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Rapid Mapping 
Workflow 

Integration of 
auxiliary data 

Crisis or Disaster Mobilization  

Data acquisition  

Pre-Processing  

Analysis  

Map Production  

Dissemination  

• satellite tasking  
• archive search 
• auxiliary data • triggering process 

• situation briefing 

• geometric correction 
• image enhancement 

• data fusion 
• information generation 

• quality control 
• maps (printed; online) 
• GIS-ready geodata 
• information dossiers 

Integration in 
collaborative platform 

Planning and 
Decision Support 

• Cooperation with 
national/local 
authorities 

• Relief organisations, 
NGOs 

• Public,…  
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Flood mapping – from semi-automatic tools to fully 
automatic services   

ZKI-activations (since 2003): 

regions and disaster types 

(www.zki.dlr.de) 



HORIZON 2020 

ENVI/IDL: 

  - Automatic split-based thresholding 

  - Pixel-based 

eCognition Developer: 

  - Automatic and semi-automatic 

  - Segment-based (multi-scale) 

Martinis, S., Twele, A. & Voigt, S., 2011 - IEEE TGRS, 49 (1) 

Martinis, S. & Twele, A., 2010 - Remote Sensing, 2 (9) 

Martinis, S., Twele, A., Voigt, S., 2009 - NHESS, (9) 

Flood mapping – from semi-automatic tools to fully 
automatic services   
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DLR/ZKI flood monitoring services 
Automated EO-based processing chains and services 

Current focus: 

Sentinel-1 
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TerraSAR-X flood mask TerraSAR-X SC (20/03/2013) 

Flooding in Albania 

TerraSAR-X acquisition 

20.03.13 (16:32) 

MODIS acquisition 

18.03.13 (10:33) 

30 km 

TerraSAR-X ordering 

19.03.13 (09:32) 

Linking both scales 

Alert 
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Modis data
(L0)

MODIS
metadata

MODIS           
Delivery Server 

Ftp pull

Preprocessed 
MODIS data 

(Band 1,2,3,4,6)

WMS

WFS

Global DEM 

Reference 
water mask 

Adaption /
computation AuxData

Adapted 
reference 

water mask 

Adapted 
global DEM 

Slope

Georeferencing

Computation of 
reflectances

Projection

Layer stacking

Statistical 
computations

Index computation 
(EVI, LSWI, DVEL, NDVI) 

Thresholding of 
indices/spectral bands

Integration of auxiliary 
data

Region growing

Cloud shadow 
modeling

Classification result (Flood, 
Non-Flood, Cloud, Mixture, 
Standing/Receding Water)

Footprints

DB (Vector 
data)

Files (Raster 
data)

Website

TerraSAR-X 
data

TerraSAR-X
metadata

TerraSAR-X   
Delivery Server 

Ftp pull

Preprocessed 
TerraSAR-X data

WMS

WFS

GIM 
(optional)

Reference 
water mask 

Adaption /
computation AuxData

Adapted 
reference 

water mask 

Slope, 
Aspect

Adapted or 
computed 

GIM

Reprojection

Radiometric 
calibration to σ0

Rescaling

Filtering

Image tiling/tile 
selection

Definition of fuzzy  
sets

Defuzzification

Separation reference 
water / flood

Fuzzy region growing

Classification result (Flood, 
Non-Flood, Standing/

Receding Water)
Footprints

DB (Vector 
data)

Files (Raster 
data)

Website

Global DEM 

Adapted 
global DEM 

Alert

Alert

Geoserver Geoserver

t-1

Separation flood /
cloud shadow

Automatic 
thresholding

Removing layover / 
shadow by GIM
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Martinis, S., A. Twele, C. Strobl, J. Kersten, and E. 
Stein. 2013. A multi-scale flood monitoring system 
based on fully automatic MODIS and TerraSAR-X 
processing chains. Remote Sensing 

 
Automatic data ingestion when new satellite data is available (e.g. 

through LANCE-MODIS, TerraSAR-X delivery server, Sentinel 
Collaborative Ground Segment) 

 
 

Automatic data preprocessing (radiometric calibration, 
reprojection to lat/lon) and adaption/computation of auxiliary 

data (e.g. DEM-information, reference water) 

 
 
 

 
Thematic analysis with a high degree of robustness and 

transferability (e.g. automatic land/water threshold derviation). A 
high thematic accuracy needs to be assured independent from 

different environmental conditions and satellite acquisition 
parameters. 

 
 

Storage of derived information in a geodatabase  
and dissemination of flood products via an interactive webclient 

 
 



HORIZON 2020 

Sensor Azimuth/Zenith
Solar Azimuth/Zenith

YESNO

Flood in Cloud Shadow

YES NO

Flood Time-Series 
Information ≤ 1.5 days

Flooded on time-series data

Flood FCS

NDVI ≤ -0.15 & NIR/RED ≤ 0.75

FCSFlood

FloodCloud Shadow

Cloud Shadow

Cloud Shadow 
Projection

YESNO

Neighbour of Flood or 
Standing water

MixtureNon-flood

YESNO

Index Computation: EVI, LSWI, DVEL (EVI-LSWI)
Preprocessed 
MODIS data

YES YES

EVI ≤ 0.05 & 
LSWI ≤ 0.0

YESNO

EVI ≤ 0.3 & DVEL ≤ 0.05
EVI > 0.3

Non-flood Water-related

NO

Non-flood

Adapt DEM to 
MODIS data

Slope Computation

Global ASTER-DEM 

Slope > 10° or 
(Slope > 8° & Elevation > 2000m)

YES

Blue ≥ 0.27

Clouds

1. Region growing:
Neighbour of Mixture or Flood 
& area ≥ 2px & 
(EVI ≤ 0.31 & DVEL ≤ 0.07) or
(EVI ≤ 0.06 & LSWI ≤ 0.01)

YES

YES

EVI > 0.1

NOYES

NO

EVI > 0.1

NOYES

Water in reference water mask

Water-related

YESNO

Non-flood

Mixture

Water-related

FloodMixture

Mixture Flood

Flood

YES

Receding water

2. Region growing:
Neighbour of Flood & area ≥ 2px 

& LSWI < 0.08

YESNO

Standing waterFlood

Water in reference water maskReference Water Mask
Adapt Water Mask 

to MODIS data

Computation of 
Cloud border

Computation of 
intermediate areas

Non-flood

Mixture

Flood

Clouds

Cloud Shadow

Receding water

Output Classes

Water-related

Temp. Classes

FCS

Standing Water

Workflow of MODIS flood service 
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Flood monitoring: MODIS flood service 
 

Nadir projection of cloud: 

xnadir = ximg + hc tanθv sin(Φv + ɣ) 
ynadir = yimg + hc tanθv cos(Φv + ɣ) 
 
Projection of cloud shadow: 

xshadow = xnadir − hc tanθs sin(Φs + ɣ) 
yshadow = ynadir − hc tanθs cos(Φs + ɣ) 
 

(1) 

(2) 

 Effect of zenith/azimuth angles : 
 
• zenith angles θ and cloud heigth hc affect the 

length of the distance d 
 
• azimuth angles Φ are used for orientation of 

the distance d 

profile areal view effect of zenith/azimuth angles (Luo et al. 2008) 
  

(2) (1) 

Geometric calculation of synthetic cloud shadow position 

Approximation of hc: 
  0-30° 16 km 
30-60° 12 km 
60-90°   8 km 
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Flood 

Flood 

Flood in shadow 

Cloud shadow 

Cloud 

Flood 

Flood in shadow 

Cloud 

Initial classification Modeling of cloud shadows 

Detection of potential flood areas in modeled cloud shadows Improvement by integrating time-series & spectral information 
 

Flood 

Flood monitoring: MODIS flood service 
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MODIS Flood Service 

Visualization of the most recent MODIS data, derived flood 
extents, and further classes (e.g. clouds/snow/ice) 
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Definition of areas of interest 
and warning levels 

MODIS Flood Service 
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Monitoring & Alerting Service: 
Automatic alert notifications by SMS or Email 
according to user-defined parameters/AOIs 

MODIS Flood Service 
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Overestimations in flood monitoring 
 

Underestimations in flood monitoring 

Challenges in SAR-based flood detection 
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TerraSAR-X flood service: Workflow 

 

Workflow of TerraSAR-X flood service 
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Preprocessing (satellite data & global auxiliary data) Thematic analysis

Reference 
water mask 

Global DEM 

TerraSAR-X 
data

TerraSAR-X 
metadata

TerraSAR-X Delivery 
Server

Ftp pull

Reprojection 
(LatLon)

Pre-processed 
TerraSAR-X 

data

Final flood 
mask

Footprints

GIM 
(optional)

Rescaling Filtering
Radiometric 

calibration to σ0
Tile selection

Adaption /
computation AuxData

Adapted 
Global DEM 

Slope, 
Aspect

Adapted or 
computed 

GIM

Removing 
layover/shadow

 Reference 
water mask 

Website

DB (Vector 
Data)

Files
(Raster Data)

WMS

WFS

Image tiling 

Automatic 
thresholding

Definition of 
fuzzy sets

Separation ref. 
water / flood

Defuzzification

Geoserver

Region Growing
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Separability land/water  

Specular reflection

Corner reflection

Diffuse surface scattering

Diffuse volume scattering

θi

Water and land surfaces under different conditions
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Bragg scattering
0 5 102.5

km
0          7.5          150 5 102.5

km
0          7.5          150         12.5         25

TSX SC HH,  
UK, 26/12/2012 

ISBA: τloc  τglob  

Martinis, Twele, Voigt, 2011 - IEEE TGRS, 49 (1) 
 
Martinis, Twele, Voigt, 2009 - NHESS, (9) 

TerraSAR-X flood service: Thematic Analysis 
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Fuzzy mask 
 
Class membership 
degree 

Classification 
 

Nepal 2008 (SC) Brasil 2009 (SC)Thailand 2011 (SM) USA 2011 (SC)Germany 2011 (SM) Namibia 2009 (SC)

σ0

0

-40

mf

1

0

Flood

Standing water

No water

Nepal 2008 (SC) Brasil 2009 (SC)Thailand 2011 (SM) USA 2011 (SC)Germany 2011 (SM) Namibia 2009 (SC)

σ0

0

-40

mf

1

0

Flood

Standing water

No water

Backscatter 

DEM 

Slope 

Flood object size 

𝑥1 𝑥2 𝑥2 

TerraSAR-X flood service: Thematic Analysis 
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TerraSAR-X data (upper row), fuzzy maps (mid row), and final classification results (lower row) for different test areas 

TerraSAR-X flood service: Thematic Analysis 



HORIZON 2020 

TerraSAR-X flood service: Dissemination 

Systematic testing 
• > 180 TerraSAR-X scenes 
• Modes: ST, HS, SL, SM, SC, WS 
• Various environmental conditions 



HORIZON 2020 Germany, River Elbe, 2013 

TerraSAR-X flood service: Dissemination 
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TerraSAR-X flood service: Dissemination 
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Nepal 2008 (SC) Brasil 2009 (SC)Thailand 2011 (SM) USA 2011 (SC)Germany 2011 (SM) Namibia 2009 (SC)

σ0

0

-40

mf

1

0

Flood

Standing water

No water

TerraSAR-X data, validation masks und classification results for 

AOIs in Germany (left) und Thailand (right) (Martinis et al. 2014). 

TerraSAR-X SM 

Germany/Saale 

(17-01-2011) 

Overestimations due to radar shadowing  low backscatter 
 

Underestimations due to vegetation  high backscatter 
 
 

 

TerraSAR-X SM 

Thailand             

(06-11-2011) 
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Classes Flood No flood row total UA [%] 

Flood 44731 656 45387 98.55 

No flood 9130 23468 32598 71.99 

column 

total 
53861 24124 77985  

PA [%] 83.05 97.27 OA [%] 87.45 

    Khat [%] 73.22 
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Classes Flood No flood row total UA [%] 

Flood 51608 4123 55731 95.37 

No flood 2505 20892 23397 83.52 

column 

total 
54113 25015 79128  

PA [%] 92.60 89.29 OA [%] 91.62 

    Khat [%] 80.28 

 

TerraSAR-X flood service: Accuracy Assessment 
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Prototypical workflow of the Sentinel-1 flood service 

SEARCH FILES GIM 
COMPUTATION

PREPROCESSING

AUTOMATIC 
THRESHOLDING

FUZZY LOGIC-BASED  
POSTCLASSIFICATION

RESULT

Sentinel-1 
Data (.tif)

Meta Data 
(.xml)

GIM 

Aspect

Global DEM

Tile 
Selection

Slope

Region 
Growing

Reference 
Water Mask

Standing 
Water

Non 
Water

Fuzzy 
Mask

Flood 

Initial 
Classification

Global 
Threshold

FilteringReprojection
NRCS 

Calculation
NRCS 
Image

Fuzzy Value 
Calculation

Sentinel-1 Delivery 
Server

Dissemination 
(web-interface)

GIM 
Calculation

ftp pull

Outlook: Sentinel-1 flood service 
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Sentinel-1, Caprivi/Namibia, 13-04-2014, © ESA Sentinel-1, Balcan, 24-05-2014, © ESA 

Nepal 2008 (SC) Brasil 2009 (SC)Thailand 2011 (SM) USA 2011 (SC)Germany 2011 (SM) Namibia 2009 (SC)
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Outlook: Sentinel-1 flood service 
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Outlook: Sentinel-1 flood service 

Sentinel-1 IWS, 24-05-2014 
Map produced by Copernicus 
Emergency Management 
Service (EMS) Result of DLR/ZKI‘s fully automated Sentinel-1 processing chain (early prototype) 


