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Abstract
In 2019, record-setting temperatures in Europe adversely affected human health and
wellbeing (WMO 2020) and cities—thus, people in urban areas suffered particularly
under heat stress. However, not only heat stress but also the differential vulnerability of
people exposed is key when defining adaptation priorities. Up to now, local data on
vulnerability and particularly adaptive capacities is rather rare. Various aspects of human
vulnerability to heat and capacities to adapt to heat stress in urban areas still have to be
explored and assessed, for example in terms of the adaptation at home, during work or
while commuting to work. The paper presents new findings of a household survey on
how and where different groups experience heat stress and how they assess their
susceptibility and capacities to cope and adapt. The findings are based on a survey
conducted in the medium-sized city of Ludwigsburg, Germany. Findings show signifi-
cant linkages and correlations between socio-economic factors and heat vulnerability and
capacities to respond. The analysis gives special emphasis to relationships between
willingness to implement adaptive measures to reduce heat stress risks and risk perception
and adaptive capacities. Particularly, the analysis of future adaptation options and the
ability and willingness of different households to implement these provides new insights
on the differential capacities to adapt and the need for tailor-made transformation
programs.
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1 Introduction

The WMO1 report on the state of the global climate in 2019 identifies the past 5 years as the
warmest on record. In 2019, record-setting temperatures in Europe and all around the world
adversely affected human health and wellbeing, illustrated by an increased mortality during
heat waves in several countries (WMO 2020). Regarding the scientific evidence available, it is
likely that extreme heat events will increase in the future (IPCC 2019; IPCC 2014). A study by
Forzieri et al. (2017) based on data analysis to forecast future risks from weather-related
extreme events assumes that by the year 2100, two thirds of the European population could be
affected by annually occurring weather-related extremes (Forzieri et al. 2017). Urban areas are
particularly affected by heat events due to the high degree of sealing, building structure,
relatively low proportion of green spaces, and an altered water balance (Chmielewski et al.
2005). However, the extent to which such extreme heat events pose a risk for different areas
and population groups depends not only on their intensity and frequency of occurrence, but is
also largely determined by the susceptibility as well as the adaptability and coping capacity of
the society and individuals living there (Birkmann et al. 2020; Birkmann et al. 2018; Birkmann
2008). The degree of susceptibility to heat as well as the lack of adaptive capacities and the
lack of coping capacities are considered particularly relevant when assessing vulnerability to
heat stress (Welle and Birkmann 2015). According to Wolf and McGregor, local spatial
information on heat vulnerability, below regional or city level, is particularly valuable for
decision makers (Wolf and McGregor 2013). Hamstead et al. note that vulnerability assess-
ment at a fine spatial scale enables to more precisely identify vulnerable residential populations
at risk of extreme heat-related impacts (Hamstead et al. 2018). Wilhelmi and Hayden state that
the analysis of specific conditions at the local level could add a great value for decision-making
processes in urban planning when dealing with heat vulnerability and adaptation capacities
(Wilhelmi and Hayden 2010). The analysis of socio-demographic, socio-economic, and
environmental factors that influence and determine heat vulnerability at district and
neighbourhood level was a central research task within the project “Future-oriented vulnera-
bility and risk assessment as an instrument for promoting resilience of cities and urban
infrastructures” that is the basis of this paper (ZURES 2020). Besides the analysis of urban
climatic conditions, this project investigated vulnerability characteristics, including aspects of
coping and adaptation to heat stress in two medium-sized cities in Germany, namely the city of
Bonn and the city of Ludwigsburg. Next to the analysis of officially available statistical and
spatial data, two household surveys were conducted to gain more insight into how different
population groups assess their capacities and different potential measures to cope and adapt to
heat stress in the future. Thus, the survey provides new insights in terms of data and facts, as
well as new methodological advances on how to capture these aspects. In conjunction with
available statistical and spatial data, this information can be used to identify proxy indicators
for potential individual adaptive behaviour at a later stage.

The analysis at household level within the ZURES project aimed to explore and validate
indicators for vulnerability and adaptation to climate change and heat stress in particular.
Secondly, the survey examined correlations between specific socio-economic characteristics
and individual adaptive behaviour and capacities. Identifying such correlations is an important
first step to better understand adaptive capacities and their determinants. Quantitative field
research in form of household surveys is considered particularly helpful for generating

1 World Meteorological Organization
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information for a comprehensive analysis of existing adaptive capacities (see e.g. Wilhelmi
and Hayden 2010; Hamstead et al. 2018). Such an analysis examines socially induced
vulnerability and adaptive capacities in connection with socio-economic and socio-
demographic differences (Hayden et al. 2017). In this context, Wilhelmi and Morss emphasize
that there is a large deficit of available data with regard to local adaptive capacities (Wilhelmi
and Morss 2013). Against this background, the paper can provide new insights and findings
about the linkages between adaptive capacities and risk perception, health conditions, and
access to green spaces and individual housing situations. In this regard, particular emphasis is
given to the following questions:

1. How can survey-based analysis on household level help to better understand individual
vulnerability and adaptive capacities to heat stress?

2. Which health problems do households experience during heat stress events?
3. Where are hotspots of perceived heat stress in cities?
4. What relationships do exist between the willingness and capacity to adapt?
5. Which factors influence the willingness to adapt and capacities to adapt?
6. What factors constrain adaptive behaviour?

2 Conceptual-theoretical background

2.1 Vulnerability

The term vulnerability describes—in a general context—the susceptibility of individuals or
social systems to natural hazards. However, this general definition has been enhanced in the
scientific discourse with additional characteristics that describe vulnerability more precisely.
The United Nations Office for Disaster Risk Reduction (UNDRR) defines vulnerability as “the
conditions determined by physical, social, economic and environmental factors or processes
which increase the susceptibility of an individual, a community, assets or systems to the
impacts of hazards.” (UNISDR 2020: n.p). The IPCC2 special report on the impacts of global
warming of 1.5 °C defines vulnerability as “the propensity or predisposition to be adversely
affected. Vulnerability encompasses a variety of concepts and elements including sensitivity or
susceptibility to harm and lack of capacity to cope and adapt.” (IPCC 2019: 560). An
important difference between the two definitions lies in the question of the role of abilities
to cope with and adapt to adverse effects of natural hazards. In this regard, Wisner et al.
underscore that the ability to anticipate, adapt, and cope with impacts of extreme events and
natural hazards is also a component of vulnerability (cf. Wisner et al. 2004: 11). The concept
within the WorldRiskReport operationalizes vulnerability by means of three dimensions:
susceptibility, described as the probability of suffering damage from a hazardous event, the
lack of coping capacities, and the lack of adaptive capacities (Bündnis Entwicklung Hilft 2015;
Welle and Birkmann 2015). With reference to the theoretical considerations in literature,
susceptibility of individuals and social systems as well as their ability to cope and adapt are
perceived as key components of vulnerability. Following this understanding of vulnerability,
the paper explores the relationships between socio-demographic vulnerability indicators and
heat-susceptibility and different determinants of household-related adaptive capacities.

2 Intergovernmental Panel on Climate Change (IPCC)
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2.2 Adaptation and adaptive capacity

Adaptation to climate change refers to the process of the adjustment of natural and social
systems to actual or expected climate changes and their consequences in order to reduce
negative impacts and exploit potential benefits (IPCC 2007; IPCC 2012; IPCC 2014; IPCC
2019). In this context, specific adaptation measures are to be understood as the manifestation
of adaptive capacities (Smit and Wandel 2006). Adaptive capacities are the entire potential of
individuals or social systems, such as municipalities, to adapt to climate change, its associated
events, and resulting consequences (IPCC 2019; Birkmann et al. 2013). The term adaptive
capacity often refers to long-term strategies and approaches that can also take resources into
account which are not yet available (Vogel and O’Brien 2004; Birkmann et al. 2013). In
contrast to coping capacities, which rather refer to direct short-term measures during, before or
after an extreme event, aiming at a rapid restoration of an original state, adaptive capacities are
rather strategic measures that also include the anticipation of potential future risks (Vogel and
O’Brien 2004; Birkmann 2008; Birkmann et al. 2013). Willingness to adapt has not yet been a
fixed term in the terminology of vulnerability and risk research. While the specific term or
concepts regarding the willingness to change individual behaviour in the context of climate
change are considered in some studies within the research field of environmental psychology
(see e.g. Hayles and Dean 2015; Whitmarsch 2009; Nilsson et al. 2004), there is no extensive
research on it in the context of vulnerability and risk research. Willingness to adapt might also
be associated with Grothmann and Patts concept of Adaptation Intention within their Model of
Private Proactive Adaptation to Climate Change (MPPACC) (see in detail Grothmann and Patt
2003). Differing to the concept of Adaptation Intention within the MPPACC, we define
willingness to adapt as a constitutive component of adaptive capacity—as a cognitive state,
which sets the basis for the development of long-term adaptation strategies and thus enables
the existence of adaptive capacity itself, which in turn, in its manifestation, represents the
actual act of adaptation in form of strategic adaptation measures. In this regard, the new data
from the household survey provides new insights and more evidence about the linkages
between general socio-economic vulnerability, adaptive capacities and the willingness to adapt
in the context of heat stress in urban areas. In the following, we introduce the survey method
prior to presenting key findings of the household survey.

3 Survey methodology

3.1 The area of inquiry

The household survey was conducted within the ministerial-funded project ZURES (Future-
oriented vulnerability and risk assessment as an instrument for promoting resilience of cities
and urban infrastructures) in the city of Ludwigsburg in Baden-Wuerttemberg, Germany. With
93,482 (as of 2018)3 inhabitants, the city of Ludwigsburg is classified as a medium-sized city
in the state of Baden-Wuerttemberg, which functions as an important service centre for the
surrounding municipalities. The survey was conducted in the city centre and the District East
within Ludwigsburg. The selection of districts was based on the results of a climatic analysis

3 All statistics of the city of Ludwigsburg and its districts listed here are taken from the official data of the city of
Ludwigsburg (see City of Ludwigsburg 2020)
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for the entire urban area,4 as well as on socio-ecological vulnerability issues.5 Both areas are
characterized by a high bioclimatic load on hot days (see in detail Birkmann et al. 2018; GEO-
NET 2018), a high degree of sealed surfaces, and a relatively high population density (>93.00
inhabitants/ha), compared to population density of the surrounding districts and especially the
outskirts of the city (with a maximum of 22.62 inhabitants/ha). Additional both districts show
comparable distributions of subpopulations, which are considered more vulnerable towards
extreme heat, like people over 65 years of age or poor populations, measured by the proportion
of households receiving social assistance (see in detail City of Ludwigsburg 2020). The
objective was to find areas with high exposure to heat and a comparable population density
and structure. Thus, comparing the inner city with the periphery would have been less
appropriate. On the one hand, this should prevent the survey results from being biased by
significant differences of the districts, regarding heat exposure or substantial differences of the
district-specific population structure. On the other hand, the general research interest was
focused on the analysis of highly exposed areas and differential vulnerabilities and adaptive
capacities at the household level. With 15,612 inhabitants, Ludwigsburg-East is the most
populous district of Ludwigsburg. Ludwigsburg-Central is characterized by high influx rates
from outside the city and currently has 11,601 inhabitants. Figure 1 shows the area of inquiry
and its location within the city of Ludwigsburg.

3.2 Sampling

The household survey was conducted in Ludwigsburg from end of July until end of August 2018
and was completed in August 2018. The survey was deliberately conducted in midsummer in
order to be able to assess perceived heat stress as realistically as possible. An influence on the
response behaviour due to the chosen survey period and the associated climatic conditions, e.g.

4 Conducted by GEO-NET Umweltconsulting GMBH (see GEO-NET 2018).
5 The socio-ecological vulnerability characteristics used here include the proportion of the population over
65 years of age and under 6 years of age, as well as the proportion of poor population. A literature analysis
carried out within the ZURES project shows that these indicators can be used for the operationalization of heat
vulnerability (see Sandholz et al. 2018).

Fig. 1 Area of inquiry
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with regard to questions on willingness to adapt, cannot be excluded. However, such an influence
was accepted in order to facilitate answering the survey and to get more reliable results, for
example in terms of health issues during heat events. It is assumed that a survey addressing the
topic of perceived heat stress in summer, if carried out during winter months, would have led to
less reliable results. Furthermore, occurring biases, such as the measurement of an excessive
willingness to adapt to heat, if this is the case at all, would only show a positive correlation
between experiences with heat events and willingness to adapt. This, in turn, would lead to the
thesis that empirically generated knowledge of potential risks, gained through experience, could
increase the willingness of individuals to adapt. Consequently, the choice of the survey period is
not seen as an essential disadvantage with regard to the quality of the data collected.

The household survey conducted encompassed a paper questionnaire that was sent to
randomly selected households within the two districts. The questionnaire could be answered
both in writing and online. A total of 666 households took part in the survey and the overall
response rate was 22%. The questionnaire consisted of 101 questions divided into 19
subsections. Only closed-ended questions were used. Participants of the survey could answer
using either four-point rating scales or nominal scales with a differing number of choices (two
choices at minimum 15 at maximum). Socioeconomic data like income level ore age where
surveyed in aggregated groups using fixed answer categories (e.g. 64–74 years of age; over
74 years etc.). In addition to socio-demographic information, six main topics were surveyed.
Figure 2 illustrates the seven topics surveyed and provides information about the number of

Fig. 2 Main topics of household survey
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corresponding questions for each topic (see Fig. 2). The questionnaire was pre-tested and then
partially revised. The evaluation was carried out by machine (scan).

3.3 Data analysis

The analysis of the data was carried out using SPSS. Besides the analysis of specific
distributions within the surveyed sample, cross tables were used to identify starting points
for explorative analysis of correlations between specific socioeconomic factors and data or
factors that were considered to potentially provide information about individual adaptive
behaviour, adaptive capacities, and vulnerability. Specific relationships were investigated
based on assumptions derived from literature review. Tested correlations aimed either at
confirming the relevance of commonly used vulnerability indicators or at gaining new insights
in terms of adaptive capacities on household level and their determinants.

4 Results of the household survey and discussion

4.1 Socio-demographic structures

The majority of respondents (56%) are female, 43.7% are male, and 0.3% stated “other/
divers”. The age of respondents was surveyed in four age groups. The age group from 18 to
34 years accounts for 26.2% of respondents. The majority of respondents are persons
between 35 and 64 years of age (48.9% of respondents). Eleven percent of the respondents
are between 65 and 74 years old and 13.8% are older than 74 years (see Fig. 3). Overall,
households with at least one person having a university degree are clearly overrepresented
with 55.6%. Asked about the highest educational level of a person living in household, 9.8%
stated an apprenticeship, 12.2% an A-level or general qualification for university entrance,
11.8% a secondary school leaving certificate (Realschule), and 3.6% a lower secondary
school leaving certificate (Hauptschule). Not having an educational background was re-
ported by 0.6% of the respondents. Regarding the monthly disposable household income,
21.1% of households belong to the lowest income bracket up to €2000 per month. More
detailed, 2.9% of the respondents within the lowest income bracket up to €2000 have a
household income of less than €900 and therefore can be considered as relatively poor.
25.4% of the households surveyed have a monthly net income of €2000 to less than €3200 at
their disposal. A total of 22.1% of households have a monthly income between €3200 and
€4500. 19.5% of the households have a monthly income of €4500 to €6000. 11.9% of the
households have more than €6000 at their disposal (see Fig. 3). Thus, 31.4% of households
belong to the two highest income groups recorded, with a monthly disposable income of at
least €4500. One fourth of all households surveyed are single-person households (25.8%).
However, the vast majority of the households surveyed are two-person households (41.7%).
In 26.6% of the surveyed households, three or four persons belong to a household. Only 5%
of the households reported more than four persons living together. The duration of living in
Ludwigsburg might also influence the risk perception within the city. In this regard, the
overwhelming majority of the interviewees (61.1%) have been living in Ludwigsburg for
more than 10 years. 11.7% of the interviewees stated to live there for 6 to 10 years and 22.3%
have been living in Ludwigsburg for 1 to 5 years. Only 5% stated that they have been living
in Ludwigsburg for less than 1 year.
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4.2 Risk perception

Individual risk perception to climate change and heat stress also influences adaptation deci-
sions and the willingness to adapt. Whether adaptation to experienced or future events takes
place depends on the extent to which a personal risk is perceived at present or in terms of
future climate change (Adger et al. 2008; Grothmann and Patt 2003). Thus, the identification
of environment-related hazards and extreme events that are classified as a direct or potential
threat by individual persons or larger societal groups is a reasonable first step when analyzing
individual adaptation to climatic events (see also Howe et al. 2019; Smit and Wandel 2006).

The household survey in Ludwigsburg captured attitudes towards climate change and
different natural hazards. About 91% of the respondents believe that climate change exists.
Around 86% of the respondents believe that climate change is a problem and 68% think that it
is also noticeable in Ludwigsburg. Furthermore, 68% think that climate change affects them
personally. Asked for a statement which natural hazards already pose a personal risk to the
household, about 70% stated that they already see a personal risk in heat waves. Even more
households perceive storms as a current risk (74%). Heavy rainfall events are also mentioned
as a present risk just as frequently as heat waves. Fewer households state floods (41.3%) and

Fig. 3 Socio-demographic structures

14 Page 8 of 19 Climatic Change (2021) 166: 14



cold spells (32.4%) to be an already existing personal risk. In addition, a vast majority of
households are convinced that storms (80.9%) and heavy rain (77.2%) will pose a personal risk
also in the future (up to 2030). Cold spells (43.4%) and floods (46.7%) are mentioned less
often. Heat waves were ranked to be second among the future personal risks (78%) (see
Fig. 4). Interestingly, the respondents see a higher personal risk of these events (climate
influenced natural hazards) in the future than at present. This leads to the conclusion that the
respondents perceive future climatic changes as a source of potential personal risk. Further-
more, 87% assume that heat waves will be a growing problem in the future. The results suggest
that especially experiences with intense heat in one’s own living space contribute to an
increased risk perception. A highly significant and positive correlation between the perception
of heat waves as a problem in one’s own apartment or house and the perception of heat waves
as a personal risk was found (V = 0.344***).6 The lack of a private heat-protected retreat
seems to be crucial with regard to the individual identification of heat as a problem.

4.3 Heat-health-risk-nexus

Another factor that can contribute to an increased risk perception is the identification and conscious
perception of heat-related health problems (see also CDC 2012). Heat-related health problems most
frequently mentioned in the household survey are lethargy/exhaustion, sleeping problems, and
concentration problems. Approximately 11% of the respondents state that they often suffer from
dizziness, headaches, or cardiovascular problems when exposed to intense heat. Nausea was
mentioned by only 3% as a symptom frequently occurring during heat events (see Fig. 5).

The data show that specific symptoms occur with varying frequency within different age
groups . According to the survey conducted in Ludwigsburg, persons under 65 years of age
seem to suffer more frequently from sleeping and concentration problems than older persons.
Persons over 65 years of age suffer more frequently from serious health problems such as

6 ***The correlation is significant at the level of 0.001

Fig. 4 Perception of natural hazards that pose a personal risk (present/future)
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cardiovascular disorders. When asked if they already suffered from health problems associated
with extreme heat and which problems they suffered from in particular, 19% of the respon-
dents over 65 years of age indicated that they often suffer from cardiovascular problems
associated with heat. Figure 6 shows the frequency distributions of cardiovascular problems as
a function of age. The expected link and correlation between age and the occurrence of
cardiovascular problems can also be statistically confirmed (Spearman’s ρ = 0.234***/
Kendall’s tau-b = 0.212***). These age-related differences show the relevance of the indicator
“over 65 years”, which was used in the ZURES project to measure vulnerability to heat stress.
Overall, the findings underscore that elderly can be considered more vulnerable to heat stress
compared to other age groups.

Besides age, susceptibility to heat is also influenced by pre-existing health problems like
diabetes or other chronical diseases (IPCC 2012; Balbus and Malina 2009). People suffering

Fig. 5 Heat-related health problems

Fig. 6 Cardiovascular problems with heat as a function of age
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from such pre-existing health problems are more likely to be harmed in case of extreme heat
events (IPCC 2012). In this context, the household survey revealed that households in low-
income groups encompass a significantly higher percentage of household members with pre-
existing health problems compared to households of middle- and high-income groups. Ac-
cording to the data, 19% of households within the low income group up to €2000 state that at
least one person living there is considered to be sick or in need of medical care. In contrast, 9%
of households in middle-income groups (3200–4500€) and only 1.7% of households in high-
income groups (6000€ and above) are reported to be sick persons or persons in need of
medical care. Asked more specifically about existing health issues of persons in the household,
44% of concerned households with a low income (up to 2000€) mentioned that at least one
person in the household suffers from a chronical disease like cardiovascular problems or
diabetes. The same category accounts for only 25.3% of concerned households in middle
income groups and 14.3% in high income groups (see Fig. 7). Consequently, the household
survey confirms that people with pre-existing health problems, that are more likely to be
adversely affected during times of heat stress, can be proportionally found more frequently in
low income households compared to households in middle-and high income classes. Thus,
household income has an indicative and proxy function for susceptibility in this context.

Moreover, the results of the household survey reveal that the perception of heat stress varies
greatly in different locations of the city. According to the data, the vast majority of respondents
perceive heat stress particularly in public transport (83%) and the city centre (76%). More than
half of the respondents perceive heat stress at work as intense or very intense. The lowest level
of heat stress is perceived in parks and gardens (see Fig. 8).

The results are also consistent with other studies. In a similar survey conducted within the
same project in Bonn, as well as in other studies in the German cities of Magdeburg and
Karlsruhe (Landeshauptstadt Magdeburg and ThINK 2017; Kunz-Plapp et al. 2016), public
transport and the inner city area were identified as hotspots of perceived heat stress. Equally,
these studies identified green, recreational areas as heat-relief zones. The results of the
household survey in Ludwigsburg also indicate that these areas are perceived as heat-hotspots,
regardless of the age of the respondents.

Fig. 7 Disposable household income and presence of chronical diseases
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4.4 Use of green spaces and housing situation

The results of the household survey show that parks and gardens can serve as important retreat
areas during extreme heat events in medium-sized cities (see Fig. 8). Especially in case of
households not having a private garden or balcony, publicly accessible green and recreational
areas are an alternative for households. About 25% of the households surveyed indicated that
their house or apartment does not have access to a garden, “green” balcony or patio. This
applies especially to residents of apartment buildings. The data from the household survey
show that 73% of the respondents live in apartment buildings. About 30% of them state that
they do not have access to a private garden, a “green” balcony or patio. The extent to which
public green and recreational areas are frequented seems to be related to their geographical
proximity and the personal effort it takes to get there. In Ludwigsburg, about 82% of the
respondents indicated that they visit green areas that are located within walking distance.
Moreover, less than half of the respondents stated that they would also visit green spaces
within a distance that requires the use of a bicycle, public transport, or car.

4.5 Adaptation to heat stress

With regard to adaptation strategies and adaptive capacities, the survey asked about measures the
respondents have already implemented or plan to implement to protect themselves against
heatwaves. In addition, the survey also exploredwhat peoplewould do in the future if the occurrence
and intensity of heat stress stayed the same or intensified. Figure 9 shows the results regarding the
willingness to implement measures to prevent heat stress. It shows that measures that are associated
with only a slight or minor change in lifestyle or linked to rather low monetary expenditure have
been implemented or are planned to be implemented. These measures include the creation of
additional shading, for example by means of awnings or blinds, climate-adapted design of one’s
own garden, balcony, or courtyard with plants or water elements and the adaptation of personal
habits such as the choice of working hours, meeting points, or means of transport as well as the
change of the sleeping area (Fig. 9). On the contrary, measures which are associated with major
changes in everyday life or increased monetary expenditure have rarely been implemented or
planned to be implemented by the respondents. In this context, only 8% of the interviewees stated
that they had already installed an air conditioning system or were planning to do so. About 36%

Fig. 8 Hotspots of perceived heat stress
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indicated the installation of an air conditioning system as a possible option for the future. About 56%
of those surveyed stated that the installation of an air conditioning system is not an option. However,
the use of air conditioning needs to be critically revisited. On the one hand, scientific findings show
that themortality rate due to cardiovascular disorders during heat events can be reduced by the use of
air conditioning (cf. Barnett 2007). On the other hand, other research results indicate that the use of
air conditioning systems by many citizens results in high additional energy consumption and thus
higher emissions of greenhouse gas, especially in urban areas (Lundgren and Kjellstrom 2013). In
addition, the direct heat output of air conditioning systems leads to a rise in temperature in the
immediate surroundings and thus to an intensification of urban heat (Lundgren and Kjellstrom
2013). One reason for the broad rejection of the installation of air conditioning among the
respondents could be the discussed educational-bias within the sample. This refers to the assumption
that the environmental awareness rises with the level of education (see also Kuckartz and
Rheingans-Heintze 2006). Despite the possibility that the rejection of using air conditioning systems
is due to environmental reasons, it is assumed that the high costs associated with the purchase of an
air conditioning system are factors that reduce the installation of air conditioning in cities in
Germany as an adaptationmeasure. This assumption is also statistically confirmed by the household
survey. The willingness to implement adaptation measures that involve high monetary expenditure,
such as the installation of an air conditioning system, seems to increase with rising household
income. Even though this correlation is rather weak, the results point to the connection of available
financial resources and adaptive capacities. In contrast, the implementation of measures that are
associated with a fundamental change in living conditions seems to depend less on financial

Fig. 9 Potential measures for protection against heat waves
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resources than on e.g. the age of the respondents. The results indicate that people are less willing to
implement adaptation measures, such as moving to a heat-adapted living environment, as they get
older (see Fig. 10). The data show a highly significant correlation between the age of the respondents
and their willingness to move to a heat-adapted living environment (Spearman’s ρ = 0.239***/
Kendall’s tau-b = 0.217***). This result is also consistent with other studies regarding the willing-
ness to move among different age groups (Friedrich 2008; Scheiner et al. 2011). In this respect, the
adaptive capacity of the older population appears to be lower than the adaptive capacity of younger
people. In combination with increased physical heat susceptibility of persons over 65 years of age,
this population group can be classified as particularly vulnerable.

The results of the household survey show that individual risk perception and the existence
of social capital can be seen as dimensions of adaptive capacity or at least as factors
influencing it. In particular, social contacts among neighbours seem to be a factor increasing
adaptive capacities and coping capacities. The analysis of the data shows a highly significant
positive correlation between people with intensive and regular contact to people in their
neighbourhood and the willingness to offer help in their neighbourhood (Spearman’s ρ =
0.551***/Kendall’s tau-b = 0.512***). At the same time, the data suggest that people having
regular contact to their neighbours are more likely to believe that they can generally rely on
help from their neighbours (Spearman’s ρ = 0.741***/Kendall’s tau-b = 0.685***). This
suggests that people who are well integrated in their neighbourhood are more likely to expect
rapid help in an immediate emergency situation within their living environment.

With regard to risk perception, our findings indicate that the perception of heat as a problem
at home seems to be related to individual attitudes towards adaptation measures. Thus,
significant positive correlations between risk perception in one’s own home and the willing-
ness to move to a heat-adapted apartment/house or living environment were found (Cramer’s
V = 0.301***/Cramer’s V = 0.257***). With regard to the adaptation of personal habits such
as the choice of working hours, meeting points or means of transport and the change of the
sleeping area, a significant, albeit weak, positive correlation with the perception of heat as a
problem in one’s private living space could be found (Cramer’s V = 0.157**). In addition to
attitudes towards private adaptation measures, correlations between risk perception and en-
dorsement of policies related to climate adaptation were found. Thus, there are significant links
between risk perception of heat (in one’s own home) and advocacy of spending public funds on
heat adaptation, even at the expense of other sectors of public interest (Cramer’s V = 0.175**).

Fig. 10 Moving to a heat-adapted living environment as a function of age
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The results indicate that risk perception seems to play a key role regarding the willingness to
adapt and consequently also influences adaptive capacities.

Analyzing the willingness to adapt, surveyed by questions on the implementation of
adaptation measures, offers the opportunity to find out more about adaptive capacities of
people or groups of people who support, implement or reject these measures and thus to better
understand the interrelationship between socio-economic factors and individual adaptive
capacities at the household level. Since the survey aimed at generating data which is easy to
replicate by asking closed-ended question and using mainly standardized answer scales, the
proposed methodology to analyze individual adaptive capacities by surveying the willingness
to implement specific adaptation measures, can also easily be transferred and replicated in
other cities, locations and contexts. In this regard, it would be interesting to see which
individual adaptive measures are likely to be implemented in dependency of different political,
economic, and cultural backgrounds and conditions in different countries within and outside
the European Union.

5 Discussion and conclusion

The results of the household survey on heat stress conducted in Ludwigsburg confirmed the
relevance of vulnerability indicators such as age, socio-economic situation (e.g. income), or
access to green and recreational areas in terms of the vulnerability and adaptive capacity to
heat stress. In addition, new insights were gained in terms of the influence of risk perception,
willingness to adapt and adaptive capacities, also linked to age, income, and social capital.
Furthermore, the analysis of the data reveals spatial hotspots of perceived heat stress within the
city. We found that it is not just the living location where heat stress is particularly seen as a
threat. Next to the city centre, it is the public transport where many respondents suffer heat
stress. These results are also consistent with other studies regarding spatial hot spots of
perceived heat stress (Landeshauptstadt Magdeburg and ThINK 2017; Kunz-Plapp et al.
2016). This also applies for the findings on the relationship between the age of the respondents
and their willingness to implement adaptive measures which are associated with a fundamental
change of habits and lifestyle, such as moving to a heat-adapted living environment (cf. inter
alia Friedrich 2008; Scheiner et al. 2011). However, this is not the case regarding the results on
which green spaces and recreational areas are visited regularly. In contrast to the findings in
Ludwigsburg, a comparable household survey conducted in Bonn showed that the visit of such
areas does not depend on the means of transport it takes to get there (Sandholz and Sett 2019).
It is assumed that this is due to different topographic conditions of the site. However, the
differences of the results also illustrate the relevance of small-scale, local analyses in order to
be able to optimally capture the special characteristics and needs of a city.

Regarding the methodology, the survey-based assessment of adaptive capacities at house-
hold level is not new to the field of vulnerability research. There are several studies that
attempt to assess adaptive capacities via household surveys as part of vulnerability analyses
(cf. inter alia Sorg et al. 2018; Jamshed et al. 2018). Few survey-based studies address the
interrelationships between socio-demographic characteristics, adaptive capacities, and specific
adaptation measures. However, these relationships are not commonly studied, hence why this
paper is filling in a significant research gap. Recent studies by Hayden et al. 2017 or Voelkel
et al. 2018 focus on analyzing the interrelationships of socio-demographic characteristics,
perceived heat stress, and individual adaptive behaviour and adaptive capacities. Voelkel et al.
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point out that heat exposure and adaptive capacity are clearly associated with socio-
demographic differences. Their findings indicate that certain social groups within a
population—such as low-income groups—have rather low adaptive capacities due to socio-
demographic factors and experience disproportionately high temperatures and limited access to
refuge from extreme heat (Voelkel et al. 2018). Results from Hayden et al. indicate that
sociodemographic factors, such as income, have an influence on the individual adaptive
capacities of a population. It shows that though there was widespread air conditioning
availability throughout the area of inquiry, the majority experienced heat-related symptoms,
because they could not afford to use air conditioning due to the high cost of electricity (Hayden
et al. 2017). Taking up and expanding this approach, our research particularly explored the
interrelations between socio-demographic characteristics of a household and the differential
forms of adaptive behaviour and specific adaptation measures. This refers to the distinction of
measures that are associated with specific personal costs like the level of monetary expenditure
or changes of habits and lifestyle. Such analyses allow identifying starting points to develop
incentive measures or policies, which correspond to the needs and interests of specific
vulnerable target groups. Consequently, analyzing adaptive capacities at household level can
enable decision makers to better understand issues that are limiting adaptive capacities of
households and to find solutions and measures that promote adaptive capacities and adaption
of households towards changing climatic conditions—thus directing individual adaptive
behaviour and promoting a more resilient population.

The results highlight that survey-based small scale analysis can contribute to better
understand adaptive capacity and vulnerability at the household level. Since planned adaptive
measures have to also be accepted and carried by the population of a city, such analyses can
improve future development strategies in growing medium-sized cities in terms of the consid-
eration of existing adaptive capacities and human vulnerability or also help to establish new
development strategies for adaptation issues at household level.
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