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Motivation

• Information on triggered 
landslides is needed within 
days of an earthquake

• When the weather is cloudy, 
optical satellite imagery 
cannot be used for post-
event landslide mapping

An example from 
the 2015 Gorkha, 
Nepal 
earthquake.
From Robinson 
et al. 2019 
Scientific Reports
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• Sensitive to changes in the ground 
surface between image acquisition

• Currently used to detect building 
damage (e.g. Yun et al. 2015)

• Capable of detecting earthquake-
triggered landslides (demonstrated by 
e.g. Yun et al. 2015, Burrows et al. 
2019)

• How generally applicable are 
coherence methods?
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Roback et al. (2018)

Case Studies

Zhang et al. (2019)

Gorkha, Nepal, 2015 Hokkaido, Japan, 2018
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The ARIA method
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Modified post-event ARIA method
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Down+up method
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Maximum(Down, up) method
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The Bx-S method

Burrows et al. (2019)



ROC Analysis

• Assess continuous classifiers 
without applying a threshold

• Area under the curve describes the 
overall classifier performance

0.5 Random

0.5-0.6 Unuseable

0.6-0.7 Poor

0.7-0.8 Fair

0.8-0.9 Good

0.9-1.0 Excellent

All pixels 
classified as 
‘landslide’

All pixels classified 
as ‘not landslide’
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Burrows et al. (2019)
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Result: The ARIA method, Sentinel-1, Nepal

% Landslide AreaScaled classifier (0-100)



Result: The ARIA method, Sentinel-1, Nepal

Scaled classifier (0-100) % Landslide Area



Result: The Bx-S method, Sentinel-1, Nepal

% Landslide AreaScaled classifier (0-100)
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Remote Sensing
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Result: ROC Analysis ARIA performs fairly well 
using ALOS-2 data but 
poorly with Sentinel-1
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Result: ROC Analysis
Bx-S is the best-
performing method in 
Nepal but performs badly 
in Hokkaido
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Methods incorporating 
both the co-event 
coherence decrease and 
post-event increase in 
coherence are the most 
consistent
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Landslide inventory from Roback et al. (2018) 
Geomorphology

Result: the 
Down+Up
method
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Landslide inventory from Roback et al. (2018) 
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Landslide inventory from Zhang et al. (2019) 
Landslides

Result: the 
Down+Up
method

ALOS-2
Hokkaido



Landslide inventory from Zhang et al. (2019) 
Landslides

Result: the 
Down+Up
method

ALOS-2
Hokkaido



Conclusions

SAR coherence methods are capable of large-scale landslide detection

With only 1 post-event image: use ARIA with ALOS-2

With only Sentinel-1: use Bx-S

Methods using 2 post-event images are more consistent, but have a 
longer wait time

Future work: combine more surfaces in a more sophisticated way and 
test on more events

For more info: Burrows et al. (2019) Remote Sensing; Burrows et al. (in 
prep)

Email katy.a.burrows@durham.ac.uk twitter: @katyburrows3

mailto:katy.a.burrows@durham.ac.uk


Case Studies: 2015, Gorkha, Nepal and 2018, 
Hokkaido, Japan

• Different topography
• Different spatial 

distribution of 
landslides

• Different lithology
• Different Weather 

Conditions

Inventory for Nepal from Roback et 
al. (2018) Geomorphology
Inventory for Hokkaido from Zhang 
et al. (2019). Landslides



Result: Bx-S in Hokkaido
Bx-S is the best-
performing method in 
Nepal but performs badly 
in Hokkaido

Boxcar Coherence Landslide % AreaSibling Coherence Boxcar - Sibling

ALOS-2 data



Satellite Radar

Phase change and Amplitude can be visualised as arrows

Phase change between two images = arrow direction
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Satellite Radar Coherence
The spatial consistency in phase change

Contains information on how the ground surface changes in the time 
between the acquisition of two images
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