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The retreat of glaciers due to global warming reduces the volume of ice, which leads 

to many catastrophic glacier-related hazards, such as debris flows and floods. 

Infrastructure and local communities in the Damavand region are particularly 

exposed to glacier-related hazards. Climate change, glacial dynamics, and 

geomorphology regulate the nature and frequency of debris flows. To understand this 

concept, two glacial basins related to the Damavand peak, where debris flows and 

floods have occurred frequently, were selected. In this study, the relationship 

between climate change, glacial dynamics, and basin geomorphological 

characteristics with debris flows was investigated. In this regard, SL, HI, NDSI, and 

Mass Balance indices were used. According to the calculated geomorphological 

indices, the Yakhar glacier basin can be considered to be in the mature stage, and the 

Sioleh glacier basin to be in the transition to the late juvenile stage in terms of 

geomorphological evolution. Landsat satellite imagery processing over 30 years has 

shown that the glaciers have retreated at an average rate of 0.484 km2/year. Both 

glaciers have also experienced a negative mass balance of 0.03 (m w.e a-1) on 

average. Climatic data indicate that a period of extreme temperature increase 

preceding the debris flows, followed by heavy rainfall, triggered several debris flows 

in Mordad 1401. Glacier stability, particularly at their termini, is highly sensitive to 

melting rates, precipitation, temperature fluctuations, and changes in mass balance. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Mountain environments are vulnerable to climate change, especially glaciers and permafrost in these 
areas are susceptible to degradation. Deglaciation and thinning of glaciers are closely related to 
climate change, which is closely related to several natural hazards, including landslides, floods, debris 
flows, moraine collapses, and slope failures. Recognizing the challenges posed by debris flows in 
mountainous environments; this study examines a series of debris flow events occurring in the Haraz 
catchment area of the Alborz Mountains. The main objective is to investigate how factors such as 
glacier retreat, ice volume reduction, geomorphology, and abrupt meteorological changes affect debris 
flow processes. By integrating meteorological data with observations of glacier dynamics and 
geomorphological environments, this study aims to identify the relationship between climatic factors 
and the frequency or intensity of debris flows. This research is particularly important for predicting 
future risks and informing mitigation strategies in mountain environments affected by climate change. 
The main objectives are: (1) to quantify glacier dynamics by analyzing changes in glacier area from 
satellite imagery, along with changes in surface elevation and glacier mass balance; (2) to analyze 
climate change trends using ERA5 data, focusing on daily precipitation and temperature changes and 
their effects on glacial debris flows from 1994 to 2014; and (3) to characterize geomorphic features 
and areas of origin and initiation of debris flows. 

 

DATA AND METHODOLOGY  

The Damavand glaciers are located in the central Alborz mountain range and are shown on a 1:50,000 
scale topographic map. Damavand Peak, with an elevation of 5610 m, is located at the geographical 
coordinates of 52°E and 36°N in the Haraz basin (Figure 1). In recent decades, the study area has 
experienced numerous floods and debris flows, especially in the years 1368, 1369, 1386, 1397, 1401, 
1402, and 1403. In the meantime, two important events occurred on 6 and 17 Mordad 1401, when the 
debris flows caused serious damage to residential areas in the Gaznak region and many villages 
downstream of the Sioleh and Yakhar glacial basins. To characterize the changes in the glacial area, 
Landsat satellite images (TM, ETM+, and OLI/TIRS) with a spatial resolution of 30 m and 
corresponding to the years 1373 to 1403 with minimal cloud cover (≤5%) were used. The images were 
taken during the late summer melt seasons (July and August) and from the USGS Earth Explorer 
website (https://earthexplorer.usgs.gov/). To calculate the height of the glaciers and the volume 
changes that occurred, the 30 m DEM obtained from the website 
(https://search.earthdata.nasa.gov/search) was used. Also, high-resolution Planet satellite images 
available at (https://www.planet.com/products/satellite) were used for temporal analysis of events 
before and after the debris flow.  
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Figure 1: Map of driving factors on water use efficiency in the study area 

 

RESULTS AND DISCUSSION 

By examining Planet satellite images from before and after the debris flow event of August 1401, the 
source and area of the onset of glacier melting in the Yakhar and Sioleh basins were determined. In 
Figure 1, the general location of these areas is shown with an asterisk. As can be seen in this figure, 
these areas are located on the ends of the arms of these two glaciers. The slope of the land surface in 
the source areas is 43 degrees, and its altitude is 4350 meters. As can be seen in the images, as a result 
of glacier melting, cracks and fractures formed by glacial activity are exposed and provide debris-flow 
material for floods. These changes in surface properties, associated with glacier dynamic changes and 
high rates of glacier mass loss at the terminus, significantly affect glacier instability, leading to debris 
flows and floods. The parameters used to determine the source and initiation areas are summarized in 
Table 1. 
 

Table 1: Details of parameters used to determine potential source areas and initiation areas of glacial debris 
flows in mountainous areas (Allen et al. 2008). 

Parameter Glacier lake overflow Glacier debris flows 
Debris flow in the Yakhar and 
Sioleh basins in August 1401 

Glacier surface 
features Lakes dammed by steep glaciers 

Debris accumulation 
in glaciers, non-

consolidated materials 

Water-filled crevices, cracks, and 
abundant, discontinuous glacial 

deposits 

Critical slope 
Excessive sediment absorption and 

concentration, 10-degree slope 
Starting slope (25 to 

38 degrees) 

A slope of 25 to 45 degrees is very 
favorable for the initiation of a debris 

flow. 
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Maximum 
possible deviation 

The flood can advance more than 200 
kilometers and reach an angle of less 

than 3 degrees, 
Up to 100 km 

The access angle is less than 10 
degrees, and the exit distance is more 

than 10 km. 

 

Based on the processing of satellite images over the Damavand glacier area, over a period of 30 years 
and over three 10-year periods, the area of the Sioleh and Yakhar glaciers has decreased from 3.4 km2 
in 1994 to 2.3 km2 in 2004. The largest glacier retreat occurred between 1393 and 1403 with 67.7 
percent, followed by 1373 and 1383 with 19.4 percent. The lowest retreat was observed between 1383 
and 1393 with 37.3 percent. The total retreat rate for the entire study period was 14.51 percent. The 
average rate of retreat over these three periods was 0.484 km2/year. The glaciers in the study area 
experienced a constant negative mass balance from 1373 to 1403 with an average of -0.03 meters of 
water equivalent per year (m w.e a-1). Significant changes in mass balance were observed at almost all 
elevations. Specifically, lower elevations experienced a larger negative mass balance (0.3 m water 
equivalent per year) than higher elevations (0.01 m water equivalent per year). That is, glaciers at 
lower elevations lost more mass, which can be attributed to higher temperatures, rapid melting, and 
reduced snow accumulation. However, glaciers in both basins experienced different negative mass 
balances that were influenced by elevation changes, bedrock characteristics, debris cover, and slope 
angle.  
 

CONCLUSION  

The present study demonstrates the interplay between glacier dynamic changes, geomorphology, 
precipitation, and temperature in guiding debris flows and floods in mountainous environments. The 
findings of the study showed that multiple debris flow events, accompanied by catastrophic floods in 
the Yakhar and Sioleh Damavand catchments, were caused by long-term changes in glacier dynamics 
accompanied by increased temperature and heavy precipitation. Based on this study, the following 
conclusion can be drawn. Over the past three decades, the aforementioned glaciers have continuously 
experienced negative mass balance, such that the glacial areas, especially in smaller glaciers that are 
more vulnerable and sensitive to climate change, have retreated significantly. Analysis of satellite 
images revealed significant temporal changes in glacier dynamics and their relationship with the 
debris flow events of Mordad 1401. Between 1393 and 1403, intensified glacial dynamics led to the 
exposure of the bedrock at the glacier's end, probably due to the loss of ice mass and its high melting 
rate. The glaciers had unstable surface features such as crevasses and cracks that may have weakened 
the glacier's end before it failed. The stability of glaciers, especially at the end, is very sensitive to 
melting rates, precipitation, temperature fluctuations, and mass balance changes. Continued retreat and 
loss of ice expose steep slopes and unconsolidated sediments, increasing the risk of slope failure 
leading to debris flows and flooding during sudden climate changes.  
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1 - European Centre for Medium Range Weather Forecasts 
2 - Hypsometric Integral 
3 - Stream Length-Gradient Index 
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