Report of the Expert Committee on Glaciers


FOREWORD 
To identify the need for the State of Uttarakhand to be prepared against any risks resulting from the fast receding and melting of Glaciers in Uttarakhand, an Expert Committee on Glaciers has been constituted through a maiden effort by the Department of Disaster Management and Rehabilitation, Government of Uttarakhand, vide Office Order No. 451/XVIII-(2)/2006, dated 3 June 2006. The Expert Committee took a fresh stock of the possible disasters associated with glaciers and related water discharge in the rivers in Uttarakhand. The report presents the interlinked short term and long term recommendations for the future course of action so as to minimize risk to population and economy from the phenomenon of receding and melting of glaciers.
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EXECUTIVE SUMMARY

A glacier is more or less permanent and naturally accumulating mass of ice and compacted snow that moves in response to gravity and undergoes internal deformation. Glaciers are nourished in the areas of snow accumulation that lie above the mean climatological/orographical snow line. The most active glaciers are generally found in the regions receiving the heaviest snowfall. The Himalaya constitutes one of the most important glacier systems in the world, where more than 5000 glaciers (Indian part) of different sizes and shapes are located; nearly 917 being present in the Uttarakhand Himalayas. Since large part of the main Himalayan range lie above the snow line that generally occurs at an elevation between 4500-5400 meters, the Himalayan glaciers lie at formidable high altitudes and form a unique setting compared to other glaciers of the world. Their scientific study assumes foremost importance for the development of water resources, climate/weather prediction and understanding of the ecological system coupled with resource development and associated hazards. 

Higher reaches of the State of Uttarakhand falls in heavy snow zone, that is susceptible to snow/ice related disasters. Concerned with the frequent media and scientific reports on the rapid recession of glaciers and its likely consequences upon the State of Uttarakhand, the Government of Uttarakhand constituted an Expert Committee on Glaciers to take a fresh appraisal into the hazard potential of glaciers and suggest remedial measures.  

The Expert Group in its first meeting took stock of the distribution and extent of glaciers in Uttarakhand as well as likely factors influencing recession of glaciers. The importance of correlating the rates of recession with the discharge of the rivers was highlighted in the meeting as many of the hazards are directly or indirectly controlled by the fluctuating hydrological regime. Recognizing that any true assessment of glaciological hazards would require integration of data on glacier recession, mass balance, water discharge (hydrology) and meteorological parameters, it was decided to organize a Brain Storming Session to take stock of available information of the various parameters. The Brain Storming Session organized by DMMC on 4 September 2006, took stock of the status of glaciological, hydrological research with a purpose to evaluate their hazards potential. More than 25 representatives from various universities and research centers of the country participated in the Brain Storming Session. The salient recommendations emerging from these sessions were critically evaluated by the Expert Group in its final meeting on 7 December 2006 at DMMC. Based on this, the Expert Group has drawn up short term and long term recommendations for sustained efforts to mitigate glaciological hazards. The short term recommendations emphasize upon the measures that can be acted upon immediately by the State Government. Restricting tourist/pilgrim traffic in identified sensitive areas is one such recommendation of the Committee. In contrast, the long term recommendations require specific follow-up action plan to generate new data sets to evaluate the risk assessment of glaciers and related hazards. These areas are to be followed up by the specific research institutions and Centers of Excellence.
1.0
PREAMBLE

The status of knowledge regarding the present day glaciers and their environment hold the key to our understanding of the past, present and future environmental conditions. Four major ice ages have occurred over approximately 4.6 billion years since the Earth was formed; we are currently in an  interglacial of the  Pleistocene glaciation. During the Quaternary period of nearly two million years one third of the earth was covered by ice. The great waxing and waning of the glaciers in response to climatic changes have shaped some of the awe-inspiring landscapes on the earth by scouring away the rocks and sediments and depositing debris far from its source. Since the end of the last glacial, 15,000 years ago, there have been minor advances and retreats on a local or regional scale. In historic times, glaciers grew during the Little Ice Age (LIA), a cool period from about 1650 to 1850. Subsequently, until about 1940, glaciers around the world retreated as climate warmed. Glacier retreat declined and reversed, in many cases, from 1950 to 1980 as a result of slight global cooling in this period. Glacier retreat has subsequently become increasingly rapid and ubiquitous, so much so that it threatens the existence of many of the glaciers across the world. 

In the Himalayas, a large section of people live in the valleys formed by the glaciers. Understanding of glaciers assume importance when difficult scientific and ethical questions need to be answered about sustainable development of mountain ranges and adjoining plains, especially with regard to hydropower, water supply and environmental quality, which has direct bearing on the national growth.  In this regard the fluctuation of glaciers, change in runoff, annual balance, sediment transportation and their roles in controlling the climate of the subcontinents are of great significance.  

Another important aspect is glacial hazards. Of these glacial lake outburst floods (GLOF), avalanches and flash floods can be considered to be primary hazards, while rock fall, debris fall and landslides can be considered secondary hazard. Such events can affect the storage capacity of dams and disrupt the smooth functioning of the turbines in the power stations. However our knowledge of GLOF is very limited and advanced research needs to be undertaken to predict and reduce their effects.

1.1
HIMALAYAN GLACIERS

The Himalayan glaciers contribute fresh water to the main river systems of the Indian sub-continent. It is estimated that 38221 km2 of Himalayan ranges are glaciated.  Glaciers inventory data (Geological Survey of India) has identified more than 5000 glaciers in the Indian part of the Himalaya comprising the territories of Jammu and Kashmir, Himachal Pradesh, Uttarakhand, Sikkim and Arunachal Pradesh. Distribution of these glaciers along the Himalayan arc is uneven with the concentration of glaciers being higher in the NW than NE part of the Indian Himalaya. Such complexity is due to criss-cross mountain alignment, altitudinal variations and different climatic environments.  These characteristics can be defined by the fluctuation in regional snow/firn line limit that ranges in altitudes from 4500 to 5700 m.

The records pertaining to fluctuating glacial limits are only 150 years old. Mayeswki and Jeschke (1979) studied 122 glaciers of the Himalaya and Karakoram region and concluded that most of the glaciers are retreating.  Much significant work on the recession of Himalayan glaciers has been carried out by the Indian scientists during the last few decades.  These studies have revealed that the glaciers are retreating with an average rate of 18 to 20 m/yr. It has also been observed that the recession rates of both small (<5 km) and large (>10 km) glaciers are more or less same, which indicates that the future of small glacier is not very encouraging.  

1.2
UTTARAKHAND GLACIERS

The Uttarakhand Himalaya, consisting of one of the most important snow cover and glacier regimes, stretches for about 325 km between Kali Ganga in the east and Tons-Yamuna valley in the west and covers an area of 53204 km2. There are 917 glaciers in the four sub-basins of the river Ganga, followed by 50 in the Yamuna basin, 277 in the Bhagirathi basin, 326 in the Alaknanda and 264 in the Kaliganga basins (Figure 1) covering a total area of 3550 km2. These glaciers can be further sub-divided in the following mountain ranges: Nanda Devi Group, Dauli Ganga Group, Kamet Group, Gangotri Group, Satopanth Group and Bandarpunch Group. Recently WIHG and ICMOD has prepared a new glacier inventory for Uttarakhand Himalaya using remote sensing techniques (Table 2) 
Table 1: Distribution of Glaciers in the Indian Himalayas (GSI, 1999).

	State
	Glaciers 
	Area (km2)
	Average size (km)
	Glacier in the state (%)

	J&K
	3136
	32000
	10. 24
	69.90

	Himachal
	402
	1349 
	3.35
	9.40

	Uttarakhand
	917
	3550
	3.87
	17.80

	Sikkim
	450
	917
	1.50
	8.70

	Arunachal
	162
	220
	1.40 
	3.20


Table 2: Glaciers of Uttarakhand (Sah et al., 2005).
	S. N.
	Basin
	No. of Glaciers
	Area (km2)
	Volume (km3)

	1
	Tons
	102
	162.58
	17.43

	2
	Yamuna
	22
	10.4
	0.45

	3
	Bhagirathi
	374
	921.46
	129.93

	4
	Bhilangana
	19
	112.84
	13.48

	5
	Mandakini
	40
	81.64
	5.98

	6
	Alaknanda
	457
	1434.56
	170.37

	7
	Pindari
	43
	158.99
	15.01

	8
	Ramganga
	7
	6.74
	0.322

	9
	Goriganga
	128
	561.35
	69.18

	10
	Dhauliganga
	135
	373.19
	34.6

	11
	Kutiyanghi
	112
	236.24
	18.64

	Total
	1439
	4060.04
	475.43


1.3
HAZARDS ASSOCIATED WITH GLACIERS
Glaciers are sources of fresh water. Snow and glacier melt guarantee certain amount of base flow throughout the year to Himalayan rivers.  With fast recession of glaciers, base flow of Himalayan rivers would be adversely affected.  Knowledge of glaciers is essential for formulating suitable future programs for development and management of environment and Himalayan rivers.  For this, it is essential to know the total number of glaciers; their volume and the volume of melt water they generate in different climatic regions of the Himalaya, along with the probable risks associated with glaciers.

1.3.1
RECESSION OF GLACIERS

70% of world's fresh water is frozen in glaciers. Glaciers accumulate mass at higher elevations during monsoon and winter seasons and provide melt water at lower elevations. Glacial retreat would initially enhance run off but later the retreating glaciers shall pose a major problem for those dependent on rivers for fresh water supply for daily use, agriculture, industry and others. With increasing population, the depleting fresh water availability as always has been a great concern. This might even trigger inter-state conflicts over sharing of water, apart from reducing navigability of the rivers. 

Table 3: Recession trends of some Himalayan glaciers

	Name of glacier
	Period of 

Observation
	Period

(in years)
	Recession

(in m)
	Average rate

(m/yr)

	Milam glacier
	1849-1957
	108
	1350
	12.50

	Pindari glacier
	1845-1966
	121
	2840
	23.40

	Gangotri glacier
	1962-1991
	29
	580
	20.00

	Tipra bank glacier
	1960-1986
	26
	325
	12.50

	Dokriani glacier
	1962-1991

1991-2000
	29

09
	480

161.15
	16.50

18.00

	Chorabari
	1962-2005
	41
	238
	05.80

	Shankulpa
	1881-1957
	76
	518
	06.80

	Poting
	1906-1957
	51
	262
	05.13

	Glacier no-3 Arwa
	1932-1956
	24
	198
	08.25

	Bara Shigri
	1956-1963
	07
	219
	31.28

	Chhota Shigri
	1987-1989
	03
	54
	18.50

	Sonapani
	1909-1961
	52
	899
	17.20

	Kolai
	1912-1961
	49
	800
	16.30

	Zemu
	1977-1984
	07
	193
	27.50


Glacial retreat has become the most important issue in the field of glaciology. Enhanced recession rates of glaciers during the recent years have initiated widespread discussions, especially in the context of global warming and its effect on cryosphere. The rate of recession and volume change are irregular for glaciers across the Himalayan arc. This is attributed to the variations in micro-climate and physiography. Out of more than 5000 glaciers in the Indian Himalayas, only 11 glaciers were monitored for their mass balance and nearly 100 glaciers were monitored routinely for shifting of snout position of the glaciers. 

The impact of global warming is already visible in the Himalaya. The 30.2 km long Gangotri Glacier is receding rapidly with the rate of retreat during the period 1962-1991 being about 20 m/yr. The enhanced rate of retreat is attributed to the increased anthropogenic interventions.
1.3.2
GLACIAL LAKE OUTBURST FLOODS (GLOF)/FLASH FLOODS

Valley glaciers generally have supra-glacial ponds and moraine dam lakes. As the glacier retreats it leaves a large void behind. Ponds occupy the depression earlier occupied by glacial ice. The moraine walls that act as dam are structurally weak and unstable and undergo constant changes due to slope failures and slumping and there exists the danger of catastrophic failure, causing glacial lake outburst floods (GLOFs). GLOF is characterized by sudden release of huge amount of lake water that rushes along the stream channel downstream in the form of dangerous flood waves. The propagation of GLOF surges trigger landslides and bank erosion that temporarily block the surge waves and result in a series of surges as the landslide dam breach. Earthquakes may also be one of the triggering factors depending upon its magnitude, location and other characteristics. Discharge rates of such floods are typically several thousand cubic meters per second.

In Uttarakhand Himalayas there are 127 glacial lakes of varying sizes, the total area of which is around 75 km2. Therefore, the possibility of the state being affected by GLOF cannot be ruled out.
1.3.3   AVALANCHES

Avalanche is a downward movement of rock mass, ice blocks and snow when internal cohesion decreases or with intrusion of liquid water. The factors that govern the generation of an avalanche are weather conditions, snow fall, slope steepness, slope orientation, wind direction, terrain conditions, vegetation cover and snow peak conditions. Most of the avalanches occur on 30-45( slopes. A large avalanche might release 300,000 cubic yards of snow that is equivalent to 200 football fields under 10 feet of snow. Avalanche can reach up to a speed of 394 m/hr.

In Uttarakhand there has so far been no report on the occurrence of avalanche. However, the high Himalayan valleys close to glaciers and which receive winter snow are susceptible to avalanches.
1.3.4   DAMAGE TO HYDROPOWER STATIONS

The discharge during a GLOF event is laden with large amount of sediments that cause acute toe erosion leading to landslides along the valley slopes. The sediment-saturated discharge can cause destruction of the dam, fill the dam or damage the turbines besides reducing the power generation capacity.   

There are 12 hydropower projects in Uttarakhand with an installed generation capacity of 1280 MW. 7 hydel projects with an installed capacity of about 4134 MW are in various stages of completion, while eleven others with an installed capacity of about 1961 MW are in various stages of investigation. Regular monitoring of glacial lakes and glacial retreat is therefore utmost necessary to safeguard the power projects in the State.

1.4
CONSTITUTION OF THE EXPERT COMMITTEE

It is in this background that the State Government has constituted an Expert Committee on Glaciers under the Chairmanship of Dr. B. R. Arora, Director, Wadia Institute of Himalayan Geology (WIHG), vide Government Order No. 451/XVIII-(2)/2006, dated 3 June 2006 (Enclosure I), to provide an appraisal of the status of glaciers in the state and to advise on the future course of action so as to minimize the risk to population and economy. On the basis of the suggestions/recommendations of the Expert Committee on Glaciers and various experts who participated in its deliberations, the Committee frames its suggestion to the Government of Uttarakhand in the form of the present report.

2.0
DELIBERATION OF THE EXPERT COMMITTEE ON GLACIERS
2.1
FIRST MEETING OF THE EXPERT COMMITTEE ON GLACIERS

The Expert Committee on glaciers (Table 4) held its first meeting at Disaster Mitigation and Management Centre (DMMC), Dehradun, on 18 July 2006, under the Chairmanship of Dr. B. R. Arora. The Chairman presented a concise account of the status of glaciological research in Himalayas. He stressed the need of paying attention to the effect of glacier recession on headwear hydrology, glacial processes, albedo changes and its influences on radiation budget. He suggested hydrological and meteorological studies should therefore form integral part of the glaciological research.

It was unanimously agreed that pure scientific research on glaciology should continue as the mandate of research institutions but the members showed keen interest in addressing the concerns of the State Government of Uttarakhand that can be summarized as follows: 

1. Quantification of the magnitude of the problem arising out of glacial recession in terms of the impact on the surrounding population groups, flora, fauna, river hydrology and micro-climate.

2. Inventory and nomenclature of the glaciers.

3. Assessment of the likely impact of the glacial recession upon the projected hydro-power potential.

4. Assessment of the damage being caused in the higher altitudes by increasing anthropogenic activities.

5. Identification of glacial lakes and associated glacial lake outburst flood (GLOF) risks with clear-cut demarcation of the population likely to be affected.

6. Revision of the text books in standard IX, X, XI and XII to include information on glacial risks along with other disasters.  

Table 4: Members of the Expert Committee on Glaciers (as per Government Order No.. 451/XVIII-(2)/2006, dated 3 June 2006).
	1
	Dr. B. R. Arora

Director

Wadia Institute of Himalayan Geology, Dehradun
	Chairman

	2
	Shri H. C. Khanduri, Senior Geologist
Geological Survey of India, Dehradun
	Member

	3
	Shri Kireet Kumar, Scientist and Head, LWRM
G. B. Pant Institute of Himalayan Environment and Development

Kosi-Katarmal, Almora
	Member

	4
	Prof. D. K. Paul, Prof. and Head, 
Department of Earthquake Engineering
Indian Institute of Technology Roorkee
	Member



	5
	Dr. (Mrs.) P. Soni, Head, Ecology and Environment Division
Forest Research Institute, Dehradun
	Member

	6
	Dr. Rajendra Dobhal, Director
Uttarakhand Council of Science and Technology, Dehradun
	Member

	7
	Dr. Pratap Singh, Scientist E2
National Institute of Hydrology, Roorkee
	Member

	8
	Dr. Pradeep Mool, Remote Sensing Specialist
ICIMOD, Kathmandu, Nepal
	Member

	9
	Dr. V. Hari Prasad, In-charge, Water Resources Division
Indian Institute of Remote Sensing, Dehradun
	Member

	10
	Shri P. S. Phalnikar, DIG, Garhwal Sector
Indo Tibetan Border Police, Dehradun
	Member

	11
	Dr. G. P. Juyal, Head (Hydrology and Engineering)
Central Soil and Water Conservation Research and Training Institute, Dehradun
	Member

	12
	Col. M. M. Masur, Principal
Nehru Institute of Mountaineering, Uttarkashi
	Member

	13
	Dr. Piyoosh Rautela

Senior Executive (NRM)
DMMC, Dehradun
	Member/Secretary


Rather than embarking upon an altogether new line of research on the causes of recession and its associated phenomenon of hydrology and climate, the Committee agreed to focus on the disaster management related concerns of the Uttarakhand Government to prevent the loss of property and human lives and to ensure expected growth of developmental programs.  It was resolved to organize a one-day Brain Storming Session to address the above concerns and for wider dissemination of the State Government’s concerns together with assessing the status of existing knowledge on glaciers. The primary objective of the workshop was to identify persons working in the field of meteorological/hydrological/glaciological research and to assess the magnitude and quality of the existing data/information so as to quantify the magnitude of the problem and come forth with a viable management strategy. 

2.2
BRAIN STORMING SESSION ON DISASTERS ASSOCIATED WITH     GLACIERS IN UTTARAKHAND (DAG): ITS SOCIETAL PERSPECTIVES

As per the recommendation of Expert Committee in the first meeting, DMMC organized a Brain Storming Session on “Disasters Associated with Glaciers in Uttarakhand (DAG): Its Potential and Societal Perspectives” on 4 September 2006 in the Conference Hall of the DMMC, Dehradun, under the chairmanship of Shri N. S. Napalchyal, Principal Secretary, Department of Disaster Management and Rehabilitation. Besides the members of the Expert Committee, the workshop was attended by several renowned specialists and researchers from various national institutions/universities engaged in glaciological/hydrological/climatological research.
2.3
FINAL MEETING OF THE EXPERT COMMITTEE ON GLACIERS: ITS RECOMMENDATIONS TO THE DEPARTMENT OF DISASTER MANAGEMENT AND REHABILITATION, GOVERNMENT OF UTTARAKHAND
Based on the suggestions/recommendations of the participants of the Brain Storming Session, the Expert Committee framed its recommendations in its meeting held on 7 December 2006 at DMMC under the Chairmanship of Shri N. S. Napalchyal. Shri Napalchyal asserted that the report of the Expert Committee is a unique initiative to understand and mitigate risks from glaciers and would result in concrete actions from the Government.

2.3.1
SHORT TERM RECOMMENDATIONS

A) The available glacier inventory to be super-imposed on the habitat map of Uttarakhand to identify most glacial hazard prone regions requiring immediate re-dressal.

B) Database on glacier recession, hydrological and climatological data be prepared. The integration of the collected data can subsequently be utilized for flash flood and water discharge monitoring.

It should be made mandatory for Hydel Power Projects in the State to have discharge gauging and meteorological stations in the upstream catchment area and the information collected by these should be made available to the concerned department of the State Government on regular basis. 

C) The supra-glacial lakes around Kedar Ganga and Kedar Bamak in the Bhagirathi Valley should be monitored, together with stream discharge.
D) Generation of guidelines and public awareness material for glacier related hazards; DMMC may prepare suitable brochures and posters to be displayed and distributed through schools/colleges. Text books in standard IX, X, XI and XII to be revised to include information on glacial risks along with other disasters.  

E) Restricting anthropogenic activities and tourist movement in areas identified as vulnerable.

Restriction on tourists accessing the snouts of most vulnerable glaciers like Gaumukh of the Gangotri glacier and the Satopanth glacier. Provisions of 'The Environment (Protection) Act, 1986', can be invoked for imposing a viable regulation for restricting tourist and pilgrim traffic to these glaciers.

F) A mechanism may be worked out to bring out a glacier bulletin to be propagated through audio/video media.

2.3.2
LONG TERM RECOMMENDATIONS

(A)
Preparation of Glacier and Glacial Lake inventory on large-scale map and nomenclature for identification.

(B)
Snow cover mapping and assessment along with the pattern of maximum snow cover during winter.

(C) Strengthening of monitoring system:

a) Monitoring of climate and snow precipitation through AWS network

b) Monitoring of glacial lakes, their formation and potential for hazards

c) Monitoring snow/ice melt and suspended sediment load
d) Monitoring glacier recession, volumetric changes in mass volume and snowline fluctuations for better understanding of the interactions of climate
(D) Risk assessment to understand the impact of glaciers on safety of dams, reservoirs and power projects.

(E) Integrating all the information generated for Himalayan glaciers under Geographical Information System (GIS) environment. This would eventually help in effective management and planning.
2.3.3
FORMATION OF EXPERT STUDY GROUP (ESG)

It was also suggested by the participants of the workshop that to carry out short-term and long-term studies on the different aspects of glaciers and glacial hazard, a group of experts should be constituted to monitor and evaluate the program smoothly. It is therefore, recommended that the institutions funding major glacial research constitute the following expert groups:
1. Remote sensing and GIS analysis group (RAGISAG)

2. Glacial hazard and mapping group (GHMG)

3. Glacial monitoring group (GMG)

4. Hydrological and meteorological study group (HMG)

5. Socio-economic study group   (SSG)

2.3.4
ACTION PLAN FOR THE IMPLEMENTATION OF THE RECOMMENDATIONS

(A)
SHORT TERM

	S. N.
	Recommended Objectives
	Implementing Agencies

	1

2

3

4

5

6
	The available glacier inventory to be super-imposed on the habitat map of Uttarakhand to identify most glacial hazard prone regions requiring immediate re-dressal. The map needs to be at 1:25000 scale.
Database on glacier recession, hydrological and climatological data be prepared. The integration of the collected data can subsequently be utilized for flash flood and water discharge monitoring.
It should be made mandatory for Hydel Power Projects in the State to have discharge gauging and meteorological stations in the upstream catchment area and the information collected by these should be made available to the concerned department of the State Government on regular basis.
The supra-glacial lakes around Kedar Ganga and Kedar Bamak in the Bhagirathi Valley should be monitored, together with stream discharge.
Generation of guidelines and public awareness material for glacier related hazards; DMMC may prepare suitable brochures and posters to be displayed and distributed through schools/colleges. Text books in standard IX, X, XI and XII to be revised to include information on glacial risks along with other disasters.   

Restricting anthropogenic activities and tourist movement in areas identified as vulnerable.
Restriction on tourists accessing the snouts of most vulnerable glaciers like Gaumukh of the Gangotri glacier and the Satopanth glacier. 
A mechanism may be worked out to bring out a glacier bulletin to be propagated through audio/video media.
	WIHG to provide recently compiled glacier map.

SAC (Ahmedabad) and 

IIRS, Dehradun to provide habitat map of Uttarakhand.

Nodal Agency to finalize product: WIHG

SASE (Chandigarh), WIHG and SAC (Ahmedabad) to provide information on the pattern of snowfall.

CWC and NIH to provide hydrological data.

Nodal Agency to integrate the information: SAC (Ahemedabad) 

Department of Power in association with Department of Disaster Management and Rehabilitation to ensure the establishment of such stations.

CWC/NIH in consultation with GSI to train the ITBP personnel for continuous monitoring of river discharge at these locations.

Nodal Agency for supervision: GSI, Lucknow

DMMC to prepare suitable brochures and posters to be displayed and distributed through schools/colleges.
Garhwal University, Kumaun University and IIT Roorkee to prepare course curricula for standard IX, X, XI and XII in consultation with Department of Education.

Nodal Agency to coordinate: DMMC

Department of Disaster Management and Rehabilitation on the basis of the map prepared.
Department of Revenue, Department of Disaster Management and Rehabilitation and Department of Tourism to coordinate together.

Nodal Agency to coordinate: DMMC

Provisions of 'The Environment (Protection) Act, 1986', can be invoked for imposing a viable regulation for restricting tourist and pilgrim traffic to these glaciers. 

IMD to be requested to include glacier information in their weather bulletin, especially for the hilly regions and their likely manifestations on snowfall etc.

SASE (Chandigarh), WIHG, GSI, NIH, CWC to be requested to provide snow and glacier related information.

Nodal Agency: IMD


(B)
LONG TERM

	S. N.
	Recommended Objectives
	Implementing Agencies

	1

2

3
	Preparation of Glacier and Glacial Lake inventory on large-scale map and nomenclature for identification.
Snow cover mapping and assessment along with the pattern of maximum snow cover during winter.
Strengthening of monitoring system:

a) Monitoring of climate and snow precipitation through AWS network.

b) Monitoring of glacial lakes, their formation and potential for hazards.

c) Monitoring snow/ice melt and suspended sediment load
d) Monitoring of glaciers recession, changes in mass volume and snowline fluctuations for better understanding of the interactions of climate.

Risk assessment to understand the impact of glaciers on safety of dams, reservoirs and power projects.
Integrating all the information generated for Himalayan glaciers under Geographical Information System (GIS) environment. This would eventually help in effective management and planning.
	SAC (Ahmedabad), USAC, WIHG

Nodal Agency for preparation of the map: USAC

SASE, CWC, SAC (Ahmedabad), WIHG to provide information.

Nodal Agency to prepare map: USAC
WIHG, CWC, SAC (Ahmedabad), Dr. Pratap Singh (Hydro Tasmania Consulting, New Delhi)

Nodal Agency for coordination of monitoring network: SASE Chandigarh)

WIHG, GSI, SAC (Ahmedabad), USAC

Nodal Agency to coordinate monitoring: GSI 

NIH, CWC, SAC (Ahmedabad), GBPIHED

Nodal Agency to coordinate monitoring: CWC

Garhwal, Kumoan University, WIHG, SAC (Ahmedabad)

Nodal Agency to coordinate monitoring: SAC (Ahmedabad)

AHEC (IIT Roorkee), USAC

Nodal Agency: USAC

Nodal Agency: USAC and DMMC in coordination.
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