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Objectives 

• Establish a method for flood volume estimation for large scale 
floods based on EO data and DEMs 
– Higher level product (3D) compared to 2-D flood masks 
– Can be compared to gravity measurements from space 

 

• Implement gravity based flood indicators into the operational 
workflow of DLR’s Center for Satellite-based Crisis Information 
– Early-warning component for potential large scale flood events 
– Reduce lead time in satellite tasking (e.g. TerraSAR-X)  
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Study Area: Bangladesh 

Selected Event: 
Activation of the International Charter 
on 1st of August 2016 
 
- 16 people killed 
- 1.5 million people affected 
- flooding of Ganges and Brahmaputra 

due to heavy rainfalls for several days 

• Seasonal flooding due to monsoonal 
precipitation 

• Regular Charter activations 
• Huge affected area 
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Input data 

Pre-Flood 
24-7-2016 

Post-Flood 
17-8-2016 

Post-Flood 
03-8-2016 

Flood Masks 
- Sentinel-1 Scenes (SAR-Data) for Pre- & 

Post-Flooding, time-series  
- ENVISAT ASAR 
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Input data 

    
  

Gauge Validation Data 
- Water level data for automatic in situ 

stations from the Bangladesh Water 
Development Board (BWDB) 

- Altimeter data from Jason-2 for virtual 
gauges 

www.legos.obs-mip.fr 

Digital Elevation Models (DEM) 
- SRTM 30 m integer 
- SRTM 30 m interpolated to 32-bit float 

(still height artefacts) 
- TanDEM-X 30 m 32-bit float    

(Proposal submitted) 
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Method 

 

Develop a method to get 

accurate flood volumes 

through a combination of a 

DEM and SAR imagery  
 
 
 

Important criteria: 

- low computational cost 

- usage of up to date data 
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Workflow 
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Raster approach 

Static fishnet with 
different grid cell 
sizes (5- 50 km) 
 

Self-Organizing Map 
(SOM): a dynamic 
approach of a net 
gridded on the basis of 
similar height values 
 

Dynamic fishnet 
forming grids based on 
further tiling (5-20 km) 
according to the slope 
of the terrain 

Vorführender
Präsentationsnotizen
Several approaches were tested to find the optimal tiling algorithm for defining river sections with a horizontal water surface
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Threshold 

Optimal water level calculation 
with uni-modal distribution: 
 empirical threshold: 70 %   
of the cumulative pixel sum 
 

check for uni- or  
bi-modal distribution 

This „compromise“ 
THR is only necessary 

for < 1% of cases 

THR 

if  
0.8 < ratio < 1.2  
&& distance > 2 

YES NO 

THR = 70 % 
THR = peak1 +  
distance/2 

bi-modal distribution:  
arises out of two or 
more water bodies in 
one grid cell 
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Discussion 

Vorführender
Präsentationsnotizen
Regions with retention areas show a much lower decrease of the flood volume compared to the decrease of water levels measures on the main river
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Results 
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Discussion 
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Discussion 



EGSIEM Meeting  – 8-9 June 2017 – Oberpfaffenhofen  

Conclusions 
 

• For volume estimates areas with horizontal water surface have to be 
defined (TILING/GRIDDING)  

• Dynamic tiling which accounts for local topography and slope of the water 
surface yielded best results 

• Static grids did not work because too small sizes do not cover the river 
banks of the braided river, whereas too big cell sizes overestimate water 
levels for smaller mountain tributaries 

• Applying a THRESHOLD works well for uni-modal distributions. In case of 
bi-modal distributions a compromise had to be found to prevent unrealistic 
estimates of water levels. 

• The vertical resolution of a DEM is important. Higher accuracy yields much 
better results. Acquisition date of the DEM as well as the editing for water 
surfaces has a high influence on the results. 
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Conclusions 

• Best combinations were chosen for each threshold and grid (according to the 
correlation with in situ water level measurements)  

• Uncertainties are lowest for unimodal THRESHOLD and dynamic fishnet grid     
(RMSE = 1.73 m for Bangladesh) 

• SRTM DEM was filtered to reduce the influence of 1-meter steps in the initial 
SRTM 

• Tests with TanDEM-X DEM promised even more accurate results, whereas 
lower resolution flood masks (e.g. ENVISAT-ASAR) gave less accurate results  
 

• It is possible to estimate flood volumes for large flood plains 
– 40 Gt for Bangladesh 2016 
– 11 Gt for Lower Mekong 2015 
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