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Rationale

• Having real-time flood inundation forecasts available in operational forecasting system may help 
support decision-making before, during, and after flood events

• Most Delft-FEWS applications for flow or flood forecasting include hydrological or 1D-hydraulic 
models, simulating water levels at select river stations

• Those 1D models usually don’t simulate or visualize flood inundations and extents outside the river 
bed, for example in the flood plains or urbanized areas

• Running 2D hydraulic models in the operational system, which do provide that information, is often 
too complex, expensive, time consuming or simply not available

• However, high resolution Digital Elevation Maps (DEMs) or Flood (Risk) Maps associated with a 
certain return period or other index are often available as part of offline desk studies

• Those DEMs and offline Flood Inundation maps can be used in Delft-FEWS in combination with the 
real-time 1D flood forecasts to create real-time flood inundation forecasting and mapping



Rapid flood mapping in Delft-FEWS

Several approaches possible:

• Combine 1D water level simulations along the river with DEM to generate 2D floodmaps

− with existing functionality

− with improved functionality to be developed (10 - 15d)

• Import (references to) Flood Maps per water depth for specific locations to generate 2D floodmaps

− Combine those maps with 1D water level simulations at specific forecasting locations

− Visualize in Spatial Display using vertical slider, without time dimension

• Use Remote Sensing data for rapid flood mapping (observed only)

− Use WMS layers in Spatial Display

Other flood mapping alternatives in Delft-FEWS not discussed further as they are a bit more complex or 
too data intense:

• Use a reduced-complexity model like SFINCS, designed for super-fast modelling of (compound) 
flooding events 

https://sfincs.readthedocs.io/en/latest/


Combine 1D water level simulations along the river with DEM -
principle

• Use 1D results to generate 2D flood maps for 
forecasts

• Works on the fly when visualizing the FEWS 
Spatial Display using a .cta file that FEWS 
generates

• Scales at different zoom levels

• Required for flood maps:

• DEM

• Points to link results to DEM

• Polygons or Grids to define areas of the DEM



Combine 1D water level simulations along the river with 
DEM – existing functionality

1. Generate real-time water level results in 
1D / point locations

2. Interpolate water levels to a: 

a) 2D grid and clip to flood prone 
areas

b) or to polygons along the river

3. Convert a local DEM to a Coverage Tile 
Archive (CTA) file using a Delft-FEWS 
F12 option

4. Configure a CTA layer in the Delft-
FEWS Spatial Display to overlay the 
water level results on this DEM to create 
flood inundation maps



Combine 1D water level simulations along the river 
with DEM – Example with grids

2a. Interpolate water levels to 2D grid and clip to flood prone areas1. Water level results in point locations

3. Convert a local DEM to a CTA file Configure a CTA layer in Delft-FEWS



Combine 1D water level simulations along the river 
with DEM – Example with polygons

2b. Interpolate water levels to polygons

• use the cross sections, river and river 

edge line to define the polygons 

• Link point between cross section and 

polygon

• Polygons get one water level assigned

• Within the polygons you should have a 

DEM

1. Water level results 

in 1D / point 

locations at cross 

sections, say every 

1km

3. Convert a local 

DEM to a CTA file

Configure a CTA layer in Delft-FEWS



Combine 1D water level simulations along the river with 
DEM – design for improved functionality

The coverageTileArchiveLayer is very easy to configure and gives more 
intuitive modeling results by presenting inundation maps. 

• However, the grid or polygon size of the 1D based water levels is often 
much larger than the DEM (for example 1km versus 5m). As a result, 
the inundation maps can get an unrealistic stair case pattern along the 
river profile.  

• To improve this visualization, and to significantly reduce the time to 
generate the river polygons, we like to develop two enhancements to 
Delft-FEWS:
− a feature which generates on the fly a longitudinal profile with the detailed grid 

size, and apply this profile to the inundation map. 

− The global water level datum for a screen pixel is currently based on the cell the 
pixel belongs to. In fact,  the cell value only applies to the pixel at the cell center. 
The other pixel values should be calculated using an inverse distance to the 
nearest cell centers 

• Estimated level of effort for development and testing: 15 days



Import Flood Maps per water depth for specific 
locations to generate 2D floodmaps - principle

Real-time 1D forecast at 

specific station
Offline library of flood maps Real-time 2D flood map in FEWS

or



Combine 1D simulations at specific forecasting 
locations with offline Flood Maps

1. Import 2D simulations (or their references) from static offline flood maps

2. link the real-time 1D simulation value at a particular station to an index value using a lookup 
transformation in FEWS

3. retrieve the associated 2D flood map belonging to the index value using a 
gridEnsembleMemberByIndex transformation. 

4. Configure a grid display to visualize the 2D inundation forecast

https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpublicwiki.deltaresota.nl%2Fdisplay%2FFEWSDOC%2FSelection%2BGrid%2BEnsemble%2BMember%2Bby%2BIndex&data=05%7C01%7C%7C2ccebadd73a7404d19ab08da94c21c90%7C15f3fe0ed7124981bc7cfe949af215bb%7C0%7C0%7C637985858665859645%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=0UpmKILtNuP5X%2Foazf6ZcWC68XeSSGGdrx1dSlnZ1kE%3D&reserved=0


Combine 1D simulations at specific forecasting 
locations with offline Flood Maps

1. Import 2D results from different flood maps

− The different maps usually have just one value at a random time step

− Import the different maps as ensemble members



Combine 1D simulations at specific forecasting 
locations with offline Flood Maps

2. link the real-time 1D simulation value at a particular station to an index value using a lookup 
transformation in FEWS

<transformation id="EnsembleIndices">

<lookup>

<simple>

<input>

<variableId>WaterLevels</variableId>

</input>

<coefficientSetId>FloodMaps</coefficientSetId>

<coefficientSetFile>FloodMaps</coefficientSetFile>

<output>

<variableId>EnsembleIndices</variableId>

</output>

</simple>

</lookup>

</transformation>

<coefficientSet id="FloodMaps">

<lookup>

<simple>

<interpolationType>class</interpolationType>

<extrapolationType>maxmin</extrapolationType>

<inputUnit>m.l.a</inputUnit>

<outputUnit>-</outputUnit>

<lookupTable>

<lookupTableRow input="3.960" output="1"/>

<lookupTableRow input="7.655" output="2"/>

<lookupTableRow input="10.835" output="3"/>

</lookupTable>

</simple>

</lookup>

</coefficientSet>



Combine 1D simulations at specific forecasting 
locations with offline Flood Maps

3. retrieve the associated 2D flood map belonging to the index value using a 
gridEnsembleMemberByIndex transformation. 

• The flood map selection should be based on a single timeseries, with the different flood maps 
configured as ensemble members in the Delft-FEWS application.

<transformation id="ensembleLookup">

<selection>

<gridEnsembleMemberByIndex>

<inputEnsembleIndices>

<variableId>EnsembleIndices</variableId>

</inputEnsembleIndices>

<inputTimeSeriesGrids>

<variableId>InputGrids</variableId>

</inputTimeSeriesGrids>

<output>

<variableId>Output</variableId>

</output>

<matchInputAndOutputGridTimes>false</matchInputAndOutputGridTimes>

</gridEnsembleMemberByIndex>

</selection>

</transformation This allows the transformation to fill the forecast period of the output time series with the
last non-missing 2D value of the gridded input series

https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpublicwiki.deltaresota.nl%2Fdisplay%2FFEWSDOC%2FSelection%2BGrid%2BEnsemble%2BMember%2Bby%2BIndex&data=05%7C01%7C%7C2ccebadd73a7404d19ab08da94c21c90%7C15f3fe0ed7124981bc7cfe949af215bb%7C0%7C0%7C637985858665859645%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=0UpmKILtNuP5X%2Foazf6ZcWC68XeSSGGdrx1dSlnZ1kE%3D&reserved=0


Combine 1D simulations at specific forecasting 
locations with offline Flood Maps

4. Configure a grid display to visualize the 2D inundation forecast



Visualize imported Flood maps in Spatial Display using 
vertical slider, without time dimension

1. Import 2D simulations (or their references) from static offline flood maps, each water depth as 
separate ensemble

2. Process the ensemble time series to a ‘normal’ time series with the water depth as unique 
locationId’s

3. Configure a grid display with vertical slider to visualize the 2D inundation forecast



Visualize imported Flood maps in Spatial Display using 
vertical slider

1. Import references of 2D simulations grid files from static offline flood maps, each 

water depth as separate ensemble

• The different maps usually have just one value at a random time step

• Import the different maps as ensemble members



Visualize imported Flood maps in Spatial Display using 
vertical slider

2. Process the ensemble time series to a ‘normal’ time 

series with the water depth as unique locationId’s

workflow

transformation



Visualize imported Flood maps in Spatial Display using 
vertical slider

3. Configure a grid display with vertical slider to visualize the 2D inundation forecast

• Use a zParameterId in the datalayer to generate a vertical slider 

• Only one (main)layer with specific locationId is configured

• The display interpolates between the available sibling layers

https://publicwiki.deltares.nl/display/FEWSDOC/01+Grid+Displayid-01GridDisplay-zParameterId(since2018.01)


• In 2021, a new operational, near real-time global flood monitoring (GFM) was integrated into GloFAS. 
The new GFM provides a continuous monitoring of floods worldwide by immediately processing and 
analyzing all incoming Copernicus Sentinel-1 Synthetic Aperture Radar (SAR) satellite data

• GFM WMS-T is freely accessible at the following URL: 
https://geoserver.gfm.eodc.eu/geoserver/gfm/wms

• This WMS-T can be used in Delft-FEWS, to visualize the following data:

− Flood Extent

− Water Extent

− Reference Water Mask

− Exclusion Mask

− Footprint

− Schedule

Use Remote Sensing data for rapid flood mapping
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https://extwiki.eodc.eu/GFM/PUM
https://geoserver.gfm.eodc.eu/geoserver/gfm/wms


• Configuration of WMS layer in Spatial display xml file

− URL of WMS Server

− WMS layer Name

− Date Time pattern

− Timestep and period

• Configuration of logo as legend

• Info in topology.xml for Web Viewer

Use Remote Sensing data for rapid flood mapping
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Use Remote Sensing data for rapid flood mapping
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Future ideas?
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• Apply the flood maps to a streamflow ensemble. This would allow one to draft probabilistic 
inundation maps showing the extend that is likely to be flooded with 10%, with 20%, ... with 90% 
certainty, et cetera. 

• Combine the flood extents with the estimated consequences of that inundation – like locations with 
critical infrastructure or hospitals

• Or even further: combine the consequences with the probabilities: 90% probability that one hospital 
will be flooded, 80% probability that 3 hospitals will be flooded, ... 10% probability that 67 hospitals 
will be flooded: a map of flood risk!

• …

• …

• …
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