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ARTICLE INFO ABSTRACT
Keywords: For a long time, Germany was largely spared from extreme weather events such as flooding.
Climate change Severe flooding occurred only sporadically and at extended intervals. However, due to climate

Extreme weather change, adjustments to more severe and frequent flooding are necessary. This was demonstrated

f;l::nf:;g by the Ahr Valley floods in 2021 and the southern German floods in 2024. In response, the
Insurancye introduction of compulsory elemental insurance has been repeatedly discussed to strengthen

Responsibility household resilience. However, the perspective of the (re-)insurance industry on necessary re-
sponses to extreme weather events is still underresearched. This study contributes to overcoming
this deficit through an interview study with 27 (re-)insurance experts from Germany, exploring
their views on the challenges associated with implementing mandatory elemental insurance.
According to the experts, three central factors — risk awareness, accessing and understanding data
and information, and adaptation measures — shape household resilience and, at the same time,
challenge current responsibility distributions. However, shifting responsibility to the insurance
industry and households can entail counterproductive effects on household resilience. Instead,
more complex approaches involving different stakeholders could be more effective.

1. Introduction

In July 2021, Germany, particularly its federal states of Rhineland-Palatinate and North Rhine-Westphalia, experienced one of its
worst floods in the past 60 years, resulting in more than 180 deaths and an insured loss of approximately € 8.2 billion [1,2]. For most
people, the floods came unexpectedly. Thus, a large proportion of households were unprepared for the extent of the flooding or lacked
the knowledge of how to respond to flood warnings [3]. As Fekete and Sandholz [4] suggested, a possible reason could have been the
lack of experience, making it more difficult for households to understand the danger and prepare accordingly. As Thieken et al. [3]
argued, this problem was exacerbated by experts underestimating the flood’s magnitude and the insufficient warning infrastructure.
They showed that during the 2021 floods, “around one-third of residents at risk of pluvial or flash floods [were] not reached by severe
weather and flood warnings” [3]. Still, people who received warnings underestimated the floods and did not evacuate or take any other
safety measures. That individuals tend to underestimate the risks posed by extreme weather events is reflected in the flood protection
gap - defined as “the difference between the amount of insurance that is economically beneficial, and the amount of coverage actually
purchased” [5] - which is, according to the European Insurance and Occupational Pensions Authority (EIOPIA) [6], moderate to high.
One possible explanation, as proposed by Gross et al. [7], is that extreme weather events have been comparatively rare in Germany,
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which may prevent the development of broader public awareness and concern about hazards such as flooding.

Inadequate insurance coverage and limited mitigation measures, combined with the increasing frequency and intensity of extreme
weather events, heighten household vulnerability and hinder the recovery process [8,9]. In this situation, the state can come under
political pressure to step in as the last insurer to cover the losses of the uninsured [10]. To free the state from the role of insurer of last
resort, the implementation of compulsory elemental insurance has repeatedly been discussed in German politics, especially after severe
floods such as the Elbe flood in 2002 [11,12] or the Ahr Valley flood in 2021 [1]. A heavy reliance on insurance, paired with increasing
climate change, however, challenges current responsibility structures and indicates a shift of responsibility away from the state to the
insurance industry and private households [13], resulting in new complexities and calls for new practices in governing extreme
weather events. Increasing reliance on insurance markets requires a deeper understanding of the insurance industry’s perspective and
how its experts frame and respond to key challenges. However, the view of experts regarding insurance and extreme weather events
has so far gained little attention in the scholarly debates in Germany and internationally [see 14, 15, 16]. To overcome this deficit, this
article draws on a qualitative study with (re-)insurance experts from Germany in 2022/23, which identified several concerns and
shortcomings associated with relying solely on compulsory insurance as a regulative mechanism. Thus, the article contributes to the
ongoing debate about the introduction of compulsory elemental insurance in Germany [10,12,17,18] with a specific focus on the
influence of insurance on household vulnerability and resilience to extreme weather events. A critical element are the changing re-
sponsibilities accompanying such a shift in the governing of extreme weather events.

The following section (2) provides a theoretical overview of the central concepts of insurance, risk, and resilience and how they
relate. Based on existing literature and official documents, the subsequent section introduces flood risk management in Germany,
highlighting the current distribution of responsibilities among the various stakeholders (3). Following the outline of the methodology
(4), section 5 identifies central issues in flood risk management and its likely challenges for current responsibility distributions. On this
basis, section 6 discusses what introducing compulsory elemental insurance would mean for the distribution of responsibilities and
household responses. The article concludes that compulsory elemental insurance, which is associated with a shift in responsibility
towards insurers and households, is insufficient to meet the long-term challenges of increasingly occurring extreme weather events or
might even trigger reverse effects. Therefore, efficient future-oriented resilience measures involving various actors (e.g., federal states,
the government, insurers, and households) would be required based on a more clearly defined division of responsibility (7).

2. Resilience and the role of insurance

Since the 1990s, the concept of resilience has begun to enter disaster discourse. It has become increasingly influential, surpassing
older approaches that focused on risk assessment, hazard mapping, and emergency response, followed by the growing recognition of
the social roots of vulnerability to disasters [19,20]. Influenced by (ecological) systems thinking, debates increasingly addressed the
connection between social resilience and ecological resilience [21,22]. These early concerns did not disappear. However, there is a
shift away from the idea of ‘bouncing back’ and a narrow focus on the adaptive capacity of systems and communities, which were
central to the original understanding of the concept. Instead, more complex approaches gained ground, partly mixed up with trends
towards neoliberal governance and a shift away from state intervention to local and community self-reliance. This is not only about the
stronger emphasis on local knowledge, networks, and social capital, but also involves questions of inequality and justice [23,24]. As
resilience has become a central concept in disaster risk reduction — e.g., the UN’s Sendai Framework for Disaster Risk Reduction
2015-2030 [25] —, its usage has broadened and grown more complex. This expansion, however, has come at the expense of con-
ceptual clarity, as resilience increasingly overlaps with related concepts such as coping, adaptation, and vulnerability [26]. Resilience
in disaster studies is increasingly understood as a cyclical process that integrates preparedness, prevention, protection, response, and
recovery, and has become a key issue in promoting positive social change [27]. With a stronger focus on change and transformation
(e.g. Refs. [23,28,29], resilience tends to consider aspects of inequality, equity, power, and justice, while there is no one-fits-all
approach. Instead, resilience emerges as a context-dependent concept shaped by cultural and political factors. Overall, resilience
captures complex social changes and transformation, which address the flexibility and capacity to prevent, adapt to, and respond to
hazards. Insurance is part of this mix of institutional strategies to manage the financial impact of disasters [30].

There is a tension between the foreseen and calculated risks and the uncertain and unforeseen catastrophes people have to deal
with, which relates to resilience and the allocation of responsibility. The need to prepare for an undesired event puts responsibility on
agents in the present. As Francois Ewald [31] once argued in the context of the development of social insurance in France, when
accidents are no longer considered as a failure of a person, but happen even when everyone behaves reasonably, the bearer of harm has
no responsibility for the undesired outcomes and requires compensation (i.e. by the state or compulsory insurance) [31]. Ewald’s
hypothesis of spreading costs amongst the insured has long been complemented by differentiating different risks groups within a
population rewarding low risk groups and low risk behavior. Thereby relative and absolute insurance costs affect the vulnerable groups
more contributing to heighten socio-structural (risk-) inequalities [32].

Insurance entails another downside — moral hazards — when people no longer engage in precautions and prevention but feel
sufficiently financially protected [33,34]. In this way, there is a shift in the understanding of resilience from an ability to ‘bounce back’
to the general attitudes and resources that shape the future [23], including hazards and risks. This may include both the desire and
active preparation, as well as the generalized ability to manage the unforeseen.

Therefore, the insurance industry has introduced strategies to reduce the costs and likelihood of moral hazards by shaping people’s
practices and subjectivities. For example, fire insurance has set standards for fire protection as a prerequisite for providing insurance
coverage (e.g., Ref. [35]). Similarly, it can be argued that any compulsory elemental insurance must address potential moral hazards.
This requires different forms of incentives or mindsets that support reducing both the impact of flooding and the costs to be covered by
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the insurance industry.

As with other insurances, protection against flooding is not only an issue for individual households. The state must also provide
reasonable infrastructure to ensure that individualized protection is efficient. For example, to protect a house with waterproof win-
dows and cellars is inefficient when the house is swept away by the force of a flood caused by negligent infrastructural provision, which
is the responsibility of local governments. Therefore, state and private actors must collaborate to enhance the resilience of communities
and households. Even when the state hands over responsibility to households for preparatory flood measures, decision-making power
for households can only unfold on a solid base of state provision and requires a network of information exchange, as well as pre-
cautionary and preventive measures [13]. Households then still have the freedom to exercise choice based on available resources and
to judge and take risks.

These choices to a large degree reflect inequality patterns expressed in the risk-taking of households. Typically, households with
fewer resources compensate for their lack of resources by taking higher risks [36,37]. Thereby the measures that follow neoliberal
policy styles when relying on market mechanisms invisibilize social inequalities by individualizing flood risk management. As a result,
these tend to intensify deeply rooted socio-structural differences. Indeed, such a policy has the advantage of reducing the political
explosiveness of inequality patterns by shifting responsibility to the households and are therefore politically attractive.

3. Flood risk management and responsibilities in Germany

Germany has experienced severe flooding in recent decades (e.g., 2002, 2006, and 2013) [38]. In particular, the 2002 Elbe flooding
led to various regulatory changes in flood risk management (for a detailed overview, see German Committee for Disaster Risk
Reduction, DKKV [39]), including the Water Resource Act (Wasserhaushaltsgesetz). In response to flooding events, the federal and state
governments regularly questioned the current elemental insurance scheme and considered implementing compulsory insurance [12,
39-41]. However, such flooding events also showed that understanding and clear attribution of responsibilities are key issues when
managing flood risks. Thieken et al. [38] concluded in their study on flood risk management in Germany that “unclear and disjointed
responsibilities between the federal, the state, and the municipal level” [38] were a significant issue during the flood risk management
in 2002. This also included households. Their contribution remained unclear, whether for implementing adaptation measures (i.e.,
building improvements) or taking out elemental insurance [38,42]. In response, various official documents now contain a compre-
hensive account of stakeholder responsibilities aimed at improving the situation [39,43-45].

In 2022, the German Federal Government released a general strategy to enhance resilience to various risks, drawing on the

Federal Government

e No direct responsibility for civil protection
e  Provides support, resources, information during major disasters
e Qversees Federal Spatial Development Plan for Flood Protection

- =

States (Lander)

e Primary responsibility for civil protection and water management
e Advise local authorities
e Manage larger water bodies

e Can request federal support

—

Municipalities and Local Authorities

~

e Key for public risk information
e Responsible for smaller water bodies, local flood management,
and hazard defence
e Develop land use plans incorporating flood protection
\ e Designate floodplains (district level) /

Fig. 1. Administrative responsibilities for flood risk management
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principles of the Sendai Framework for Disaster Risk Reduction [43]. In addition to nuclear and chemical risks, the strategy also
addresses extreme weather events, such as floods. It identifies various stakeholders, including federal, state, and local governments,
businesses, civil society, and the media, who are considered essential for households’ resilience to diverse hazards. Their identification
highlights the aim of increasing resilience through stronger cooperation and shared responsibility, for example, by developing a
knowledge exchange platform [43].

Nevertheless, the federal structure of the German state comes with a complex allocation of responsibilities, which makes collab-
orative efforts difficult (compare Fig. 1):

In Germany, civil protection, as well as water resources management, are primarily the responsibilities of the states (Lander) [38].
For the people, however, the main information source for risks is the level of districts, cities, and municipalities. The federal gov-
ernment, in contrast, has no direct responsibilities for civil protection. When significant events occur, the government can support the
states, i.e., providing advice, resources, and information. The federal states can also request support (e.g., police or the federal Agency
for Technical Relief — THW) from other states [46].

Regarding specific prevention measures, the responsibilities also differ. A central aspect of flood prevention and flood protection
implementation is urban planning [45]. Mainly three instances are legally responsible — cities, municipalities, and the water man-
agement administration. Cities and municipalities are responsible for the hazard defense as well as the development and imple-
mentation of flood management strategies for smaller bodies of water (e.g., in Bavaria). Additionally, municipal urban land-use
planning requires considering flood protection measures [45,47]. When designating new development areas, municipal and urban
authorities are obliged to align with the Federal Spatial Development Plan for Flood Protection (Bundesraumordnungsplan fiir den
Hochwasserschutz). This development plan complements and optimizes the transnational flood protection measures [48]. The district
authorities are responsible for designating floodplains and approving flood protection measures. These are based on the advice of the
water management authority, which oversees the management of larger water bodies and advises local authorities as well as mu-
nicipalities on matters of water management [45,47].

In addition to the government, states, cities, and local councils, the insurance industry is also explicitly mentioned in different
official documents, such as the German strategy for increasing resilience to catastrophes (Deutsche Strategie zur Starkung der Resilienz
gegeniiber Katastrophen). In this document, insurers are considered a central actor for increasing resilience to extreme weather events
such as flooding [43].

Insurance, understood as a mechanism that transfers “risk from one party to another for the payment of a premium” [16], has its
instruments for assessing risks and hazards. Insurance risk communication is considered essential for creating incentives to take
preventive measures, such as installing backflow prevention systems or relocating the heating system to upper floors [39,45]. As
insurance plays an important role in prevention, it can also serve as a risk indicator to households since insurers price the risk according
to its probability of occurrence and the severity of the threat measured monetarily [49].

In Germany, elemental insurance covers the costs of flood damage. Until 1993, elemental insurance was compulsory in Baden-
Wiirttemberg, which still influences insurance coverage in the state [50], which remains high at 94 %. However, insurance coverage
varies within the country, with Lower Saxony and Mecklenburg-Western Pomerania having the lowest coverage at 35 % [51]. Ac-
cording to the German Insurance Association (GDV), [52], the overall elemental insurance coverage is considered insufficient at 54 %
in comparison to the insurance coverage for hail and storms (96 %). Due to the low average insurance coverage (2002: 19 % or 2013:
35 %), the German state has often stepped in and provided financial assistance for affected households after major flood events [39,
52]. In response, nationwide compulsory elemental insurance has been discussed throughout the years [1,12]. Notably, the 2002 Elbe
floods not only sparked a lengthy discussion about the implementation of mandatory insurance [12]. It also triggered several changes
within the flood risk management and the insurance system in Germany, such as the development of flood risk maps and concepts for
flood risk management [44,53,54]. Additionally, a fourth risk category was introduced in the so-called ZURS (Zoning system for
flooding, backwater and heavy rain), which divides the country into different flood hazard zones. The initial class 1 — flooding fre-
quency of less than once per 50 years — was divided into two classes: Class 1 - flooding frequency less than once per 200 years and Class
2 - flooding frequency less than once per 50-200 years [55].

Despite all these changes and the past and current debates about compulsory insurance, no legislative response has been decided
yet. As reported by the GDV one of the major reasons were legal challenges [17]. Some critics suggested that implementing compulsory
elemental insurance “would be constitutionally impermissible as an excessive state intervention into the general freedom of action”
[56]. There are concerns that if insurance becomes a substitute for prevention, this will negatively affect government and state efforts
to increase flood adaptation measures [17,57]. Subsequently, a mandatory insurance could increase the responsibilities of households
and insurers in flood risk management.

The shift of responsibilities is already observable for households: Until the 2002 floods, the responsibilities of households for flood
risk response, adaptation strategies, and insurance were unclear [38]. Nevertheless, throughout the years, especially after the 2002
floods, the legal responsibilities of households increased, for example, through the implementation of the Water Resource Act in 2005
[58]. Besides the different governmental levels, the primary responsibility for implementing flood adaptation measures is now with the
households [59]. According to the Water Resource Act, every person who is likely to be affected by flooding is obliged to take pre-
cautionary measures to protect themselves against the adverse consequences [58]. Still, as suggested by Thieken et al. [38], “the
implementation thereof remains unclear.” The growing role of households in implementing adaptation measures indicates an indi-
vidualization of risk that comes with an increasing attribution of responsibilities to individual households and their members. This
includes, for example, that households must inform themselves about flood risks in the region where they live or plan to move to. They
are also responsible for implementing structural adaptation measures, such as installing waterproof windows or backwater protection,
while elemental insurance take-up is recommended [58,60]. However, the provision of information to households for well-informed
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decision-making remains limited. The EU Flood Directive makes the development of flood maps mandatory for all EU member states
[61]. This information is available for most rivers in Germany [60,62]. Nevertheless, the availability of maps for pluvial flood risks and
hazards varies and is significantly lower due to the difficulties of modelling with little historical flooding data [62] and the lack of legal
regulations for the publication of pluvial flood risk and hazard maps [63]. Additionally, various river and pluvial maps have been
produced by private and public sectors, including local water authorities, local governments, and insurers [64]. The large variety, on
the one hand, and the lack of publicly available maps in some regions, on the other, make it difficult for households to find and access
the information they need [65].

The lack of adequate and accessible flood risk information challenges the responsibilities of households. At the same time, past
flood events showed that households lack risk awareness and knowledge about flood adaptation measures [42]. This pattern is
confirmed by the study of Fekete and Sandholz [4] who focused on the 2021 Ahr Valley flood. They argue that Germany’s limited
exposure to extreme weather events, combined with a tendency among households to attribute responsibility to other institutions,
contributes to a lack of risk awareness and knowledge about flood adaptation [4]. Thus, households often lack an understanding of
their own and others’ responsibilities, which can negatively impact their risk-minimizing behavior [66]. Conversely, Dillenardt et al.
[67] have found that people affected by floods have shown their responsibility and motivation for flood protection. There are
considerable concerns that the increasing dependence of households on insurers might even increase the risk of maladaptation of
households [34]. Therefore, it was essential to assess how a compulsory elemental insurance might affect current and future re-
sponsibilities from an insurance perspective and how insurance experts perceive their role and the role of others in increasing
household resilience to extreme weather events.

In contrast, existing research that focuses on the impact of extreme weather events on household vulnerability or resilience is
mainly based on existing quantitative data, standardized surveys, or qualitative household interviews (see, for example, [68-70].
Insurance gains attention when it comes to creating resilience against extreme weather events on a global level [71]. However, to date,
the perspectives of insurance and reinsurance experts have received little attention in both national and international research
[14-16]. For example, the DKKV [39] conducted qualitative and quantitative surveys with insurers on topics such as insurance
products, insurance coverage, or the role of insurers. However, the role of households and other actors from an insurer’s perspective
has not been addressed. Hudson and Thieken [72] drew on interview data to examine moral hazard in the context of German private
businesses. Still, their study does not explore how floods impact existing structures of responsibility. The following study addresses the
identified research gaps by assessing, from the perspective of (re-)insurance experts, the potential challenges and shifts in re-
sponsibilities when implementing a compulsory elemental insurance in Germany.

4. Methodology and methods

The original study underpinning this article aimed to assess the future of elemental insurance in the face of the increasing frequency
and intensity of extreme weather events. Between December 2022 and May of the following year, the first author conducted 27
qualitative online and in-person interviews with insurance and reinsurance experts in Germany. The experts were selected based on
their experience and (former) position within their companies [73]. To enhance the value and credibility of results, a variety of
specialists with different areas of expertise have been selected who are currently or have been working in overall 47 different (re-)
insurance companies [74]. These areas of expertise included climate and risk modelling, elemental insurance products, agricultural
insurance, regulations of the general global reinsurance market, as well as climate risks and reinsurance. Since the contact details of
several experts have not been openly available, most interviewees were contacted through the company’s media team or other experts
using snowball sampling [75].

As the interview partners were based in various German cities and often on business trips, interviews were mainly undertaken
online to increase flexibility. This allowed for relatively spontaneous interviews between work meetings, which may have also
positively influenced the number of participants [76].

Overall, 68 experts have been contacted. 27 experts from 20 different companies agreed to participate in interviews of varying
durations, ranging from 30 to 90 min (see Table 2). The other experts contacted either did not reply or declined due to confidentiality
concerns or lack of time. According to Malsch and Salterio [77], the number of interviews should be sufficient to reach saturation.
Since the sample comprises a diverse range of experts from various companies, positions, and regions, systematic bias is unlikely [78,
79]. The interviews have been anonymized by removing all information about the expert (e.g., name, age, and position within the
company) and the company (e.g., name and location). Anonymization was highly relevant due to the confidentiality concerns of the
interviewees. It allowed them to discuss key challenges and responsibilities from their perspective, rather than representing official
company positions. To ensure that the interviewees reflect on their personal experiences, the semi-structured interviews, which were
based on an interview guide, began with personal questions about how long they had already worked in their specific field of expertise.
Afterwards, they were asked to reflect on changes in the (re-)insurance sector concerning extreme weather events and climate change
over the years (see table 3).

The explorative semi-structured interviews have been analyzed using qualitative content analysis as suggested by Kuckartz [80].
He proposes a systematic, rule-guided approach that combines deductive and inductive coding, focusing on thematic content rather
than linguistic or interactional aspects. Firstly, the anonymized interview transcripts were coded using a combination of in vivo and
thematic coding in a data-driven approach. Secondly, the codes were grouped into more general themes. The themes and related
interview passages were transferred into a thematic matrix for better comparability and clarity [80,81]. The analysis process identified
three main challenges that affect household vulnerability to flood events, which will be elaborated on in the following section. For this
article, the interviews conducted in German were translated into English.
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5. Challenges and responsibilities

In Germany, the increasing frequency and intensity of flood events [82] have sparked an ongoing debate about the introduction of
elemental flood insurance [1,12]. These debates are the backdrop of the insurance industry’s understanding of responsibility and
capacity for an effective response, as reflected in our data. The interviewees have placed particular emphasis on the role of households,
identifying three key dimensions that challenge household resilience to extreme weather events: (1) risk awareness, (2) access to and
comprehension of relevant data and information, and (3) the implementation of adaptation measures (compare Table 1). This
knowledge-centered framing of household responses highlights critical gaps and raises broader questions about additional social,
economic, and contextual factors that influence household decision-making in the face of environmental hazards.

5.1. Risk awareness

From the perspective of insurance experts, households and in particular the ones that do not live close to the water, underestimate
the risk of flooding due to heavy rain events: “[I]f you focus on that [river flooding], many people can rightly say: ‘Oh, where I live
here, there is no scenario where I assume that we are affected [...]’. And that’s true for most people. And [...] they then say: ‘It can’t
happen to me’. Correct so for many but not correct for all. And then the question that heavy rain can affect anyone remains abstract if it
doesn’t affect the neighbor” (Expert 3). This view is also supported by Truedinger et al. [83] who showed for the 2021 Ahr Valley
flooding that “the vast majority of respondents did not know that they lived in a flood-prone area before the 2021 event” [83]. In
addition, insurance experts emphasized that insufficient risk awareness or the miscalculation of risk affects the decision to rebuild in
high-risk regions that have been severely affected by extreme weather events: “I think the topic of water is underestimated per se, i.e.,
the strength and destruction of water” (Expert 13). According to Expert 18, this is also due to the high complexity of severe rain events
that can result in flooding: “So this complexity of the effects [of climate change and severe rain] is simply much greater than the basic
human fear of a house burning down”. As several insurance experts state, risk awareness can be increased by implementing an
environmental hazard identification card (Naturgefahrenausweis), which provides information on the environmental hazards to which
a specific building is exposed (Experts 3, 8, 12, 17, 24) [84].

The lack of risk awareness not only affects decisions on where to move and build, but also the adoption of mitigation measures, such
as the uptake of elemental insurance or structural measures (e.g., floodproofed doors and windows or backflow prevention) (Experts 2,
24). Households decide not to insure since they believe “[t]his will not happen to me. This has never happened before” (Expert 2). This
is considered a key factor in the low elemental insurance rates in some parts of Germany. Following the Ahr Valley flood, several
insurers observed an increase in the take-up of elemental insurance. Still, after a few months, the insurance take-up rates normalized
again (Experts 2, 3, 9): “[W]e had a significant increase in insurance take-up after this flood event [...]. People were sensitized to the
issue. Yes, we had the inclusion in almost three out of four contracts. This is 75 %. But now we have to say that the further the event
moves into the past, the more it unfortunately returns to a normal level” (Expert 9). Some experts therefore consider a compulsory
insurance necessary to increase the overall insurance take-up in Germany over the long-term (Experts 3, 9, 10, 13, 16): “[...] without a
binding element, we will not get out of this 50 % and 1, 2, 3 percent increase per year” (Expert 3). However, most experts see several
disadvantages — especially moral hazards, (re-) building in high-risk areas, and the lack of mitigation measures by the federal states and
the government — in implementing a mandatory insurance (e.g., Experts 4, 8, 9, 20).

Overall, insurance experts consider risk awareness to be a crucial element in the context of extreme weather events. However,
insurance take-up and historical events indicate that households frequently demonstrate inadequate risk awareness, particularly
concerning pluvial flooding. This implies that there are also other factors, besides risk awareness, such as financial considerations, that
influence household decision-making.

5.2. Accessing and understanding data and information

As literature and interviews show, people’s understanding of and access to data and information are common concerns [85]. As one
expert states, the information about regions at risk of extreme weather events can be found online, but “people do not know about it”
(Expert 24). This implies that risk awareness is shaped by access to information and whether households actively try to inform
themselves about possible risks. Expert 3 adds: “You can certainly find evidence in archives [...]. But that is, of course, something that
is not anchored on the ground, not even personally experienced. And unpleasant events are also suppressed. In this respect, the
interesting question really is how to create risk awareness” (Expert 3). Grothmann and Reusswig [86] share the views of the insurance
experts by showing that, in many cases, the provision of risk information, such as flood maps, does not increase household prevention.

Table 1
Obstacles for increasing insurance coverage
Risk Awareness Data and Information Adaptation
Underestimation of flood risk Information unknown or inaccessible No penalties for household’s inaction
High complexity of the risks of severe rain Poorly communicated or visualized risk data Higher premiums or future uninsurability
Risks are abstract, not experienced, or visible Suppression and avoidance of undesired information Emotional factors like place attachment
Disasters lead to temporary awareness that fades Lacking or fragmented data on pluvial flooding Authorities considered responsible

Moral hazard when state supports
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Insurers have acknowledged these challenges: “In the autumn of 2021, we, for example, have introduced a text message-based
warning for severe weather events to warn our customers of impending events [...]. And that is a component for us that we warn
customers who have taken out building insurance in advance [...] so that they can then protect their building and, above all, them-
selves in terms of prevention” (Expert 9). This implies that insurers take on new roles in the context of awareness raising and the
distribution of risk information, which also helps decrease the costs for insurers: “[I]f someone has the chance to protect themselves or
take preventive measures, the probability of damage occurring, for which one [the insurer] has to pay, is smaller in the end” (Expert
21). However, as Kreibich et al. [87] found, warnings alone do not reduce damage. Instead, it has to be accompanied by household
knowledge on how to behave when receiving flood warnings.

Although there is a lot of risk information available for households, according to Fekete and Sandholz [4] there is still a lack of
(publicly) available flood data and models, especially when it comes to pluvial flooding and “flood risk mapping [needs] to become
even more micro-scale” [4]. As a result, even when households would like to inform themselves about flood risks, relevant data might
not be available. The lack of data related to pluvial floods was also addressed by several interviewees (Experts 3, 4, 5, 7, 8, 14): “Where
we are not good at is heavy rain. I think we need to collect more data in this regard” (Expert 14). However, some experts stated they
created a reliable model for pluvial flooding events in cooperation with universities (Experts 15, 25, 26). Another reason for the lack of
data and information regarding flood models, according to Expert 8, is the issue of finance. In many cases, the models and maps are
“[...] limited by the financial resources that the federal states have [...]. You have a river of the first or second order and a tributary
flow into it, and then the modelling ends abruptly [...]. But behind it, there are also houses [...]”. Additionally, the EU Floods Directive,
which requires flood risk maps to be published and made accessible, does not apply to pluvial floods. Therefore, the legal situation
regarding the publication of pluvial floods is currently unclear [88].

In addition to the lack of data, Expert 8 states that much of the data is difficult to access and understand: “It [the risk models and
data] is now incomprehensible for the average person and hidden somewhere in a sub-URL [...]. [I]t’s not Google Maps for extreme
weather events which has a certain accessibility”. This suggests that more user-friendly access is necessary (e.g., using language and
displaying data in a way that laypeople can understand). Similar findings were highlighted by Meyer et al. [89], who developed
recommendations for flood maps regarding content and visualization for different user groups, including the public and emergency
management. However, these have not been implemented in Germany.

Most experts referred to HORA (Natural Hazard Overview & Risk Assessment Austria) as a best practice example (Experts 3, 8, 11, 14,
15,17, 18, 19, 22, 24). In this regard, Expert 21 considers the role of insurance in informing households about their risks: “I think we
have a duty as an insurance industry to provide information in this regard.”

However, even when people have access to risk information and are aware of their risks, they do not necessarily follow expert
advice, and their responses to recommendations and information vary. Amongst the reasons are financial aspects when deciding where
to move or whether to take out insurance. In addition, personal reasons such as place attachment are crucial when it comes to
rebuilding in an at-risk region (Expert 13) [14,86,90].

5.3. Lack of adaptation

For most insurance experts, private households are primarily responsible for protection. However, according to Expert 8, the re-
sponsibility of households is not efficiently regulated since there are no consequences when not implementing precautionary measures:
“In Germany, for example, there is paragraph five, section two of the Water Resource Act. It says that you and I are obliged to take flood
precautions [...]. [Tlhere are no consequences if you don’t do it. [...] it’s not enough to achieve changes.”

For the insurance experts, households should implement adaptation measures and reconsider how they build their homes in the
future (Experts 8, 18, 19, 21). It is therefore important to not only take into account extreme events such as the Ahr Valley floods but
also smaller events: “[W]e experience it again and again that issues, such as light wells or entrances at ground level lead to major
damages, even in the event of minor incidents because 2 cm of water over a time of half an hour adds up in the cellar at some point”
(Expert 8). The so-called ’build back better’ approach, emphasized in the German strategy for increasing resilience to catastrophes [43]
and by the German Insurance Association [91], aims to improve the resilience of buildings by applying building measures such as the
use of water-resistant building materials or water-impermeable windows and doors.

Insufficient adaptation measures lead to rising insurance premiums, as insurers price the risk based on its likelihood of occurrence
and the severity of the threat, measured monetarily [49]. For households facing climate change, this results in higher insurance costs.
Insurers may even choose not to provide coverage in certain regions [33]. While insurability is not currently a concern for the
interviewed insurance experts, it could become one due to climate change if adaptation measures are not implemented: “At the
moment, [ would not consider insurability to be an urgent issue [...]. If I look 50 years into the future, then I do believe that this could
become an issue“ (Expert 13). To encourage households to increase their adaptation measures, some insurers adjust their premiums
based on the measures adopted (Expert 12, 13): “If you have installed certain security technologies for your home, there are discounts
on them [insurance premiums]” (Expert 13). This implies that insurers are becoming increasingly relevant and feel responsible for
household adaptation: “I would therefore assume that in the future there will be a stronger focus on prevention. It’s not just about what
happens when the damage occurs, but also about offering insurance cover and working much harder to prevent damage from occurring
or, if it does occur, to keep it to a minimum” (Expert 12).

For the interviewees, household adaptation and elemental insurance are only part of the solution for dealing with extreme weather
events. A relevant factor that also affects the question of insurability is housing development and rebuilding in at-risk regions (Expert
12, 13). The experts consider federal states, cities, and councils responsible (Experts 7, 8,12, 13, 17, 19). However, according to Expert
8, different interests challenge changes in building regulations: “And where steps have already been taken forward, it has to be
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coordinated between 16 federal states in one building code. And that’s where we have the next issue. One considers it a problem, the
other does not [.].” Allowing (re-)building in at-risk areas, together with low to medium insurance coverage [51], results in a situation
where, in the event of a major extreme weather event, the state has to step in by providing recovery funds. According to Expert 13, this
makes it more “difficult to provide the market with higher cover for extreme weather events” (Expert 13). As Expert 24, for example,
reports, “[pleople who were insured and got their money [from their insurance] have now cancelled their contracts because they say
‘why should I pay a premium when the other person who wasn’t insured is now getting something [money] anyway? I am paying
twice’” (Expert 24). Ultimately, this might lead to a situation where people drop insurance and rely on the state instead (Expert 6, 13,
24).

In summary, from the insurance experts’ perspective it is due to moral hazards and the heavy reliance on the perceived re-
sponsibility of the state, accompanied by a lack of risk awareness, that households may be prevented from implementing adaptation
measures, which can negatively affect their vulnerability to extreme weather events. Therefore, most experts considered clarifying the
responsibilities of each stakeholder (households, insurers, and governmental authorities) and stronger cooperation desirable when it
comes to mitigation measures and increasing risk awareness.

6. Discussion: insurance perspective versus everyday life responses to hazards

As research on risk communication and everyday life risk management has shown, people are often aware of the risks but respond
strategically by, for example, deciding against the implementation of adaptation measures in addition to taking out insurance or
relying on (financial) state support [33,34,92]. However, adequate information sources that are understandable and accessible to
households (for example, when formulated in natural probabilities [93]) can still help people reduce strategic risk-taking and,
therefore, support the implementation of adaptation measures, thereby decreasing social and monetary costs (Expert 21). However,
several other factors might easily be overlooked when focusing primarily on information deficits:

As Tim Harries [94] has argued, people might resist such measures when they endanger their feelings of ontological security. This is
when their feelings of security are challenged by such measures, which contradict deeper beliefs, such as the notion that their home is a
safe place, that the state will take care of preventing severe disasters, or that nature is generally benign [94].

Different worldviews [95] might also contribute to people attributing responsibility to the state rather than to households or
turning to other resources such as everyday wisdom or conspiracy theories. Since experts and laypeople routinely use both their
intuitive knowledge and formalized expertise, it is essential to be cautious when past experiences do not provide reliable guidance for
new climate change-related hazards [96,97]. Laypeople and experts alike are often surprised when hazards unfold in real life,
exceeding what they had ever thought could happen. It is crucial for efficiently preparing for the unexpected that not only evidence
and normative frameworks, but also people’s subjective beliefs and experiences, are acknowledged [98], which may hinder the
consideration of new hazards sufficiently.

At the same time, people often take risks not because they lack knowledge and awareness of those risks, but because they balance
and value various risks differently than the experts do. They consider their limited resources and strive to create a life worth living [37,
99]. Therefore, approaches that primarily rely on the assumption of laypeople’s misinformation are usually inefficient or fail when
they do not consider people’s local experiences and desires in the face of risk. When people’s engagement with risk is primarily shaped
by their material resources, attitudes, and practices they have developed over time, merely providing information is insufficient.

Survey research based on sociopsychological models points in a similar direction. To enhance household resilience, it is insufficient
to focus solely on risk knowledge and awareness. Instead, attention must also be given to the various rationales underpinning
household decision-making. These include socio-economic factors such as age, income, and home ownership, as well as socio-
psychological aspects like reliance on governmental (structural) protection measures, experience with hazards, emotional responses
(such as fear), and perceptions of threat probability [86].

German insurers are increasingly recognizing the various factors influencing household decision-making and risk perception as a
means to address the growing challenge of moral hazards associated with extreme weather events. This is, for example, realized by
acknowledging adaptation measures in their insurance premium calculations, alerting customers via text message to impending
(extreme) weather events, and providing guidance on mitigating potential damage. By doing so, insurers assume more responsibility
for adaptation measures (Experts 9, 13). However, these incentives primarily reach their customers, and there is a need to increase
adaptation across the entire population [9]. In this context, it still needs to be acknowledged that at its core, insurance in general only
addresses the aspect of (financial) recovery [100] and relies heavily on market mechanisms. As a result, it can only support household
resilience to a certain extent. Other international examples, such as those from Australia, demonstrate that a heavy reliance on in-
surance can, with a growing number of extreme weather events and a lack of adaptation measures, result in increasing insurance
premiums, thereby leading to an affordability challenge as well as high rates of noninsurance [101]. It seems increasingly evident that
enhancing resilience to climate change cannot rely on neoliberal politics and market dynamics, which tend to heighten social in-
equalities, but demands a more integrated approach involving shared responsibility across multiple stakeholders [102]. A similar point
has been made by Jarzabkowski et al. [103] in their study on Switzerland’s disaster insurance and risk management system.

7. Conclusions and perspectives
The article addresses the under-researched challenges that may arise from implementing mandatory elemental insurance in Ger-

many from the insurance industry’s perspective. The interviewed experts identified three central dimensions that challenge household
resilience and current responsibility structures: risk awareness, access to and understanding of data and information, and adaptation
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measures. The findings suggest that these dimensions mutually influence one another and are considered essential components of
household resilience to extreme weather events. However, past flooding events have shown that household resilience is lacking,
resulting in varied reactions from federal states, the federal government, and insurers:

Due to insufficient insurance coverage, the federal states (Bundesldnder) and the federal government (Bundesregierung)
increasingly had to step in as last insurers and support the (financial) recovery of the affected households [1]. Consequently, the
implementation of compulsory elemental insurance has been discussed repeatedly. Insurers responded to inadequate household
resilience by recognizing adaptation measures in their insurance premium calculations or alerting customers via text message to
impending (extreme) weather events. However, the insurers’ encouragement for households to acknowledge the risky uncertainties of
the future may prove ineffective when people adhere to different values and preferences or have limited resources. They might
therefore manage hazards differently, using risk-taking or coping strategies such as hope, belief systems, and subjective ‘truths’ [104,
105]. This reality of people’s engagement with risk and uncertainty is often neglected in expert views, which tend to focus on in-
formation and insurance coverage. Consequently, the insurance industry may efficiently exert pressure on the insured and implement
behavioral advice but is arguably less prepared to consider broader social issues that influence insurance decisions, such as bio-
graphical patterns of decision-making shaped by socio-structural factors underlying unequal climate change-related resilience of
households and communities. Overall, for the development of sustainable solutions that entail a shared responsibility approach, it is
crucial to acknowledge social rationales of households’ decision-making when it comes to dealing with extreme weather events. These
rationales, among others, are shaped by lifestyle decisions, emotional ties, place attachment, and social networks (see, for example,
Boon [106] or Plass and Zinn [107] in Australia, or Bakke Lie et al. [108], in Norway). However, the question remains as to how these
factors can be connected to the technical aspects of household resilience.

The social and subjective dimensions seem to be underestimated in the perspectives of the interviewed experts. However, research
from Australia has emphasized the importance of acknowledging social and subjective dimensions when sharing responsibilities in the
context of dealing with extreme weather events [107].

Although implementing mandatory insurance would help increase the insurance uptake and reduce state responsibilities for
financial recovery, it can only be one part of a forward-thinking solution to tackle the rising frequency and intensity of extreme weather
events. Political decision-making is essential and cannot completely rely on neoliberal policy approaches when shifting responsibility
to insurance markets and households; it requires establishing the social, material, and physical conditions necessary for markets and
individual decision-making to operate effectively. Additionally, broader cultural and structural factors must be addressed to prevent
old inequalities to intensify and new inequalities to develop. Therefore, climate change demands holistic approaches and requires a
sharing of responsibilities among various stakeholders.
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Annex.

Table 2
Overview Experts

Interviewee Years of Experience Areas of Expertise

Expert 1: Reinsurance 18 Years Climate Change, NatCat Modelling, Research, Reinsurance
Expert 2: Insurance 37 Years Product Management, Claims Management, Insurance
Expert 3: Insurance 26 Years NatCat Modelling, Statistics, Insurance

Expert 4: Insurance 38 Years Agriculture, Statistics, Insurance

Expert 5: Insurance 13 Years Insurance, Reinsurance, Environmental Risks

Expert 6: Insurance 24 Years Environmental Risks, Insurance

Expert 7: Reinsurance 20 Years Climate Change, NatCat Modelling, Reinsurance
Expert 8: Insurance 25 Years Regulation, Environmental Risks, Insurance

Expert 9: Insurance 12 Years Product Management, Claims Management, Insurance
Expert 10: Reinsurance 32 Years Reinsurance, Environmental Risks

(continued on next page)
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Table 2 (continued)
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Interviewee Years of Experience Areas of Expertise

Expert 11: Reinsurance 24 Years Risk Management, Reinsurance

Expert 12: Insurance 13 Years Product Management, Environmental Risks, Insurance

Expert 13: Insurance 30 Years Risk Management, Claims Management, Insurance

Expert 14: Reinsurance 34 Years ESG, Reinsurance, Environmental Risks

Expert 15: Reinsurance 18 Years Reinsurance, Environmental Risks

Expert 16: Reinsurance 11 Years ESG, Reinsurance, Environmental Risks

Expert 17: Insurance <20 Years Environmental Risks, Insurance, House and Contents Insurance
Expert 18: Insurance 4 Years NatCat Modelling, Environmental Risks, Insurance

Expert 19: Insurance <20 Years NatCat Modelling, Environmental Risks, Insurance

Expert 20: Insurance 22 Years Regulation, Risk Management, Insurance

Expert 21: Insurance 39 Years Insurance, Product Management, Reinsurance, Claims Management
Expert 22: Insurance <30 Years Environmental Risks, Insurance, House and Contents Insurance
Expert 23: Reinsurance 19 Years NatCat Modelling, Reinsurance, Statistics

Expert 24: Insurance 9 Years Environmental Risks, Insurance

Expert 25: Reinsurance 34 Years NatCat Modelling, Reinsurance, Insurance, Actuarial Mathematics
Expert 26: Reinsurance 1,5 Years NatCat Modelling, Reinsurance, Environmental Risks, Insurance
Expert 27: Insurance 9 Years Politics, Environmental Risks, Insurance

Table 3
Interview Guide (translated from German)

A kb=

How long have you already worked in the field of (re-)insurance and since when do you focus on elemental hazards?

During this time, have you experienced any changes within the insurance sector regarding the relevance of elemental hazards and climate change?
How are increasing extreme weather events impact the insurance sector already today, but also in the future?

What will be the main challenges the insurance sector will have to face concerning the increasing effects of climate change?

What are current trends in the insurance sector?

Insurances are supposed to help deal with different risks such as the effects elemental risks. How important do you consider elemental insurance in this
context?

What role plays the insurance sector when it comes to dealing with the effects of extreme weather events?

Who are other relevant stakeholders?

What is the role of the government when it comes to dealing with the effects of extreme weather events?

Does governmental financial support in the event of severe floodings or other major events have an impact on households’ insurance decisions?
Do climate change and increasing extreme weather events impact German households already today? If yes, how?

What are the risks and challenges that result from the insurance coverage (elemental insurance) in Germany?

What are the reasons for the insurance coverage in Germany and how will the insurance penetration develop in the future?

Does underinsurance play a role in Germany?

Since the Ahr Valley flood, the introduction of a compulsory elemental insurance has been discussed once again. Which effects would have such a
compulsory insurance on the insurance sector and what would this mean for households?

Extreme weather events are increasing on a global scale. Are the effects (e.g. on the reinsurance sector) already being felt in Germany?

Insurance premiums are likely to rise due to climate change. How does that impact the insurance sector, households and other actors?

What is the future of elemental insurance?

Are there any other aspects we have not addressed during the interview that you consider highly relevant?

Data availability

The data that has been used is confidential.
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