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Fig. 6 Compares the phase gradient stacking results of the traditional method and the improved method proposed in this study
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Fig. 9 Baseline combination optimization method based on threshold constraints (The improved value is the result of subtracting the
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Table 1 Statistics of baseline screening results
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Sentinel-1  2021-01-01—2023-12-31 4258 T 72 300 253 -660.806 4 -0.07
Sentinel-1  2023-05-07—2023-10-22 G278 R 72 300 39 -740.983 4 0.697
PALSAR-2  2015-02-23—2019-05-27 T+ (37 €50 400 400 51 -1277.043 5 1.0807
PALSAR-2  2015-02-09—2015-03-09 T+ TR B 400 400 59 -435.872 3 -0.3554
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TerraSAR-X  2017-08-30—2019-11-22 T+ G113k 66 500 213 1348.224 6 0.2539
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Fig. 10 Satellite image of the Daguangbao landslide
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Research on topographic influences and correction methods in InSAR
Phase Gradient Stacking

FENG Bin',LI Menghua'*?, WEI Lei'"*, HUANG Cheng"*,TANG Bohui'?*’?

1. Faculty of land and Resources Engineering, Kunming University of Science and Technology, Kunming 650093, China;
2. Yunnan Provincial Key Laboratory of Quantitative Remote Sensing (Under Preparation), Kunming 650093 China;
3. Yunnan International Joint Laboratory for Integrated Intelligent Monitoring of Mountain Hazards by Sky and Land,
Kunming 650093, China,
4. Yunnan Institute of Geological Environment Monitoring, Kunming 650093, China

Abstract: Compared to conventional time-series InSAR (TS-InSAR) techniques, phase gradient stacking offers advantages such as
immunity to atmospheric and phase unwrapping errors, fast computational speed, and robustness in low-coherence scenarios, making it well-
suited for large-area landslide identification. However, complex mountainous terrain significantly distorts phase gradient stacking results.
Firstly, topographic variations cause severe geometric distortions in SAR images, leading to interferometric phase artifacts. Secondly, the
external Digital Elevation Model (DEM) used in differential interferometry inevitably contains errors, and the residual topographic phase in
interferograms introduces false deformation signals in the phase gradient results, hindering accurate landslide detection. This study provides
an in-depth analysis of topographic effects in phase gradient stacking and proposes corresponding correction methods. A divide-and-conquer
approach is adopted to address the two types of terrain-induced errors. To mitigate geometric distortions, the actual ground distance between
adjacent pixels is calculated and used to correct phase-gradient estimates, thereby unifying the spatial reference for gradient computation
across the entire interferogram and reducing foreshortening effects. For residual topographic phases, a strict theoretical derivation based on
their generation mechanism and the stacking algorithm demonstrates that their magnitude is proportional to the absolute value of the
cumulative perpendicular baseline. Based on this relationship, a reference threshold for the cumulative baseline is derived, and a greedy
algorithm is designed to efficiently select an optimal baseline subset that meets the threshold requirement and minimizes DEM-induced
errors. Experimental results in the Guxue section of the Jinsha River demonstrate that the improved phase gradient stacking method
effectively eliminates foreshortening effects with only 120 interferograms and significantly enhances deformation detection capability. In
contrast, conventional methods still exhibit distortions even with over 200 interferograms, confirming the effectiveness of the proposed
geometric distortion correction. Further validation using the Daguangbao landslide triggered by the Wenchuan earthquake shows a clear
positive correlation between the residual topographic phase error and the absolute cumulative vertical baseline but largely independent of the
number of interferograms. Reducing the absolute cumulative vertical baseline effectively suppresses the impact of DEM errors. Correcting
the phase gradient using the actual distance between adjacent pixels unifies the spatial reference for gradient calculation across the
interferogram, effectively alleviating foreshortening and improving deformation identification capability in complex mountainous areas. The
experimental results also indicate that, in practical applications, more than 180 interferograms should be used for stacking to ensure the
completeness of the detection results. The residual topographic phase error is proportional to the absolute cumulative vertical baseline. By
optimizing baseline selection to control the cumulative vertical baseline, this error can be significantly reduced, enhancing the accuracy and
stability of phase gradient stacking results.

Key words: InSAR, phase gradient stacking, identification of landslide hazards, geometric distortion, DEM Error, residual topographic phase,
surface deformation detection
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