From spaceborne observations to physical-based simulation for ice dynamics
and permafrost deformation at Pan Third Pole and Greenland by using multi-
source remote sensing data (ID. 95439)

Liming Jiang' 2, Stephen Livingstone®, Andrew Sole?, Gang Li*, Zhuoqi Chen*, Xi Lu'?,
Yuxuan Wu'-2, Zhida Xu!-2, Zhiping Jiao®-2, Xiaoen Li'-2, Yi Liu"-2, Xiaoguang Pang'-2, Yanting
Mao*

! State Key Laboratory of Geodesy and Earth’s Dynamics, Innovation Academy for Precision Measurement
Science and Technology, Chinese Academy of Sciences, Wuhan 430077, China.

2 College of Earth and Planetary Science, University of Chinese Academy of Sciences, Beijing 100049,
China.

3 School of Geography & Planning, University of Sheftield, Sheffield, S10 2TN, UK.

* School of Geospatial Engineering and Science, Sun Yat-sen University, Southern Marine Science and
Engineering Guangdong Laboratory (Zhuhai), Zhuhai 519082, China

> School of Geography and Sustainable Development, University of St Andrews, St Andrews, UK

This Dragon 6 project aims to advance understanding of cryospheric change under global warming
by integrating multi-source satellite observations with process-based modelling across the
Greenland Ice Sheet and the Pan Third Pole region. By linking observation-driven analysis with
physical modelling, the resulting framework improves quantitative understanding and enhances
predictive capability of ice dynamics and permafrost deformation.

Methodologically, advanced techniques based on Sentinel-1 synthetic aperture radar (SAR) and
multi-sensor datasets are developed for key cryospheric processes. For glacier surface melting
detection, dual-polarized SAR backscatter and the polarimetric decomposition features are
combined with ensemble learning methods to detect the melt conditions, achieving an overall
accuracy of ~80%. The fusion of Sentinel-1 SAR and Sentinel-2 optical velocity products
significantly improves summer velocity coverage (by 18—-57%) and reduces underestimation of
near-terminus mass discharge by up to 20%. In addition, a novel multiple aperture coherence
(MAC) approach is proposed for mapping landfast sea ice by exploiting sub-aperture phase
stability, enabling robust discrimination between stable landfast ice and dynamic sea ice under
challenging conditions such as strong winds and rough sea states, while overcoming limitations of
repeat-pass InSAR and/or only backscatter coefficient.

Novel methods for retrieving key glacier physical parameters are developed. To address the
difficulty of traditional ground-penetrating radar techniques in detecting the ice-bed interface of
water-rich glacier, a stochastic dispersive medium model based on finite-difference time-domain
(FDTD) simulations is constructed, together with a particle swarm optimization (PSO)-based
corrected trimmed mean CFAR (CTM-CFAR) detector. For Bayi Glacier and 23k glacier on the
Tibetan Plateau, the PSO-CTM-CFAR method reduced the ice thickness measurement error by
approximately 30% compared with traditional methods. A novel method combining remote
sensing albedo and differencing Digital Elevation Models (DEM) to estimate glacier annual mass
balance is also developed, achieving a high accuracy (RMSE ~495 mm w.e., an ~11%



improvement over existing methods) and demonstrating strong potential for large-scale
applications.

For glacier systems, the project investigates two complementary domains: the Greenland Ice Sheet
and mountain glaciers in the Pan Third Pole region. For Greenland, a high-resolution and internally
consistent dataset of ice front positions (Greenland Terminus Position Dataset, GrTPD) is
developed, comprising 19,171 delineations for 465 glaciers from 2002 to 2021 with seasonal
coverage. The dataset shows high geometric fidelity (mean average minimum distance of 86 m
relative to alternative products like TermPicks) and provides a benchmark for algorithm validation
and large-scale analysis of terminus variability. Combined with multi-source velocity and
geometric observations, it enables improved characterization of outlet glacier dynamics and
associated mass transport. For mountain glaciers in the Pan Third Pole region, the project
investigates glacier—proglacial lake interactions and their influence on glacier dynamics. Results
show that, compared with land-terminating glaciers, lake-terminating glaciers exhibit, on average,
~32% higher surface velocities and ~41% greater thinning rates. These effects display pronounced
spatial heterogeneity and temporal evolution, particularly in the eastern Himalayas, central
Himalayas, and the Nyaingentanglha Mountains, highlighting the important role of proglacial lake
processes in mountain glacier retreat.

For permafrost systems, the project independently investigates deformation processes across the
Qinghai-Tibet Plateau. Based on Sentinel-1 SAR data and time-series InSAR analysis, long-term
subsidence and seasonal deformation patterns are characterized at regional scale. Results show
that the mean long-term deformation rate in permafrost regions is —2.46 mm yr', significantly
higher than in seasonally frozen ground (—0.54 mm yr™'). Spatial variability is jointly controlled
by permafrost thermal stability, solar radiation, and precipitation. Areas with pronounced seasonal
deformation are mainly concentrated in low-relief regions and around lakes and rivers, reflecting
the important role of active-layer hydrology.

Building on the observation-based datasets, high-temporal-resolution constraints are incorporated
into physical modelling. Ice-flow simulations using the Ice-sheet and Sea-level System Model
(ISSM), constrained by sub-monthly terminus positions, show that frontal retreat explains more
than 76% of velocity variability in Greenland’s fastest glacier, Jakobshavn Isbre. Remaining
model—observation misfit extending tens of kilometres inland is strongly linked to variations in
height above flotation and associated effective pressure changes. By incorporating these processes
through parameterized basal shear stress adjustments, velocity misfits are reduced by over 90%,
highlighting the importance of coupling terminus dynamics with basal processes.

Young scientist contributions include the development of SAR-based algorithms, multi-source
data fusion, retrieval of key glacier parameters, and integration of observation-derived constraints
into process-based modelling. By advancing Earth observation and its integration with physical
modelling, the project aims to facilitate a transition from observation-driven analysis to process-
based understanding, providing new insights into cryosphere dynamics and supporting improved
projections of climate-driven changes in polar and high-altitude environments.
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