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• Growth of Mountains 

• Geological Structures

Linking 
geodetic rates 
to long term 

tectonics

• The Earthquake Cycle

• Fault Slip Rates through Time
Time-varying 
deformation

• Distribution of Crustal 
Deformation

• Nature of Faulting at Depth

Continental-
scale 

kinematics

• Link of strain to earthquake rate

• Challenge of slowly deforming 
regions

How to use 
strain rates in 
seismic hazard

Active Tectonics & Crustal Deformation



Alpine-Himalayan Belt - Plate Tectonics
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Previous Strain Rate Fields
KREEMER ET AL., (2014) – GSRM CASTRO-PERDOMO ET AL., (2025)

22,415 velocities at 18,356 sites from 233 studies (0.25x0.2 degree) 11,177 horizontal and 3,940 vertical velocities from 42 studies



Türkiye - Anatolia

ASCENDING DESCENDING

Sentinel-1 for Anatolia

2014 → 2019, 40 frames

∼200 images/frame

∼8,000 images

∼800 ifgs/frame

∼30,000 ifgs

∼ 800,000 km2

Weiss et al., GRL 2020 - https://doi.org/10.1029/2020GL087376 

https://doi.org/10.1029/2020GL087376


Iran

Sentinel-1 for Iran

Late 2014 → mid 2022, 7 yr 

55/52 frames asc/dsc, ∼ 2,300,000 km2

∼197/179 images/frame

∼20,000 images

∼875/766 ifgs/frame

∼85,000 ifgs

Watson et al., GRL 2024 - https://doi.org/10.1029/2024GL108440 

• Regional deformation is diffuse, 
with interseismic strain localized 
onto the Doruneh, Main Kopet 
Dagh, North Tabriz, and Sharoud 
faults.

• Iran contains a wealth of 
time‐varying, short‐wavelength 
signals associated with groundwater 
extraction, salt diaprism, and 
sediment motion

https://doi.org/10.1029/2024GL108440


Tibetan 
Plateau
4 million sq km

A few major strike-slip fault systems 
separate regions of more uniformly 
distributed deformation.

Focused strain on major fault systems 
is enabled by relatively low-viscosity 
ductile shear zones extending through 
the lithosphere beneath the 
seismically active fault planes

Wright et al., Science 2026
https://doi.org/10.1126/science.adi3552 

https://doi.org/10.1126/science.adi3552


Alpine 
Himalayan 
Belt

DEFORMATION,  STRAINS AND VELOCIT IES



GNSS & Levelling
Compiled 73,335 point 
velocities of surface 
motion across the 
Alpine-Himalayan Belt

• From 171 studies and 
datasets

• 27,401 are 3D, 
31,576 are horizontal-
only & 
4143 are vertical-only

• 10,074 levelling rates



GNSS

https://github.com/earjcr1/AHB_GPS 

https://github.com/earjcr1/AHB_GPS


InSAR Processing



Sentinel-1 SAR
▪ Defined 469 ascending & 459 
descending frames (comprising 
3 subswaths and about 13 
bursts each)

▪Processed 221,319 Sentinel-
1A/B epochs from 2016-2024, 
typically acquired every 12 days 
(6-24 days).



Atmospheric 
Corrections
TR OP OS PH ER IC  WATE R VAP O UR &  H YDROS TATIC  DE LAY

I ONOS P HER E 

P LUS  S O LI D  E A RT H  T I D E  ( S ET )



GACOS 
Corrections
Generic Atmospheric Correction 
Online Service for InSAR

Yu et al (2018a,b)

http://www.gacos.net/

http://www.gacos.net/
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Corrections - 
Ionosphere

Deutsches Geodätisches Forschungsinstitut



Corrections - 
Ionosphere

NASA – Solar Dynamics Observatory
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Time Series Analysis
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LiCSBAS

Morishita, et al. (2020) - https://doi.org/10.3390/RS12030424 

https://doi.org/10.3390/RS12030424


Time Series Analysis - LiCSBAS

Wang et al., EPSL 2024 – Altyn Tagh Fault Strain



Corrections – 
Plate Motion





Line-of-Sight 
Velocities



Velocity Field 
Generation



VELMAP
each frame is independently 
referenced for line-of-sight (LOS) 
velocity estimation

Triangular mesh covering AOI with 
vertices space ~ 40 km

Inversion solves for velocities at each 
triangular mesh node, reference frame 
adjustment parameters - a long-
wavelength quadratic ramp for each 
frame and a linear atmospheric 
correction term based on elevation



Line-of-Sight 
Velocities



More Realistic 
Uncertainties
The mosaics of the two InSAR line-of-
sight (LOS) velocities in a common 
reference frame, as well as the 
VELMAP north velocities from GNSS, 
allow us to evaluate the uncertainties 
of our LOS velocities at track overlaps, 
where we have a redundancy of one 
LOS velocity measurement in 
ascending or descending



Velocity Decomposition

Weighted Pixel-wise inversion of all InSAR los data 1km resolution 



3 component velocity field



3 component velocity field



3 component velocity field
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Permafrost Related Deformation



Water-Related 
Land Subsidence



Water-Related 
Land Subsidence



Strain Rates



Filtered Velocities

150 km Median Filtered



Strain Rates

ሶ𝜀𝐼𝐼ℎ = ሶ𝜀𝐸𝐸
2 + 2 ሶ𝜀𝐸𝑁

2 + ሶ𝜀𝑁𝑁
2



Strain Rates

ሶ𝜀𝑠ℎ𝑒𝑎𝑟 = ሶ𝜀𝐸𝑁
2 +

ሶ𝜀𝐸𝐸 − ሶ𝜀𝑁𝑁
4

2



Comparison – GNSS vs GNSS+InSAR



Comparison - GSRM



Strain Rates

ሶ𝜀𝑑𝑖𝑙 = ሶ𝜀𝐸𝐸 + ሶ𝜀𝑁𝑁



Strain Rates

 = 
𝜕𝑣𝑁

𝜕𝐸
−

𝜕𝑣𝐸

𝜕𝑁



Open Datasets
DATA REPOSITORY TIMESERIES ARCHIVE

https://zenodo.org/records/18924920 https://catalogue.ceda.ac.uk/uuid/5c8a8297aed24118b23440f6742b860e/ 

https://zenodo.org/records/18924920
https://catalogue.ceda.ac.uk/uuid/5c8a8297aed24118b23440f6742b860e/


Active Tectonics



Creeping Faults

Sharp velocity gradients associated 
with aseismic slip on major strike-slip 
faults



Postseismic 
Deformation
We removed the impact of the coseismic 
signals that occurred during the 
acquisition timeframe by adding gaps or 
truncating the data. However, we did not 
attempt to correct for postseismic 
deformation resulting from earthquakes 
that occurred before the Sentinel-1 
observation period nor which occurred 
within the observation window (although 
we did truncate time series before some 
earthquakes that occurred late in the 
observation window



Seismicity & Strain Rates

M5+, shallow < 35 km earthquakes (magenta) - ISC-GEM catalogue (Storchak et al., 2013, 2015; Di Giacomo et al., 2018)



Faulting & Strain Rates

Major active faults (red) from Styron and Pagani (2020)



Conclusions

Sentinel-1 has enabled generation of detailed 
velocity and strain rate fields at continental 
scales

Horizontal motion is dominated by tectonics; 
vertical from aquifer-driven subsidence.

Strain localised on major faults with diffuse 
deformation extensive across continents.

Many loci of current strain are scars of old 
earthquakes

It remains a challenge to measure long-
wavelength deformation & slow strain rates

North-south entirely dependent on GNSS 
distribution 

Vertical rates of tectonic deformation still 
unreliable

Systematic coverage in areas of dense 
vegetation (SE Asia) unlikely to be possible with 
this approach

FINDINGS CHALLENGES



Resolving strain and seismic 
hazard at continental shear zones



Resolving strain and seismic 
hazard at continental shear zones
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