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Motivation: Understanding how continents deform

* Tracking the kinematics/dynamics of continental deformation

* Assessing the distribution of seismic hazard

* In AHB, the African, Arabian, and Indian Plates are colliding with
the southern edge of the Eurasian plate

e 75% of earthquakes killing more than 10,000 people since 1900
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To study slow deformations (e.g land subsidence
and tectonic movements) with millimetric
precision.
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o To underpin the InSAR velocities and tie
them to a unified reference frame

o 58,970 point velocities from 150

studies

* 49,608 GNSS velocities

and datasets

e 9,258 |evelling rates
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3) Referencing InSAR Velocities to GNSS
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3) Referencing InSAR Velocities to GNSS
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As the tectonic plates move, strain is accumulated along the fault.
Derived from gradients of the velocity field.

This allows us to pinpoint areas of high strain accumulation with very
high spatial resolution, by combining INSAR and GNSS data.

These maps are being used by our impact partner global earthquake
model (GEM) in a new generation of seismic hazard models




Non-Tectonic Vertical Signals: Groundwater Depletion
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Non-Tectonic Vertical Signals: Permafrost

Another process that causes land subsidence is the
thawing of permafrost under a warming climate.

Clear spatial correlation between zones of subsidence
and areas with permafrost zonation index (PZI) above
0.5 (e.g. in Qilian Shan and the Qiangtang regions)

Subsidence is strongly associated with permafrost
degradation

InSAR for climate-induced ground instability
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Geohazard Monitoring with InSAR and Machine learning

* These INSAR measurements open up many opportunities for monitoring various geohazards with machine
learning.

* InSAR’s dense spatial and temporal coverage makes it ideal anomaly detection and pattern recognition
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Collapse Monitoring with InNSAR and Machine learning

* To identify precursory signals before building collapses using INSAR time-series data and ML.
* To detect anomalous points that may indicate structural failure
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Collapse Monitoring with InNSAR and Machine learning
A bwldlng coIIapsed in August 2021 due to nearby excavation
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LiCSAlert — Automated Detection of Volcanic Unrest (Gaddes et al., 2019)

1) Split the Time Series to
baseline (1-2 year, no unrest, for
training), and monitoring (the
remainder)

2) Apply ICA to baseline ifgs,
separate deformation signals
from noise (usually
atmosphere)

3) Fit each baseline
interferogram as a linear
combination of spatial sources
(learn temporal coefficients that
explain the data)

Baseline Monitoring

A

)

AR AN

.73

B

IR ML

IC 1

IC 2

IC 3

IC 4

IC5

IC6

IC strength (rad)

0.4

- 0.0

|
o
=

rom trend line
e T

[ S S TR RN S |
o =

af

RMS
residual

'_—‘__»‘wmf'—___—-—‘

— = —— - =0

T T T T T T T
96 192 288 384 430 576 672 768 864 960 1056 1152 1248
Time (days)

The main objective of this method is to detect early signs of deformation
that could signal unrest at volcanoes, before it becomes visually apparent
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LiCSAlert — Automated Detection of Volcanic Unrest (Gaddes et al., 2019)
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Flags the volcano as having potentially entered a period of unrest:
if the residuals between predicted and actual data grow large
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Conclusions

» First trans-continental scale three-component velocity field of the Alpine-Himalayan Belt
derived from the archive of Sentinel-1 satellite radar observations

» Horizontal deformation is dominated by tectonics, vertical by other surface processes such as
fast and persistent subsidence due to water extraction from aquifers

» There is a great potential in using INSAR time-series displacements with machine learning for
geohazard monitoring

~4 GNS

SCIENCE
TE PU AOD

fiil o=y University /%P THE UNIVE%SITY
e WNJ- of EDINBURGH
UNIVERSITY OF LEEDS of Exeter Y= of



	Slide 1: InSAR-Derived Surface Velocities: A Foundation for Machine Learning in Geohazards Monitoring
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16

