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Overview 
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Presentation available on 
https://publicwiki.deltares.nl/display/RISCKIT/WP5  
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¢ƻŘŀȅΩǎ ²ƻǊƪǎƘƻǇΥ ǘƻ ƛŘŜƴǘƛŦȅ ŦƻǊ ŜŀŎƘ ŎŀǎŜ ǎǘǳŘȅ ǿƘŀǘ ƴŜŜŘǎ ǘƻ ōŜ ŘƻƴŜ ŦƻǊ 
completing 5.1 task (comparing hotspots using CRAF Phase2) 

 

 

 

 

Reminder: to apply and test CRAF prototype tool (upgraded INDRA version 
on the wiki + updated library version) 

 

Today: 

Å INDRA model presentations + general questions 

Å Face-to-face discussion with the CSOs on requirements and issues for 
their case study  

Å Thursday afternoon: extra time for more discussions 
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CRAF Phase 2 

 INDRA  

To compare identified hotspots at regional scale by scoring and ranking the 
potential impacts using a suite of models (Xbeach1D ς 2D flood model ς INDRA) 
and a multi-criteria analysis    

INDRA model 



Å Direct and indirect impacts ς recovery; 

Å Regional scale; 

Å Uniform Indicators; 

Å From static to dynamic assessment : flows rather than stock, time dimension.   

 

 

How to compare hotspots? 

ά{ǘƻŎƪέ 5ƛǊŜŎǘ   άCƭƻǿǎέ 

Damage to household properties Household displacement 

Financial recovery 

RisktoLife 

Damage to Ecosystems Ecosystem recovery 

Damages to non-residential properties Financial recovery 

Business Disruption 

Damages to roads, railway stations, railway 
lines 

Transport disruption 

Damage to electric sub-stations, water 
treatment plants 

Utility  service disruption 

 Hotspots impacts inputted in INDRA MCA 



Overview of the impact assessment process 

INDRA MCA 



¢ƘŜ ΨwŜƎƛƻƴŀƭΩ ŀƴŀƭȅǘƛŎŀƭ ōƻǳƴŘŀǊȅ ŘŜŦƛƴŜǎ ǘƘŜ ŦǊŀƳŜ ŀƴŘ ŜȄǘŜƴǘ ƻŦ ȅƻǳǊ ŀƴŀƭȅǎƛǎΦ The regional boundary should already have 
been defined in Phase 1 (100km) but you may revise it slightly during the analysis.  

 

The extent of the analysis can (and probably will) vary between the different impact indicators because the selected 
boundaries depend upon the relationship of the impacted area to its surroundings and/or the management question being 
considered:  

 

Å For land uses (households, non-residential properties, ecosystems) the selected boundary should relate to the 
management question being considered.  i.e. it should cover the maximum extent of the coastline of interest of the 
coastal manager (e.g. include all properties within a coastal area of interest both inside and outside of the exposed area).  
For the RISC-KIT project we consider all coastal municipalities within the c. 100km stretch; 

 

Å For transport and utilities the selected boundary should reflect the expected extent of any service disruption (e.g. if a 
water plant is affected it should be ensured that all properties connected to that asset are included ς but not necessarily 
geographically referenced, it is the total number that is important).  

 

Å CƻǊ ōǳǎƛƴŜǎǎ ǎǳǇǇƭȅ ŎƘŀƛƴǎΣ ǘƘŜ ΨǊŜƎƛƻƴŀƭΩ ŀƴŀƭȅǘƛŎŀƭ ōƻǳƴŘŀǊȅ ǿƛƭƭ ǾŀǊȅ ŘŜǇŜƴŘƛƴƎ ǳǇƻƴ ǘƘŜ ǘȅǇŜ ƻŦ ŜŎƻƴƻƳȅ ǇǊŜǎŜƴǘ ŀƴŘ 
ǘƘŜ ǎǘǊŜƴƎǘƘ ƻŦ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ōŜǘǿŜŜƴ ǘƘŜ ƛƳǇŀŎǘŜŘ Ŏƻŀǎǘŀƭ ŀǊŜŀ ŀƴŘ ǘƘŜ ƘƛƴǘŜǊƭŀƴŘΦ {ǘŀƪŜƘƻƭŘŜǊǎΩ ǇŜǊǎǇŜŎǘƛǾŜǎ 
ǎƘƻǳƭŘ ōŜ ǎƻǳƎƘǘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘŀǘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ŀ ƭƻǎǎ ŦƻǊ ΨǘƘŜƛǊΩ ŜŎƻƴƻƳȅ όŜΦƎΦ Ƙƻǿ ŦŀǊ ǎƘƻǳƭŘ ŘƻŜǎ ǘƘŜ 
disruption to supply chains extend from an impact on the coastline which will be situation dependent).  

 

The same set of receptors and vulnerability data will be input into the model for each impact assessment of each hotspot. The 
impact results are compared from a regional perspective. 

 

¢ƘŜ ΨwŜƎƛƻƴŀƭΩ ŀƴŀƭȅǘƛŎŀƭ ōƻǳƴŘŀǊȅ ¢Ƙƛǎ ǿƛƭƭ ōŜ ŘƛǎŎǳǎǎŜŘ ƭŀǘŜǊ ƛƴ ǘƘƛǎ ƎǳƛŘŜ ŦƻǊ ŜŀŎƘ ǎǇŜŎƛŦƛŎ ƛƳǇŀŎǘ ŎŀǘŜƎƻǊȅΦ 

ΨwŜƎƛƻƴŀƭΩ ŀƴŀƭȅǘƛŎŀƭ ōƻǳƴŘŀǊȅ 



Only land uses in coastal municipalities  
are considered (in green)  

Example of different analytical boundaries 

The considered transport network extends  
beyond the coastal municipalities  

One of the supply chains is a local one. The 
other has national  and international 
dependencies 

S 

Electricity network  with two power sources (green 
circle): one is situated  on the coast, the other is the 
national power grid 



The INDRA model has been developed using the NetLogo free software. The software can be downloaded from 
https://ccl.northwestern.edu/netlogo/    

INDRA (zip file), developed by FHRC-MU, is available from the RISC-KIT website (http://www.risckit.eu/np4/8/ ) with examples 
ƻŦ ŘŀǘŀΦ ¢ƘŜ ŦƛƭŜ Ŏŀƴ ōŜ ǳƴȊƛǇǇŜŘ ŀǎ ǇǊŜŦŜǊǊŜŘ ōȅ ǘƘŜ ŜƴŘ ǳǎŜǊΣ ōǳǘ ƛǘ ƛǎ ǊŜŎƻƳƳŜƴŘŜŘ ǘƻ ǳƴȊƛǇ ƛǘ ƛƴ ǘƘŜ άƳƻŘŜƭǎέ ŦƻƭŘŜǊ 
associated with the NetLogo software. 

The model file (INDRA.nlogoύ Ŏŀƴ ōŜ ƻǇŜƴŜŘ ǳǎƛƴƎ ǘƘŜ ƻǇǘƛƻƴǎ άƻǇŜƴέ ƻǊ  

άƳƻŘŜƭǎ ƭƛōǊŀǊȅέ ƛƴ ǘƘŜ file menu. 

To run the model, first click on the setup button then click impact assessment. 

The following inputs might be required: 

INDRA Model  

Files Description  Names Optional 

CS boundary 
Polygon .shp 

Provide information on the 
maximum extent for INDRA   

User 
Choice  

No 

Polygon .shp Hazard (s) User 
Choice  

At least 1 

Receptors Point 
.shp 

Land use User 
Choice  

Yes 

Polyline .shp Network(s) User 
Choice  

Yes 

CHT_forIndra.txt Provides vulnerability 
indicators 

Imposed No 

Insur_forIndra.txt Provides insurance indicators 
 

Imposed No 

Polyline.shp Supply Chain info User 
choice 

Yes 

INDRA requires lots of preparation  and 
thinking in the input data but then the 
outputs are normalized and comparable to 
measure the regional relative impact. 
The model can be rerun easily to test 
various storm conditions and all along the 
coast and to work with the stakeholders 
(MCA). 

https://ccl.northwestern.edu/netlogo/
https://ccl.northwestern.edu/netlogo/
http://www.risckit.eu/np4/8/


Provide information on the maximum extent for INDRA. This is a technical component which is 
required within the model for INDRA to run successfully. Any data contained in other shapefiles 
outside this boundary will not be imported. The maximum extent should completely contain all 
of the other shape files and can just be represented by a rectangular polygon.  

 

b.Υ ŀƭƭ ƻŦ ǘƘŜ ƳƻŘŜƭΩǎ ǎƘŀǇŜ ŦƛƭŜǎ ǎƘƻǳƭŘ ƘŀǾŜ ǘƘŜ ǎŀƳŜ ƎŜƻƎǊŀǇƘƛŎŀƭ ŀƴŘ ǇǊƻƧŜŎǘƛƻƴ Ŏƻ-
ordination system as the CS boundary polygon. 

 

tƭŜŀǎŜ ƴƻǘŜ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘƛǎ ΨōƻǳƴŘŀǊȅΩ ǿƘƛŎƘ ƛǎ ŀ ƳƻŘŜƭƭƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘ ŀƴŘ ǘƘŜ 
ΨwŜƎƛƻƴŀƭΩ ŀƴŀƭȅǘƛŎŀƭ ōƻǳƴŘŀǊȅ ǿƘƛŎƘ ƛǎ ŀ ŦǳƴŘŀƳŜƴǘŀƭ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ ƛƳǇŀŎǘ ŀǎǎŜǎǎƳŜƴǘΦ 

 

  

 

CS boundary Polygon .shp 



Flood, overwash and erosion maps can be input into the model as POLYGON shapefiles (2D only ς 3D are not accepted) 

Hazards (flood ς overwash ς erosion) 

Select which hazard(s) to include and 
indicate the name of the shapefile 

Flood and  
 overwash  

Erosion 

Å Required fields are: 
 "fdepth" : flood depth (double); 
 "fdv": flood depth velocity (double); 
  "duration": flood duration in  days (integer); 
ÅThe hazard intensity can be provided by flood models or by 

expertise (e.g. duration).  
ÅThe model will attribute to each land use point the hazard 

characteristics from the polygon in which the point is located.  You 
might decide to creating a new hazard map with average or 
maximum values for a group of hazard polygons and assign this to a 
land use point if it is considered more representative. 

The polygon(s) represent the sea and 
their outline(s) represents the 
shoreline on the hinterland side.   



Most land uses are represented by a points shapefile. Only transports and utilities are represented by separate polyline 
shapefiles and will be discussed in other slides.   

 

A point may represent: 

Å A specific property type (a one-storey house), a generic but single property (1 residential property) or a group of 
properties generic or specific (5,000 residential properties or 1,000 one-storey houses); 

Å A specific activity (a restaurant), a generic activity (1 business) or a group of properties generic or specific (100 businesses, 
10 restaurants); 

Å A specific  ecosystem (a field of grassland of 1ha), a generic ecosystem (a field of arable land) or a representative surface of 
natural areas (30ha of agriculture land or 10ha of grassland). 

 

You need to be specific when you are considering the type of receptor is relevant and improve the assessment. It will be the 
case if you have different vulnerability indicators to assess the direct impact for a given land use, if you consider certain 
activities in the indirect assessment (hotel in a supply chain, different displacement durations).   

You need to be generic to attribute the land use to a certain category for the MCA (Household, Business, Natural Ecosystem, 
Agriculture) 

Group or individual units?  

The model will attribute the hazard intensity of the polygon containing the points. In the hotspot areas it is recommended to 
represent each land use by a specific point. For large land use areas such as natural ecosystems it may be necessary to 
subdivide the ecosystem into smaller units to better assess spatial variability in the hazard intensities. 

For non-exposed areas only the number of generic or specific land use(s) is important, their exact location is not relevant.  To 
simplify their representation they can be grouped at municipality or neighbourhood scale. 

   

Land Use 



Land Use table data 

Field name Description Example 

Luid  a unique reference value 215 

Rcode 
 The vulnerability land use code Hprop, Hotel 

Nb 
 the number of assets associated with the points  1 

elevation 
 the elevation in metres of the land use compared to the ground 
level 0.3 

area  the associated surface (the metrics can be defined by the user as 
long as it is consistent for all land uses) 25 

NatArea  the vulnerability of the area (risk to life); N1 

MCAcat 

 the associated MCA category Household or Business 

Assess 
 indicates if the land use should not be  assessed in the MCA 9999 

Util1 
 the name of the utility asset belonging to the considered utility 

network 
Sub1 

Util2 

Util3 

Util1d 

Dependent on the utility asset for the considered utility network  0 or 1 

Util2d 

Util3d 

Inscode 
 the associated insurance area code ResIns/BusIns 

BS_ref 
 the associated supply chain node (for business) Accommodation 

BS_cap  the business capacity 50 

BS_scap  the business spare capacity 20 

Various information are required in the model (the field name needs to be exactly the same as presented in the guidance and below): 



Direct Impact ς risk to life 
To calculate risktolife due to flooding for any land use it is necessary to know: 

Å The flood depth-ǾŜƭƻŎƛǘȅ όƘŀȊŀǊŘ ƳŀǇύΥ ŦƛŜƭŘ άfdepthέΤ 

Å¢ƘŜ ǊŜŎŜǇǘƻǊ άƴŀǘǳǊŜ ƻŦ ǘƘŜ ŀǊŜŀέ ŦƻǊ Ǌƛǎƪ ǘƻ ƭƛŦŜ ŀƴŘ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ŀǊŜŀ όƭŀƴŘ ǳǎŜ ƳŀǇύΥ ŦƛŜƭŘ άNatareaέ όǇƭŜŀǎŜ ƴƻǘŜ ǘƘŀǘ ŀ ŘƛŦŦŜǊŜƴǘ ŎƻŘŜ ƛǎ 
ǳǎŜŘ ƘŜǊŜύ ŀƴŘ άŀǊŜŀέΦ  ¢ƘŜ risktolife should only be calculated for those land uses where there is a reasonable chance of human presence.  
In other scenarios the nature of the area should be coded NA. 

Å A risk to life matrix. 

Each threshold represents a change in scale of risk to life as follow: 

For more information on the risk to life matrix or to include other type of areas, please refer to the vulnerability 
library.  

Impacts Hazard Receptor Th1 Th2 Th3 Th4 

Risk to Life  
Flood Depth 

velocity 

Low Vuln 

Site 
0 0.5 9999 7 

These matrices was developed for urban 
areas. For other natural land uses not 
represented here, additional nature of the 
area have to be developed and 
accompanying thresholds defined. 



Accounting for FW or evacuation 
  DRR measure Code Th1 Th2 Th3 Th4 

High vulnerability - Nature of 
the Area 3 

No warning or evacuation  3noFW 0 0.25 0.5 1.1 

Flood warning with sufficient 
lead time 3FW 0 0.25 0.5 7 

Flood warning followed by 
partial evacuation 3Partevac 0 0.5 7 9999 

Flood warning followed by a 
full evacuation/ 

closure of an area 3Fullevac 0 1.1 9999 9999 

Medium vulnerability - Nature 
of the Area 2 

No warning or evacuation 2noFW 0 0.25 1.1 7 

Flood warning with sufficient 
lead time 2FW 0 0.5 1.1 7 

Flood warning followed by 
partial evacuation 2Partevac 0 0.5 7 9999 

Flood warning followed by a 
full evacuation/ 

closure of an area 2Fullevac 0 7 9999 9999 

Low vulnerability - Nature of 
the Area 1 

No warning or evacuation 1noFW 0 0.5 9999 7 

Flood warning with sufficient 
lead time 1FW 0 1.1 9999 7 

Flood warning followed by 
partial evacuation 1Partevac 0 1.1 7 9999 

Flood warning followed by a 
full evacuation/ 

closure of an area 1Fullevac 0 7 9999 9999 



To calculate the direct impact due to the presence of water on any land use it is necessary to know: 

ÅThe flood depth (hazard map):  field άfdepthέΤ  

ÅThe receptor type and elevation (land use map): field άRcodeέ and άŜƭŜǾŀǘƛƻƴέΤ 

 

Direct Impact ς Flood Depth 

Elevation:       0 m              - 1.0 m                 0.3 m 

Sea Level 

Flood Depth 1.2m 

ÅA Threshold vulnerability indicator for the receptor type. 



Flood Depth - Thresholds 

? 

? 

? 



Developing Damage Thresholds 

Å Simplify existing depth-damage curves. 
 

Å Develop thresholds using an empirical approach: data from insurance companies, 
governmental authorities, research projects, impacted residents or business 
owners etc.  
 

Å Use an ex-ante or ex-post approach: visit the land use and develop thresholds 
based on reasoning and judgement. 

 
 
 



Direct Impact - Flood Depth 
Consult the Coastal Vulnerability Indicator Library (D2.2) for available D/D curves  

 



Direct Impact - Flood Depth 
Any available depth-damage curves for your country will be identified in Method A, Option 1.  

National or regional curves identified for: 

Belgium 

France 

Germany 

Italy 

Spain 

UK 

 

 

¢ƘŜ [ƛōǊŀǊȅ ƛǎ ŀ άƭƛǾƛƴƎ ŘƻŎǳƳŜƴǘέ ς if you find 
more or better information on any of the 
indicators listed, please let us know! 



Direct Impact - Flood Depth 
Select the most appropriate damage curves for your case study site based on the type of land use present: 
a. Is the data in the Library representative of this local use? 
b. How much variability in building type is there? Single-storey properties, with/without basements, building 

construction materials used etc.  
c. Is there an average damage curve provided for both residential/non-residential properties available which 

may be sufficient for this level of study? 
 

 


