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• Sentinel-1 Synthetic Aperture Radar (SAR)
– 2 satellites with systematic coverage
– Near-real-time monitoring of land surfaces was not a design requirement but nonetheless anticipated

• Fully automatic processing of all incoming Sentinel-1 scenes within 8 hours
• Ensemble of 3 flood mapping algorithms 
• 11 output layers incl.

– Flood extent
– Uncertainties
– Exclusion mask 
– Advisory flags

G l o b a l  F l o o d  M o n i t o r i n g  S e r v i c e

Average revisit time achieved by Sentinel-1A 
and 1B in Interferometric Wide (IW) swath 
mode, based on 2017 data acquisitions.

Wagner et al. (2020) Data processing architectures for monitoring floods using Sentinel-1, 
ISPRS Ann. Photogramm. Remote Sens. Spatial Inf. Sci., V-3-2020, 641–648.
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S e n t i n e l - 1  S A R  f o r  f l o o d  m a p p i n g

• Day and night measurement capability
• Spatial sampling: 20 m
• Frequency: C-band

2019 Queensland flood as 
captured by Sentinel-1 on 
30 January 2019
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characteristic for open inland waters

W h a t  d o  w e  l o o k  f o r ?

Figure modified from Ottinger and Kuenzer (2020) Spaceborne L-Band Synthetic Aperture Radar 
Data for Geoscientific Analyses in Coastal Land Applications: A Review, Remote Sensing, 12(14).

High Backscatter Low Backscatter C-band VV Backscatter Signature of 
Calm Open Water



Emergency
Management

W h a t  m i g h t  g o  w r o n g ?

• There are many “water-look-alike” surfaces
– Static: Tarmac, sand deserts, grasslands, shadows, …
– Dynamic: Agricultural fields, wet snow, frozen soils, …

may be problematic for no-flood scenes (i.e. in >>99% of all cases) 

may be problematic for flood scenes 

• There are no-sensitivity areas
– Dense vegetation, urban areas, etc.
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S t r a t e g i e s  t o  d e a l  w i t h  c h a l l e n g e s  

• Off-line calibration of model parameters
• Per-pixel masking
• Advisory flags

• Can be realised
using a Data Cube
architecture

• Seasonal water mask

Wagner et al. (2021) submitted
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• SRTM was replaced by Copernicus DEM
– Adoptions needed for SNAP software
– Reprocessing of complete archive

S e n t i n e l - 1  P r e p r o c e s s i n g

Data Volume in TB

Wagner et al. (2021) A Sentinel-1 Backscatter Datacube 
for Global Land Monitoring Applications, submitted.
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S e a s o n a l  w a t e r  m a s k

Seasonal water mask 
commensurate with 
historic Sentinel-1 
time series

PERMANENT WATER

SEASONAL WATER

NON-WATER
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E n s e m b l e  A p p r o a c h

• 3 Scientific Algorithms
– DLR: Image classification using fuzzy logic with post classification and region growing 
– LIST: Change-detection using hierarchical split-based approach
– TUW: Bayesian classifier informed by full per-pixel Sentinel-1 signal history 

• Ensemble 
– At least two algorithms must agree
– Average of single uncertainties

Ensemble

Flooding near Guantao, China
Sentinel-1 scene from 14.10.21
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P r o c e s s i n g  W o r k f l o w

• Preprocessing starts from 
IW GRDH scenes & orbit 
files

• Algorithms require 
switching between tile 
and scene representation

• Timeliness
– 70 min for fetching 

images from hubs
– 40 min for preprocessing
– 170 min for ensemble
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• Masking of pixels where Sentinel-1 is unable to detect flooding
• Applied on the ensemble results
• 4 layers:

– No sensitivity
– Low backscatter
– Topographic distortion
– Radar shadows

Advisory flags:
• Mask dynamic influences

– Low regional backscatter 
(snow, ice dryness)

– Rough water surface
(Wind)

E x c l u s i o n  M a s k
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U s e r  I n t e r f a c e

• a
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S u m m a r y

• First-of-its-kind fully automatic SAR based flood
monitoring service
– No time is lost due to human intervention between

image acquisition and flood map display

• The primary output is a complex scientific data product with several novel 
data layers
– The flood pixels have to interpreted taking account of the uncertainty layer, the 

masks, and environmental factors
• Not all retrieval errors can be captured, e.g. information on wet snow extent and frozen 

soils is not available with the required resolution and timeliness  false positives

• User interface must hide much of this complexity and will require experience 
to improve

For details attend afternoon session: GFM talks start at 14:30


