
Landslide deformation monitoring along Karakoram Highway 
                     based on InSAR technology 

(1) (1,2) (3) (1) (1)
         Chi Du , Shibiao Bai , Jinghui Fan , Xin Wang , Wenjing Wei
(1)School of Marine Science and Engineering, Jiangsu Center for Collaborative Innovation in Geographical 
Information Resource Development and Application, Nanjing Normal University, Nanjing 210023, China.
(2)China-Pakistan Joint Research Center on Earth Sciences, Institute of Mountain Hazards and Environment, 
Chinese Academy of Sciences, Chengdu 610041, China.
(3)China Aero Geophysical Survey and Remote Sensing Center for Natural Resources; Beijing 100083, China.

Abstract

The Karakoram region is located on the tectonic belt and is also a high-risk area for geological disasters. Due to the complex terrain, high mountains and deep valleys, geological disasters 
such as landslides are prone to occur, and traditional monitoring is extremely difficult to carry out, which hinders the understanding of landslides in the region and leads to a lack of disaster 
prevention and reduction measures for local landslide disasters. This study is based on the 2021 Sentinel-1A data along the Karakoram Highway, and starts from the identification results of 
Stacking-InSAR technology, focusing on analyzing typical landslides along the Karakoram Highway. Utilizing Small Baseline Subset Synthetic Aperture Interferometric Radar 
(SBAS-InSAR) technology to monitor the displacement characteristics of landslides, and analyzing the causes of landslides in conjunction with the environment in which they occur. The 
research results are as follows: (1) Based on Stacking InSAR technology, 7 potential landslides along the Karakoram Highway were obtained, all of which are in an unstable state. (2) In 
2021, landslides occurred frequently along the Karakoram Highway, and the displacement data of the landslide line of sight showed significant deformation of the Mostag landslide, with a 
maximum deformation rate of 94 mm/a. The research results are of great significance to the prevention and control of geological disasters along the Karakoram Highway and to serving the 
national "the Belt and Road" strategy.
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SBAS-InSAR technology is suitable for landslide identification in high mountain and canyon areas, and its early warning and prevention of landslides are particularly important. 
It is also an important means of disaster prevention and reduction at present. It is of great significance to the prevention and control of geological disasters along the Karakoram 
Highway and to serving the national "the Belt and Road" strategy.

Fig.2. The deformation rate map of 
the KKH(Xinjiang) in 2021 (LOS )

In 2021, landslides occurred frequently along the Karakoram 
Highway, with a significant vertical height difference, making it a 
typical high-altitude landslide. The landslide line of sight 
displacement data monitored based on radar data shows that the 
significant maximum deformation rate of Mostag landslide is 94 
mm/a(Fig. 5). We speculate that landslide deformation may be related to 
precipitation and increased temperature.

Based on Sentinel-1A data from the 
Xinjiang section of the Karakoram 
Highway and the Hunza River Valley 
section in 2021, using Stacking-InSAR 
and SBAS-InSAR techniques, we have 
identified 7 potential landslides along the 
Karakoram Highway, as shown in Fig. 2, 
Fig. 3, and Fig. 4. The blue and red in the 
figure represent areas of severe 
deformation, while the green represents 
stable areas. In 2021, the average annual 
deformation rate of the Xinjiang section 
of the Karakoram Highway was -194.92-
211.6 mm/a, and the average annual 
deformation rate of the Hunza River 
Valley section was -118.52-108.15
mm/a. Three typical landslides were
 identified in the Hunza River Valley 
section (Fig. 4).
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