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~ Chapter no 1 - ~ Introduction

are termed as moraine-dammed lakes. Some lakes also accumulate between the lateral moraine
and the valley side along the glacier marginal weak dam structure have high tendency of bursting

of glacial lakes.

1.2 Ice-dammed lakes: lakes dammed by glacier ice are termed as Icc dammed lakes. Further
these lakes are classified as:

% Supra-glacial lakes: Supra-glacial lakes generally exist on glacier surface that is entirely
covered by a thick layer of debris. As supra-glacial lakcs grow. the left glacier ice below
them melts and thus moraine-dammed lakes are evolved. These lakes often merge with
moraine-dammed lakes. or somctimes may develop into composite forms:

% Glacier icc dammed lakes: Lakes dammed by glacier ice without lateral moraine 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 for from hundreds or thousands of years.

1.4 Other glacial lakes: Glacier valley floors receive masses from rock falls, debris flows or
landslides, damming local strecams of glaciers. Such lakes arc called as other glacial lakes

(Anand 2014).

In Karakoram and Himalayan regions natural phenomenon of glacial lakc outburst flood (G1L.OF)
is very active and powerful. Frequent and sudden catastrophic outbursts are useful indicators for
cnvironmental scientists for sketching the reason of climatic change and glacial fluctuation
(Rchman, 2014).

Many catastrophic events of recent decades in mountain ranges are believed to occur due to
glacial retrcat. These events not only promoting to the development of new glacial lakes, also
raising the amount of water collected in the present lakes (Clauge and Evans 2000).

Glacier lakes can be contained by moraines, which can fail and cause floods: called elacier lake
outburst floods (GLOFs). These GLOFs will contain water and granular material such as soil and
small rocks, and can flow for many kilometers at high speed. As such GLLOFs represent a serious
hazard risk to regions downstream from the lake. For example, the October 7, 1994 failurc of the
morainc at L.ugge Lake in the Lunana region, Bhutan, caused a GLOF that killed more than 20

people (Pitman ct al. 2013)
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Chapter no 2 L 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. In 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 computétion of numerical

models.

Fujita, et al., (2013) Focused on the proper monitoring of potentiaily 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.

Identification of glacial lakes and risk assessment of glacial lakes out burst floods in Astore basin  Page 8
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Vilimek et al .,(2013) explored the data base of outburst floods (GIoFs —IPL ,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, ASTER ,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
Ventisquero Negro, Argentina because of the glacial lake outburst flood event A recent
glacier lake outburst, due to in May 2009.BASEMENT two dimensional humerical 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.,(2011) analyze remote sensing data of Land-sat ETM+ was utilized for the

identification of glacial lakes susceptible to posing glacial lake outburst flood in

[dentification of glacial lakes and risk assessment of glacial lakes out burst floods in Astore basin - Page 9
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MC-LCP(Monte Carlo Least Cost Path) was used in order to ev_a'luate the socio-

economic risks.

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 suppdrt'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 Alps.
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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 giaciers 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 12
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Chanter 4 Resnlts and Discussion

4 Results and Discussion

Main objective of the research was the identification 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 NARC in
Astore basin in 2013 in which 6 lakes were declared potentially at risk to create flashflood in
nearby areas. The data record of those lakes date back to 2010.,(APN 2013).

4.1 Identification of Glacial Lakes

Current study aims at identification of glacial lakes in Astore Basin. Glacial lake identification
and assessment is important for monitoring of GIOF hazard and also in the perspective of
resource management. A digital database plays a vital role in monitoring of glacial lakes and to
identify the potentially dangerous lake. For spatial data input and attributes GIS is the most
appropriate and recommended tool. A glacial lake outbursts flood is created when water is
released catastrophically by glacier due to moraine failure. Glacial lake outburst flood is
characterized by immediate outpour 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
(Pakistan GIOF project 2015). A local community which resides near Himalayan region is more
vulnerable due to increased frequency of these hazards.

When compared with findings 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 al 2011). The parameters and criteria adopted for identification of
lakes were same by using satellite images and GIS facilities. The criteria used for identification

were

)
o

Lake type identification either it is erosion, moraine, blocked valley, criqure or supra-
glacial lake.

% Activities of supra glacial lake.

% Dam condition

+ Condition of associated mother glacier.

% Physical condition of the surrounding area.

*» Evidence of strong seepage.

< Distance from road.

iaenuricanon o1 giacial 1aKes and risK assessment 01 giacial 1ake€ ourpurst 11004 1n ASIore pasin Yage L4
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¢ Distance from settlement.
Slope.

Temperature.
Precipitation

) o
0.0 L4

o,
L <4

In addition to 196 identified lakes by NARC , 65 new lakes were identified in the present
study in Astore basin. Majority of glacial lakes are ‘Erosion’ (i.e.40) followed by Moraine
(i.e.13), and Valley (i.e. 12). Lakes identification number was given according to NARC,
furthermore latitude, longitude, elevation was assigned accordingly. Area was also calculated
in (m?). Detail of newly identified glacial lakes till 2015 are presented together with their

information below
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4.2 Criteria Analysis for potentially dangerous glacial lakes

After identification and indexes the next objective was to classify 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
altitudinal, climatic and topographic variation it is difficult to develop a standard index for
potentially dangerous lakes. For high altitudinal areas like Northern glaciated region there are
some general rules that were adopted in order to identify the vulnerable lakes. Surrounding
condition of area, physical characteristics of lakes, condition of associated mother glacier,
altitudinal and topographic variations, was extracted through image interpretation and analysis.

After image interpretation and analysis it was validated from Google earth.

1- 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 hazard of out bursting in case of any avalanche occurrence.
Geo- referenced shape files provided by NARC were used as referenced data for mapping
lakes over Landsat satellite image of 2014 for 196 lakes. The lakes were cross checked and
clearly visible lakes were digitized, while partially visible lakes were re-digitized and
confirmed with the Google Earth imagery acquired on 14 December 2015 using spatial
information. Threshold values for NDWI and NDVI were defined and lakes were overlaid
over them. While doing crosschecking and re digitizing 64 new lakes were identified in
Astore basin in year 2015. They were validated through criteria analysis and each of the
previously identified 196 and newly identified 65 lakes were individually checked by
‘Criteria analysis’. Criteria was developed on the basis of attributes, ie., lake type
identification either it is erosion, moraine, blocked valley, criqure or supra-glacial lake, for
proper interpretation as the “Type” information gives the evidence of past GLOF activities.

Activities of supra glacial lakes where Closely associated supra-glacial lakes were carefully
examined as they lead to a large lake with supplementary water volume. Dam condition was
analyzed by using Google Erath imagery acquired on 14 December 2015. Condition of

associated mother glacier and amount of debris was carefully examined. Physical condition

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

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

Number

Ast gl 126  74°48E  34°50N 17817 3973 At the ridge of massive glacier, have potential to
increase the flow of Astore river.

Ast_gl 131  74°47E  34°50N 13652 3893  Large lake surrounded by adjacent lakes can cause
flood

Ast gl 134  74°45E 34°50N 8170 3977 At glacier terminus preceded by large lake.

Ast gl 160  74°40E 34°55N 236049 3699  In contact with large glacier

Ast_gl 189 74°36E 35°16N 89785 3595  Followed by hanging glacier

Ast gl 84 74°57E  35°4N 264262 4325  Followed by a large hanging glacier

Ast gl 24 75°9E 35°16N 54730 4769  Followed by large hanging glacier

Ast gl 6 75°2E 35°25N 23528 4732  Near hanging glacier

Ast gl 187 74°33E 35°10N 8341 3752  Near a settlement

Ast_gl 139  74°48E  34°53N 5770 3539  Near glacier ridge surrounded by massive glacier

Ast gl 109 74°57E 34°52N 64377 4250  Large lake size

Ast gl 198  75°03E 35°18N 16795 4968  Large lake, near the massive glaciers, surrounded

by numerous small lakes, on the 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 75°03E latitude and 35°18N longitude at 16795
elevation.It 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 (HECRAS) is basically one 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 outburst of any water
boundary. Contour and spot elevations were used in order to prepare Triangulated Irregular
Network (TIN) In Arc Map GIS. Stream centerline, banks, flow paths and cross sections were
prepared In HEC-GeoRAS. For upstream and downstream boundary conditions were defined.
Correspondingly, 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 result is used

to visualize flood inundation depth and boundaries.
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Chapter4  Results and Discussion

Limitation of study

One of the major limitations of this study is guality of Digital Elevation Model and terrain
condition. Due to coarse resolution of DEM accurate inundation especially in high elevated areas
was a difficult 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
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Chapter no 5 Conclusion and Recommendation

5. Conclusion and Recommendations

The present s.tudy 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
imagery. Criteria Analysis was used in order to evaluate the lakes at risks. Results revealed that
there are total 261 glacial lakes among them 11 are at risk and one is potentially dangerous.
Climétic 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 (
m)” has potential to create conditions just like Attabad lake back in 2009. In order to 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 which will further flood away all the settlements, agriculture fields and roads.20,000
cusecs water flood will be generated in case of medium flood and 10,000 cusecs water will

generate in the case of low flood zone.

S.1.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 fo‘r'fulture 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 f'lash floods are accepted as common
phenomena affecting the livelihood of most of the remoté 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.

Identification of glacial lake and risk assessment of glacial lake outburst flood in Astare basin Page 39
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Lake number | Longitude | Latitude | Area(m | Elevaton
and type (E) (N) »
Ast gl 91 E 74°55 35°h 23788 4403
Ast of 92 E 74°55 35°7 7633 4614
Ast gl 93 E 74°54 3597 11298 4539
Ast gl 94 E 74°54 35% 11376 4572
Ast gl 95 M 74°54 35°5 36970 4382
Ast gl 96 E 74°53 35°% 5413 4379
Ast gl 97 M 74°52 35°5 20320 4478
Ast gl 98 V 74°57 35°3 4060
Ast gl 99 E 75°0E 35°0 3940
Ast_ gl 100 E 74°59 35°0 121464 | 4236
Ast_gl 101 E 74°56 33°0 3646 4349
Ast gl 102 E 74°56 35°0 23138 4273
Ast gl 103 E 74°55 35°0 6577 4072
Ast gl 104C 75°3. 34°57 26086 4385
Ast gl 105 E 75°4 34°55 14097 4294
Ast gl 106 E 75°2 34°52 9948 4222
Ast ol 107V 75°2 34°53 18644 3818
Ast sl 108 E 74°59 34951 3763 4115
Ast gl 109E 74°57 34°52 64377 4250
Ast_ gl 110E 74°57 34°52 39861 4266
Ast gl 111 E 74°56 34°52 30307 4360
Ast gl 112C 74°57 34°55 18043 4257
Ast gl 113E 74°57 34°55 12880 4256
Ast gl 114 E 74°36 34°54 9678 4326
Ast ol 115C 74°56 34°54 10778 4352
Ast gl 116C 74°36 3454 24171 4335
Ast ot 117E 74°55 34°54 16795 4148
Ast_gl 118 E 74°55 34°54 6695 4125
Ast gl 119C 74°54 34°55 4085 4212
Ast gl 120 E 74°54 34°55 22752 4066
Ast gl 121 E 74°55 34°54 7887 4350
Ast ol 122 E 74°55 34°54 6582 4206
Ast gl 123 E 74°55 34°54 30324 4226
Ast_gl 124 E 74°56 34°53 7969 4222
Ast gt 125 E 74°56 34°53 15773 4227
Ast ol 126 E 74°48 34°50 1 17817 [ 3973. .
CAst gl 127E 74°48. - ~1:34°51 | 487424 | 4008 -.
Ast ol 128V 74°49 34°52 774 13220 .4-3364 7 °
Ast gl 129 E 74°48 3485 7523 3897
Ast_ gl 130E 74°47 34°51 71334 4113
Ast ol 131 E 74°47 34°50 444401 | 3893
Ast gl 132 E 74°46 34°50 113652 | 3991
Ast gl 133E 74°46 34°50 37732 4018
Ast gl 134C 74°45 - 34°50 8170 3977

Lake number | Longitude | Latitude Area{m | Elevation
and type (E) (N) N,. ”
Ast gl 133 E 74°44 34°50 238784 | 4022
“Astgl—136 E 74°44 34°50 5320 4179
Ast gl 137E 74°44 34°50 18392 4212 e
Ast gl 138V 74°44 34°50 13674 41935
Ast_gl 139M 74°48 34°53 5770 3539
Ast_gl 140V 74°47 34°54 21220 4249
Ast gl 141 E 74°46 34°55 34384 3479
Ast gl 142 E 74°¢ 34°56 36685 4389
Ast gl 143 E 74°43 34°56 3341 4522
Ast gl 144 E 74°43 34°56 8465 4347
Ast gl 145 M 74°43 34°56 5982 4569
Ast_gl 146 M 74°45 34°58 57558 4643
Ast gl 147 E 74°45 34°58 10553 4625
Ast gl 148 E 74°45 34°38 50101 4638
Ast gi 148 E 74°46 34°59 3745 4375
Ast gl 149 E 74°46 34°59 13958 4483
Ast gl 150 E 74°46 34°58 3826 4573
Ast gl 151 M 74°46 34°59 5703 4510
Ast gl 152 M 74°46 35°3 12765 2740
Ast gl 153V 74°49 35°0 313721 | 4551
Ast gl 154 M 74°45 34°59 9174 4430 /\
Ast_gl 155M 74°44 34°59 10894 | 4351
Ast_gt 136 M 74°43 34°59 47264 4294
Ast gl 157 E 74°43 34°59 5958 4503
Ast_gl 158 M 74°42 34°56 28653 4408 "
Ast gl 159E 74°42 34°54 13285 3366
Ast_gl 160 M 74°40 34°55 236049 | 3699
Ast_gl 161 V - 74°40 34°54 23317 3947
Ast gl 162 E 74°39 34°54 8808 3953
Ast gl 163 M +74°39 34°54 46979 4232
Ast gl 164 E 74°38 34°54 9552 4033
Ast gl 165 M 74°38 34°54 61222 4259 !
Ast_gl 166 E 74°38 34°35 25362 4100
Ast gl 167 E 74°36 34°55 12199 4282
Ast_gl 168 M 74°37 34°56 8908 4089
Ast gl 169 M 74°37 34°58 7190 4089
Ast gl 170 E. | 74°37" . 34958 . -{.:13447 4282
Ast.gl 171 .M S 74934~ e 34°58 1 19235 4446 .
‘Ast gl 172 E 74°35 - "|-35%G 26079 4563
Ast_g! 173 ‘E 74°38 35°2 6863 3884
Ast gl 174 V 74°40 35°¢4 3093 4235
Ast el 175E 74°41 33°3 3440 2593
Ast_gl 176 V 74948 35°72 5410 2608
Ast g 177V 74°48 35°i2 8733 4328
Ast gl 178 M 74°38 35°2 7190 4412
Gy o
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