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A B S T R A C T   

The Northern Areas of Pakistan encompass the Hindukush, Karakoram, and Himalayan mountain 
ranges witnessing glacier surging, exacerbated by climate warming. As glaciers rapidly melt, 
ravines experience heightened blockage and migration, obstructing stream discharges and 
forming expansive ice-dammed lakes. The rupture of these natural dams triggers Glacial Lake 
Outburst Floods downstream in the primary glacier’s ravine. The catastrophic Glacial Lake 
Outburst Floods in 2022 across the Karakoram ranges in Northern Pakistan prompted this study. 
It focuses on Shishper Glacier Lake. The aim is to provide complete flood observations and their 
devastating effects on downstream communities. Analysis of Landsat 08 Imagery reveals the 
evolution of Shishper Glacier Lake from its initiation in November 2018 to the catastrophic GLOF 
in May 2022. The lake reached a maximum area of 0.32 km2 in 2019 and its successive breaches 
on June 22, 2019, and May 29, 2020, reduced it to 0.018 km2. Draining continued until July 
2021, shrinking the lake area to 0.009 km2. A noteworthy 2.73 ◦C temperature increase in 2022 
correlated with an expansion of the lake area to 0.33 km2, culminating in the GLOF on May 7th, 
2022. The study emphasizes the critical need for mapping, assessing, and monitoring surging 
glaciers and glacier-formed lakes in the Karakoram ranges to safeguard downstream communities 
from potential hazards.   

1. Introduction 

Glacial Lake Outburst Floods (GLOFs) have emerged as a significant phenomenon in Northern Pakistan’s Karakoram, Himalayan, 
and Hindukush (HKH) mountain ranges. The accelerated melting of glaciers, driven by rising temperatures has led to the formation of 
3,044 glacial lakes in the region from 2001 to 2013 [1]. This poses a considerable threat to downstream communities, as glacier lake 
outbursts are inherently hazardous. An assessment indicates that 33 glacial lakes are susceptible to potentially catastrophic GLOFs, 
putting over 7.1 million people in the region at risk [2]. 

Glacial Lake Outburst Floods represent high-magnitude, low-frequency events characterized by substantial geomorphic conse-
quences, extreme hydrological features, and the potential for adverse impacts on downstream communities [3]. The primary triggers 
for GLOFs involve snowmelt that influences mechanisms such as overflow, subsurface channel opening, dam destabilization, and 
moraine collapse [4]. The interplay of snowmelt contributes to the enlargement of glacier-trapped lakes, resulting in elevated hy-
drostatic pressure which, when breached, leads to subsequent downstream flooding events [5]. 
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Globally, the Hindu Kush, Himalayan, and Karakoram ranges emerge as a region particularly susceptible to GLOFs [6]. The dy-
namic climatic conditions in this region contribute to the reduction of snow masses, glacier surges, and the expansion of glacial lakes 
[7]. These environmental changes in the HKH range heighten the risk of GLOFs, emphasizing the urgent need for research and 
mitigation strategies to address the potential hazards associated with these phenomena [8]. 

Surge events in the HKH have been documented since the early 19th century. Initially perceived as unexpected occurrences linked 
to avalanches and seismic activity on the Karakoram ranges, these surging glaciers were initially believed to be unrelated to climate 
trends [9]. Later, the first widespread survey, relying on satellite imagery, confirmed the existence of surge-type glaciers and initiated 
discussions surrounding their characteristics. The Karakoram mountain ranges exhibit the highest concentrations of surge-type gla-
ciers globally, characterized by irregular ice movements. It hosts 90 surge-type glaciers, with an additional 10 surge-type glaciers 
recently identified [10]. 

As observed by Kapitsa et al. [11], glacial dynamics in the HKH ranges exhibit a notable phenomenon, where surging glaciers 
undergo accelerated flow, impeding the natural course of streams and rivers originating from retreating glacial formations. This 
process results in the formation of new glacial lakes, as articulated by Round et al. [12]. A pertinent example of this occurrence is 
explained in the case of the Shishper Glacier within the Karakoram range. Commencing its accelerated flow in April 2018, the glacier 
swiftly blocked a ravine and cut off the outlet stream originating from the adjacent receding Muchawar glacier, as detailed by Rashid 
et al. [13]. The meeting point, where the surging Shishper glacier intercepted the ravine and blocked the river from the Muchawar 
glacier, became a reservoir, evolving into the Shishper glacial lake by November 2018. This transformation posed a significant threat to 
GLOFS in the Hassanabad region [14]. The scientific scrutiny of the Shishper Glacier intensified when it manifested the potential for 
catastrophic consequences in downstream communities a concern. The accelerated velocity of the Shishper glacier induced an 
increased tendency to obstruct ravines beyond historical patterns, leading to the impediment of stream discharge emanating from the 
adjacent ravine. Subsequently, the rupture of glacial damming gives rise to catastrophic flooding downstream within the primary 
glacier’s ravine [15]. 

Generally, Glacial lakes respond to climate change primarily through formation and expansion as glaciers melt at accelerated rates, 
filling depressions with meltwater and creating new lakes or enlarging existing ones. The increased meltwater input alters their volume 
and depth, often resulting in deeper and larger lakes. Rising temperatures warm the lake water, impacting aquatic ecosystems and 
altering the chemical composition with higher sediment and nutrient levels [16]. This warming trend also heightens the risk of Glacial 
Lake Outburst Floods (GLOFs), where natural dams of ice or moraine can fail, causing catastrophic downstream flooding. The changing 
water temperature and chemistry disrupt local biodiversity, favoring different species and altering ecosystem dynamics. Sedimentation 
increases turbidity, affecting aquatic life and potentially reducing the lake’s lifespan by filling the basin more rapidly [17]. These 
changes are evident in regions like the Himalayas, Andes, and Alps, where significant glacial lake growth poses risks and challenges for 
water resource management [15]. 

The intersection of mountain glaciations and climate fluctuations stands as a prominent concern within the field of geosciences 
[18]; [19]. Despite this, the phenomenon of glaciers surging in the Hindu Kush Himalaya ranges in Northern Pakistan has been 
relatively overlooked by researchers [20]. The scarcity of data on HKH glacier melting and lake formation is attributed to the 

Fig. 1. Location map of Shishper Glacial Lake in Hassanabad, Western Karakoram. True color Landsat-8 OLI image captured on May 5th, 2022.  
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challenging accessibility and harsh weather conditions prevalent in the region [4]. Furthermore, predicting Glacial Lake Outburst 
Floods in HKH mountainous terrains poses challenges due to the intricate outburst mechanisms and longitudinal profiles of steep 
mountain valleys [21]. In addressing these challenges, Remote Sensing (RS) and Geographic Information Systems (GIS) emerge as 
essential tools for the early detection and continuous monitoring of glacial lakes in the HKH ranges [22]. The accurate delineation of 
glacial lake boundaries on remote sensing imagery is a pivotal step in predicting the GLOFs and their associated hazards [23]. 

Understanding the dynamics of glacier response and glacial lake formation is crucial from an early stage. This understanding lays 
the groundwork for potential planning and engineering interventions aimed at mitigating GLOF hazards and regulating water outflow 
from these lakes. Additionally, studies on glacial lakes play a crucial role in enhancing disaster resilience [24]. 

Identification of potential risks associated with GLOFs, and the development of mitigation strategies are necessary. Therefore, 
continuous assessment and monitoring of individual glacial lakes are essential to protect downstream communities in the Karakoram 
ranges of Northern Pakistan. This research’s primary objective is to observe Glacial Lake Outburst Floods in the Karakoram ranges 
while taking Shishper GLOF events (2019–2022) as a prime example. 

1.1. Study area 

Shishper Glacier extending over a length of 16.5 km is situated on the Karakoram range more specifically in the Hunza River Raven 
(Nallah) within the confines of Gilgit-Baltistan, Northern Pakistan (See Fig. 1). The downstream area of Shishper Glacier is Hassanabad 
village and it encompasses 23 glaciers, spanning an area of 88 km2 [25]. Most studies have identified two principal glaciers in the 
Hassanabad region: Shishper Glacier and Muchawar Glacier (see Fig. 1) [26]. Shishper Glacier encompasses an area of 54.7 km2, with 
an elevation range spanning 7611 m above sea level. This glacier relies on winter snow accumulation from peaks at approximately 
7700 m–7000 m for sustenance. The combined watershed area of the Shishper and Muchawar glaciers is determined to be 359 km2 

[27]. The Shishper glacier region experiences an annual precipitation of 125 mm and maintains an average temperature of 11 ◦C [14]. 
Notably, Hassanabad village faces susceptibility to Glacial Lake Outburst Floods due to the dynamic movement of the Shishper 

Glacier, impeding the outlet water flow from the neighboring Muchawar glacier [28]. Positioned 5 km downstream from the Shishper 
Glacier snout, Hassanabad village is not the sole entity at risk; downstream communities, the Karakoram Highway (KKH) connecting 
Pakistan with China, residential areas, a 1200-Kilowatt electricity-generating hydroelectric power plant, and the concrete bridge 
linking Pakistan and China are all exposed to potential GLOF events originating from the Shishper Glacier [13]. 

2. Methodology 

2.1. Data source and data acquisition 

Landsat 08 OLI imagery served as the primary data source for the observation of the Shishper Glacial Lake. Image datasets covering 
distinct periods, namely October 2019, July 2020, June 2021, and May 2022, were obtained from the United States Geological Survey 
Earth Explorer Interface (USGS). A total of 55 Landsat 08 OLI, level 1 Tier images were downloaded for subsequent analysis. The 
processing of Landsat 08 OLI products involved minimal geometric corrections, given the orthorectified nature of the data. Due to the 
dominant challenge of cloud cover in the Karakoram Range, efforts were made to obtain images with minimal cloud cover, ensuring 
that cloud cover remained below 10 %. 

2.1.1. Sensor and image selection 
The preference for Landsat 08 OLI imagery over Sentinel-2 was grounded in Landsat’s broader coverage capacity, encompassing a 

larger geographical area. Landsat 08 is equipped with an OLI sensor, features a swath width of 185 km and a temporal resolution of 16 
days. This choice aligned with the study’s objectives, requiring temporally consistent coverage of Shishper Glacial Lake and its sur-
roundings in the Karakoram region. 

2.2. Data processing 

The methodology for data processing in this study was accomplished systematically, involving a series of essential steps. Initially, a 
mask was created to conceal pixels with any band displayed zero or non-values. Following this, radiometric calibration for radiance 
was applied to the Landsat 8 OLI data, a crucial step that enabled precise quantitative measurements. Subsequently, the Quick At-
mospheric Correction algorithm (QUAC) was employed to convert the radiometrically calibrated Landsat 08 OLI data to reflectance. 
This conversion considered the mask created in the initial step, ensuring the integrity of the reflectance data. Finally, a Band Math 
Expression was utilized to rescale the reflectance data, normalizing values within the range of − 1 to 1. This processing workflow aimed 
to enhance the quality and comparability of the data, providing a strong foundation for the subsequent mapping and assessment of 
glacial lake outburst floods in the Karakoram Range. 

2.3. Ice-dammed lake identification and mapping 

The Modified Normalized Difference Water Index (MNDWI) serves as a widely employed spectral index in remote sensing appli-
cations, particularly for the identification of water bodies in satellite imagery [29,30]. In this study, the Modified Normalized Dif-
ference Water Index (MNDWI) technique was applied to facilitate the identification of Shishper Glacial Lake, aiming to comprehend its 
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distinctive features and dynamic behaviors. This technique utilized 30-m resolution data from Landsat 8 OLI bands, including band 3 
(Green; 0.53–0.59 μm), and band 5 Near Infrared (NIR; 0.85–0.88 μm). 

The equation for MNDWI is expressed as follows: 

MNDWI=
Green − NIR
Green + NIR 

Green represents the reflectance in the green band of the electromagnetic spectrum, and NIR stands for Near Infrared reflectance. 
The MNDWI formula calculates the normalized difference between the green and near-infrared bands, providing a quantitative 
measure of water content within the observed area. 

2.4. Extraction of lake boundary and area 

The extraction of Shishper Glacial Lake’s boundary and area employed a systematic methodology, integrating remote sensing 
techniques and Geographic Information Systems (GIS). High-resolution satellite imagery, specifically sourced from the Landsat-08 OLI 
dataset was pre-processed, involving radiometric and geometric corrections to enhance data accuracy. Subsequently, the Modified 
Normalized Difference Water Index and thresholding techniques were applied to distinguish water pixels from other land covers, 
resulting in a binary image highlighting water pixels. GIS software was instrumental in calculating the lake’s area based on the 
extracted boundary, considering the spatial resolution of the imagery for accurate measurements. Finally, maps were generated 
through GIS tools, visually presenting the extracted lake boundary and associated lake area, providing clear representations of 
Shishper Glacial Lake features for effective visualization. 

2.5. Estimation of Shishper Glacial Lake volume 

The determination of glacier lake volume holds significant importance in the study of Glacier Lake Outburst Floods. The deter-
mination of Shishper Glacial Lake volume is conducted through the application of a methodology offered by [31]. The volume (V) is 
computed using the formula: 

V=0.035 × Â1.5  

where V represents the volume in cubic kilometers (km3), and A denotes the area of the glacial lake in square kilometers (km2). 
Due to the impracticality of obtaining direct physical measurements of the lake area due to inaccessibility, the study relied on the 

Modified Normalized Difference Water Index values derived from Landsat 8 OLI imagery. This prescribed method, has demonstrated 
efficacy and has undergone successful validation for volume estimation of various glacial lakes within the Hindu Kush Himalayan 
Karakoram ranges [13,14,26]. This validation is also evidenced by the results obtained in studies conducted by Roberts [32], and 
Westoby et al. [5] confirming the reliability and applicability of the method beyond its original proposal. (Rebuttal in PDF). 

2.6. Shishper GLOF water discharge peaks 

The assessment of Shishper Glacier Lake Outburst Floods involves a thorough analysis of peak discharges during significant GLOF 
events in 2019, 2020, and 2022. The Aga Khan Agency for Habitat (AKAH), a nonprofit organization within the Aga Khan Development 
Network (AKDN), obtained peak water discharge data while following the methodology of Rafiq et al. (2019) [33]. AKAH utilized a 
combination of field measurements and hydrological modeling to estimate peak discharges. The methodology involved several key 
steps: conducted field surveys to collect data on lake geometry, including depth, surface area, and volume, used Digital Elevation 
Models (DEMs) to analyze the topography and identify potential outburst paths, and applied the empirical formula below, 

Qpeak= 0.1 ∗ V0.67  

where Qpeak is the peak discharge in cubic meters per second (m3/s) and V is the lake volume in cubic meters (m3). Hydrodynamic 
models like HEC-RAS were also used to simulate water flow and estimate peak discharge more accurately. Measurements were 
conducted at the main bridge in Hassanabad, and the water discharge equation was employed to quantify the discharge. The obtained 
water discharge data for Shishper Glacier in the years 2019, 2020, and 2022, sourced from AKAH Pakistan provides essential infor-
mation for GLOF simulations such as depth, time of breach, surface area and volume. This contributes to understand the hydrodynamic 
behavior of this glacial lake system (see Table 2). 

3. Results and discussion 

3.1. Modified normalized difference water index (MNDWI) 

Modified Normalized Difference Water Index (MNDWI) pixel values confirmed water and non-water bodies. Water bodies exhibited 
positive pixel values greater than zero, consistent with the principle that water absorbs more near-infrared light. Concurrently, 
vegetation, glaciers, barren rocks, and soil displayed negative values (see Fig. 2 a, b, c & d). Notably, the imagery illustrated a light 
green tone associated with the Shishper, Muchawar, and other glaciers, a sea green tone represented vegetation, a dark brown tone 
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showed barren rocks & soil, light pink represented snow, and a dark blue tone represented water bodies on Mount Shishper. This 
contrast was particularly pronounced in the MNDWI images. The Shishper glacial lake and water sourced from adjacent melting 
glaciers emerged with an evident dark blue hue (see Fig. 2 a, b, c & d). 

The negative values associated with the features in the MNDWI images played a crucial role in the delineation process. By sup-
pressing and removing these negative values, the MNDWI effectively eliminated the spectral influence of vegetation and barren terrain. 
Consequently, the MNDWI images became a powerful tool for mapping Shishper Glacial Lake distinctly standing out against other 
features and contributing significantly to the precision and clarity of the mapping, monitoring, and assessment process. The findings of 
Xu [29] also supported the results of this study. The MNDWI index brings increased positive values for water bodies and decreased 
values for vegetation, bare rocks, and snow, transitioning from positive to negative values. This dynamic range allows for a more 
pronounced enhancement of water features in MNDWI images, evidenced contributing to the accurate identification of Shishper 
Glacial Lake. The application of the MNDWI facilitated the enhanced water-related characteristics. 

The study findings highlight the utility of MNDWI in accurately identifying and mapping ice-dammed glacial lakes, providing 
valuable insights for glaciological studies and hazard assessments in the mountainous region. 

3.2. Temporal dynamics and quantification: extracting Shishper Glacial Lake area and volume from October 2018 to May 2022 

To comprehend the temporal dynamics associated with the expansion and contraction of the Shishper Glacial Lake, the lake’s area 
was systematically measured during distinct periods: October 2019, July 2020, June 2021, and May 2022. The outcomes of these 
measurements are depicted in Fig. 2 a, b, c & d. The study observations indicated the absence of a lake before mid-November 2018, a 
finding confirmed by Landsat 8 OLI imagery captured on October 23rd, 2018, where no visible glacial lake was identified in the region 
(see supplemental file Fig. 8). This temporal evolution and absence of a lake in the pre-defined period contributed valuable insights 
into the dynamic nature of Shishper Glacial Lake formation and underscored the significance of ongoing monitoring efforts for glacial 
lake systems. 

The temporal evolution of Shishper Glacial Lake, as observed and analyzed in this study, provides significant insights into its 
dynamic behavior and the consequences of glacial lake outburst floods on the Karakoram range. Before the initial breach on June 22nd, 
2019, the lake’s area measured approximately 0.32 km2 [14]. After the first GLOF event on June 22nd, 2019, the ice-dammed lake 
experienced a substantial reduction in area, diminishing to 5.67 × 10− 2 km2 by October 10th, 2019 (refer to Table 1). Satellite imagery 
revealed a renewed expansion, reaching its maximum recorded area of 0.40 km2 on May 24, 2020 [14]. The second breach transpired 
on May 29th, 2020, resulting in minor damage to the downstream community [26]. The continuous drainage persisted until July 2020, 
causing the lake area to contract to 0.018 km2 by July 24th, 2020 (refer to Table 1). In early August 2021, the outflow from the lake 
into the Hassanabad ravine ceased might be due to freezing temperatures in the region. Consequently, water began to accumulate 
within the Shishper Glacial Lake, and as of May 2nd, 2022, the lake covered an area of 0.33 km2 (see Fig. 2d). The examination of these 
temporal variations emphasizes the complex relationship between glacial processes, outburst events, and subsequent lake dynamics. 
These findings contribute to our understanding of the Shishper Glacial Lake’s response to climatic conditions and highlight the 
importance of continued monitoring for effective risk assessment and mitigation strategies in the region. 

Fig. 2a. Modified normalized difference water index image capturing the Shishper Glacial Lake on October 10, 2019.  
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Furthermore, the lake volume estimated for the years 2019 and 2020, as derived in this study, aligns closely with the estimated 
volumes of Shishper Glacial Lake reported by [18]. This consistency in volume estimates across different studies provides a level of 
confidence in the accuracy and reliability of the applied methodology. Notably, the findings of the study reveal that the Shishper 
Glacial Lake exhibited maximum area on May 2nd, 2022 (see Figs. 2d and 3). A reasonable explanation for this observed peak in lake 
volume in May 2022 could be linked to the mean monthly temperature trends in the region. Comparing the temperature data, it is 
evident that the mean monthly temperature increased by 2.73 ◦C in 2022 compared to historical average temperatures for the last two 
decades [34]. This temperature rise may have influenced the melting dynamics of the surrounding glaciers, contributing to increased 
water input and subsequent expansion of the glacial lake. The correlation between temperature variations and lake volume highlights 
the complex interplay between climatic factors and glacial lake dynamics, underscoring the need for continued monitoring and 

Fig. 2b. Modified normalized difference water index image capturing the Shishper Glacial Lake on July 24, 2020.  

Fig. 2c. Modified normalized difference water index image capturing the Shishper Glacial Lake on June 09, 2021.  
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detailed climate impact assessments in vulnerable glacial regions of Northern Pakistan. 
The elevated area and volume of Shishper Lake during this period contributed to an unprecedented and massive outburst of 

floodwater. The analysis of Landsat 8 OLI imagery, focused particularly on Shishper glacial lake outburst floods dating back to 2019. 
The GLOF event that occurred on May 7th, 2022, was catastrophic. The factors influencing this mega-outburst flood can be attributed 
to the key consideration. The region experienced an increase in temperature in 2022, compared to the mean monthly temperatures of 
previous years. This temperature rise likely accelerated the surging Shishper Glacier beyond historical rates, potentially contributing to 
a higher ice mass movement. The increased glacial activity led to the glacier blockage and migrated upstream in the ravine, obstructing 
the discharge from the side ravine, as visually depicted in (see supplemental file Fig. 7). Consequently, the glacier-induced damming 
mechanism facilitated the substantial development of a lake in the side ravine. The natural ice dam ultimately ruptured on May 7th, 
2022, resulting in an unusually extensive and devastating flood downstream in the ravine of the primary glacier. This analysis em-
phasizes the complex interaction between climatic variables, glacier dynamics, and the resultant GLOF events, highlighting the 
importance of ongoing monitoring risk assessment in glacial regions like the Karakoram range. 

Secondly, the impact of climate warming on the Shishper Glacial Lake system becomes apparent through the intensified melting of 
the nearby Muchawar glacier. This observable trend, supported by data from the Pakistan Meteorology Department, indicates a 
warmer climate in the region, resulting in a more pronounced melting of the Muchawar glacier compared to previous years. The 
accelerated melting process of the Muchawar glacier has significantly contributed to the augmentation of water inflow into the ice- 

Fig. 2d. Modified normalized difference water index image capturing the Shishper Glacial Lake on May 02, 2022.  

Table 1 
A clear representation of the variation in lake area and volume over time.  

S. Num Date Lake Area (m2) Lake Volume (m3) 

1 23rd Oct 2018 No Lake – 
2 10 Oct 2019 0.0567 0.00047 
3 24 July 2020 0.018 0.00008 
4 09 June 2021 0.009 0.00002 
5 02 May 2022 0.33 0.00663  

Table 2 
Water discharge data during Shishper GLOF events (AKAH Pakistan).   

Shishper GLOF Events 
GLOF Year Water Discharge [Q] = (m3 S− 1) 

First GLOF 6/22/2019 141.58 
Second GLOF 5/29/2020 84.95 
Third GLOF 5/07/2022 226.53  

M. Ali                                                                                                                                                                                                                    



Heliyon 10 (2024) e35951

8

dammed Shishper Lake. 

3.3. Shishper GLOFs water discharge peaks 

The analysis of peak water discharge data during Glacial Lake Outburst Flood events in 2019, 2020, and 2022 revealed noteworthy 
insights into the dynamics of these catastrophic events (see Figs. 4–6). Particularly, the GLOF event of May 2022 exhibited the highest 
downstream flow, as evidenced by the calculated peak water discharge data (see Table 2 & Fig. 6). The drainage pattern indicated sub- 
glacial drainage, with accumulated meltwater consistently excavating tunnels through the ice, a phenomenon observed across multiple 
years. Consistency in peak discharge for the GLOF events of 2019 and 2020 (141.58 & 84.95 m3/s) enhances the robustness of the 
previous findings [18]. Notably, our field observations revealed a characteristic pattern where water discharge from Shishper Lake 
exhibited a gradual rise before each GLOF event, reaching a sudden peak at a critical diameter, and triggering the GLOF events (see 
Figs. 4–6). The discharge peak of the GLOF on May 7th, 2022, stabilized approximately 1 h after its exit from the lake. Furthermore, 
field observations revealed that (a) the upstream movement of the flood damaged the power station, (b) downstream settlements and 
orchards were inundated by the GLOF water, and (c) the bridge on the Karakoram Highway (KKH), which connects Pakistan with 
China, was damaged [35]. 

4. Conclusion 

In conclusion, the temporal evolution analysis of Shishper Glacial Lake has yielded vital insights into the dynamic behavior and 
responses of the glacial system to climatic conditions in the Karakoram range of Northern Pakistan. The catastrophic GLOF event on 
May 7th, 2022, served as a reminder of the urgent need for frequent monitoring and extensive risk assessment in glacial regions on the 
Karakoram range. In addition, this study effectively showed the impact of climate warming on the Shishper Glacial Lake system, 
emphasizing the understanding of glacial dynamics and climatic factors to mitigate potential risks associated with glacial lake systems. 
Furthermore, the peak discharges observed during Shishper GLOF events, and the subsequent significant damage to downstream 
communities during the discharge events, emphasize the need for further research on GLOF responses in the Karakoram range. Based 
on the flood event peak flows examined in this study, the potential for substantial sediment movement within short durations high-
lights the importance of future studies focusing on rapid reduction in small streams burdened with heavy sediment loads. Also, the 
abundant volume of water released during the Shishper GLOF event in May 2022 draws attention to the sophisticated 

Fig. 3. Temporal changes in the area of ice-dammed Shishper glacial lake.  

Fig. 4. Hydrograph illustrating the Shishper GLOF with the triangle denotes peak water discharge on June 22nd, 2019, recorded at 141.58 m3/s.  
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interconnectedness of glacial dynamics and climatic factors. This emphasizes the need for a comprehensive assessment and continuous 
monitoring of individual glacial lakes to mitigate the GLOF-associated risks on downstream communities in the Karakoram ranges of 
Northern Pakistan. 
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