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Abstract

In this study, we set out to develop a new social vulnerability index (SVI). In doing so, we suggest some conceptual improve-
ments that can be made to existing methodical approaches to assessing social vulnerability. To make the entanglement of
socio-spatial inequalities visible, we are conducting a small-scale study on heterogeneous urban development in the city of
Hamburg, Germany. This kind of high-resolution analysis was not previously available, but is increasingly requested by politi-
cal decision makers. We can thus show hot spots of social vulnerability (SV) in Hamburg, considering the effects of social
welfare, education, and age. In doing so, we defined SV as a contextual concept that follows the recent shift in discourse in
line with the Intergovernmental Panel on Climate Change’s (IPCC) concepts of risk and vulnerability. Our SVI consists of
two subcomponents: sensitivity and coping capacity. Populated areas of Hamburg were identified using satellite information
and merged with the social data units of the city. Areas with high SVI are distributed over the entire city, notably in the district
of Harburg and the Reiherstieg quarter in Wilhelmsburg near the Elbe, as well as in the densely populated inner city areas
of Eimsbiittel and St. Pauli. As a map at a detailed scale, our SVI can be a useful tool to identify areas where the population
is most vulnerable to climate-related hazards. We conclude that an enhanced understanding of urban social vulnerability is
a prerequisite for urban risk management and urban resilience planning.

Keywords Climate change adaptation - Hamburg - Risk approach - Social vulnerability - Social vulnerability index

1 Introduction

Growing social heterogeneity and inequalities in cities, their
drivers, their spatial differentiations, and their consequences
for the socio-spatial structure have increasingly become the
focus of climate impact research in recent years (Islam and
Winkel 2017; Faist 2018; Singer 2018; Kim et al. 2021).
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Ongoing demographic change, migration flows to cities,
and increasingly unequal distribution of economic resources
are driving social divisions and polarization within cities
(Pratschke and Morlicchio 2012; Tammaru 2015; Tammaru
et al. 2021). Urbanization processes generate vulnerability
and exposure, which combine with climate-related hazards,
driving urban risk and impacts (Mason et al. 2020; Reisinger
et al. 2020; Dodman et al. 2022). In addition, urban risks can
also result from human responses to climate change (that
is, adaptation and mitigation measures) not achieving the
intended objectives (Reisinger et al. 2020; Simpson et al.
2021). Especially cities and settlements by the sea are on the
frontline of climate change, because they are among those
that face the highest climate compounded risks (Glavovic
et al. 2022). For this study on social vulnerability, we chose
the city of Hamburg, which is unique due to its geographic
location and its local specifics—for example, located on the
Elbe River and close to the sea and thus subject to the tides;
sitting partly below sea level; featuring hinterland rivers;
and, due to its size and density, generating its own urban
heat island.
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This study developed an index of social vulnerability
(SVI) based on two main assumptions. First, vulnerabil-
ity varies greatly between different population groups. It
is therefore important to identify vulnerable groups and to
study their (unequal) distribution across the city. Current
events, such as the 2021 flood event in the Ahr Valley in
western Germany, dramatically demonstrate how, for exam-
ple, age becomes a predictor of mortality risk in the event
of a disaster (Rheinneckar Blog 2021; RND 2021). Second,
politicians are demanding research results in order to jus-
tify and underpin political decisions. In Germany, changes
in intensity and frequency of extreme weather events (for
example heavy rainfall, see Poschlod and Ludwig 2021) con-
tribute to the urgency of political action. Yet, for Hamburg
there is no comprehensive and high-resolution modeling of
vulnerability; this study sought to close this gap.

We thus aimed to spatially reveal high concentrations
of social vulnerability in Hamburg, focusing on socioeco-
nomic and demographic characteristics. The index groups
the variables that impact social vulnerability into two
major categories: (1) sensitivity and (2) coping capacity.
We built on the model that has guided (Bouwer 2020) a
large number of studies (for example, Fiissel 2010; Joakim
et al. 2015; Nguyen et al. 2016; Drakes and Tate 2022) since
being adopted by the Intergovernmental Panel on Climate
Change (IPCC) (McCarthy et al. 2001). We mapped SV and
the relationship between its components at a high resolution
and analyzed the root causes of SVI patterns in Hamburg,
considering a wide range of contextual and historical factors
derived from and based upon local knowledge of experts.
This discussion serves to evaluate and validate the quantita-
tive results.

The SVI is intended to simplify the complex relationships
between various factors shaping social vulnerability. Accord-
ing to Nguyen et al. (2016), it is important to consider how
much complexity is required in order to adequately describe
a local situation. The simpler the underlying algorithm, the
more accessible the results (Balica and Wright 2010). The
index developed here was quantified specifically for Ham-
burg, but refers to a broad base of literature and case studies
worldwide. Therefore, the fundamental analyses and argu-
ments in this article may be transferable to other (urban)
areas.

The remainder of the article is structured as follows:
Section 2 presents our indicator-based approach to social
vulnerability. We explain our methodological considera-
tions (Sect. 2.1), and introduce the conceptual framework
developed and the selection of variables (Sect. 2.2). The
algorithm, data, and material used to calculate the index
are described in Sect. 2.3. Section 3 presents the modeled
results, including the initial variables (for neighborhood
examples) and their aggregation into an index. This index
was calculated using small spatial units, intersected with

the populated areas of Hamburg and visualized on maps.
The results are discussed and summarized both in terms of
content and methodology in Sect. 4. Section 5 provides an
outlook of future research on this topic.

2 Indicator-Based Approach to Social
Vulnerability

Vulnerability was examined in this study by analyzing exist-
ing data. This section presents the methodological decisions
made and explains the selection of variables.

2.1 Methodological Considerations

Vulnerability indices can help identify and prioritize vulner-
able regions, sectors, or population groups (Nguyen et al.
2016) or so-called “hotspots” (Jurgilevich et al. 2017). In
general, social vulnerability indexation may address a wide
range of potential variables, such as individual characteris-
tics (for example, gender, age, health, education, income),
group membership, milieus and social stratification, or social
dependencies and networks. Cultural and political aspects
are also considered, such as willingness to take risks, sense
of community, or trust in the state’s ability to act. In addition,
especially in cities, there are spatial and temporal dynamics
that can be generated by migration patterns, gentrification,
or devaluation of neighborhoods. Finally, infrastructural
facilities are typically considered, such as hospitals and fire
departments, which can be supportive in risk situations or,
if they are not available, have to be compensated for (Blai-
kie et al. 1994; Cutter et al. 2003; Kienberger et al. 2009;
Nguyen et al. 2016). From the analysis of current studies on
assessing urban vulnerability, we selected those variables
that were identified as relevant using the analytical hierarchy
process (see Sect. 2.3). Additionally, insights from research
about neighborhoods and social areas in cities have been
incorporated (see Sect. 2.2).

Methodologically, in index approaches, population-
based variables are usually measured and applied relative
to the respective population as a whole. This approach has
the advantage of uncovering socio-spatial characteristics
that point to processes of urban change, like segregation.
Yet, when analyzing the extent to which the population is
affected by climate-related hazards, the positive effects of
social mixing discussed in deprivation studies (Sampson
et al. 2002; Beckers et al. 2010; Zamzow and Krahl 2020)
do not seem to be relevant: Living in the same neighbor-
hood as households that have a lower sensitivity or a higher
coping capacity does not mean an advantage for vulnerable
groups per se. In order to make the input variables neverthe-
less comparable and to take the number of highly vulner-
able people adequately into account, we decided to relate
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the variables to spatial units. Our index thus identifies spa-
tial concentrations of vulnerable groups. However, this goes
hand in hand with the fact that the basic population density
already has a strong impact on the individual variables (see
Sect. 4). With this decision, a later reference to population
density becomes obsolete.

2.2 Conceptual Framework and Selection
of Variables

Our SVI consists of two components: sensitivity (SVI-S) and
coping capacity (SVI-CC). The variables within the compo-
nents correlate with each other. The components themselves,
however, only correlate to a limited extent: Conceptually
they point in different directions. They can still overlap, but
not necessarily completely. To address this issue, we also
analyze sensitivity and coping capacity individually.

When selecting the variables for each component, we
opted for an expert-led selection process (see Sect. 2.3). This
served, on the one hand, to adequately take into account
local knowledge on the ground and, on the other hand,
compensated for the lack of data availability (see Sect. 4).
Additionally, the variables we chose (Table 1) can be sub-
stantiated by the evaluated literature. Reports on recent
flood events such as the 2021 flood event in the Ahr Valley
(Schlomer et al. 2021) were also considered.

2.2.1 Sensitivity

The key factor in the sensitivity component is the age struc-
ture in an area (Cutter et al. 2003; Fekete 2009). Children
and elderly singles are defined as particularly vulnerable
groups, as they are particularly dependent on external help.
They need “physical and psychological assistance during
and after disasters” (Kaveckis 2017, p. 182). The restricted
mobility of certain population groups leads to greater sensi-
tivity in the event of a disaster (Jodoin et al. 2023).

For example, mainly elderly and disabled people fell vic-
tim to the flood disaster in Ahr Valley in western Germany
in June 2021 (Rheinneckar Blog 2021; RND 2021) because
they could not save themselves (Kosanic et al. 2022). Since
this concerns both the age of the affected group and the lack
of outside help, the variable elderly singles (people older
than 65 living alone) was used for modeling SVI. We also

argue that older people are potentially doubly disadvantaged
if their often already limited health and a low socioeconomic
status coincide (Holand et al. 2011).

The age limits for children given in the literature dif-
fer. Some studies set the age limit at 5 years (Holand et al.
2011), others at 12 (Preston et al. 2008), or below 14 years
(Schroter 2019). For our purposes, the age limit for children
is set to the mean primary school age of 10 years as children
younger than 10 need more assistance and are usually not yet
able to correctly classify information about the development
of the situation (due to their cognitive and reading skills).

2.2.2 Coping Capacity

The variables welfare recipients and school leavers with no/
low educational qualification were identified as particularly
important for the coping capacity component of our model.
In the event of a disaster, a lack of financial resources can
lead to poor coping ability (Cutter et al. 2003). In Germany,
a household’s reliance upon social welfare (payments due to
Sozialgesetzbuch II) can be used as a proxy for poverty, as
eligibility for social welfare is based on insufficient financial
resources and ongoing unemployment. In addition, people
who receive financial support need additional external help
in the event of a disaster (Holand et al. 2011).

The second proxy variable for coping capacity is school
leavers with no/low educational qualification, as this influ-
ences one’s ability to improve one’s own situation. Access to
information and support, for example, is more difficult if one
is not sufficiently literate. As no detailed information on the
level of education in the total population is available, we iden-
tified residents without a (high) school graduation from the
last three years. We decided not to simply depict literacy via
a possible migration background, as a recent study has shown
that this variable does not (any longer) do justice to the prob-
lem (Grotliischen and Buddeberg 2020). Although the higher
vulnerability of migrant population groups is indicated by an
“inability to understand extreme event-related information due
to language problems, prioritization of finding employment
and housing, and distrust of authorities” (Cardona et al. 2012,
p- 80), language problems are closely related to current levels
of education, and some of these can be mapped through school
education. This variable is also part of the official socio-spa-
tial monitoring system of the city of Hamburg (Freie und

Table1 Variables and
components of social

vulnerability index (SVI)

Component of SVI Variable Description
Sensitivity (SVI-S) C10 Children younger than 10

065 Elderly singles over 65 (living alone)
Coping Capacity (SVI-CC) WR Welfare recipients

EDU School leavers with no/low educa-

tional qualification
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Hansestadt Hamburg, Behorde fiir Stadtentwicklung und Woh-
nen 2021), designed to identify neighborhoods with low social
status and to assist in implementing the “social city” policies
there. In addition, dependence on social assistance and the
level of school qualifications are closely related: “Education is
linked to socioeconomic status, with higher educational attain-
ment resulting in greater lifetime earnings. Lower education
constrains the ability to understand warning information and
access to recovery information” (Cutter et al. 2003, p. 248).

2.3 Material and Algorithm

In selecting proxy variables and aggregating them into a final
index, we used a multicriteria decision method—the analytical
hierarchy process (AHP)—and based it on local knowledge
and expert input. The AHP provides a rational framework
for representing and quantifying (or weighting) the various
elements (Forman and Gass 2001). This is done specifically
by comparing variables in pairs. The AHP process is com-
monly used for the integration of variables in vulnerability
studies (Nasiri et al. 2019; Tasc6n-Gonzélez et al. 2020). Here,
we used this qualitative method for selecting the proxy vari-
ables and for assigning weights to the selected variables. The
weighting of variables can have a significant impact on the
final result of the index calculation (Reckien 2018). An online
tool was used to make this procedure easily and remotely
accessible (Goepel 2018).

We began by identifying a total of 56 variables from 22
studies on vulnerability. The initial 56 variables were included
in a first AHP model, where they were classified at the first
level according to, for example, age, socioeconomic status,
and living environment. At the second level, the groups were
related to each other. The AHP was carried out by all authors
of the study. The results then formed the basis of discussion
for the final selection of variables. We identified the variables
with the highest weights, and represented some of these using
proxies. Based on the final selection of four variables, the AHP
was carried out again by all authors of the study to determine
the weights of the variables and the subcomponents. The AHP
was used with a consistent ratio in each case and a consistent
weighting trend, resulting in a very high average AHP group
consensus (95.2 %) and a homogeneity of 96.0 %. The weight-
ing of the variables and the components resulting from the
AHP process is shown below.

(0.5 SVI-S) + (0.5 x SVI - CC)

SVI =
100 x SVI___

, whereas  (1a)

(0.3 x C10) + (0.7 x 065)

SVIS = =50 x svis,__

(1b)

(0.5 x WR) + (0.5 x EDU)

I.CC =
SVI-CC 100 x SVI-CC,,__ (1)

where EDU represents school leavers with low level of
education, WR indicates welfare recipients, O65 is elderly
singles over 65 (living alone), C10 is children younger than
10, SVI represents social vulnerability index, SVI-S is sensi-
tivity, SVI-CC is coping capacity (lack of coping capacity),
and SVI ... SVI-S ., and SVI-CC_,, refer to the highest
value of the respective component.

The data required for calculations and representations
were made available by the Statistical Office for Hamburg
and Schleswig-Holstein (Statistikamt Nord 2020) and Fed-
eral Environment Agency (GeoBasis-DE/BKG 2018). MS
Excel 2019 was used to calculate the individual variables.

The variables first had to be transformed individually for
the index calculation. Second, to identify settled areas of the
city of Hamburg for the calculation of the density of the indi-
vidual variables (Statistikamt Nord 2020), we used Corine
Landcover satellite data (GeoBasis-DE/BKG 2018). Third,
in order to be able to offset the different variables (children
younger than 10, elderly singles over 65 living alone, welfare
recipients, school leavers with no/low educational qualifica-
tion) with each other, they were standardized (z-transfor-
mation). Then the index was recalculated to range from 0
to 100. These standardized variables could then be used to
calculate sensitivity (SVI-S), coping capacity (SVI-CC), and
social vulnerability (SVI), according to the functions above.
The results are visualized in maps (using ArcGIS Pro). They
are then discussed and evaluated on the basis of local knowl-
edge in order to validate them, to enable further discussion,
and to determine possible interventions.

max

3 Results

The following section shows the results of our analysis, start-
ing with a visualization of each variable and SVI component
(SVI-S and SVI-CC) for three examples to explain differ-
ences in detail (Fig. 1). This requires additional information
on the context and history of different parts of the city, which
is used to interpret the results. Then the comprehensive SVI
for Hamburg is introduced and described. A more extensive
interpretation follows in Sect. 4.

It is necessary to first take a closer look at the input vari-
ables from a smaller-scale perspective to make clear how the
variables and components influence the overall SVI. Local
hotspots of social disparity and urban injustice become vis-
ible with a small-scale perspective on the input variables
(elderly singles, children under 10, school leavers with no/
low educational qualification, welfare recipients) and the
components themselves (sensitivity and coping capacity).
As examples, we chose the areas of Eimsbiittel, Reiherstieg/
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Fig. 1 Neighborhood examples. All colored classes have a width of 1
standard deviation (SD, from the respective mean). Maps in the blue
rectangle (Eimsbiittel) show an example of high social vulnerability
(SVI) due to high sensitivity (SVI-S), maps in the purple rectangle
(Reiherstieg) show high SVI due to the lack of coping capacity (high
SVI-CC values), and maps in the orange rectangle (St. Pauli) show

Veddel, and St. Pauli/Neustadt to illustrate the differences in
the composition of the SVI and its components. Addition-
ally, we included population density to show how insightful
this basic variable is in the case study area of the city of
Hamburg (Fig. 1).

The Reiherstieg quarter in Wilhelmsburg is a good exam-
ple of social deprivation. Here we find comparably low sen-
sitivities (SVI-S) alongside high numbers of school leavers
with no/low educational qualifications and welfare recipi-
ents, leading to high SVI. Additionally, small-scale differ-
ences are revealed, indicating that even at the scale of a city
quarter the situation may change from block to block, even
building to building, lending a high degree of complexity
to the city quarter. Overall, we consider Reiherstieg in Wil-
helmsburg and Veddel to be examples where, in particular,
the large deviation from the mean value for SVI-CC (more
than 2 SD from mean SVI-CC) contributes significantly to
high SVI. This peak of the proxy variables for the lack of
coping capacity can be found in all socially disadvantaged
areas of the city of Hamburg (compare Freie und Hanses-
tadt Hamburg, Behorde fiir Stadtentwicklung und Wohnen
2021). In order to understand this pattern, however, one has
to consider the historical development of residential areas
in Hamburg (see discussion in Sect. 4).

Spatial heterogeneity can also be observed in Eimsbiittel.
This example offers an illustration of high levels of sensitiv-
ity (SVI-S), which have a crucial impact on the overall SVIL.

@ Springer

high SVI due to high SVI-S and high SVI-CC values (low coping
capacity). Individual variables are described in Table 1. Spatial reso-
lution of the social data (Statistikamt Nord 2020) was based on the
statistical areas (Statistische Gebiete) of the city of Hamburg (Statis-
tikamt Nord 2017). Populated areas and density calculations were
based on Corine Landcover (GeoBasis-DE/BKG 2018).

The co-occurrence of elderly singles and children below 10
in very dense neighborhoods is a key factor here. In contrast,
only two statistical areas in this neighborhood mark very
high values for SVI-CC. In this case, social vulnerability is
clearly impacted by the sensitivity proxy variables.

St. Pauli/Neustadt, a city quarter between the two historic
inner city areas (Altstadt and Altona), is a mixture of the two
aforementioned examples. Here, a high level of sensitivity
(SVI-S)—due to the different composition of the residents—
meets with low coping capacity (that is, high values for SVI-
CC). As a result, we see some areas in St. Pauli with the
highest overall SVI values.

The overall SVI pattern shows that large areas of Ham-
burg can be classified as not vulnerable (Fig. 2). Most of
these areas are predominantly characterized by low popula-
tion density. There are some exceptions to this. For example,
the Harbour Island Harburg is a relatively new waterfront
development that is characterized by childless, young urban
professionals with high income and good education, which
result in a low SVI even though the density is high. This is
also true of a relatively new, high quality housing develop-
ment in Neue Mitte Altona, where high population density
meets a low score of SVIL.

The opposite is the case for Neuwiedenthal, where a rela-
tively low population density does not result in a low SVI.
Compared to other urban areas, many very sensitive people
with low coping capacity live here. Moreover, it is noticeable
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Fig.2 Social vulnerability
index for Hamburg. Spatial
resolution of the social data was
based on the statistical areas
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that most areas along the Elbe River (especially the low-
lying marsh) have a moderate or low SVI (Fig. 2).

The spatial distribution of the SVI in Hamburg shows a
fragmented distribution of isolated areas that deviate signifi-
cantly from the mean across the city as a whole (the mean
SVI value is 17.09, classified as low) and reveals two impor-
tant patterns: (1) the population density reflects where quan-
titative challenges of risk management become apparent; and
(2) a closer comparison between SVI and population den-
sity points to deviations due to particular influences. Some
are related to patterns of socio-spatial inequality, which are
associated with coping capacity. Socially disadvantaged
parts of the city and areas characterized by large housing
estates stand out in this regard. Furthermore, higher scores
on the SVI are due to pronounced sensitivities in some parts
of the inner city and the outskirts. Yet, interpretation is more
difficult, as these sensitivities close to the inner city derive
especially from higher shares of older residents living alone.
Here, the effects of demographic aging become visible, lead-
ing to a reduction in household size and a disproportionate
number of single person households in some neighborhoods.
When these effects occur together, the combination of social

disadvantage and individualization of the elderly increases
the SVI score significantly. Furthermore, we note a concen-
tration of sensitive population groups in areas of the city that
are typically classified as unproblematic (for example on the
basis of income and educational background). This depends
on the selection of variables for the sensitivity component—
since only age-related variables are considered here, this
calculation is not biased by other social, cultural, or eco-
nomic variables. The decision to calculate the variables in
relation to spatial units also contributes to the result. Here,
a large number of children and elderly are more prominent
factors, especially in very densely populated inner city areas.
Low coping capacity, on the other hand, is concentrated in
areas that are often identified as socioeconomic hotspots,
for example by the social monitoring of the city of Ham-
burg (Freie und Hansestadt Hamburg, Behorde fiir Stadtent-
wicklung und Wohnen 2021). These neighborhoods often
suffer from a negative path dependency in terms of image
and unemployment rate. Social inequality and the spatial
segregation of inequality also lead to an aggregation of low
coping capacity.

@ Springer
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Figure 3 provides an overview of the main influences
of the respective hotspot areas: The map shows whether
increased SVI values are primarily due to high SVI-S or
SVI-CC. Combined effects can also be identified.

4 Discussion

In this section, the results are first evaluated and dis-
cussed. In the second step, the results are also discussed
methodically.

4.1 Hotspots: Evaluation and Implications
of the Results

The SVI mapping for Hamburg reveals hotspots with high
SVI scores. The selected neighborhood examples show how
the input variables are reflected in the overall index. The hot-
spots represent areas with high social vulnerability resulting
from unequal distribution and social segregation processes.
Focusing on absolute numbers of people, instead of the rela-
tive proportions of the population in administrative urban

units, produced a picture of the city in which sparsely popu-
lated areas are predominantly classified as unproblematic.
The SVI is designed to reveal where high sensitivity and
low coping capacity are concentrated, but not why. A valid
explanation of SV patterns can only be derived based on a
review of historical, qualitative, and quantitative data for
individual neighborhoods. This means that in the case of the
city of Hamburg, one has to consider the historical construc-
tion periods, the impact of disasters, migration waves, and
proximity to the port of Hamburg in relation to the prevail-
ing wind direction in order to interpret the results meaning-
fully. For example, in the case of the Reiherstieg quarter in
Wilhelmsburg, the time of construction (Griinderzeit and
the 1950s) and the building fabric (for example in terms of
apartment size: maximum 3-room apartments) are particu-
larly important and have to be considered when examining
population composition (Freie und Hansestadt Hamburg,
Behorde fiir Stadtentwicklung und Umwelt 2004). Addi-
tionally, the flood disaster of 1962 in which more than 300
people died throughout Hamburg claimed by far the most
victims in this neighborhood; and the damaged buildings
were often only provisionally repaired after the flooding

Fig.3 Hotspots due to high
sensitivity (SVI-S) and/or low
coping capacity (high SVI-CC
values). Resolution of the social
data was based on the statistical
areas (Statistische Gebiete) of

Very
<

05-15 05-15 -
Z
SVI-S [ <05SD 05-1.5 - = 2.5 SDf

the city of Hamburg (Statisti- Ao —
kamt Nord 2017). Population sVI - svice

data were from the Statisti-

cal Office for Hamburg and

Schleswig-Holstein (Statisti-
kamt Nord 2020). Populated
areas and density calculations
were based on Corine Land-
cover (GeoBasis-DE/BKG
2018). The division of classes
was based on standard devia-
tions. Blue, orange, and purple
squares show the neighborhood
examples (see Fig. 1).
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(Paech 2008). The fabric of the buildings and the unfa-
vorable location in the flood hazard area of the tidal Elbe
River (Freie und Hansestadt Hamburg, Behorde fiir Umwelt,
Klima, Energie und Agrarwirtschaft 2020) contributed to a
negative image for the district, which in turn resulted in a
negative social development. This was further reinforced by
other urban planning measures (construction of expressways
through Wilhelmsburg, see Markert 2008). In order to be
successful, adaptation and mitigation strategies must also
take these local characteristics into account. Here, educa-
tional strategies and empowering the local population are
potential strategies that could improve the SVI score.

The relevant parameters used to interpret the results vary
from city quarter to city quarter. In Eimsbiittel, for exam-
ple, the flood of 1962 played no role in the infrastructure
that can be observed today. Adequate street width and green
inner and rear courtyards are rather attributable to fires (e.g.
the Great Fire of 1842) and the resulting changes in build-
ing regulations (Schubert 2012, Hanke 2014). As one of
the most densely populated areas of Hamburg, Eimsbiittel
offers a wide range of cultural, leisure, and everyday activi-
ties (Vogelpohl 2010). This mix of living and working with
a high population density at the same time has a high degree
of continuity, leading to the presence of many elderly resi-
dents alongside new families looking for an apartment.

As mentioned above, St. Pauli/Neustadt is a mixture
of these two city quarters. Here, housing similar to that
in Eimsbiittel meets a very different neighborhood com-
position. St. Pauli is characterized by residents with vari-
ous migration backgrounds who found cheap housing in
unrenovated Griinderzeit buildings in the 1980s—a typical
development in major European cities at that time. While the
majority of the children also have a migration background,
the majority of the elderly singles have been rooted in the
neighborhood for decades (Vogelpohl 2010). In addition to
this demographic variation, there are the young students
who prefer to live in this district due to its proximity to the
University of Hamburg and who often contribute to the
low coping capacity due to their low level of income and
increased demand for housing (Pohl and Wischmann 2014).
The leeward location of this district behind the port (relative
to the prevailing wind direction) is a historical continuity
that is expressed here in the low coping capacity, which in
turn is expressed in predominantly small apartment layouts
(see Reiherstieg above).

Generally, our analysis draws attention to a specific pro-
cess of demographic change driving an aging of urban soci-
ety in parts of the city of Hamburg and thus to an increase
in SV. However, local characteristics have to be taken into
account when developing new strategies to mitigate the con-
sequences of this urban demographic shift. For example, in
St. Pauli, with its relatively steep topography, measures must
be designed differently than in Eimsbiittel, where people

with restricted mobility can move more easily. A change in
the old-age housing situation, for example through shared
accommodation for the elderly, could therefore not only have
positive effects on public health (Dapp et al. 2014), but also
lead to a reduction in SV overall.

It is precisely the identification of areas with high SVI
scores that enables a more in-depth analysis of the root
causes of SV. There is a connection between our study and
the program of the “social city” (Freie und Hansestadt Ham-
burg, Behorde fiir Stadtentwicklung und Wohnen 2021),
which focuses on areas of Hamburg that have a low SVI-
CC in our analysis. Note that our results show a spatiotem-
poral continuity, that is, neighborhoods with low SVI-CC
have hardly changed over decades. Therefore, “spatial traps”
(Pohl et al. 2010) of social inequality can also be seen as
important indicators of SV.

Socio-spatial inequalities often adversely affect certain
social groups, such as elderly people, people with low
income, and people with lower educational backgrounds
(EEA 2019). Thus, environmental hazards such as flooding
not only have a physical impact on urban infrastructure, but
also a social impact on those who are most marginalized. In
other words, “resilient flood risk governance requires mech-
anisms to ensure social equity and to address ‘unfair’ distri-
butional effects” (Driessen et al. 2018, p. 11). The neighbor-
hood examples we chose reveal that SV, as well as coping
capacity, sensitivity, and density, are unequally distributed
in Hamburg, showing underlying unequal distribution and
social segregation processes, which in the long term have
a negative effect on the urban system and its inhabitants
(Foster et al. 2019).

On a general level, however, the city has responsibilities.
First, it can point out hazards and provide the (potentially
affected) citizens with the necessary information (for exam-
ple, Krieger et al. 2013; Freie und Hansestadt Hamburg,
Behorde fiir Umwelt, Klima, Energie und Agrarwirtschaft
2020; Freie und Hansestadt Hamburg, Behorde fiir Umwelt,
Klima, Energie und Agrarwirtschaft 2021). Second, it can
increase coping capacity if the city provides targeted sub-
sidies for private homeowners who live in potential hazard
areas, in order to strengthen private risk prevention (Mees
et al. 2014).

To conclude, the SV concept helps identify hotspots of
vulnerable groups that might need additional assistance in
case of emergency. Social vulnerability index can also be
used for further urban flood risk monitoring, which can
guide flood risk communication. For instance, the SVI
can be coupled with hazard and exposure data as well as
data on socioeconomic losses. A map incorporating data
on the structural quality of buildings with the SVI and its
underlying sensitivity indicators (young children, elderly
singles), alongside a map of flood zones, could help tailor
emergency plans within the floodplain to people who would

@ Springer



790

von Szombathely et al. Social Vulnerability for Hamburg, Germany

otherwise not reach safe areas on their own. As another
example, advance warnings in case of heat waves can be
targeted to areas with high SV in the city’s heat island, based
on age structure and coping capacity. Therefore, working
at a detailed scale is worthwhile not only for emergency
response, but also for improving prevention planning and
community resilience in the long term. Nonetheless, a com-
prehensive analysis of combining SVI with hazards and
exposure maps is beyond the scope of this study.

4.2 Methodological Results and Summary

When comparing the results of the SV analysis with popula-
tion density, it has been shown that population density can
function as a proxy for SVI, despite the heterogeneous settle-
ment structure of the city of Hamburg. However, population
density’s explanatory power in this regard decreases mas-
sively if the segregation of cities increases, whereas in a very
mixed, homogeneous city the differences between popula-
tion density and SVI will only be small. Although Hamburg
is structurally very heterogeneous, it is much more mixed
overall than is often the case in large cities in the United
States, for example. Due to the destruction in the Second
World War, there are extensive rows of buildings from the
1950s in the east and south of the city (Freie und Hansestadt
Hamburg, Behorde fiir Bau und Verkehr 2003). Many of the
Griinderzeit buildings were rebuilt and parts of the city plan
were reconfigured to be car-friendly. However, neither the
distance to the city center nor the type of building provide
reliable information about the social composition of the dis-
tricts. Our study showed that differences in detail in Ham-
burg, especially in potential flood hazard areas (compare
the Reiherstieg quarter in Wilhelmsburg), are obscured by
any analysis that only takes population density into account.

For the aggregation of the factors into a final index, vari-
ables are usually summed up, even if there is no intercorre-
lation between the individual variables or factors (compare
for example Tapsell et al. 2002; Preston et al. 2008). This
is done even if a factor analysis was previously carried out
and the factors determined are orthogonal to each other (for
example varimax rotation, see Fekete 2009), although an
addition of variables of different dimensions is mathemati-
cally invalid (Kaiser 1958). The widely used social vulner-
ability index SoVI, which was originally developed by Cut-
ter et al. (2003), shares this problematic approach, too. This
is the primary methodological reason for using the AHP
model for variable selection and weighting in this study. In
addition, our SVI is much easier to reproduce.

To summarize, the following points especially character-
ize our index:

e Using the city of Hamburg as a case study, the SVI
reveals the spatial distribution and small-scale variability
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of social vulnerability, and particularly vulnerable popu-
lation groups, with high resolution.

e For the calculation of the input variables, the actually
populated areas of the city of Hamburg were identified
using satellite information. These areas were blended
with the survey units of the social data and thus form a
unique spatial reference.

e The spatial calculation of the variables and indices
derived from methodological considerations show that
using population density as a proxy for social vulner-
ability is appropriate for a rough overview. However, if
detailed small-scale urban differences in urban social
vulnerability are of interest, the selected variables help
to identify hotspot areas.

e We have constructed our index as precisely as necessary
and as simply as possible. Despite the simplicity of the
index, the proxy variables selected adequately demon-
strate the range of the underlying drivers of social vulner-
ability (social welfare, education, and age).

e The variables chosen are consistent with a variety of
studies that have examined social vulnerability to cli-
mate-related hazards. They form a basis for climate-
related risk analysis for the city of Hamburg.

e Qur detailed SVI mapping presents a simple and easily
understandable starting point for developing guidance for
local flood adaptation and prevention planning as well as
emergency planning.

For new urban infrastructure projects, the map locates
where special attention should be paid to vulnerable pop-
ulations to mitigate unequal distribution and dynamics of
social segregation. Adaptation measures are necessary to
counter the vulnerability of these groups in order to prepare
for future climate change. Effectively addressing social vul-
nerability reduces both the human suffering and economic
losses associated with providing social services and public
assistance after a disaster (Flanagan et al. 2011; Abebe et al.
2020).

Limitations of this study can be summarized as follows:

e The maps show the current state only and do not include
dynamics such as changes in population structure. The
SVI can always be recalculated to create a timeline.
However, a forecast of demographic developments is
only possible on the basis of further assumptions. Such
a timeline would be associated with great uncertainties,
but is fundamentally conceivable.

e Some variables had to be ignored due to the inaccessibil-
ity of data (for example, insurance status) because of the
strict data protection regulations in Germany.

e The input variables for coping capacity—welfare recipi-
ents and school leavers with no/low educational qualifi-
cation—are in a sense country-specific, as such data are
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rarely collected in a uniform way within Europe. There-
fore, only a comparison to other German cities is strictly
possible.

e In this study, local knowledge was incorporated by the
expert-guided selection of variables. Therefore, our
selection does not claim to be of general validity.

e Our study does not claim to be comparable with current
indices with a global scope (Davino et al. 2021), which,
however, work with significantly lower spatial resolu-
tions.

5 Conclusion and Outlook

This analysis shows where to take a closer look when dis-
cussing the possible effects of, and the people potentially
most impacted by, climate-related hazards in the city of
Hamburg. Social diversity, inequalities, and segregation
processes in cities will continuously gain importance as cli-
mate change progresses. Therefore, it is important to con-
tinuously focus on SV and its implications for social research
and action, focussing on distributional, recognitional, and
procedural aspects (Bullard 2001). These perspectives can
help us to understand why urban inequalities and very high
SVI scores are problematic. For urban transformation and
development to be considered sustainable, local hotspots
have to be addressed as unjust and unequal distributions have
to be solved, including accessible opportunities for partici-
pation in the adaptation planning (Shi et al. 2016). In this
context, modeling the social vulnerability of urban areas by
assessing systemic social issues and barriers can provide an
important layer of information and a starting point for urban
adaptation and prevention planning (Cook and Swyngedouw
2012; Shi et al. 2016).

Our model of SV offers a clear interface for potentially
impactful prognosis: the proxy variables are simple enough
to serve as a basis for a prediction of possible future cities,
with the help of demographic forecasts (Freie und Hanses-
tadt Hamburg, Behorde fiir Gesundheit und Verbraucher-
schutz 2019). In addition, the variable selection allows us to
use existing urban development projections (Kaveckis 2017)
to calculate future SVIs.

If our results are combined with calculations carried out
by the city of Hamburg on potential risk areas in the context
of climate-related hazards for coastal and inland cities (for
example, flooding, heat stress, air pollution), it is easy to
identify areas where there may be a need for action. This
means that we are now able to analyze whether potential
hazard areas correlate strongly with vulnerable population
groups. As a next step, it will be necessary to develop a
detailed model of the effects of risks on vulnerable popula-
tion groups. To fill this gap, further research on this topic
will need to be conducted, addressing questions at the nexus

of climate-related risk and vulnerability and aiming at a risk
model for climate-related hazards. The physical conditions
of vulnerability—excluded in the present analysis—must
also be included in future investigations. For example, the
construction and structural quality of neighborhood housing
play a major role in determining whether any existing social
vulnerability will actually have an impact in the event of a
disaster.

To conclude, further research on vulnerability in cities
is highly necessary. First, social diversity and inequali-
ties in cities are predominant and will become even more
threatening as urban areas become more and more densely
populated. Second, climate-related hazards, such as urban
flooding and heat stress, are more present than ever and have
major impacts on cities. The intersection of social vulner-
ability and climate-related hazards must therefore be seen
as an important field of research and is of great importance
in the current debates of interdisciplinary climate research.
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