
Msc Urbanism
Faculty of Architecture and the Built Environment, 





Colophon

 

Student:  Jurriënne Heijnen 
   4348125  

 

 

 

 
 

 
   

 
 

 

   Faculty of Architecture and the Built Environment  



FLOOD SAFETY 34

LANDSCAPE IDENTITY 38

LANDSCAPE CHARACTER 40

BUILDING WITH NATURE 42



BUILDING WITH NATURE 94

NETWORKS AND NODES 116

Literature 142



1



Dilemma



Source: 

Nature.

void.





2





Source: 

Source: 
Source: 
Source: 

0 km

Problem statement





Source: 



OCEANIX CITY
 

Source: 

 
 

x
Source: 

PLAN B 
LOLA 

x
Source: 

 
 

x
Source: 



Relevance Research approach

character model and from the inter-domian 

nature

Source: 
Image: 



Landscape Iden

ra

efety



Concepts and Domains





Concept domains





Hypothesis

nature. 

Expected research output





Methods

nature and culture.

















3



involved.

- 

- 

- 

Landscape Iden

ra

efety



Climate change

 

 

Source: 
Data Source: 





Conclusion

 

Source: 
Data Source: 



 

 
Source: 



 

 
Source:  





Landscape Character

Source:  

 
Source: 





 

 

 
 

xx
Source: 

Image: 









4



MacroMacro



Source: 





— '

Earth 
 

Air

 

Source:  

 
Source: 

 
Source: 

Source: 

 
Source: 

 
Source: 

0 km





Geology slope

Source:  

Source: 

0 km

Clay

Sand





Source:  

Source: 

0 km 50 km





Source: 





Hydraulic control

Source: 





 





-

Source: 





Source:  





model of

Source:  

Source: 

 
Source: 

 
Source: 

 
Source: 

 
Source: 

0 km 5 km





Probability

 

-

-
-

-

Vulnerability

 
-

-

-

-

Damages

Heritage

em

0 km 5 km

Image: 





Image: 

Subsidence

Furthermore, 



0 km 5 km



Limits

environment.

0 km

Source:  





Actors and agency

Source:  

Source: 

0 km 5 km





 

 

 

 





 



the Dutch delta 
territory. 

A territory 

and inherently 

under natural 

and human 

Currently 







5



character.



0 km 5 km

 
Image: 

Compartment landscape





Three Landscape Characters

Riverine
 

 
 

Urban Riverine
 

 
 

Rural
 

 
 

Image: Hydrology

Soils

Land Use

Land Cover

Enclosure





of dominance.

0 m 10 m

0 m

Source: 





Source: 

Source: 

0 m 10 m

0 m





[In]dependency

Invisible system





Nature.





Image: 

Image: 

Method
- 

- 

o 
o 
o 

o 

- 

- 

- 

Scales

- 

- 

- 

- 





Node

0 km 15 km





dynamic.

Bypass

Paludiculture

Aquaculture

Peat Bog

Rural [Peat]



Riverine [clay] Urban riverine [clay]



a lot.





Urban riverine Urban riverine



0 m

Urban riverine











Gradient of dynamics

Temporality

Gradient of dynamics

Temporality

Phasing:

�









Image: 









Image: 

Image: 

Image: 

Image: 

Im

Im

Image: 

Image: 













RECOMMENDATIONS

LIMITATIONS

6





Dilemma

into account.

Hypothesis Nature.

 

dominate nature.



 
 

human and nature. 

 



xx
Source: 

Image: 





7



Faculty of Architecture and the Built Environment, 

Jurriënne Heijnen



Approach

Scope and further research

 

Source: 







LITERATURE

DATA



-

-

-

-

-

-

-

-

-

-



-

-

-

-

-



-

-

-

-

-

-

-

-



Data





DATA



Source: 

methodology.

Conclusion





micro environmental, material and individual 



Conclusion 







Dutch Flood Risk Assessment 
Breaking the downward spiral: towards a qualitative and systemic approach 

AR3U023 Theories of Urbanism 
Msc Urbanism, Delft University of Technology 

Jurriënne Heijnen 

Student number: 4295153 

November 25th, 2020 
3150 words 

Abstract 

Flood risk management policy and decision-making is underpinned by flood risk analysis and assessment. 
Accurate flood risk assessment can provide consistent information to support the development of flood 
management policy, allocation of resources and monitoring the performance of flood mitigation activities. In the 
Dutch context, the flood risk assessment model regards flood risk as the product of probability and 
consequences of flooding. Within this approach, reducing the flood risk can be done by development focused on 
reducing either the probability or the consequences of flooding. Due to climate change, the probability of 
flooding is increasing. Globally, the interest of flood risk measures has been shifting more and more towards 
reducing flood consequences as well as reducing flood probability (Bars et al., 2020). This is however not 
reflected in the planned Dutch flood risk development. The risk assessment approach is technocratic and 
sectoral, focused on separate levee systems, economic damage and probability of death. Alternative flood risk 
assessment approaches are more qualitative trough incorporating additional consequential values or regard 
flood risk within river system behavior dynamics that influence flood probability. This literature review reflects 
on the Dutch flood risk assessment approach. Through comparison with a multi criteria approach and a systemic 
approach, neglected potentials of the Dutch approach are revealed. Subsequently, a broadening of this approach 
is proposed as the underpinning of flood risk management policy and development towards a Dutch delta able 
to sustain extreme and uncertain future scenario’s. 

Keywords: flood risk assessment, flood risk management policy, flood defense, qualitative multi-
criteria assessment, river system behavior dynamics 



Introduction 

More than 60% of the surface in the 
Netherlands lies below sea level or below the 
high water levels of the rivers. A flood defense 
system protects these low lying areas from 
coastal flooding, as well as the above sea level 
areas from river flooding. Without this 
protective flood defense system of dunes, 
dikes and hydraulic infrastructures, 
approximately 60% of the Netherlands would 
flood regularly (Jorissen et al., 2016). Because 
of this vulnerable topography, it is important 
to know the possible risk and consequences of 
flooding (Jonkman et al., 2008). As a result of 
climate change, sea level rise is increasing, on 
an even faster pace and with more uncertainly 
than predicted. With this growing pressure on 
the flood defense system and with this 
uncertainty, the knowledge on flood risk and 
flood consequences is even more relevant 
(Bars et al., 2020).  
 
Furthermore, flood risk assessment sets the 
framework for flood risk management policy as 
it provides information necessary for decision 
making on development of flood defenses, 
allocation of resources and monitoring the 
performance of flood mitigation activities. 
(Gouldby et al., 2009; Jorissen et al., 2016). In 
the Dutch case this means that the way in 
which flood risk is evaluated and calculated 
strongly influences the development of more 
than half of the Dutch landscape that is 
dependent on the flood defense 
infrastructures. Current flood risk management 
policy and planned development of flood 
defenses in the Netherlands are focused on 
the period until 2050 and are based upon the 
expectation of a moderate sea level rise of 
0,25 to 0,80 meter by 2085 (Vergouwe, 2014). 
 
The current Dutch flood risk assessment 
approach is rooted in the safety standards that 
reacted to the disastrous flooding of 1953. 
These safety standards developed into an 
assessment approach over time bringing forth 
more up to date safety standards. These 
standards are guiding in current flood risk 
management and eventually shape the 
landscape transformations that follow from it.  

In this paper, the Dutch flood risk assessment 
approach is compared to two alternative 
approaches that on the one hand propose a 
different assessment of consequences and on 
the other hand a different approach to 
assessment of probability. This comparison 
offers a reflection on neglected potentials of 
the current Dutch approach to flood risk 
assessment. Arguing that with the pressures of 
climate change and increasing probability of 
flooding, a different approach to flood risk 
assessment might be more fitting to the 
extreme and uncertain future scenario’s. 
 
 

TThe Dutch flood risk assessment approach 

Historically, the response after a flood in the 
Netherlands was to reduce flood risk by 
elevating the levees, with the highest observed 
water level as reference point. After the 
flooding of 1953, different safety standards 
were implemented for the flood defenses. The 
flood prone area of the Netherlands was 
divided into different dike rings consisting of 
primary flood defense elements such as dikes, 
dunes, dams, sluices or high grounds that 
together protect the area within from flooding.  
Each dike ring had a specific safety standard 
corresponding to the economic value of the 

Figure 1: The flood exceedance probability of the Dike ring levee systems.
(Source: Author, 2020)

(Data source: Rijkswaterstaat, 2010.)



area and the exceedance frequency of either 
coastal- or river flooding, as shown in figure 
one. For high risk coastal areas, these 
standards were 1 in 10,000 years and 1 in 4000 
years for low risk areas. For river areas this was 
1 in 2000 years and 1 in 250 years, revealing a 
higher flood probability in river areas (Jonkman 
et al., 2008). 
 
This approach to flood risk assessment is 
referred to as the exceedance probability 
approach and the safety standards following 
from this approach were laid down in the 
Water Act of 2009. This act shapes the flood 
defense development of the primary flood 
defenses until 2050, as all levee systems must 
meet the safety standards of the water act by 
2050 (Jonkman et al., 2008; Vergouwe, 2014). 
These standards, originally derived in the 
1960s, were revised around 2000. This revision 
brought forth the conclusion that levees were 
more likely to breach because they were too 
narrow instead of too low to deal with extreme 
water loads. Therefore, the revised flood risk 
assessment approach, which was the product 
of the Flood Risk and Safety in the Netherlands 
(FLORIS/VNK) project in 2003, incorporates 
failure mechanisms of flood defenses. It 
proposes flood risk not just as the exceedance 
probability but as the product of multiple 
variables. The latest VNK report was published 
in 2014, presenting new flood risk values for 
the flood defense system, based on this new 
flood risk assessment approach. These values 
also no longer applied to the dike rings but to 
each levee system separately (Vergouwe, 
2014). In 2017, new safety standards derived 
from the risk values were included in the water 
act, they are the safety standards that 
currently shape flood risk management in the 
Netherlands. 
 
 
 
 
 
 
 
 
 
 

The current flood risk assessment approach 
calculates risk as the product of flood 
probability and flood consequences, defining 
economical, individual and societal risk 
(Jonkman et al., 2008; Vergouwe, 2014). In 
2014, 58 of the 95 levee systems were 
assessed on their probability of flooding. This 
was done by calculating the probability of a 
breach, which occurs when the pressure of the 
water is greater than the strength of the flood 
defense structure. Each levee system consist of 
one or more flood defense structure such as 
dunes, dikes or dams or sluices. The probability 
of a breach can be increased by several 
different failure mechanisms that are 
influenced by climate conditions such as high 
or fluctuating water levels (Vergouwe, 2014). 
The breach in 2003 of a regional dike in Wilnis, 
as shown in figure two, was an example of 
such a failure mechanism caused by drought.  
 
Furthermore, the consequences of a breach 
are calculated for the inner areas of the levee 
systems in economic loss and fatalities. This is 
done by determining the direct and indirect 
economic damages to capital goods such 
infrastructure, homes, and loss of businesses. 
In addition, the fatality consequences are 
calculated through the number of inhabitants 
combined with evacuation measures and flood 
characteristics such as rise rate and velocity of 
the water. Together, probability and 
consequences of flooding determine the flood 
risk, as shown in figure 3.   
 

 

Figure 2: Regional levee breach in Wilnis in 2003 caused by drought.
(Source: AFP, 2003)



FFlood risk management policy 

Based on the safety standards brought forth by 
the flood risk assessment of the Dutch levee 
systems, a development program (HWBP) was 
created to strengthen the levees and bring 
them up to the standards added to the water 
act in 2017. In the planned development of 
2021 until 2026 gives insight in the 
developments until 2050. Almost all 
interventions are focused on strengthening 
levees and reducing probability of flooding 
(Programmabureau HWBP, 2020).  
 
In a reflective report on the planned flood 
defense developments, the collective of 
governmental advisors (CRa) were critical on 
the development approach. Claiming that the 
scope of the developments is too narrow and 
the focus too sectoral, resulting in projects 
merely aimed at flood protection, not utilizing 
spatial quality opportunities (Alkemade et al., 
2020).  
 

TThe limits of the Dutch system 

The so called levee effect, describes the effect 
of intensive development in floodplains after 
the placement of flood protective levee 

structures. When flooding occurs, this 
development then results in increased damage 
(White, 1942). The Dutch flood risk protection 
system is the ultimate example of the levee 
effect. With sea level rising faster and higher 
than expected, eventually this current flood 
protection system might not be sufficient and 
sustainable in the long term. As soon as 2100, 
sand nourishment demands will be twenty 
times as high, storm surge barriers will have to 
close at a high frequency and fresh water will 
be less available due to saltwater intrusion 
(Haasnoot et al., 2020). Globally, decision 
makers are increasingly interested in sea level 
rise events with a small probability but with 
very high consequences. With this, the focus of 
flood risk measures has been shifting more and 
more from reducing flood probability towards 
reducing flood consequences as well (Bars et 
al., 2020).  
 

AAlternative approaches 

The technocratic Dutch approach of flood risk 
assessment per separate levee structure does 
not take into account the systemic 
mechanisms or that influence flood risk once a 
breach occurs. Therefore it is interesting to 

Figure 3: Schematic representation of flood risk assessment.
(Source: Author)

(Data: Deltares, 2012; Vergouwe, 2014)



explore different models of flood risk 
assessment.  
In the Dutch delta, the estuary of the Rhine 
and Meuse river meets the North sea. The 
Rhine basin reaches from Switzerland, Austria 
and Liechtenstein, through France and 
Germany before it enters the Netherlands. For 
accurate flood risk assessment of river 
systems, every relevant failure mechanism as 
well as uncertainties and planned safety 
improvement measures are to be mutually 
regarded (Mierlo et al., 2007). As flooding from 
rivers poses the highest flooding threat in the 
Netherlands. Looking beyond the national 
border at the entire river basin is therefore 
essential. Regarding the occurrence of breach 
of each separate levee system in the 
Netherlands within this larger system affects 
the flood risk. Shown by a computational 
example where upstream levee breaches 
reduced downstream flood risk when system 
behavior was accounted for as shown in figure 
3. Van Mierlo et al (2017) argue that this 
conceptual flood risk assessment model that 
incorporates river system behaviors serves as a 
tool for flood risk managers and policy makers 
on the regional scale.  
 
A study on flood risk assessment in Leipzig of 
the Mulde river basin brought forth a multi 
criteria assessment model. Similar to the Dutch 
approach, flood risk was defined as the 
product of probability and consequences of 
flooding. In addition, the so called urban 
approach defines economic, social and 
ecological flood risk criteria specified to deal 
with urban issues. Subsequently, these criteria 
incorporate urban issues in the flood risk 
assessment such as vulnerable groups, areas of 
social and ecological health care, differentiated 
residential land use classes and ecological 
value of urban green spaces. Addition of these 
different weighted criteria to the assessment 
model, as seen in table 1, influenced the flood 
risk and the spatial distribution of flood risk in 
the case area. It was concluded that a better 
understanding of the spatial distribution of 
vulnerable social, economic and ecological 
elements provides a more specific insight in 
risk situations that goes beyond the 
technocratic approach (Kubal et al., 2009). 
Taking into account that the context of Leipzig 

differs from the Dutch delta territory in many 
ways, this alternative approach gives an insight 
in different validation methods of the 
consequences of flooding. Incorporating 
multiple elements in addition to the economic 
value and losses of life might provide a better 
understanding of the exact spatial distribution 
of flood risk. 

 
The room for the river project, completed in 
2015 was an example of flood risk 
management policy that resulted in flood 
defense development which (unknowingly) 
incorporated some of the aspects of the earlier 
described river system thinking and 
multicriteria approach. This project can be 
seen as the predecessor for the HWBP. Besides 
strengthening levees, levees were pushed 
back, creating larger floodplains. This 
nationally carried project incorporated 
ecological and spatial quality values as well as 
flood risk reducing measures (Keessen et al., 
2018). 
 

  

Figure 3: Reduced flood risk in the Southern area when taking river system behavior in 
account: levee breach of the Northern area.

(Source: van Mierlo et. al., 2017)



CConclusion 

In the Netherlands, historically, flood risk 
management and flood protection 
development responded to flooding events. 
Currently, flood risk management decision-
making is underpinned by flood risk analysis 
and assessment. Accurate flood-risk analysis 
and assessment is therefore critical in order to 
assure flood-resilient development. This 
becomes apparent considering the planned 
flood risk development for the Netherlands 
until 2026. The planned development and 
interventions are aimed at strengthening the 
levees to meet the safety standards that were 
brought forth from flood risk analysis and 
assessment by 2050. These standards are 
based on a moderate sea level rise. However, 
recent studies show that sea levels might rise 
at a faster rate than predicted before. This 
increase in sea levels will put an enormous 
pressure on the Dutch flood-protection 
system. If sea levels rise even higher than 
predicted, the Dutch levee system will not 
suffice to protect all of the below sea level 
areas of the Netherlands. 
 
In order to be prepared for this uncertainty in 
sea level rise it is therefore necessary to look 
beyond the current flood risk management 
approach of strengthening the levee systems. 
As this approach is largely based on flood risk 
assessment, a broadening or redefinition of 
the flood risk assessment model can be an 
important step in adapting to scenarios of 
increasing sea levels in order to achieve flood 
resilience in the long term. 
 

In the Dutch flood risk assessment approach, 
flood risk is regarded as the product of the 
probability of flooding and the consequences 
of flooding. The probability calculations do not 
incorporate systemic behaviors that influence 
flood risk. The calculations of consequences 
have a limited scope of economic damage and 
fatalities, ecologic values are not incorporated.  
 
With the room for the river project, the scope 
of flood risk management and flood defense 
development was broadened and incorporated 
these ecological and spatial quality values. 
With planned interventions of strengthening 
levees until 2050, based on the current flood 
risk management policy and flood risk 
assessment model, it appears that steps are 
taken back and the scope is narrowed again. 
 
Therefore the current Dutch flood risk 
assessment approach can be regarded as too 
technocratic and sectoral, resulting in missed 
potentialities of ecologic and spatial quality in 
the development of the Dutch delta on the 
national scale.  
 
The Dutch flood risk development seems to be 
stuck in a downwards spiral, as the perfect 
example of the levee effect. Redefining the 
approach to flood risk assessment trough 
incorporating systemic behavior and values of 
spatial quality and ecology might be a first step 
in breaking this cycle and allow for more 
transformative development towards long 
term resilience.  
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