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ABSTRACT

Each mountain region can implement a Territorial Strategy for the Prevention of Mountain Risks (STePRiM) behalf of the framework pro-
moted by the French government. However, there are several methodological problems that limit this approach. An integrated methodo-
logical framework is developed mixing decision-support and reliability and safety analysis methods according to the context. This enables
to address multi-dimensional problems linked to both: scales (from the structure to the territory at risk), stakeholders (experts, analysts,
decision-makers), phenomena (snow avalanches, landslides, torrential floods...), issues (housing, roads...), damage (direct material and
human, indirect). The operational support to implement several STePRiMs and the proposal of a practical national methodological guideline

take benefit of recent research and development works done in the field of decision-aiding and protection measures efficacy assessment.

INTRODUCTION

To reduce natural risk, local authorities, state, infrastructures managers combine structural and non-structural measures such as protection
measures, land use control plans, and preventive information. In this context, challenging decision-making issues appear to define and
choose the best measures and strategies for a given territory (Tacnet et al., 2022).

In France, Flood Prevention Action Plans (PAPD have been drawn up for over 15 years by local authorities responsible for river manage-
ment. Nevertheless, mountainous natural hazards are different from plain floods: multiple localized and destructive phenomena (snow
avalanches, torrential floods, rockfalls, etc.), high levels of indirect damage due to road cuts, high number of dispersed exposed sites across
the mountain territories, etc. In 2017, the French government initiated the first call for projects to develop dedicated Territorial Strategies for
the Prevention of Mountain Risks (STePRiM). Some objectives of the PAPI tool have been kept: to clarify the risk governance; to propose an
action plan covering all prevention and mitigation measures; to increase coordination between stakeholders; to clarify and allow funding

of risk reduction actions.

To achieve this, the framework consists of a two-level application process: 1) completion of a Preliminary Study Program (PEP) to draw up
a prioritized action plan based on a territorial diagnosis of the risk (3-year timeframe); 2) operational implementation of the action plan (6-
year timeframe). Initiating the first steps quickly proved tricky in the absence of a formalized methodological framework (Tacnet et al., 2022).
The French government needed a methodological support with two goals: 1) to help local authorities in drawing up their STePRiM project;
2) to design a nationally accomplished methodological framework (Carladous and Tacnet, 2023). It was soon necessary to clarify the stages

involved in the STePRIM process with 2 main phases broken down into 5 main objectives (Figure 1).

Phase 1: Territorial risk diagnosis Phase 2: Definition of strategy and action plan
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Figure 1: The phases and objectives associated with the Preliminary Study Program (PEP).

This paper introduces a very general overview of this methodological framework. First, the principles of the STePRiM approach are recalled.
Next, the main stages of the approach are detailed. Finally, governance and consultation are highlighted.

It presents the methodological approach in its entirety. This does not allow to illustrate each stage with real examples. However, it should
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be noted that this framework helped guide the establishment of the STePRiM of the Communauté des Communes des Pyrénées Haut-Garon-
naises (CCPHG), which has now been awarded the national State label. It has also provided methodological support for several STePRiMs
currently in the process of being certified in the Hautes-Alpes region. It is the iteration between the methodological development and its

actual application that has enabled to establish the integrated methodological framework introduced in this article, in its conceptual way.

THE SPIRIT AND THE OBJECTIVES OF THE STEPRIM APPROACH

To Make decisions based on well-controlled elements

The general aim of the STePRiM is to establish a risk management strategy for a given area, broken down into a series of actions. This plan
corresponds to a prioritized and justified list of actions. To achieve this, several decisions need to be made: they are first technical (what is
the level of risk?) and then become more contextual (what is the priority action to be taken?). Each of these decisions are based on technical
and analytical elements proposed by experts (e.g., hazard and vulnerability analysis to identify the level of risk), but also on the importance
of different decision criteria specific to each decision-making entity (e.g., the value of damage to elements-at-risk leading to a level of risk).
The challenge then is to check that local authorities have identified, understood and analyzed the levels of risk (phase 1) and then consid-

ered the effects of the proposed actions, particularly in terms of risk reduction (phase 2) to take their decisions.

To use and combine adapted methods to help make and track difficult successive decisions

Risk assessment is the process of translating risk analysis into management decisions. Making these decisions to choose and rank risk reduc-
tion solutions can be no simple matter. Thus, the principle is to use a wide range of decision support methods (Reliability, Availability, Main-
tainability, and Safety analysis - RAMS; Cost-Benefit Analysis - CBA; Multi-Criteria Decision Support - MCDA) with the following objectives:

1. to characterize the level of risk and effectiveness of existing (non-)structural measures;

2. to compare the various risk-reduction solutions that can be proposed, either on a site-by-site basis according to the different prevention
measures, or by type of phenomenon;
3. to propose an overall risk management strategy and associated action plan.

Each method is based on simple principles, but some implementation difficulties require attention: large volume of data to be processed,
imperfection of knowledge which often implies making simplifications, and therefore the need to make assumptions explicit; involvement

of stakeholders.

To clarify the decision process: the one in charge decides, but must justify his choices

There is no single optimal solution to choose the best risk management strategy. Each territory can propose its own strategy, including the
actions it deems to be a priority. It is however essential that choices should be explicit and based on predefined and documented methods.
At this point, the methods of risk analysis, RAMS, CBA and MCDA are useful. Their primary aim is to enable comparisons (e.g. between areas
at risk, between management solutions) in a relative way.

STePRiM territorial scope requires a progressive analysis. It starts from simplified approaches over large territories to end with detailed ap-
proaches over localized sectors, when the level of risk justifies it. This means avoiding systematic, exhaustive and therefore costly approach-

es when the issues at stake do not require it, or when the solutions are obvious and do not lead to discussion (Figure 2).
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Figure 2: PEP is implemented progressively - detailed studies and approaches are carried out after preliminary sorting and selection phases.
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METHODOLOGICAL STEPS FOR ESTABLISHING STEPRIM (2 PHASES)
The methodology consisting in two phases is described below:
- Phase 1: To Carry out a territorial risk assessment (Objectives 1.1, 1.2, and 1.3);

- Phase 2: To define a strategy and action plan (Objectives 2.1 and 2.2).

Objective 1.1: To move from analysis to assessment (evaluation) of local risk

For the selected scope of analysis, risk diagnosis is based firstly on technical expert risk analysis, and then on risk assessment (evaluation)

done by local stakeholders. The analysis requires first collecting data on phenomena and issues, and then structuring them to quantify the

risk, as follows:

e  definition of hazard levels according to intensity levels for at least three scenarios (frequent for a return period T = 30 years, rare for =
100 years, exceptional for >100 years) for each type of phenomenon, at any point in the studied territory;

e according to each scenario, assessment of several types of direct material and human damage, and indirect damage can affect the var-
ious types of elements-at-risk; the unit of valuation must be identified beforehand (e. g., in €, in human life, in number of hours lost
for road cuts);

e for each type of exposure, damage induced by the various scenarios can be used to calculate the level of risk via the expected value
of the damage;

e  structuring and encouraging involvement of decision-makers, e.g. in the context of implementation of MCDA-like methods. The aim
may be to get risk assessments that integrate different types of damage: the question is therefore to identify the level of importance of

each type of damage.

In a context of global change, geophysical, climatic, socio-economic contexts may change. As the diagnosis is based on the state of knowl-
edge at a given moment, this evolution should be considered in the final uncertainty analysis, or by regularly updating the diagnosis as part

of the action plan.

Objective 1.2: To inventory and analyze existing preventive actions

Prevention measures (excluding structural protection systems) are divided into the first five STePRiM action definition axes or principles
which include: risk knowledge and awareness (axis 1), forecasting and monitoring (axis 2), warning and crisis management (axis 3), taking
risk into account in urban planning (axis 4), and reducing vulnerability through actions and work on property (axis 5).

The diagnosis consists of several objectives: to identify the different types of potential actions; to propose an evaluation scale (or indicator)
of efficacy for each axis; to identify the actions already implemented along each axis; to assess efficacy level of existing actions along each
axis and the rating scale.

For instance, for warning management (axis 3), an action consists of implementing local alert systems for a risk watershed. An indicator is
the number of watersheds with alert systems divided by the number of watersheds at risk. The evaluation scale of this action effectiveness
is : [0 % ; 100 %]. Given it, each local municipality can be assessed. This evaluation methodology can be implemented for multiple actions,
for all the seven axes. The aggregation of evaluations can give a general effectiveness assessment at different scales (each watershed, each

local municipality, all the analyzed area).

Objective 1.3: To inventory and analyze existing structural measures (axis 6 and 7)

This diagnosis is based on characterization of the state and maintenance conditions (existence of a project owner, management procedures)
for relevant and useful existing protection measures at overlapping levels (single structure, cluster of structures, protection system in the
site). Rather than seeking a time-consuming exhaustive analysis, a progressive approach will be adopted: 1) exhaustive inventory of cluster
of structures; 2) definition of priority risk sites; 3) analysis of existing systems effectiveness on these sites; 4) analysis of operating safety of
the structures.

Analysis of usefulness, capacity, efficacy and operational safety of structures are concepts derived from RAMS methodologies that guide the

analysis in the last two steps.

Objective 2.1: To define a territorial strategy

Several types of strategic visions exist. To clarify it, the empirical 5SWH2 method (Who, What, Where, When, Why, How) can be called upon.

The questions that may arise are, for example:

e  Why should we act? Does the strategy aim to reduce the area's vulnerability to frequent events, rare events, exceptional events of var-
ying magnitude over a given period?

e  Who will implement the action? Is it linked to responsibility issue according to each type of element-at-risk (housing, road...)? is there
any difference between types of phenomena?

e  How should we act? Should we only care for the most exposed areas, or should we care partially for all exposed areas within the
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territory?

e Where should we act? Should the priority be given to areas where risk-reduction solutions are most effective, or should they apply to

the entire area at risk?

Objective 2.2: To prioritize actions to draw up an action plan

To implement the chosen strategy, various actions can be envisaged among the seven axis (5 prevention and 2 protection ones). They can

then be ranked according to several criteria. There is no predefined rule for establishing this ranking, but it is necessary to explain the

criteria, related importance and justify the choices. Several methods (economic such as CBA, MCDA approaches) can be used, in a comple-

mentary but not exclusive way.

Finally, the action plan is based on an integrated prioritization of actions and the associated operational constraints, which determine the

phasing.

GOVERNANCE OF THE STEPRIM DEVELOPMENT PROCESS

Identifying the scales and stakeholders involved is a prerequisite for the success of the process. Thus, the STePRiM proposal must be de-

signed to convince by justifying:

e the perimeter of the territory covered to enable coordinated risk management: scope, types of elements-at-risk, types of phenomena

and sites concerned;

e the existence of a local authority in charge of the process for the defined perimeter;

e the identification and involvement arrangement of decision-makers who will be mobilized, in particular through the Technical Commit-

tee (Cotech) and the Steering Committee (Copil);

e the selection of methods that will ensure traceability throughout the entire chain (data — analysis — evaluation — action proposal —

decision) for each intermediate decision;

e the nature and roles of stakeholders involved in the process (Figure 3). The analyst must act as the link between the technical expert

and the decision-maker. Therefore, he uses formalized decision-support methods to assist the decision-maker in his or her deci-

sion-making, by explaining the decision criteria and their importance.
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Figure 3: Several stakeholders are involved in the various phases of a STePRiM project.
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The mobilization of the various stakeholders, based on different methods and consultation phases, is therefore essential for the success of

the process (Figure 4).
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Figure 4: Stages, methods and interactions involved in implementing the PEP for defining a STePRiM.

CONCLUSION

This paper is an overview of the integrated methodological framework developed between research and operational issues to establish a
STePRiM. While it is not possible to present the details here, it should be noted that this framework has already supported the establishment
of the STePRIM of a local municipality in the Pyrénées (Tacnet et al., 2022).

Risk management decision-making issues in mountain areas have been well identified since the early 2010s. Applied research (Tacnet et al.,
2014; Carladous, 2017; Carladous et al., 2019) has been carried out to develop integrated decision-making approaches based on the concept
of efficiency (structural, functional, and economic). Those works have been validly and usefully adapted to the STePRiM methodology de-

velopment, moving therefore from research to operational use.

One of the main remaining challenges is to process the large amount of available data at a regional scale. This requires building specific

tools to both deal with this information complexity and different decision support and analysis methods (MCDA, economic, RAMS...).
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