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Fig. 1 InSAR time-series deformation pattern recognition model based on transfer learning and TCN
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Fig. 2 Six interpretable deformation categories
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Fig. 16 Relationship between deformation, precipitation, and

reservoir water level changes at the Shimenkan slope
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Fig. 17 Monitoring results of surface deformation in the Yezhutang area
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Fig. 19 Relationships between slope deformation, precipitation, and reservoir water level at the Yezhutang slope
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Deformation pattern recognition in the Baihetan reservoir area using transfer
learning—temporal convolutional networks and multi—-temporal InNSAR
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Abstract: The Baihetan Hydropower Station, as a national mega-project, is located in a geologically complex reservoir area where slope
stability monitoring after impoundment is crucial. Traditional InSAR techniques mainly rely on deformation rate indicators and thus face
limitations in capturing the full temporal evolution of slope deformation. This study aims to overcome these limitations by developing an intelligent
framework for time-series deformation pattern recognition to improve hazard identification and risk assessment in the reservoir area.

Sentinel-1 SAR data spanning April 2021 to March 2024 were processed using the SBAS-InSAR technique to retrieve the reservoir-
wide deformation field. A transfer learning-enhanced deep learning architecture was proposed, in which synthetic samples were used for
pretraining and real samples for fine-tuning. Based on this framework, a six-class taxonomy of deformation patterns—stable, linear, step-
like, piecewise linear, power-law, and undefined—was established. A Temporal Convolutional Network (TCN) was then applied to classify
deformation modes across the Baihetan reservoir.

(1) Among 97377 deformation points, the dominant patterns were stable (45.6%) and piecewise linear (24.4%), with stable deformation
strongly associated with low velocity and high coherence. (2) The Shimenkan landslide exhibited a delayed uplift response regulated by
reservoir water level, lagging peak impoundment by about two months. (3) The Yezhutang slope showed rainfall-triggered step-like
deformation and a piecewise linear response under coupled water level-precipitation forcing.

The findings demonstrate that transfer learning effectively reduces labeling costs, while multidimensional deformation pattern analysis
provides a new paradigm for dynamic risk assessment of reservoir-induced geohazards.

Key words: time-series deformation classification, TCN, transfer learning, Baihetan reservoir area, SBAS-InSAR, deep learning, reservoir
bank landslide, geohazard monitoring
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