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A B S T R A C T

Within an international cooperation network (France, Spain and Portugal) involving researchers,
first responders and civil protection authorities, a crisis exercise was held simultaneously in Mal-
lorca and Ibiza (Balearic Islands, Spain). The objectives were to test crisis management proce-
dures defined by operational actors, integrating new developed scientific tools related to land-
slides and rockfalls, as well as the internal relationship with the new created Technical Advisory
Committee. The initiative included a training module for all stakeholders before the exercise ex-
plaining the scientific tools used for supporting the decision-making process during the exercise,
as well as a field trip in the Tramuntana range in Mallorca to gain first-hand knowledge of the ge-
ological hazards threatening the region, mainly rockfalls. More than 70 people were involved in
the training exercise, including researchers, civil protection, civil guard, municipalities, represen-
tants of the autonomous regions, local and regional crisis management managers from different
French and Spanish entities, etc. At the end of the exercise, a joint analysis was made of the
strengths and weaknesses found during the development of the exercise and propositions of im-
provements were made. Local and regional authorities concluded that, thanks to the exercise,
they are better prepared to deal with georisks induced by extreme weather, mainly landslides and
rockfalls. The scientific community understood the type of operational products they should de-
velop for decision support during disaster risk crises. This experience emphasizes the need to cre-
ate stronger links between the scientific community and civil protection stakeholders.

1. Introduction
Coastlines are highly vulnerable to the effects of climate change. Low-lying coastal systems are increasingly experiencing destruc-

tive impacts such as submergence, erosion and coastal flooding due to extreme events such as storm surges, tsunamis and flash floods
[1]. Steep coasts may be considered a priori less vulnerable since they are normally not subject to marine submersions, but it is not

* Corresponding author.
E-mail address: Muriel.gasc@cerema.fr (M. Gasc-Barbier).

https://doi.org/10.1016/j.ijdrr.2024.104270
Received 26 July 2023; Received in revised form 2 January 2024; Accepted 10 January 2024

https://www.sciencedirect.com/science/journal/22124209
https://www.elsevier.com/locate/ijdrr
mailto:Muriel.gasc@cerema.fr
https://doi.org/10.1016/j.ijdrr.2024.104270
https://doi.org/10.1016/j.ijdrr.2024.104270
https://doi.org/10.1016/j.ijdrr.2024.104270
http://creativecommons.org/licenses/by-nc/4.0/


International Journal of Disaster Risk Reduction 102 (2024) 104270

2

M. Gasc-Barbier et al.

that simple. Global warming also impacts steep coasts by more recurrent downpours, increasing slopes instability which induce
quicker variations of the coastline [14]. Thus, as destructive coastal hazards affect periodically many of the world coasts, entire coast-
lines can be labelled as “high risk” [34,43,44].

In the meantime, anthropic pressure is rapidly increasing in coastal areas [8]. Coastal areas with an altitude lower than 10 m rep-
resent only 2 % of the Planet's land area but contain 10 % of the world's population [28]. The intergovernmental panel for climate
change (IPCC) suggests that adaptation can substantially reduce the risks due to climate change impacts [1]. Still, the rate and magni-
tude of climate change are so high that even the adaptation limits are likely to be exceeded [10].

Disasters cannot be properly understood, or indeed prevented, without paying attention to the critical role of human agency and
societal processes [35]. Moreover, as pointed out by Ref. [13]; an important factor to avoid a hazard to turn into a disaster is to in-
clude local knowledge in technical and scientific solutions. That is why participatory approaches to natural disaster risk management
are of great importance in public policies.

Risk prevention policy is often described as based on 7 pillars [29] that are synthetized on Fig. 1: 1) understanding and assessing
risks, 2) forecasting and early warning system, 3) educating people to risk awareness, 4) integrating risks in land use planning, 5) re-
ducing vulnerability, 6) preparing and managing crisis, 7) organizing feedback.

Scientists can and should intervene in all those 7 pillars. They have a key role to play in the first 2 pillars: understanding, assessing
and risks forecasting [32]; [46] and early warning system supporting [5]; [6]), but they also should be involved in the other pillars
[11]. exposed a simulation game in which families were involved to be better prepared to face landslides. Scientists can also help to
develop new methods and tools to better design scenarios [15]; [16] [9]. exposed a crisis exercise in the French riviera where they
used scientific research to propose a flood scenario as realistic as possible.

Emergency management exercises are part of risk prevention policy. They can contribute to several of those seven pillars. They
help improving the management of crisis (pillar 6) and providing feedback (pillar 7), but they also can help to test early warning sys-
tem (pillar 2), be used as educational and risk awareness (pillar 3) and, with the feedback review of the exercise, improve the integra-
tion of risk in land use planification (pillar 4). Moreover, exercises are used to identify possible improvements to plans and to develop
necessary individual and collaborative skills [12]. Finally, the general assumption is that emergency management exercises provide
areas for learning and knowledge sharing [3].

In many countries, the obligation to organize exercises is fully integrated into the emergency management planning system. These
exercises can be organised at different decision-making levels: local, regional, national, international [33]; etc. The frequency of these
exercises, their objectives (testing plans, training teams or evaluating resources for instance) have to be discussed with the involved
actors before conducting the exercise. Fig. 2 presents a general overview of emergency management exercise actors. All of them, or
only part of them, can be mobilized depending on the type and the goals of the exercise. Indeed, emergency management exercises
can take various forms. Tabletop exercises [45] and command post exercises [48] intend to test the internal procedures of the authori-
ties contributing to the emergency response, without deploying resources in the field. Full-scale exercises [11]; with the involvement
of the population can test, for instance, the triggering of warning systems, evacuation and sheltering measures or raise public aware-
ness of risk culture.

In this paper we focus on a table-top emergency management exercise recently conducted (2022) in Mallorca and Ibiza (Balearic
Islands, Spain) with a focus on the role played by the scientific community in the exercise. Specifically, we aim to investigate whether

Fig. 1. Seven components of risk prevention.

Fig. 2. Actors of emergency management (Cerema, 2021).
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the information and maps they created for the exercise were effectively utilized and in what manner they contributed to the emer-
gency management.

2. TEST SITES – description and emergency management
2.1. The Balearic islands

The Balearic Islands (Spain) are located in the Western Mediterranean Sea, near the Iberian Peninsula's eastern coast (Fig. 3). The
Balearic Archipelago (almost 5000 km2 in extension) comprises four major islands (Mallorca, Menorca, Ibiza and Formentera) and
several other islets. Mallorca is the largest island, spanning 3640 km2. The climate of the Balearic Islands is of the maritime Mediter-
ranean type, with mild winter temperatures and very hot summers. Rainfall tends to be torrential, especially after the summer
months, when "cut-off low" meteorological phenomenon occurs. During these events, heavy rainfall takes place with precipitation
values of up to 300 mm/24 h [20].

The word 'Balearization’ is one of the known international synonyms for mass tourism and intensive coast urbanization. This un-
planned urban development began with the 1960's boom and was encouraged by the European investors dynamism. The Balearic
archipelago became one of the main tourist destinations on the world. Nowadays, tourism business has become the main source of
revenue for the island (45.5 % of its GDP). With a population of approximately one million people, the archipelago received 16.5 mil-
lion visitors in 2022. Mallorca itself welcomed nearly 12 million tourists and Ibiza and Formentera received around 3.4 million visi-
tors in that year. Over the last decade, the Balearic Islands have had the highest occupancy rate of coastal territory among Spanish re-
gions [24].

Geological and geographical contexts of the Balearic Islands as well as precise descriptions of the test sites (red dots in Fig. 3) are
given in Appendix 1.

2.2. Emergency management and organisation in Balearic islands
The Balearic Islands is one of the 17 Spanish Autonomous Communities. Each Spanish Communities can have its own political or-

ganization under the supervision of the central government. For example, the Balearic Islands have an island-government called
“Consell” to manage the citizens’ security (the Consell of Mallorca has its own fire brigade). A general presentation of geohazards
management in the legal framework of the Balearic Islands is given in Appendix 2.

To prepare an emergency management exercise, it is important to precise how the general map of actors (presented formerly in
Fig. 2) is translated in the area under study. The regional organisation and the actors of emergency management in the Balearics Is-
lands, synthetized in Fig. 4, are presented below:

Fig. 3. Test-sites located with red points on a- Mallorca and b- Ibiza. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web
version of this article.)
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Fig. 4. Emergency management in the Balearics Islands.

The Territorial Civil Protection Plan of the Balearic Islands (PlaTerBal) is implemented by CECOP (Operational Coordination Cen-
tre) and CECOPI (Integrated Operational Coordination Centre for Scientific Functions). They are also responsible for all strategic deci-
sion in the real life or during exercise.

The Director of emergency plan leaded the CECOP. His/Her main functions are to appoint the technical director of operations for
each operational shift, the members of the technical advisory committee and the information office. During emergency, he/she has
the responsibility to declare the activation of the plan and the changes of emergency phases or levels that are anticipated, to appoint
the CECOP, and to decide the end of the emergency situation and deactivate the plan. Outside emergency situation, he/she ensures
the maintenance of the plan's operation as well as its review and updates, convenes the technical advisory committee and the infor-
mation office, transmits the decisions made to the DTOP so that they can be executed. He/she also guarantees coordination with the
administrations or entities involved in the emergency, determines and coordinates information to the population, the media and
other administrations, requests the participation of state media or other communities and finally proposes regulatory, preventive and
compensatory measures.

The PMA (Advanced command post) and WFP (Forward Command Post) are responsible of the tactical coordination of the re-
sponse on the site directly affected by the impact of the accident or disaster. Depending on the situation and of the number of im-
pacted sites more than one PMA can be needed.

DTOP (technical director of operations) leads the PMA. DTOP has the maximum technical responsibilities and the direction au-
thority of operations in the ground. Its functions are to delegate the remaining technical responsibilities to the organizational struc-
ture, exercise technical operational direction of emergency actions, to determine the deployment of the permanently activated orga-
nizational structure, to coordinate actions to be carried out by all administrations, other public entities or private and affected citi-
zens. DTOP has also to provide the technical advisory committee with the information required for decisions-making, and proposes
to the Director the activation and deactivation of the plan, the constitution of the CECOP, the adoption of regulatory, preventive and
compensatory measures, the request for extraordinary measures, and the information lines intended for the population, the media
and other administrations.

The Technical Advisory Committee (TAC) is an advisory committee, not systematically mobilized, that supposed to help to take
decisions. Its functions are to assess emergency situations from a scientific and technical point of view, to anticipate the evolution of
emergency situations and to propose preventive measures. TAC must therefore propose to the management department measures to
control the emergency and restore normality. It also issues technical reports.

3. Objectives of the exercise and methods
The main objective of this work is to identify the strengths and weaknesses that exist when applying the tools developed by scien-

tific teams during an emergency. Usually, these tools are developed during earlier planning and prevention stages, but not for actual
application in a concrete emergency case [9]. Additionally, our work aims to identify the type of relationships established among the
different actors involved in the emergency, whether they endure over time, how they coordinate, which protocols are applied, and the
real effectiveness of the tools finally used. Another aspect to consider is the importance of prior training, where emergency managers
have firsthand knowledge of the processes they face and the cascading effects they can generate, as well as the products and tools of-
fered by the scientific community. Another objective of this work is to identify and evaluate the ways of informing and communicat-
ing with society about what is happening. This includes assessing the transparency of the information conveyed, the media used, and,
above all, determining who should be the spokesperson for the media, as pointed out in Exercise report - by the Paris Resilience Group
(2016).
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Preparation an emergency management exercise usually follows precise steps.
- Definition of desired objectives (testing a plan, raising awareness in the population, etc.).
- Definition of the actors who will be mobilized during the exercise.
- Development of a detailed scenario and a timeline.
- Scientific material for the exercise.
- Analysis of the exercise

3.1. Objectives of the exercise for the emergency authorities and for scientists in charge of hazard and risk quantification
The Balearic authorities wanted to test the coordination between the different bodies and services included in the PlaTerBal, im-

proving response to a possible risk of rockfall or landslide in their territory. More specifically, the Civil Protection services wished to
analyse and evaluate the role of TAC in its transmission to the PMA and at the different levels of the emergency and organizational
structure in the Emergency Management System. More precisely, the five objectives of the local authorities were to.
1. Implement the activation, employment and deactivation procedures of the different agencies and services, according to their

specific protocols.
2. Put into practice the coordination between the State, Autonomous Community and Local Administrations responsible for

resolving the emergency according to its level of severity.
3. Practise planning and decision-making within the TAC based on the information provided by each intervening body in the event

of particularly complex or extreme situations (evacuation of a large number of affected personnel, care of victims, rescue, etc.).
4. Increase mutual knowledge between the different actors involved in the emergency.
5 Thoroughly analyse whether the maps and tools generated by the scientists held tangible value, clearly identify the information

that was utilized and that which was disregarded during the emergency, and discuss the underlying reasons for these decisions.

3.2. Definition of the actors involved
In section 2.3 we described general actors needed in crisis management. Here we focus on the actors of the exercise.
o TAC
For the exercise, TAC was composed by 3 women-scientists: the director of AEMET (State Meteorological Agency), the general di-

rector of the road Maintenance Service of Mallorca and the head of the Department of Natural Hazards at IGME-CSIC (Spanish Geo-
logical Survey). They had at their disposal all the tools and maps previously created for their use during the exercise.

o PMA
The PMA was represented by the emergency truck (no inside photos were allowed).
o PlaTerBal Committee
The PlaTerBal committee was composed of the TAC (see above) and the command post, itself composed of the General Direction

of Emergencies and Interior (DGEI) for the regional government, the Consell of Mallorca, the Consell of Ibiza, the national Govern-
ment Delegation, of the Guardia Civil, and the Town Council of Escorca and Sant Josep de Sa Talaia. Indeed, the regional government
is responsible for emergency technicians, 112 phone managers, press, etc., Consells are responsible for road-operations, fire brigade,
firemen, etc., the national Government Delegation is responsible for National Civil Protection.

o Animation TEAM
The direction of animation (DIRANIM) was in charge of introducing a series of situations, events or incidents that the players will

have to deal with. DIRANIM had to prepare the setting and incidents, control the timing of the exercise (greater or lesser stress on the
planning teams) and, if necessary, represent the various non-participating organizations, so as to work in an environment as realistic
as possible. DIRANIM has a right to feed the scenario with additional incidents during the exercise, after exchanges with the observers
that are placed between the players.

The incident reporting system could be either by email, phone, or physically on paper (by hand at the emergency PMA). Weather
bulletins, radar images and rainfall data are sent by email by DIRANIM to the municipalities and stakeholders at the addresses indi-
cated in the yearbook of the exercise. The presence of media was interpreted in a fictitious way by the DGEI's communication service.

o Observers Team
Observers are supposed to follow the progress of the activities in both PMA and PlaTerBal committees, to collect and facilitate

feedback from the experience. They are briefed before the beginning of the emergency management exercise with an overview of the
exercise schedule and the key elements to evaluate. Each observer received a generic evaluation form as well as specific observation
objectives. The code of behaviour to be followed during the observation (avoid disturbance and interaction with the players) is re-
mind. During the exercise, observers filled the evaluation form, integrating hourly feedback provided by each member of DIRANIM.
The observers had the possibility to interact by telephone with DIRANIM, if needed. After the exercise, observers debriefed quickly,
and the most relevant remarks were summarized, before joining the overall debriefing.
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3.3. Definition of scenarios
The definition of the scenario is defined considering the objectives of the exercise and tailored on some key components. The sce-

narios considered the crisis management organisation thus coordination activities were carried out in two centers at different levels.
1. CeCOPI, responsible for strategic decision making and implementation of the PlaTerBal and responsible for strategic decisions for

the two exercise sites.
2. PMA, responsible for the tactical coordination of interventions in the area directly affected by the impact of the accident or

disaster, for each site of interest.
The Palma de Mallorca PMA was linked to CECOPI thought the DTOP.
The simulated scenario in Mallorca, developed as a command exercise, made it possible to identify key measures during an excep-

tional weather event, which produce rockfalls on a section of the Sa Calobra road (Ma-2141), that goes all the way through the moun-
tain range of the Serra de Tramuntana to the cove of Sa Calobra. On this occasion, the PMA and the CeCOP with TAC, were put into
operation and tested.

Fig. 5 presents the chronological unrolling of the emergency management exercise detailed below.
At the beginning of the emergency exercise (orange timeline in Fig. 5), all the command posts of the agencies and services as im-

plicit in the figure were already set up and operational in the area, simulating the PMA deployment. The Emergency management Di-
rector engaged the first responders’ teams, according to the level of alert, the resources available, or the severity of the situation. The
operational units of each agency in the field were simulated. Fictitious weather forecasts and meteorological bulletins were created,
over several days, based on events already experienced in the Balearic Islands, to provide information about potentially dangerous
conditions, concerning landslides and rockfalls occurrences.
• 7 days before the exercise: a weather report is received from the State Meteorological Agency (AEMET) with a yellow warning

for the islands of Ibiza and Mallorca with an additional note warning that 800 mm of rainfall has already accumulated in recent
weeks, the rockfall triggering value estimated in Ref. [21].

• 6 and 5 days before the exercise: the State Meteorological Agency forecasts were confirmed, with no notable incidents and no
need for action from the new (2022) Special Flood Risk Plan (InunBal) where landslide risk is contemplated.

• 3 to 1 days before the exercise: anticyclonic situation of atmospheric stability with low temperatures in the Tramuntana range
was announced. The climatic situation is very similar to what happened during the period 2008–2010 when more than 35 slope
movements took place [21]. Again, significant accumulated rainfall and low temperatures are combined, that might trigger
rockfalls.
On “D-day”, the emergency exercise started when the 112 received simulated calls informing of rockfalls, in both exercise sites

(Mallorca and Ibiza). Then, meteorological data from the previous days, as well as landslides and rockfalls put the DGEI on alert and
they proposed to the Plan Directorate an urgent meeting of TAC and the activation of PlaTerBal level 0, and level 1. The TAC is acti-
vated to help decision making. The exercise was declared completed when all safety measures foreseen in PlaTerBal were effective.
• Mallorca

More precisely, in the case of Mallorca, the 112 received a simulated call by a bus driver on his way to Sa Calobra. He informed
that the road was blocked by rockfalls. Then local police sent alerts of fall of a large rock and several small ones that prevent the pas-
sage of vehicles near La Calobra before reaching the turnoff for Cala Tuent. There are at least 5 coaches full of tourists going down to
Calobra and numerous cars. In the Sa Calobra and Cala Tuent areas, the exact number of present people is unknown but there are at

Fig. 5. Chronological unrolling of the exercise.
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least 2 coaches and about 30 vehicles. At that moment, an unknown number of people doing the excursion of the Torrent de Pareis is
present, unaware of the situation.

Later, Plan Direction is informed that 5 coaches with 205 people and between 30 and 40 family vehicles with about 100 people are
present on site. Most tourists don't know what's going on and are nervous. Highway technician needs one day to clear the road of vehi-
cles to be able to carry heavy machinery to remove the rocks. It is requested to know if the area is safe for the people who are trapped
and for carrying out rock removal works.
• Ibiza

In the case of Ibiza, the simulated call came from a resident of Es Cubells who had found a 5 cm wide crack in the living room wall
of his house near the road (Fig. 6), that was not there the day before. In the scenario, local authorities learnt that the crack has length
of about 2 m and that small stones on the road have been observed. The house is currently vacated. These facts conduct local munici-
palities to request the Plan Director to know the possibility of a landslide occurring in order to proceed to implement the appropriate
measures to protect people.

3.4. Hazard maps and tools developed for the exercise
For the crisis exercise, adaptation of existing tools or development of new ones were carried out. The tools are based on remote

sensing data (satellite/drones and/or terrestrial) or mathematical simulations to support early warning systems for different types of
geohazards and especially for landslides/rockfalls. We show the different products for each test-site that were shown and explained
during the training day.

3.4.1. Sa Calobra (Tramuntana range, Mallorca)
Six maps were prepared to support the exercise in Sa Calobra.

• Maps of estimated annual rainfall in dry, medium and wet type-years [17] on the island of Mallorca. The rainfall thresholds for
triggering landslides on the Tramuntana range was established in 90 mm/24 h [19] and implemented in the new Balearic
Special Plan for flooding (INUNBAL, 2022). INUNBAL also establishes as rockfall-trigger rainy and cold periods, when several
freeze-thaw cycles are recorded.

• Rockfall inventory in the Tramuntana Range. Since the XVIII century, a total of 965 landslides have been recorded in the region:
648 rockfalls; 234 landslides; 40 flows; 25 lateral spreadings and 18 karstic collapses (https://info.igme.es/BDMOVES/).

• Rockfall hazard map of the Tramuntana range based on a rockfall susceptibility map and probability maps of temporal and
rockfall magnitude. The rockfall susceptibility map was elaborated by rockfall modelling using STONE [47] and applying
criteria developed by Ref. [22]. The final result is a map of rockfall trajectories (Fig. 7) which was crucial to elaborate the
scenario of the crisis exercise.

• Map of social vulnerability in the Tramuntana range, by municipalities. This map is the product of: (1) the criticality map, which
takes into account several parameters related to the population: population density, foreign population, age of population,
gender, educational level, housing density and housing occupancy rate; and (2) the bearing capacity map related to critical
infrastructures in the municipality: road network, supermarkets, health services, hotels, police station, petrol station,
educational and sport centers.

Fig. 6. Location (in red) of the fictive damaged house in Es Cubells located on a landslide (after GoogleMaps). (For interpretation of the references to colour in this fig-
ure legend, the reader is referred to the Web version of this article.)

https://info.igme.es/BDMOVES/
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Fig. 7. a- Rockfall simulation by STONE in the Tramuntana range of Mallorca, b-zoom around Sa Calobra, c-google map view of Sa Calobra.

• Population exposure maps for the low (November to February), medium (March, April, May and October) and high (June to
September) tourist season. These maps were elaborated taking into account the population census of the municipality and the
number of people hosted during each tourist season.

• Rockfall risk maps for the low, medium and high tourist season by combining the rockfall hazard map and the population
exposure maps for each season. This type of map is of particular importance considering the evolution of population along the
year.
Detailed description of the elaboration of those lasts 3 maps can be found in [38]

3.4.2. Es Cubells (Ibiza)
On Ibiza we have applied the InSAR techniques to provide an integrated solution capable of absorbing data from different sensors

and generating maps that can be used to support geohazard prevention and warning. The resulting maps presented during the exer-
cise have been developed using images acquired by the Sentinel-1 satellite pair (A and B), processed partly through the Geohazard Ex-
ploitation Platform (GEP) and partly with the processing chain (PSIG) both developed at CTTC [2,7,30,31,40–42][2,42,30,31]
[40,41]. Sentinel-1 data cover areas of 250 × 250 km2, allowing to cover areas on a regional scale. Sentinel-1 acquire an image every
6 days, have a nominal resolution of 4 × 14 m2 and is completely free of charge. The three maps developed are.
• Map of velocity deformation over Ibiza (11/2016-04/2020). Fig. 8 presents the map of velocity deformation over Ibiza. It is

obtained by using Sentinel-1 Persistent Scatter interferometry techniques (PSI) (see [2], to have more information on the
methodology). Each point of the map represents a displacement measurement, and the colours refer to the displacement velocity
estimated along the measured period. This result has been obtained by using 171 Synthethic Aperture Radar (SAR) images
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Fig. 8. Map of velocity deformation over Ibiza.

acquired by the Sentinel-1 European Space Agency constellation. The covered period ranges from January 2017 to February
2022.

• Map of active deformation over Ibiza based on DInSAR data. Maps of active deformation is a secondary product generated by an
automatic detection of those areas where movements have been detected. The result shown in the map represents all the detected
moving features. This is then filtered to prioritize the most reliable ones. The approach to detect the active deformation areas
(ADA) is described in Ref. [2].

• PSI map of deformation and times series of deformation over Es Cubells (11/2016-04/2020). The PSI results also include the
temporal evolution of the displacements (TS) for each measured point. Fig. 9 presents a focus of the accumulated displacement
along the analyzed period at each of the 171 acquisition times of the satellite around Es Cubells. Deformation velocities
16 mm/yr are identified in the site (blue points) which corresponds with an active landslide that also shows clear evidence in
a dwelling.

Fig. 9. Times series of deformation over Ibiza Island near Es Cubells.
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It is worth noting that the maps developed for the exercise can now be obtained directly by using the data provided by the EGMS
Copernicus Service (https://egms.land.copernicus.eu/) which was not the case 2 years ago.

3.5. Trainings about geohazard maps and tools for emergency services
Since one of the aims of the table-top exercise was to assess the value of having scientists in the TAC and to improve the use of new

maps and tools, the exercise was planned on the third day of a 3-day period composed by a training day, a field trip, and the exercise
itself. The training day was organised for local agents from emergency services, civil security, military forces, firefighters, scientific
community, etc. It was dedicated to show and explain the tools (maps, radar images, rockfall simulations, etc.) that can be used
within the exercise or during real crisis. The field trip in the Tramuntana range was organized to visualize the most hazardous zones,
in particular Sa Calobra area.

3.6. Analysis of hot and cold feedback
The “hot” debriefing feedback is conducted by one of the animators and consist in an open interview with representatives of each

group of stakeholders in the exercise, concerning.
• Strengths and weaknesses in the activity of the group concerned.
• The most disruptive or blocking elements in the functioning of the unit.
• The most useful available data, and what was still missing.
• the exercise design and management: readability of the documents provided, pace, difficulties, logistics.
• the exercise objectives: effectiveness of the teams to apply the PlaTerBal procedures, of the newly developed products, quality of

information management and transfer, strengths and weaknesses of the last modifications to PlaTerBal.
The cold feedback is realized a few weeks later. All participants receive an online survey and are asked to send written feedback

about their recollection of the exercise, whether positive or negative. The survey has been defined according to the standards [18].
Some major topics are addressed through the survey (detailed in Appendix 3).
- identification of respondents, including the role they played during the exercise.
- assessment of overall satisfaction.
- evaluation of the functioning of the cells.
- evaluation of the contribution of the new "tools" developed.
- the animators' point of view.

All these elements are used to improve the emergency management, the plans, and organization of the participants. They are also
used to improve the tools developed to make them more relevant, more operational, and more useable by the actors of disaster risk
crisis management.

4. Results
Table 1 synthetize the number of participants in each specific day.

4.1. Trainings about geohazard information and maps
About 50 local agents from emergency services, civil security, military forces, firefighters, scientific community, etc. attempt the

training day. They found very useful to be able to discuss together with scientist who developed the tools and understand how maps

Table 1
Summary of participants.

nb

Training day
Scientists (trainers) 12 IGME, CTTC, CEREMA
“students” 62 Firemen, Guardia Civil, Civil Protection, AEMET, etc.
On field trip
Scientist 24 IGME, CTTCa, CEREMAb, BRGMc, UGR, IGOTd

Other 5 Civil Protection
Exercise
Committee people Many organizations
TAC 3 AEMET, IGME, the Road Maintenance Service of Mallorca
PlaTerBal comm. 8 + TAC DGEI, 2 Consells, National Gov. Delegation, Guardia Civil, 2 town Councils
DIRANIM 3 CEREMA, DGEI, CTTC
Observers 5 BRGM, CEREMA, Civil servants of Bidart (France) and Barcelona (Spain), Italian Department of Civil Protection
Players (own role) ∼30 Firemen, Guardia Civil, Civil Protection, etc.
a Catalonia Technologic Centre for telecommunications (Spain) www.cttc.cat.
b Centre for Studies on Risks, the Environment, Mobility and Urban Planning (France) www.cerema.fr.
c French Geological Survey www.brgm.fr.
d Geography and Spatial Planning Institute of Lisbon University.

https://egms.land.copernicus.eu/
http://www.cttc.cat/
http://www.cerema.fr/
http://www.brgm.fr/
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are obtained. In the meantime, scientist found it very interesting to be able to discuss with end-user and some mentioned that it was
helpful to understand how to improve the tools to make them more useable.

About 25 scientists involved in the development of the new tools were in the field trip, together with 6 local agents from the Emer-
gency Services (Fig. 10). Scientists were interested in observing the on-field reality, especially important when working on satellite
images.

4.2. The table top exercice
The exercise lasted 2.5 h between 9.30 h and 12:00 h and was immediately followed by the hot feedback that lasted about 45 min.

Fig. 11 displays photos realized during the exercise.
Five crisis management experts were involved as observers (see Table 1). This panel permits to consider the various approaches to

emergency management in both countries (France and Spain).

4.3. The hot feedback
As mentioned, the hot feedback is a critical review meeting during which positive points to remember, points to be improved, etc.

are discussed with a representant of all type of participants (players and observers). The observations and comments of the simulation
showed that PlaTerBal was respected and correctly applied. The level of means and resources made available to CeCOPI and PMA was
generally satisfactory. Exchanges and updates of PMA data showed good structuring. Particular attention was paid to the public infor-
mation exercise. CeCOPI has planned improvements to make situation points and prioritization of elements more specific and effi-
cient.

It was observed that only part of the new tools developed for the exercise (and described above), were used by TAC integrated in
CeCOPI. In addition, PMA had other types of geospatial reference data, such as orthorectified aerial imagery and road network data,
stored on the server installed in its mobile unit.

In the case of Sa Calobra, the map of simulated rockfall trajectories was extremely useful. This map was used to decide the safest
area to shelter people trapped in the bus. For this purpose, an area not too far away from the bus and far from the reach of any trajec-
tory was decided upon. Here the people were kept waiting for their final evacuation to be decided.

In the case of Es Cubells, Ibiza, the use of satellite data and data derived from landslide modelling made the exchange and coordi-
nation between the technical and operational levels and the TAC more effective, although it was noted that there was a need to im-
prove the functioning of DTOP due to the risk of interference between decision-making and information transfer by PMA crisis man-
agers during the exercise. Sometimes their information was returned in too much detail and without taking full advantage of the new
types of data made available by the Scientific Committee.

The availability of the newly developed tools on the PMA servers would allow for more effective use of their potential in order to
understand the possible evolution of threats, as well as more effective information sharing between PMA and the TAC.

4.4. The cold feedback
Cold feedback was realized a few weeks after the exercise by web-based survey. A form (see Appendix 3) to be filled on a voluntary

basis was sent to all participants (players and observers). Around half of the actors answered. The 9 interviewees were mostly repre-
sentatives of the local authorities in charge of civil protection for the Balearic Islands (BI), as well as a member of the IGME-CSIC
(Spain). Six of them performed their own roles in the exercise, i.e., 4 in CeCOPI and 2 for PMA, while the others played an animation
role (Fig. 12).

Fig. 10. Field trip. Participants at the Son Cocó rockfall (Tramuntana range).
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Fig. 11. pictures of the exercise. a-during the exercise, players are around the maps to discuss important issues, b-scientists, as non-official observers, are gathered in a
tent to follow in a screen what is going on without disturbing the players, c- TAC during the exercise, and d-, official observers discussing together at the end of the ex-
ercise, before the hot feedback.

Fig. 12. Profile of respondents, according to the entity to which they belong (left) and their role during the Mallorca exercise (right).

4.4.1. Overall satisfaction of participants
All respondents to the questionnaire were satisfied with their participation in the Balearic Islands simulation. They highlighted the

3 main strengths: good preparation of the exercise, realism of the considered scenario and good collaboration between players. How-
ever, some participants regretted that the relatively short format chosen for the exercise did not allow the injected events and the ac-
tions performed by the players to develop fully, due to a limited time span.
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4.4.2. Cells functioning
The simulation exercise involved the two crisis management cells: CECOPI TAC and the PMA. Although the participants have a

positive perception on the composition and functioning of TAC and PMA, a detailed examination of the responses shows that opinions
were divided, particularly regarding the exchange of information between the two units, which seems to be an important area for im-
provement. Regarding TAC (Fig. 13), although the organisation of formal progress reports seems to have been lacking, the use of
newly developed maps by the Committee's scientific experts was highly valued, as was the composition and management of the unit.

There were various responses to the open questions on TAC: “Need for a clearer distinction between "scientific" and "operational"
functions to improve dialogue without the technical-operational staff taking up too much space in the TAC”. Moreover, as usual in ex-
ercises, TAC members were already together at the beginning of the exercise, whereas in a real life this would not be the case. There-
fore, it must be taken into account that in a real life there would be a time lag, implying a different TAC functioning.

TAC conclusions did not clearly reach PMA. Their recommendations and opinions were not sufficiently documented to allow them
to be compared and evaluated. They were only followed by DTOP when explained orally, which subjectified and summarized them,
thus missing technical aspects. This prevented the rest of PMA from making a full assessment for application to the emergency.

For PMA, Fig. 14 confirms the difficulties encountered with TAC on the organization of situation points. However, leading the
PMA and taking into account the views of the experts seem to have been more difficult than dealing with TAC.

Among the different responses to the open questions on PMA, the following points can be noted.
- Some participants lacked knowledge of the "pyramid of command".
- Some decisions were taken in haste without considering the TAC conclusions.
- As in the case of TAC, the exercise was conducted with PMA already operational at the time of the emergency. It should be noted

that in a real life this would not be the case.
- It appears there had been difficulties related to some actions played in real time and others in compressed time. For example,

events were injected while DTOP was meeting with the advisory committee, which left PMA at times without direction, and
there was no internal communication to solve the problem.
Concerning the contribution of the "tools" developed, only three of the nine respondents indicated that they had been able to con-

sult rockfall maps of Ibiza area, including two animators and only one TAC player. Whereas this one player considered this type of
map to be useless, the two animators considered it to be very useful, especially to support decision-making concerning speed and
moving area.

Five respondents, including two animators and three TAC players, consulted the fall trajectory maps in the Tramuntana range.
Apart from one respondent who considered these maps completely useless (the same person who had considered the previous maps
useless), the other four respondents were very positive and considered this type of map to be very useful, especially for locating refuge
areas where victims could take shelter.

In general, respondents found the integration of data into the TAC database. Moreover, beyond the tools themselves, the scientific
experts’ contributions were highlighted with particular regard to the ability of contextualising and explaining technical elements to
operational actors.

5. Discussion
Considering the exercise feedback, gathered with other feedback from other partners involved in emergency and/or urban and ter-

ritorial planning, we were able to outline some strengths and weaknesses of the coastal geohazards management and stress the impor-
tance of involving scientific teams.

Fig. 13. Satisfaction level with the composition and functioning of the TAC.

Fig. 14. Level of satisfaction with the composition and functioning of PMA.
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5.1. Strengths
The relationship with the Civil Protection services is smooth and usually occurs within the framework of joint research projects or

through dedicated agreements on specific cases. Scientific institutions participate in the development of tools to support civil protec-
tion, as well as land management/urban planning. Tools consist mainly methodologies and databases, followed by geo-maps and
methodologies to supports early warning systems. The scientific community is aware of a need for applied science, which supports
and improves the management of geological risks on coasts. Most Civil Protection services value the importance of a scientific advi-
sory committee (TAC) in an emergency situation and the information provided is used effectively. Civil protection specialists say that
their experience of working with natural hazard experts is useful or very useful and helps them solve problems during an emergency.
The affirmation is reciprocal. The Civil Protection services have an established interlocutor to interact with scientific experts. Experts
in urbanism/territory management consider that all geological hazards should be taken into account when it comes to territorial plan-
ning and urbanism: landslides, earthquakes/tsunamis, floods, erosion, and retreat beaches. This community of experts have a good
perception of risk. European Directives oblige to consider flooding in urban planning. The existence of clear and forceful legislation
greatly favours not only collaboration between the institutions, but also the efforts devoted to specific problems. Most managers ac-
knowledge having specific guidelines for designing geological hazard maps for application in urban planning. Urbanism/territory
managers consider maps useful and easy to interpret and use them as a priority. The relationship between the three actors: Scientific
Community, Civil Protection and Urban Planning Managers is generally considered to be fluid and mutually beneficial. The outputs
generated by the scientific community, especially the maps dedicated to susceptibility, hazard, vulnerability and risk are of enormous
interest for Civil Protection and Urban Management. Solid institutional relationships are nurtured through joint research projects or
through specific agreements.

5.2. Weaknesses
Some weaknesses were identified and are described below together with proposed improvements or actions that could be realized.

1. A lack of legal framework has been identified for collaborations between the parties (scientific community, emergency
managers, territorial/urban planning). Cooperation is carried out through specific agreements, provision of technical consulting
services and research projects, which are usually a one-off agreement. But there is still some confusion between the missions of
each party: even during this exercise, the survey answers outlined some difficulties in sharing information and decisions
between TAC and PMA.
⇨ Proposed improvements: protocol implementation for permanent collaboration under legislative guidance. Scientific advice

should be officially part of administrative process and performance protocol.
2. The most expected geological hazards in territorial and urban planning are regulated by specific legislation, such as floods, (cf.

the European Floods Directive 60/2007); whereas coastal risks (such as coastal erosion, marine invasion and the retreat of
beaches and cliffs), derived from climate change and are usually not enough considered.
⇨ Proposed improvements: There is a need to adapt and improve legislation to climate change risk scenarios. Climate change

adaptation plans in coastal territories should be mandatory. The risk mapping is lacking a unique set of documents,
harmonized charts with common criteria to promote management. An improvement in protocols for cascading effects on the
coast is highly needed.

3. Emergency managers, as well as experts in spatial planning/urban planning, require a more practical scientific information, such
as maps or specific reports.
⇨ Proposed improvements: The response of the scientific community must be faster, as well as more practical and less

theoretical. Hazard and risk legislation should be standardised within a common conceptual framework. Methodological
procedures to produce risk maps for spatial planning and emergency planning should be recorded and harmonized.
Scientific publications (specialized journals, books and chapters of technical books) rarely provide direct, useful and
understandable information to those responsible for land management and emergencies. Scientists focus more on
understanding the dynamics of past events, whereas policymakers need more models to anticipate future events. The
scientific community needs to do more work on developing early warning tools. For a correct application, documents
produced by the scientific community must be clear and easy to interpret by non-earth science people. Susceptibility,
hazard, and risk maps must be accompanied by regulations with the definitions of compatible uses, to ensure their full
effectiveness.

4 Communication to public is crucial, especially in the means of how scientific aspects are transmitted. Differing opinions can
seriously harm the management of emergencies and end up misinforming the population.
⇨ Proposed improvements: Interactions with the media and the public need to be more consensus-based. Having one single

point-of-contact is essential. The scientific community should be more actively involved in communicating and disseminating
information to the public.

5. Civil Protection draws attention to the inappropriate role of the media, which can hinder emergency management, by
transmitting unclear and unofficial information. This calls for the need to act jointly and more collaboratively.
⇨ Proposed improvements: Common action and organization plans involving the scientific community, civil protection,

territory/urban managers and journalists are needed. Greater training in scientific communication for all actors involved in
emergencies.

6. A high proportion of respondents consider that natural hazards are NOT well considered in urban planning.
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⇨ Proposed improvements: It is necessary to homogenize methodologies and cartographies, in terms of contents, scales and
procedures. There is a need to include all geological hazards that may affect a territory. We must produce a multi-risk
cartography and include the opinion of the experts in the final approval of the urban plans.

7. Greater joint training and the need to create frameworks for connection and collaboration.
⇨ Proposed improvements: The scientific community is not always aware of the protocols of action and lacks -to a large extent-

knowledge about the current legislation. Experts can be unaware of the actual application of their products Emergency and
town planning managers need continuous training on the scientific progress they can apply to their fields of work, especially
new monitoring techniques.

8 Preventive measures are rarely implemented. Action is taken only once the problem has occurred and the corrective actions are
only structural in most cases. There are hardly any known initiatives with natural-based improvements.
⇨ Proposed improvements: Together with the scientific community, identify the problem upstream, when it is still at the

risk prevention level, and have the disaster management procedure updated accordingly. Invest in land management,
measures to prevent risks including those related to climate change, towards natural measures with environmental respect,
both at the prevention and mitigation stages.

Although there is a long way to go in terms of a legislation on risks, countries should be more forceful in pursuing common legisla-
tion that includes geological risks – as a whole – not only in emergency management, but also in territorial and urban planning. In the
coastal areas, natural spaces play a fundamental role in the balance of coastal dynamics. Their modification or occupation generate a
greater exposure of the population to risk. Coastal strips are highly coveted by urban planning, and that is why its regulation must be
well established.

5.3. The real use of scientific information
Regarding the utility of the tools and maps developed for the exercise, only two of them were ultimately employed by the Scien-

tific Committee: the rockfall trajectories map of the Tramuntana range in Mallorca (Fig. 9) and the PSI map depicting deformation
and time series of deformation in Es Cubells-Ibiza (Fig. 11). The primary rationale behind this selection is that these are the sole prod-
ucts that facilitated detailed work and provided the essential information needed for decision-making.

The rockfall trajectories map was used in Sa Calobra to determine a secure area for the evacuation of bus passengers. A level area
near the bus, well clear of any potential rockfall paths, was chosen.

The PSI map and the time series of deformation in Es Cubells (Ibiza) were employed to confirm the activity of the landslide upon
which the damaged house was situated. In the event of a rapid movement of the landslide, it could dislodge an upper rock escarp-
ment, leading to a significant rockfall. This analysis prompted the evacuation of the house's occupants and the closure of access to the
area.

No other maps or information were consulted or used during the exercise. Notably, the maps depicting social vulnerability and
population exposure at the scale of the Serra de Tramuntana were prominent. Despite the substantial effort invested in their prepara-
tion, these maps were disregarded by the participating actors. The chosen scale was deemed inappropriate, and the scenarios de-
signed for low, medium, and high tourist seasons lacked relevance compared to the actual conditions of the time and location.

6. Conclusions
Within an international cooperation network (France, Spain, Portugal) a crisis exercise was held simultaneously in Mallorca and

Ibiza (Balearic Islands, Spain). The aim of the exercise was to test new tools developed in order to better understand geological haz-
ards, but also to test the opportunity of the presence of a technical scientific committee (TAC) during a crisis. Strength and weaknesses
were identified. Improvements were proposed to reduce the identified weaknesses.

This experience in Mallorca and Ibiza underscores the fact that maps and products on a regional scale are ineffective in emergency
situations. There is a pressing need for tools that can be tailored to a small, detailed scale of work and are genuinely valuable for deci-
sion-making at specific locations and times. Consequently, it is essential to enhance links between scientific community and first/sec-
ond responders promoting user-targeted research and faster transfer of science results and products into best practices. Joint work
must be done for common technical standards of alert and impact forecasting systems that cope more efficiently geological disasters.
The scientific community must make efforts to adapt its research to obtain products more understandable by non-experts, to be more
useful for society, especially maps and methodologies at the appropriate scales.

The first day of training and the field trip were of enormous importance. It provided a unique opportunity for the scientific com-
munity to explain various processes and their approach. There was a particular focus on the utilization of new technologies, including
Earth Observation from space. During the exercise, special attention was given to the proper use of DiNSAR information in managing
the Ibiza emergency. Moreover, new applications were introduced, such as rockfall modelling. This proved to be a fundamental tool
in effectively managing the evacuation in Sa Calobra on the day of the exercise.

These kind of collaboration experiences allow the identification of needs and opportunities for transferring advanced scientific re-
sults into enhancement in disaster logistics and responses. Education and training programmes are vital for emergency management
teams, as well as the adoption of novel technologies such as advanced Earth Observation space capabilities.

Climate change drives new challenges in the management of geological risks. Extreme weather events are becoming more frequent
and widespread. Maritime storms, DANAs and strong storms usually bring cascading effects on the coast: landslides, rockfalls, beach
erosion, floods, sea invasion etc. Geological hazards cannot be addressed separately, but as a whole, as they are interrelated. Civil Pro-
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tection and territory/urban managers must take into account these new scenarios and work, together with the scientific community,
in the development of new protocols and tools that fundamentally support the prevention stage.

Finally, the three agents must act together when interacting with the media, providing transparent, pedagogical, scientific and
contrasted information. The excess of information generates confusion in the population, which loses confidence in managers and be-
comes much more vulnerable.
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Appendix 1. The Balearic Islands: Geological and geographical contexts
A1.1. Geological and geographical contexts

From the geological point of view, the Balearic Islands constitute the emerged part of the Balearic Promontory that extends
440 km in a NE direction in the middle of the Western Mediterranean. The Balearic Promontory corresponds to the northeast offshore
prolongation of the Betic Cordillera of mainland Spain. The geological structure of the archipelago is the result of an evolution of dif-
ferent stages, outstanding the contractional Oligo-Miocene orogenic stage that configures the main ranges of the islands with an im-
bricate NW thrust system [37]. The Balearic Islands have 1573 km of coastline, 79 % of which correspond to rocky coasts. The Serra
de Tramuntana range in Mallorca, the northern region of Menorca and the island of Ibiza are territories with a predominantly step
and rugged coastline, with small beaches (coves) interspersed. Considering the climatic and landscape conditions, flash floods, land-
slides and rockfalls are the main geohazards in the Balearic Islands.

Considering all those observations and previous works, we choose to localize the emergency exercise on two sites: one in Sa Calo-
bra (Mallorca), a small coastal cove in the Tramuntana range (Escorca) and the other one in Es Cubells, on the SW coast of Ibiza; both
places not only represent ones of the most hazardous areas for landslides in the archipelago, but they are also very popular sites for
tourism.

A1.2. Sa Calobra (Tramuntana range, Mallorca)
The Tramuntana range is the main mountainous alignment of the Balearics (Fig. 3a). This region encompasses 16 municipal dis-

tricts with a total population of 125,000 inhabitants, with the northern face much more heavily populated and urbanised. The steep
topography of this chain, linked to its geological complexity and Mediterranean climate, determines intense slope dynamics with con-
sequent movements of all categories [19,25]. The vast urban development that the Tramuntana region has undergone in the past 40
years has considerably increased risks originating from mass movements.

During the years 2008–2010, Mallorca experienced one of the coldest and wettest winters in living memory, with the highest rates
of intense rainfall (up to 296 mm/24 h). The result was 34 mass movements triggered, along the Tramuntana Range [26]. Fortu-
nately, there were no deaths but there were numerous cases of damage to dwellings, holiday apartment blocks, barns and power sta-
tions, and especially the road network in the Range (a), which caused significant economic losses in the different tourist resorts. A
complete landslide inventory is continuously updated in the Tramuntana Range by the Geological and Mining Institute of Spain
(https://info.igme.es/BDMOVES) based on numerous studies on slope movements [4,17,19,21–23,36,39],.

Sa Calobra is one of the most visited natural places in Mallorca that can only be reached in two ways, either by a very narrow ser-
pentine 12.5 km long road, with set shifts for getting on and off, or by boat. During the summer, an average of 50 tourist buses a day
reach Sa Calobra and it is also one of the most popular cycling routes in Europe. Recently, the small touristic place of Sa Calobra was
affected by rockfalls during a rainy event in November 2019 (b) and the access road has been closed on numerous occasions due to
this type of process (figure A1).

https://info.igme.es/BDMOVES
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Fig. A1. a) Gorg Blau rockfall (Tramuntana range) occurred at the end of 2008 after heavy rains and low temperatures. The main road of the region (Ma-10) was
blocked during almost 3.5 months. b- Rockfalls at Sa Calobra during the rainy event in 2019.

A1.3. Es Cubells (Ibiza)
The coast of Ibiza is characterized by a large number of small coves and pocket beaches, impended by cliffs carved in relatively

weak rocks such as calcarenites and marls. Due to its structural, geomorphological and lithological characteristics these cliffs are sub-
jected to widespread occurrence of landslides and rockfalls which represent a major threat to the safety of tourists during the long
touristic season of the island (April to November). This threat has increased in the last decades, as the island of Ibiza has become one
of the major tourist destinations in Europe.

In August 2017, a heavy rainfall episode took place in Es Cubells, Ibiza (b). This rainfall event (>40 mm in 1 h) caused extensive
damage to the access road to coastal housing estates, impacts of rock blocks on homes and vehicles (figure A2) and people had to be
evacuated by sea.

Fig. A2. Es Cubells (Ibiza), damages caused by the heavy rainfall event in August 2017. ©Emergency Service from the Balearic Islands.

Appendix 2. Geohazards in the legal framework of the Balearic Islands
The Balearic Islands are composed of 4 main islands, Mallorca, Menorca, Ibiza and Formentera. They represent one of the 17 Span-

ish autonomous communities. Spain is a highly decentralized unitary state, thus, land-use and civil protection planning in Spain de-
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pend on decentralized public authorities and a transfer of powers to the autonomous communities. Town councils are in charge of ur-
ban planning but the final acceptance of the areas subject to urban development depends on the autonomous community decision. As
developed by Ref. [27]; geohazards are contemplated in the Spanish legislation in two well-defined areas: (1) the Land and Urban Re-
habilitation bill and (2) the Basic Civil Protection regulation.

The Land and Urban Rehabilitation bill, approved in 2015, includes the requirement to draw up natural-risk maps within the am-
bit of land-use planning. Two articles are of major importance considering natural hazards: Article 21 “non-developable lands are
considered to be those with natural or technological risks, including flood or other serious accidents” and article 22.1 “the environ-
mental sustainability reports of urban development planning have to include a map of natural risks in the area to be managed”. Based
on this regulation, geohazard maps are incorporated in environmental studies of the territory and the corresponding autonomous
communities are responsible for their approval, but no mandatory guidelines are imposed. As a result, maps are elaborated in most
cases by architects in urban areas, or by environmental experts in no urban areas. It leads to a large heterogeneity of mapping scales,
methods and contents as well as a great confusion of concepts regarding susceptibility, vulnerability, hazard and risk, and thus a large
heterogeneity in approaches to geohazard mapping [27]. A methodological guideline to draw up risk maps of the natural hazards, in-
cluding floods, landslides, land subsidence, expansive clays and others, was elaborated in 2008 by the Spanish Professional Associa-
tion of Geologists (ICOG), but this guide is still not mandatory.

With regard to Spanish Civil Protection, the reference text is Law 17/2015, of July 9, 2015, about Civil Protection National Sys-
tem. Art. 5 outlines the right to protection in the event of a disaster. It describes the Civil Protection System, rights and duties of the
people and administrations; Art.14 precises that every administration with responsibilities in Civil Protection has to prepare and ap-
prove plans to be used in case of a disaster in order to organize the response, coordinate the administrations and mobilize the different
human and material resources.

The Basic Civil Protection (BCP) regulation establishes the drafting of territorial emergency plans for each autonomous commu-
nity. In addition to these territorial plans, the BCP regulation establish the possibility of producing special plans focusing on particu-
larly significant hazards in each autonomous community [27]. These special plans are of great importance as they involve in-depth
knowledge and characterization of geohazards prior to the operational structure in case of an emergency. They are based on thorough
scientific research, applying proper methodologies to study hazard and vulnerability. Results are used for spatial zoning of risk, usu-
ally at a reconnaissance scale. Although territorial plans have been approved by all the autonomous communities, special plans are
emerging more slowly and gradually. Most of the regions have already approved special plans for flooding and seismic hazard. The
Canary Islands have implemented the Special Plan for Volcanic Hazards (PEVOLCA), activated during the El Hierro eruption in 2011
and the Cumbre Vieja eruption in 2021. Again, there is a great heterogeneity in the geohazard maps elaborated for special plans, with
no common methodology and a huge confusion of concepts regarding susceptibility, hazard, vulnerability and risk.

In the case of landslides, few regions include special plans for this type of risk. In the case of the Balearic Islands, after the terrible
flash flood of Sant Llorenç des Cardassar in Mallorca in October 2018, which caused 13 fatalities [24]; a new special plan for flooding
was adopted in 2022 (INUNBAL) which includes landslide and rockfall risk related to extreme meteorological events.

In parallel, many national and regional Spanish research centers have prepared documents and maps related to geohazards and
keep an extensive collection of literature on this topic. Nevertheless, much of this information is unknown to the land-use/urban/civil
protection as well as civil protection managers. One of the objectives of the emergency management exercise in the Balearic Islands
was to diffuse such type of knowledge to the civil protection and emergency teams.

Appendix 3. on-line survey for the cold feedback
Page 1: Identification

1. Last Name
2. First Name
3. Entity Represented
4. E-mail address
5. What exercise did you take part in? (There is only one possible answer. If you have taken part in both exercises, please complete

the questionnaire separately for each.)
Exercise in Mallorca, Spain, April 2022
Exercise in Bidart (France), May 2022

6. What was your role during the exercise?
TAC player: I was able to play my own role in the Technical Committee
PMA Player: I was able to play my own role in the Forward Command Post
TAC Observer: I was able to observe the work of the Technical Committee
PMA observer: I was able to observe the work of the Forward Command Post
Facilitator: I contributed to the facilitation of the exercise
Other
Page 2:

7. On a score of 1 (very unsatisfactory) to 5 (very satisfactory), what is your level of satisfaction with participating in the exercise?
8. What would you say were the highlights of this exercise?
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9. What do you think were the weak points of this exercise?
Page 3:

10. Cell Composition

Highly unsatisfactory Rather unsatisfactory Somewhat satisfying Very satisfying No opinion

TAC
PMA

11. What is your feedback on the composition of the TAC?
Observations, suggestions for improvements, etc.

12. What is your feedback on the composition of the PMA (Forward Command Post)?
Observations, suggestions for improvements, etc.

13. Functioning of the TAC

Highly unsatisfactory Rather unsatisfactory Somewhat satisfying Very satisfying No opinion

Piloting/management of the cell
Organization of situation updates
Taking into account information from experts
Exchange of information with the TAC

14. Functioning of the PMA

Highly unsatisfactory Rather unsatisfactory Somewhat satisfying Very satisfying No opinion

Piloting/management of the cell
Organization of situation updates
Exchange of information with the TAC
Taking into account information from experts

15. What is your feedback on how the TAC works?
Actions taken by the departments involved, observations, proposals for improvements, etc.

16. What is your feedback on the functioning of the PMA?
Actions taken by the departments involved, observations, proposals for improvements, etc.

17. Do you have any other feedback to share regarding TAC or PMA?
Actions taken by the departments involved, observations, proposals for improvements, etc.
Page 4:

18. Have you been able to consult the maps with travel statistics in the territory of Ibiza?
Yes/No if yes questions 19, 20 appear.

19. On a scale of 1 (not at all) to 5 (absolutely), how do you rate the usefulness of this information of travel statistics on the
territory of Ibiza?

20. Can you elaborate on how this information was used?
Page 5:

21. Have you been able to consult the maps of the trajectories of the falls on the territory of Mallorca?
Yes/No if yes questions 22, 23 appear.

22. On a scale of 1 (not at all) to 5 (absolutely), how do you assess the usefulness of these maps of the trajectories of falls on the
territory of Mallorca?

23. Can you elaborate on how these maps were used?
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Page 6:
24. Do you think it would be useful to integrate the new tolls developed into the accessible TAC database?
Yes
No
No notice
Page 7:

25. Did you have an animation function during the exercise?
Yes/No if yes question 26 appears.

26. Do you have any feedback to share about your role as a facilitator, or any interactions you have had with the players?
Organisational difficulties, players' understanding of the exercise agreements, actions taken by the departments involved, observa-

tions, proposals for improvements, etc.
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