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Sentinel-2 image of floods along the Niger river in Nigeria in 
September 2020. Image: Modified Copernicus Sentinel data 
2020/Sentinel Hub.
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1) Flood hazard extent generation or retrieving

❑ Based on space-data of past event: Sentinel-1

❑ Based on hydrological modelling

❑ Archived data 

2) Exposure analysis in GIS using auxiliary data

❑ Population

❑ Land cover 

❑ Infrastructures (buildings, roads)

❑ Points of interest

3) Map creation 

❑ Hazard map

❑ Exposure map

❑ Risk map

Flood hazard mapping suggested workflow
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➢ Shows the extent of a historical flood 
or potential flood (flood mask layer)

➢ Can be generated through

❑ Space-data of past event

❑ Hydrological modelling

➢ Archive the generated flood masks 
into database for future use

➢ Can be retrieved through 

❑ Database of past flood events 

❑ Database of modelled events

❑ Calculated flood return periods

Flood hazard extent 
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UN-SPIDER Flood hazard extent 
Recommended Practices

15 April 2021www.unoosa.org

Workflows using Sentinel-1 SAR data Workflows using modelling 

❑ Flood Mapping and Damage Assessment using 
Sentinel-1 SAR data in Google Earth Engine

❑ Radar-based Flood Mapping

❑ Flood Hazard Assessment

❑ Flood Hazard Mapping

Output: vector (.shp/.kml/.kmz/.geojson) or 
raster (.tiff/.geotiff) hazard extent layer

Output: vector (.shp) or raster (.tiff/.geotiff) 
hazard extent layer

➢ Build up database of flood hazard extents from past events and modelling for future use 

https://www.un-spider.org/advisory-support/recommended-practices/recommended-practice-google-earth-engine-flood-mapping
https://www.un-spider.org/advisory-support/recommended-practices/recommended-practice-radar-based-flood-mapping
https://www.un-spider.org/advisory-support/recommended-practices/recommended-practice-flood-hazard-assessment
https://www.un-spider.org/advisory-support/recommended-practices/recommended-practice-flood-hazard-mapping
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➢ Overlay flood mask layer with exposed 
elements to estimate the impact

➢ Exposed elements (auxiliary data)

❑ Population

❑ Land cover 

❑ Infrastructures (buildings, roads)

❑ Critical infrastructures 

❑ Points of interest

15 April 2021

Exposure analysis

www.unoosa.org | www.un-spider.org

Roads

Buildings

Boundaries

Flooded area

Land cover

Image base

Image: Modified from Esri



❑ Exposure Mapping

❑ QGIS

❑ Import exposed elements 

❑ Disaster Preparedness Using Free Software Extensions

❑ QGIS (InaSAFE plugin)

❑ Import exposed elements 

❑ Flood Mapping and Damage Assessment using Sentinel-1 SAR data in 
Google Earth Engine

❑ Google Earth Engine (cloud-based platform)

❑ Output: Affected number of population and cropland area 

UN-SPIDER Exposure analysis 
Recommended Practices

15 April 2021www.unoosa.org | www.un-spider.org

https://www.un-spider.org/advisory-support/recommended-practices/recommended-practice-exposure-mapping
https://www.un-spider.org/advisory-support/recommended-practices/recommended-practice-disaster-preparedness-using-free
https://www.un-spider.org/advisory-support/recommended-practices/recommended-practice-google-earth-engine-flood-mapping


Example: Exposure maps
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Example: Local-scale 
exposure map
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❑ Passive Sensors ❑ Active Sensors (e.g. Synthetic Aperture Radar, SAR)

15 April 2021

Satellite Remote Sensing Sensors
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+ Easy interpretation (optical sensors)

- Depend on weather and lighting conditions (optical sensors)

+ Independent of weather and lighting conditions

- Require pre-processing



❑ Specular Reflection ❑ Diffuse Reflection

15 April 2021

SAR Reflection Types
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Occurs on smooth surfaces (e.g. water)

→ Appears dark due to low backscatter intensity

Occurs on rough surfaces (e.g. soil)

→ Appears bright due to high backscatter intensity



❑ SAR image after processing ❑ Histogram
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Rule-based Flood Segmentation
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❑ SAR image after processing ❑ Histogram
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Rule-based Flood Segmentation
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❑ Urban Areas ❑ Flooded Vegetation

15 April 2021

Limitation: Double bounce backscatter

www.unoosa.org | www.un-spider.org

Multiple reflections at urban geometries

→ Appears bright due to high backscatter intensity

Multiple reflections in vegetation

→ Appears bright due to high backscatter intensity



❑ Jupyter Notebook

❑ Open-source and interactive web application
→ Share text, live code, visualizations, etc.

❑ Includes full processing chain including data 
query/download and processing

❑ Sentinel-1

❑ Synthetic Aperture Radar (SAR) mission

❑ Two identical satellites: Sentinel-1A, Sentinel-1B

❑ Repeat cycle (max. 6 days at Equator)

❑ Access: Copernicus Open Access Hub

15 April 2021

Platform & Data

www.unoosa.org | www.un-spider.org

https://scihub.copernicus.eu/


Cloud Computing
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Download Processing

User Input Final Product



SAR-based Flood Mapping
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❑ Processing workflow

SAR Image

Apply Orbit File

Thermal Noise Removal

Radiometric Calibration

Speckle Filter

Terrain Correction

Binarization

Speckle Filtering

Flood Mask



Flood mapping with 
SAR data in GEE

15 April 2021

https://un-spider.org/advisory-
support/recommended-
practices/recommended-
practice-google-earth-engine-
flood-mapping
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Flood mapping with 
SAR data in GEE

15 April 2021

Data sources used:
- Sentinel-1 SAR data
- DEM
- Global Surface Water Explorer 

dataset (JRC)
- Global Human Settlement 

Layer (JRC)
- HydroSHEDS (based on SRTM)
- MODIS Land Cover data

www.unoosa.org | www.un-spider.org



Flood mapping with 
SAR data in GEE

15 April 2021

Advantages Limitations

Weather/daytime independent False positives from changes on land 
surfaces not caused by flooding

Workflow can be applied to different areas Difficulties on detecting floods in urban or 
densely vegetated areas (double-bounce 
effect etc.)

Fully automated after specifying AOI and 
time periods

No capturing of flood peak due to the 
acquisition frequency of Sentinel-1

Quick cloud processing Delay in availability of Sentinel-1 data in GEE 
(couple of days)

Easy access to additional dataset to 
delineate the flood extent (e.g. slope) and 
damage (population data, land cover data)

Resolution of additional datasets causes 
uncertainties for damage assessment

www.unoosa.org | www.un-spider.org



Flood mapping with 
SAR data in GEE
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❑ Export flood mask from Jupyter notebook / 
Google Earth Engine as vector file

❑ Import into ArcGIS/QGIS

❑ Combine with other data sources

❑ Create map

15 April 2021www.unoosa.org | www.un-spider.org

Mapping results in GIS software
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Thank you

@un_spider
facebook.com/unspider
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www.un-spider.org
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Backup: QGIS
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Backup: QGIS
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Backup: QGIS
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Backup: Jupyter Notebook
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