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Chanter # 1

and permafrost thawing behavior of glaciers which results into developing and disappearing of

numerous lakes.
1.1.Glacial Lakes and its outburst Flood (GLOF)

A glacial lake is defined as a sufficient amount of water mass originating from glacier activities
and/or retreating processes of a glacier and extending with a free surface either near or away
from glacier(Campbell 2004). These lakes are impounded by natural dam like moraine dammed
lakes. Occasionally, a moraine breaks, releasing the lake’s stored water and discharging large
volumes of water with debris, which causes downstream flooding along the river channel. This
phenomenon, generally known as a glacial lake outburst flood (GLOF), is one of the most
serious disasters to occur in the Himalayan regions of China, Nepal, India, Pakistan, and Bhutan

(Y. Ding., 1992).
1.2.Types of Glacial lakes

The lakes are of different types on the basis of their formation named as Erosion, Blocked,
Moraine Dammed (Lateral Moraine and End Moraine Dammed lakes), Valley trough, Cirque,
and Supraglacial lakes (Campbell 2004).

1.2.1. Erosion lakes

Sometimes lakes are formed due to the accumulation of water bodies in a depression generated
due to the glacier recession. Such types of lakes are called Erosion Lakes which may either
Cirque type or trough Valley type which are called as stable lakes. These lakes are mostly

isolated and far away from the parent glacier.
1.2.2. Supraglacial lakes

The Supraglacial lakes is another type of lakes which is formed on the surface of glacier within
ice mass at any position in the form of small ponds that can be shifted, merged or drained
through their outlet. These lakes are present in large numbers on glacier surface. Sometimes
these small ponds combine together to form one large moraine dammed lake witch store huge

volume of water with a high level of potential energy which indicates the danger level of GLOF.
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1.1.1. Association of Climate Change with Glaciers recession

High mountain environments constitute many glaciers and glacial lakes which are highly
dynamic and sensitive systems therefore they known as primary indicators or barometer of
climate change (e.g., Beniston, 2003; Huber et al., 2005; Harris et al., 2009). The rising trend in
the summer temperatures observed for the last four decades in Himalayan region of Pakistan has
affected the overall coverage and reserves of the glaciers. This has resulted in changing
behavior of the glaciers and their associated lakes. In the past two decades of twentieth century,
the anthropogenic forcing of climate change are considered as a main cause of an abrupt rise
in temperature which ultimately leads to global warming,especially during the period spanned
over 1995-2006 (Mann and Jones, 2003; Thorne et al., 2003; Trenberth et al., 2007). Among
these anthropogenic activities are the emission of high amount of GHGs which leads to climate
change in terms of increase in temperature, change in precipitation pattern and probably a rise
in the frequencies of extreme events by disturbing the radiative balance of the earth (IPCC,
2001; Meehl et al., 2007; Tett, et al.; 2007).

Several previous studies also reported this rise in temperature in previous century and now it is
proved by meteorological data which recorded 0.07°C per decade rise in temperature (Folland et
al., 2001; Jones and Moberg, 2003). On the other hand results of similar study by Chaudhry et
al.,, 2009 showed that Pakistan experienced 0.76°C rise in temperature during last 40 years.
While during the same time period,it was recorded as 1.5°C rise in glaciated mountain. Besides
this in the twentieth century an increase of ~ 0.98 % per decade of globally observed annual
precipitation has also been reported (New et al., 2001). The most severe threat of this rise in

temperature & precipitation is related to the rapid melting of glaciers and lakes formation.

Worldwide much of the glacier retreat has been observed at tropics, humid mid-latitudes and
polar regions over the last few decades (WGMS, 2008; Kaser, 1999; Aizen et al., 2007b;
Lambrecht and Kuhn, 2007). The results of IPCC, (2007) considered the evident atmospheric
temperature rise was the main reason for much of this retreat. Global warming involves an
unprecedented speeding up of the rate of glaciers recession in mountain ranges all over the world
(GCOS, 2004, Lemke et al., 2007). Now it has been proved that in many locations of the world

glacier recession has accelerated in recent decades (Zemp et al. 2008). Hence, many scientific
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researchers now believes that climate change is a real phenomenon which is continuously

happening (IPCC, 2007; Saier, 2007).
1.1.2. Association of Glacier recession with Lake Development

In Northern area glacier and its associated lakes are of great importance as it is main source of
freshwater that benefits hundreds of millions of people downstream. Approximately 80% of the
total flow of the Indus River in the summer season coming from the glacier and ice melt
water in UIB (PARC, 2005). But unfortunately this region is facing the one of the serious
problem of water security due to glacier depletion under the effect of global warming (IPCC
2007). It has been widely approved thatthroughout the world glaciers recession and shrinkage
occurred due to global climate change (Chen g, 1996; Allison e t al, 2001; IPCC,

2007).However, the characteristics and retreating rate of glaciers are different across the world.

In UIB a close association has been reported in Glacier depletion and lakes development (Baker,
1996). It is widely analyzes or observed that majority of the lakes in glaciated UIB is developed
on or near to the glacier due to glaciers activity (ASHRAF, A. et al., 2008). Glaciers associated
lakes are continuously developed or expanded due to glacier recession in mountainous areas of
the world which leads to an increasing risk of lake outbursts. This phenomenon of lake Outbursts
is known as Glacial Lakes Outburst Flood (GLOF) which pose serious hazard to downstream
inhabitants and their livestock (Clague and Evans 2000; Huggel et al. 2003, 2005; Iwata et al.
2002; Ma et al. 2004; Popov 1988; Richardson and Reynolds 2000). Another research also
reported that an abrupt rise in temperature & precipitation on snow and glaciated environment of
UIB (A. ASHRAF et al., 2011). These are the factors which are clearly responsible for lakes

formation, expansion and outburst flooding.

According to the Bolcher al., (2012) Glacier retreat leads to the creation of many new melt water
lakes on lower section of such type of glaciers. It has been concluded from the results of recent
researchers that majority of the lakes are developed at glacier terminus after glacier recession in
the phase of accelerated global warming (Mool et al., 2001). Naramaet al., (2009),reported that
under atmospheric warming, the number & size of glacier lakes have been increasing reflecting
glacier melting in northern mountains of Pakistan (Aizen, et al., 2006; Narama et al., 2006;

Bolch, 2007; Ku-tuzov and Shahgedanova, 2009; Narama et al., 2010a) and posing growing
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threats to people living in and near the mountains. The unstable lakes can pose threats to

local population(Costa and Schuster, 1988).
1.1.3. Glacier surge and Lake Development

Meyer et al., (1993), for the first time reported that gl. lakes are formed on the glacier terminus
due to the recent retreating processes of glaciers. And later on this is proved by Ashraf, A. et al.,
(2008) who define the process of gl. lakes formation, according to him when glacier terminus
start shrinking/retreating leaving behind lateral or end moraine which later on dammed the melt
water and developed into lakes. Such lakes may present at the bottom or on top of these
glaciers. The importance of this situation has magnified over the past century due to the
increased number of glacial lakes. There are many glaciers in UIB which shows
geomorphological evidence of retreat and rapid down wasting such as ChogoLungma and
Hunza’s glaciers show a similar surface down wasting pattern but at different rates. Because the
moderate to large size glaciers showhighest retreat rates including Batura, Gulmit, and Passu.
Conversely, other large glacieré such as Hispar, Barpu, and Bualtar exhibit lower retréat rates

(Roohi, R., 2007).

Similar study on glacier retreat and thinning (downwasting) was also conducted by O’Connor
and Costa (1993) and more recently, by Clague et al., (2012) and S. Shakiret al.,(2010). Above
these studies revealed that climate change, glacier recession and lakes formation are interlinked
in such a way that due to climate change glaciers and snow start melting by retreating or
shrinking as results lakes will form. The retreating characteristics of glaciers are important
parameters in order to study the climatic variations and glacier fluctuation (Kaser, 2001; Wagnon
et al., 2001). On the other hand,retreating rate of glaciers was also determined by ICIMOD i.e.
10m to 60m per year and many small glaciers have already disappeared (Bajracharya et al.
2007).

These findings were further confirmed bytemporal comparison of satellite imageries conducted
by G. Vassena., (2007), at or near the glaciers of HKH there is an increasing tendency of lakes to
develop and expand. There are many evidences on glacial lakes formation and expansion in UIB
as reported by Hewitt (1982) including the growth and disappearance of Virjerab Lake in the

Hunza region as a result of glacial shift.
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Another study revealed that lakes formation is not only associated with retreating behavior of
glacier but also due to the surging behavior of glaciers and some ice dams may have been the
result of glacier surges (Meyer et al. 1993). In UIB many examples of surging glaciers and lakes
formation have been also recorded (Khan 1994). Thirty glaciers are known to have
advanced across major head water streams of the Indus and Yarkand Rivers. In 1977 the Balt
Bare glacier above the Shiskat village released a surge of melt water and the 20m high dam
created a lake that extend back almost to Passu (Francis et al., 1984). Earthquakes may play a
role in triggering glacier surges directly or by means on rock avalanches which travel onto

glaciers (DESIO 1954).

In the east side, various researchers observed and reported the retreating behavior of glaciers
however, in the west, some researchers also reported the surging behavior of glaciers especially
in central karakoram where large galciers has been expand and thickened including Shimshal,
Hispar and Braldu glaciers (e.g. Bajracharya et al. 2007; Kayasthaand Harrison 200, Hewitt.,
2005 and Immerzeel et al., 2009).In 2008, Pakistan Meteorological Department monitored the
lake development on Hinarchi glacier and they found that lake originates as small pond but after
three years the small pond develops into the big lake. The reasons behind this lake formation was

considered the significant deposits of black corbon along with other contents of debris.
1.1.4. Earthquake induced Lake Formation

Glacier retreat is associated with many others types of natural hazards which are also interlinked
including Earth-quakes induced ice loss, huge catastrophic flood and landslide/ slope movement,
change in runoff regime and droughts (Richard son and Reynol ds 2000a, Cost a and Schuster
1988 and Harrison et al. 2006, Mark 2002). All these natural hazards are the main reasons for

lakes formation in such a high mountainous areas.

The Hunza and Indus valleys of Northern Pakistan, deeply incised and seismically active
(Shroder 1998), has a particular history of landslide-dammed lakes (Hewitt 1998) with specific
cases in 1841, 1858, 1962, 1974 and 2010. The largest event is documented from the Indus
valley near the Nanga Parbat. Several landslide-dammed lakes have formed in the last 50 years.
Examples include the events of Aini (Tajikistan, 1964), Mayunmarca (Peru, 1974), Valpola
(Italy, 1987), Tsatichu (Bhutan, 2003), Tangjiashan (China, 2008) and Attabad (Pakistan, 2010).

Ulacial LaKes I ormanon, CXpansion ana DISAPPearance in ULaCuies KegLony Uf IVUTern L Gnidiurn
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In terms of the amount of coseismic landslides and landslide dams, the Wenchuan earthquake
ranks first among other earthquakes, such as the 1994 Northridge earthquake (Parise and Jibson,
2000), the 1999 Chi-Chi earthquake (Mw 7.6; Khazai and Sitar, 2004), the 2005 Kashmir
earthquake in Pakistan (Mw 7.6; Sato et al., 2007) and the 2010 Haiti earthquake (Mw 7.0;
Gorum et al., 2012).

1.1.5. Landslide dammed Lakes

It has been found that glaciated Northern regions of Pakistan is susceptible to natural hazards
where all land is in the form ofrugged terrain including mountains and hills, harsh topographic
condition and gravitative processes such as avalanches, landslides, debris flows and flash floods
(Havenith et al. 2003; Passmore et al. 2008; Severskiy and Zichu 2000; Storm and Korup 2006;
Yegorov 2007). Hough, (2007) reported that there are a number of active thrust faults and mega
shear zones that pervade the Northern Pakistan. These faults are responsible for the high
seismicity of the region. A number of significant earthquakes have been reported in during
historic time.‘ These include Gol-Ghone Landslide Dam (Hewitt, et. al., 2011), which was
seismically triggered along the Indus River, just downstream of its junction with the Shyok

River.

The examples of manylandslide-dammed lakes has been found in Hunza and Indus valleys of
UIB (Shroder 1998), with specific cases in different time periods like 1841, 1858, 1962, 1974
and 2010. The largest event is documented from the Indus valley near the Nanga Parbat. In the
last 50 years, several landslide-dammed lakes have formed includingAini landslide (Tajikistan,
1964), Valpola (Italy, 1987), Tangjiashan (China, 2008),Tsatichu (Bhutan, 2003), Mayunmarca
(Peru, 1974), and Attabad (Pakistan, 2010). Among the Earth-quake induced landslide events,
theWenchuan earthquake is an utmost important events of the past. Besides that other widely
known earthquakes includes Northridge earthquake (1994), Chi-Chi earthquake 1999 (Mw 7.6),
Kashmir earthquake in Pakistan2005 (Mw 7.6; Sato et al., 2007) and the Haiti earthquake2010
(Mw 7.0); Gorum et al., 2012.

Due to the slopes and steep geographical conditions, great elevation differences, and fragile
geological conditions these regions are vulnerable to landslide and river erosion (Gillani.S.N.A,

2013). After the passage of dam burst floods,landslides events have been reported at an increase
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rate in hunza valley (WRRI, NARC & UNDP 2008). During the last 100 years and before
severalcatastrophic mudflows have been recorded (Gorbunov and Severskiy 2001;
Blagoveshchenskiy and Yegorov 2009, Table 12.1). It has been shown that GLOF is responsible
for about 11% of the catastrophic mudflows in this region.(Popov 1988; Medeuov and Nurlanov

1996; Medeuov et al. 1993, Yegorov 2007).

It has been found that recent and former landslide dammed lakes are widely spread in these
regions. This area is well known due to its tectonic uplift, extremely rugged terrain as well as
exhibiting the highest rates of denudation and channel incision in the world (Hewitt, 2009).
Landslide dams lakes are of particular interest because majority of them are unstable and easily
burst after their formation (Costa and Schuster, 1988). The formation of landslide-dammed lakes

is often a highly significant secondary effect (Clague and Evans 1994; Casagli and Ermini 1999).

The examples of temporary landslide dams lakes have occurred along the upper Indus River.
However the factors responsible for such type of landslide re not known yet some researchers
have postulated that more ir;tense monsoons are likely responsible for some of tile mega
landslides. On the other hand Evans et al., (1998) reported that the rock slides, ice avalanche,
debris avalanches or rock avalanches are the main reasons for glacial lakes formation in such a
hummocky debris landforms (Heim, 1932; Abele, 1974; Hewitt, 1999, 2001). Therefore there
exist a numerous remnants of historic landslide dams impounding lake, especially on both side of
the Indus River and its principal tributaries (Kazmi and Jan, 1997, Ahmed et al., 2003). The main
stem of the upper Indus River in northern Pakistan has been obstructed by a large number of
mega landslide dams at various locations . In recent past, upper Indus basin is affected by

many destructive landslide events (Ahmed and Rogers, 2013).
1.1.6. Rock avalanche and Lake Formation

Rock avalanches are extreme events during which a substantial amount of material moves in a
very short time. There have been several major rock avalanches in the study area. Hewitt (1998)
mapped the location of 25 events. For every 14 km of upper Indus River streams is deposited by
well-known rock avalanches (Hewitt, 1998, 2009a; Shroder and Bishop, 1998; Korup et al.,
2010).Korupet al., 2010 found that there are also many short lived rock avalanche and

glacial/moraine dams concentrated in the high relief zones of the western Himalayan syntaxes,
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along the Gilgit, Hunza, and Shyok Rivers. In the Chapursan Valley, the reasons for glacial lakes
formation are rock slides as suggested byHewitt., 2001. Similarly the deposits in the Shigar
River at the confluence of the Braldu and Basha Rivers, near Mungo, are the remains of a rock
avalanche that spread across the valley from the southern slope above Tsago. It was assumed by
many researchers that largest rockslide avalanches in this region was triggered by earth-quake of
Magnitude 8+ (Keefer 1984; Feldl and Bilham 2006; Kumar et al. 2006). For example Satpara
Rock avalanche was another seismically triggered rock avalanche dam that occurred in

historic time and impounded the Deosai Plains.
1.1.7. River impounded lake

High rates of bedrock incision (up to 12mm/yr.) of the Indus River have been observed by
several researchers (Korup, 1010; Hewitt, et al., 2011). Another landslide debris dam about 200
m high blocked the Indus River near Jaglot in Northern Pakistan for more than six
months. The dam was breached catastrophically after filling for six months, sending an outbreak
flood hundreds of kilometers downstream, calising significant damage. In the recent past
Attabad (2010) and HattianBala (2005) rock avalanches impounded natural barriers across
the major tributaries of Indus River in northern Pakistan. Both of these natural dams still existing
and pose a significant threat to the low-lying areas downstream. In 2010, a massive landslide
near Attabad village incised the Hunza River resulting in the creation of a 22-km-long lake in the
upstream. Usually such lakes are short lived and occasionally sustain for more than a year but
this time, it remains for more than 3 years. The lake is mainly filled by the snow and glacier melt
of the numbers of valley glaciers including Ghulkin, Passu and Batura and the high-altitude

mountain glaciers.

Another example of mudflow incised river incision from baltbarNallah has been reported in
hunza basin where hunza river was blocked by a fan over 150m long and 80 to 100m high, which
resulted into 12km long lake formation almost 18km south of Batura (Zhang, X. and Shifeng,
W., 1980). Johnson (1988), discussed in detail the impacts generated by the development of
smaller ice-marginal lakes in the Karakoram. In hunza valleyextensive lacustrine deposits
fromGulmit to Batura section is considered as geo-morphological evidence in order to study the

history of lakes. Keefer., (1984) reported thatstrong earthquakes are among the prime triggering
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factors of landslides which may block rivers, forming landslide dams. It was proved by an
earthquake-triggered giant landslide (1841)which dammed the Indus river, impounding a lake
with a maximum depth of about 150 m and a length of approx. 30 km (Shroder, 1998).

1.1.8. Glacier dammed lake

Another factor that is responsible for lakes formation in Karambar valley, are some glaciers like
Karambar, Warghut, Chillinji, and Chateboi glaciers that blocked from time to time the main
river in historical times (Iturrizaga,2004b). Similarly in the upper Shimshal valley, for the first
time field observations was carried out by Visser-Hooft (1926) in order to monitor theVirjerab
Lake development and disappearance. Another lake in shimshal valley was also analyzed which
is formed due to the advancement of two glaciersthat temporarily blocked the main Shimshal
valley, impounding runoff from Virjerab Glacier resulted in the accumulation of water which
develop into lake. It was found that above mentioned Glacial lakes developed in remote
mountainou_s areas which are difficult to access and field studies are lgborious and cost-intensive.
Therefore, remote sensing data and GIS are ideal tools for studying and monitoring glacial lakes
and assessing their hazard potential (Buchroithner 1996; Huggel et al. 2003; Schneider 2004;
K4&ab et al. 2005; Quincey et al. 2005; Bolch et al. 2008).

Uilacial Lakes I ormation, Expansion and Diwsappearance in Ulaciated Kegions of INortnern rakistan
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2.1. Satellite imageries

In the present study, High-quality mulitemporal Landsat images from 2001 to 2013 were used as
the primary source of information. The images with pixel size of 15m and 30m was downloaded
from (http://glcf.umiacs.umd.edu and http://glovis.usgs.gov). The images were radiometrically
correct and project in the UTM coordinate system. Pan-sharpened Landsat 7 scenes for the year
of 2006, 2007, 2008, 2009 and 2010 while Landsat 2-3MSS/ 4-5TM scenes for the year of 2001,
2002 2003, 2004 and 2005 were used for the delineation of glacial lakes, identification of newly
formed and disappeared lakes was carried out in glaciated ten sub basin. Glacial lakes were
identified clearly in the band combinations of Pan, 7, 6b and 5, 4, 2 (Red, Green, Blue) due to
their distinct true color and contrast with the surrounding features. In the false color composite of
5, 4, 3 (RGB), the water bodies, like lakes in blue color, was differentiated from the shadow
areas appearing black in this band combination.High concentration of glacial lakes is found in

north.

2.2. Topographic map

Further information of glacial lakes(river basin boundary and spatial distribution) was identified

with the available topographic maps at scales of 1:500,000, 1:250,000 and 1:50,000. The digital
topographic maps were (ARC digitized Raster Graphics (ADRG) published in January 1996 by
the National Imagery and Mapping Agency (NIMA) and Defense Mapping Agency (DMA) of
the U.S.

2.3. Glacial Lakes Inventories

The previous and current lakes inventories of Upper Indus Basin developed by ICIMOD in 2005
and 2013 were also used as a reference in present study.The present study was carried out in ten

glaciated Indus sub basin of Pakistan.

2.4. Data collection and processing

In this study, the lakes inventories (2005 & 2013) developed by ICIMOD were used as reference
data in order to identified those lakes which were appeared in 2013 inventory but absent in 2005

Glacial Lakes I'ormation, £xpansion ana Uisappearance in UiGCilared KegLons U] IYUTIRErn r 4K
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inventory, similarly also identified those lakes which were absent in 2013 inventory but present
in 2005 inventory. By doing this we were able to identify which lakes were newly appeared and
disappeared during the period of 2001- 2013. By comparing the inventories a total of 50 lakes
were identified in ten sub Indus basin of Pakistan and results showed that out of which 45 lakes
were newly appeared while 5 lakes were disappeared in 2013. After that we found out the factors

which were responsible for the formation and disappearance of glacial lakes.

The database generation and spatial analysis was performed in GIS 10.1 software using the
Transverse Mercator projection system. After getting all required data, it was processed by
determining lake distribution in UIB and separation of lakes with area greater than200 sq.km
while neglecting the supraglacial lakes because these lakes are unstable and continuously formed
and disappeared. Gacial lake boundaries and its area were calculated by automatic method of
water-pixel extraction and GIS software.Normalized difference water index (NDWI) of
multispectral imagery was also computed in order to discriminate between water and other types
of surface. Any other type of image misinterpretation due to shadow, lake ice formation, cloud
and snow cover features was eliminated by GE and DEM. The missing part of the
lake boundaries from the ETM striping was manually corrected based on earlier TM or ETM
images without striping. Cross-validation and modification for each glacial lake was
conducted according to the time series areal variation. Details of the Landsat images used are

shown in table 1.

Table 2.1: Data used in the study and corresponding application
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The present study was conducted from September 2015 to August 2015 on causes of Glacial
lakes Formation, Expansion and Disappearance in glaciated mountains of Northern Pakistan and
its association with Climate Change. Fifty glacial lakes were selected from ten sub basin while
meteorological data (Temperature & precipitation) were taken from Pakistan Meteorological

Department(PMD).
3.1. Factors responsible for glacial lakes formation in study area

There are numbers of Factors which are responsible for glacial lakes formation in our study area.
First of all here we discuss some examples of seismic and tectonic factorswhich results in lakes

formation in glaciated regions of Northern Pakistan.

3.1.1.Earth quake induced landslide

There are a large numbers of earth quake induced catastrophic landslide dam events widely
distributed in Northeren areas of Pakistan as it fall into world second dangerous Zone(seismic

zonation mapwww.munichre.com/en//ts/geo risk)with an expected intensity value of MMI scale

VIII (Modified mercalli scale). Landslides are usually triggered by a combination of factors,
such as intense and prolonged rainfall, rapid snow melting, earthquakes, and anthropogenic

activities, such as excavations.

a. Jhelum basin; Hattian Bala landslide Lake (2005)

On October 8, 2005, a magnitude 7.6 earthquake struck Pakistan and caused many casualties as
well as severe damage. Several mass movements were triggered. The Hattian Bala landslide
southeast of Muzaffarabad (Fig.3.1)was reactivated, resulting in a rock avalanche with a volume
of approx. 65 million m? (Dunning et al. 2007; Schneider 2009). An area of 1.8 km? was directly
affected by the landslide, the deposit formed a dam with an area of 0.9 km? impounding Karli
and Tung river and creating two lakesknown as zalzal Lake (major), which was 3.94 km long,
and Bani Hafiz Lake (minor), about 1 km long(Fig.3.2).The largest one isZalzal lake situataed
near to Bani Hafiz Lake in 73° 43’ 9.133” E Longitude & 34 ° 7' 58.078" N Latitude with an
estimated area of 327147 sq. km.The Bani Hafiz lake which is situated 73° 44' 19.265" E

lanmitinda and 240 @' 12 &I4A" NI writh an actimatad araa Af SR8 cn bm Zal7al T alka the larcer nf
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Results showed that about 60 % hazards faced by the remote communities in glaciated mountains
of Northern Pakistan are associated with Earthquake and glacier surging. The hazards like floods,
river erosion, rock avalanches, landslides, etc. are interlinked, i.e., intensity of flash floods may
increase the process of river erosion and in cases cause triggering of landslides and rock

avalanches.

Flash Rainfall
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Fig. 3.56: Percentage share of different hazards in study area
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The glacial environment of the three Himalayan ranges of Pakistan was investigated through
integrated RS and GIS techniques. The findings of the study revealed altogether 50 new glacial
lakes with area greater than 2000 sq.km over the period of 2001- 2013.It was concluded that in
these glaciated mountains of Northern Pakistan the so-called mountainous hazards (among other
debris flows, earth quake, flash floods, rockfall, or snow avalanches) are omnipresent. The most
important events with highest potential for glacial lakes formation are glacier recession followed
by earthquake induced landslide and river erosion. Several large landslide events in
NorthernPakistan and surrounding areas are mostly naturally activated like Earth-quake in
combination with destructive rock avalanches. The severity of these hazards is related to the
geographic location. It was also concluded that glacial lakes formation and expansion are closely
related with climate change which indicate the prevalence of global change influence on this
mountainous range. On the basis of our findings it is suggested that educating yourself on how
to best manage the glacier variation and to get awareness is important to avoiding or prolonging
the adverse effeg:ts on local population due to GLOF. However, the lack qf accurate and adequate
researches and confirmed evidence create many problems and confusions about how much
retreat and surge of glaciers is occurring across the Himalayan ranges and what would be the
change under various conditions. As such data and studies are inadequate to solve this problem
related to general assessment of all other factors for glacial lakes formation at various elevations
in the HKH Region, a regular monitoring of glaciers and associated lakes is essential in context
of possible increase in global warming to mitigate high risk of future flood hazards in this fragile
mountain ecosystem of Northern Pakistan. On the other hand study of glacial lakes is utmost
important to reserve the resources as the stable lakes is most important source of water for
agriculture, industrial and hydropower development in nearby villages. Secondly lakes in these
valleys (e.g. gilgit, hunza, shoyok, shigar) are of great attraction in context of tourism, prosperity

and economic development of country.
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