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Floods

500 years Return Period
No. Buildings

Wildfires

Mass 
movements

Total forest area

ARPSI

Climate

Droughts
Heat waves

Cold waves
Urban Heat Island

16,636 ha (8%)

Impacted surfaces 21st century

Total flooding area

220,786 ha (44.3%)

19,014 ha (3.8%) 2,850 ha (0.5%)

Wildfires Destructive storms

9,523 ha (4%)

91,085 (16%)

High wildfire risk

Area Buildings

412

Municipalities

16

Population Main road (Ma-10)

7,200 vehicles/day

206,640 ha (41%) 96,900 (17%)

No. events 21st centuryArea

61,961 ha 
(10.8 %) 

135,000
(11.4 %) 

Palma-Marratxí
Inhabitants

165,000 (35.6%)



Geographic characteristics and general anthropic 
interactions



The surface hydrology of the Balearic Islands (4,992 km2) is mainly composed of small catchments (i.e., <50 km2) where the absence of precipitation 

in summer, the calcareous substrate and the overexploitation of groundwater resources generate ephemeral or intermittent flow regimes. 



Litologia (%) Mallorca Menorca Eivissa Formentera

Quaternari 35 1 29 83

Miocè superior (Tortonià-Messinià) 21 52 0 17

Miocè Inferior - Mitjà (Aquitanià - Burdigalià) 7 0 25 0

Oligocè 4 0 0 0

Juràssic Mitjà 9 0 16 0

Triàssic (Keuper) 23 11 25 0

Triàssic Inferior - Mitjà (Buntsandstein) 2 18 5 0

Carbonífer 0 17 0 0





Increasing rainfall erosivity 

Positive trend

As no detailed data for the catchment was available for the long term, the nearest station with daily data was used to explore long-term rainfall erosivity patterns, 
using the F Arnoldus as an approach to R-factor of the RUSLE equation.
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January 0 55 40 82 210 49 5 8 32 30 185 47 167 52 43 0 23 36 39 174 64 10 39 84 75 0 21 20 36 85 83 111 49 50 58 67 19 22 144 13 33 100 223 104 29 84 47 102 16 210 45 52 76 97 16

February 69 12 12 14 21 22 181 10 106 6 22 76 26 55 56 27 117 9 81 219 0 11 0 98 11 43 34 20 36 15 38 42 15 76 17 83 67 43 97 59 15 34 75 43 97 42 21 163 119 59 133 0 0 12 1

March 11 44 55 76 26 101 203 141 17 0 58 157 32 1 57 96 89 106 30 37 27 41 29 72 27 13 4 4 13 37 5 9 5 7 85 12 54 19 50 86 48 55 71 71 32 50 21 110 36 48 107 13 20 82 71

April 68 127 20 54 113 8 120 49 29 67 119 35 105 215 40 0 20 12 73 8 111 45 94 6 30 30 6 48 25 28 12 12 16 135 42 48 0 4 140 5 70 34 22 61 105 72 1 94 11 67 47 180 19 34

May 41 17 38 4 42 8 1 37 69 63 66 2 61 10 5 0 101 50 13 86 22 8 74 58 22 3 3 24 6 22 15 7 32 89 56 83 7 8 14 324 34 202 9 12 4 16 13 11 4 37 17 11 79 64

June 15 17 6 0 50 130 0 75 98 17 6 1 12 11 0 0 6 0 2 59 0 0 0 40 0 5 21 57 58 0 1 16 0 34 1 14 0 3 0 13 3 16 25 2 1 16 11 8 152 32 0 38 11 4

July 2 7 0 0 19 40 1 0 19 18 16 0 14 0 0 0 0 70 15 0 0 2 0 0 0 1 1 0 1 0 15 4 19 1 0 9 3 0 2 3 0 3 16 0 0 0 0 0 3 0 4 0 11 0

August 45 74 8 0 77 62 27 70 1 62 1 3 0 24 23 28 0 0 0 0 59 14 72 0 2 18 9 52 22 18 2 3 3 130 0 9 12 71 92 4 5 1 2 42 75 40 30 2 17 53 26 16 17 3

September 19 18 0 212 217 41 14 63 102 54 1 213 11 27 32 5 32 20 49 16 271 93 2 66 7 106 114 73 123 59 5 99 89 87 23 75 4 121 168 61 22 303 69 51 34 33 52 140 72 46 58 87 123 59 45

October 6 115 71 47 74 85 122 49 157 90 232 247 24 16 110 0 11 75 136 32 26 8 114 59 127 103 212 11 87 62 77 30 76 10 70 128 53 32 32 181 177 37 160 51 119 64 16 30 59 35 247 128 29 97 8

November 81 70 17 156 51 0 60 67 7 67 97 40 145 3 114 55 84 193 62 85 40 96 155 32 61 71 67 79 56 126 118 106 15 323 147 65 123 99 3 76 145 34 41 321 164 194 139 35 84 67 71 107 374 73

December 148 80 90 84 246 162 1 106 48 38 25 140 272 20 53 68 47 97 80 80 25 39 17 45 60 21 63 50 159 91 80 58 40 134 56 76 267 51 266 19 319 149 7 5 83 121 0 285 62 68 55 48 22









Petrus JM, Ruiz M, Estrany J. Interactions between geomorphology and urban evolution since neolithic 
times in a mediterranean city. In Urban Geomorphology 2018 Jan 1 (pp. 9-35). Elsevier.

Exponential increase in flood 
zones due to urban expansion

Year Flood zones (ha)
1956 7
1973 23
1995 179
2000 195
2012 292



Natural Risks and Emergencies Observatory of the Balearic Islands                                         
-RiscBal 



THE INTEREST FROM 
STAKEHOLDERS

Flash flood events in the last 175 years

Date Affected catchments Intensity

15.09.1850 Whole catchments ****

13.11.1880 8 Portopetra ?

06.11.1891 7 Cala Marçal, 8 Portopetra, 9 Fonts de n’Alis, 10 s’Amarador ****

13.07.1893 2 Estany d’en Xinet ****

?.10.1920 7 Cala Marçal ?

05.10.1932 Whole catchments ****

01.11.1943 1 Canyamel, 3 Riuet de s’Illot ***

07.11.1952 8 Portopetra **

04.10.1957 10 s’Amarador ***

30.09.1959 2 Estany d’en Xinet, 3 Riuet de s’Illot, Riuet des Port de Manacor ****

12.10.1973 3 Riuet de s’Illot **

04.09.1982 3 Riuet de s’Illot *

25.08.1983 Riuet des Port de Manacor **

31.08.1989 4 Estany den Mas **

06.09.1989 Whole catchments ****

10.11.1990 1 Canyamel, 2 Estany d’en Xinet ***

10.11.1990 8 Portopetra **

12.10.1994 Riuet des Port de Manacor, 4 Estany den Mas, 5 Cala Magraner ***

11.11.2001 8 Portopetra **

22.11.2007 3 Riuet de s’Illot **

28.09.2008 5 Cala Magraner *

Estrany J, Grimalt M. 2014. Catchment controls and human disturbances on the geomorphology of small Mediterranean estuarine systems. 
Estuarine, Coastal and Shelf Science 150: 230-41.



Estrany J, Ruiz-Pérez M, Mutzner R, Fortesa J, Nácher-Rodríguez B, Tomàs-Burguera M, García-Comendador J , Peña X, Calvo-Cases A, Vallés-Morán FJ. 2020. Hydrogeomorphological analysis and modelling for a 
comprehensive understanding of flash-flood damage processes: the 9 October 2018 event in northeastern Mallorca. 
Natural Hazards and Earth System Sciences 20(8):2195-220.

Severe flash flood event on 9th October THE INTEREST FROM 
STAKEHOLDERS



Estrany J, Ruiz-Pérez M, Mutzner R, Fortesa J, Nácher-Rodríguez B, Tomàs-Burguera M, García-Comendador J , Peña X, Calvo-Cases A, Vallés-Morán FJ. 2020. Hydrogeomorphological analysis and modelling for a 
comprehensive understanding of flash-flood damage processes: the 9 October 2018 event in northeastern Mallorca. 
Natural Hazards and Earth System Sciences 20(8):2195-220.

Population impacts
• Casualties: 13 persons

• Rescues: 342 persons

• Disappeared: 0

• Slightly injured: 4

Damaged infrastructures
• 4 main roads were closed

• 22 roads with serious damage

• 8 bridges with serious structural damage

Damaged buildings and vehicles
• > 1,000 affected buildings

• 3 demolitions

• 426 damaged

• 7,000 tonnes of removed debris

Severe flash flood event on 9th October THE INTEREST FROM 
STAKEHOLDERS



Estrany J, Ruiz-Pérez M, Mutzner R, Fortesa J, Nácher-Rodríguez B, Tomàs-Burguera M, García-Comendador J, Peña X, Calvo-Cases A, Vallés-Morán FJ. 2020. Hydrogeomorphological analysis and 
modelling for a comprehensive understanding of flash-flood damage processes: the 9 October 2018 event in northeastern Mallorca. 
Natural Hazards and Earth System Sciences 20(8):2195-220.

Severe flash flood event on 9th October THE INTEREST FROM 
STAKEHOLDERS
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Estimation of the Economic Benefits of RiscBal-UIB's Involvement in Early Warning Systems

Direct Scientific Transfer
 RiscBal-UIB acts as a bridge between research and emergency management, providing useful knowledge to public 

administrations.
European Competitive Funding
 Participation in programs like Horizon Europe allows covering up to 100% of project budgets, reducing costs for 

public institutions.
Annual Investment in R&D&I
 38% allocated to staff and 62% sourced from competitive projects.
Application of Advanced Technologies
 Deployment of monitoring networks and real-time simulations, with an estimated 30% reduction in operational 

costs.
High Economic and Social Return

Initial investment: €3–5M
Direct savings over 10 years: €30–50M
Indirect impact: €15–20M (innovation, safe tourism, employment)
Estimated return: €5–10 for every €1 invested

Impact in the Balearic Islands
 UIB can generate a return of up to €45M over a decade thanks to its leadership in early warning systems and risk 

management.
Contribution to Territorial Resilience
 RiscBal drives sustainable and adaptive development in the face of global change challenges through applied 

research and institutional collaboration.



Five-years 

budget 2023-2028

1.7 million € total budget

0.5 million € for 
monitoring, labwork and 

diffusion

Meteorological stations

Hydrometric stations

UAV flights

Telecommunications for 
stations

Lab equipment & analysis

Diffusion activities



COMPETITIVE PROJECTS BETWEEN 2021-2026: 1.180.000 €
C2IMPRESS. New integrated multi-hazard and resilient assessment framework focusing on "places and people". 520.000 €

INFLOODMED. Integrated flood risk management in small Mediterranean basins: monitoring and development of protocols for 
building resilient territories. 180.000 €

VULNERISLAND. Physical vulnerability due to exposure to natural hazards of various territorial components: population, critical 
infrastructure, buildings, land use, ecosystems and tourism activity, as well as social vulnerability and its components. 75.000 €

MEDHYCON-3. Ecogeomorphological modelling in Mediterranean basins: Multi-scale connectivity thresholds for assessing soil 
degradation. 105.000 €

TRINB. Mobile app for identifying vulnerabilities in tourist establishments. 300.000 €

C2IMPRESS

European 
Project

INFLOODMED 

Spanish Project

VULNER-
ISLAND

Spanish Project

MEDhyCON-3 

Spanish Project

TRINB 

Balearic Project



Science to 
management

Internet of 
ThingsOpen-source



RiscBal – Analysis

RiscBal – Control

RiscBal – Warnings

INTEGRAL 
MANAGEMENT 

OF RISK



RiscBal 
App / Warnings

RiscBal 
Control

Continuous flow of information in RiscBal → systematic in obtaining, processing and disseminating data

Data 
acquisition

RiscBal

Others

RiscBal 
Analysis

Data processing 

and treatment
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Monitoring environmental network for data collection useful in natural risk 

management

Dynamic data

- Stations on real time

- Remote sensing and modelling

Semi-static data

- Geographic information at different spatial scales

RiscBal – Control



RiscBal – Control

95 RiscBal-Control stations

Num. Types Freq.

58 Hydrometric 5 min

37 Meteorologic 10 min



RiscBal – Control

Hydrometric station

RiscBal-Control: dynamic data from stations



RiscBal – Control

328 stations 

Num Network Freq.

37 RiscBal 10 min

43 AEMET 60 min

68 BalearsMeteo 10 min

122 Wunderground 10 min

58 hydrometric

270 meteorological

RiscBal-Control: dynamic data from stations



Information on environmental variables with high spatial and temporal resolution.

RiscBal -Control: dynamic remote sensing and modelling data

Input data

Sources

RiscBal – Data

API

Integration



RiscBal Analysis



Spatial and statistical computing and analysis: flood risk

At 15 hydrometric stations, the water stage goes from zero to 30% of the channel's capacity in 5 minutes.

Real-time data 2022 to 2024

RiscBal-Anàlisi



Forecasting Index

Flow forecasting through hydrological 
simulation

Flow simulation in 20 basins every 10 
minutes in the RiscBal internal viewer

Developing hydrological simulation 
projects in 17 more basins.

Incorporation August 2025

Design and implementation of Early Warning Systems

Flood warning protocol based on INUNBAL

RiscBal-Analysis: dynamic data and modelling



RiscBal Warnings and 
visualization platforms



Visualization Platforms
Daily Reports

Data Viewer

Risk Viewer
RiscBal-App

Data and indicators queries
Real-time

Daily and monthly data

EWS with real-time data
(observation and simulation)

Tourist Establishments Viewer (TRINB)



Daily Reports

Publication of daily and monthly summaries of 
the data collected by RiscBal-Control

+ 17 hydrometeorological variables and 
indicators

Historical since October 1, 2023

Coming soon: Seasonal and annual 
summaries



Data Viewer Visor de consulta de datos en tiempo real y últimos días de RiscBal-
Dades

RiscBal-Control & AEMET

Relevant variables and indicators from 
RiscBal-Data

Multiple query modes (maximums, 
minimums, and averages)

Dynamic maps and data tables

Check the latest data received

Visualization of data from the last week

Download generated graphics



Risk Viewer – RiscBal App



Risk Viewer – RiscBal App > Main Page

Etiquetes amb l'avís més altSelector de mapesLlegenda amb llindars INUNBALData type selection



Risk Viewer – RiscBal App > Navigation



Risk Viewer – RiscBal App > Catchment scale



Risk Viewer – RiscBal App > Station scale (hydrometric)



Risk Viewer – RiscBal App > Station scale (meteorological)



Risk Viewer – RiscBal App > Estimation products

Rainfall estimation

17/10/2024 Runoff estimation

03/09/2024



Activation of risk elements: bridges



Activation of risk elements: fords



Activation of risk elements: fords



The use of the RiscBal platform during real-life events

15th August 2024



Valorization of the use of RiscBal-Warnings, the data generated and the scientific-technical transfer process

Use of RiscBal-App and RiscBal-Warning during flood events





Telecommunications deficiencies and the 
preliminary implementation of hydrological 
modelling influenced the response time.

To address these challenges, RiscBal is 
implementing redundant systems and internal 
control metrics in the RiscBal-Control network.

Improved data resolution and the integration of 
machine learning into hydrological modelling will 
also increase adaptability and efficiency.

The use of the RiscBal platform during real-life events



Valorization of the use of RiscBal-Warnings, the data generated and 
the scientific-technical transfer process



Valorization of the use of RiscBal-Warnings, the data generated and the scientific-technical transfer process

Gasc-Barbier, M., Mateos, R. M., Iasio, C., Chanal, A., Villatte, A., Bernardie, S., ... & Monserrat, O. (2024). Crisis exercise in the framework of coastal geohazards: Experience in the Balearic islands (Spain). International 
Journal of Disaster Risk Reduction, 102, 104270. https://doi.org/10.1016/j.ijdrr.2024.104270 

Actors in emergency management

Royal Decree 524/2023, of 
June 20, approving the Basic 
Standard of Civil Protection

• Definition of information and alert 
systems

• Coordination and efficiency
•  Catalogue of risks

https://doi.org/10.1016/j.ijdrr.2024.104270


Open-data

Valorization of the use of RiscBal-Warnings, the data generated and the scientific-technical transfer process



Valorization of the use of RiscBal-Warnings, the data generated and the scientific-technical transfer process

Issues generated from October 2022 



Valorization of the use of RiscBal-Warnings, the data generated and the scientific-technical transfer process



Future, as close as possible



- De avisos centrados en estaciones a avisos centrados en elementos y personas vulnerables

Diseño y puesta en funcionamiento de Sistemas de Alerta Temprana



- Warning by longitudinal sections - Specific warnings on public facilities

- Most vulnerable population

Design and implementation of Early Warning Systems



Flood zone under 500 yr return period (beta version)



Activation of vulnerable elements (beta version)



Risk of pedestrian entrainment in Sa Pobla, calculated based on water depth 
and velocity for a 500-year return period (beta version)



Activation of vulnerable elements (beta version)



Risk Viewer– RiscBal App > Future

App multi-risks

Wildfires

Mass movements

Climatic

Real-time data

Remote-sensing data

Simulations data

Activation of vulnerable elements in risk zones at the cadastre 
plot scale



Thank you for your attention 
Team, more than a word, it's a commitment

Email: joan.estrany@uib.cat
Website: riscbal.uib.eu
X: @ jjestrany ; @ RiscBal

PhD students
Jaume Company, Ecogeomorphology
Francesc Cuello, Surface hydrology

Alexandre Moragues, GIS & natural risks

Scientific staff
Joan Estrany, Director - CU UIB
Maurici Ruiz, Assistant Director, TU UIB

Julián García- Comendador, Assistant Director – 
PTL UIB
Josep Fortesa, RiscBal  Coordinator

Miquel Tomàs-Burguera, Climatologist RiscBal

Miquel Mir-Gual, Geomorphologist RiscBal

Alicia Azpeleta, CAIB postdoc

Technical staff
Jordi Cloquell, Robotics and automation
Miquel Llompart, Field technician

Pau Morell, GIS

Jaume Ordinas, Multiplatform 

Bartomeu Ramis, Computer Engineering

Margalida Ribas, GIS

Martín Rizzo, Databases

Joan Vilella, Computer Engineering
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