
Identification of Glacial Lakes, and Risk Assessment of Glacial Lake Outburst
Floods (GLOF) In Astore Basin

Maria Aslarr (228-FBAS/MS/F 14)

Supervoisor

Dr. Syeda Maria Ali
Assistant Professor

Co supervoisor

Dr. Muhanrmad Afuaal

Director Research and Development Pakistan Meterological Department

INTERNATIONAL ISLAMIC UNIVERSTY ISLAMABAD

Faculty of Basic and Applied sciences

Department of Environmental Sciences

df"-u"^"' 
'"'t*

:t)

lSf-n,if af ,f f



Accession NoTHJl*elU,

I Y##K*&
v fq/,Jtn'(

0.t

I
I

i!

\

t

-r

\

-

-

\

\

\

-r

\
\

i\

I

\

\

\

lrl
\

\,

\
\

j

b
I\

$,
(T\. \ B

.  $'



lrt Ilrir l'.larttr: t:l'All;ri:. []'rr: li'losl Gra(--iotts, tlte i\1osl vt'rcii'rl
/\

j
t:

;

I
I
i,+=t

fr*
_t

la'
tt

IB
r1

-i!. {.-t
.t
LJ'*

Tl-r
ri.

I_lE
[i

I-'
lr

J-d'

,lrq I

{t
J..
{'is!
4i'

J
|all!tI ii
.t6i
'l
ri'
1I'
t_\.'E

t
,fr,'

u'
Ili
}h
Pllii
it-
FrJt

, '1!l

;7"
,!F{ti
r-

I

J



Department of Environmental Sciences

International Islamic University Islamabad

FINAL APPROVAL

It is certified that we have read the thesis submitted by Ms. Maria Aslam 228- FBASA4SES/FI4 and it is

o* juag*"rt that this proiect is of sufficient standard to warrant its acceptance by the lnternational

I'rtu-i.-Urirersity, Islamabad for the M.S Degree in Environmental Sciences

COMMITTEE

)zor+

llr

External examiner
Dr. Audil Rashid
Associate Professor
Deoartment of Environmental Sciences
PMAS, Arid Agriculture UniversitY

Internal Examiner
Dr. Zafeer Saqib
Assistant ProfrJssor
Deoartment of Environmental Science-s

hi'"roaiti,iniiGiamiCUniversitv,Islamabad.

Supervisor
Dr. Syeda Maria Ali
Assistant professor
DES, IIUI.

Co-Supervisor
Dr. Muhammad Afzaal
Director, Research and Development

PMD,Islamabad.

Dean FBAS
Professor Dr .Muhammad Sher

International Islamic University,
Islamabad.

\=+- 'n I

g*"$u*
/ c-'

riolt2jff'



ts

r
ir

I
!

?

/

- tE

-j

J

?

ri
I
b

J
,/

I
-

J

*-.
*

I



l*

J.
\|F.

-

-
i

\r

I!

t

I
b

I
L

J

-I

-

CONTENTS

List of abbreviations.

L,ist of figures..... .............ii

List of tables...... .....iii

Abstract

1.2 Problem Statement 7,'

1.3 Objectives.....

2.Literature Review... ............8

3. Materials and methods.......... .......,...15

.i.I Study area description... ....,......15

3.2DataSets... .,...'..,',.17

3.3 Identification and classification of Glacial lakes'. '..'..'."'..,...17

3.4 Criteria Analysis for GLOF. .,..,...17

3.5 HECRAS Processing for GLOF Risk Assessment.. . '.'.'.'..."..1 8

4 Results and Discussion......... ,,,.,,.,..,,..22

4,1 Identification of Glacial Lakes. ..........22

4.2 Normalized Difference Water Index (NDWI).... .....79

4.3 Normalize Difference Vegetation Index (NDVI). ..."'...."30

4.4 Arc-Hydro Model. .".""31

4.2 Criteria Analysis for potentially dangerous glacial lakes.. ..........."'32

4.3 Results of Heqas. .. ' '..36

Limitation of study.... ......""38

Conclusion and Recommendation. .....""39

7

-
\

/



r

\'

ACKNOWLEDGEMENT

Irirst ancl lbremost, I have to thank Allah Almighty, all the praise. the glory and

honor is for Him.'l'he Greatest Compassionate and Beneficent to all the human

being, who blessed me with the health, talented and passionate teachers, good

flriends and expression of thought, confidence and determination needed lor

corrrpletion of my research work. Countless salutation upon the Holy Prophel

IIAZltA',l' MTJHAMMAD (P.B.U.II), city of knowledge and blessing for entire

creature who has guided his Ljmmah to seek the knowledge from cradle to crave,

ancl enabled me to win honor of life'

I arn grateful to Dr. Maliha Asma, Chairperson' Department of Environmental

Sciences, Faculty of Basic and Applied Sciences, International Islamic l'Jniversity'

Islamabad for providing access to facilities that ensured successful completion'of

this work. I am thankfut to my supervisor Dr. Syeda Maria Ali, and co-supervisor

):. \luhtrnrrtatl ,\lzaal whose knowledge and wisdom made this effort possible

ancl who paicl great attention lrorn their precious time for this project'

'l'his disserlation rvould have not been possible without the help and guidance of

Mr. Adnan Shafiq who in one way or other contributed and extended their valuablc

assistance in planning, executing and final presentation of research'

Many thanks also goes to Ms Zeenat Yasmeen and Muhammad Haroon for their

guidance and unlailing support.

I would like to thanks mY familY

my studies and research work.

for supporting me and for helping rne throu$hou't

With sincere gratitude to all concerned'

Maria Aslam

e



I'able

No.

3.1

4.t

4.2

LIST OF TABLES

Caption

Table showing the manning values

f)ata base of new identified lakes in Astore basin

Showing the detail of lakes at risk

Pagc

No

20

25

35

\i



?able

No.

\.\

i

IIST OF TABLES

Caption

Iab/e showing 
rhe 

i

Dah base ofnew ,u'lrnun'''r 

vatues

Showing 
the detair o',,n"n'o 

/akes in Asfore basin
'lakes 

ar risk

Iragc

Nn

20

2s

J-)

ut



LIST OF ABBREVIATIONS

Jt Acronym Abbreviation

. HKH Himalayan Karakorum Hindukush

GB Gilgit Baltistan

, GIS Geographical information system

RS Remote Sensing

a
NDVI Normalized difference vegetation index

, NDWI Normalize difference water index

LULC Land use land cover

'.' GLOF Glacial lake outburst flood

HECRAS Hydrological engineering center river System

t
TIN Triangular irregular network

. DEM Digitalelevation model

Ft STRM Shuttel Redar topographic mission

- PMD Pakistan MeteorologicalDepartment

E Erosion Lake

a V Valley type

I,
F

M

aB
C]

-S

Lateral Moraine

Moraine

Blocked

Crique type

Supra glacial

International center for integrated mountain development

Latitude

Longitude

,,*'

ICIMOD

[ -at

Lon

il



i
I

D1'
I
t

ABSTRACT



Abstract

ln the past few decades, global climate change has a significant impact on the high etevated
mountainous areas. As a result of this Himalayan, Karakorum and Hindukush in Pakistan rcgion
is also facing the effect of climate change in the result of rapid glacier melting, melting of ice

masses, avalanches, creation of new lakes and expansion of old one posing high risk of glacial
lake outburst flood (GLOF) in downstream communities. With the onset of twenty first century
both the intensity and frequency of natural hazard like flash floods and GLOF have increased

many floods in HKH range. The present study identification of glacial lake and risk assessment

of glacial lake outburst floods (GLOF) in Astore basin has been undertaken to update digitat data

base of glacial lakes in context of changing climate pattern. The main objective was rhe

identification of glacial lakes and the further prioritizes them on the characteristics ol'their
potential vulnerability for downstream community. Identification was done by using Landsat 8

images and further validated by Google Earth. Systematic remote sensing and GIS studies have

revealed the formation of 65 new lakes in area. The research finding would provide base for thc
development of a monitoring , planning and prioritization of disaster rnitigation eff,orts that

could save many lives and property in downstream region.
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Chapter no 1 Introduction

l. Introduction

Climate change is a universal situation as influencing masses ol community throughout the

rvsrlcl, altering their secured existence into a doubtful one. Factors indicating the clirlate change

includc translormed landscape, rise in sea level and tcmperature, greater possibilities of drought.

flash floods and fire with disease cxpansion and economic lluctuations. l-ikcwisc. it has been

cvidently proved that the change in global climate is prime factor contributing towards the

decrement of glaciers all over the world (ICIMOD, 2005), Docttmentaries of the New York

Times depicte<J the phenomenon of climate change as "An Inconvenient Truth" which is

alarrn ing (Risbey, 2003).

Greatest victims of the changing climate are the developing countries of the world. Among them

rlrc r1os1 troubled nation is ours (Gaffar el a\.,2010). Apart from Polar Regions. most of the

*,orlcl's glacial areas lie in Hindukush. I{irnalaya and Karakorum rcgions. About 33.000 square

kilorneters of glacial ice is spreacl over the Himalayan range alone. Approximately 15000

glaciers are located in the Ilimalayan range and those are dcpositories cll-tiesh watcr.'l'hc rcgion

is also lecding nine supreme river systems in Asia supporting to over l'3 million pcople through

their basins (tlreathier et u1..2007). 'fhe world's massive storehouses of icc and snorv are

glaciers of Ilirnalayas. increasing at alarming rate causing enlargement of the glacial lakcs and

cxistence in l'ragilc mountain ecosystem is becorning unfavorable. Intense weather conditions arc

crtr.crlclr co1111on and rigorous (lClMOD,2005). In Pakistan the glaciers.are inclting at a very

rapid pacc as a result of global clinrate change. Melting of glaciers enhance, thc formation of

glacial lakes and trigger the phenomenon of moraine and ice dams at the snout of glaciers'

Abrrrpt out-bursts or breaches are ultimate outcome of strch uncertain clarns (Chatdhr5' g1 o1,.

200e)

'fhe highest accumulation of plateaus and mountains of the world are in the Hindu Kush-

Ilimalayan (l{KH) region. It contains rnany diverse, but integrated plateaus and mountain ranges

that rangc upto 3,500 km from the northwest of Pakistan and Alghanistan as llindu Kush. to the

casr ol'(lhina as Ilengduan Mountains, This is surrounded by "roof of the u'orld" liorn htrge

'l'ibctan Plateau and rnultiple nrountain ranges starting from the Iligh Parnir to the'l'icn Shan.

Kun l,un Shan. and Qilian Shan. nrajorly contributing towards global clirlate change. Arca

cxpcricnccs high altituclinal and topographic variation like the uorld highest tnountains

exceeding the height o18,000 metcrs covered with snow debris are located in this region' 1'he

Iclentillcation of glacial lakes,and risk asscssment of glacial lake outburst floods in Astore basin I'}age 1



Chapter no L Introduction

area is at the verge of experiencing verse impacts of climate change lurther lead to the glacial

retreat and massive melting which triggers the formation of new polential vulnerable glacial

lakes rvithin the boundary of I-lindu Kush range. The Hindu Kush Karakorum and Ilimalavan

region land masses are much more important because they control global wind circulations.

.,\long u'ith air masses. it's interactions with Indian nlonsoon svstenr is a signilicant source of-

supplying fiesh water to the world's greatest rivers. Aboul onc third ol'the world"s populations

usc thcsc rcsources as essential nourishment for lile survival. Elfects of climate change are also

laccd by glaciers as they melting at unprecedented rate. Seventy percent of human needs for

survival are satisfled by these river basins. The rnelting glaciers ancl anterior moraine give rise to

these glacial lakes between them. Nearly all of the glacial lakes reside on the,bottom side of the

glaciers. [Jncertain complex moraines dam these glacial lakes, and have a Iikelihood of outburst

and have potential to cause catastrophic flash floods. This phenomenon of Formation of Glacial

l,akcs has potentialto cause glacial lakes outburst in downstream communitiesspecially residing

near I Iimalal,an Karakorum Hindu Kush ranges (lCIMOD. 20l0),

Ovcr thc last hundrecj vears cspecially after the end ol'littlc icc age carth ternpcrature has bcen

incrcased fi'om 0.3o to 0,6n (lClMOD. 2007). Abrupt changes in global rnean tempcrature causes

laster melting of glaciers ice resulting in lormation ol- large nunrber ol'glacial lakcs. A rvater

mass in a sufficient amount and expanding lreely in all directions of a glacier. and arising lrom

glacial events is known as Glacial lake (Anand,20l4).

lhc .loint vcnturc bctrvcen Watcr Rcsources Research Institutc (U/llRI) of the pakistan

Agricrrltural Research Council (PARC) and ICIMOD designed an invenlory of glacial lakes and

glaciers in the Indus basin of Pakistan based on the data collected between 2002 and 2005. 5.218

glaciers with an area of 15,041 sq.km and 2,420 glacial lakes were investigate<l, 52 of which

were considered clangerous. About half of the total course of thc lndus River is fed by glacicr

melt and seasonal snowmelt of the Karakorum, Hindu Kush, and I-lirnalayas (ICIMOD. 2010).

These glacial lakes have been listed broadly according to their type including moraine-

danrrrccl, ice- dammed, erosion and other lakes (ICIMOD 201 l).

l.l Moraine-dammed lakes: Duc to thinning and retreat ol'glacier tongLle. nrelt water gets

accttmulatcd in the dcpression between thc glacier terminus and its encl moraine and such lakes

Identillcation of glacial lakes.and risk assessment of glacial lake oLrtbursr floods in Astorc basin page 2
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are termed as moraine-dammed lakes. Some lakes also accumulate between the lateral moraine

and the valley side along the glacier marginalweak dam structure have high tendency of bursting

ol glacial lakes.

1.2 Icc-clammed lakes: Iakes dammcd by glacier ice are termed as Icc damrned lakes. Furthcr

these lakes are classified as;

* Supra-glacial lakes: Supra-glacial lakes generally exist on glacier surlace that is entirely

covcrcd by'a thick Iayer of debris. As supra-glacial lakes grou'. thc leli glacicr ice belou

them melts and thus moraine-dammed lakes are evolved. 
-l-hesc lakes olterr mcrge rvith

moraine-dammed lakes, or sometimes may develop into composite forms:

* Clacier icc dammed lakes: Lakes dammed by glacier ice without lateral nroraine is

termed as glacier ice dammed lakes.

1.3 Erosion lakes: Erosion lakes are glacial lakes that form due to past glacial crosion process

and exist in depression of glacier retreat region. They exist as cirque glaciers or as glacial

trough valley lakes. They exist lor from hundreds or thousands of years.

l..l Other glaciat lakes: Glacier valley floors receive masses from rocl< falls, debris flows or

landslides, darnming local streanrs of glaciers. Such lakes are callcd as other glacial lakes

(Anancl 2014).

ln Karakoram and Ilinralayan regions natural phenomenon of glacial lakc outbttrst flood (Cl,OIr)

is very active and powerful. Frequent and sudden catastrophic outbursts are useful indicators lirr

cnvironrnental scientists lor sketching the reason o1'clirnatic change and glacial fluctuation

(llchman. 2014).

Many catastrophic events of recent decades in mountain ranges are bclieved to occur clue to

glacial rctrcat. 'l'hese events not only' promoting to the developrnent ol'new glacial lakes. also

raising the amount of water collected in the present lakes (Clauge and Evans 2000).

Glacicr lakes can be contained by rnoraines, which can fail and cause lloodslcallctl glacier lake

outburst floods (CI-OFs). These GLOFs will contain water and granular material such as soiland

small rocks, and can flow for many kilometers at high speed. As such Cl-OFs represent a serious

hazard risk to regions downstream lrom the lake. For example, the October 7,1994lailure of the

rnorainc at l.ugge Lake in the Lunana region, Bhutan, caused a CLOF that killed more than 20

1"rco;rlc (l)itrnan et al. 2013)

lclentiflcation of glacial lakes.and risk assessment of glacial lake oLrtburst lloods in Astore basin Page 3



Introduction

(llacial lalic outburst floods are not a recent phenomenon but have long been known to occur in

dillbrcnt parts across the globe. A glacial lake outburst evcnt caused massive disaster to thc city

of Huaraz in Peru and as result Iead to killing of 4,500 people. Saas Balen village was adversely

hittcd by moraine dammed lake in 1968 and 1970. 400,000 cubic meters of dcbris had been

eroded out in the evcnt ol 1968 glacieal outburst. In past nranl,glacial lake outbLtrsts floods

Ilooded the territory of Ilimalay'an-Karakorum and llindukush rangcs but duc to lack ol'

innovative technologies and satellite irnages data they were not recorded. Clirnatologist and

rcscarchers have proved that the Seti khola valley is also invaded by glacial lake outburst event

bacli irr.150 ycars. Dcbris accumulatioll was up to 50 mcters decp covcring a rride area oIthe

l)okhara valley in rvest of Nepal. Suclcien dammed out brcach mav also lcad to scismic activities

lil<c lake outburst event on Machhapuchare nrountain. (Carson 1985). This is not only one event'

l'hc risk of these events are increasing by each passing day espeoially during thc last hall-

centllry, and because of freely available data sets the invcstigated record has greatly improved'

I)revious data revealed glacial lake eruption events in Ladakh Range in Jamtntt. and Kashrnir

(ccrgan et al. 2009). This catastrophic phenomenon can increase transboundary flow of water

lrasscs. l'his transbogndary event requires the attention of international comnlunity to minimize

thc lil'c and property loss. The prime instance of these transboundary events is the breach of

-l'ibet AR (China) that went across thc international borders of Bhutan and Nepal'

I(arakoram llinialaya and rreighboring ranges experiencing the addition ol nerv glacial lakes'

(Rchman.2014). A.ioint venture bi, ICIMOD. LJNEP. and APN betrveen 1999 and 2003

recorded abor.rt 15.000 glaciers ancJ 9000 glacial lakes in IJlrrrtan. Nepal. I)akistan and selcctcd

basins ol.china and India (lclMoD 2007).IPCC in 2007 reported that there w'ill be an increase

in ternperature in l-limalayan region between I to 6'c by 2100. As a rcsrtlt o[this rnore glacial

icc *,ill rnclt ancJ snow cover would decrease between 43 to 8l percent lcaving behind rnan.n"

rrorc glacial lakcs in future. Burst or sudden discharge of large volunrc of rvatcr along rvith

clcbris lionr these lakes causes glacial lake outburst flood (GLOI-) in valley downstream causing

nrassive damage to inliastructure, natural resources and human life. l-he degree for loss of life

and damage to infrastructure due to GLOF varies depending on various lactors such as the size

and depth of the lake, the nature of the outburst, the gcomorphologi o[ thc rivcr valley anil

elements exposed to the flash flood (Anand20l4).

f ,i.riiii.nri,,,r o[glacial lakes.and risk assessment of glacial lake outbtrrst floods irr Astore basin Page 4



Introduction

4h
t

Outbursts from series of dams on the Upper Shyok between 1926 and 1932 carrsed destructive

lloocls alfecting more than 1,200 krn of the Indus. These mountain ranges are mostly covered

r'ith alpinc glacial ice and, thereforc. are carved and cralted into typical glacial crosional and

clepositional morphologies. 1-hese Iakes are usually confined to thc upper catchments and

bccome potcntial hazards. which makes them dangerous and threatening to the communities

scttlcd dorvn- stream. lf these lakes are not frequently rnonitored and assessed. they can stun the

cornmunity with their sudden outflows. Monitoring of these remote lakes in the Karakorarn

ranges is becoming inevitable because the government of Pakistan is investing a huge amottnt ol

bgclget on hydroelectric power plants at different locations along maior rivers' A single outburst

ol'()nc 0f these lakes can cause a severe damage to thc ongoing developmental activities in thc

l(arakurant llimalayas.'l-he intensirl and impacl of Gl-OIrs dcpcnds on thc volrttnc ol-thc lake'

physical pcrimetcrs. condition of the dam. and the gradient ol'the downstrcanr drainagc system'

In certain cases. GI-OFS can be extremely haz-ardous and can release enormotls arnount ol-

cncrg),. $,hich cventually bccomcs a disaster tbr the comtnttnities settled dorvn- stream'

'fhereforc, it becomes irnperative to assess the risk in order to btrild 
-safer 

downstreall

communities and increase their preparedness against GLOFs (Rehrnan, 2014)'

one of the spectacular effects of recent atmospheric warming in the Hilnalayan region has been

rhc creation of meltwater lakes on thc lower sections of nrany glaciers' Climatc change is likcly

to exacerbatc lirrther some of these natural hazards such as glacial lake otrtburst l'loods (GLoFs)"

rvhich can carse major social and economic damage lor large populations living in the

Ilirnalayan region,'fhirty-five destrttctive outburst floods have been recorded lor thc Karakoram

I{angc in tlrc Past 200 1'cars.

gazards associated with graciers such as t'rash froods. cr,or-s. sno$'avalanchu-s. and glacier-

induced debris flows are becoming more common and lrequent in thc Pakistani IJirnalayas'

rvhich is believed to be the cause of retreating glaciers in response to global lvartning (Rehnran'

l0l1). l)arlage caused by the otrtbrcak of glacial lakes in the llKllrcgion is br no means the

only thrcat fionr ivhal can bc gcncralized as'flash floods" Such phcnotrcna are also causcd by

thc tcmporary dantrning of river courscs by avalanches. landslides, rock lalls' and similar events

thal restrict the normal flow of a river, and by torrential monsoon downpours. Thi trndcrstanding

arising lrom the study of Gl-oFs and their causes will have sotne relevance to the broader

catcgory of the rapid discharge of waters'

ffilakes,and,i,ku,,.,,.nItofgluciallakeoutburstfloodsinAstore.basin
Page 5
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1.2 Problem Statement

This study involves acquisition of data on climatic parameters which contribute in glacial lake

outburst flood in Astore Valley, and analysis of their outburst potential which poses significant

threats to human life and infrastructure. Furthermore, it will identify the hazardous lakes which

cause flash floods in the Astore Basin and affect the downstream communities.

1.3 Objectives

* This study aims at systematic detection and delineation of glacial lakes in Astore Valley

and prioritizing them on the basis of outburst potential'

* Evaluating the risk assessment of glacier lake outburst floods potential in Astore basin

based on climatic conditions.

* Hazardassessment of downstream area of selected community.

?

n
Ci

@hkes,and.i,ka.se.,."ntofglaciallakeoutburstfloodsinAstorebasinPage6
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Chapter no 2

2.0 Literature Review

Mukhopadhyay et al.,(2015) worked on snow and glacier melt of analyzing Upper lndus

basin in the context of changing climatic conditions. To quantify base flow, seasonal

snowmelt, and glacial melt components in river flows within upper lndus basin

hydrograph method was used. Monthly average river discharge values recorded as

primary data set at gauging stations as daily flows covering the period 1962-2010. The

results indicates that hydrograph method is suitable in order to measure mass balance

i rrespective of u ncertainty.

Zhang et al.,(2015) focused on glacial lakes inventory in the Third Pole'region and their

changes in response in context of climate change and global warming by using landsat

data of 2010. They basically identified the area changes in three yea'rs.'According to

their findings 4602, 4981,5701 glacier lakes and there number can be inbreased due to

global warming and increase temperature trends leads to retreat .of glacier mass

balance patterns. Particular there is a considerable increase in glacial lakes area as

compared to non-glacial lakes. Lakes which are at snout of glaciers are relatively

increasing in size. Lakes specially at mountains and glaciers are experiencing more

significant area changes. Results reveled that water cervaces and dammed area lead to

expansion of glacial lakes.

Vilmek et al .,(2015) worked on the geomorphologic impacts of glacier lake outburst

flood from lake No. 513 (Peru) This study basically highllght the GLOF event which

have occurred in Peru in 2010.Landuse area and other land .fqrm feature are

characterized by field investigation. Pervious GLOF events were witnessed by using

remote sensing technique. ln order to compare field data, potential for GLOF event and

risk assessment HECRAS hydrological model was used.

Khanal et al.,(2014) Carried out a research on the strategies and procedures for glacier

lake outburst flood risk assessment, with example from Nepal and trans boundary area.

their findings reveled that Nepal is at high risk of glacier lake out bursts floods

(GLOFS) the main reason behind that is climate change. The risk of GLOF is
heightened due to rapid melting that further trigger the formation of new glacial lakes

and expansion of the recent one. First step was to identify and prioritize critical glacial

Iclcntiflcaliorr of glacial lakcs ancl risk asscssnrent of glacial lakes oirt bLrrst floocls in Astore basin Page 7



Ghapter no 2 Literature Review

lakes and second was field investigation of critical lakes. Final approach was to find the

outburst potential of moraine dam failure and mapping the inundated flood area. As a

result four glacial lakes were identified that can cause serious damage to the

downstream community.

Shresta and Nakagawa., (2014) conducted research on evaluation of outburst floods

from the Tsho Ropla glacial lake in Nepal. The distinctiveness of possible outburst

floods is mainly due to two types of moraine dam failure from the Tsho Rolpa glacial

lake. one was due to seepage flow. Water overtopping were analyzed by using three

numerical models (1)the flow and bed-surface erosion model, (2) the seepage model

and (3) the slope stability model. Through numericals models of the flow Flood

inundation areas were also identified. Moraine dam failure and geographical information

system tools were used in order to map hazard . Field investigation and numerical

modeling was carried out in order to save community from potential effects of GLOF

hazard.

Worni et al., (2014) worked on the coupling glacier lake impact, dam breech and flood

processes. ln this study surrounding conditions , cascades and physical process are

also focused which enhance or trigger the GLOF event. Mainly focused on the factors

like rock and land sliding and amount of ice and debris over the surface of glaciers

Finally focused on the diverse scientific researches across the world that collectively

highlighted the potential and limitations of current GLOF modeling. They concluded

that process chain model need to be strengthened for proper computation of numerical

models.

Fujita, et al., (2013) Focused on the proper monitoring of potentially dangerous glacial

lake which cause the GLOF event in Himalayan region. The research focus on the

selection of suitable lake indexes in order to place it in potentially dangerous lake

category. They introduced a single index based on stored water dam condition and

DEM of the area,

\
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Vilimek et al .,(2013) explored the data base of outburst floods (GloFs -lPL ,Project

number 179). They basically worked on the online data base including GIOF events

across the globe specially after little ice age period. There study is basically based on

the scientific literature, published and unpublished report and regional data bases, as

well as collaboration with international organization and national services This

information is helpful for hazard assessment, mitigation and consequently risk

management.

Zhang.,(2013) explored the characteristics of runoff inflow in to lake Gojal in

ungauged, highly glacierized upper Hunza river basin, Pakistan. They.worked on the

lake outburst that was dammed by the land slide. Two hydrological models were used

along with sparsely observed data. STRM and ASTER DAM were used in order to

analyze area volume relationship. Results include the estimation ,of hydrological

parameters.

Wang et al., (2012) worked on the evolution of evaluation of ASTER,GDEM, and

SRTM and their suitability in hydraulic modeling of glacier lake outburst flood in

southeast Tibet.Hec-Ras hydrological model was used in order to predict risk

assessment , Peak flow ,flood inundation, extent and depth. Modelling results shows

that, in the absence of high-precision DEM data, ASIER ,GDEM or SRTM DEM can be

relied on for simulating extreme GLOFs in southeast Tibet.

Worni et al ., (2012) .Their study highlighted the failure of the terminal moraine in

Venttsquero Negro, Argentina because of the glacial lake outburst flood event .A recent

glacier lake outburst, due to in May 2009.BASEMENT two dimensional numerical model

was used in order to investigate end moraine and lake drainage. Field work was carried

out in order to gather data on breach,lake geometry, and wetted cross sections. Results

indicated that by a rising lake level due to heavy precipitation, leads to the moraine

failure. which led to dam erosion and finally to dam failure because of GLOF event.

Arshad, et al.,(201 1) analyze remote sensing data of Land-sat ETM+ was utilized for the

tdentification of glacial lakes susceptible to posing glaclal lake outburst flood in

Idcntillcation of glacial lakes arrd risk assessment of glacial lakcs out bursl lloocis irr Astore basin I'}agc 9
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Karakorum and effect downstream community out of,887 glacial lakes 16 lakes are

characterrzed as actually dangerous in terms of Glacial Lake Outburst Floods (GLOF).

Rasul, et al., (2010) carried out an investigative study to sketch the behavior of glaciers

in Himalayas, Karakoram and Hindukush. According to their glaciers are melting at

unprecedented rate due to climate change and global warming, As a result event of

glacier lake outburst floods are also increasing in number result in massive loss to the

property and life of community.

Rasul, et al., (2008) analyze the trend of glacier melting due to global climate change

scenario and global warming According to his study anthropogenic and natural

activities are leading to glacier melting and sever climate change. Remote lensing data

along with hydrological and meteorological parameters was used. They future reviled

that high temperatures are also disturbing the glacier mass balance. Extreme

temperatures would further exaggerate the ice depletron and mass balance

Quincey et al .,(2007) worked on Data sets of ERS-1, ERS-2,SAR and spor-s
imagery was used. The Joint approach was established for analyzing glacier surface

gradient and glacier velocities. lt is very useful predicative tool for the assessment of
glaciers which are vulnerable to lake development. Results indicated that majority of

glacters are flowing at rate of few tens Centimeter every year resulting in increase the

risks of GLOF event.

Carrivick.,(2006) highlighted the method include calculation of high magnitude

hydrological parameters drainage lines and drainage patterns of network. Study further

highlighted the potential for further researches because in current scenario wide range

of DEM data is available along with advance remotes sensing techniques in order to
identify the outburst flood resources.

Watson et at.,(2005) worked on coupled models contrast of remote sensing and a GIS-

based technique was presented. They basically highlighted and. quantified the

differences among the methodologies while using Landsat data sets along wtth DEM

products. Results concealed DEM uncertainties and numerous flood parameters are

analyzed by using model products and on the prediction of socio-economic impacts.

ldcrrtilit:ation ol-glacial lakes and risk asscssment of glacial lakcs out [rurst lloocJs in Asture lrasin page l0
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MC-LCP(Monte Carlo Least Cost Path) was used in order to evaluate the socio-

Kaab, et al ., (2005) investigate the air- and spaceborne remote sensing methods

suitable for glacier and permafrost hazard assessment and disaster management. A

number of image classification and change detection techniques support'high-mountain

hazard studies. Digital terrain models (DTMs), derived from optical stereo data,

synthetic aperture radar or laser scanning, was used is one of the most important data

sets for investigating high-mountain processes. Fusion of satellite stereo-derived DTMs

with the DTM from the Shuttle Radar Topography Mission (SRTM) is was used to

combine the advantages of both technologies.

.Huggel, et al .,(2003) Debris flows triggered by glacier lake outbursts have repeatedly

caused disasters in various high-mountain regions of the world. This study focused a

modeling approach which takes into account the current evolution . of the glacial

environment and satisfies a robust first-order assessment of hazards from glacier-lake
outbursts' Two topography-based GIS-models simulating debris flows related to
outbursts from glacier lakes are presented and applied for two lake outburst events in
the southern Swiss AIps.

cronwell et at" (2003) carried out research on drainage, sediment transport, anddenudation rates on the Nanga parbat Himaraya, pakistan. rn order to determine the
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moraine-dammed lakes have formed during the last 200 yr as glaciers retreated from

their Little lce Age maximum positions. The moraines are usually steep sided and

consist of coarse, poorly sorted, cohesion less sediment. Outburst floods from moraine-

dammed lakes typically are many times larger than snowmelt and rainfall foods in the

same basins. Climatic warming may cause some moraine dams to fail, both by melting

ice cores and by increasing the amount of water flowing over the moraines.

Richardson et al., (2000) worked on the glacial hazards in the Himalayas. Glaciers

vulnerability coupled with a particularly related river catchment in central Buthan was

examined. All the glaciers across the country were also analyzed. This was done by

using SPOT imagery from 1989-1990. Over 300 glaciers were examined in detail from

the satellite images and geo-hazard assessments were undertaken on 154 glaciers. As

glaciers recede in response to climatic warming, the number and volume of potentially

hazardous moraine-dammed lakes in the Himalayas is increasing. These lakes extend

behind unstable ice-cored moraines, and have the potential to burst catastrophically,

producing devastating Glacial Lake Outburst Floods (GLOFs). Regardless of the scale

of the risk, it is possible to assess and mitigate hazardous lakes successfully.

Identification of glacial lakes and risk assessment of glacial lakes out burst floods in Astore basin Page l2
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Chapter no 3 Material and Methods

3. Materials and Methods

This section outlines all the standard procedures to meet aims and objective of studies.

3.1 Study area description

Astore is a mesmerizing and beautiful valley of Gilgit-Baltistan located in Northern part of

Pakistan between 34.8"-35.8o N latitude and 74.4"-75.2" E longitude. Astore processes

altitudinal and topographical variation. The lands are deeply cut by rushing hill torrents and

rugged topography forming V-shaped valleys. Alpine meadows are pennanent snow covered

mountains at lower valley parts. Bunji including up to Doain are arid, dry and warm and upper

part of the valley i.e., Deosai, Domail, Kalapani, Rupal and Rama etc. are cold and some of the

most beautiful places in Pakistan. The valley covers an area of 7222 km2 (Ali et a1.,1995). It is

bounded by Baltistaq in south East, Gilgit East Nortlu Chillas and Azad Kashmir in West. The

valley extends over the major part of the Western Himalayas.The Himalayas are one of the most

representative mountain ranges which have vast alpine vegetation and great varieties of plants.

(Noor et al .,2013)

Astore River drains the snow and glacier covered mountains of Laddakh - Deosai and the High

Himalayan range east of the Nanga Parbat Mountain. The elevation of this basin ranges from

2104 to 5,993m. Astore fuver rises from a glacier on the north-facing slopes of the great

Himalayan range near the Burzil Pass in the Laddakh region of Jammu and Kashmir. It flows

towards northwesterly direction and joins the Indus River soon after it emerges from the main

Himalayan gorge a little downstream of Bunji.

There are many habitats, arid desert plains, temperate conifer forests, sub alpine bushes to alpine

meadows and permanent snow covered mountains. The average minimum temperature in winter

is 2.8"C and the maximum temperature in summer is 20.8oC. The summer season is very short

lasting from May to August. Relative humidity is much higher in the morning than the evening.

The mean monthly precipitation is 33.9mm to 750mm. ln lower altitude of the area it falls as rain

and upper zones mostly as snow. (Noor et al.,2Ol3).

Identification of glacial lakes, and risk assessment of glacial lake outburst floods in Astore basin Page 15
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3,2 Data Sets

In the present study landsat-8 image was used for the identifrcation of glacial lakes. It was

supported by limited ground truth verification. Land -sat of 7 plus band with 149135 and 149136

path/row were selected Images were acquired from http://www.usss.eov

Annual temperature and rainfall data records was acquired from Pakistan Meteorological

Department (PIV[D) for the year 199O-2015. Settlements mapping was computed in GIS and

validated Google Earth. Roads were digitized in order to deterrrine their distance from lakes.

Physical condition of every lake ard its sunounding area was analyzed by using satellite images

and Google Earth tool. Slope and aspect were extracted from DEM (Digital Elevation Model).

STRM (Shuttle Radar Topography Mission) DEM of 30 meter resolution was used to drive the

basin information.

3.3 Identification nnd classilication of Glacial lakes

Glacial lakes were identified by using Google Earth. After ldentification Lake boundaries were

digitized, the segments were checked and the glacial lakes were numbered. After digitization

longitude, latitude and elevation are designated for the approximate center of glacial lake. Type

of lake was identified either they were erosion, valley, trough, crique, blocked or moraine

dammed to further classiff thern. Identified lakes were further classified as one of eight cardinal

drainage directions viz (N, NE, E, SE, S, SW, W and NW). Glacier later poses /drainage was

placed in turo categories C (Clear type), D (Debris type)- Area was measured in meter square .

I-ayer stacking of the images was processed in ERDAS software. Irnage mosaicing was done by

using image mosaic tool. [akes were furdrcr featnred by using different variables and indexes

Such as Normalized Difference Vegetation index (NDVI) and NDWI (Normalized Difference

water [ndex)-Arc- hydro tool in GIS was used in order to feature drainage point, catchment and

drainage lines. Criteria analysis was done in order to examine lakes and potentially most

dangerous lake.

Identification of glacial lakes, and risk assessment of glacial lake outburst floods in Astore basin Page l7
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3.4 Criteria Analysis for GLOF

Criteria analysis for potentially vulnerable lakes was developed based on type identification,

activity of supra glacial lake, condition of dam and associated mother glacier, physical condition

of surrounding areq evidence of deep seepage, distance from roads, distance from settlements,

rainfall and temperature.
- 

Based on these factors two categori esv'a.,the risk prone lakes and the most dangerous lake with

the potential of outburst flood were formed.

3.5 HECRAS Processing for GLOF Risk Assessment

The outburst flood potential of most dangerous lake was done by using hydrological climate

model HECRAS 4.1.0 version. It is basically one dimensional mathematical model for hydraulic

calculations developed by US - Army crop of Engineers. The model was used for the hydraulic

calculations and steady and un steady flow of river. Hec-GeoRAS input files were prepared in

GIS. After Ras layer preparation data was imported in to fmCRAS for further computing and

' processing.
rr

The specific technique adopted for assessment of outbursts flood of potentially dangerous lake is

- as follow

l- TIN was prepared through Arc view in ARC GIS.

- 2- After pre-processing IIEC-GeoRAS export files are incorporated.

3- Simulation of IIEC-RAS model was done in order to calculate water surface profile.

4- Floodplain. Mapping and cross sections were processed in fm,C-RAS.

5- Flood inundation and risk assessment in order to save downstream communities.

ldentifrcation of glacial lakes, and risk assessment of glacial lake outburst floods in Astore basin Page 18
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Hec-GeoRas extension in Arc GIS was used for the preparation of geographical data and further

processing. TIN file was generated for 30 meter resolution image. Main stream was digitize by

using the digitization tool of Arc-GIS over tin file. Total length of tributary up to Astore river is

35km. Afterward flow paths and banks were digitized with high accuracy. There is no made

infrastnrcture like bridge and obstruction points in the area. The cross sectional geometries were

developed based on the available DEM (Digital Elevation Model) and TIN model of the area.

Total 104 cross sections were developed on 35 km long river. Cross sections were developed

manually by maintaining constant distance. Mannings roughness coefficient (n-values) was

allocated in accordance with available literature. Total 5 classes were selected to analyze the land

cover. Satellite image of late sunmers of year 2014 was used for the land use. Classification was

done Ecognition software. It is basically original object based image analysis. Classification

results were afterward merge in Arc-GIS.

Tablet: Table showing Mannings values ( Source: Modeling of Bagrot and Bindogol river

basins in Gilgit and Chitral Valley)

The preprocessed Hec-GeoRas layer was then exported in to Hecras model to finalize the

hydraulics. Cross sections validation was done by Google Earth. Steady flow was generated on

three different profiles in order to map flood inundation properly. The output generated by model

and hydraulic data prepared was then imported in to Arc GIS so that two and three dimensional

flood plain visualization .Three flood waves were generated and were classified on the basis of

high, moderate and low flood. The final output was crosschecked by Google Earth.

Mannings Values

Rocks 0.55

Vegetation 0.035

Glaciers/Snow cover 0.04

Water body 0.05

Unclassified 0.02

Identification of glacial lakes, and risk assessment of glacial lake outburst floods in Astore basin Page 20
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Figure 3.3 Flowchart explaining over all Methodology
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Results and Discussion

4 Results and Discussion

Main objective of the research was the identffication of glacial lakes in Astore basin and

prioritize them on the basis of their risk assessment in order to save downstream community

from the catastrophic effects of flash floods. There were 196 glacia! lakes identified by }'IARC in

Astore basin in 2013 in which 6 lakes were declared potenthlly at risk to create flashflood in

nearby areas. The data record of those lakes date back to 2010.,(APN 2013).

4.1 Identilication of Glacial Lakes

Current study aims at identification of glacial lakes in Astore Basin. Ghcial lake idedification

and assessment is important for monitoring of GIOF hazail and also in the perspective of

t€sogrce management. A digital database plays a vital role in monitoring of glacial lakes and to

identiS the potentially dangerous lake. For spatial data irput and attributes GIS is the rnost

appropriate and recommended tool. A glacial lake outbursts flood is creatd when water is

released catastrophically by glacier due to moraine failure. Glacial lake outburst flood is

characterized by immediate odpour of massive quantity of sediments laden down from glacial

lake that comes down to the river channel in downstream region in the form of flood wave

@akistan GIOF project 2015). A local community which resides near Himalayan region is more

vulnerable due to increased frequency of these hazards-

When compared with frndings of NARC 2013, increased number of glacial lakes was observed

in year 2015 attributed to global changing climatic pattern, global warming and changing annual

precipitation cycle.,(Arshad et al201l). The parameters and criteria adopted for identification of

lakes were same by using satellite images and GIS facilities. The criteria used for identffication

were

A Lake t1rye identification either it is erosion, moraine, blocked valley, criqure or stryra-

glacial lake.

.3. Activities of supra glacial lake.

{. Dam condition

€. Condition of associated motler glacier.

t Physical condition ofthe sumounding area

{. Evidence ofstrong seepage.

* Distance fromroad.

ta"r,tin"o-tion of glacial lakes and risk assessment of glacial lake outburst flood in Astme basin Page22
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In addition to 196 ideftified lakes by NARC , 65 new lakes were idetrifiod in the presetr

study in Astore bosin" Mairity of glacial lalces are 'Ercsion' (ie.,10) folhwcd by Morainc

(ie.l3), and Valley (te. l2). Lakes ilentification number was given mrding to NARC,

firtkrmore ldihde, loagihdc, elerrcbnwas assignod aocordiryly. Areawas also calculded

in (m). Dctail of rewly idedifiod glacial lakes till 2015 are prcs€ffied tog€ther with their

inforMion bebw

?
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Figure 4. l: New identified lakes in Astore Basin
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Figure 4.3: New identified lakes in Astore basrn
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4.2 Normalwed Difference Water Index (NDWI)

It is a dimensionless product and varies between -1 to +l depending upon the vegetation type and

cover and on the leaf water content. High values of NDWI in blue correspond to high vegetation

water content and to high vegetation cover. Low NDWI values correspond to low vegetation

water content and low vegetation fraction cover.

NDWI:
Green - Near lnfrared.
Green* Near Infrared

Highest value of NDWI is 0.4 and the lowest value is -0.4 .Mostly the area under the glacier

cover depict high water content than rest of the area. The areas near Chich pass, Tashain glacier,

ridge of Siachen , Rupal side of Nanga parbe! Mazinobase, Moshkin and Riat valley are areas

where maximum water content lies. Areas which are under infrastrucfure, settlements, and

agriculture field processes low NDWI values.

Figure 4.5: Normalize Difference Water lndex of study area
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4.3 Normalized Difference Vegetation Index (NDVI)

The Normalized Difference of vegetation index includes subtraction of the red reflectance values

from the near infrared and divides it by the sum of both.

NDVI : Near lnfrared - Red

Near Infrored * Red

The highest value of NDVI is 0.5 and lowest value is -0.3 .Mostly populated areas with high

settlement ratio shows high NDVI values while glaciated region depict less NDVI values.

Deosai, Burzail pass, Chillam, Chogham , Mir Malik village , Naugam Khirim, mankail,

Gorikot, Harchu, Guadai shows high NDVI values.

Figure 4.6 : Normalize Difference vegetation index of Astore
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4.4 Arc-Hydro Model

Arc-Hydro tools were used in order to determine drainage line features of basin accurately and

repeatedly in an automated fashion. Arc-hydro is basically a set of data models and tools that

operates with in Arc-GIS to support geospatial and temporal data analysis.

Delineation and characterization of watersheds in raster and vector formats, can be extracted

by Arc-Hydro and further used to define and analyze hydro-geometric network of the area.

Doain, catchment of Astore basin was extracted to deterrrine land area that drain in to the hydro-

network. Modeling of hydrological system involves exact determination of catchment

boundaries. Drainage lines and drainage points were also extracted for accurate modeling.

Figure 4.7: Cxchment, drainage points and drainage lines of Astore

Astore
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4.2 Criteria Analysis for potentially dangerous glacial lakes

After identification and indexes the next objective was to classifr and prioritize them on the

basis of their potential risk. For this purpose, criteria analysis was done in order to meet the

objective. As there is no standard index existing in order to define a lake as potentially

dangerous one, so the criteria was developed with the help of available literature. Due to high

ahitudinal, climatic and topographic variation it is diffrcuh to develop a standard index for

potentially dangerous lakes. For high aftitudinal areas like Northem glaciated regbn there are

some general rules that were adopted in order to identiff the vulnerable lakes. Surrounding

condition of area, physical characteristics of lakes, condition of associated mother glaci€r,

ahitudinal and topographic variations, was extracted thnough image interpretation and analysis.

After image interpretation and analysis it was validated from Google earttr-

l- One of the important attribute in defining a lake especially in the perspective of GLOF is

lake extent. Lakes which are associated to any hanging glacier at higher altitude are mainly

critical as possessing potential hazafi of out bursting in case of any avalanche ooculrenoe.

Geo- referenced shape files provided by NARC were used as referenced data for mapping

lakes over Landsat satellile image of 2014 for 196 lakes. The lakes were cross checked and

clearly visible lakes were drgrtize| while partially visible lakes we,re re-digitized and

conlirmed with the Google Earth imagery acquired on 14 December 2015 using spatial

information. Thneshold values for NDWI and NDVI were defined and lakes were overlaid

over them. While doing crosschecking and re digitizing 64 rew lakes we,rc identffied in

Astore basin in year 2015. They were validated through criteria analysis ad each of the

previously identffied 196 and newly identified 65 lakes were individually checked by

'Criterio anafinis'. Criteria was developed on the basis of athibutes, Le., lake tuw

identification either it is erosion, moraine, blocked valley, criqure or supra-glacial lake, for

prop€r interpretation as the *TWe" information gives the evidence of past GLOF activities.

Activities of supra glacial lakes where Closely associated zupra-glacial lakes we,re carefully

examined as they lead to a large lake with supplementary water volume. Dann condition was

analyzed by using Google Erath imagery acquired on 14 December 2015. Condition of

associated mother slacier and arnount of debris was carefully examined. Phvsical condition

of the surrounding area of each lake was individually evaluated. Threat of ice and rrck

sliding. was also kept in mind while assigning the status of potentially dangerous or at risk.
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Latitude Loneitude Elevation Area Remarks

Number

Astjl_126

Ast3l_l31

Ast_gl_I34
Ast-gl_I60
Astgll39
Ast-gl_84
AstS_24
Ast_gl-6
Ast-gl_I87
Astgl_l39
Ast_gl_109
Ast-gl_I98

74"488

74"478

74"458
74"408
741368
74%78
759E.
752E.
74%38
74"488
74"578
75.03E

34.50N

34.50N

34.50N
34.55N
35"16N
3504N
35"16N
35%5N
35.10N
34.53N
34052N
35018N

17817

13652

8170
236M9
8978s
2il262
54730
23s28
8341

5770
il377
16795

3973 At the ridge of massive glacier, have potential to
increse the flow of Astme river.

3893 Large lake surrounded by adjacent lakes can cause
flood

3977 At glacier teminus preceded by large lake.
3699 [n contact with large glacier
3595 Followed by hanging glacier
4325 Followed by a large hanging glacier
4769 Followed by large hanging glacie
4732 Near hanging glacier
3752 Near a settlement
3539 Near glacier ridge surrounded by massive glacier
4250 Large lake size
4968 Large lakg near the massive glacierso surrounded

by numerous small lakes, onthe risk of avalanche.

Table 1.2: Showing the detail of lakes at risk

Among these 12 lakes one lake was selected as potentially most dangerous one because of its

physical and surrounding condition. It lies at 75T3E latitude and 35"18N longitude at 16795

elevationlt has the potential to create catastrophic effect in downstream community. Water can

affect the agriculture fields of resident as well as there is a lot of risk of death and property loss.

In order to find out the exact outburst potential HECRAS hydrological model was used.

Hydrological Engineering Center River System (FIECRAS) is basically ore dimensional

mathematical model used to hydraulic calculations, steady and unsteady flow of river. It is
specifically designed to process geo-spatial data in order to compute ortburst of any water

boundary. Contour and spot elevations were used in order to prepare Triangulated Irregular

Network (TIN) [n Arc Map GIS. Stream centerline, banks, flow paths and cross sections were

prepared In IIEC-GeoRAS. For upstream and downstream boundary conditions were defined.

Correspondrngly, for different return periods input for flood discharge was also given For the

better results Steady flow analysis was done. Water surface profile generated as a resuft is used

to visualize flood inundation depth and boundaries.

ldentification of glacial lakes and risk assessment of glacial lake outburst flood in Astore basin Page 35
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4.3 Results of Hecras

Results revealed that river is 35 km long and in case of lake out bursts flash flood will hit

settlements and agriculture field within 120 minutes- Lake number 198 has potential to create

conditions just like Attabad lake which was formed in Hunza back in 2009.

Figure 4.10: Image showing rock sliding site on the river way

There is lot of potential of rock sliding and ice sliding as well. It will increase the volume of

potentially dangerous lake in case of outburst or avalanche. As a result it will break the water

boundary of surrounding lakes.lO4 cross sections were developed over 35 km long river. All

cross sections were then manually adjusted by taking the help of Google Earth imagery in order

to evaluate the flood inundation properly

lnundation area was identified with the help of cross section map developed on 35km long river.

Three floods peaks were generated by FIECRAS model. In case of worst out breach 30,000

cusecs water will be generated which will further flood away all the settlements, agriculture

fields and roads.20,000 cusecs water flood will be generate in case of medium flood and

10,000 cusecs water will generate in the case of low flood zone. Model out put showed that the

complete flood wave will drain in to main Astore river with in 90 -100 minutes if generated

from lake.

Identification of glacial lakes and risk assessment of glacial lake outburst flood in Astore basin Page 36
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The inundation map shows that some parts of the river, especially in low and moderate level,

does not get flooded As a result of high frequency inundation 3 villages will effects as a result

of glacier lake outburst flood Ramkha, Khangrool, Urdong respectively. The flood wave varies

in depth and velocity at different locations of the flood plain. The area of the flood wave at this

location was estimated to be 30000 sq ft and the flood has been simulated to reach at this

location within 87 minutes. Therefore, people may not get enough time to vacate the area before

the a:rival of the flood wave along with their livelihood.

Limitation of study

One of the major limitations of this study is quality of Digital Elevation Model and terrain

condition. Due to coarse resolution of DEM accurate inundation especially in high elevated areas

was a diffrcult task. More ever the cross sections which were developed using the DEM also

affect the result. Hence there is a dire need of high resolution DEM especially in high elevated

areas.
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Chapter no 5 Conclusion and Recommendation

5. Conclusion and Recommendations

The present study was conducted for identification of glacial lakes and Pritoize them on the basis

of their risk assessment.. Lakes mapping was done in GIS and are validated by Google Earth

irnagery. Criteria Analysis was used in order to evaluate the lakes at risks. Results revealed that

there 
.are 

total 261 glacial lakes among them l l are at risk and one is potentially dangerous.

Climatic parameters, physical condition of surrounding area and risk of rock sliding was also

kept in mind while doing classification. The biggest lake identified covered an area of 4968 (

nr)2 has potential to create conditions just like Attabad lake back in 2009. In orderto measure the

outburst potential of vulnerable lake Hecras hydrological model was used . Inundation area was

identified with the help of cross section map developed on 35km long river. Three floods peaks

were generated by HECRAS model. In case of worst out breach 30,000 cusecs water will be

gencrated rvhich will further flood away all the settlements, agriculture fields and roads.20,000

cusecs water flood will be generated in case olmedium flood and 10,000 cusecs water will

generate in the case of low flood zone.

S.l.Recommendations . '

The integration of satellite remote sensing coupled with GIS techniques proved useful for the

study of glacial lakes and potential dangerous glacial lakes in the glaciated region of Astore

basin. The information generated through this study would provide base for future monitoring of

glacial lakes and GLOFs in the glaciated region for planning and prioritizing disaster mitigation

cfforts in the region. Policy linkage for potentially dangerous glacial lakes and adaptation

measures including developing engineering structures and establishing GLOF early warning

systems along the downstream are also required. As flash floods are accepted as common

phenomena affecling the livelihood of most of the remote mountain villages. there is always a

need to raise public awareness of risks. strengthen communities' preparedness and resilience and

develop capacity building plans for local communities and planners in'disaster risk management

and early warning system to cope with high risk of GLOF hazards in this region.
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