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Abstract Structural protection measures are designed to

protect the population and infrastructure against natural

hazards up to a specific predefined protection goal.

Extreme events with intensities that exceed the capacity of

these protection structures are called ‘‘cases of overload’’

and are associated with ‘‘residual risks’’ that remain after

the implementation of protection measures. In order to

address residual risks and to reduce the damages from

overload events, a combination of structural protection

measures with additional, nonstructural measures is

required. Based on data collected through a literature

review, a questionnaire survey, expert interviews, and an

expert workshop we highlight the status quo as well as key

challenges of dealing with residual risks and cases of

overload in Alpine countries in the context of geohydro-

logical hazards and gravitational mass movements. We

present a holistic conceptual framework that describes the

relationships of residual risks, cases of overload, and pro-

tection goals in the context of both risk governance and

integrated risk management. This framework is valuable

for decision makers aiming at an improved management of

natural hazards that takes adequate account of residual risk

and cases of overload in Alpine countries and mountain

areas worldwide.

Keywords Alpine countries � Cases of
overload � Integrated risk management � Natural
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1 Introduction

Residual risk and cases of overload are still rather new and

complex terms for most actors involved in risk manage-

ment. Consequently, the potential to misinterpret the terms

is large. Several authors define residual risk as the risk that

remains after the implementation of protection measures

(Büchele et al. 2006; Bornstein 2010; BAFU 2016a). Cases

of overload are described as rare but very intense events

that exceed the capacity of a protective measure (BAFU

2016a; Löschner 2017). How to address residual risk and

cases of overload to ensure enough protection for society

and infrastructure is a great challenge, in particular in the

face of uncertainties related to climatic and sociodemo-

graphic changes.

Geohydrological hazards such as river and torrential

floods, as well as gravitational mass movements including

rockfalls, avalanches, and landslides are common natural

threats in the European Alpine region. Alpine communities

are well aware of these circumstances, and protecting

against these natural hazards has always been part of the

Alpine culture (Permanent Secretariat of the Alpine Con-

vention 2019). In Austria, first control measures for slope

stabilization were installed as early as 1500. Since the

1890s, a combination of biological and technical engi-

neering measures has been established (Holub and Fuchs

2009). Despite further measures during the twentieth cen-

tury that were aimed at deflecting hazard processes away

from residential areas, the amounts of loss and damage due
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to natural hazards and the investments necessary to protect

society from them kept increasing.

Changing climatic conditions and related changes in the

frequency and intensity of natural hazards represent only

two of many reasons for this (EEA 2009, 2010; PLANALP

2012; Knight and Keiler 2013; APCC 2014; Stoffel et al.

2014; EEA 2017; Zebisch et al. 2018). However, mostly

due to the increasing number of buildings that are exposed

to risk in many Alpine valleys, the costs of protecting

society have increased even further (Fuchs et al. 2017). As

a result, the need for a reliable set of measures that helps to

deal with residual risk and cases of overload became evi-

dent and commonly accepted (Loat 2010). Within the

frame of an integrated risk management (IRM), stake-

holders involved in managing natural hazards developed a

comprehensive approach to treat hazards and their related

risks with appropriate, systemic actions (FOCP 2014).

These measures include hazard zoning, risk communica-

tion and hazard alerts, and spatial as well as emergency

planning, and have a huge potential to support the

authorities in dealing with cases of overload and residual

risk. In parallel, the recognition increased that absolute

safety could not be achieved. Against this background,

IRM represents a useful frame based on which key con-

cepts to deal with residual risk and cases of overload were

developed (Holub and Fuchs 2009; Camenzind and Loat

2014; Grobicki et al. 2015). Within the recently published

7th Report on the State of the Alps (Permanent Secretariat

of the Alpine Convention 2019), the necessity to discuss

residual risk and cases of overload in the context of natural

hazard risk governance was addressed accordingly.

In this study, we investigated, analyzed, and present the

status quo, as well as key challenges concerning the con-

sideration of residual risk and cases of overload within risk

management practices of geohydrological hazards and

mass movements in Alpine countries. As part of our

results, we present a conceptual framework that visualizes

the relevance of these aspects in natural hazard risk man-

agement. Further, we argue why this topic is significant not

only for political decision makers but for society as a whole

and why an improved risk management of natural hazards

may contribute to the development of a risk-competent

society. This study had two main aims:

• To provide an overview of the status quo of how the

terms residual risk and cases of overload in the various

Alpine countries are defined and how these concepts

are considered within risk management procedures.

• To develop a conceptual framework that improves the

understanding of the relationship of residual risk and

cases of overload in the context of selected natural

hazards.

2 Methodology

The study was conducted between March 2017 and March

2018. We carried out four main methodological steps that

allowed us to work towards our defined objectives in a

coherent and cumulative way: (1) a literature review to

gain an extensive overview of risk management practices

with respect to residual risk and cases of overload in the

Alpine region; (2) development of a questionnaire to col-

lect additional required data and information; (3) selected

expert interviews; and (4) an expert workshop to identify

research and management gaps, and possibilities to

improve the management of residual risk and cases of

overload in the context of natural hazards.

Sixty-six experts participated in steps two, three, and

four in various ways. Of these 66 experts two participated

in both the questionnaire survey and the interviews, eight

participated in both the questionnaire survey and the

workshop, another two took part in both the interviews and

the workshop, and two contributed to this study in all three

working steps. The statistics of these experts (country,

gender, affiliation, discipline, and experience) are sum-

marized in Sects. 2.2 to 2.4, where each of the working

steps is presented in detail.

2.1 Literature Review

We carried out a review of existing literature including

scientific publications, grey literature, laws, and regulations

to gain an overview of the status quo regarding risk gov-

ernance at different administrative levels (transnational,

national, regional, and local) in Alpine countries and the

consideration of residual risk and cases of overload in these

countries. The reviewed documents were identified with

the Google Scholar search engine and the Scopus database,

using the keywords ‘‘residual risk,’’ ‘‘overload,’’ and

‘‘Alpine.’’ Additional relevant documents were found on

the websites of administrative bodies in the various coun-

tries. Overall we identified 72 documents as relevant if two

or more of the following criteria applied:

• The country of focus was Alpine (Austria, Italy,

Switzerland, Slovenia, Germany, Liechtenstein, or

France).

• The type of natural hazard of focus was geohydrolog-

ical and/or gravitational, including river floods, torren-

tial hazards, avalanches, rockfalls, and landslides.

• A definition for cases of overload and/or residual risk

was given.

• A reference to risk governance/management and/or

climate change was included.

• Good practices were described.
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We then used spreadsheets to carry out a comparison of

the results in order to identify similarities and differences

between the Alpine countries. The results of the literature

review led to a preliminary overview of the topic at stake,

particularly covering the questions of how terms are

defined as well as how protection goals are determined.

They represented the knowledge base for the development

of the questionnaire.

2.2 Questionnaire Survey

To collect qualitative and quantitative data about whether

and how residual risk and cases of overload are considered

within risk governance activities in the Alpine countries,

we designed an online questionnaire. The underlying pur-

pose of this questionnaire survey was to reach out to as

many experts as possible to receive as complete as possible

an overview about the situation in the various Alpine

countries. The questionnaire consisted of 54 questions of

different kinds (closed, semi-open, open, Likert scale) and

covered different aspects relevant to risk governance in the

context of residual risk and cases of overload (Table 1).

The questionnaire was addressed to experts working in

the field of risk governance of natural hazards at the

national and regional levels in all Alpine countries. We

sent it to the members of the Natural Hazards Working

Group (PLANALP), a thematic working group within the

Alpine Convention, which was set up to develop strategies

to address natural hazards in the Alps. We also sent the

questionnaire to the members of the international research

society Interpraevent and distributed it among the members

of the EUSALP Action Group 8, an alpinewide working

group that aims to improve risk management and to better

manage climate change, including the prevention of major

natural risks. In order to involve a wide range of experts,

the recipients were asked to spread the survey further

among their networks. Consequently, the exact number of

recipients is unknown.

Overall, 42 completed questionnaires were returned.

The responses came from experts from six of the seven

Alpine countries, excluding France. Thus, in all figures in

Sect. 3, data from France are absent. Of these 42 experts,

15 came from Austria, 10 from Italy, six from Switzerland,

five each from Slovenia and Germany, and one from

Liechtenstein. Only two of these experts were female. The

majority was either natural scientists (20) or engineers (18)

by training. One expert each came from the political sci-

ences, spatial planning, civil protection, and law. The

participating experts predominantly represented public

authorities at the regional (19) and national levels (14) but

also academia (5) and private enterprises (4). Most experts

claimed to have more than 10 years of experience (29),

while 10 experts stated to have six to 10 years, and three

had 3–5 years of experience in their field of expertise.

Table 1 Structure of the online questionnaire on issues of residual risk and cases of overload in the context of managing natural hazards in

Alpine countries

1 General information about the expert

Geographical scope of answers (national, regional, local) and work (European, transnational, national, interregional, regional, local); country

and region of origin; age; education; affiliation; position; field of expertise; working experience

2 Protection goals

Type of protection goals used (risk- or hazard-based); differences in protection goals used for different land-use types; adjustment of

protection goals

3 Residual risk and cases of overload

Existence of definitions; rating whether or not certain events are considered cases of overload; severity of certain problems during cases of

overload; rating of the importance of functionalities during cases of overload

4 Status quo of risk governance

Departments involved in risk governance of natural hazards; existing task forces; involvement of actors; responsibilities

5 Status quo of risk management

(1) Prevention

(2) Preparedness and response

(3) Recovery

(4) Mitigation

(5) Consideration of climate change

6 Personal considerations and recommendations

Importance and agreement of principles to deal with cases of overload and residual risk

7 Collection of good practices
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Based on these statistics, we believe that their answers can

be a reliable source for this research.

We analyzed the data collected through the question-

naire survey using the software SPSS and carried out a

descriptive statistical frequencies analysis. Given the small

sample size and the aims of this study we decided to focus

on countries only and not to consider age, regions, or years

of experience during our analysis.

2.3 Expert Interviews

In order to fill remaining gaps in knowledge areas where

the literature review and the subsequent questionnaire

survey did not provide exhaustive results, we conducted 20

in-depth interviews with experts (19 male, one female)

from the Alpine region in a semistructured format. Because

of the missing data from France in the questionnaire sur-

vey, we made a special effort to contact French experts for

the interviews and were able to carry out three interviews

that focused on how cases of overload and residual risks

are being dealt with in France. Overall, the interview

partners came from all seven Alpine countries (seven from

Switzerland, three each from Germany and Italy, two from

Austria, and one each from Liechtenstein and Slovenia)

and had expertise on at least one of the types of natural

hazards covered in this article. The interviewed experts

were chosen because of their different geographical scopes,

affiliations (seven from national authorities, six from

regional authorities, five from academia, and two from

private enterprises), disciplines—engineering (11) and

natural sciences (9)—and great experience (16 experts had

more than 10 years of working experience), which helped

us to get further insights into a variety of areas with

knowledge gaps.

The interviews were carried out via telephone or Skype

and were recorded. They were not transcribed word-for-

word but summarized noting down the key messages.

Based on the notes, we carried out a qualitative content

analysis. The results provided a substantial contribution to

this research due to the variety of the experts’ competen-

cies and more detailed answers compared to the

questionnaire.

2.4 Expert Workshop

Finally, we conducted an expert workshop with 20 mem-

bers (three female) of the EUSALP Action Group 8 during

their meeting in Innsbruck on 19 September 2017. Six of

the participating experts came from Austria, another six

from Italy, three from Switzerland, two each from Slovenia

and Germany, and one from France. Liechtenstein was not

represented in the workshop. While the range of working

experiences (14 experts had more than 10 years of

experience) and the type of affiliation (18 experts worked

for public authorities and only two for research institutes)

were rather homogenous, the disciplines the experts rep-

resented were quite diverse—engineering (9), natural sci-

ences (5), civil protection (4), and political sciences (2).

Based on the questionnaire survey and the interviews, the

combined expertise of this group of experts makes the data

collected during the workshop a reliable source of

information.

During this event, the results of our previous working

steps were presented to the participating experts. The dis-

cussions with them and their feedback shaped the final

version of our conceptual framework. In addition, possible

preprepared recommendations on how to better include

residual risk and cases of overload in the management of

natural hazards in Alpine countries were discussed against

the background of our achieved outcomes. The recom-

mendations were modified together and prioritized

according to relevance by the experts. They have been

published as part of a policy paper for both decision makers

and the affected population in all Alpine countries (Sch-

neiderbauer et al. 2018a) and are publicly accessible on the

EUSALP website.1

3 Results

The following results present the most important outcomes

from the four working steps described above. First, we

present our conceptual framework of residual risk and

cases of overload. Then, we present the most relevant data

concerning the role of protection goals, the notion of IRM,

as well as the underlying concept of risk governance with

respect to both, their consideration in the framework, and

their significance to this study. Since the four working steps

addressed the same overall questions of this study from

different angles and with different levels of specificity, the

presented results are a conclusion of all applied methods.

Exceptions are the figures of Sects. 3.2–3.4, which

explicitly represent the results of our questionnaire survey.

With regard to the first aim of the study, our data show

that there is not one status quo valid for the Alpine region

but that the terms residual risk and cases of overload are

defined, established, and dealt with differently in each of

the Alpine countries. While most underlying thoughts are

very similar, there are many differences in the practical

implementation as the following results show.

1 https://www.alpine-region.eu/results/beyond-expected-dealing-

cases-overload-and-residual-risk-natural-hazards-alpine-region.
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3.1 Conceptual Framework of Residual Risk

and Cases of Overload

Much of the collected data showed that there is only lim-

ited and, in parts, even contradictory knowledge about

residual risk and cases of overload (this is reflected in the

distribution of the answers from the questionnaire survey

shown in Fig. 2). But the reviewed literature also showed

that definitions for residual risk and cases of overload can

vary (Büchele et al. 2006; Bornstein 2010; PLANALP

2012). The same holds true for the understanding of risk

governance in each of the Alpine countries (Sect. 3.4). The

framework presented here, the second aim of our study,

helps to understand better the roles of residual risk and

cases of overload within the risk management of natural

hazards. It has the potential to contribute to an increased

awareness for the need to consider residual risk and cases

of overload when preparing for and dealing with the

adverse impacts of natural hazards among decision makers

and the public alike. It further contributes to an improved

comprehension of the terms residual risk and cases of

overload among experts, and therefore can be considered a

first important step in the discussion on how to include

these concepts in existing risk management strategies. It

also attempts to clarify the relationship between existing

risks, protection goals, and cases of overload, inspired by

the underlying thoughts of an IRM. As visualized in Fig. 1,

the framework shows the overall complexity of risks in a

systemic and simplified way. It aims to represent the whole

range of possible hazardous events with different intensi-

ties. Within this framework, as indicated in the grey arrow

at the bottom of the figure, the process intensity and the

damage potential—for example, of an arbitrary type of

natural hazard—increase from left to right. While the

probability of occurrence decreases with intensity and

damage potential, the overall risk in this framework is

expected to increase towards the right of the figure.

Potential risks related to damaging consequences of

natural hazards are usually defined by the determination of

protection goals. In our framework—with reference to

Renn et al. (2011, p. 234), who distinguish between simple

risks that are known and systemic risks, which are ‘‘em-

bedded in the larger contexts of societal processes’’ and

require ‘‘a more holistic approach’’—we tried to divide the

wide range of possible risks into risks that are known,

controllable, and intolerable on the left-hand side of the

illustration, and remaining risks, including residual ones,

characterized as necessarily tolerable and to some extent

unknown or not controllable on the right-hand side of the

illustration. These two categories of risks are separated by

defined protection goals and the protection measures taken

to achieve them. On the right-hand (red) side of the

framework, those cases whose intensity exceeds the pro-

tection measures are called cases of overload and are

therefore assigned to the remaining risks. Hence, in our

concept, an increase in the designation of a protection goal

would lead to a reduction of the space of possibilities of

cases of overload and thus reduce the likelihood of residual

risks. Assuming other framework conditions as unchanged,

the greater protection goals are, the smaller the likelihood

of cases of overload will be.

Fig. 1 Conceptual framework

of residual risk and cases of

overload in the context of risk

governance of natural hazards
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In our framework, such a protection goal is shown as the

solid vertical blue line. However, the exact degree of

protection that corresponds to the related measures neces-

sary to achieve that protection is subject to change. Due to

simplifying model assumptions, limited availability of

information, and possibly incorrect calculations, protection

goals cannot be calculated very precisely. Thus, they do not

represent a fixed value but rather a ‘‘blurry’’ spectrum that

is susceptible to uncertainty as indicated by the black

bracket labelled ‘‘Uncertainty/Error.’’ Nonetheless, pro-

tection goals are an essential part of risk governance as

they help to make decisions about protective measures and

determine what society describes as residual risk and what

not.

The core statement of this concept refers, on the one

hand, to the possibility of influencing the extent of the

remaining risks by defining and possibly increasing a

protection goal. On the other hand, the framework shows

the limitations of structural measures in risk management.

It clarifies that structural measures are linked to defined

protection goals. However, nonstructural measures such as

spatial planning or risk communication activities may have

a positive effect, irrespective of the protection goal (Loat

2010; FOCP 2014; Buchecker et al. 2016; Fuchs et al.

2017). The grey latitudinal bars and the yellow arrow in the

figure illustrate this. Structural protection measures such as

dams, barriers, and walls primarily help to control risks up

to an existing protection goal, which often is specified as a

threshold value for events of a certain intensity. In the

context of floods, for example, in many settlement areas

this may be the intensity of an event that is statistically

reached or exceeded every 100 years (1:100). Thus, the

protection goal’s protective function is limited as it ter-

minates at a specific size of an event, meaning that the

measures were built to protect against events of this

intensity only. As indicated by the yellow arrow, this

threshold is subject to change depending on the level one

might want to prepare for. Investing in better structural

protection measures to be able to determine higher pro-

tection goals may help to control a larger spectrum of risks

and prepare for events that statistically occur much less

frequently, for example once every 500 years (1:500).

Nevertheless, such ‘‘grey’’ approaches usually tend to be

very costly and will never be able to cover the whole

spectrum of risks. However, in combination with additional

nonstructural protection measures, as indicated by the

continuous grey latitudinal bar, almost the whole spectrum

of risks, including previously residual ones, could be

addressed. Such measures include activities related to

spatial and contingency planning as well as forecast and

warning systems, communication tools, and evacuation

procedures. They support affected communities in prepar-

ing for unexpected situations including cases of overload

and are an essential part of IRM. In addition to the experts

consulted for this study, many authors have pointed out the

necessity to identify and implement nonstructural protec-

tion measures within risk governance of natural hazards

(Loat 2010; FOCP 2014; Buchecker et al. 2016; Fuchs

et al. 2017).

3.2 The Role of Protection Goals

Protection goals are an important cornerstone when dealing

with residual risk and cases of overload. Within the

reviewed literature, a protection goal is defined as the

‘‘level of security that particular responsible actors aim to

achieve in their area of responsibility’’ (PLANAT 2014,

p. 4) and used ‘‘as a criterion for assessing the need for

action to reach the recommended security level.’’ Our data

from the literature review show that the definition of a

protection goal as a precise threshold value for the occur-

rence of natural hazard is not a straightforward process. It

is important to be aware of the fact that by defining a

protection goal, a decision is made up to which extent the

responsible authorities aim to guarantee the protection of

society, and beyond which threshold value the possible

negative effects of potential cases of overload are possibly

tolerated (Renn et al. 2011). Thus, the determination of

protection goals is not only a question of what is techni-

cally feasible. It is much more a balancing-out of financial

capacities, the capabilities and willingness of decision

makers, as well as the capacities to assess to what extend

communities are able to deal with the consequences of

residual risks (Permanent Secretariat of the Alpine Con-

vention 2019). Our data from the questionnaire survey

reveal that in the different Alpine countries there is a large

variety of types of protection goals and procedures to

determine them. These differences in protection goals exist

between regions and different land-use types and were

revealed when asking the experts to indicate which pro-

tection goal is used for the different natural processes and

whether it is based on risk parameters—such as the expo-

sure and vulnerability of elements at risk such as people,

buildings or infrastructure—or the hazard itself (Fig. 2).

While some protection goals in Alpine countries are

based on the return periods of specific hazard types, others

are determined by risk models and estimated potential

impacts of natural hazards. The data of this study showed

that protection goals in Austria are set with respect to

hazards and dangerous processes, particularly in the case of

water-related hazards. This contrasts with Switzerland and

to some extent also Italy, where respective protection goals

are usually based on risk parameters. However, protection

goals regarding avalanches and rockfalls in Austria are

based primarily on risk parameters as well.
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Both approaches to determine protection goals are

impeded by several challenges, weaknesses, and limita-

tions that were brought up by the experts interviewed for

this study and addressed in the reviewed literature. These

challenges concern on the one hand data availability and on

the other hand political, legal, and social aspects.

Data availability is a key variable for the exact calcu-

lation of protection goals and the appropriate design of

protection measures. While hazard-based protection goals

solely rely on statistical data of a certain hazard type’s

return period, risk-based protection goals require additional

knowledge of risk parameters. Unfortunately, for both

hazard-based and risk-based protection goals, data scarcity

and resultant uncertainties are persistent challenges, which

make it very difficult to carry out correct calculations for

the determination of protection goals and the dimensioning

of protection measures. The experts interviewed for this

study emphasized the necessity of long-term observations

as well as a better knowledge of potential future changes

concerning the occurrence and intensity of natural hazards

that allow for an improved assessment of relevant param-

eters. To anticipate possible uncertainties and

miscalculations, they further suggested considering the

potential damages during cases of overload by means of

additional engineering safety measures. These measures

include, for example, buffer zones near residential areas

and dyke improvements along major rivers. According to

the experts, such measures would allow for a security

margin both now and in the future.

Political and legal prerequisites may constitute weak-

nesses that prevent foreseen protection goals from being

implemented. The consulted experts mentioned financial

bottlenecks, difficulties in decision-making processes, and

the tendency of politicians to act in response to an event,

rather than taking actions beforehand, as challenges when

determining protection goals. Due to these circumstances,

they argued that further accounting of residual risk and

cases of overload when determining protection goals will

be necessary in order to reduce disaster risks in the future,

raise awareness for this topic, and potentially improve

future decision-making and planning processes. According

to the experts and the reviewed literature, the awareness

among both decision makers and the public concerning the

role of protection goals and the potential benefits of

Fig. 2 Determination of protection goals in Alpine countries based on data received from experts who filled out the study questionnaire
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additional nonstructural protection measures has already

increased in recent years in the Alpine region (Camenzind

and Loat 2014).

Finally, protection goals are not only set based on sta-

tistical calculations. They also take into account several

additional factors such as historical records and experi-

ences with previous events, as well as political will and

thus decision makers’ subjective perceptions of risk, add-

ing to the complexity of protection goal determination

(Luhmann 1993; Renn 2005). According to the concept of

IRM, determining protection goals represents a common

decision that a community makes concerning the provision

of safety against natural hazards. It is usually a compro-

mise between competing interests related to economic

capacities, environmental and spatial planning, political

agendas, as well as technical and engineering parameters.

3.3 The Link between Integrated Risk Management

and Residual Risk

The role of residual risk is only one aspect of managing

natural hazards that needs to be part of a wider approach

that consists of a variety of measures. In the literature

reviewed for this research, such an attempt—including risk

analysis, spatial and emergency planning, and a risk dia-

logue—is summarized as IRM (PLANALP 2012; FOCP

2014; BAFU 2016b). Integrated risk management is

described as a prominent, systematic, and comprehensive

approach to address a wide range of hazards and their

related risks, if possible with all relevant actors and an

appropriate set of transparent measures (FOCP 2014),

including many that could be considered ‘‘nonstructural’’

(BAFU 2016b). First pursued at the end of the twentieth

century, the development and use of IRM measures in

Switzerland are considered exemplary and have shaped the

risk governance activities of many countries, particularly in

the Alps. Today, IRM can be seen as a key component of

the overarching concept of risk governance as it can help to

find the most efficient combination of measures to address

all principles of risk governance, including risk analysis,

risk evaluation, and risk reduction, as well as risk man-

agement (Loat 2010; PLANALP 2012). In this research, we

incorporate the concept of IRM due to its holistic approach

that aims to prepare for all eventualities, including cases of

overload and residual risk.

Some authors see a pressing need to apply IRM when

dealing with natural hazards (Einhorn and Peisser 2011).

According to Loat (2010), an increased awareness and

acceptance of residual risk and cases of overload could

help to change our current risk culture towards a risk-

competent society, which would support the attempt to

reduce loss and damage. Several good practice examples

from Alpine countries have shown that there are

opportunities to address successfully residual risk and cases

of overload by means of IRM measures (Schneiderbauer

et al. 2018b). Many of the interviewed experts also men-

tioned several additional good practice examples that have

shown that a combination of technical, nonstructural, nat-

ure-based, legal, and institutional measures, as well as

measures related to communication activities, offer a

number of opportunities to address residual risk and

potential cases of overload holistically. The respondents

further expressed the usefulness of continuing to invest in

nonstructural measures in their questionnaire answers. As

shown in Fig. 3, most of the experts either partially or fully

agreed that:

• Nonstructural measures should receive greater prioriti-

zation in contrast to structural measures (statement a);

• The awareness for residual risks and potential cases of

overload must be raised and communicated better

(statement b);

• Areas with high residual risk and high potential for

cases of overload should not be further developed

(statement c); and

• Natural areas with a protective function must be

safeguarded better (statement d).

3.4 Risk Governance in the Context of Residual

Risk and Cases of Overload

Renn and colleagues discussed the meaning of risk gov-

ernance in the context of the framework introduced by the

International Risk Governance Council (IRGC) in several

publications (Renn 2008; Renn and Sellke 2011; Renn

et al. 2011; Klinke and Renn 2019). According to these

authors, risk governance at its core addresses the assess-

ment, management, and communication of all types of

risks. Among other goals, risk governance aims to reduce

the amount of loss and damage through creating public

knowledge, as well as establishing a public discourse about

natural hazards and the risks associated with them, thereby

fostering regional adaptation measures (Renn 2005, 2008;

Renn and Sellke 2011). Risk governance further seeks to

develop a functioning risk culture through increasing the

participation and awareness of actors (Renn et al. 2011).

Hence, it represents a comprehensive process that aims to

incorporate all relevant factors into risk-related decision

making that may have an influence on successfully

addressing natural hazards (Permanent Secretariat of the

Alpine Convention 2019).

Within risk governance, residual risks are characterized

by complexity, uncertainty, and ambiguity (Renn et al.

2011). Thus, grasping their underlying concepts and inte-

grating them into risk governance activities is all but

trivial. The empirical data collected with the questionnaire

123

212 Hartmann et al. Beyond the Expected—Residual Risk, Cases of Overload, and Natural Hazard Risks



Fig. 3 Level of agreement from experts who filled out the study questionnaire with respect to possibilities to address cases of overload and

residual risk within risk management in Alpine countries

Fig. 4 Existence of definitions for residual risk and case of overload in Alpine countries based on data received from experts who filled out the

study questionnaire
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survey showed that the knowledge of the experts about

residual risks and cases of overload, as well as current risk

governance approaches, varies. As shown in Fig. 4, there

seems to be a general common understanding about the

existence of definitions for residual risk and cases of

overload. Most (27 of 41, one expert did not provide an

answer) experts stated that a definition for residual risk

exists in their country. For cases of overload, this was the

case for 21 of 40 experts (two experts did not respond).

The experts who knew about an existing definition

referred to many different documents as their source of

information and named differences in the exact terminol-

ogy as well. Many interviewed experts pointed out that

common terminology for both terms could contribute

towards an increased awareness and acceptance of residual

risks and cases of overload and their importance to risk

governance among both decision makers and the public.

They added that a common transborder understanding of

the terms could be beneficial for the exchange and imple-

mentation of methodologies currently applied in risk gov-

ernance in the Alps.

With respect to the actors involved in risk governance

approaches in Alpine countries, the questionnaire data

show a discrepancy concerning the type of actors involved,

their responsibilities, as well as the methods and tools

applied. Although a multidepartment and multiactor risk

governance approach is established in each country, the

compositions of departments and actors are slightly dif-

ferent (Fig. 5). In all Alpine countries, except Liechten-

stein—due to its specific situation as a miniature state—not

only spatial planning departments and civil protection are

involved in dealing with natural hazards, but also technical

and other departments. The same holds true for the type of

actors involved in policy-making processes related to risk

governance (Fig. 6). While the general composition of

actors is similar, there are differences in the detailed

composition.

4 Discussion

The data collected for this study as well as the conceptual

framework may help all actors in Alpine communities to

prepare for unexpected events and to increase the aware-

ness of residual risks and cases of overload among both

experts and citizens. Currently, even though all Alpine

countries intend to implement measures related to IRM,

they do not do it in the same way. Instead, the existing

differences display a number of challenges, particularly

with regard to the integration of residual risk and cases of

overload into existing risk governance schemes. Whether

or not the different definitions of the terms, the different

determination types for protection goals, or the different

composition of departments and actors involved is better or

worse in any of the Alpine countries than in another is

almost impossible to say due to the different legislative and

geographical circumstances. In the following, based on our

collected data, we discuss aspects that show what exactly

should be improved in all of the Alpine countries.

4.1 Commonly Accepted Terminology for Residual

Risk and Cases of Overload and the Need

for Communication with the Public

As the results have shown, the terms residual risk and cases

of overload are familiar to most but not all experts. They

are also, to some extent, interpreted differently by those

who do know them. If even experts cannot agree on a

commonly accepted definition for the terms, how can cit-

izens grasp their significance? We consider this a decisive

limiting factor, not only for the acceptance of measures and

investments to reduce residual risks but also for the effi-

ciency of risk governance activities, and a challenge that

needs to be addressed in the future. Explaining the terms is

an important part of a much needed, transborder risk dia-

logue. As of now, the two terms are neither clearly com-

municated nor universally established within currently

existing risk governance schemes. We argue that clear

communication and better understanding of the terms

residual risk and cases of overload will help to contribute to

awareness-raising among experts and citizens and to tackle

the challenges described above. We consider improved

communication of the two terms a requisite for the devel-

opment of a risk-competent society. If aware of the whole

spectrum of risks, such a risk-competent society represents

a great resource that may play an essential role in shaping a

system’s adaptive capacity towards residual risks. It could

help foster the implementation of nonstructural protection

measures and contribute to disaster risk reduction in

mountain regions worldwide.

4.2 Integration of Residual Risk and Cases

of Overload into Existing Risk Management

Practises

During the expert interviews and the workshop the par-

ticipants emphasized that residual risk and cases of over-

load are not yet sufficiently considered within risk

management practices. Integrating them into risk man-

agement practises is a difficult but important step that calls

for measures at different administrative levels, including a

detailed analysis of social, economic, and environmental

needs as well as the composition of the stakeholders

involved in decision-making processes and the distribution

of their competencies. This is backed up by our results,

which underline that an analysis of all needs, involved
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actors, and existing practices prior to the implementation of

measures is required to incorporate residual risk and cases

of overload into risk management mechanisms.

4.3 Collaboration of Actors and their

Responsibilities

Regarding the assumption that a well-working collabora-

tion between actors, the efficient exchange of information,

Fig. 5 Departments involved in risk governance of natural hazards in Alpine countries based on data received from experts who filled out the

study questionnaire
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and the communication across different administrative

levels are key for a successful application of risk gover-

nance, several challenges were mentioned in the reviewed

literature and in the expert interviews. These challenges

include the overlap of administrative tasks, conflicts

between government departments due to inefficient com-

munication, and diverging mandates, often resulting in a

loss of trust in institutions (Renn et al. 2011). Some of the

experts interviewed further mentioned the issue of potential

fragmentation of risk governance processes because of

missing common goals and policies as well as a potential

loss of clarity concerning the share of responsibilities in

decision-making processes. Based on these data, we

believe that good cooperation among all actors involved in

risk governance processes—including planning agencies,

political decision makers, civil protection, and the popu-

lation—would support the successful management of nat-

ural hazards and help to build up adaptive capacity,

accordingly. This is particularly true and important for

risks of transborder, multiple, and cascading hazard types.

Their management requires an even better collaboration

between multiple actors with clear responsibilities.

Renn et al. (2011) identified a recent change from tra-

ditional state-centric systems with hierarchically organized

governmental agencies towards multilevel governance

approaches in order to distribute the political authority

among different public bodies. Our data, concerning the

multitude of actors involved in risk governance, confirmed

such developments in the Alps, though, as of now, the

detailed composition of actors varies slightly.

Besides the variety of actors involved, the interviewed

experts mentioned a variety of tools and methods currently

used for policy-making processes in the context of natural

hazards, including public debates, focus group discussions,

referendums, and public as well as online consultations.

This variety in approaches, actors, tools, and methods

appears very promising for successfully dealing with nat-

ural hazards but may also be counterproductive in finding

solutions for managing natural hazards, and needs to be

analyzed thoroughly.

4.4 Involvement of the Public

Based on the interview data, we conclude that not only a

multitude of public authorities and departments, but also

citizens should play a role in the decision making related to

risk governance. By being involved in measures to prevent,

plan, and prepare for cases of overload, citizens could help

to increase the acknowledgment of overload existence and

learn how to deal with cases of overload. Through gaining

Fig. 6 Actors involved in the process of policy making related to risk governance of natural hazards in Alpine countries based on data received

from experts who filled out the study questionnaire
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firsthand experiences, citizens will be able to function as

multipliers, spreading information and raising awareness

about the necessity to consider residual risk and cases of

overload within the risk management of natural hazards

among their networks. Additionally, such bottom-up ini-

tiatives build up trust between affected citizens and rele-

vant authorities and may open everyone’s minds towards

the benefits of nonstructural measures. Related concepts

such as the notion of social innovation (Mosello 2011;

Polman et al. 2017) have already shown that—once citi-

zens are aware of certain issues and are given the oppor-

tunity to participate—bottom-up approaches and citizen-

led initiatives have large potential to contribute to

approaches currently dominated by institutional character.

The idea of more flexible, democratic, and participatory

governance designs was broached by Nelson et al. (2007),

who argued that if local stakeholders were represented in

the implementation of measures, they would be more likely

to feel empowered and willing to respond to externally

driven changes. In the context of residual risk and cases of

overload, this gap has yet to be closed.

4.5 Critical Reflection of Methodology

The methodological steps pursued for this research proved

to be an efficient way to collect data on this topic in the

Alpine region. However, this work is an explorative

research that cannot be considered representative for the

Alpine region. The presented results only reflect the

opinion of experts involved in strategic risk governance

tasks at the regional and national levels. The study did not

focus on the expertise of citizens, climate scientists, or

actors at the municipal level including mayors. Consulting

them would have given us even better results and insights

on how residual risk and cases of overload are dealt with by

different groups within their daily routine and would be

very valuable to politicians and decision makers. With

respect to the fact that most nonexperts may struggle with

the meaning of residual risk and cases of overload or may

not even know the terms, the questions asked in the

questionnaire and in the interviews lack focusing on the

role of citizens and professionals at the local scale.

5 Conclusion

The results of this study suggest possible actions to

improve dealing with residual risks and cases of overload

in the future such as common terminology, cross-border

collaboration among experts and relevant authorities, and

better communication with and involvement of citizens.

The conceptual framework presented in this article is an

attempt to visualize the relationship of residual risk, cases

of overload, and protection goals in the context of natural

hazards management and has great potential to contribute

to an improved management of natural hazard risks due to

its simple visualization of existing cohesions. The data

acquired through the various working steps and the critical

discussion with experts from different administrative levels

in Alpine countries during the interviews and the workshop

showed how the current management of residual risk and

cases of overload could be improved, and that for the

practical implementation of measures several aspects must

be taken into account. This includes that the implementa-

tion of measures should always be economically feasible,

ecologically justifiable, and socially acceptable. A trans-

parent communication of risks is required, and all actors

involved should have a good comprehension of what

dealing with residual risk and cases of overload means. To

date, the role of citizens within this process is often

neglected. In many cases they are the ones most affected

yet least aware. Therefore, a target-oriented communica-

tion with citizens, in particular at the local scale and with

those at risk, as well as further research on this topic, and

on other hazards such as heat or drought, is of upmost

importance. We consider this research as a first but

important contribution towards the much needed, better

understanding of residual risk and cases of overload and

our results as beneficial for the Alpine society and beyond.
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