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Note

This assessment of glacial lakes and glacial lake outburst flood (GLOF) risk in Nepal was conducted with the

aim of developing recommendations for adaptation to, and mitigation of, GLOF hazards (potentially dangerous
glacial lakes) in Nepal, and contributing to developing an overall strategy to address risks from GLOFs in the
future. The assessment is also intended to provide information about GLOF risk assessment methodology for use in
GLOF risk management in Nepal. The methodology that was developed and applied in the assessment can also
be broadly applied throughout the Hindu Kush-Himalayan region. The assessment has been completed through
activities carried out in collaboration with national partners, which include government and non-government
institutions as well as academic institutions and universities.

This report was prepared by the following team:

® Pradeep K Mool, ICIMOD

* Pravin R Maskey, Ministry of Irrigation, Government of Nepal

e Achyuta Koirala, ICIMOD

e Sharad P Joshi, ICIMOD

* Wou lizong, CAREERI

e Arun B Shrestha, ICIMOD

® Mats Eriksson, ICIMOD

¢ Binod Gurung, ICIMOD

* Bijaya Pokharel, Department of Hydrology and Meteorology, Government of Nepal
* Narendra R Khanal, Department of Geography, Tribhuvan University

® Suman Panthi, Department of Geology, Tribhuvan University

e Tirtha Adhikari, Department of Hydrology and Meteorology, Tribhuvan University

* Rijan B Kayastha, Kathmandu University

® Pawan Ghimire, Geographic Information Systems and Integrated Development Center
® Rajesh Thapa, ICIMOD

® Basanta Shrestha, Nepal Electricity Authority

® Sanjeev Shrestha, Nepal Electricity Authority

® Rajendra B Shrestha, ICIMOD

Substantive input was received from Professor Jack D Ives, Carleton University, Ottawa, Canada who reviewed
the manuscript at different stages in the process, and Professor Andreas Kadb, University of Oslo, Norway who
carried out the final technical review.



Glacial Lakes and Glacial
Lake Outburst Floods in Nepal

International Centre for Integrated Mountain Development, Kathmandu, March 2011



This report was prepared by the International Centre for
Integrated Mountain Development (ICIMOD) for the Global
Facility for Disaster Reduction and Recovery (GFDRR)/

The World Bank.

Published by
International Centre for Integrated Mountain Development

GPO Box 3226, Kathmandu, Nepal

Copyright © 2011

International Centre for Integrated Mountain Development
Global Facility for Disaster Reduction and Recovery of the
World Bank

All rights reserved. Published 2011

ISBN 978 92 9115 193 6 (printed)
978 92 9115 194 3 (electronic)

LCCN 2011-312004

Photos: All photos by Sharad P Joshi,
except p 55 (top) - Achyuta Koirala;
p 59 - Pravin R Maskey, p 80 Arun B Shrestha

Production team

Isabella Khadka (Consultant editor)
Greta Rana (Consultant editor)

A Beatrice Murray (Senior editor)
Dharma R Maharjan (Layout and design)
Asha Kaiji Thaku (Editorial assistant)

Printed by Hill Side Press (P) Ltd., Kathmandu, Nepal

This publication may be reproduced in whole or in part and
in any form for educational or non-profit purposes without
special permission from the copyright holders, provided
acknowledgement of the source is made. ICIMOD and the
GFDRR Secretariat/World Bank would appreciate receiving a
copy of any publication that uses this publication as a source.
Copies may be sent to ICIMOD, GPO Box 3226, Kathmandu,
Nepal and the GFDRR Secretariat at 1818 H Street NW.
Washington, DC 20433 USA.

No use of this publication may be made for resale or for any
other commercial purposes whatsoever without prior permission
in writing from ICIMOD and the GFDRR Secretariat/World
Bank. All images remain the sole property of the source and
may not be used for any purposes without written permission
from the source.

The views and inferpretations in this publication are those of
the author(s). They are not attributable to ICIMOD, GFDRR/The
World Bank and do not imply the expression of any opinion
concerning the legal status of any country, territory, city or area
of its authorities, or concerning the delimitation of its frontiers or
boundaries, or endorsement of any product.

This publication is available in electronic form at
www.icimod.org/publications and www.gfdrr.org

Citation: ICIMOD (2011) Glacial lakes and glacial lake outburst
floods in Nepal. Kathmandu: ICIMOD



Contents

Note Inside cover
Foreword v
e i
Executive Summary vii
Section 1: Introduction to the Study 1
1  Introduction K!
2  Clacial Lake Outburst Floods in Nepal Q
3  Defining Risk 13
4  Mapping of Glaciers and Glacial Lakes 17
5  Prioritisation of Critical Lakes 29
Section 2: Field Investigations and Risk Assessment 33
6  Field Investigations 35
7  Results of the Field Investigations 39
8 GLOF Modelling 63
9  Vulnerability Assessment 73
Section 3: Discussion, Recommendations and Conclusion 79
10 Monitoring, Early Warning and Mitigation 81
11 Guidelines for GLOF Risk Management and Strategy in Nepal 83
12 Conclusions and Recommendations 89
References 92
Acronyms and Abbreviations 96

Additional Material - DVD in back pocket



n dollars Worthio of\damuge and d|srupted the downstream

sufficiently, destroyed M’ef@rmed lakefisino |onger a threat
e e AR I RS




Foreword

The Hindu Kush-Himalayan region contains the world's largest volume of glacier ice and perennial snow outside the polar
regions. lts meltwater contributes to the major rivers that supply freshwater to almost a quarter of humanity residing in the
downstream areas. Glaciers are sensitive indicators of increased air temperature. They have been studied extensively in
many parts of the world as part of an international effort to improve understanding of the current pattern of global warming.
Following the culmination of glacier advance during the Little Ice Age more than a hundred years ago, with short periods

of reversal, glaciers have been thinning and refreating in many parts of the world. This process, in large part due to
anthropogenic changes in the Earth's atmosphere, appears to have accelerated during the last few decades. The Hindu Kush-
Himalayan region is no exception to the frend.

The Himalayan range extends for approximately 2,400 km within the 3,500 km length of the Hindu Kush-Himalayan ranges,
and has about 33,000 sq.km of the estimated 110,000 sq.km of glaciated area. The Nepal Himalayas occupy 800 km of
the central section of the Himalayan range.

Glacier thinning and retreat in the Himalayas has resulted in the formation of new glacial lakes and the enlargement of
existing ones due fo the accumulation of meltwater behind loosely consolidated end moraine dams that had formed when the
glaciers affained their Litlle Ice Age maxima. Because such lakes are inherently unstable and subject to catastrophic drainage
they are potential sources of danger to people and property in the valleys below them. The torrent of water and associated
debris that sudden lake discharges produce is known as a glacial lake outburst flood (GLOF). Recent surveys have shown that
many glacial lakes in Nepal are expanding at a considerable rate so that the danger they pose appears to be increasing.
Nepoal has experienced 24 GLOF eventfs in the recent past, several of which have caused considerable damage and loss of
life, for example, the Bhote Koshi Sun Koshi GLOFs of 1964 and 1981 and the Dig Tsho GLOF of 1985. The 1981 event
damaged the only road link to China and disrupted transportation for several months, while the Dig Tsho GLOF destroyed the
nearly completed Namche Small Hydroelectric Project, in addition to causing other damage farther downstream. The source
of the former event was inside the Tibet Autonomous Region of China, indicating the necessity for international regional
cooperation fo address the dimension of the problem.

Clacial lakes, however, are not only sources of potential danger, they are also an important potential natural resource,

which has yet to be effectively investigated. Monitoring glacier and water hazards, promoting community resilience and
preparedness for disasfer risk reduction, and ensuring the sharing of upstream-downstream benefits are priority areas in
ICIMOD's programme. As glaciers and glacial lakes are related to both water resources and o waterrelated natural
hazards, they need to be mapped and monitored fo assess both their potential hazard and their resource value. ICIMOD has
been involved in this type of endeavour since 1986.

The work reported here has received financial support from the World Bank. It is a systematic and comprehensive study of
the status of glacial lakes in Nepal and an assessment of the hazard they pose and of the vulnerability of downstream people
and property. It begins with the actual mapping of glacial lakes. This is followed by a hazard assessment. Next the problem
of determining the most dangerous of the lakes is addressed, accompanied by analysis of the degree of downsfream
vulnerability. The report concludes by proposing some preliminary steps for development of a national strategy for response to
the hazard, and emphasising the need for applying the experience obtained towards inifiation of a region-wide international
response. In this regard, on behalf of ICIMOD, | would like to thank the World Bank for its vital financial confribution. | would
also like to thank the Swedish International Development Cooperation Agency (Sida) and the Norwegian Ministry of Foreign
Affairs for additional financial support.

Andreas Schild
Director General, ICIMOD
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Executive Summary

The world's climate has been warming for more than a hundred years: there have been fluctuations, notably cooling
phases in the 1960s and 1970s, although long-term records indicate an accelerating warming frend from about 1980.
Although this has influenced ecosystems worldwide, ifs effects on glaciers and the duration of winter snow cover have been
particularly notficeable, especially in the European Alps and Greenland, and on the reduction of sea ice cover in the Arctic
Ocean. The Hindu Kush-Himalayan region has been no exception.

One of the more spectacular effects of recent atmospheric warming in the Himalayas has been the creation of melwater
lakes on the lower sections of many glaciers. In an increasing number of instances, especially welldocumented in Nepal,
several of these lakes have burst their natural retaining dams (usually old end moraines that were formed when the glaciers
were thicker and more extensive than today). This has produced catfastrophic flood surges (glacial lake outburst floods or
GLOFs| that have destroyed infrastructure and taken human lives in the valleys below.

Fourteen GLOF events have been recorded in Nepal in recent decades; several others in Tibet Autonomous Region in China
have crossed the infernational border fo cause extensive damage in Nepal. Other GLOFs have been recorded across the
Hindu Kush-Himalayan region.

Systematic application of remote sensing and air photo interpretation has shown that many hundreds of glacial lakes

have formed in recent years, while others have enlarged, on occasion fo lengths exceeding two kilometres with depths
approaching a hundred metres. In this way, immense volumes of meltwater have accumulated behind potentially unstable
moraine dams. There is no doubt that people and property for considerable distances downstream from the unstable lakes
are facing a serious threat fo their existence: the problem, however, is how to determine the degree of probability of such an
event.

This situation, together with the realisation that the risk of damage and loss of life may continue to increase in the near future,

has prompted the preparation of the present report. lis intent is to assess the current degree of risk, to defermine the extent of

vulnerability of people and property fo the potential outburst of glacial lakes, and to provide a basis for strategy development
fo help ensure a timely response.

The report is based upon information and experience accumulated during collaboration with several partner institutions in
Nepal. It outlines a stepwise approach to assessment of risk beginning with an extensive desk study of aerial photographs
and safellite images that provided the first reconnaissance mapping of more than a thousand glacial lakes. There followed
a provisional identification of six lakes that were considered to be potentially dangerous and that warranted special study.
Three lakes, namely, Tsho Rolpa, Thulagi Lake, and Imja Tsho, were selected for detailed field investigation, application
of computer dam-break modelling, and assessment of the vulnerability of human life and property for up to 100 kilometres
downstream.

Analysis of the rapidly growing worldwide literature on the outburst of glacial lakes, and the project’s field and theoretical
experience, have led to the conclusion that it is not feasible to make a reliable prediction of a specific occurrence on the
basis of our existing knowledge. The difficulty involved in any attempt to forecast danger is emphasised. Concomitantly, it
is proposed that news media and other sources in recent years have perpetrated highly exaggerated claims of imminent
large-scale catastrophe, and that this is in itself counter-productive and should be contested. Nevertheless, while the danger
has been heavily distorted, GLOFs may occur in future, or even tomorrow (although spurious accuracy in assessment of
probability is considered unhelpful). As direct predictions cannot be made, there is an urgent need to monitor a careful
selection of prioritised lakes on a regular basis. This should be carried out in collaboration with other institutions, both
nationally and internationally.
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In view of the uncertainties facing the refinement of a ‘probability index’, Tsho Rolpa and Imja Tsho have been identified for
continued and more infensive study. This will require both geophysical field investigation and more exacting downstream
vulnerability assessments. The latter should involve generation of local awareness and incorporation of downstream
populations and managers of large-scale infrastructure (such as hydroelectricity projects) into the observation of targeted
lakes, and evaluation of early waming systems, and their possible installation: further refinement of dam-break modelling, as

an essential part of vulnerability assessment, should be undertaken.

It is also recommended that ICIMOD develop an exhaustive archive for all relevant data: field data; satellite imagery; ground
photographs; and all available scientific and technical reports and publications. A final and overriding recommendation

is that the data and experience acquired during the formulation of this report be used as a basis for the development of a
nafional strategy aimed at risk reduction. A draft oufline of the elements for such a sirategy is provided as part of this report.

Region-wide cooperation throughout the Hindu Kush-Himalayas should follow, and it is recommended that steps be taken

fo organise a region-wide planning session for experts and leaders of relevant national institutions to develop a more
coordinated approach and begin laying the foundations for a glacial lake outburst risk reduction policy.
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