Seasonal deformation rates obtained from Sentinel-1 InNSAR
analyses across Arctic lowland permafrost regions reflect
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Seasonal deformations in Arctic permafrost regions

Summer subsidence & winter heave
Considerable surface displacements especially for ice-rich permafrost
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Examples of remote sensing techniques for near-surface soil moisture
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Soil moisture & subsidence
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Study sites

Yamal, Northwestern Siberia Inuvik, Northwestern Canada
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* Subsidence measurements at CALM grid (Yamal)
» Soil moisture measurements (Yamal, Inuvik- drought conditions)

J.Obu et al. (2019) : Northern Hemisphere permafrost map based on TTOP modelling for 2000-2016 at Tkm2 scale, Earth-Science Reviews 193, 299-316.
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Sentinel-1 INSAR Workflow
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Relationship with cumulative Degree Day of Thaw (DDT) is
similar between the years contrary to the day of year relationship
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INSAR subsidence [cm]

Comparison to in situ subsidence

CALM grid, Vaskini Dachi, Yamal:
yearly subsidence measurements (plywood plate with rod)*

6 (Damit Mkanuoy,3Sepfermbe 2012},
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Soil moisture comparison

INSAR subsidence trend
(appr, ~15m resolution)
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Yamal: higher soil moisture - greater subsidence
Inuvik (drought): relationship only for values
below 50 % vol.
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Yamal: higher soil moisture — higher TWI values
Inuvik (drought): not consistent for <30 % vol
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Calibration

Yamal calibration dataset
Linear relationship derived for subsidence trends
» appr [Mm/DDT] (assuming linear relationship between seasonal subsidence and DDT)
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Validation

Yamal validation dataset
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Comparison to other remotely sensed soil moisture products

‘Arctic-Boreal CO2 (ABC) flux database v2’ in situ soil moisture data
(Virkkala et al. 2025) additionally used for comparison
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Virkkala et al. (2025): ABCFlux v2: Arctic-boreal CO and CH monthly flux observations and ancillary information across terrestrial and
freshwater ecosystems, Earth System Science Data Discussions,2025, 1-86, https://doi.org/10.5194/essd-2025-585




Soil Moisture (% vol)

Comparison to other remotely sensed soil moisture products

‘Arctic-Boreal CO2 (ABC) flux database v2’ in situ soil moisture data
(Virkkala et al. 2025) additionally used for comparison
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Spatial distribution of soil moisture from microwave remote sensing

Representation of moisture patterns forthe Yamal region using
INSAR and coarse scale satellite soil moisture products (July-August average).
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» InSAR as a proxy for spatial soil moisture patterns




Applications

» Upscaling of methane fluxes (Ivanova et al. 2026)

Spearman rank-correlation coefficients between July CH4 flux
and environmental predictors at 1 and 10m spatial resolution

(Trail Valley Creek, Western Canada)

Group Predictor Im | 10m | 10m, temporal
Vegetation NDVI —0.289%+* | —0.295%** | —0.082%*
Surface wetness and soil moisture NDWI 0.141%+* 0.24%* | —0.013
TWI 0.027** 0.235%%*
Topography Slope —0.187*** —0.238%**
Aspect 0.14%* 0.035%**
TPI —0.162%* —0.327%%*
Ground subsidence Cumulative seasonal 0.534***
subsidence

Significance levels: *x p < 0.01, **x p < 0.001

 Disturbances (Bartsch et al. 2026)

Drained lake basins and the surroundings
of infrastructure subside seasonally more
than on average within the scenes.
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Conclusions

* Novel approach for deriving a soil moisture index of general or predominant moisture conditions for permafrost

regions based on InNSAR subsidence signal rates
» Higher surface subsidence rates are found for wetter regions
» Spatial patterns of wet and dry areas can be derived, which are linked to methane fluxes

«  Better match with in situ values compared to conventional coarser-scale datasets on cal/val site Yamal. However,

results vary between regions




Permafrost features characterization
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 Slightly higher appr and subsidence can indeed be observed for wetlands compared to other non-wetland tundra
* No visible differentiation is detectable between high-centred and low-centred polygons
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