Widespread Slope Processes Across the Tibetan Plateau: Insights
from Large-Scale INSAR Processing Using FLATSIM
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The Tibetan Plateau, a periglacial environment
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The Tibetan Plateau, a periglacial environment
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The Tibetan Plateau, a periglacial environment
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The Tibetan Plateau, a periglacial environment
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Introduction

Solifluction: a periglacial slope processes

Solifluction lobe

masses due to freeze-thaw processes (Harris et al., 2011).
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Solifluction: a periglacial slope processes
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Solifluction: a perlglamal slope processes
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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 perlglamal slope processes
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Introduction

Solifluction: a periglacial slope processes

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 perlglamal slope processes

Same observation in Northern Norway (Rouyet et
al., 2021), Iceland (Cao et al., 2023), Tibet
(Lemrabet et al., 2022)...
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Can we observe systematic periglacial slope processes

across the Tibetan Plateau? What are their magnitude and
main controlling factors?




Methodology

Dataset: advantage of FLATSIM data

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 ERAS
(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)
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Processing INSAR data in periglacial environments: main challenges
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Methodology
Processing INSAR data in periglacial environments: main challenges

1/ Unwrapping errors

Strong and fast heave of the ground -> 3/ Adjusting all tracks to a
hight fringe rate -> difficult to unwrap common reference frame

Los velocity

* Discontinuities between tracks
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Processing INSAR data in periglacial environments: main challenges

1/ Unwrapping errors

Strong and fast heave of the ground -> 3/ Adjusting all tracks to a
hight fringe rate -> difficult to unwrap common reference frame

Los velocity
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1/ Minimize unwrapping errors
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1/ Minimize unwrapping errors
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1/ Minimize unwrapping errors
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Methodology
2/ Fading signal mitigation
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Methodology
3/ Adjusting all tracks to a common reference frame

Temporal decomposition
Los(t) =a-t+ b+ ccos(wt) + dsin(wt)
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3/ Adjusting all tracks to a common reference frame

Temporal decomposition
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3/ Adjusting all tracks to a common reference frame

Temporal decomposition
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EW-Up: Introduces biases when aspect and slope vary
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Methodology
4/ A reference frame to study slope processes
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Seasonal freeze-thaw ground deformation
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Seasonal freeze-thaw ground deformation
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Results

Widespread hillslope processes across the Tibetan Plateau: landforms
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Widespread hillslope processes across the Tibetan Plateau: landforms
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Results

Widespread hillslope processes across the Tibetan Plateau: mechanisms
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Widespread hillslope processes across the Tibetan Plateau: mechanisms
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Widespread hillslope processes across the Tibetan Plateau: mechanisms
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Widespread hillslope processes across the Tibetan Plateau: mechanisms
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Results

Widespread hillslope processes across the Tibetan Plateau: MAAT (°C)
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Results

Widespread hillslope processes across the Tibetan Plateau: MAAT (°C)
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Widespread hillslope processes across the Tibetan Plateau: MAAT (°C)

Downslope velocity > Smm/yr
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Widespread hillslope processes across the Tibetan Plateau: MAAT (°C)
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Widespread hillslope processes across the Tibetan Plateau: MAAT (°C)
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Widespread hillslope processes across the Tibetan Plateau: MAAT (°C)

Downslope velocity > Smm/yr
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Results

Impact of permafrost degradation on solifluction ?
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Google Earth image of a mountain affected by active solifluction
processes, with InNSAR-derived downslope velocities superimposed.

18

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 ?
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Conclusion

Supplementary data

: Network 3:
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Conclusion

Supplementary data

LOS Ve I OC |ty Winter interferogram Summer interferogram One-year interferogram

*| Toward B e R kf Pyl L Wmeess, | Toward
) 4 . oy e ’ ' " St - ok e 15

AR B T B ) N Y

T "(h
Rk ey
o % lv. "
¥ TR

TUSARAN |
0"--‘ .,.:\..

O\

™~

Ry Ly

"\.";_..‘-"I I't',‘.‘;ff » '
"‘..‘ T¢7 » AN »," j;
SR
‘,\‘-', -y .’l'é'., qr

PRyt v

L 'S{ ‘l“i' [l » 4

' “1
2 ¢
..~,-k b3 ‘,..{ * .‘,'..
'J: .arﬁ'x‘:”tr ).‘L"l“"&‘b 1.&

20



Supplementary data

Conclusion

Initial interferogram

Estimation of the alpha coefficient

Add

3 i

¥
back

Unwrapping procedure




Supplementary data

Temperature (°C)

13/05 26/09

Jan

Feb Mar

Apr

May June July Aug Sept

22

Oct

Nov

Dec

Jan

2022
2021
2020
2019
2018
- 2017
- 2016
F 2015

—L 2014



Supplementary data

Conclusion

Downslope velocity (mm/yr)
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Supplementary data

Los velocity (mm/yr)

L A
 ArAArarm [
rrerogaram -
SRR . 20 - b .
‘ =
£ :
> o °
3 10 s
0
=
S
5 0
-
=)
&
-10 -

00 02 04 06 0.8
Fraction of the year

1.0

-2 mm/yr/km

4000 4200 4400 4600 4800 5000
Elevation (m)

24



