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Solifluction: a periglacial slope processes
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Solifluction lobe

Solifluction: Slow down-slope movement (mm to cm/yr) of soil 
masses due to freeze-thaw processes (Harris et al., 2011).

3



Solifluction: a periglacial slope processes
Introduction Methodology Results Conclusion

Solifluction lobe

Solifluction: Slow down-slope movement (mm to cm/yr) of soil 
masses due to freeze-thaw processes (Harris et al., 2011).

Do
w

ns
lo

pe
 d

is
pl

ac
em

en
t (

m
m

)

H
ea

ve
 a

nd
 s

ub
si

de
nc

e 
(m

m
)

2006 2007 2008

0

0

20

4030

-30

-60

3



Solifluction: a periglacial slope processes
Introduction Methodology Results Conclusion

Solifluction lobe

Solifluction: Slow down-slope movement (mm to cm/yr) of soil 
masses due to freeze-thaw processes (Harris et al., 2011).

Daout et al., 2020


30km

Do
w

ns
lo

pe
 d

is
pl

ac
em

en
t (

m
m

)

H
ea

ve
 a

nd
 s

ub
si

de
nc

e 
(m

m
)

2006 2007 2008

0

0

20

4030

-30

-60

3



Solifluction: a periglacial slope processes
Introduction Methodology Results Conclusion

Daout et al., 2020


30km

• Same observation in Northern Norway (Rouyet et 
al., 2021), Iceland (Cao et al., 2023), Tibet 
(Lemrabet et al., 2022)…
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Solifluction a widespread processes on the Tibetan plateau ?
Introduction Methodology Results Conclusion

Daout et al., 2020


30km

• Same observation in Svalbard (Rouyet et al., 
2021), Iceland (Cao et al., 2023), Tibet (Lemrabet 
et al., 2022)

Rouyet et al., 2021Cao et al., 2022

40 mWatine et al., 2025 (From Lemrabet et al., 2022)


Can we observe systematic periglacial slope processes 
across the Tibetan Plateau? What are their magnitude and 
main controlling factors?
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Dataset: advantage of FLATSIM data
Introduction Methodology Results Conclusion

• 7 Ascending & 10 Descending tracks.

• ~13 000 FLATSIM interferograms.

• 2014 - 2020 / 8 looks

ForM@Ter LArge-Scale Multi-Temporal Sentinel-1 
InterferoMetry Service 

• Automatic processing of Sentinel-1 data based on 
NSBAS processing chain (Doin et al., 2011)


• Products : interferograms / Los velocity / phase 
delay time series / validation data sets

Why using FLATSIM data ? 

• 600-700 km long tracks

• Early atmospheric correction using ERA5 

(jolivet et al., 2011). Facilitating subsequent 
unwrapping


• Include 3 month and 1 year temporal baseline 
to limit phase biases (Ansari et al., 2021; De 
Zan et al., 2015) Dataset: 

Chen et al., Preprint 
Zhang et al., 2014 
Watine et al., in prep
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3/ Adjusting all tracks to a 
common reference frame

• Discontinuities between tracks 

• Referencing on stable area 

mm/yr Toward-5Away +5 Toward
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2/ Fading signal mitigation
Introduction Methodology Results Conclusion

1-year interferograms 
are less affected by 
systematic biases.

Overwe igh t ing 
the long temporal 
baseline

Marconato et al., 20249
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3/ Adjusting all tracks to a common reference frame 
Introduction Methodology Results Conclusion

Los velocity

mm/yr Toward-5Away +5 Toward

Asc

Temporal decomposition
<latexit sha1_base64="DAahujTcqIrdbQRtV9wFMCFfzHE="></latexit>

Los(t) = a · t+ b+ c cos(!t) + d sin(!t)

10



3/ Adjusting all tracks to a common reference frame 
Introduction Methodology Results Conclusion

Los velocity

mm/yr Toward-5Away +5 Toward

Asc

Temporal decomposition
<latexit sha1_base64="DAahujTcqIrdbQRtV9wFMCFfzHE="></latexit>

Los(t) = a · t+ b+ c cos(!t) + d sin(!t)

Proxy based on seasonal 
amplitude

UnstableStable
10



3/ Adjusting all tracks to a common reference frame 
Introduction Methodology Results Conclusion

Los velocity

mm/yr Toward-5Away +5 Toward

Asc

Temporal decomposition
<latexit sha1_base64="DAahujTcqIrdbQRtV9wFMCFfzHE="></latexit>

Los(t) = a · t+ b+ c cos(!t) + d sin(!t)

Proxy based on seasonal 
amplitude

UnstableStable

Temporal 
decompositionWeighted Gaussian filter on Los(t) 

10



3/ Adjusting all tracks to a common reference frame 
Introduction Methodology Results Conclusion

Los velocity

mm/yr Toward-5Away +5 Toward

Asc

Temporal decomposition
<latexit sha1_base64="DAahujTcqIrdbQRtV9wFMCFfzHE="></latexit>

Los(t) = a · t+ b+ c cos(!t) + d sin(!t)

Proxy based on seasonal 
amplitude

UnstableStable

Temporal 
decompositionWeighted Gaussian filter on Los(t) 

mm/yr Toward-5Away +5

Los velocity

10



4/ A reference frame to study slope processes
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UEW

UUp

UUp

< 2° hypothesis: no lateral displacement

Slope > 2°

Brouwer et al., 2024; Watine et al., 2025

EW-Up: Introduces biases when aspect and slope vary
Need local reference frame !
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Conclusion
Introduction Methodology Results Conclusion

230 m

55 m

N

• Widespread hillslope deformation observed 
across the Tibetan Plateau using InSAR 
data


• Associated with mm-cm/yr solifluction 
processes primarily controlled by slope 
angle and ground thermal regime.


• Mainly driven by seasonal basal shearing. 

• Is this a long-term behavior or a transient 

response to recent warming ? 

Google Earth image of a mountain affected by active solifluction 
processes, with InSAR-derived downslope velocities superimposed.
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