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7. COMBINING HAZARD,    
 EXPOSURE AND SOCIAL    
 VULNERABILITY TO PROVIDE  
 LESSONS FOR FLOOD RISK   
 MANAGEMENT

This chapter is based on Koks, E.E., Jongman, B., Husby, T.G. & Botzen, W.J.W. (2015) 
Combining hazard, exposure and social vulnerability to provide lessons for flood risk 
management. Environmental Science & Policy 47:42–52 

Abstract:

Flood risk assessments provide inputs for the evaluation of flood risk management 
(FRM) strategies. Traditionally, such risk assessments provide estimates of loss of life 
and economic damage. However, the effect of policy measures aimed at reducing risk 
also depends on the capacity of households to adapt and respond to floods, which 
in turn largely depends on their social vulnerability. This study shows how a joint 
assessment of hazard, exposure and social vulnerability provides valuable information 
for the evaluation of FRM strategies. The adopted methodology uses data on 
hazard and exposure combined with a social vulnerability index. The relevance of 
this state-of-the-art approach taken is exemplified in a case-study of Rotterdam, the 
Netherlands. The results show that not only a substantial share of the population can 
be defined as socially vulnerable, but also that the population is very heterogeneous, 
which is often ignored in traditional flood risk management studies. It is concluded 
that FRM measures, such as individual mitigation, evacuation or flood insurance 
coverage should not be applied homogenously across large areas, but instead should 
be tailored to local characteristics based on the socioeconomic characteristics of 
individual households and neighbourhoods. 
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7.1. INTRODUCTION
Flood risk is generally defined as the function of hazard – the probability of a flood event; 
exposure  – the population and value of assets subject to flooding; and vulnerability – 
the capacity of a society to deal with the event (Kron, 2005; IPCC, 2012). While the 
understanding of hazard and exposure has greatly improved over the years, knowledge 
of vulnerability remains one of the biggest hurdles in flood risk assessment to date 
(Mechler & Bouwer, 2014; Mechler et al., 2014; Visser et al., 2014). Traditionally, 
studies assessing flood risk and the feasibility of flood risk management (FRM) policies 
include the physical vulnerability of structures and goods as an indicator of flood risk 
(e.g. Filatova, 2014; Jongman et al., 2014a). Although this captures the susceptibility 
of properties to a certain flood hazard, it does not include the vulnerability of their 
inhabitants. The capacity of households to adapt and respond to hazards is equally 
important for the assessment of hazard impacts and the successful implementation of 
policy measures aimed at reducing risk, such as stimuli for individual risk mitigation, 
evacuation plans, as well as insurance coverage for natural disaster risk. This capacity 
to adapt and respond is largely a function of a household’s socio-demographic status 
that is related to their social vulnerability (Cutter et al., 2003; Smith et al., 2006). As 
such, the social characteristics of households living in areas exposed to flooding can 
be considered an important factor in determining the feasibility of FRM policies. 

However, flood risk assessments that provide inputs to the evaluation of FRM 
policies often do not evaluate social vulnerability. More specifically, traditional flood 
risk assessments either assess damage  based on physical vulnerability  (e.g Jongman 
et al., 2012), or assess the risk to life by assuming a homogeneous vulnerability of 
the entire population (e.g. Jonkman et al., 2003). Such studies mostly estimate 
damage or fatality losses as a function of water depth, thereby neglecting the social 
dimensions of risk and spatial variation in those dimensions. On the other hand, 
comprehensive social vulnerability studies have produced valuable information on 
the different parameters that determine a vulnerable population, while not linking 
this specifically to risk management. Previous social vulnerability studies have varied 
from spatial assessments, assessing patterns of social vulnerability in a region (e.g. 
Wu et al., 2002; Wood et al., 2010; Felsenstein and Lichter, 2014; Zhou et al., 
2014), to assessments which are more focused on the identification of socioeconomic 
characteristics that can explain the social vulnerability of a population (Cutter et al., 



168 economic modelling for flood risk assessment

2003; Fekete, 2009). This study shows how a joint assessment of hazard, exposure 
and social vulnerability provides valuable information for the evaluation of FRM 
strategies, such as risk mitigation policies and flood insurance coverage.  

The goal of this chapter is twofold. First, we develop a state-of-the-art approach to 
assess flood risk of households within an area, which allows for a joint assessment 
of flood hazard, exposure and social vulnerability. Second, a case-study in the 
Netherlands shows how this methodology can provide lessons for FRM. The 
innovative contribution of this chapter to the current literature is twofold. First, the 
detailed analysis of socio-demographic characteristics on the household level provides 
new methodological insights into the assessment of social vulnerability and its 
combination with hazard and exposure. Second, an application of the derived social 
indicators to an evaluation of FRM practices provides guidance to both policymakers 
and practitioners for developing risk management and risk reduction policies. 

7.2. DATA AND METHODS
The methods and data used in this study are described in the following subsections. 
The methodology will be applied to the greater Rotterdam area, which is a densely 
populated area in the western part of the Netherlands. Due to its location around 
the delta of the river Rhine, it consists of both protected and unprotected areas (see 
Figure 7.1), which makes it a potential hazardous area for flooding. In addition, 
exposure to flooding is high because of its dense population and the location of the 
largest port of Europe. Table 7.1 provides an overview of the data which is used in 
this study.

 

7.2.1. FLOOD HAZARD ZONES

This study makes a distinction between multiple hazards zones. First, both embanked 
areas and unembanked areas (the outer dike areas) are identified. Embanked areas 
are considered being less prone to flooding but the effects can be substantial, because 
these areas are generally low lying and densely populated. In other words, flooding 
in these areas has a low-probability but a potentially high impact. Unembanked 
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areas, on the other hand, face a higher probability but a lower impact since they 
are considered more prone to flooding but the effects are often small due to, for 
example, higher elevation of buildings (De Moel et al., 2014). Second, the flood 
hazard can be differentiated within both the embanked and unembanked area using 
the possible flood depth as an indicator for the severity of the flood. To assess the 
possible flood depth in the embanked areas the ‘Risk map of the Netherlands’ is 
used. This aggregated flood depth map with a spatial resolution of 50 m × 50 m 
represents the most recent information on maximum flood inundation levels in the 
Netherlands. This inundation map is created by aggregating the maximum water 
depths over a series of levee-breach scenarios  from both coastal flooding and flooding 
of major rivers (Wouters & Holterman, 2007; RWS Waterdienst 2008). It should be 
noted that the total inundation illustrated by the map is not expected to occur after a 
single event since the map is based on aggregation of many flood scenarios. As such, 
it is the maximum possible flood extent within a specific area. For unembanked areas, 
an inundation map developed by Huizinga (2010) is used. This inundation map 
shows the flood depth in the unembanked areas for a storm surge with a 1/10,000 
probability. It is assumed this is the maximum possible flood depth in this area in the 
current situation. 

In addition to the analysis for the current situation, an analysis of the potential future 
flood hazard is provided. This allows for examining changes in risk because of a larger 
flood extent and higher inundation depths in unembanked areas, expected to occur 
as a result of climate change (Veerbeek et al., 2010). For the embanked areas, the 
‘Risk map of the Netherlands’ already shows the maximum possible flood extent 

Table 7.

Data Section Source

Risk map of the Netherlands Section 7.2.1 http://www.risicokaart.nl/en/ 
(last accessed 20/04/2016)

Inundation map unembanked areas Section 7.2.1 Huizinga (2010)
Socioeconomic data Section 7.2.2 - 

7.2.4
CBS (2012a)

BAG Registration of Addresses and 
Buildings

Section 7.2.2 - 
7.2.4

http://www.kadaster.nl/BAG 
(last accessed 20/04/2016)
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at the current design standard. However, climate change may affect the frequency 
and intensity of low-probability flood events (Kundzewicz et al., 2014). Therefore, 
while the flood extent at the design standard level of the dikes remains the same, 
such water levels may become more frequent. For the unembanked areas, a climate 
change projection for the year 2050 will be used, which is derived from the Dutch 
KNMI’06 climate change scenarios (Van Den Hurk et al., 2006). This scenario 
assumes a temperature rise of 1 degree Celsius, an increase in river discharge of 13% 
for the Rhine River and 21% for the Meuse River, as well as a slight increase in storm 
duration, namely 35h instead of 29h. Furthermore, in this scenario it is assumed that 
a sea level rise of 35 cm can occur, which is in line with the upper estimates of the 
KNMI’06 climate change scenarios (Huizinga, 2010). 

For the integration of the potential flood hazard with the exposure and vulnerability, 
five distinct flood hazard zones are made, in addition to the differentiation between 
embanked and unembanked areas (Figure 7.1). To obtain these hazard zones, the 
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cumulative frequency of all flood depths is calculated. This makes it possible to divide 
the data into quartiles. These quartiles show the potential flood hazard varying from 
a low hazard (1 – 100 cm inundation) to a very high hazard (> 300 cm inundation). 

7.2.2. DEMOGRAPHIC DATA

This study uses detailed, open access socio-demographic data on a six position 
zip code level (PC6) (CBS, 2012a). On average, a PC6 area consists of about 20 
addresses. Table 7.2 shows an overview of the socio-demographic variables used in 
this study as well as the total availability (coverage) of each variable. For privacy 
reasons, no socio-demographic variables are available for zip codes consisting of less 
than 10 households. This leads to some data gaps around the country, especially in 
rural areas. Nevertheless, as can be seen from Table 7.2, the demographic data has an 
overall coverage of more than 90%. 

Table 7.2

Variable Coverage 
(%) Mean St. Dev Min Max

Total inhabitants 98.4 51.4 41.7 0.0 905

One parent households (%) 93.5 7.9 9.1 0.0 82.0

Non-European immigrants (%) 94.1 16.8 22.7 0.0 100

Age 0-14 year (%) 94.1 17.4 9.8 0.0 68

Age 65 years and older (%) 94.1 5.7 10.2 0.0 100

Total number of households 98.4 22.4 19.8 0.0 490

Average monthly income (in euro) 90.1 2595.9 967.3 500 10000
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In addition, spatially explicit open access property data is used, namely the ‘BAG 
Registration of Addresses and Buildings’ (Basisadministratie Adressen en Gebouwen). 
This data contains geographical coordinates for each of the registered addresses as well 
as their PC6 code. For over 8.9 million individual addresses in the Netherlands, the 
BAG database lists several characteristics, including: the function of the property (e.g. 
residential or commercial); the surface area of the specific unit; as well as the year of 
construction. By combining this property data with the demographic data, using the 
PC6 code as their common variable, the demographic data becomes spatially explicit. 
By making the demographic data spatially explicit, the combination with the hazard 
data becomes possible.

7.2.3. FLOOD EXPOSURE

Exposure can be defined as the assets and values located in flood-prone areas (IPCC, 
2012). In this study the density of the built environment is considered as a part of the 
exposure component of the risk. This is in contrast to other studies which consider 
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the density of the built environment an important factor in the vulnerability index 
(e.g. Cutter et al., 2000; Wu et al., 2002). The number of households per PC6 area 
is used as a proxy for the density of the built environment (see Table 7.2). In the 
Netherlands, we can assume that each household occupies one property, which can 
be a single-family house, or an apartment etc. (Jongman et al., 2014c). 

This implies that a higher number of households in a specific PC6 area represent a 
higher density of the built environment there. Figure 7.2 provides an overview of 
the flood exposure in the greater Rotterdam area. Cities and villages in the area with 
a higher density of the built environment can clearly be distinguished in the figure. 
These areas are mostly located around the center of Rotterdam (Southwest in dike-
ring #14 and North in dike-ring #17 in Figure 7.2) and near the center of Dordrecht 
(Northwest of and Northwestern part in dike-ring #22 in Figure 7.2).

7.2.4. SOCIAL VULNERABILITY INDEX

In the existing literature, a number of socio-demographic characteristics have 
been defined as determinants of social vulnerability. The most commonly used 
characteristics are wealth, age and ethnicity (Cutter et al., 2003, 2013; Fekete, 2009). 
Several of these studies have applied a principal component analysis (PCA) to select 
the specific underlying variables from a wide range of options to be used for the 
vulnerability index. In this study, a PCA was not required because only few variables 
are available on this detailed scale (see Table 7.2). The variables available in our dataset 
are in line with the most important variables that have been used in previous studies. 
In this section, the composition and creation of the Social Vulnerability Index (SVI) 
will be explained. The variables that are included in the SVI are socioeconomic status; 
age; ethnicity; single-parent households; and construction year of the property.

A household's socioeconomic status is a main determinant of social vulnerability. 
More wealth increases the possibilities to prepare for disasters and recover from losses 
by means of insurance, social safety nets and entitlement programs (Blaikie et al., 
1994; Cutter et al., 2000). In this study, the average monthly income is used as a 
proxy for wealth. 
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Age influences the vulnerability in two ways. On the one hand, households with 
young children have more problems evacuating and can lose time and money 
caring for children when day-care facilities are affected. On the other hand, elderly 
households may have mobility constraints that hamper their ability to evacuate for 
flood events and may increase the burden of care to others (Hewitt, 1997; Cutter et 
al., 2000). As age is an important characteristic of social vulnerability, here both the 
percentage of people under 14 and the percentage of people above 65 are identified 
as vulnerable groups. 

Ethnicity can influence social vulnerability because of possible language and 
cultural barriers, which may cause problems during flood preparation and flood 
evacuation. This increases the vulnerability of immigrants (Fothergill et al., 1999). 
For the implementation of ethnicity characteristics in the SVI, the percentage of non-
European immigrants is used. An indicator of single-parent households is also used 
for the SVI, since such households often have limited financial means to outsource 
care for their children. This can have negative effects on the resilience to, and recovery 
from, hazards (Blaikie et al., 1994; Morrow, 1999). 

Finally, the construction year of the house is taken into account as a proxy for the level 
of physical or structural vulnerability of the house. Due to differences in foundation 
type and internal wall construction, older properties are often more vulnerable and 
less resilient to floods compared to newer properties (Fedeski & Gwilliam, 2007). 

The SVI is constructed based on the methodology as developed by Cutter et al. (2000) 
and modified by Wu et al. (2002). For each variable described above and shown in 
Table 7.2, a vulnerability index is created for each PC6 area. Additionally, a composite 
SVI is developed per six position zip code by combining the vulnerability indices of 
all the used variables. To create a composite vulnerability index, each variable has to 
be standardized before they can all be aggregated. Formally, the vulnerability index 
of each variable (IC) can be defined as the ratio of the value of that variable in each 
PC6 area (V6) to the maximum value for the variable in the total area (VR), as 
shown in Equation [7.1]. This approach has been taken for all variables, except for 
the construction year and average monthly income (Wu et al., 2002).

 6
C

R

VI
V          

[7.1]
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For the construction year and average monthly income, it is assumed that a newer 
property and a higher monthly income would result in a lower vulnerability index 
(Wu et al., 2002). Therefore, we extended the approach as described in Equation 
[7.1] by subtracting this ratio from 1 (see Equation [7.2]). This finally results in an 
index for each variable ranging from 0 to 1, where a higher value represents a higher 
vulnerability Following the literature (Cutter et al., 2000, 2013; Wu et al., 2002), we 
do not attach weights to the variables. Therefore, the composite SVI for each PC6 
area is the arithmetic mean of the vulnerability indices of all the variables. 

7.3. COMBINING HAZARD,  
 EXPOSURE AND SOCIAL    
 VULNERABILITY

7.3.1. GENERAL RESULTS

Figure 7.3 shows the SVI for the greater Rotterdam area. As can be seen from the Figure, 
large differences can be observed within the study area. Around the more dense built-
up city centres, higher values for the SVI can be found in both the embanked areas 
and unembanked areas (depicted in grey colour). The more rural areas to the south, 
north and west have relatively lower social vulnerability values. In the Netherlands, 
the rural areas around the large cities are often populated by the wealthy and highly 
educated people, able to afford a large property outside the city center (CBS,  2012b). 
Figure 7.3 also shows that the social vulnerability is not uniform within areas. For 
instance, there are large differences in the value of the SVI in the northern part of 
dike-ring 17, while this is a relative small area. As such, implementing a SVI on a 
household level provides detailed insights into the socioeconomic composition of a 
neighbourhood which can get lost when using a higher aggregation level. 

The SVI only indicates where social vulnerable households are registered, irrespective 
of the extent and intensity of the flood hazard. To capture the potential social ‘risk’ 
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to flooding the SVI data has to be combined with flood hazard and exposure, as 
described in Section 7.2. Table 7.3 and Figure 7.4 show the results of combining the 
hazard, exposure and SVI for the current situation. 

In Table 7.3 we have divided the SVI in five categories, ranging from a relative low 
SVI, which is defined as minus two standard deviations from the mean, up to a 
relative high SVI, which is defined as plus two standard deviations from the mean. 
These categories are in line with the ´extremes´ defined in Cutter and Finch (2008). 
Table 7.3 shows that approximately 57 percent of the total population lives in flood-
prone zones 2 up to 5, indicating a high exposure to flooding in the study area. 

When aggregating the population with a relatively low SVI groups 1 and 2 and 
relatively high SVI groups 4 and 5 over all flood zones, we find that the number of 
relatively highly vulnerable people (14% of the total population) is almost twice the 
number of relative low vulnerable people (8% of the total population). This is also 
illustrated in Figure 7.4, which clearly shows that flood prone areas have a higher 
share of the aggregated high social vulnerable population (dark grey) compared to 

Figure 7.3 SVI for the greater Rotterdam area

##

Unprotected area

Dike ring

Legend
Unprotected area
Dike ring##

SVI
High

Low

0 10 205 Kilometers±



177Combining hazard, exposure and social vulnerability 

the low social vulnerable population (light grey). In Section 7.4, we will elaborate on 
what these findings imply for FRM. Finally, in unembanked areas we find a much 
higher share of the SVI group 5 (20%) compared to embanked areas (6%), albeit 
a much lower absolute population of 11,000 in unembanked areas compared with 
88,000 in embanked areas. To estimate if this large difference between embanked 
and unembanked areas is also statistically significant, we conducted a non-parametric 
two-sample Mann–Whitney U test (Lehmann, 2006) to test the hypothesis if the 
mean SVI in unembanked areas is higher than the mean in embanked areas. The 
results of this test show that the mean social vulnerability in unembanked areas is 
significantly higher than the mean social vulnerability in embanked areas (p-value 
is 0.005). Important to note is that this test only indicates that the distributions 
between embanked and unembanked areas are different, but not by how much and 
in what way.

Additionally, the SVI results for the future scenario have also been calculated. As stated 
in Section 7.2.1, we only assume an increase in hazard intensity in the unembanked 
areas, which results in a small change in the share of flood-zone inhabitants per SVI 
compared to the current situation. There is a six percent increase in the number of 
relative high vulnerable people living in flood zones versus a two percent increase in 
the number of relative low vulnerable people. Thus, we find a larger increase in the 
exposure of the highly social vulnerable population compared to the least vulnerable 
population in flood prone areas.   

  Table 7.3 e
Flood zone Inhabitants Share of inhabitants per SVI (1 is a low SVI, 

5 is a high SVI)

Total Share 1 2 3 4 5
1 (no flood) 666,460 43.43% 0.19% 9.09% 72.13% 9.70% 8.89%
2 ( 0 - 100 cm) 369,420 24.07% 0.25% 8.42% 75.77% 9.52% 6.04%
3 (100 - 200 cm) 238,455 15.54% 0.18% 7.49% 78.00% 9.70% 4.63%
4 ( 200 - 300 cm) 196,205 12.78% 0.16% 5.81% 82.78% 7.84% 3.41%
5 ( >300 cm) 64,150 4.18% 0.12% 6.44% 87.13% 5.46% 0.84%
Unembanked areas 59,780 3.54% 0.73% 9.78% 56.24% 12.64% 20.62%
Embanked areas 1,478,612 96.37% 0.18% 8.09% 76.63% 9.12% 5.99%
Total 1,534,690 100% 0.20% 8.15% 75.91% 9.24% 6.51%
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7.3.2. SPATIAL CLUSTERING

The pre-disaster socioeconomic status of a household has a substantial influence 
on the ability to cope and respond to a disaster (Masozera et al., 2007; Highfield 
et al., 2014). If spatial clustering can be found between different social vulnerable 
groups, adaptation and mitigation measures can be tailored to specific ‘needs’ within 
an affected neighbourhood. For instance, a neighbourhood mainly consisting of a 
rich population could be stimulated to implement individual household measures 
such as flood-proofing the house, whereas a poor neighbourhood may require more 
government assistance.

As stated in Section 7.2.4, each socioeconomic indicator used in the SVI has its 
own characteristics when it comes to the consequences of flooding. Therefore, 
decomposing the SVI back to its indicators as stated in Table 7.2 will provide more 
specific information about the socioeconomic composition of the population in each 
flood zone. To test for spatial clustering in these socioeconomic characteristics, we 
make use of a Local Indicator of Spatial Autocorrelation (LISA), which is a widely 
used spatial autocorrelation test that is also known as the Anselin Local Moran’s I 
test (Anselin 1995) (see e.g. Myers et al., 2008; Cutter & Finch 2008; Zhou et al., 

Figure 7.4
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2014). This test allows identifying significant (p-value<0.05) concentrations of high 
values (High-High, HH), concentrations of low values (Low-Low, LL), and spatial 
outliers (Low-High, LH and High-Low, HL). Important to note is that the resulting 
LISA cluster map can identify relevant spatial patterns, but does not provide a way to 
explain why these patterns occur (Anselin et al., 2008). 

Figure 7.5 shows the result of an Anselin Local Moran’s I test for the SVI and the 
underlying socioeconomic indicators. The upper left map in Figure 7.5 shows that 
several neighbourhoods with a high SVI are surrounded by areas consisting of a 
population with a high SVI as well, with a few exceptions of a low SVI ‘neighbourhood’ 
being located in between high SVI groups. Compared with Figure 7.2, which shows 
the population density within the area, we see that the neighbourhoods with a relative 
high social vulnerability are also in the neighbourhoods which are relatively densely 
populated. . Comparing the upper left map (the aggregate SVI) with the other maps 
(the underlying factors), we see that that fiscal income, one-parent households and 
migrants have similar clustering patterns as the SVI. These clusters can again mainly 
be found in the cities of Rotterdam and Dordrecht. On the other hand, households 
with elderly and young children show contrasting clustering patterns compared to 
the SVI. These specific households can be found mainly outside the cities, in more 
rural areas. This suggests that fiscal income, one-parent households and migrants 
influence the relative composition of the SVI the most. Additionally, when comparing 
these results with neighbourhood data (CBS, 2014) results show that most of the 
neighbourhoods with clusters of high social vulnerability have a large share of 
tenants, compared to the share of private homeowners, with percentages averaging 
around, respectively, 75 and 25 percent. As previous studies have shown (Kuhlicke 
et al., 2011; Poussin et al., 2014), homeowners apply significantly more preparatory 
measures compared to tenants. In addition, homeowners tend to be better covered by 
insurance than tenants. This “split incentives” problem may well be an explanation 
behind the low implementation of individual measures and low insurance coverage 
among tenants (Gillingham et al., 2009). According to the “split incentives problem” 
tenants have little incentives to invest in preparatory measures - partly because much 
of the benefits will accrue to the owner of the property and partly because they may 
expect to move. Owners are also less likely to invest heavily in property where they 
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do not live themselves. As such, information on the socioeconomic composition of a 
specific neighbourhood, including the share of rental apartments, can help to guide 
the design of tailor made improved FRM policies (Section 7.4). 

Figure 7.5
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7.3.3. RESULTS IN AN INTERNATIONAL CONTEXT

Several studies have been conducted to assess the social vulnerability in a specific 
area. Examples are studies in the United States (Cutter et al., 2013), China (Zhou 
et al., 2014), the United Kingdom (Tapsell et al., 2002; Fielding & Burningham, 
2005), Israel (Felsenstein & Lichter, 2013) and Germany (Fekete, 2009). The most 
distinctive difference between this study and previous studies is the extensive amount 
of household level data used, which allows for a detailed analysis across a large area. 
While both this study and the aforementioned others have shown that inhabitants 
of an area are very heterogeneous, some differences are found. Even though we find 
a relative larger share of highly vulnerable people in more hazardous areas, this share 
is lower compared to previous studies. This can be explained by several factors. First, 
there are fewer differences in natural elevation of the land in the Netherlands. In 
other countries such as the US and Israel, it is historically defined that richer people 
build houses on higher grounds (Felsenstein & Lichter, 2013), while such an effect 
is less pronounced in the Netherlands. Second, even though it has been shown that 
individual perceptions of flood risk in the Netherlands are negatively related to age, 
education level and income, these relations are weak and it appears that both low 
and high vulnerable people have a low flood risk perception (Botzen et al., 2009). 
This can explain that they both move to flood-prone areas. Third, in the US it has 
been shown that property prices are lower in flood-prone areas, which has attracted 
lower income and vulnerable groups to live there (Bin & Landry 2013). Whereas 
lower property values in flood-prone areas have been found in The Netherlands 
(Jongman et al., 2014c), this price differential is less pronounced. The reason is that 
this flood discount of property prices depends on the actual experience of a flood (Bin 
& Landry, 2013), which means that such price discounts are relatively small in areas 
that are rarely flooded, like our case study area. 

7.4. IMPLICATIONS FOR FLOOD RISK  
 MANAGEMENT 
The results of this study emphasize that the vulnerability characteristics of people 
have a strong spatial variation, which results in a more heterogeneous pattern of risk 
to life and livelihoods than generally assumed. For that reason, not including the 
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spatial pattern of social vulnerability in the design of risk management strategies may 
lead to sub-optimal decisions. Moreover, traditional FRM policies, such as building 
codes and insurance schemes, are often applied to larger areas at once, regardless of 
socioeconomic differences in the population (Filatova, 2014). In this section we show 
how the results from the previous section may provide inputs for the evaluation of 
FRM options, with a specific focus on risk reduction measures and risk financing 
tools.      

7.4.1. RISK REDUCTION

When a large share of the population is in practice less able to implement or afford 
a specific risk reduction measure due to, for example, budget constraints, the 
implementation of the measure may prove to be ineffective. As such, to improve the 
feasibility of risk reduction strategies it can be valuable to distinguish social groups 
in risk management and design tailor made risk management policies (Tapsell et al., 
2002). Especially for the effectiveness of individual risk mitigation measures, a more 
integrated FRM approach has become increasingly popular. As such, the SVI could 
be added as an additional weight in testing the feasibility of a risk reduction strategy 
(Cutter et al., 2013). 

Individual risk mitigation measures have been proven to substantially lower the 
flood damage for households (Hudson et al., 2014). Such measures can vary from 
buying sandbags to retrofitting the interior to create a more flood-proof house. 
Identifying social vulnerable groups can help policy makers in developing the most 
effective mitigation measures in flood-prone areas. For example, elderly are less able 
to rapidly place sandbags in front of their door to protect them from the water, 
and low-income households may not be able to afford flood-proofing their house. 
Areas with many elderly people may therefore be better protected by structural flood 
protection infrastructure such as dikes and/or elevated buildings, than by flood risk 
mitigation measures that require individual action before a flood. Similarly, low-
income people may need financial assistance for flood-proofing their homes, such 
as low-interest mitigation loans or subsidies (Kunreuther & Michel-Kerjan 2009). A 
spatially detailed SVI as presented in this chapter can indicate areas where relatively 
many elderly and low-income people live for which special FRM policies may need 
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to be designed. This does not mean that these socially vulnerable groups do not have 
an important role to play in FRM. For instance, elderly may be an important source 
of information about flood risk and coping responses by having extensive experience 
with living in flood-prone areas. Low-income households may be able to provide 
other than financial resources for FRM activities, such as volunteering time which is 
needed for offering evacuation assistance or for emergency preparations, like setting 
up temporary flood protection.

Inhabitants with a higher social vulnerability seem to suffer significantly more from a 
flood compared to people with a lower social vulnerability (e.g. Smith, 1994; Brouwer 
et al., 2007). In this respect, knowledge of the social vulnerability of an area can be an 
important tool when increasing risk awareness and flood-preparedness. People who 
are more aware of the risks tend to invest more often in mitigation measures (e.g. 
Kuhlicke et al., 2011). Both the results in Section 7.3.2 and similar social vulnerability 
studies (see e.g. Zhou et al., 2014) showed that we find clustering patterns of similar 
social groups. Therefore, by using a SVI, risk information campaigns can be tailored to 
different vulnerable groups (Thieken et al., 2007). This can be effective since research 
on flood risk communication and flood risk perception in Rotterdam (our study 
area) has shown that providing information about flood risk can significantly increase 
risk awareness, especially if this information is specifically tailored to individual 
information needs (De Boer et al., 2014). The SVI can be used for identifying areas 
with vulnerable groups and relevant characteristics of these, which can guide flood 
risk communication. For instance, several hearth attacks occurred due to sudden and 
stressful evacuations during the 2002 floods around the Elbe in Germany (Jonkman 
& Kelman, 2005). Thus, knowing for instance the location of groups of elderly, 
evacuation programs can be tailored to local needs, such as taking more time for a 
gradual evacuation of elderly.     

7.4.2. RISK FINANCING

Risk financing mechanisms are widely used tools in FRM and are often subdivided 
between insurance and government relief of disaster damage. For the success of such 
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mechanisms, knowing the socioeconomic characteristics within an area is important. 
As individuals have different locational preferences and financial possibilities, one has 
to account for heterogeneity within a population (Filatova, 2014). 

A broad flood insurance coverage is often seen as desirable for a households’ capacity 
to recover from flood events, because it provides financial compensation for the 
damage suffered which can speed up the rebuilding process. A challenge, however, 
is that the market penetration of flood insurance may be low among low-income 
households or other vulnerable groups. This can be problematic for ongoing efforts 
to expand flood insurance coverage in the Netherlands, where such coverage is 
excluded from general property insurance policies. Dutch homeowners can insure 
flood risk as part of a broader catastrophe insurance policy that covers earthquake, 
flood and terrorism risks. However, the uptake of this catastrophe insurance is low, 
because its premium is high relative to a limited coverage. The introduction of several 
flood insurance arrangements has been debated in the Netherlands to expand flood 
coverage, including the establishment of a national flood insurance pool and public-
private flood insurance. Affordability concerns also arise for such schemes since a 
study of consumer demand for flood insurance in the Netherlands finds that this 
demand is lower for households with a low income (Botzen & Van Den Bergh, 
2012). This suggests that socially vulnerable groups are unlikely to have adequate 
insurance coverage, which hampers their ability to recover from floods. Affordability 
of insurance may be especially problematic when premiums are risk based, but it 
may also be an issue when a uniform insurance premium is charged for the entire 
population within a flood prone area (Jongman et al., 2014c). In Section 7.3.1 we 
showed that almost 20 percent of the inhabitants of unembanked areas are in the 
highest vulnerable group. This suggests that a significant part of the population in 
unembanked areas may have difficulties with paying the flood insurance premium. 

It has been proposed to overcome affordability concerns with flood insurance by 
a subsidy and insurance voucher program (Kunreuther et al., 2011). In such a 
program flood insurance premiums are risk based, meaning that policyholders who 
take mitigation measures that limit potential flood damage to their property are 
rewarded for such investments by a discount on their flood insurance premiums. 
The availability of low-interest loans would allow households to spread the often 
high costs of mitigation over time (Kunreuther & Michel-Kerjan, 2009). Moreover, 
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insurance vouchers could be granted to low-income households in floodplains to 
address concerns about the affordability of flood insurance. In this regard, knowledge 
about the socioeconomic characteristics of a neighbourhood and the amount of 
social vulnerable inhabitants can help shape such programs. As such, identifying 
social vulnerable inhabitants can help putting urgency on implementing insurance 
voucher programs. Also, by using a detailed approach as shown in this study, a 
social vulnerability study can even help to know which neighbourhoods, or even 
households, needs to be focused on specifically in these programs, allowing for a more 
optimal and efficient implementation.  Even though there is limited experience with 
such a subsidy and insurance voucher program in practice, we believe it is worthy of 
future research since it can be beneficial for both the insurer and the insured. The 
insurer reduces the amount of potential pay-outs after a disaster, while the insured 
pays a lower premium and will be better protected against floods.

7.5. CONCLUDING REMARKS
This study has combined hazard, exposure and social vulnerability to improve the 
evaluation of flood risk management strategies. Following a rich amount of literature, 
a state-of-the-art method has been applied for the assessment of social vulnerability. 
One of the innovations in this study is the use of highly detailed household data that 
allows for a clear identification of the social vulnerability within each flood hazard 
zones and of the differences in social composition between the zones, which can get 
lost when using a higher aggregation level. The methodology is applied to a case-
study in the Netherlands. Results show that the share of relative high social vulnerable 
people is twice as large as the number of relative low social vulnerable people in flood-
prone areas. Moreover, the share of the high social vulnerable population is almost 
20 percent in unembanked areas, compared to only six percent in embanked areas. 
In a scenario of future risk, we find a slightly larger increase in the high vulnerable 
population to be exposed to flooding (6% increase), compared to the low vulnerable 
population (2% increase). In addition, results show a clear spatial clustering between 
high and low social vulnerable groups, indicating some degree of segregation in the 
study area. 
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From these findings, we can draw two important conclusions for disaster modellers 
and practitioners in the field of FRM. First, these findings provide additional 
information for the detailed assessment of FRM strategies, which go beyond the 
traditional economic cost-benefit analysis in terms of societal characteristics and spatial 
disaggregation. For instance, when it is known that a large share of the inhabitants in 
a neighbourhood are elderly, one might move from individual mitigation measures 
to more structural flood protection infrastructure. On the other hand, these elderly 
can also be an important source of information about flood risk and coping responses 
by having extensive experience with living in flood-prone areas. As such, in light of 
the increasing move towards integrated FRM, including social vulnerability is an 
essential element for developing effective, equitable and acceptable risk management 
strategies. 

Second, due to this large heterogeneity in the population and relative large share 
of high vulnerable and low-income households, a successful risk insurance policy 
requires a localized approach. While a broad flood insurance coverage is often seen 
as desirable for a households’ capacity to recover from flood events, affordability of 
insurance proves to be problematic among more (financial) vulnerable households. 
To overcome this affordability issue, subsidy and insurance voucher programs have 
been suggested. For an optimal and efficient implementation of such programs, the 
social vulnerable index proves to be a suitable supporting tool.  

Finally, we recommend including both physical and social vulnerability in risk 
assessment studies, which allow for a comprehensive study of the feasibility of risk 
reduction strategies. While the results of a physical vulnerability assessment can guide 
policy makers in the right direction of a strategy that is effective in reducing flood 
risk, the addition of a social vulnerability assessment will help tailoring such strategies 
to local differences in capacities to implement strategies and needs. 


