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ABSTRACT

Climate change significantly affects natural processes and has to be considered when managing risks from natural hazards. The Swiss Fed-
eral Office for the Environment (FOEN) has developed a conceptual approach for incorporating climate change into hazard assessment of
water-related processes, landslides, rockfalls, avalanches, and the subsequent planning of protective measures. The approach provides a
structured procedure to systematically assess and document the impacts of climate change. Considering climate change is essential to be

prepared for the future, as taking action now is more cost-effective than dealing with the consequences later.

INTRODUCTION

Due to climate change, future heavy precipitation is expected to become more intense, snow days will decrease, heat days will become
more frequent, summers will be drier, glaciers will retreat, and the permafrost boundary will rise (CH2018). The Alpine region is particularly
affected, what makes the management of the impacts of climate change to a significant challenge for Switzerland. The Federal Hydraulic
Engineering Act (WBG) is currently under revision, with various enforcement acts being updated to address new challenges such as climate
change. The established approach in Switzerland for hazard assessment is intended to be supplemented with a forward-looking perspective
to consider the impacts of climate change. Given the changes that are already visible and those that are anticipated, relying solely on "the
known" is no longer a sufficient basis to ensure safety in the future.

In this context, and at the request of the cantons, the Swiss Federal Office for the Environment (FOEN) has developed the document
"Dealing with Climate Change in the Field of Gravitational Natural Hazards." This document suggests an approach for incorporating climate
change considerations into hazard assessment and planning of measures. Unless otherwise noted, the present article is based on this doc-
ument (FOEN 2023).

FRAMEWORK AND CONCEPT

Practical experience in dealing with climate change is limited. Therefore, the suggested approach was developed primarily on a theoretical
basis, incorporating current literature and based on extensive collaboration with experts from various fields, including science, administra-
tion, and practice. The goal was to build on existing concepts, ensure practicality, and provide a differentiated view of natural processes.
Due to the small-scale variability e.g., of the relief, the geology and the diversity of processes, the assessment of climate change must be
specific to certain locations or regions. For this reason, and also because process knowledge in terms of impact of climate change is still very
limited, no quantitative, generic factors are defined. Instead, statements/predictions about possible changes in hazard processes should be
obtained from the expected climate inputs (e.g., altered precipitation) and the characteristics of the area (e.g., soil properties). A structured
approach allows to take variability into account on the one hand and ensures that the process chains are fully thought through on the other.

This helps to sharpen the understanding of the processes and thus to develop more robust solutions and measures.

Enhancing established concepts

The management of risks from natural hazards in Switzerland follows the approach of Integrated Risk Management (IRM) (PLANAT 2018)
and takes into account also other relevant strategies such as the Federal Council strategy on "Adaptation to climate change in Switzerland"
(BAFU, 2012).

This IRM approach has proven effective in practice and will be retained. Hazard assessment is at the centre of all activities. It provides com-
prehensive knowledge of hazards and therefore serves as the basis for risk assessment, risk dialogue, as well as planning of measures and

all other activities related to the management of risks from natural hazards.
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Figure 1: The hazard assessment serves as the basis for all measures and activities in managing risks from natural hazards.

Hazard assessment refers to the scientific and technical examination of a region's hazard potential for the four primary gravitational process-
es: water, landslides, rockfalls, and avalanches, including their respective sub-processes (e.g., floods or debris flows). Hazard assessments
are conducted nationwide at an indicative level and are carried out in more detail where protection objects are at risk, e.g., settlement areas.
The detailed hazard assessment follows a structured and standardized procedure recommended by FOEN (FOEN, 2016).

The hazard assessment process includes situation analysis, scenario development, impact analysis, and documentation (see Figure 5). Sce-
nario development is the cornerstone of this process and significantly influences the meaningfulness and use of the results. Based on rep-
resentative scenarios of hazard processes, the assessment determines the intensity and the extent to which an area is affected by a process
at different probabilities of occurrence (frequent, moderate, low, very low). The primary products of hazard assessment include detailed
intensity maps for each process and each probability, as well as a technical report that derives and documents the results (FAN 2022).

The risk assessment as practised in Switzerland to date is based on all the knowledge available at the time. However, the effects of climate
change are not yet sufficiently included in the statistics. Therefore, the suggested approach integrates future projections (e.g. climate pro-
jections), thus supplementing the established procedure of hazard assessment with a clear forward-looking perspective, essentially with a

"climate lens." This supplement aims to identify changes resulting from climate change.

A forward-looking perspective
It is recommended to systematically assess the impacts of climate change in two steps. The first step involves capturing the current state,
corresponding to the traditional hazard assessment. The second step supplements the hazard assessment with a forward-looking perspective

to identify significant climate-related changes and therefore altered hazard situations in the future (Figure 2).
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Figure 2: The hazard assessment "today" (anchor and reference) is complemented with a forward-looking perspective "future” (view through the "climate lens").

The suggested approach mainly consists of general principles and conceptual recommendations for hazard assessment and planning of
measures. To support its application, additional tools for hazard assessment with a "climate lens" are available in FOEN (2023): a procedural

scheme to structure the procedure and process-specific key questions are intended to recognise changes.

RESULTS
Principles
The principles of the new approach were formulated for aspects of content and methodology. Figure 3 summarizes these principles, and

selected aspects are elaborated below.
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Content principles

* Always consider climate change.

* Focus on future changes in natural hazard processes.

* Rely on the average bandwidth values for the emission scenario RCP8.5

* Consider the future period 2070 — 2099 (2085), and take into account the prevailing conditions
until the end of the century.

» |dentify, assess, document, and consider uncertainties in the decision-making process.

Methodological principles

* Build on existing concepts and approaches.

= Consider climate through influencing factors (climate input and disposition).

» Capture reaction and impact (occurrence and progression of events) through scenarios.

* Systematically clarify and document in a comprehensible manner.

* Periodically review and update the principles and recommendations.
Figure 3: Principles for dealing with climate change.

Content principles

The intention is to always consider climate change. This means assessing whether climate change has relevant impacts on the hazard situ-
ation or not. The focus is on evaluating the future changes of natural hazard processes. The examination of societal changes, such as the
development of damage potential or risk awareness, is not part of the assessments. Considering the impact on natural hazards, it is recom-
mended, as a precautionary measure, to use the average bandwidth values for the emission scenario RCP8.5 from the Climate Scenarios for
Switzerland CH2018 (2018).

Since trends in the impacts of climate change often manifest only after a certain period of time, and major relevant changes are expected

mainly in the last third of the 21st century, the suggested approach considers the "future period" of 2070-2099 (2085) in addition to the
conditions "today" (Figure 2 and Figure 4).
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Figure 4: Examples of temperature and precipitation projections from CH2018 (2018)

Changes due to climate change, such as glacier melt, often do not progress linearly. Therefore, it is essential to assess the critical develop-
ment until the end of the 21st century, rather than focusing on specific points in time. The goal is not detailed projections but recognizing
significant and relevant changes.

Both "today" and "future" hazard assessments represent best estimates based on current knowledge (Figure 2). The uncertainties associated
with a forward-looking perspective must be clearly identified, assessed and documented. This and the building permit procedures, which
are reviewed in accordance with the multiple-eye principle (owner, cantonal and federal building permit authorities), ensure that uncertain-
ties are taken into account in the decision-making process.

Methodological principles

The existing concepts and approaches of hazard assessment have proven successful and should therefore serve as the basis for future work.
Figure 5 illustrates that the impacts of climate change depend on:

e  Climate input (e.g., temperature and precipitation).

e  Disposition, i.e., the area-specific conditions over time (e.g., ice-cover, permafrost presence, or soil properties).

e  Reaction and impact, i.e., occurrence and progression of events (e.g., runoff or sediment transport).
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Figure 5: Procedure and contents of the hazard assessment.

Due to the complex interrelationships and mutual influences, changes in gravitational natural hazards cannot be described by generic factors
to reaction and impact. Instead, as in the current hazard assessment practice, changes should be derived through process- and area-specific
considerations. Scenario development, according to current practice, is utilized to represent the range of possible impacts. A superordinate
example of such an approach is the sensitivity study on climate change and natural hazards (geo7 AG 2015) a project-related example is
described in an article by geo7 AG (2020).

Assessing the impacts of climate change in a structured manner and documenting the procedure and the results in a comprehensive way
promotes acceptance. It not only facilitates decision-making processes and supports the risk dialogue.

Scientific, methodological, technical, and societal developments continue to progress. Therefore, the principles and recommendations for
dealing with climate change in the field of gravitational natural hazards have to be periodically reviewed and adjusted according to the

current state of knowledge.

Recommendations for hazard assessment

In addition to assessing the current situation under present climatic conditions (hazard assessment "today" in Figure 2), it is recommended to
consider the future development until the end of the 21st century (hazard assessment "future" in Figure 2). To achieve this, the existing fun-
damentals should be supplemented with projections of climate development, and the most up-to-date knowledge should be incorporated.
The temporal variability and dynamics of the hazard situation are considered through the disposition concept (Heinimann et al. 1998; Zim-
mermann et al.). This involves an area- and process-specific evaluation of climate input (e.g., changes in precipitation) and disposition (e.g.,
changes in infiltration or sediment production) (Figure 5). Subsequently, scenarios are used to explore the range of possible reactions and
impacts of natural hazard processes for both "today" and "future" (with a "climate lens").

Due to the influence of climate change, well-known processes may shift in terms of frequency and/or magnitude. Additionally, new pro-
cesses, process changes and process sequences may occur, which were previously unknown. As a result, it should be determined whether
the scenarios "today" change due to the influence of climate change in terms of their probability, magnitude, and/or the process itself. The
scenarios "today" serve as the reference and starting point for the scenarios "future."

Scenario development supports process comprehension and depicts the range of possible developments. Often, a qualitative assessment
may already be sufficient to identify relevant changes. Nevertheless, it requires expertise and experience, often involving the integrated and
interdisciplinary collaboration of various experts to identify possible changes.

By categorizing the scenarios relevant for a specific point in time, a set of scenarios results. Under the influence of climate change, this set

of scenarios may change (see Figure 0).
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Figure 6: Possible risk development due to changes in magnitude or probability of the scenarios: increase in risk (red area), decrease in risk (red hatched area), or no change in risk (blue line).

Impacts of climate change are significant if the hazard situation changes in terms of probability and/or magnitude, when new processes
occur, or when new areas are affected. If the set of scenarios "today" and "future" differ significantly (Figure 7, right), these changes should
be explicitly pointed out. In this case, the hazard assessment is conducted for both, the "today" situation with the actual boundary condi-
tions, and the "future" situation including the additional projection of climate change. This leads to two sets of intensity maps. However, if
no major changes due to climate change are expected (Figure 7, left), one set of scenarios and intensity maps representing both current
and future conditions is sufficient. The technical report comprises fundamentals, methods, scenarios and decisions. It serves the purpose of

documentation and transparency.
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Figure 7: Results of the hazard assessment with the "climate lens".

The results of the hazard assessment "today" are essential in any case. By comparing the "today" with the "future" hazard situation, changes
become visible, risk development can be assessed, and the necessity for resource allocation can be justified.

In cases where uncertainties are so important that reasonable statements about the future are hardly possible, the hazard fundamentals
resulting for the "today" situation are used. However, in such cases suitable means (e.g., monitoring) have to ensure that the development

is observed, and no relevant changes are missed.
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Recommendations for planning of measures

Climate change must be considered in planning of measures. The dynamics and uncertainties in future developments due to climate change
are increasing. Therefore, integrated planning of measures with an optimal combination of spatial-planning, structural, organizational, and
biological measures become even more crucial. Measures and protective systems must be designed to be robust, adaptable and have over-
load capacity. Their design takes into account the events and loads expected during their life span to ensure long-term safety.

The results of the hazard assessment "today" and "future" support the planning of measures based on the life cycle approach. Decisions
for the implementation of measures must always consider possible developments and uncertainties. For acceptance and communication
purposes, decisions must be transparently justified and documented.

In specific areas, particularly in glacial and periglacial regions, changes can occur quickly. By regular observation (monitoring) and agile

response, it is possible to react to rapid developments and build process understanding.

DISCUSSION AND CONCLUSION

Climate change is occurring. Preparing for future events requires navigation through an uncertain future. The suggested approach for con-
sidering climate change in gravitational natural hazards outlines how this can be done in a structured manner. The theoretically developed
approach must now prove its worth in practice, where several challenges must be overcome. For instance, the level of knowledge about the
impacts of climate change varies across different hazard processes. While water-related processes are relatively well-researched in Switzer-
land, there is less detailed information available regarding the climate-related changes affecting landslide, rockfall, and avalanche processes.
The additional effort required by the "climate lens" will pay off by early recognition of climate-related changes and their consideration in
planning of measures. This can help avoid costly post-implementation adjustments and contribute to more effective and sustainable hazard

management.
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