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Design & assessing the flood risk management paradigm 
shift: an interdisciplinary study of Vlissingen, the Netherlands
Fransje Hooimeijer, Andres Diaz, Andrea Bortolotti, Qian Ke, Jasper van der Heuvel 
and Jeremy Bricker

ABSTRACT
Mean sea level rise (SLR) could increase up to 2m by 2100, which 
would see damage caused by coastal flooding in Europe increase 
from €1.25bn per annum currently to €961bn in just over 80 years. 
Urban areas situated along the North Sea coastline are particularly 
vulnerable to extreme sea level rise (a combination of SLR, tide, and 
storm surges). The main goal of this study is to assess the paradigm 
shift in flood risk management from reducing probability of the 
flood event to reducing its consequences in the city of Vlissingen, in 
the Netherlands. Two spatial adaptation strategies are modeled and 
compared by using spatial, climatic, and socioeconomic projections 
for the year 2100: the “Vlissings Model” and the “Spuikom Model.” 
The Vlissings Model is about increased coastal protection through 
the heightening of existing grey infrastructure by 3 m, which 
includes the dike and buildings constructed on top of it. The 
Spuikom Model is accepting and rerouting overtopping water 
towards an existing former backshore water basin. The study brings 
forth an interdisciplinary “Design & Assess” framework that brings 
together design strategies with flood damage models and cost/ 
benefit analyses to compare the effectiveness of two paradigms in 
dealing with extreme SLR.

KEYWORDS 
Climate change; Coastal 
floods; hydrodynamic 
modeling; Spatial design

1. Introduction

Mean sea level rise (SLR) could increase up to 2 m by 2100 (Oppenheimer et al. 2019), 
which would see damage caused by coastal flooding in Europe increase from €1.25bn per 
annum currently to €961bn in just over 80 years (European Commission, 2018). Urban 
areas situated along the North Sea coastline are particularly vulnerable to extreme SLR (a 
combination of SLR, tide, and storm surges).
The present prevailing flood risk management paradigm in which the risk is assessed by 
probability x consequences, is aiming for reducing the probability of a flood event to occur, 
largely by means of grey infrastructure. Flood risk is the likelihood of a flood event 
together with the actual damage to human health and life, the environment and eco
nomic activity associated with that flood event. Risk can be defined as a function of 
hazard, exposure, and vulnerability. Hazard, the amount of water in cubic meters over 
time, represents the probability and intensity of a threatening natural event (Kron 2005; 
Merz et al. 2010); the hazard occurrence refers to the frequency of the returning period at 
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a given magnitude (Peduzzi et al. 2009). The exposure, the amount of economic value 
exposed, can be defined as the degree to which element-at-risk is exposed to hazards 
(Kaźmierczak and Cavan 2011); vulnerability is the degree of loss to each element-at-risk 
under a given severity of hazard (Peduzzi et al. 2009). However, there is a paradigm shift 
recognizable in flood risk management wherein the reduction of the consequences is also 
a feasible and acceptable approach as a manner of reducing the risk. Instead of exposure 
and vulnerability reduction by means of grey infrastructure, consequences are reduced by 
adapting the urban environment. Moreover, the reduction of the vulnerability is 
addressed by looking into the balance between, on the one hand, natural conditions 
and on the other man-made interventions. Just keeping up the hard line of flood defence 
is spatially and financially not possible anymore, due to corsets or the urban functions and 
quality in place, costs of new infrastructure or loss of value due to the implementation of 
the latter (Vries and de & Wolsink 2009). Beyond that, the ambition of living with water or 
adaptivity is a strong societal driver to divert from the current paradigm of flood protec
tion that is based in only reducing the probability.
This paper presents the results of an interdisciplinary design study in which the impact of 
the paradigm shift – from reduction of the probability to the reduction of the conse
quences – for the case of Vlissingen (NL) is investigated. What does this paradigm shift 
practically mean when spatial adaptation, and design, by including and Nature Based 
Solutions (NBS) becomes part of the flood risk management strategy? The reduction of 
the probability is represented in a (defence) line, the dike, whilst the reduction of the 
consequences is the spatial design of the coastal, urban zone. This work builds on the idea 
that by integrating a thorough hydraulic knowledge into urban design it is possible to 
introduce spatial and urban qualities that can increase resilience to urban flooding.
The case study selected for the purpose of the analysis is Vlissingen, in the Netherlands. 
Vlissingen is a city of almost 50.000 inhabitants southwestern Netherlands located in an 
area with a high risk of flooding where the North Sea and the Scheldt River come together 
(Figure 1). The estuary acts as a funnel, yet due to the proximity of the shipping route 
(North Sea – Antwerp) seaward reinforcement in the foreshore is not possible. Meanwhile, 
the dike currently protecting the city is completely fixed with buildings constructed on 
top of it. In the past, to deal with this complex condition, decision-makers and policy
makers have focused on technical solutions, such as the use of reinforced concrete 
seawall, a heavy engineering and grey infrastructure, as opposed to working with the 
spatial development in the city. The municipality has also adopted an innovative local 
building code to regulate that new constructions built on top of the dike will be 
integrated into eventual future raising of the defence structure (Stronkhorst et al., 2012; 
Vlissingen & Ma.an, 2010). This quite progressive policy is called the Vlissings Model. 
However, this continues the paradigm of keeping the line of defence. These buildings as 
part of the raised grey infrastructure have a major impact on the urban quality of 
Vlissingen, because it will replace its historical front-line buildings and block the self- 
evident relation to the sea. For this reason, the municipality is now examining the 
approach to reduce the consequences by accepting overtopping: the Spuikom Model. 
This approach will anticipate urban development wherein space is created to store over
topping behind the defence line, in a former spuikom, sluice system, area (Figure 4). This is 
a clear example of the flood defence strategy that moves from holding the line to coastal 
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zone management. It is important to note that this is a local approach to flood risk 
management, which obviously needs to be coordinated with the regional approach. 
The scaling up of this strategy is discussed below.
In order to examine the implications of the paradigm shift in flood risk management, 
a case study research approach is used to test an interdisciplinary Design & Assess (D&A) 
framework [Figure 2]. The framework comprises: i) the design of different strategies of 
urban transformation and spatial adaptation; ii) the hydrodynamic modeling, which 
simulates potential flood events combining sea level rise and extreme flood events and; 
iii) the damage modeling, which estimates and compare potential flood damages, and, 
ultimately, iv) the cost-benefit assessment (CBA). Results of our analysis are provided for 
the Vlissings model – heightening the dike –, the Spuikom Model – accepting and 
rerouting water runoff –, and a “no-measures” strategy. Although our hydrodynamic 
modeling is the standard for flood risk assessment, and many methodologies are dis
cussed in the scientific literature (Gallien et al., 2018; de Moel et al., 2015; Ramirez et al., 
2016; Vousdoukas et al., 2016), the way it is combined with urban design strategy and 
damage assessment tools can be considered novel. The paper is organized as follows: 
section 2 presents data and methods used for building the interdisciplinary D&A frame
work; section 3 presents the results of our analysis for the three strategies; section 4 
provides a comparative cost/benefit analysis for the models; section 5 concludes discuss
ing the impact of the paradigm shift from reduction of the probability to the reduction of 
the consequences in flood risk adaptation in the case of Vlissingen.

2. Design & asses framework

This section describes the construction of the D&A Framework which is the result of a co- 
design process of data collection and analysis. First, it presents the general framework in 
which this interdisciplinary collaboration was set up and conducted, using urban design 
strategies as an integrative tool of projection and evaluation of alternative flood defense 

Figure 1. The location of Vlissingen (Netherlands) in the maritime system.
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strategies vis à vis projections of extreme sea level rise for the year 2100. At this stage, 
continuous exchange with hydraulic engineers and models, but also public managers and 
plans, are at the heart of the urban design process. Second, it introduces the hydrody
namic model, its underlying assumptions, the input data, and the boundary conditions 
that were imposed. Third, it explains the flood damage model, combining the hydro
dynamic model and land-use map to calculate flood damages for the two strategies. Last 
step is the Cost Benefit Assessment (CBA), which as a decision-making step is important 
because the difference between the CBA of infrastructure projects, like dikes, and CBA of 
urban area development is a reason why integration of the both is difficult. 
Acknowledging the difference is the first step and the results will show how to be able 
to do this.

2.1. The design strategies

Design is about creating a prospective strategy that proposes a possible or desired 
situation in the future. This future is usually described by goals and targets which are 
set and established by assumed events between the current and future situation. Design 
strategies are projective tools widely used in the urban design and planning field to 
perform cyclical processes of production and comparison of alternative spatial configura
tions (Deming & Swaffield 2011). More in general, the what-if strategy is a common 
technique to forecast and assess the impact of decision-making choices with respect to 
opportunities and risks each choice may have on the future (Mietzner and Reger 2005). 
The construction of a prospective strategy, especially as part of Research by Design (de 
Jong and Van Der Voordt 2002) supports the development of strategies to overcome 
discrepancies between the current and desired future. This is also referred to as “design 

Figure 2. Synthetic storm surge for Vlissingen using the still water level (SWL) from HydraNL 
(10,000 year RP and 2100 climate change scenario W+) (elaboration: A. Diaz).
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thinking,” because it is a process built on the representation of the values of the goals and 
targets by use of visual representation. Some authors even call visualization tools “the 
mother of all design tools,” because they are used in every stage of a design thinking 
process (Haasnoot et al. 2012). To integrate the flood risk into urban design, hydraulic 
modeling needs to be part of the design process and visualized in relation to the spatial 
morphology. Hugh Dutton (2000) argues on the integrated approach to design: ‘For an 
integrated approach to design, borders between the distinct professional, industrial, and 
construction territories must be transgressed. The success of this exploration depends on 
architects’ understanding of the capacities and constraints of each separate field during 
the design process.”
Therefore, the first step in the construction of the D&A framework comprises the defini
tion of the design strategies under study. In the study, the strategies are used in two ways. 
First, to project the spatial consequences for the urban coastal area of Vlissingen of two 
flood risk management strategies. The first strategy is the Vlissings Model, which in line 
with the prevailing paradigm foresees the heightening of the dike, and the second 
strategy Spuikom Model, representing the paradigm shift to accepting and rerouting 
overtopping water. To do so, the spatial implications were designed based on the 
hydraulic modeling and at the same time discussed with the municipal design and 
engineering departments to integrate into account the past and present urban dynamics. 
Second, the strategy technique is used to compare the impact of extreme flood events 
and perform a cost-benefit analysis for these different spatial adaptation strategies. For 
this reason, the strategies were elaborated from the beginning in close collaboration with 
hydraulic engineers. Indeed, the strategies provided the basis to run the hydrodynamic 
and damage modeling and conduct the comparative analysis.
As such, the design strategies have fully worked as an integrative tool that enabled to 
bridge knowledge from different disciplines into the definition and research for a solution 
to the design problem. they integrated current policy and public objectives and visions 
with the technical knowledge from the hydraulic field.

2.2. The hydrodynamic model

The second step of the D&A framework concerns the elaboration of the hydrodynamic 
model. Delft3D-FLOW is a hydrodynamic model which calculates non-steady flow and 
transport phenomena that result from different hydro meteorological conditions like tidal 
and meteorological forcing on a rectilinear or a curvilinear grid (Deltares, 2020). To do so, 
this model needs a minimum of three inputs: 1) the bathymetry/topography, 2) the 
surface roughness coefficient and 3) the boundary conditions. For the purpose of this 
study, we obtain the terrain elevation from the AHN2 and AHN3 digital elevation model 
(water boards, provinces, and Rijwaterstaat) and by filtering cars, trees, and roofs of the 
buildings with a ~50 cm resolution. buildings were included while trees and cars were 
removed. Subsequently, a rectangular square regular mesh was overposed with a total of 
around 1.5 million nodes and 2 m resolution over the perimeter of the waterfront and 
urban center of Vlissingen. For what concerns the surface roughness, and in order to 
reduce the complexity of the model, an equivalent manning coefficient of 0.025 is 
adopted, which can be a reasonable value for urban studies (Bricker et al. 2015).
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As for the boundary conditions, the overtopping discharge flow values produced by 
a storm with return period (RP) of 10,000 and climate change (CC) extreme scenario W+ 
at the year 2100 (Vellinga et al. 2009) were taken into account. This scenario considers 
a sea level rise of 1 m by 2100 and a RP 1:10.000; these values are taken to perform the 
comparison between the current situation (baseline strategy) and two alternative models 
for coping with sea level rise. The formulas were selected from the EurOtop manual to 
obtain the overtopping discharge flow for a dike type and coastal morphology similar to 
those found in Vlissingen (see section 5 “Coastal dikes and embankments dikes” of 
EurOtop, 2018). The overtopping formula for these types of dikes is summarized in 
equation 5.10 of the manual (Equation 1): 

Where:
γb is a reduction factor according if there is a berm or not; γf is a reduction factor for 
elements that create macro roughness and energy losses; γβ is a reduction factor to 
account the angle when waves are not hitting completely perpendicular to the structure 
(worst case); γv is a reduction factor when walls with especial elements are installed over 
the dike (in Vlissingen a bullnose wall); Hm0 is the significant wave height also known as 
hsig (m); �m� 1;0 is the Iribarren number; Rc is the freeboard (m); q is the overtopping 
discharge flow (m3/s/m).
Two main variables of this formula – the wave height and still water level (SWL – the 
elevation that the water can reach due to the storm source and astronomical tide) – are 
characteristic for each individual storm. Following Deltares (2017), the HydraNL program 
was used to define these variables for particular storms with different return periods and 
climate change conditions (according to the boundary conditions). Using these variables, 
it was possible to obtain a unique overtopping value. Yet, a storm does not produce 
a unique uniform discharge flow, but it starts with a lower intensity and increases in time 
until reaching a maximum intensity with higher overtopping discharge flows [see 
Figure 2]. For this reason, the synthetic storm surge model proposed by Deltares (2017) 
was adopted. Combining values from the EurOtop manual with the synthetic storm surge, 
it was possible to generate a continuous hydrodynamic simulation of the overtopping 
discharge flow. As the final stage of the process, overtopping values were associated with 
every mesh of the DSM described above in order to obtain the hydrodynamic model. It is 
important to state the spatial scale limitations of this model. We assume that the dunes to 
the west of the Boulevard maintain their integrity and are not breached by any storm, 
thereby preventing overtopping at that location. We also assume that east of the light
house and pilot boat basin, incident waves are significantly reduced in height, because 
the shoreline here is sheltered from the westerly incident waves by the boat basin and its 
jetties, east of which the shoreline normal points south-southeast, preventing significant 
overtopping there.
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2.3. The flood damage model

The third step of the D&A Framework concerns the flood damage model. This model 
combines the hydrodynamic model with land-use maps to calculate flood damages for 
the different strategies. Flood damage models aim to estimate what are the possible 
consequences of the floods following the principle that risk is a function of hazard, 
exposure, and vulnerability (de Moel et al. 2015). In the Netherlands, large-scale flood 
impacts from major watercourses are commonly assessed with the “Standard Damage 
and Fatality Model” (in Dutch “Standard Schade en slachtoffer module” or SSM) (Kok et al. 
2005).1 It is based on a unit-loss method in which damage per category is assessed by 
multiplying a damage factor with the maximum flood damage for that category. The 
economic damage S (expressed in monetary terms) can be calculated by equation (2). 

ai is the “damage factor” for category, ni is the number of units (e.g. land use type or 
houses) in category and Si is the maximum damage per unit in category. The damage 
factor represents the effect of hydraulic conditions and is affected by the maximum water 
depth and other flood characteristics (Kok et al. 2005; Diaz Loaiza et al., 2022). The SSM 
2017 is used to calculate the direct economic damage (Jonkman and Vrijling, 2008; 
Rijkoverheid 2020) including land use types, objects (e.g. cars) and the number of 
inhabitants, business interruption, and interruption of housing service. Business interrup
tion relates to six categories of business: meeting facility, industry, education, health 
service, shops, and offices. The maximum damage value related to business interruption 
depends on the damage factor for the damage to capital goods. The net added-value (to 
account for the reduction in depreciation) and gross added-value (to account for the 
depreciation of the non-damaged capital goods) were both taken into account in the 
maximum damage calculation equation (Deltares, 2015). It should be noted that the 
interruption duration (flood duration plus restoration period) was assumed as 1 year for 
all business categories in this method. Moreover, the substitution factor and cascading 
effects were also considered in the form of multiplier in the calculation (Deltares, 2015). 
For the interruption of housing services, the gross added value from housing services is 
supposed to be equal to the production value. i.e. the rent. Bruijn, K. et al., 2015 show that 
the value of housing services is 4.5% of the value of the house and grounds, which is equal 
to the value added within the sector ‘rental of real estate.’ The average value of residence 
in the Netherlands for the year 2011 was estimated at 237,000 euro according to CBS data 
and the maximum damage to furnishing was proposed as 70,000 euro per household. It 
should be noted that SSM 2017 calculated the maximum damage based on the price in 
2011. 

Where:
DBI = Total damage due to business interruption of all damage categories [million euro]
f2;i wdð Þ = damage factor based on the damage function of the direct physical damage, for 
damage category i. [-]
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NTWi = net added value for damage category i [million euro/year]
BTWi = gross added value for damage category i [million euro/year]
f1 wdð Þ = damage factor based on the damage function for the business interruption [-]
ID = maximum interruption duration of the damaged object (set to 1 year for all cate
gories)[year]
SFi = Substitution factor for damage category i [-] 

Mi = multiplier for indirect damages for damage category i �½ �
The number of fatalities is calculated by multiplying the number of inhabitants per grid 
cell by the mortality rate. The mortality rate is determined by the flood characteristics (i.e. 
water depth, the rising rate of the flood water and water velocity) in the Netherlands, in 
which the water depth is a dominant factor to determine the fatalities. Other maximum 
damage per unit category and the associated damage function are standardized in the 
Netherlands and the land use information is already included in SSM2017. Other informa
tion and details about the corresponding damage functions can be found in (de Bruijn 
et al. 2015; Slager and Wagenaar 2017). The only required input for SSM 2017 is a flood 
map, which is supposed to provide flood characteristics of inundation depth, water flow 
velocity and water rising rate, etc. The inundation depth is a compulsory input with 
a required format of raster.

2.4. Cost Benefit Assessment (CBA)

In order to evaluate the three strategies and get a grip on what the paradigm shift 
towards reducing consequences means, the Cost Benefit Assessment (CBA) is the last 
step in the D&A Framework. The first problem in preparing the CBA is that, whereas data 
for assessing the damage and predicting costs (financial ratio) of a new dike is available 
and the calculation is quite straightforwardly done with the existing models, when the 
flood protection is expanded from a dike to an urban area, another type of CBA is needed 
that is commonly applied to urban area development. For infrastructure projects, the 
direct effects are paramount, while in area development the indirect and external effects 
of projects are central (Priemus 2011). To reveal this difference and highlight how this 
affects decision-making in flood risk management, the D&A framework differentiates the 
CBA of flood protection (being quantitative) from the CBA for area development (being 
qualitative).

2.4.1. CBA flood protection
The benefit and cost ratio (Equation 4) for the flood protection infrastructure project is 
used to represent the economic efficiency in terms of the relative benefits per euro 
invested in an intervention. The cost is the initial cost investment and annual mainte
nance cost for each intervention. The benefit is expressed as the reduced expected annual 
damage (EAD) compared to the baseline strategy. If the benefit/cost ratio is more than 1, it 
was seen as an economically attractive intervention. 
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Where Bt is the benefit of an intervention in year t; Ct is the cost in year t, including the 
initial investment and annual cost; r is the discount rate; and the investment horizon is 
T years (i.e. the 80 year-period from 2020 to 2100).
In order to use a monetary metric to estimate the benefit of each intervention, it is 
necessary to quantify the value of life in a monetary term. Although it is still contro
versial to quantify human life in an ethical domain, from an economic perspective, the 
monetization of human life has been used by ones who are interested in measuring 
social benefits associated with investment in particular programs to prevent loss of life 
(Department of the Prime Minister and Cabinet, O. of B. P. R. 2018). Here, in this paper, 
we quantify the life value by the equal investment to avoid loss of life, also refers to the 
value of preventing fatality. The value of life was estimated at 10 million euro 
(Hultkrantz and Svensson 2012). Likewise, the investment to avoid an affected person 
was estimated at 0.5 million euro; subsequently, the number of the affected people 
could be converted into the monetary term by the number of affected people multi
plied by the investment to avoid. Since the flood damage was calculated at the price 
level of 2011 (in the Dutch damage model), the 2011 price should be converted into 
present value (PV) using Equation (5). 

Where Dpv is the damage at the current year; D2011 is the flood damage at 2011 price. t is 
the year period between 2011 and current year. If 2021 is taken as current year, t = 10; the 
Dutch discount rate was adopted as 5.5% (CBP, 2017). While, in order to include uncer
tainty analysis, a lower bound discount rate of 4% and a higher bound of 7% are 
employed, respectively.
The cost of heightening the dike (per meter) in the urban area of the Netherlands was 
estimated at 18–21.6 million euro/km and the maintenance cost was estimated at 
approximately 0.1 million euro/km per year at price level of 2009 (Hillen et al. 2010).

2.4.2. CBA of area development
As stated in the introduction, CBA in spatial planning (the overarching field of area 
development) does not only consider the direct effects of projects as paramount, but 
also the indirect and external effects of the area development over a longer period of 
time. This is because area developments consist of several components, which are 
decided differently by different parties. These are private parties and different levels of 
government, which means that interests are different and have an impact on the CBA, 
some benefits are at a different level of scale. Where the national government puts the 
national interest of flood risk management first, the provinces and municipalities are 
primarily concerned with the development of the spatial quality of their own region. As 
a result, provinces and municipalities often have difficulty with (standard) CBA, in which 
regional effects (employment, business location) do not contribute to the local balance of 
costs and benefits but are referred to as interregional redistribution effects. A number of 
the possible effects induced by area developments are difficult to measure and monetize, 
such as landscape, cultural history, and urban improvements. Not only because market 
prices are often missing here, but also because sometimes even unambiguous judgments 
(intervention-effect relationships or dose-effect relationships) are missing. In addition, it 
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can be difficult to determine whether and to what extent the cohesion between the 
components of an area development provides added value. For example, agglomeration 
or synergy effects are still difficult to appreciate. However, these are precisely the argu
ments for a specific course in area development.
In general, the CBA of area development is done by the following steps (Romijn and Renes 
2015):

(1) problem analysis
(2) baseline strategy (no interventions)
(3) define policy alternatives
(4) determine effects and benefits
(5) determine costs
(6) analysis of variants and risks
(7) overview of costs and benefits
(8) presentation of results

The determination of effects is done by comparing the baseline strategy with the policy 
alternatives, the effects are categorized in spatial quality effects and welfare effects. 
Important for area development is that also the effects of project’s measures are studied 
and valued. How do the different measures synergize into a greater effect? The spatial 
effects of an area development like landscape quality, architectural history, aesthetics is 
difficult to measure in quantitative terms, also because a value system is missing (Priemus 
2011). Moreover, urban designs are hardly comparable, in a way that, as stated by 
Eijgenraam et al. (2000) “no method yet exists to measure the value added by good 
urban design in new development.”
When drawing up a CBA of an area development, a wide variety of possible effects must 
be taken into account. It is not always possible to measure these effects. In many cases, 
the relationship between measure and effect is lacking. Initiators of urban development 
often want to solve several bottlenecks simultaneously with one project. The variety of 
expected benefits, in combination with the sometimes lack of generally accepted 
approaches for measuring the value of ì effects, has consequences for the reliability of 
results. That is why the uncertainty margins are greater for area development projects 
than for infrastructure projects (Romijn and Renes 2015).
Costs and benefits are done with the “operational results balance” of which the ‘produc
tion costs’ are a part. In the operational results balance of the project all costs and benefits 
are taken and made more specific for each project phase. For the first start-up phase this is 
done with little detail, and it becomes more detailed per each project phase. The opera
tional production costs comprise the value of land and buildings, and the costs of clearing 
an area administratively and physically. The costs are further research, civil works, utilities, 
compensation nature, process costs, temporary maintenance, damage substitution, tax, 
and interest (ECORYS and Witteveen + Bos 2009).
In the light of this, the CBA applied in the following section to evaluate spatial adaptation 
strategies in the case study remains qualitative and provides broad assessments for the 
following aspects taken from the approach by Romijn and Renes (2015), namely:

● the costs and benefits of the spatial adaptation strategies;
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● the effects in relation to current situation;
● the risk of the alternatives.

This evaluation is done for the Vlissings Model and the Spuikom Model to better under
stand the specific impact of each strategy within the paradigm shift.

3. Results of the design & assess framework

This section presents the results of the analysis conducted using the D&A framework for 
two strategies object of study-the Vlissings Model and Spuikom Model-and their 
comparison with the No-measures strategy, hereafter called “baseline strategy.” It 
details 1) the list of spatial/urban interventions entailed by each strategy, 2) the 
different extents of flood events, and 3) the damage assessment for each case. Flood 
events are modeled for the year 2100 with a 10,000 year return period. It should be 
noted that the analysis is not comprehensive for the entire Vlissingen coast, but it is 
restricted to the perimeter of the city center as previously mentioned. It does not 
include therefore other possible breaches along the coastline that could occur with 
different boundary conditions. Nor does it include the eventual additional drainage 
capacity of the sewer system.

3.1. Baseline strategy

The baseline strategy assumes that no measures are being taken to counteract extreme 
sea level rise in Vlissingen for the year 2100, no spatial CBA was necessary. Results of the 
hydrodynamic modeling for the baseline strategy with 10,000 years RP show that large 
city areas will be flooded in both cases at the peak of the flood. With a 10,000 RP, the 
average maximum water depth is around 1.22 m, with highest water depth (5.5 m) in the 
Spuikom. The model highlights the main breaches in the primary defense line which 
correspond to the streets from which the overtopping water runoff is expected to spill 
over the rest of the city. The damage model accounts for the total damage, the number of 
fatalities and the affected people. The number of affected people is defined as the people 
living in the flooded area. The number of fatalities is defined as the number of inhabitants 
multiplied by the mortality rate. In the damage model, it was assumed that the people 

Table 1. The qualitative CBA for the Vlissings Model.
Spatial interventions Costs Benefits Effects Risks

Raising 3 million m2 

of boulevard 
surface

- Addition of 9 million m3 

sand (environmental cost 
sand mining) 
- Public space 
reconstruction

Full protection against 
storms 1:30.000 in 
2100 in scenario W+ 
spatial connection to 
hinterland more lost

Spatial degradation

Demolition and 
reconstruction of 
the historic urban 
front

- Demolition of 1 million m2 

building surface 
- Reconstruction of 
double the amount of 
existing m2 building 
surface

Increase of 
gross (new - 
old) floor 
area

Loss of historical 
seafront of the city 
Increase tourist 
accommodations 
capacity

Spatial 
fragmentation, 
loss of legibility of 
the seafront
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living in the high-rise buildings will be affected by the use of elevators, central installation, 
and so on. Therefore, results for the baseline strategy are 53 million euro economic 
damage, 2 fatalities, and 805 affected inhabitants (see Table 1).

3.2. The Vlissings Model

The Vlissings Model (Figure 3) entails the raising up of the first waterfront defense line. 
The Banker Boulevard is raised up to 3 meters and ground floors integrated within the 
defense structure. The integration of buildings within the new dike has been controlled 
through the building code since the 1990s (BVR, 2012; Deltares, 2012; Arcadis, 2010). Since 
then, the new buildings on the top of the existing dike have been constructed with higher 
ceilings on the ground floors in order to allow the street level to be raised. However, there 
are still a number of buildings, some with historical value, which were built prior to these 
provisions, and which will have to be demolished and reconstructed.
Results of the hydrodynamic modeling show that no or not significant overtopping will 
occur with +3 meters primary defense line. Consequently, the flood damage model results 
in no damage induced. Using the standard cost of heightening the dike (per meter) in the 
urban area of the Netherlands it was estimated that if the dike-in-boulevard with 2 
kilometers length increasing 3 meters height would cost a present value of roughly 
more than 200 million euro (inflation rate of 5.5%) as initial investment, with a total 
maintenance cost more than 15 million from current year to the year of 2100 (Hillen et al. 
2010)

3.3. The Spuikom Model

The Spuikom model hinged on the (re)activation of a former water reservoir – the 
Spuikom – once connected with the harbor and partially filled in the second half of the 
twentieth century to allow new urban developments. What remains of this water reservoir 
appears today as an open space, partially covered with spontaneous vegetation, partially 
inundated, and partially used as a car park. Located in a central area of the city, the 
Spuikom and its surroundings are now the object of a long-term vision by the munici
pality that aims to integrate flood defense measures with a new mixed-use urban devel
opment (with commercial, residential, and leisure functions). The inclusion of real estate 
development is part of the financial plan for this strategy. This strategy involves the re- 
routing of water runoff from the seafront boulevard towards the sump through the use of 
movable barriers to avoid the flood to reach other city areas. Moreover, it requires 
redesigning the currently low-quality area of the basin to attain a sufficient temporal 
storage capacity, and to be able to improve the landscape quality at the same time. The 
overtopped water will be buffered here and then discharged via the nearby canal that 
drains excess water over a longer period of time. The interventions include the excavation 
of the bottom of two available Spuikom areas (S1 and S2) to an average depth of +0 m 
and raising the edges to +4.96 m above NAP (the Normal Amsterdam Peil). Movable 
barriers of at least 2 m height are needed on the four roads/passages that give access to 
the area (Figure 4). The “Watersgang” channel located North of the Spuikom is used to 
drain excess water by means of a weir.
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According to the hydrodynamic model, 275,000 m3 of excess water is estimated to flood 
the Spuikom at the peak of the storm. On the other hand, the recovery of additional 
storage capacity makes it possible to achieve a retention capacity for the Spuikom of 
186,000 cubic meters (140,000 m3 on S2 and 46,000 m3 on the S1). The remainder (89,000  
m3) must be managed by the Watersgang. With an outflow of 5 m3/s generated by a pump 
installed at the opposite end of the channel, the Watersgang can drain up to 18,000 m3 

over the storm duration. The remaining 71,000 m3 can be stored in the channel itself, 
resulting in an increase in average water level of 0.41 m. The redesign of the Spuikom 
requires the excavation of around 15,400 m3 in S1 and of 18,800 cubic meters in S2. On the 
other hand, 8,500 m3 cubic meters of earth are needed to raise the embankments of S2 to 
a minimum height of 2.5 m where these are lower. In this case, the damage is limited and 
mostly concentrated in the buildings and roads behind the Boulevard (see details in 
Appendix), resulting in 8.6 million Euros damage and 42 affected inhabitants.

4. Discussion of the results: towards a preliminary cost-benefit analysis

It is commonly considered that a rigorous evaluation between planning choices is based 
on a cost-benefit analysis-the financial and social feasibility of the plan. Yet, the monetiza
tion of all the aspects touched by the framework turns out to be a complex, if not 

Figure 3. Spatial design strategy: the Vlissings Model; plan and prototypical section (elaboration: A. 
Bortolotti).
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impossible, task. While damages can be estimated according to losses caused by a flood 
event (in physical terms and human lives), there is no easy estimation of urban interven
tions’ costs and benefits involved by the design strategies for area development. As 
recalled by Eijgenraam et al. (2000), no codified method is available to measure the 
added value of sound design for urban regeneration projects. It is difficult to measure 
the impacts in terms of increased land value, urban quality, and attractiveness of an urban 
regeneration project.
For instance, one can estimate that raising the dike and the boulevard as foreseen in the 
Vlissings Model implies a massive use of sand and cement, resulting in high economic 
(and environmental) costs while disrupting the historical relationship between the urban 
front and the sea, including the demolition of historical buildings. Certainly, this would 
result in no damage costs to be allocated also in the case of an extreme flood event. On 
the other hand, the evaluation of the Spuikom Model which is an integrated urban 
regeneration program that includes the construction of new buildings and the setting 
of a controlled flooding area is more difficult to be nuanced. This fact highlights the 
difficulties in comparing the two strategies. When comparing infrastructure projects with 
urban development, only in the first it is possible to enforce a broader strategic vision on 

Figure 4. Spatial design strategy: the Spuikom Model; plan and prototypical section (elaboration: A. 
Bortolotti).
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targeted and measurable interventions. Flood risk assessments are tailored at the small 
scale of a specific city or site to support decision-making in that area by evaluating the 
(cost-)effectiveness of different types of measures (de Moel et al. 2015). For urban area 
development, which is more complex, the CBA becomes more specific during the devel
opment of the project. But the design phase is done with a low data resolution, includes 
costs and benefits taken over a longer period of time, with the inclusion of more 
uncertainties. As a result, the CBA turns out to be a form of Multi-Criteria Analysis (MCA) 
which attempts to account for the main non-measurable effects of area development.
This difference between the ability to target costs and effects very detailed for infra
structure projects and “fuzzy” for urban development is an issue that often comes up in 
the debate about the choice between gray and ‘other,’ or nature-based infrastructures, 
that still lack regulatory recognition and insurance coverage.
Results of the analysis conducted using the D&A framework are presented in a matrix form 
which follows the triple structure of design strategy – hydrodynamic model – damage 
model, developed for the three strategies object of study (see Figure 5). The matrix 
facilitates the visual understanding of the implications of the three strategies, respec
tively, at the spatial, hydraulic, and damage level.

Table 2. The qualitative CBA for the Spuikom Model.
Spatial 
interventions Costs Benefits Effects Risks

Redesign/ 
reconstruction of 
the Spuikom as 
a floodable park/ 
green area

Reservoir of 2 m (= 
186,000 m3 capacity) 
15,400 m3 excavated 
earth for digging out 
4400 m2 of filled water 
reservoir (= 22,000 m3 

capacity) 
raising the basin’s 
embankments 
8,500 m3 extra earth 
volume for heightening 
680 m perimeter of 
existing water 
planting of trees and 
plants

Increase real- 
estate 
value

Protection of green space 
from urban 
development 
improvement urban 
quality/functionality 
revenue from 
ecosystem services

Working of the 
system on the 
long term, too 
much water, too 
little water 
maintenance 
disturbance

New buildings Building costs - Revenue m3 
Gross floor 
area 
- 
Additional 
urban 
functions

Economic carry capacity 
coherent urban 
densification

Street re-design and 
reprofiling

Construction costs of public 
space 
movable barriers

Reduction of 
costs 
related to 
rainwater 
stress

Adaptation to pluvial 
flooding 
legible public space as 
part of the new flood 
defense and rain water 
adaptation strategy 
spatial functionality 
ecosystems/ 
biodiversity better 
integrated

Working of the 
system on the 
long term, too 
much water, too 
little water
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The quantitative analysis in Table 1 shows the results of flood economic damage at 2011 
price level and net present value (PV) for baseline, Vlissings Model and Spuikom Model 
under three different discount rates (with a median estimation of 5.5%). It shows that no 
economic damage will be caused under the Vlissings Model since all the water will be 
blocked away with a (extremely) high dike system. While the economic damage caused by 
the Spuikom Model is approximately 12–16 million euro at PV which is only 1/6 of damage 
under the Baseline strategy (~80–100 million euro).
The qualitative CBA for area development is presented in Table 1 and shows the 
qualitative aggregated results of Table 2. The general definition of positive or negative 
outcomes is based on the overview of Table 3 and Table 4 in which the costs, benefits, 
and effects are listed for both strategies. The outcome is considered negative when the 
intervention does not create additional economic, social, and spatial values. For the 

Figure 5. The results of the D&A framework - general overview: Maximum water depth map (a-c) and 
the corresponding total flood damage map (d-f) under extreme sea level at 1/10,000 p.Y in 2100 fora) 
Baseline strategy, b) Vilissings Model and c) Spuikom Model (elaboration: A.Bortolotti, A.Diaz,Q.Ke)
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Table 3. Summary of flood economic damage, the number of total fatalities, and affected people, EDA 
and benefit for different strategies.

Strategy Baseline Vlissings Model Spuikom Model

Present value (PV) of damage * [78.5-103] 0 [12.4–16.5]
Total fatality [person] 2 0 0
Total affected people [person] 805 0 42
value of a life 10 million
Investment to avoid one affected person 0.5million
EAD [euro/year]** [5010–5255] 0 [334-375]
Benefit [euro/year] [5010–5255] [4676–4880]

* The discount rate to convert 2011 price to PV is [4%, 7%] with mean value of 5.5%; **The given return period of flooding 
is 10,000 years.

Table 4. The summary and comparative table of qualitative evaluation of each strategy.
Strategy Baseline Vlissings Model Spuikom Model

Total  
interventions’ 

investment 
qualitative 
conclusion

There is no investment Investments are public for the 
dike (single purpose flood 
defense) and private for the 
lot owners and developers of 
the new buildings

Investments are public for the 
area development (multiple 
purpose flood defense/ 
ecosystem/urban quality) and 
private for the lot owners and 
developers of the new 
buildings

Total 
interventions’ 
revenue 
qualitative 
conclusion

There is no revenue The revenue is located with 
private developers of the 
historical front’s 
demolishment & 
reconstruction

The revenue is societal because 
of the qualitative and 
functional improvement of 
the Spuikom area which is 
beneficial to the (qualitative 
in already good condition) 
district and thus general 
increase real estate value, the 
development of 4 new 
buildings in revenue for the 
developers of these

Total 
interventions’ 
effects 
qualitative 
conclusion

More risk over time Lowering of flood probability so 
decrease of risk, loss of spatial 
connection and historical 
seafront, increase of tourist 
accommodation capacity

Lowering of the flood 
consequences so decrease of 
risk, adaptation to pluvial 
flooding, 
protection and qualitative 
improvement of the whole 
urban area in relation to 
functionality, nature, 
legibility, history

Total 
interventions’ 
risk 
qualitative 
conclusion

No risk Spatial degradation, 
fragmentation, loss of 
legibility of the seafront

Working of the system on the 
long term, too much water, 
too little water

Qualitative 
conclusion of 
the damage 
assessment

The situation will become very 
unsafe with high casualties, 
affected people and high 
damage on the larger scale

The situation will become risk 
free with no casualties, 
affected people and damage

The new situation will reduce 
the damage on the large 
scale and have some damage 
and affected people on the 
project scale
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quantitative translation of the estimated flood damage and loss of lives the perspective 
of flood risk takes the given return period of 1:10,000 years into account which results in 
the estimated annual damage (EAD) of ~ 5000 euro/year under baseline strategy, and 
0 euro/year and ~300 euro/year under the Vlissings Model and the Spuikom Model, 
respectively. This means Vlissings Model and Spuikom Model can reduce the EAD with 
a benefit of ~5,000 euro/year and ~4,700 euro/year, respectively. The benefit value is 
more or less equivalent compared to the large investment on the modification of 
buildings and dikes (usually millions of euros on the initial cost and annual maintenance 
cost).
The D&A framework was partially developed together with the municipality Vlissingen as 
part of the SARCC (Sustainable and Resilient Coastal Cities) research targeted at inclusion 
of nature-based solutions as part of the flood risk management strategy. It is clear that 
accepting water as nature in urban coastal areas urges for both fields, spatial planning and 
hydraulic engineering, a shift in approach. Spatial planning needs to integrate better the 
perspective and tools of hydraulic engineering. Hydraulic engineering needs to adapt to 
the fact that including natural components in infrastructure designs, flexibility, adapt
ability to changing environmental conditions and extra functionalities and ecosystem 
services can be achieved, often at lower costs on a life-cycle basis than “traditional” 
engineering solutions (De Vriend et al. 2015). This requires a different way of thinking, 
acting, and interacting which is reflected on by the discourse Building with Nature, which 
is another way of working to contextualize infrastructure projects that meet society’s 
needs for infrastructural functionality, and to create room for nature development at the 
same time (De Vriend et al. 2015).
Another interesting point of attention is that the municipality Vlissingen, on the basis of this 
work, started with the design and construction of the first “road as a river” concept for the 
main road that conveys water to the Spuikom. The municipality uses this pilot to change the 
paradigm of reducing probability. Being a small municipality, Vlissingen does not have the 
knowledge and capacity to develop the Spuikom strategy alone, so it partially used results 
from this study to be able to advance on the project autonomously with respect to the 
National Water State (RWS) and the Water Board, which normally provide this expertise to 
local government, but that in this case are not aligned with the project objectives (being the 
roads responsibility of the municipality). With this, another point is important. Dutch flood 
risk management is organized in dike rings, the societal commitment organized in water 
boards from the fourteenth century onwards. The assessment of flood protection is done 
per dike part, where it is also assessed which value is behind the dike and to which extent 
the dike needs to protect this, e.g. what is the protected value to validate the investment. 
The scalability of the Spuikom Model is therefore opportune, however there needs to be 
a regional plan of the flood risk which is not done for this pilot. In this example, the water 
coming over other dike parts of the Vlissingen waterfront is not taken into account.

5. Conclusions

The main goal of this study is to understand the design impacts of the paradigm shift in 
flood risk management from reducing probability of the flood event to reducing its 
consequences. The acceptance of the consequences is done by using NBS. This is applied 
in the city of Vlissingen, the Netherlands, by comparing two spatial adaptation strategies 
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that are modeled and compared by using spatial and climatic projections for the year 
2100. The two strategies are named “Vlissings Model,” which is holding the defence line 
and “Spuikom Model,” which is expanding flood risk management to an urban zone. The 
Vlissings Model is about increased coastal protection through the heightening of existing 
grey infrastructure which includes the dike and buildings constructed on top of it. The 
Spuikom Model is accepting and rerouting overtopping water towards an existing back
shore water basin. The study brings forth an interdisciplinary “Design & Assess” framework 
that supports development of – and evaluates results of – these two design strategies. By 
evaluating the two strategies with the flood damage models and cost/benefit analyses, 
the impact of paradigm shift in dealing with extreme SLR is clear: it becomes more 
complex and fussier for decision makers but it can be better related to societal values.
The study resulted in two types of conclusions: on content and in process. Content wise it 
became clear that in the prevailing paradigm of flood defense the cost-benefit analysis is 
targeted and clear because of simplification of and focus on the problem. When aiming at 
reducing the size of the urban area that is exposed consequently reducing damage, this is 
done by engineering a thin line: the dike. This line not only represents the flood defense 
line but also the fact that when the project remains as small and simple as possible the 
cost benefit analysis is most optimum. To do the CBA there are tools and existing financial 
ratios already available to be able to get insight into the size of the project quite easily. 
This is not necessarily the “best” outcome within the evaluation of spatial quality.
Based on the results of CBA, Spuikom Model creates more societal value on a larger scale 
but is less risk and economically efficient than the Vlissings Model, which shows the 
conventional gray infrastructure measure.
The major difference when moving to the new paradigm of reduction of consequences is 
that this small controllable base literally opens up to a zone in which many more variables 
and stakeholders take part. The CBA becomes much more complex and introduces the 
qualitative evaluation that needs to be approved by a political decision on where the 
budget will be spent, and which benefits serve the society at best. Accepting that urban 
areas are exposed to a hazard in which costs and benefits of urban development, 
improvement of functionality and quality, are taken into the equation becomes “fuzzy” 
and difficult to predict.
The overview given in the discussion paragraph shows that the paradigm shift from 
reduction of the probability to the reduction of the consequences in flood risk manage
ment (in the case of Vlissingen) has a few major changes in current practice. To answer the 
main question driving this research: what does it mean practically when NBS become part 
of the flood risk management strategy, the findings are as follows. Inclusion of the 
reduction of exposure and vulnerability in urban flood management as a zone and 
inclusion of NBS makes the hydraulic engineering modeling a crucial aspect in the design 
process. The hydraulic model confirmed the technical feasibility of the design strategies 
for the temporary storage in the inland water system of the Spuikom and Watergang of 
overtopping water in the case of an extreme climate scenario at 2100. The combination of 
the hydrodynamic model with land-use maps allowed us to calculate flood damages. This 
way of working can support the qualitative CBS and give insight in societal benefits in the 
longer term. The CBA of flood risk management becomes literally part of the CBA for area 
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development which means that longer term effects can become an integral part to 
support a paradigm shift in which the consequence reduction becomes part of the CBA 
as an effect.

Note

1. This tool can be accessed upon request at the website: www.helpdeskwater.nl/ssm2017.
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