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laciers can be an important indicator of climate change. In Pakistan, glaciers are 
found in the Northern Part of the country. In this study, we have discussed the 
occurrence of surge velocity, lake formation, and outburst of Shisper Glacier, 
Hunza, Gilgit, and Baltistan. To conduct this study satellite remote sensing 

techniques have been used. For this purpose, Sentinel-2 and Landsat 8 have been downloaded 
for 2015-2019. While to examine the elevation difference ASTER 2000 and SRTM 2014 
Digital Elevation Model (DEM) have been downloaded, along with this other remote sensing 
analyses were applied including temporal change, land cover, and morphometric analysis 
including indices Normalized Difference Snow Index (NDSI) and Normalized Difference 
Water Index (NDWI). It has been analyzed that Ice-Dammed Lake formed in November 
2018, which is the greatest threat to the study area as it can cause glacial lake outbursts and the 
volume of the lake is showing a continuous increase from 2018- to 2020.  The land cover 
change indicated that snow area has increased about 35% from 2015 to 2018 along with an 
increase in debris glacier by about 20%. Whereas, a decrease in vegetation was observed up to 
2% in 3 years. This study concludes that snow and clear glacier are enlarged over time. Taking 
into account our research, our suggestion is obligatory stride should be taken to keep away 
from the disastrous occurrence in the Shisper glacier.  
Keywords: Remote Sensing, Surging, Morphometric Analysis, Ice-Dammed Lake, 
Normalized Difference Snow Index (NDSI), Normalized difference Water Index (NDWI) 
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Introduction  
The 5th assessment of the IPCC report determines that managing the global climate 

equipoise glacier plays a decisive part as normal climate meter and also a submissive count of 
climate change [1]. Since the little ice age ended, the glacier in all parts of the earth has been 
lessening. [2]. Cause of undefined geographical dissemination 1% of glaciers are cascade type 
found mostly in polar to the sub-tropical region [3]. These glaciers are also found in continental 
intramural and highly uplifted mountains for example the high Andes of Argentina and in the 
Karakoram and Pamir mountain ranges.[4]–[6]. 

The glacier-like rush type could be in inactive or passive form. An unassertive kind of 
glacier flows in slow motion during the essential period whereas the erosive form of glacier 
temporarily flows in the fast movement, while each surging phase extent remains stable. 

In the acquiescent phase, the speed of the flow is generally under equal velocity and 
due to the seasonal changes, variation also occurred.  A change in the vertical morphology was 
detected at the end of the glacier the flow become finite. At the beginning of the main surge, 
the mini-surge invoke by a wavy surge develops before a year. The surge moved with a high 
celerity downhill and thickened the ice up the glacier. Between stagnant and flowing ice up 
and down a vanguard formed because of whole mechanisms. As a result, the main surge of 
the ice forefront becomes steep from the beginning. 

The speed of the glacier may increase by a factor of 10 in the surging period within a 
year. Due to this movement, the capacity of the storage zone is decreased and then the terrain 
faces more ice [7]. Crevasse takes place in the ice sheet due to ice flow stress, [8]–[10]. almost 
six different phases of Surge have been discovered in the Karakoram and other regions. The 
lower glaciers remain slack in the normal phase, whereas the upper glacier mold forwards. The 
next one is called pre-surge in which the speed of the glacier increased, while the third phase 
is called the surge phase in which the cycle of low goes high. In the 4th phase, the surge going 
thinning and slow down called post-surge. In this phase the level of ice increases and 
phenomena of crevasses in the ablation zone. Due to supraglacial, the unit of an elixir stays 
detached in the ablation zone for some drawn-out period [6].  
  After a heavy flow of ice, the surge creates different features like zigzag esker. In this 
region, the crevasses are going to squash the ridges, whereas other features are also created in 
the proglacial settlement when the ice is moved like thrust moraine.  When the ice moved, the 
pressure increased by the thrusting the moraine created. Only 4% of the modern glacier have 
surged, due to these factors, their distribution is unclear, and not structured[11].  The objective 
of this study is to compute the surge velocity, lake formation, and outburst of Shisper Glacier, 
Hunza, Gilgit, Baltistan. 
Study Area 

Shisper glacier is located near the Hunza valley. The Hassanabad Nala is fed by 
Mochuhar glacier and Shisper glacier. The location of the study area faces the north edge of 
Hunza valley and the east side of Butra. The coordinate of the Mochuhar glacier is 36.43°N 
74.50°E and 36.40°N 74.61°E of the Shisper glacier. The total area of the study site is 359km2, 
and the range of the glacier is from 2567m to 7611m above sea level. Since 2018, the glacial 
mass has been observed increased day by day. Due to this enlargement, the Hassanabad stream 
is blocked and in the southwest of Hunza district, a lake is formed in Aliabad city [12]. 



                                    International Journal of Innovations in Science & Technology 

May 2022 | Vol 4|Issue 2                                                                                      Page | 438  

 

 

Figure 1. Study Area  
Material & Method 

To conduct this research, two different satellite imageries have been utilized which 
include Sentinel-2 and Landsat 8. USGS provides these images freely [12]. 

.We classified these images into basic two classes including surge and non-surge  [13], 
[14] . 
To estimate the volume of glaciers, the following equations were used, 

𝑽 = 𝟎. 𝟎𝟑𝟓 × 𝑨𝟏.𝟓                                                                                   i 

𝑽 = 𝟎. 𝟏𝟎𝟒 × 𝑨𝟏.𝟒𝟐                                                                                ii 

Where A is the area of the lake in m2,  and V is the volume of the lake in m3.   
The depth of the lake was estimated by using equation iii. By X/N Wang et.al [15] and Lavkush 
Kumar Patel et al [16] [17] [18], [19]. 

𝑴𝑫 = 𝟒 × 𝟏𝟎−𝟓 × 𝑨 + 𝟓. 𝟎𝟓𝟔𝟒                                                            iii 

𝑫 = 𝟎. 𝟎𝟖𝟕𝑨𝟎.𝟒𝟑𝟒                                                                                
V=A×MD                                                                                               

𝑸𝒎𝒂𝒙 = 𝟐𝑽 𝑻𝒘⁄                                                                                     iv 
 In equation iv, Qmax indicates the peak discharge of the lake and V indicates the volume of 
the lake whereas Tw shows the time constant of 1000 s.  
 The NDSI index was used for the evaluation of the debris cover. OLI/TIRS imagery, NDSI 
has been calculated by using band 3 and band 6 of Landsat 8.  

NDSI=(BAND 3 -BAND 6)/(BAND 3+BAND 6) 
Normalized Difference Water Index (NDWI)  was used for inspection of the water body  

NDWI=(NIR-SWIR)/(NIR+SWIR) 
NDWI=(BAND 3-BAND 6)/(BAND 3+BAND 6) 

 DEM data is used for the analysis of morphometrics. Land cover changes have also been 
regulated by using the data of 2015 and 2018 Landsat. In this study, the volume of the Shisper 
glacier and the variation of the different areas are also ascertained.  
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Results and Discussion: 

Elevation difference: 
Results show that the elevation of glaciers increased between 2000 and 2014 as in Fig 

2. As already noted, the study area is located on the west of the Karakoram where the mass 
balance budget is negative. To study the elevation difference, two DEMS ASTER DEM (2000) 
and SRTM DEM (2014) were used due to the inaccessibility of DEM data from different years 
(figure 2).  

The surface of the glacier near the end of its quiescence phase or the starting of the 
surge was delineated by the ASTER DEM. Whereas a prominent mass loss is portrayed by 
terminal between 2000 and 2014 indicating the ice of the last surge is expected to remain static. 
Due to the mass redistribution, the elevation is increased in this area. This distinction is 
displayed in figure 2. Somewhere in the scope of 10km and 13km, which looks at the lower 
part of the area where velocities are the fastest, the best ascent increase occurs. The surge 
stored up to 200 meters of ice in the end part, with somewhere near 100 meters in the last 4 
kilometers of the cold mass, explaining the fast turn of events and the way that the end 
continues to advance long after the surge has wrapped up. 

 

Figure 1. Elevation Difference 
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Morphometric Analysis: 
According to the morphometric analysis, the measurement of the watershed was 359 

km2 and the radius was 88 km. the range of the elevation of the watershed was also calculated. 
The elevation of the south varies from 2000 to 7700 meters above sea level whereas in the 
north it varies from 4000 to 7700 meters above sea level and covers the area up to 61% (figure 
3). Generally, 29% area is covered in the north, northeast, and east, in contrast, 46% area is 
covered in the south, southeast and southwest, whereas in west, northwest, and north are 
observed to have 25%. The region of the area from the precarious incline of 48°-78°, 45% of 
the sharp slant of 28°-47°, and finally 20% of low and normal slant practically 12°-27° is 
covered 28% watershed. 

 

Figure 2. Morphometric Analysis 

Land cover change 
In figure 4 the land cover has been observed to change between the period 2015 to 

2018. About 34% of snow area has been increased, and clear glaciers detect from 
approximately 97 km2 - 123 km2. The area of debris glaciers is enlarged from 64 km2 to  84 
km2 in these 3 years. From 2015 to 2018, the area of vegetation has decreased by 13% to 11% 
from 44 to 38 km. In July 2018, due to the collision of the shisper glacier with Mochowar 
Mountain Hassanabad Naalah's faced an entire blockage. A new lake emerged in November 
2018, having an area of  0.057 km2. The change is delineated in (figure 4).  
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Land Cover Category Land Cover (km2) 

         (2015) 

Land Cover (km2) 

            (2018) 

Snow and Clean 
Glacier 

97 123 

Vegetation 44 38 

Barran Land 144 124 

Debris Glacier 64 74 

Total Area 359 359 

 

Figure 3 Land cover change 
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Observed area and volume variations of Shishper Glacier lake: 
The lake appeared in the middle of November 2018 and leaked twice in a year, first 

spelled in June 2019 and second spelled in May 2020. The area of the lake spread was 0.024498 
km2, and in June 2019, the spread increased to 0.36 km2. In September 2019 due to the 
outburst of the flood, the lake began to discharge the water, as a result, the size decreased due 
to discharge of water to 0.04 km2. The satellite image shows the lake area began to increase in 
October 2019 and reinstated at a previous maximum size of 0.04 km2 on May 28th, 2020. The 
volume of the lake was calculated by three equations which are (i), (ii), and (iv), these calculation 
shows the volume of the lake as 8.9×106 m3, 9.4×106 m3, and approximately 8.5×106 m3, 
respectively. The volume of the lake and the variations are mapped in figure 6. 

 

Figure 4. Observed variations in area and volume of Shisper Glacier lake 
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Figure 5. Time series of volume and area 

Variations in Shisper Glacier: 
In this research, the maneuver of the Shisper and Mochowar glacier is noticed. Both 

glaciers were in a stable situation in  May 2018. Shisper glacier observed considerable gesture 
in July 2018, due to this fluctuation shisper and Mochowar come into collision and blocked 
the waterway of Hassanabad Nallah. Until July, the lake has not appeared variation of the 
Shisper glacier shown in figure 7. 

 

Figure 6 Variations in Shisper Glacier 
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Ice-dammed Lake depth 
By using equation 3,4 the average lake depth was 6.03 m on 24 November 2018. In 

contrast and the height of 19.5 m and 22.5 m in June. The depth of the lake increased by 8m 
in September 2018 (Figure 8). Due to the crack, the depth of the lake increased by 15m on 28 
May 2020. The flow of the lake was calculated by using this equation. 

Qmax=2V/Tw 

 

Figure 8. Ice-Dammed Lake Depth 
Physical Vulnerabilities 

According to analysis, the Shisper Glacial Lake Outburst Flood (GLOF) was receptive 
by the Hassanabad village. The jeopardy to the area is shown in figure 9. 
Results are shows the dangers to regions, settlements, and so forth, This perception shows 
that the entire town is arranged in a space that may be destroyed by GLOF. Shisper GLOF 
represents a critical danger to low-lying locales downstream.  

 

Figure 9. Physical Vulnerabilities 
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Assessment of Debris Cover 
Normalized Difference Snow Index (NDSI) has been performed to monitor snow cover from 2015-

to 2018. To estimate snow cover in mountainous river basins NDSI has considered one of the most 

useful techniques [20]. The globally accepted threshold value of NDSI is 0.4 [21]. Therefore, a clear 

change has been observed in snow cover in figure 10, where the threshold value showed more snow 

cover in 2015 as compared to 2018. The NDSI is showing the decline in snow cover in the study area 

which could be due to an increase in temperature that causes the melting of glaciers.  

 

Figure 10. Normalized difference snow index (NDSI) 
Waterbody analysis 
To delineate water bodies Normalized Difference Water Index has been used. It is considered one of 

the best indicators to delineate water bodies [20]. For water bodies, NDWI values range from 0.5 and 

greater than 0.5, while generally, NDWI ranges from 1 to -1[22]. In figure 11, the higher values of 

NDWI are shown in 2015 than in 2018 in study area. 

 

Figure 11. Normalized Difference Water Index (NDWI) 
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Discussion 
The perceptions about the Shisper glacier surge start from the late nineteenth century. As per 
the literature, Shisper and Mochowar glaciers were feeders of Hassanabad, a solitary previous 
glacial mass. In 1954, the Hassanabad ice sheet was isolated into two glaciers, Shisper and 
Mochowar, because of a 7-kilometer retreat [23].  As a result of the flood of the Mochowar 
glacier in 1972, the glacial masses consolidated [4] Shisper Glacier erupted in 1906, 1972–1976, 
and 1993–2002, among other times [24]. Whereas in 1972, the Mochuwar Glacier surged [4]. 
A proglacial stream starting from the Mochuwar glacial mass is impeded by the snout 
development of Shisper Glacier. This lake arrives at the limit of its area i.e. 0.34 km2 by June 
20, 2019. Interestingly on June 22, 2019, this ice-dammed lake depleted. It depleted with a 
release of 144m3/s. This drainage was a result of the startling abrupt downshift of Shisper 
Glacier in 2019. The most recent glacier surge started in mid-2018 and proceeds right up to 
the present day, demonstrating that the glacier has surged at regular intervals since the 1970s 
[17].  
Shisper Glacier's surge shows a colossal terminal development. The end progressed 1.7 
kilometers, dislodging up to 200 meters of ice in the end zone and north of 100 meters across 
a 4-kilometer stretch [25].   
The unique development of the glacier might be partitioned into the accompanying examples:  
1. Until spring 2016, a reliable occasional sign in the two is spring and fall. 
2. A moderate expansion in the intensity of spring speed-ups in 2016 and 2017. 
3. In November 2017, the increment started continuously. 
4. The primary surge's stage 1 is related to the 2018 spring speed-up. 
5. When a huge lake arises, stage 2 shows an easing back of the surge with a momentary 
speed increase. 
6. Phase 3 demonstrates an impressive ascent in speed, which relates to the spring speed-
up in 2019. 
7. The surge stopped toward the finish of June 2019, in time for the lake to exhaust. 
The surge ended related to the drainage of the ice sheet dammed lake on June 23, 2019 [17].  
A flood is frequently connected with the end of a surge, whether it is brought about by a 
glacier-dammed lake or sub-glacially put away water [26]-[28]. To support high water pressures 
during a surge, a broadened seepage framework is required. As a channelized seepage 
framework creates, it is better prepared to empty the water of the glacier bed, bringing down 
all out-water pressures and bringing about the end of the surge [29]. 
The lake drainage that happened on June 23rd, 2019, minorly affected Hassanabad Village, 
however, it genuinely impacted the Karakoram Highway. The size of anticipated floods can 
be processed by deciding the relationship between lake drainage and surge-ending flood. 
Assuming the volume of put away water is added to that of the lake, the peril may be 
significantly more noteworthy than if just the lake is considered. 
As per the morphometric characteristics, the Shisper basin is a high-risk flash flood basin. 
Shisper watershed has an absolute cover area of approximately 359 km2. Somewhere in the 
range between 2015 and 2018, there was a significant ascent in snow cover, clean and debris 
glacial mass, expanding from 161 km2 to 197 km2. The assessment of land cover change 
shows that the significant ascent in snow and icy mass cover could raise the risk of glacial 
mass-related calamities. The Shisper glacier flooded in July 2018 and a glacial lake was created, 
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as indicated by remote sensing data. As per the physical vulnerability data, over 80% of 
residential structures, as well as property, agrarian land, hydroelectric power plant foundation, 
and the KKH Bridge, are incredibly delicate to GLOF, seriously endangering them. 

Conclusion 

The study concludes that the glacier elevation increased due to this formation the surge 
of shisper glaciers creates and generates disturbance for Mochowar glacier water flow. Because 
of this phenomenon, an ice-dammed lake formed. This mass movement can cause the 
Karakoram highway and also produce calamity situations for nearby villages or areas. 
According to the morphometric analysis, the disaster phenomena can occur in the future and 
can form another lake and produce outburst events, for avoiding these incidents there are 
some essential recommendations for the solution. We should monitor the natural phenomena 
which can produce a harmful situation for human beings and infrastructure. An early warning 
may be alert the people and they can prevent their life and property from damaged.  
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