can drain rapidly and
relatively small lake can cause dramatic floods. Moraine-dammed lakes are formed
at the terminus of the glacier due to damming by the moraine across the channel of
glacier melt water. MDLs also play a key role in understanding the climatic variations
as the expansion or reduction of these lakes by the melt of snow and glaciers could
be related to fluctuations in glacier dimensions. Mapping and change detection of
area of moraine dammed lakes of Himalayan region has been done for an interval of
1990 and 2005 using satellite images.
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A glacier showing stability during 2001-2010 in Zanskar basin.

Dr.M.Bhutiyani, Joint Director, Snow Avalanche Study Establishment (SASE)
Chandigarh
Dr.Bhutiyani in his presentation discussed the work being carried out in
SASE on the climate change in
NW

Himalayas,

using

140

years of instrumental data (the
longest ever data time-series),
to address some fascinating
issues such as, how sensitive
are

the

Himalayas

to

the

spectre of climate change now
sweeping the globe by way of
rising temperatures and changed precipitation regimes, the causes thereof and
future manifestations in terms of changes in hydrological regimes of various
Himalayan river basins. The studies published in a series of research papers in
international journals such as International Journal of Climatology, Climate change
and Current Science, have established that the north-western Himalayan region has
‘warmed’ significantly during the last century at a rate, which is disturbingly higher
than the global average. Effects of climate change are evident on decreasing winter
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snowfall component in total winter precipitation on the windward side and some
portions of the leeward side of the Pirpanjal Range since 1991, leading to delay in
onset of winter and early spring and effective reduction in snowfall duration period.
Coupled with rising summer temperatures, the glaciers are affected and they are in
recession mode. This has given rise to a change in the nature of natural hazards in
the area. Earth-flows and mud-flows, which were hitherto uncommon occurrences in
the area, have been observed to occur in high altitude regions (>4500 m) over the
the glaciers. Consequently, these factors in combination have altered the discharge
patterns in the Himalayan rivers leading to an overall decreasing discharge in
majority of NW Himalayan rivers. These changes are attributed to enhanced
anthropogenic (human related)
activities in this region.
The presentation also
discusses the formulation of
certain mitigation strategies to
combat climate change in NW
Himalayas such as removal of
cook houses

and eateries

from eco-sensitive areas such
as Rohtang Pass, Marhi, Dhundi, Solang Nala in Beas basin and similar areas in
other river basins, controlled movement of tourists, use of eco-friendly vehicles such
as electric cars, ropeway etc. Snow harvesting techniques should be adopted as a
mitigation strategy for combating winter warming along with a legislation on painting
the roof-tops white in all river basins of the state which are sensitive to climate
change and where the chances of their micro-climatology being affected adversely
are very high.
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Dr.D.P.Dobhal, Scientist, Wadia Institute of Himalayan Geology, Dehradun
The Himalaya has the greatest concentration of the glaciers outside the
polar

region

about

0.77%

and
of

occupies
the

total

glacierised area of the earth. As
a whole about 17% of the
Himalaya
covered

is
with

permanently
glaciers

and

additional nearly 30-40% area
is

seasonal

snow

covered

(Vohra, 1978). Indian Himalaya
extending from Kashmir in the west to Namche Barwa in the east covers an area of
about 8500 km2. According to an estim ate there are 9575 glaciers covering an area
of 37,465 km2 in Himalayan mountain ranges (GSI, 2009). It is a well established
fact that the glaciers are retreating world wide. Like other glaciers in the world, the
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glaciers in the Himalayan region are also vulnerable to climate change. In addition,
the continuous recession of glaciers has been inducing fast reduction in their size
and many of them may eventually disappear. The reduction in size of the glaciers is
also anticipated to have significant impact on geo-environmental hazards, like,
glacial lake outburst floods (GLOF), flash floods, landslides and debris flows. The
direct consequences of such processes will also be exaggerated by a variety of
direct/indirect effects in mountain ecology.
Glaciers are sensitive to the
temperature and precipitation
changes

that

accompany

climate change, the rate of
their retreat or growth can
serve

as

an

indicator

of

regional and global climate
change. Long term monitoring
of the glaciers and comparing
with available data on mass
changes with background of climate data can help to understand dynamics
sensitivity of the glaciers and current trend of their mass/volume changes. Large
gaps still remain in our understanding on key processes of glacier recession and
cause-effect relationships driving glacier response to climate change. In addition,
glaciers and snow covers are key components of mountain hydrology and its
adjoining areas as well as climate change. Long term measuring changes in snow
cover extent and mass/volume of glaciers on an appropriate time scale is a direct
way of determining the effect of climate change. Although glacier systems show a
great amount of inherent complexity and variation, but there are clear evidences
indicating glaciers are retreating. A number of noticeable impacts have already been
documented. The most widely reported retreat is the reduction in size (length, area
and mass/volume) of glaciers.
Monitoring of the glaciers (mass, area and length) is one of the best feature to
estimate the advancement and recession (gain and loss) of the glaciers over a
period of time. Glaciers are not only reducing length but are also thinning by melting
thereby losing mass, so the equilibrium line or the line dividing the accumulation
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zone from the ablation zone is ascending rapidly. The overall warming of the glacier
environment and continuous loss in length and mass/volume is affecting local
weather patterns and causing rain to fall in higher altitudes where earlier only snow
fall occurred. Here, we report, the studies of a few Indian Himalayan glaciers for the
period from 1962-2010. The morphological and anatomical changes have been
correlated with temporal affinity in relation to length, area and mass change of the
glaciers.
The snout recession records of Himalayan glaciers since the 1850 indicate that
glacier retreat is irregular in extent and rate. Overall relatively, the recession of the
small glacier tongues has accelerated since the 1960s. For instance, in the
Bhagirathi river basin, Dokriani Glacier retreated at the rate of 16.6 ma -1 during 1962
to 1995, and from 1995 to 2000 it retreated 18.5 ma -1 (Dobhal et al., 2007). Further
studies carried out for the period 1991-2010 show the glacier retreated by 339 m
with an average rate of 17.8 ma-1 and vacated an area of 8833 m 2. However, the
mass balance measurement study carried during the period from1992 to 2000 for the
Dokriani glaciers show negative balance with an average of (-) 320 mm water
equivalent per year during the study period. The study on Chhota-Shigri Glacier
(8.75km2), located in Pir-Panjal range in Himachal Pradesh (Chandra-Bhaga River
catchment) reveals that the glacier has receded 485m during in the last 40 years
(1962-2002). Milam is another large glacier (Kali Ganga basin) that has been
receded 940 m during 1966-1991. Pindari, Sathopanth, Tipra Bank, Dunagiri and
Chorabari Glaciers in Alaknanda River basin are also in the state of recession at
high rate. The remote sensing based study of glaciers in Alaknanda and upper
Bhagirathi basins lost 18.4 ± 9.0 km2 (5.7 ± 2.7%) and 9.0 ± 7.7 km2 (3.3 ± 2.8%)
respectively, from 1968 to 2006 (Bhambari et al., 2011). Similar observation were
made in Chenab, Parbati and Baspa Basin (466 glaciers) which show overall 21%
deglaciation from 1962 to 2001 (Kulkarni et al., 2004). The study reveals that the
rates retreat was lower than previously reported. More recently (1990 – 2006),
recession rates have increased for small glaciers. The number of glaciers in this
study increased from 82 in 1968 to 88 in 2006 due to detachments of tributary
glaciers from the main trunk glaciers. In addition, smaller glaciers ( < 1 km²) lost their
mass significantly.
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The results provide some vivid impressions of continuous retreat of glaciers but in
variable rates, ranges from 5 to 20m/year. This wide range of retreating rates
suggested that besides the climate, the non-climatic parameters (shape, size,
thickness and bed slope debris cover etc) also play an important role in the process
of nourishment and reduction of the glacier.

Dr.R.K.Ganju, Professor, Institute of Himalayan Glaciology, University of
Jammu, Jammu(J&K)
Ladakh mountains form an integral part in the western central sector of
the

Himalayan

Mountain

Range that accumulates the
largest body of ice outside
the Polar Ice Cap in midlatitudes. Ladakh mountains
lie in the rain shadow of the
Great

Himalayas

situated
Karakoram

in

the
Range

that

is

south.
in

the

north and Tibe tan Plateau in
the east serves as an orographic barrier that controls the continental wind system
and consequently, the climate of the region. Ladakh mountains receive scanty
rainfall and infrequent snowfall under the influence of both Southwest Indian
Monsoon and Westerlies. The wind interface locates itself along the Karakorum and
its variation is controlled by the mid-troposphere thermal anomaly. .
Glaciological, palaeo-climatological and chronological studies suggest that glaciers
in Himalayas , southern Ladakh Range, the Zanskar Range and Tibetan Plateau
have been on recession, while the glaciers over Karakorum) and western Tibet have
shown signs of advance in recent times.
Glaciers in Ladakh Mountains - Case Study
The large glaciers, namely Siachen, Durung Drung, and Kangriz situated in Nubra,
Zanskar, and Suru sub basins, respectively of Indus and Shyok basins are identified
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for study, particularly with respect to the secular movement of the snout. The study is
based on both, field observations and study of IRS satellite data for a time series.

Durung Drung glacier
Zanskar basin, situated south of Ladakh Himalaya, lies between the Great Himalaya
Range and Tethyan Himalaya. Eleven major glaciers, namely Durung Drung, Haptal,
Haskira, Kange, Hagshu, Sumcha, Lechan, Denya, Mulang, Yaranchu, and Gompi,
occupy the Zanskar basin. The summer snowline (ELA) rises transversely from SW
to NE but is slightly lower on NE than on SW side. Accordingly, the ELA is above
5800m on the south but at 5500m on the north. Durung Drung is a 23 km long
glacier (Fig.1) that covers an area of 72.83 km 2 (accumulation area 45.68 km2 and
ablation area 27.15 km2). The glacier, adjoining Pensi La pass, is fed by two major
feeders from east and west. The glacier body is situated on Zanskar fault (=South
Tibetan Detachment Fault) that separates the Himalayan Crystalline Zone from the
meta-sediments of Tethyan Himalaya. The reactivation of Zanskar Fault in the
younger geological times, late Pleistocene-Holocene, has been responsible for the
block movement on the west (Pensi La) compelling the glacier to turn north and
further northeast. This has resulted in a moderate dip of 250 in east part of the
glacier body and overlapping layers of snow in the west. The feature thus produced
gives a false feeling of surge in glacier.
The ablation of Durung Drung glacier is very rapid and maximum in the month of July
that varies on an average from 0.81cm/day to 2.7 cm/day. The east part of the
glacier shows on an average comparatively high melting from 0.91cm/day to
3.2cm/day, whereas the middle part has on an average low melting rate from
0.81cm/day to 1.2cm/day. The west part of the glacier, on the other hand, melts at
the rate of 0.87cm/day to 2.1cm/day. The snout of Durung Drung glacier is presently
at 4100m. The snout has caved in the middle (Figure 2) and west part resulting in a
retreat at an average rate of 3.96 m/yr whereas advance is recorded in the east at an
average rate of 0.65 m/yr.
The degeneration of west part of snout of Durung Drung glacier could be due to
several reasons, such as basin geomorphology, location of glacier on active fault,
asynchronous behavior of west feeder of the glacier, etc. and not necessarily due to
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climate change. The study of LiSS-III imageries of the terminus of Durung Drung
glacier (Fig. 2) reveal insignificant change in the secular movement of the snout
position from 2005 to 2007 that is further corroborated by field studies carried out
from 2005 to 2009 .

Fig. 2
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Kangriz glacier
Kangriz glacier is situated in Suru valley that forms part of the Indus basin. The
13.48 km long Kangriz glacier emanates from the Kangriz-Shafat ice fields. Large
glaciers, namely Shafat, Techafarka, Branktan, Z and Pinnacle radiate out from the
Kangriz-Shafat ice field. The snout of the glacier is situated at 3560m amsl and
debouches in Suru river (Fig. 3). The area of glacier is 39.94 km2 and the total area
of basin is 88.87 km2. The accumulation zone of the glacier is situated in the High
Himalayan Crystalline that is a continuation of the Zanskar Ranges.

Fig. 3
The documentary evidences from travelogue when compared with the recent
photograph of 2007 (Fig/4), once again, do not show much change in the overall
health of glacier. The documentary comparison between 1910 and 2007 suggest
some change in the volume of Kangriz glacier but no secular movement of the snout.
Thus, for past about a century the snout of Kangriz glacier has not undergone any
secular movement.

Fig. 4

1910
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Kangriz glacier has also been affected by the neotectonic movement in the area,
similar to the way the Durung Drung glacier has been affected. It is because the
Kangriz glacier is also located on the Zanskar Fault that was reactivated in
geologically younger times resulting in the complete shift of the path of glacier. This
makes it, once again, difficult to conclude if the change in volume is exclusively due
to change in the climate or neotectonic in the area.
Siachen glacier
Siachen, situated in Karakorum mountains, is the largest glacier in NW Himalaya.
Besides Siachen, 203 glaciers house the Nubra valley occupying 1584.38 km 2 of the
total basin (Sangewar and Shukla 2009). Out of 204 glaciers in Nubra valley, 114
glaciers of various dimensions are studied on the basis of IRS (Landsat and LiSS III)
satellite imagery data for a time series. Almost 52.6% of the glaciers are of the size
less than 5 km and 31.5% of the total glaciers are between the size of 5 and 10 kms
in the Nubra valley. This clearly suggests that Nubra valley is occupied more by a
large number of small glaciers. Majority of largest glaciers are confined to the
southeast segment. The SE facing glaciers comprise nearly 84% of the total glacier
area of 114 glaciers. The comparative study of SOI topographic sheets of 1969,
Landsat imageries of 1989 and IRS LiSS-III imageries of 2001 beyond doubt suggest
that glaciers of Nubra valley do not show much change in their length and area
between 1989 and 2001 compared to the time period 1969 to 1989.

Documentary records of the 73 km long glacier (Fig. 5) are available since 1848. The
study, based on available information-report, field photographs and maps, in last
about 158 years shows an erratic secular movement of the snout of Siachen glacier.
The terminus at times has advanced and retreated as follows:

a) 1862AD-1909AD: Advanced by 725m at an average of 15.42m/year.
b) 1909AD-1929AD: Retreated by about 50m at an average rate of 2.50m/year.
c) 1929AD-1958AD: Retreated by about 400m at an average of about 14m/year.
d) 1958AD-1985AD: No change recorded.
e) 1985AD-2004AD: Annual retreat of less than 3m/year.
f) 2004AD-2005AD: Hardly any retreat has been noted.
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Fig. 5
The change in area of Siachen glacier on the basis of the study of SOI topographic
sheets and satellite imageries for a period of 1969 and 1989, respectively, suggest a
Siachen glacier

considerable decline in area from 994.99 km 2 in 1969 to 932.90 km2 in 1989.
However, no significant change in the area of Siachen glacier is noticed for a period
of next one decade from 1989 to 2001. The
satellite
Nubra
river imageries of 1989 and 2001
suggest a decline in the area from 932.90 km2 in 1989 to 930.37 km2 in 2001. This is
also reflected in the change in maximum length of the Siachen glacier from 68.30km
in 1969 to 67.56 km in 1989 to 67.50 km in 2001. The negligible vacation of area and
reduction in the maximum length of Siachen glacier, particularly during the period
between 1989 and 2001 is further corroborated by the field studies.

Small sized glaciers in Nubra valley, such as Glacier no. 11 situated northeast of
Siachen glacier, also behave independent of climate change. The comparative study
of the glacier, on the basis of SOI topographic sheet of 1969, Landsat imagery of
1989 and IRS LiSS-III imagery of 2001 clearly shows increase in the length and area
of the glacier over a period of three decades. The said glacier has a maximum length
of 2.9 km and area of 0.98 km2 in 1969 that increases to 3.5 km and 1.12 km 2,
respectively in 1989. The IRS LiSS-III imagery of the glacier of 2001 shows a minor
decrease in the length of glacier to 3.2 km and of area to 1.07 km 2. The said glacier
certainly gained area and increase in length since 1969 reflecting that changes may
not necessarily be attributed to deterioration in climate.
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Discussion and Conclusion

Himalayan glaciers, in general, show decline in their rate of recession. The recession
of Gangotri glacier (Garhwal Himalaya) has reduced to 12m/year in 2004-2005 from
26m/year between 1935 and 1971. The same is true for Pindari glacier (Kumaon
Himalaya) where the rate of recession has been calculated to 6.5m/year between
1966 and 2007 compared to 26m/year between 1845 and 1906. In case of Dokriani
glacier the rate of recession has been more or less constant (16 to 18 m/year)
through out the period between 1962 and 1995. The Satopanth glacier that was
receding at the rate of 22.8m/year has now reduced to 6.5m/year during 2005-2006.

However, the observations with respect to the seasonal snow of NW Himalaya
suggest considerable deviation of seasonal snow between 1993-94 and 2006-2007.
The observations based on automatic and manual weather stations clearly identify
that deviation is relatively much less in Karakorum than in the other ranges of
Himalaya.

Ladakh Himalaya holds special geographical significance to study the effect of
climate change on the glaciers. It is because of the fact that Ladakh mountains are
situated far off from the effect of South West Indian Monsoon (SWIM). The SWIM is
considered to be major moisture carrier to the Himalaya and the moisture rich winds
nourish the glaciers situated in most of NW Himalaya, e.g. Uattrakhand, Himachal
Pradesh. Ladakh mountains, on the other hand, receive most of the precipitation
through Westerlies during the winters.

The changes in the glaciers of Ladakh Himalaya are varied and complex. Some
glaciers show change in length with respect to area whereas some glaciers show
variation in area and not in length. The health of glaciers in Ladakh Himalaya are
effected by several factors, such as inter- and intra-annual variation in weather
parameters (micro-climatic factors), terrain morphology, aspect of glaciers,
neotectonics, etc. In absence of intensive weather data from the high mountains of
Ladakh Himalaya, it would be premature to conclude that secular movement of
snouts is exclusively because of change in climate. Studies on the effect of weather
parameters on the health of Naradu glacier (H.P.) between 1994 and 2004 clearly
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suggest that relationship between secular movement of snout and weather
parameters is complex and varied. However, it is beyond doubt that glaciers of the
Ladakh Himalaya do not show significant change in their length and area over a
span of past one century.

Dr.Milap Sharma, School of Social Sciences, JNU New Delhi
Dr Milap Sharma from Jawahar Lal Nehru (JNU) presented his carred
out in the Himachal and uttrakhand Himalayas. He has been working mainly on the
geomorphological aspects of the glaciers. Based on this he has tried to reconstruct
the palaeoclimate of the differnt galciers in Himachal as well as in the Uttrakhand
Himalaya. Some of the prominent galciers where he has done such type of studies
includes the Gangatori Galcier in Uttrakhand and the Miar glacier in Chandra basin
of Hiamchal Pradesh. On the basis of the various dating methods, the chronolgical
ages of these glaceirs have been suggested by him.

Technical Session IV
Chairman

Dr.M.Bhutiyani,
Joint Director,SASE Chandigarh

Co-Chairman

Dr.Sanjay Mishra
Advisor Climate Change, DST

The techncial sessionIV was chaired by Dr M.Bhutiyani
and

Dr.Sanjay

Mishra

respectively. The key speakers of
this session were mainly from
Central

Water

Shimla,

National

Commission
Insitute

of

Hydrology Roorkee, Department
of

Environmental

Sharda

University

Sciences,
G.Noida,
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GBPIHED Kullu and Department of Geology Dharamshala.

Er.P. Dorje Gyamba,Director, Central Water Commission, Shimla
Er. P. Dorje Gyamba, Director, Central Water Commission, presented an
overall view of the river systems existing in Northern India. Under Indus River
System mainly two river systems are categorised namely Eastern River System
which consists of Ravi, Beas and Satluj and their tributaries and Western River
System consisting of Indus, Jhelum and Chenab and their tributaries. He also
discussed about the irrigation scenarios at the time of partition. Only 20% of the
canal systems of undivided Punjab came to India’s sharewith 50% population. The
‘Upper Bari Doab Canal’(1859) and the ‘Sirhind Canal’in southern Punjab(1872)
were the only works of undivided Punjab that came to India’s share. He also threw
light on the salient features of the ‘Indus Treaty’ signed on 19.09.1960 between India
and Pakistan. Under the Treaty the water of eastern rivers are allocated to India and
those of western rivers are largely to Pakistan. India has been permitted storage of
water upto 3.6 MAF (Million Acre Feet) on western rivers for various purposes. Both
sides are required to exchange information related to river flows observed by them.
He further discussed about the various water resource developments carried out on
Indus Basin which include Bhakra Nangal Dam, Pandoh Dam, Beas and Pong Dam,
Rajasthan canal Project, Ranjit Sagar Dam and Ravi Beas Link consisting of Nathpa
Jhakri HEP(1500MW), Karchham Wangtoo HEP (1000MW), Chamera I, II, III, HEP
and Kol Dam. He concluded his presentation by briefing about the snow hydrology
studies to be carried out by the Central Water Commission as pilot project under
assistance from United Nations Development Program (UNDP). Some of the major
suggestions were:


In the loght of the necessary study being carred out by the different agencies
on differnt glaciers regarding the status of individual glaciers, the necessary
studies related to know the total water potential of individual glacier and further
glacial melt run off from individual glacier will be more useful to know the Total
Water Potential of each river basin/ tribuatary for optimum and efficient
planning the available resource “Water”.
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The total number of existing weather stations around the glaciers along with the
observed climatic data at each glacier site needs to be documented and put
into public domain. Further CWC with the help of ISRO has already developed
a web site for Water Resoruce Information System of the Country, the
important glacaier data can be linked with the web site for necessary
awareness.



Status of present climatic data collection network in Himalayan River Basins
needs to be put inot public domain and requirement of additional network needs
to be worked out. Possibility of having real time data aquisition network at
glacial site (in palce of data loggers) needs to seen for Himalayan river basins.



Central Water Commission with the help of NRSChas started a Long Term and
Short term Snowmelt Runoff Forecasting for Himalayan River Basins viz. Satluj,
Beas, Chenab, Ganga, and Yamuna. The forecast is based on the contribution
from snowmelt , baseflow, rainfall, glacial melt etc., the CWC-NRSC forecast
needs to examined at the end of HP State Govt. and any additional
requirement/modification needed by the State Govt. needs to be communciated
to CWC. Further if State Govt. wants any additional climatic station with in the
HP State, the same can be examined by CWC and if possibility same will be
set up by CWC after necessary approval of MoWR ,GoI.

Dr.Manohar Arora, National Instiute of Hydrology (NIH), Roorkee
There are about 9575 glaciers in the Indian Himalayas. Majority of the
rivers originating from the
Himalayas have their upper
catchment
covered

in
and

the

snow

glaciated

areas. The Indus, Ganga
and

Brahamputra

river

system, which receive a
substantial amount of melt
water from the Himalayas,
are considered as the life
line of the Indian sub-continent. Accurate assessment and forecasting of total
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availability of water, melt rate and its distribution in time is considered very essential
for the management of water resources. Flood control, reservoir operation,
agriculture planning, and hydroelectric production are directly related to the
management of water resources. Because stream flow from the glaciers originate
from the high altitude regions, therefore, availability of dependable flows and suitable
head provide excellent conditions for hydropower generation. Planning of new
multipurpose projects on the Himalayan Rivers in the country further emphasizes the
need for reliable estimate of snow and glacier melt runoff. Evidently, to exploit and
develop available water resources, a better understanding of melting, storage and
drainage processes, and routing of the melt water or storm precipitation through
glaciers is essential.
The runoff from the high mountain basins is derived from the various sources like
melt water from the snow and glaciers in the high altitude elevation zones, melt
water and rainfall in the middle to high elevation zones and rainfall in the middle to
low altitude zones. Thus, mountain streams contain a mixture of melt water from the
snow and glaciers, rainfall and base flow emanating from the ground water. During
the summer months, melt water from the snow and ice becomes major source of
runoff for the Himalayan Rivers. The storage of precipitation in the form of snow and
glaciers in the mountains over a long period provide a large amount of water that
regulates the distribution of the river flow in such a way that Himalayan Rivers
become perennial. The glacier contribution in the rivers originating from the
Himalayas starts in the month of May when seasonal snow cover is ablated. This
flow continues till October/November depending upon the climatic conditions in that
region.
National Institute of Hydrology (NIH) initiated studies related with snow and glacier
hydrology

in

participating

1986

by

the

first

in

expedition to Chhota Shigri
Glacier

in

Pradesh.
independent

Himachal
The

first

hydrological

investigations were started
at Dokriani Glacier during
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the year 1996. These investigations were continued till 1998. Thereafter attaining the
expertise the Institute is carrying out detailed hydrological investigations on the
Gangotri Glacier since 1999. The Institute has established permanent discharge
monitoring stations near the snout of the glacier. The data set includes rainfall,
temperature, humidity, wind speed and direction, sunshine hours, radiation,
evaporation, discharge and suspended sediment. The monitoring of Gangotri glacier
is intended to be carried for a long period to establish a good data base. An AWS
has been installed at Bhojwasa site. A snowmelt model (SNOWMOD) has been
developed in the Institute.The model has been applied to simulate the flows of Satluj
River upto Bhakra, Chenab River up to Salal, Dokriani Glacier melt stream and the
Bhagirathi River up to Bhojwasa. The output of the model gives us the individual
contribution from the snow/glacier melt, rainfall contribution and the baseflow
contribution. It is envisaged to simulate the streamflow of the other Himalayan rivers
and develop the model for forecasting purpose. The beneficiaries of the studies
carried out by the Institute includes the hydropower companies and downstream
water users.

Dr.Rajesh Kumar , Associate Professor, Department of Environmental
Sciences, Sharda University, G.Noida, U.P.
Glaciers are one of the
most important sources of fresh
water supply which is going to
become a scarce resource and
issue of conflict globally in coming
years. In such scenario it is very
important to monitor the response
of glaciers in Indian Himalayas
towards the changing climate to
understand

and

predict

the

changes it would bring in the hydrological regime in coming years.
Sharda University has been involved in glaciological research since 2009. It has a
team of more than five full time research scholars working in the field of glaciology
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with different aspects of glaciers and climate interactions. The team is working under
the guidance of Dr. Rajesh Kumar, Associate Professor who has been involved in
glaciological research for more than a decade. He has led projects funded by various
national and international organizations like Dept. of Science and Technology, Govt.
of India, United States Agency for International Development (USAID), World Bank
Abu Dhabi Dialogue Program, Space Application Centre (SAC), Ahmedabad, and
Ministry of Earth Sciences, Govt. of India.
Currently Sharda University is
involved

in

three

different

projects for monitoring glaciers.
First one is funded by Dept. of
Science & Technology, Govt. of
India

in

objective

which
is

to

the
monitor

main
the

changes in snout position and
annual mass balance of Naradu
Glacier, District Kinnaur, Himachal Pradesh. In this project Sharda University is
working with two more partner institutions viz. State Council for Science, Technology
& Environment (SCSTE), Govt. of Himachal Pradesh and National Bureau of Plant
Genetic Resources (NBPGR), Shimla. The second project is a short-term project
funded by World Bank Abu Dha bi Dialogue Program through International Centre for
Integrated Mountain Development (ICIMOD). The title of the project is “Case studies
of impacts of climate change on hydrological regime in Nepal, India and
Afghanistan”. In this project, Sharda University is monitoring Kafni Glacier in
Bageshwar District of Uttarakhand. The other partner institutes in this project are
Kathmandu University, Nepal and Kabul University, Afghanistan. The third project is
funded by United States Agency for International Development (USAID) in which
Sharda University is working in collaboration with University of Colorado, Boulder,
USA to monitor Shaune Garang Glacier, District Kinnaur, H.P. for mass balance
studies and changes in discharge contributed by the glacier.
The presentation made by Dr. Rajesh Kumar, the leader of the team working on
Himalayan Glaciers in Sharda University has very clearly shown the various changes

STATE CENTRE ON CLIMATE CHANGE, H.P

55

occurring in the different glaciers monitored and under monitoring till date. The main
outcomes of the studies carried out by Dr. Kumar include:
1. Snout retreat rate of Kafni and Gangotri Glacier and comparison of response
of both.
2. Change in hydrological regime of the basins of these glaciers.
3. Feasibility of application of a glacio-hydrological model i.e. Positive Degree
Day model in Kafni Glacier.
4. Change in mass balance and snout position of Naradu Glacier.
5. Monitoring of change in mass balance of Shaune Garang Glacier and
comparison with mass balance of other glaciers to assess the impacts of
microclimate on small valley type glacier.

Dr.Sunil Dhar, Associate Professor, Department of Geology, Govt PG College
Dharamshala,Himachal Pradesh.
Dr.Sunil
,Associate

Professor

Dhar
in

Geology from Govt College
Dharamshala

has

been

associated in carrying snow
and

glacier

studies

in

association with Department
of Space. Teh findings of the
stduies carred so far by him
are as under:

1.Geologically Lahaul and Spiti valleys expose excellent sections of ProterozoicPalaeozoic-Mesozoic sequences of rocks.
2. Of studied 52 glaciers (glaciated area of 191.14 sq km) of the Chandra basin has
shown reduction of 21.25 sq km between 1980-2007. This amounts to 11.12
percent of evacuation of the glaciated area.
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3. Significant changes in respect to the area are observed, especially in the glaciers
having smaller area. This impact seems to permeate into the holistic scenario
which is suggestive of 11.12 percent deglaciation in the basin.
Loss in % (1980-2007)

No of Glaciers

Area Undercover (Sq km)
1980

11 - 20

12

313

20 – 30

25

127

30 – 40

9

12

40 -50

5

2

50 - 60

1

2

Changes in Glacier extent, Chandra Basin (1980-2007)
4. Recent studies carried out reveal that most of the glaciers of Chandra Basin are
retreating at a varying magnitude. Retreat of the glaciers appear to be related to
the geology, geomorphology and climatic conditions.
5. Larger glaciers (>6 Sq km) are restricted to the Great Himalayan Range between
Pir Panjal in the South and Zanskar in the North over the geological formations of
Precambrian metamorphites; predominantly

comprising low grade Haimantas

and Salkhalas.
6. Another regions which drains into the Chandra river is towards the north, proximal
to Spiti area and comprises Palaeozoic and Mesozoic sedimentary sequences.
Comparatively in this region the glacier size is small ( usually < 3 sq km) and the
rate of retreat is high here comparable to the lower elevation glaciers of south
facing slope of the Great Himalayan Range .
7. Geomporphologically the terrain here is different with valley size smaller and the
slope angle of the glaciers on the higher side. Erosional processes appear to be
intense. Geological, geomorphological and climatic attributes appear to be key
controlling factors, within larger basins like Chandra basin and its influence in the
differential retreat of glaciers.
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Dr.J.C.Kunial, Scientist, GB Pant Institute of Himalayan Environment and
Development, Kullu, Uttrakhand.
The aerosols study
is being carried out at Mohal
(1154 amsl) as well as at Kothi
(2475 m) in the background
sites of hill spots such as Kullu
and Manali in the northwestern
Indian Himalaya. The study
included particulate as well as
gaseous

pollutants

from

ambient

environment

and

columnar aerosols from the surface to the top of the atmosphere. The particulate
pollutants studied during January 2009 to December 2012 include particulate matter
below 100 µ (that is TSP), particulate matter below 10 µ (known as PM 10) and
particulate matter below 2.5 µ (known as PM2.5), and black carbon aerosols normally
below 0.5 µ (known as heat absorbing aerosols). While the gaseous pollutants
include one of the green house gas such as surface ozone (O 3), and trace gases
such as oxides of nitrogen (NO+NO2 = NOx), and sulphur dioxide (SO2). Daily
maximum concentration of TSP at Mohal was 381.0 µg m-3, while at high altitude
location- Kothi it was 388.0 µg m-3. On the other hand, maximum concentration of
PM10 at Mohal was observed as 138.3 µg m -3 and at high altitude- Kothi,
PM10 concentration stood to be 96.9 µg m -3. The fine particle concentration of
PM2.5 at Mohal was 99.3 µg m-3 while at Kothi it was 135.9 µg m -3. The columnar
aerosols were studied in terms of aerosol optical depth (AOD), Ángstrom exponentalpha (α) and beta (β). The AOD is explained simply as a measure of extinction of
solar radiation due to aerosols in relation to its air mass along a path and is therefore
dimensionless. In relation to important meteorological parameters, these air pollution
parameters were

analysed. As far as the study’s findings are concerned, the

average surface ozone remains most of the times above 40 ppb and sometimes
more than this during the event of episodes; while other trace gases are within
permissible limits. However, particulate pollution (TSP and PM10) is recorded above
permissible limits. TSP is highest in summer season while PM10 in winter season.
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PM2.5 is moderate in its concentrations. The daily average BC mass concentration for
the entire study period (2010-2012) varied between 0.3 and 10.7 μg m− 3 with a
mean value of 2.8 ± 1.67 μg m− 3 during monsoon minima and winter maxima
respectively. The highest monthly mean variation in BC mass concentration was
observed as 4.76 ± 1.99 µg m-3 in the month of January and the lowest as 2.27±1.04
µg m-3 in September. The AOD
values at 500 nm was recorded
about 0.26 which at Manora
Peak, Nainital was about 0.026
at the same wavelength and at
Kanpur about 0.50. So this
means that this site in the Kullu
valley

is

about

50%

less

polluted than Kanpur but ten
times more polluted than Manora Peak, Nainital. As far as the radiative forcing is
concerned, this at the top of the atmosphere is -11.45±5.80 Wm-2, surface -35.83 ±
14.32 Wm-2 and atmosphere 24.39 ± 10.94 Wm-2. The existing AOD value translates
into a heating rate of about 2.01 K day-1 as highest on 22 March 2012, and lowest
0.22 K day-1 on October 10, 2009. Seasonally speaking, temperature rise due to
aerosols was measured highest as 0.84 K day-1 during pre-monsoon season and as
lowest as 0.62 K day-1 during winter. The similar studies are likely to be tuned
towards the glacier region which at this stage is focussed toward the Parbati glacier.
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Discussions & Recommendations
Chairman

Dr.S.S.Negi, I.F.S.
Director (Environment) Govt.of Himachal Pradesh
-cum- Member Secretary (EC) SCSTE

Panelist

Dr.H.K.Gupta, Co-Chairman, Technical Session-I
Dr.K.J.Ramesh,Chairman, Technical Session-II
Dr.P.S.Rao, Chairman, Technical Session-III
Dr.M.Bhutiyani, Chairman, Techncial Session-IV

The concluding
Session was chaired by
Dr.S.S.Negi

,Director

(Environment)

and

the

Chairman of all the other
Techncial Sessions and
the house was open for
discussions. To intiate the
discussions,

Scientists

who are collobrating with
the

State

Centre

on

Climate Change were invited to speak on their intiatives that can be dovtailed with
the

intiatives

of

SCCC

under

Mission

for

Sustaining

the

Himalayan

Ecosystem.Dr.Sanjay Sharma ,Senior Scientist from IHBT Palampur suggested the
follwoing actions to be incorporated while formulating action plans with reference to
the Himalayan Ecosystem. The main points as suggesetd by Dr.Sanjay were as
under:


Long term (~100 years or more) ecological monitoring plots across region
with standard operative procedures.



Baseline information and continuous updation on ecosystem specific
biodiversity need to be generated
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Climate change models for regional assessments at macro- and microniche levels. This is to understand which sectors are more vulnerable and
where changes will be more significant in terms of their environmental,
economic, and social impacts. This would develop a comprehensive map
of niche specific vulnerability of the region



Weather records including solar radiations covering UV and IR at regular
intervals across latitudes and altitudes. There could be done at network
mode.



Assessment of impact of alien species across the Himalayan environment in
relation to invasion and displacement of native species.



Possible exploitation of invasive species for commercial use. This could
significantly contribute towards bio-economy activity. And the state can think
of initiating the programme on bio-economy and value addition.



Consistent use of Remote Sensing (RS) for biodiversity assessment.
Dr.K.S.Verma, Director Institute of Biotechnology &

Environmental

Science(UHF), Neri Hamirpur suggested that inventory creation of Green House
Gases (GHGs) to serve as the baseline data for future studies. He was also of the
opinion that all small river systems and their tributaries, water discharge/run off and
their recharging potential should also be worked for the judicious use of the
Himalayan River systems. He further suggested that the socio economic studies
should also be carried out and included in the modelling studies. Besides this more
studies on pest and insects should be carried out in the present climatic scenario
and large network of agro-metrological system should be developed in all the river
basins. He also suggested that identification of niche areas for crops and their
vulnerability and some immediate adaptation and mitigation measures should be
immediately started.
Dr.R.S.Rana Senior Scientist from CSK Agriculture University Palampur
apprised the audience about the climate change related studies carried out by the
University in agriculture sector. He was of the opinion that the SCCC and the CSK
should work jointly towards understanding the impact of climate change on the
agriculture as this is major sector in the State on which the livelihood of the people
of the state depends and if any variations in this sector are observed, it will have an
adverse effects on their livelihoods.He was also of the opinion that if any work on
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basin wise water availability is carried out , will help in priortising the agriculture
activities in the basins.
Based on the deliberations and discussions amongst the various
stakeholders especially the energy sector, hydel sector and irrigation sector, the
broad recommendations which were finalised based on the outcome of different
technical sessions as under:


The State Centre on Climate Change (SCCC) should act as the Nodal Centre
for Climate Change and should explore the possibilities to get funding support
from DST-GoI or MoEF by way of conceiving proposal in collaborative modes.



The State Govt. should identify one or two glaciers which are important for the
State of Himachal Pradesh and then investigated with the help of DST-GoI in
project mode.



The SCCC may take up to identify, collate and document the traditional
Himalayan knowledge and then publish it for which the SCCC may approach
DST for getting funding support under the National Missions on Climate
Change.



Assessment of snow cover in different sub basins using AWIFS satellite data
can be taken up on regular basis.



Combining the climate and multi-hazard rick vulnerability, district wise climate
risk vulnerability assessment should be worked out.



Studies to understand the hydrological response of sub basins in Himachal
Pradesh should be taken up in collaboration with NRSC Hyderabad.



Preparation of basin–wise status reports on the health of the glaciers,
synthesizing glaciological studies carried out by various multidisciplinary
groups, availability of observational datasets etc. After scrutiny, these reports
are to be published at the earliest so that data is available to all the
stakeholders.



Strengthening the hydro-meteorological observational systems (AWS, Snow
Gauges and River Gauge etc.) for identified glaciers under long term
monitoring. In future, these stations can also be used for flow component
analysis for as these studies which will provide vital inputs on water
availability under climate change studies.
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Establishing a ‘Flagship Field Station’ at all benchmark glaciers in Himachal
Pradesh to provide all necessary analytical /survey of equipments with
provision for accommodation to visiting scientists.



Modern techniques to be deployed for undertaking glacier energy, mass
balance and volume change studies (e.g. GPR and Lidar). Winter mass
balance and annual mass balance be undertaken, as routine. About 5-6
glaciers surrounding benchmark glaciers, utilizing Remote Sensing & GIS
techniques for quantifying variations in snout position should be taken up in
the basin in different aspects.



To carry out reconstruction of the palaeo-climate utilizing proxy data with
latest dating technologies to quantify the past glaciological events occurred at
one or two basins of H.P. Since the dating of glaciogenic sediments have
inherent difficulties, multi-proxy dating techniques may be employed.



Multidisciplinary studies for formulating adaptation strategies are required
considering a small basin as a unit for planning purposes. For this purpose
the population, irrigated land including the projected demand for water has to
be considered.



Naming of the glaciers in NW Himalayas in general and Himachal Pradesh in
particular be taken up in view of the present scenario of climate change and
the issue of depleting glaciers and their response to climate change, it is
suggested that a committee of experts be formed by the State Government to
identify unnamed glaciers in Himachal Pradesh for suggesting suitable names
for these unnamed glaciers in different basins of Himachal Pradesh.



Considering the hydro-electric power potential of the State which is being
tapped in a big way, the threat from the

Glacier Lake Outburst Floods

(GLOFs) should be thoroughly examined and adequate remedial measures
should be taken up to safeguard hydroelectric power projects in Himachal
Pradesh.


Holistic study of multi-model hydrological models and weather forecast
models should be done for NW Himalayas and a right model for Himalayan
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conditions be chosen.

Historical data can be used for validations and fine

tuning of the models.


Detailed studies on glacier response in different geological geomorphological
settings should be taken up.



In the scenario of changing climate, a holistic study of discharge patterns in
Himalayan Rivers should be taken up so that hydel power projects are
planned properly and reservoirs are managed judiciously.



Policy decisions on certain mitigation strategies, such as removal of cook
houses

and eateries from eco-sensitive areas such as Rohtang Pass,

Dhundi, Solang Nala etc., controlled movement of tourists, use of eco-friendly
vehicles such as electric cars, ropeway etc.


Snow harvesting techniques should be adopted as a mitigation strategy for
combating winter warming along with a legislation on painting the roof-tops
white in all river basins of the State which are sensitive to climate change and
where the chances that the micro-climatology being affected adversely are
very high.

*********
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Brain Storming Workshop on Snow and Glaciers and the Himalayan
River Systems at Shimla on 29-30 May, 2013
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Principal Scientific Officer,
State Council for Science,
Technology &
Environment, H.P.
Dr. R.S. Thakur
Deputy Director
Deptt. of Agriculture,
Shimla
Dr. Digvijay Sharma
Training Officer
SAMETI, Mashobra,
Shimla
R.S. Chauhan
Sr. Manager, Contract Cell
Shanti Kutir, Chakkar
Office

94660-00815

94265-85878

94639-99980
94191-81258

satya_shukla63@rediffmail.com

imbahuguna@sacisro.gov.in
mahendra_bhutiyani@yahoo.co.in
ganjoork@rediffmail.com

_

98187-78842

94180-07170

dorjecwc@yahoo.com

97603-15885

78272-86695

94180-85940

94181-54941

arora@nih.ernet.in

rajeshkrsh.in@gmail.com

sunildhar99@yahoo.com

jckuniyal@gmail.com

01772622489

kkaisth@yahoo.com

94180-77442

94184-75627

rsthakur@gmail.com

sharmardv@gmail.com

94180-77222

STATE CENTRE ON CLIMATE CHANGE, H.P

rcac19@yahoo.com

66

24.

25.

26.

27.

28.
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34.
35.

36.

37.
38.
39.
40.
41.

HPPCL
Sumit Kaul
AE (Civil)
Corporate Planning
HPPCL
Virender Chauhan
AE (Civil)
Kashang HEP
Er. R.K. Sharma
Engineer-In-Chief
IPH Department
US Club, Shimla
Er. K.C. Dhiman
Superintending Engineer
SW&S Circle, shimla-3
Er. Susheel Kumar
Sharma
Executive Engineer
IPH Division Rampur
Dr. V.K. Dua
CPRI, Shimla
Sh. Mahendra Singh
DGM PP&M, NTPC
Dr. J.C. Rana
NBPGR Shimla
Dr. Sanjay Kumar
IHBT Palampur
Naresh
Deptt. of Urban
Development
Naresh Kumar
AGM (Civil), NTPC
Dr. Avtar Kaur
Zoological Survey of India
Solan
Dr. Indu Sharma
Zoological Survey of India
Solan
S.L. Verma
SDE, CWC, Shimla
Dr. Bhanu Neopaney
PSO (BT) DEST, Shimla
Dr. N.P. Bhrot
DFO DEST, Shimla
Roshan Lal
Revenue Deptt.
Dr. R.C. Sharma
Director Research
UHF Nauni, Solan

94180-36688

94183-99090

98161-99273

94184-88707

94180-31677

kaulsumit9@gmail.com

virenderhppcl@gmail.com

hpirrg@rediffmail.com

kecvjkcck@yahoo.com

susheel.sharma@gmail.com

94180-09887

vkdua65@yahoo.co.in

96509-90149

mahendrasingh@ntpc.co.in

94181-04185

ranajc2003@yahoo.com

98166-21463

sanjaykumar@ihbtres.in

94188-62575

_

94180-56207

nareshkumar06@ntpc.co.in

92187-66129

avtarkaur2000@gmail.com

94181-54517

induzsi@gmail.com

94180-36688

_

94184-94560

bneopaney@gmail.com

94186-50524

npbhrot@gmail.com

93188-14968

_

94187-40453
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49.
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51.
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53.

55.

56.

57.

58.

59.

Dr. S.K. Bhardwaj
Prof. & Head
Deptt. of Environmental
Sciences, UHF Nauni,
Solan
Dr. Govind Singh Jhabta
S.M.S. (Hort.),
Shimla, H.P.
A.R. Sharma
SE (C) Circle
HPSEBL, Palampur
Ashish Rana
Assistant Engineer
I&PH Deptt., WS&S Circle
Shimla-2, H.P.
Lokinder Beakta

94181-44092

94180-44477

lokinderbeakta@gmail.com

Dr. K.S. Verma
IBES NERI, Hamirpur
Er. R.K. Sharma
Sr. Executive Engineer
Himurja Shimla
Dr. Manmohan Singh
IMD Shimla
Dr. Ritesh Gupta
A.D.O.
Deptt. of Agriculture
G.R. Sahibi, IFS
Deptt. of Forest
M.S. Kashyap
ARE O/o DPRO
Shimla
Lokinder Chauhan
Himalayan Association for
Research and Innovation
B.R. Dhadwal
Ex.En. (UD)
Shimla
Dr. Sushil Kapta
Special Secretary
IPH Deptt.
Vinod Tiwari
CES
HPPCL, Shimla
Dr. K.K. Pramanick
Head
IARI R.S.
Amartara, Shimla
Y.P. Sharma
Scientist, ICAR

94186-79022

ksv2002@rediffmail.com

sbhardwaj500m@rediffmail.com

94184-88065

94184-87171

94184-57957

94184-50334

98161-27668
94184-94129

98162-34616
94180-34384

gjhabta@gmail.com

Ashwani056@gmail.com

ashish_highways@yahoo.com

rajkumar.gogi@rediffmail.com
mm_sandhu@yahoo.co.in
agri.ritesh32@gmail.com
gr_sahibi@yahoo.co.in

msksln1962@gmail.com

94180-56312

_

98161-90097

_

94180-77725

_

94184-59606

98170-75535

ceshppcl@yahoo.com

kallolpramanick@gmail.com

_
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65.

66.
67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Sunil Bhardwaj
SJVNL
Dr. Umesh Narta
Govt. P.G. College
Seema, Rohru
Anil Goma
Information Officer
Directorate of Information
and Public Relation
Dr. A. Mukherjee
CP Consultant, New Delhi
Dr. S.C. Bhargava
CPC, B-223, CP Park
New Delhi
Dr. Sanjay Sharma
Scientific Officer
DEST, Shimla
Er. Subhash Gupta
DoE
K.K. Guleri
Sr. Analytical Officer
Deptt. of Horticulture,
Shimla
Pawan Kumar
APHP
Deptt. of Horticulture
D.C. Thakur
MIS Officer,
DEST, Shimla
Dr. Ranbir Singh Rana
Scientist
CSKHPKV, Palampur
Dr. P.L. Masoom
S.E. Gen. Circle
kullu
Dr. R.S. Chandel
Deptt of Entomology
UHF Nauni, Solan
Dr. Kamal Sharma
Sr. Scientist
IBES, Neri, Hamirpur
Namrta Sharma
H.H.O.
DEST, Shimla
Dr. V.K. Sharma
Asstt. Scientist
IBES, Neri, Hamirpur
Er. S.K. Kapila
Director

94184-53081
94183-53517

94181-03637

98115-59759
011-2627633

94181-89226

bhardwaj.sd@hotmail.com
umeshnarta@yahoo.co.in

anilgoma@gmail.com

anand.mukherjee@rediffmail.com

sc.bhargava@yahoo.com
sanjay.hp@gmail.com

94181-05661

_

94180-20485

_

93181-48007

_

89882-05450

94181-06167

thakurdc@gmail.com

ranars66@rediffmail.com
_

94184-55823

94181-08630

94181-50976

rs_c@rediffmail.com

kamal_64in@yahoo.com
_

94183-56068

94184-92620

98052-19123

vikasdr2002@yahoo.com

skapila19@rediffmail.com
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89.

90.
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92.
93.

Himurja, Shimla
Geetu Thakur
O/o DPRO, Shimla
Sushil Sharma
Assistant Engineer
HPPCL, Shimla
Dr. Meena Thakur
HPSBB
Shimla
Prof. D.D. Sharma
Deptt. of Geography
H.P. Univ., Shimla
Mahesh Singhal
DYCE
Gen. Circle, Bhabanagar
Tarun
DEST, Shimla
Dr. K.K. Sharma
Regional Ayurvedic
Hospital
Shimla
D.S. Thakur
DPRO, Shimla
S.N. Upreti
SE Gen
HPSEBL, Nahan
Pawan Singh
JNU, Delhi
B.S. Marh
Deptt. of Geography
H.P. Univ., Shimla
Prof. Mamta Mekta
Deptt. of Pub.
Administration
H.P. Univ., Shimla
Dr. Alka Sharma
Scientific Officer
AGiSAC, Panthaghati,
Shimla
Rameshwar Singh
NBPGR, Phagli, Shimla
Dr. Usha Devi
NBPGR, Phagli, Shimla
Pankaj Sharma
NBPGR, Phagli, Shimla
Vishal Pathak
Sr. Scientific Professional
AGiSAC, Panthaghati,
Shimla

dprosml@gmail.com

94184-83672
94186-19286

94185-56876

94180-76763

94591-28746

94180-35726
94182-06090

94184-44607
94180-72904

sushil1792@yahoo.com

meenauhf@gmail.com

ddsharma100@rediffmail.com

maheshsinghal91@yahoo.com
tarun_hp@gmail.com

drsharmakushal@gmail.com

dproshimla@gmail.com

segennahan@gmail.com
_

99994-05935
94186-22705

94180-57248

98164-62200

bs_marh@yahoo.co.in

mamtamekta@yahoo.co.in

dr_alkasharma@rediffmail.com

94181-41558

rameshwariari@yahoo.co.in

96253-01081

usharudhyan90@gmail.com

94595-17152

pankajsharmasnr@gmail.com

89882-78386

vpathak15@gmail.com
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100.
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104.

105.

Bishal Airon
Scientific Professional
AGISAC, Panthaghati,
Shimla
Neeraj
IT Professional
AGISAC, Panthaghati,
Shimla
Sandeep Damseth
Scientific Professional
AGISAC, Panthaghati,
Shimla
Arti Dhatwalia
IT Professional
AGISAC, Panthaghati,
Shimla
Gayatri Verma
IT Professional
AGISAC, Panthaghati,
Shimla

97365-60294

Rekha Sharma
IT Professional
AGISAC, Panthaghati,
Shimla
Laxmi Devi
IT Professional
AGISAC, Panthaghati,
Shimla
Poornima Verma
Scientific Professional
AGISAC, Panthaghati,
Shimla
Ms. Meena Devi
Scientific Professional
AGISAC, Panthaghati,
Shimla
Arti Sharma
IT Professional
AGISAC, Panthaghati,
Shimla
Heemlata
IT Professional
AGISAC, Panthaghati,
Shimla
Babita Thakur
IT Professional
AGISAC, Panthaghati,
Shimla

96255-62461

bishal9@gmail.com

94185-43202

_

98171-60296

_

94185-63509

_

98177-27078

94598-50759

gayatriverma143@gmail.com

rekhas833@gmail.com

laxmi2money@rdiffmail.com

_

94188-19149

93181-32640

98166-24353

98173-66286

98178-63481

meenadevi25@gmail.com

poojaagisac@gmail.com

hemmuc40@gmail.com

babitameenathakur@gmail.com
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112.
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114.

115.
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117.

Pooja Sharma
IT Professional
AGISAC, Panthaghati,
Shimla
Kavita Sharma
IT Professional
AGISAC, Panthaghati,
Shimla
Mahima Chatranta
Scientific Professional
AGISAC, Panthaghati,
Shimla
Meena Kumari
Scientific Professional
AGISAC, Panthaghati,
Shimla
Dr. R.S. Thapa
Principal Scientific Officer
SCST&E, Kasumpti,
Shimla
Rajesh Solanki
Scientific Officer
SCST&E, Kasumpti,
Shimla
Sh. Umesh Pathania
Technical officer
SCST&E, Kasumpti,
Shimla
Ravi Sharma
Senior Scientific Assistant
SCST&E, Kasumpti,
Shimla
Shashi Dhar
Senior Scientific Assistant
SCST&E, Kasumpti,
Shimla

97366-68997

Priyanka
Senior Scientific Assistant
SCST&E, Kasumpti,
Shimla
Kalpna Negi
Senior Scientific Assistant
SCST&E, Kasumpti,
Shimla
Manoj Kaul
Senior Technical Assistant
SCST&E, Kasumpti,
Shimla

94181-34944

98172-09622

89880-47907

88940-12335

94185-00959

93186-16251

94183-10231

94180-84973

94180-26845

poojagautam961@gmail.com

kavitasharma2110@yahoo.com

mahima.chatranta@gmail.com

agisac.meena@gmail.com

rajenderthapa@yahoo.co.in

rajesh_solankey@hotmail.com

umeshpathania@hotmail.com

ravisml7@yahoo.com

dhar_shashi2000@yahoo.com

bq_ps@yahoo.com

_

_

94189-41713

kaulmanoj7@yahoo.com
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Surinder Deol
Senior Technical Assistant
SCST&E, Kasumpti,
Shimla
Ramesh Kumar
Project Associate
SCST&E, Kasumpti,
Shimla
Narinder Kumar
Architect Assistant
SCST&E, Kasumpti,
Shimla
Uma Chand
DEO Accounts work
SCST&E, Kasumpti,
Shimla
Amit Rana
DEO Accounts work
SCST&E, Kasumpti,
Shimla
Manoj Thakur
Scientific professional
SCST&E, Kasumpti,
Shimla
Shubhra Randhawa
Scientific professional
SCST&E, Kasumpti,
Shimla
Pooja Rana
Scientific professional
SCST&E, Kasumpti,
Shimla
Manpreet Chaudhary
Scientific professional
SCST&E, Kasumpti,
Shimla
Rajneesh Sharma
DEO
SCST&E, Kasumpti,
Shimla
Jitender Sharma
DEO
SCST&E, Kasumpti,
Shimla
Hemant Chauhan
ANI News
Anjana Thakur
Encounter N.P.
Krishan Tilale
Reporter

94596-26704

sdeol12@yahoo.com

94180-09260

_

_

_

94186-69101

_

94188-00179

_

94185-74430

98055-56651

98163-91493

89882-78709

manojthakur0083@gmail.com

shubra.virgo@gmail.com

pooja.iirs@gmail.com

manpreet_bains@yahoo.com

rajneeshsharma3582@gmail.com

94174-04323

_

94180-64180

hemantcm@gmail.com

94185-88300

editorencounterhimachal@gmail.c
om
_

94186-44439
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149.
150.
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153.

Punjab Kesari
Kalyan Primta
Channel-9
Santosh Rawat
Hindustan Times
Kuldeep
City Channel
Ujwal Sharma
Daily Vir Pratap
Rakesh Kumar
DD News, Shimla
Bulbir Chauhan
ANI Tv News
Nishant Bhardwaj
Day & Night News
Tara Singh
Dainik Jagran
Shakeel Quereshi
Divya Himachal
Saurabh Chauhan
Hindustan Times
Manohar Lal
The Pioneer
Vinod Pathole
Ajit Samachar
Shivani Khanwilkar
Hill Post
Ashwani Sharma
Indian Express
Amit Kanwar
The Tribune
Munish Banyal
Daily Post Newspaper
Dharmender Pandit
Dainik Bhaskar
Rohit
Amar Ujala
Sunil Parmar
MH1 News Channel
Manjeet Sehgal
Sr. Correspondent
India Today
Laxman Das
Photographer
Vishnu Sharma
Videographer
O/o DFO Publicity

94185-88400

_

94189-24323

_

89880-64414

news2cc@gmail.com

94181-90914

ujualsharma13@gmail.com

94180-00038

_

94180-88727

_

89881-19065

nbhardwaj89@gmail.com

94180-77593

tarasingh@drm.jagran.com

94180-03178

shakeel.quereshi@gmail.com

88944-78870

saurabhsmljr@gmail.com

89882-78471

manoharfor.u@gmail.com

94185-27124

vnd.pathole@gmail.com

99874-94414

shivanikhanwilkar@gmail.com

94180-66555

express.ashwani@gmail.com

94181-75002

amitkanwar80@gmail.com

94183-88890

munishzone@gmail.com

94186-69154

dpandit154@gmail.com

97360-03759

_

94189-40102

_

88945-87909

manjeetsehgal@gmail.com

94181-03841

_

94184-77100

_
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Contact us:
State Centre on Climate Change, H.P

(State Council for Science Technology & Environment, H.P)
34 SDA Complex, Kasumpti, Shimla-9
Email: himachal.ccc@gmail.com
Website:
www.hpccc.gov.in
STATE CENTRE
ON CLIMATE
CHANGE, H.P
Tel: 0177-2620998
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