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An improved DS-InSAR method based on dynamic confidence intervals
for Karst ground deformation monitoring: A case study of the Dead Sea

ZHU Lingjie', XU Wenbin',XIE Lei',NOF Ran Novitsky’,SHI Qining'

1. School of Geosciences and Info-Physics, Central South University, Changsha 410083, China,
2. Geological Survey of Israel, Jerusalem 9692100, Israel

Abstract: Karst sinkholes represent a significant geohazard characterized by complex spatiotemporal evolution and causative mechanisms.
This study aims to enhance the applicability of Distributed Scatterer InNSAR (DS-InSAR) in low-coherence karst terrains and clarify the
hydrological controls governing sinkhole development along the Dead Sea. We propose a Dynamic Hypothesis Test of Confidence Interval
(D-HTCI) algorithm for homogeneous pixel identification to address the limitations of inaccurate homogeneous pixel selection and unstable
phase estimation. This method iteratively updates the reference mean and confidence interval per pixel to mitigate estimation biases. We
took the Dead Sea karst region as a case study and integrated D-HTCI with a sequential phase-linking strategy to reconstruct a continuous,
high-density deformation field using 242 Sentinel-1A scenes acquired between 2016 and 2024. The proposed approach retrieved 832,000
monitoring points, representing a substantial increase of 367,000 and 153, 000 points over PS-InSAR and conventional DS-InSAR,
respectively. Deformation rates primarily ranged from —120 mm/a to 20 mm/yr, with maximum cumulative subsidence exceeding 800 mm in
the southwestern collapse zone. Time-series analysis revealed a strong linear coupling with synchronous Dead Sea water-level changes (R*>
0.98). This result quantitatively supports a hydrogeological driver whereby sustained water-level decline lowers the fresh-saline interface,
promotes salt dissolution, and triggers collapse. The integration of D-HTCI with sequential phase optimization significantly improves the
feasibility and accuracy of DS-InSAR for monitoring natural terrains. This study provides compelling quantitative evidence and a robust
framework for understanding the spatiotemporal evolution of karst sinkholes.

Key words: Karst collapse, dynamic confidence intervals, homogeneous pixel identification, DS-InSAR, deformation monitoring, water
level decline
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