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Providing maps, based on Sentinel-1 6-days ground deformations

monitoring, to assess continuously the potential impact of geohazard

activity to urban areas and critical infrastructures and to be used as key inputs

to support early warning.

MAIN TARGET
https://u-geohaz.cttc.cat/
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Providing maps, based on Sentinel-1 6-days ground deformations

monitoring, to assess continuously the potential impact of geohazard

activity to urban areas and critical infrastructures and to be used as key inputs

to support early warning.

MAIN TARGET
https://u-geohaz.cttc.cat/

OPERATIONAL PRODUCTS
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https://u-geohaz.cttc.cat/

• Processing

• Post processing: provide simplified 
products for not expert users
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• Spatial-temporal activity characterization
• 6-days monitoring

Sentinel-1 for regional to local risk prevention 
and assessment 
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2 .  S p a t i a l a n d  
t e m p o r a l  n o i s e

3 .  H u g e  a m o u n t
o f  i n f o r m a t i o n

1 . G e o m e t r i c  l i m i t a t i o n s  o f  
S AR  a c q u i s i t i o n

Analysis and interpretation: difficult and time consuming

Total land area around 5.000 km2

Is it operational?



Is it operational?
ADA MAP: automatic Active Deformation Areas extraction
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ADA map as input for further assessment
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ADA map as input for further assessment



Developed methodology

12/06/2019 11U-Geohaz – “Geohazard impact assessment for urban areas”

https://www. safety.cttc.cat
Barra et al., 2017



Developed methodology
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https://www.momit-project.eu/

Navarro, J., et al, 2019

https://www. safety.cttc.cat
Barra et al., 2018

 Semi-automatic
 Reapeteable
 Comparable
 Tuneable
 RAPID!



Developed methodology
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PSI_Row_Deformation_Map.shp

Deformation_Activity_Map.shp Active_Deformation_Areas.shp



12/06/2019 14U-Geohaz – “Geohazard impact assessment for urban areas”



12/06/2019 15U-Geohaz – “Geohazard impact assessment for urban areas”



12/06/2019 16U-Geohaz – “Geohazard impact assessment for urban areas”

Methodology
- The velocity threshold

- Deformation Activity Map (DAM)

- ADA extraction

- Quality Index (QI)
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Methodology
- The velocity threshold

- Deformation Activity Map (DAM)

- ADA extraction

- Quality Index (QI)



The velocity threshold
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The velocity threshold
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Velocity threshold
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It represent the general noise level (sensitivity) of the Row Deformation Map (RDM). 

It is evaluated as N times the standard deviation (σmap) of the RDM velocity values.

ASSUMPTION: at a REGIONAL SCALE the majority of the points falls in a stable area
2*σ
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DETECTED / NOT DETECTED DEFORMATION

The velocity threshold

 A point with a |v| > Velocity threshold is classified as ACTIVE

 A point with a |v| < Velocity threshold is classified as GREEN:

it can be stable as well as instable point with a not detectable movement

In LOS direction!!!
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Methodology
- The velocity threshold

- Deformation Activity Map (DAM)

- ADA extraction

- Quality Index (QI)



Developed methodology
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PSI_Row_Deformation_Map.shp

Deformation_Activity_Map.shp Active_Deformation_Areas.shp
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Filtering

Reduce the spatio-temporal noise and improve 

the readability and the reliability of the map.

Of the Row Deformation Map
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Filtering

Row Deformation Map

DEFORMATION ACTIVITY MAP (DAM)

- Isolated points removal

- Spatial outliers removal
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Row Deformation Map

DEFORMATION ACTIVITY MAP (DAM)

- Isolated points removal

- Spatial outliers removal

Filtering

PS with |v| > 2σ

PS with |v| < 2σ
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Filtering example

90.426 (9%) removed points

1.010.787points 920.361 points

PS with |v| > 2σ

PS with |v| < 2σ
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Filtering example

PS with |v| > 2σ

PS with |v| < 2σ
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Tenerife

La Gomera

Gran Canaria

Filtering example
Canary Islands: before filtering (Row Deformation Map)
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Tenerife

La Gomera

Gran Canaria

Canary Islands: after filtering (Deformation Activity Map)

Filtering example
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Tenerife

La Gomera

Gran Canaria

Canary Islands: after filtering (Deformation Activity Map)

Filtering example

Teide



12/06/2019 Safety – Sentinel for geohazard prevention and forecasting 33

Filtering example
Canary Islands: before filtering (Row Deformation Map)
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Teide zone: after filtering (Deformation Activity Map)

Filtering example



12/06/2019 35U-Geohaz – “Geohazard impact assessment for urban areas”

PS with |v| > 2σ

PS with |v| < 2σ

Filtering
PARAMETERS TO CHOSE: area of influence (ray)
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Filtering

PS with |v| > 2σ

PS with |v| < 2σ

Filtering PS elimination

PARAMETERS TO CHOSE: area of influence (ray)



12/06/2019 37U-Geohaz – “Geohazard impact assessment for urban areas”

Filtering

PS with |v| > 2σ

PS with |v| < 2σ

Filtering PS elimination

PARAMETERS TO CHOSE: area of influence (ray)
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Filtering

PS with |v| > 2σ

PS with |v| < 2σ

Filtering PS elimination

PARAMETERS TO CHOSE: when is it outlier?
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Filtering

PS with |v| > 2σ

PS with |v| < 2σ

Filtering PS elimination

PARAMETERS TO CHOSE: when is it outlier?
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- The velocity threshold

- Deformation Activity Map (DAM)

- ADA extraction

- Quality Index (QI)

Methodology
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ADA extraction
Rapid identification of the most reliable and significant active
deformation areas at a regional scale.

The ADA map has to represent a clear input to be validated and
integrated with other data (e.g., geohazard inventories, ground
truth information, etc.) in order to determine the nature of the
deformation and thus to generate the Geohazard Activity Map.

- Rapid
- Automatic
- Clear
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Tenerife

La Gomera

Gran Canaria

Canary Islands: after filtering (Deformation Activity Map)

ADA extraction



Tenerife

La Gomera
Gran Canaria
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Active Deformation Areas
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5 or more neighbor PSs 

ACTIVE DEFORMATION AREAS 
(ADA) MAP 

|Vlos| > 2σ
ACTIVE

• No of PS
• Localization
• Accumulated deformation
• Mean Velocity (Absolute value) [mm/yr]
• Maximum Velocity (Absolute value) [mm/yr]
• Minimum Velocity (Absolute value) [mm/yr]
• Mean deformation [mm]
• Velocity Class
• Quality Index

ADA extraction
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ADA extraction

PS with |v| > 2σ

PS with |v| < 2σ

ADA: 5 or more neighbor Active PSs
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ADA extraction

PS with |v| > 2σ

PS with |v| < 2σ

Filtering PS elimination

5 or more neighbour PS

ADA: 5 or more neighbor Active PSs
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Aggregation of 5 or more 
neighbor PSs 

ACTIVE DEFORMATION AREAS 
(ADA) MAP 

|Vlos| > 2σ
ACTIVE

• No of PS
• Localization
• Accumulated deformation
• Mean Velocity (Absolute value) [mm/yr]
• Maximum Velocity (Absolute value) [mm/yr]
• Minimum Velocity (Absolute value) [mm/yr]
• Mean deformation [mm]
• Velocity Class
• Quality Index

ADA extraction
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ADA attributes
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ADA attributes
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Methodology
- The velocity threshold

- Deformation Activity Map (DAM)

- ADA extraction

- Quality Index (QI)
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Autocorrelation coefficient (ρt,t-1)

Temporal Noise Index

For each PS of the ADA the first order autocorrelation (ρt,t−1) of its TS is evaluated. The 
first order autocorrelation allows evaluating the temporal noise degree for both linear and 
nonlinear deformation trends. The autocorrelation coefficient ranges from 0 to 1, where 0 
means the prevalence of noise over the deformation trend

Med (ρ) Class

<0.53 4

0.53–0.70 3

0.70–0.84 2

>0.84 1

Barra et al., 2017
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To evaluate the spatial consistency of the detected ADA, i.e., to quantify how the PSs
composing an ADA evolve with a similar trend.

We assume that all the TSs of the same ADA belong to the same deformation
phenomena. Thus, we expect different magnitude of the detected movements, but a
spatial correlation between their temporal evolutions.

Spatial Noise Index

Med(ρ) Class

< 0.53 4
0.53–0.7 3

0.7–0.84 2

> 0.84 1

Barra et al., 2017
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Class 4: not reliable ADA TS
Class 3: reliable ADA but TS that cannot be exploited
Class 2: reliable ADA, but a further analysis of the TS is recommended
Class 1: reliable ADA and TS

ADA Quality Index

Barra et al., 2017



Example 1
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TNI= 1
SNI= 1
QI= 1



Example 2: before atmosphere filtering
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TNI= 4
SNI= 1
QI= 4



Example 2: after atmosphere filtering
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TNI= 1
SNI= 1
QI= 1



ADA Time Series Quality Index

12/06/2019 60U-Geohaz – “Geohazard impact assessment for urban areas”

Tenerife

La Gomera
Gran Canaria
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ADAFinder



ADAFinder Input shapefile
ADA MAP: automatic Active Deformation Areas extraction
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ADAFinder output shapefile
ADA MAP: automatic Active Deformation Areas extraction
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ADA



ADA + other data: interpretation and assessment
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Volterra (Italy)
Example 1: Landslide inventory map
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ADA Classifier:
Automatic preliminar assessment of the 

phenomena

https://www.momit-project.eu/

DTM + inventories 
(landslides, sinkholes, land 
subsidences, infrastructures) 
+ geologic map 

Other data
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ADA classifier

Target
Classify the ADAs. Up to 6 phenomena:  
landslide, sinkhole, subsidence, 
constructive settlements, expansive 
soils & temperature effects.

Input
ADAs (from ADAfinder) + DTM + 
inventories for landslides, sinkholes, 
land subsidences, infrastructures + 
geologic map + horizontal 
displacement map (los2hv).
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ADA classifier
6 different algorithms, one per phenomenon to test
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ADA classifier
6 different algorithms, one per phenomenon to test
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ADA classifier
6 different algorithms, one per phenomenon to test
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-1: not classified 
0: NO
1: Potential
2: YES 

ADA classifier
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-1: not classified 
0: NO
1: Potential
2: YES 

ADA classifier
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Example fo Intersection with an Inventory
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ADA classifier
6 different algorithms, one per phenomenon to test
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Thank you!!
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https://www.momit-project.eu/

https://u-geohaz.cttc.cat/

http://safety.cttc.cat/

Contacts:      anna.barra@cttc.cat oriol.monserrat@cttc.cat

mailto:anna.barra@cttc.cat
mailto:oriol.monserrat@cttc.cat
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