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and adds statistical methods and expert judgment tailored to delta 
areas with hydraulic interdependencies and flood defenses. The 
method allows for multiple breaches. The approximately 1,900 
available flood scenarios for the primary defenses are expanded into 
five million unique flood events, which can be incorporated into 
catastrophe models. Consequently, it offers local flood hazard profiles 
at every single location in The Netherlands.  
 
F L O O D  E X P O S U R E  A N D  V U L N E R A B I L I T Y  
From modelled exposure perspective, the following information is 
passed into the catastrophe model in the form of portfolio: 
 
- The description of the exposure, both quantitative (sums insured)  

and qualitative, including occupancy (building type) and coverage 
(building, contents, business interruption). Optional details like 
construction material, basement presence, building height, age, 
and area can improve loss estimation accuracy. 

- Exposure location, most often in form of coordinates or postal code,  
which is then compared with the flood extents stored in the 
catastrophe model. 

 
Modelling motor hull portfolios includes additional challenges like 
fluctuating vehicle values and vehicles changing locations not only on 
regular basis but also due to evacuation effects in case of flood 
warning. 
 
Once the specifications are set, the catastrophe model translates flood 
depths affecting individual risks in individual flooding scenarios into 
monetary loss by applying loss ratio defined by appropriate damage 
functions to the sum insured. The SSM2024 model described in (De 

Bruijn et al. 2015) provides a wide range of damage functions for 
various occupancies. This set was enhanced to allow for building 
height- and construction material-specific curves using Impact 
Forecasting’s methodologies. Moreover, the functions were adjusted 
with input from the QFLAT model (created by the University of Leuven 
and Probabilitas), which is fed with a significant database of validated 
loss claims including the ones after the July 2021 floods in Western 
Europe. 
 
O U T P U T S  A N D  R E S U L T S  
The main output of a catastrophe model is a table detailing flood 
events (each specified by a flood depth map, breach location and 
probability) and corresponding loss. For any single local exposure it is 
straightforward to browse through the list and extract a flood risk 
profile, describing the exceedance probability of flood depths at the 
location. Subsequently, once flood depths are translated into monetary 
loss, the loss profile (PML) as well as annual average loss (AAL) can be 
obtained. Additionally, mapping tools can provide quick access to 
model results, offering visual overviews and risk specifications for 
selected locations. 
 
The significant added value of our catastrophe model is that it can 
calculate AALs and PMLs for whole portfolios of exposures, not only 
single locations, reflecting on their geographical proximity and 
potential concurrent flooding as specified by the flood events. 
 
Figure 1 shows the flooding probabilities of each location in The 
Netherlands resulting from the model. The local probability of flooding 
is highest in some parts of the river area. Along the coastal areas with 
very large and high dunes, the flood probabilities are smallest. 
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Even though significant parts of the Netherlands are 

susceptible to flooding or even lie below sea level, it 

is one of the safest deltas globally due to an 

extensive system of flood defenses. As of now, about 

two-thirds of levees comply with the Dutch Water 

Act. Despite the high level of protection against flood 

in The Netherlands, the financial sector requires 

adequate means to assess and quantify the remnant 

flood risk. 

A probabilistic catastrophe model – if well designed - provides reliable 
flood risk insights on both local and national level that come forward to 
the needs of (re-)insurers, brokers and banks alike. Applications of 
such a model extend to CSRD/EU Taxonomy reporting, EIOPA regulatory 
standards, and financial stability stress-testing, etc. Aon Impact 
Forecasting and HKV Consultants have developed and released a 
catastrophe model to assess flood risk across the Netherlands. The 
model has been approved by the Institute for Environmental Studies at 
VU Amsterdam. It has already been deployed for most of the 
applications outlined above. In this article we describe the major 
challenges faced and design choices made during the development of 
this model.  
 
F L O O D  H A Z A R D  
Using the current available Dutch flood risk data easily leads to an 
overestimation of the probability of primary defense failures. This is 
based on three assumptions that are made: 
 
1. Failure events of levee sections are typically assumed to be  

independent. Hydraulic loads are interdependent though, and 
breaches in levees can significantly affect water flow, particularly 
as the discharge wave is altered. This results in lower flood 
probabilities down the water system. Furthermore, multiple breach 
events across multiple sections are usually not considered. 

 
2. Emergency measures, such as ringing boils with sandbags to create  

counter-pressure and heightening the dike by placing sandbags, 
are not taken into account when determining the failure 
probabilities of flood defenses. However emergency measures can 
reduce the flood probability by a factor 1.5-4 (Lendering et al 
2015).  

 
3. The failure definition which is used in flood risk assessments and  

levee design is conservative. Generally, it only captures the initial 
stages of the failure process and does not encompass the entire 
failure mechanism. That is, several components of the failure 
process are excluded due to the lack of quantitative models. 

 
The overestimation can result in undesired consequences like high costs 
for insurance and decreased willingness to invest in the Netherlands. 
Hence, Kolen and Nicolai (2024) have developed a novel method to 
more realistically estimate the probability of flooding in the 
Netherlands. It builds upon publicly available flood risk information, 
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Figure 1: Flooding probabilities calculated from 
the model. The grey areas are higher grounds, 
which are not susceptible to flood risk due to 
primary dyke failure. Source: Impact Forecasting
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COLUMN 

Datagedreven 
besluitvorming speelt 
een rol in vrijwel alles 
wat we doen. Een 
alledaags voorbeeld 
hiervan is boodschappen 
doen. Sta je in de 
supermarkt voor het 
schap (of scroll je door 
de app), dan beslis je of 
je een product koopt. 

Afhankelijk van de kennis die je als consument hebt, 
bijvoorbeeld over de prijs, besluit je het product wel of niet 
te nemen. 
 
Datavolwassenheid (data maturity) beschrijft in hoeverre 
een organisatie, of in dit voorbeeld de consument, data 
effectief en efficiënt benut. Het gaat niet alleen om de 
beschikbaarheid van data, maar vooral ook welke 
informatie je uit deze data weet te halen. Daarnaast spelen 
aspecten als datakwaliteit, databeheer en het gebruik van 
data bij strategie- en besluitvorming een rol. Er zijn 
verschillende niveaus van datavolwassenheid, waarvan het 
aantal en de definitie variëren per data maturity model. Op 
internet zijn diverse voorbeelden van data maturity 
modellen te vinden. 
 
Om het eenvoudig te houden, illustreer ik hieronder het 
voorbeeld van de consument in de supermarkt op drie 
niveaus van datavolwassenheid: laag, middelmatig en 
hoog. Hierbij focus ik alleen op de factor prijs, hoewel 
natuurlijk ook andere factoren van invloed zijn op het al 
dan niet kopen van een product. 
 
Als de consument alleen kijkt naar de prijzen op dat 
moment, is sprake van een lage datavolwassenheid. 
 

Je spreekt van een middelmatige datavolwassenheid 
wanneer je niet alleen de huidige prijzen bekijkt, maar 
ook historische prijzen en die van concurrenten. Welke 
prijsontwikkeling zie je door de tijd heen? Is het 
product eerst duurder gemaakt om vervolgens een 
korting te kunnen geven? Wat kost het product bij een 
andere supermarkt? Door deze data te verzamelen en te 
analyseren, kun je beter beoordelen of de huidige prijs 
daadwerkelijk gunstig is. 
 
Wanneer je daarnaast gebruikmaakt van voorspellingen 
over de toekomstige prijsontwikkeling, spreek je van 
een hoge datavolwassenheid. Dit vereist niet alleen 
historische data, maar afhankelijk van het type product 
ook factoren zoals de weersverwachting en 
aankomende feestdagen. Door een voorspelmodel te 
ontwikkelen kan je beter een inschatting maken van de 
toekomstige prijsontwikkeling van het product. 
Zodoende ben je beter in staat te beoordelen of je er 
verstandig aan doet het product nu te kopen of dat je 
beter kan wachten (wanneer je een prijsdaling 
verwacht). 
 
Een hoge datavolwassenheid bevordert betere, 
datagedreven besluitvorming. Hier ligt volgens mij een 
belangrijke rol voor ons als actuarieel professionals en 
andere data-experts: waardevolle inzichten uit data 
zichtbaar maken en laten zien hoe deze kunnen 
bijdragen aan strategie- en besluitvorming. Wat voor 
ons vanzelfsprekend is, geldt niet altijd voor anderen. 
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Charts in Figure 2 compare flood loss profiles for two selected locations: 
one in Den Bosch and one in Zwolle. The annual probability of flooding 
for these locations is similar; it is just below 1 / 1,000. However, Den 
Bosch has a much higher probability of water depth exceeding 3 m. 
Loss profiles correspond to flood hazard profiles, but the monetary 
effects of flood depth increments are non-linear, yet the probability of 
observing loss matches the probability of flooding. The modelled 
building AAL for the two locations are EUR 134 and EUR 19 assuming 
the value of the building to be EUR 500,000.  
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
C O N C L U S I O N S  
Modelling flood risk in The Netherlands is a challenging endeavor. 
Although hydrology and defenses by themselves are well documented, 
the systemic risk mostly is not. Because of the difficulty to assess 
correlations, overestimation is a common pitfall. To correct for 
overestimation we have adjusted publicly available failure probabilities 
of flood defenses using expert judgment. Our model assesses flood 
damages by combining hazard, vulnerability, and exposure, producing 
hazard profiles, loss profiles, annual average losses (AAL), and probable 
maximum loss (PML) for various locations and for portfolios. Insurers 
are often interested in the 1 in 200 years loss. However, flood risk in 
The Netherlands is characterized by ‘very low probability - high impact’ 
events. Our model can be used to explore the effects of such events. 
Also, it can give input to the discussion how the Dutch society should 
divide flood risk between private and public parties. ■ 

Figure 2: Flood loss profiles for two locations in The Netherlands: Den Bosch (left) and Zwolle (right).




