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Outline:

• Wildfires – a global phenomenon

• Wildfires and climate change

• What can we do about it?

• Wildfire danger – early warning for ALL

• Wildfire monitoring: Long-term trend analysis vs Near-Real time

• Early warning + Monitoring: Wildfire decision support systems

• Wildfire risk assessment
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Wildfires: a global issue

• Humans have co-existed with wildfire since ancient times

• Wildfires are intrinsic to ecosystem dynamics and a tool in agricultural practices

However:

• Fires burn approximately 400 Million ha of land every year

• Fires emissions contribute, globally, to about 20% of greenhouse gas emissions

• The natural dynamics of wildfires has been changed by fire exclusion policies

• Wildfires are the cause of environmental degradation, leading to desertification is some regions of the world

• Wildfires are the cause of increasing losses of human lives and economic damages, mainly in the wildland 

urban interface (WUI)
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Nearly all the above were unprecedented events!  

The intensity and impact of critical wildfires is increasing in Europe, and globally

A regional/global strategy is needed to minimize the impact of wildfires! 

Recent episodes in which Climate Change is identified as the cause of recent critical fires such as:

Alaska & Indonesia (2015), 

Canada, California (2016), 

Chile, Canada, Australia, South Africa, California, Europe (2017), 

California & Europe (2018), 

Amazon, Central Africa, Artic circle (2019), 

Australia, California, west coast (USA), Amazon, Artic Circle (2020), 

Europe 2021, 2022, 2023, …

Canada 2023

South America 2024
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Recent studies on wildfire danger and climate change in Europe

About 85% of the variability of burnt area in the EU Mediterranean region is explained by fire danger
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WHAT CAN WE DO ABOUT IT?
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WILDFIRE EARLY WARNING
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Fire Danger = Early warning 

• Fire danger is a quantification of the potential for ignition, spread and intensity

• Fire danger rating identifies areas in which fires can ignite, propagate and reach high intensity

• Fire danger is key to prevention, preparedness and fire management

• It is used as a surrogate of fire intensity and difficulty in firefighting and wildfire control

• Fire early warning refers to the prediction of forthcoming fire danger conditions

• High correlation with total burnt area and wildfire size!

Computation and provision of fire danger

• Essential to alert fire services and population on imminent danger of wildfires

• Must be available and accessible to everyone

• UNDRR and WMO Early Warning for All (EW4ALL) initiative

• Must be harmonized/standardized for international collaboration/cross-border events
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Fire danger exchange 1998… => the need for harmonizationEFFIS



Group of Experts on Forest Fires (GEFF) established in 1998 – 43 countries and

European Forest Fire Information System (EFFIS) established in 2000

EU Countries

North Africa & 

Middle East 

European non-EU countriesFire

Detection
Danger 

Forecast

Burnt 

Area

Maps

Potential

Soil

Erosion Estimates

Vegetation

Regeneration

Forest fire events

CORINE
Code

CORINE Class Non-Burned
Area (ha)

Burned
Area (ha)

% Burned

112 DISCONTINUOUS URBAN FABRIC 109878 42 0.0%

211 NON-IRRIGATED ARABLE LAND 1194065 6990 0.6%

212 PERMANENTLY IRRIGATED LAND 682939 403 0.1%

221 VINEYARDS 134274 2843 2.1%

222 FRUIT TREES AND BERRY
PLANTATIONS

123157 1398 1.1%

223 OLIVE GROVES 518360 2421 0.5%

241 ANNUAL CROPS ASSOCIATED WITH
PERMANENT CROPS

16563 10 0.1%

242 COMPLEX CULTIVATION PATTERNS 1007677 5040 0.5%

243 LAND PRINCIPALLY OCCUPIED BY
AGRICULTURE, WITH SIGNIFICANT
AREAS OF NATURAL VEGETATION

773877 11269 1.4%

244 AGRO-FORESTRY AREAS 164627 2314 1.4%

311 BROAD-LEAVED FOREST 840208 1006 0.1%

312 CONIFEROUS FOREST 526430 3812 0.7%

313 MIXED FOREST 573425 3930 0.7%

321 NATURAL GRASSLAND 1247403 6448 0.5%

322 MOORS AND HEATHLAND 260835 1628 0.6%

323 SCLEROPHYLLOUS VEGETATION 2070419 25793 1.2%

324 TRANSITIONAL WOODLAND-SHRUB 1044180 5266 0.5%

331 BEACHES, DUNES, AND SAND PLAINS 31072 68 0.2%

332 BARE ROCK 22903 59 0.3%

333 SPARSELY VEGETATED AREAS 249691 437 0.2%

334 BURNT AREAS 19081 2102 9.9%

UNCLASSIFIED FOREST SURFACES 1371987 17445 1.3%

TOTAL 12983050 100724 0.8%

Landcover

Damage

Assessment

Emissions 

Assessment

EFFIS DB

https://forest-fire.emergency.copernicus.eu/apps/data.request.form/


Emergency
Management

Emergency

Management

Copernicus EMS Early Warning & Monitoring – Wildfires 

European Forest Fire Information System (EFFIS)

EFFIS provides early warning of fire danger, complementing 
information from national systems.

EFFIS' compatibility with national systems makes it flexible and 
adaptable to specific needs and methodologies.. 

EFFIS is the source of information for EU wildfire services in ECHO, 
ENV, AGRI, CLIMA, REGIO, REFORM, etc.

https://effis.jrc.ec.europa.eu/

https://effis.jrc.ec.europa.eu/
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Fire Weather Anomalies –May 2024

Seasonal Fire Weather Index (FWI) anomaly 
May 2024

Long-term fire weather and fire danger assessment
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Fire Danger Rating



GWIS applications – fire danger forecast



https://gwis.jrc.ec.europa.eu/apps/country.profile/

Global Wildfire Information System (GWIS)
Long-term fire weather anomalies

https://gwis.jrc.ec.europa.eu/apps/country.profile/
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Limitations on:

• The prediction of fire ignition probability

• The early warning of critical wildfire is essential, note that they occur under extreme wildfire danger…

• Compatibility among regions/countries

• Accessibility to sources (mobile platforms used 60% in the access to EFFIS).

• Calibration to local regional conditions, fuel condition, etc. not an index for all!

• Long-term fire weather anomalies & long-term fire danger assessment
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WILDFIRE MONITORING

HISTORICAL TRENDS ANALYIS vs REAL-TIME
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WILDFIRE MONITORING

HISTORICAL TRENDS ANALYIS

Wildfire science is at a loss for comprehensive data

An international monitoring initiative is crucial for 
understanding wildfires and reducing their damage

Nature (Bowman, July 2018)

https://www.nature.com/articles/d41586-018-05840-4
https://www.nature.com/articles/d41586-018-05840-4


https://gwis.jrc.ec.europa.eu/apps/country.profile/

Burnt area 

distribution/frequency

Burnt areas, 

number of fires, 

land cover damage, 

fire size, 

fire seasonality

Global Wildfire Information System (GWIS)
Country& state Profile (23 years stats)

Emission of fire pollutants

https://gwis.jrc.ec.europa.eu/apps/country.profile/


GWIS Country Profiles (launched in 2021)

GWIS – Country Profiles:

Burnt area extent 
Fire frequency 
Seasonality
Landcover damage
Damage to protected areas
Etc…
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Long-term wildfire monitoring for Country Profiles:

• Wildfire statistics are key to success in wildfire mitigation and planning

• Seasonality of fires, fire size, landcover damage, etc.

• Long time series limited by reduction on field data collection

• Long time series limited by remote sensing data availability and suitability (only 

trends are reliable)
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WILDFIRE MONITORING

NEAR-REAL TIME MONITORING
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NRT Fire Monitoring:

• Why is it needed? Info to firefighters, to policy makers, to citizens, general public

• Fire monitoring in Europe and other multi-state countries and regions

• Recent enhancement of remote sensing and computer power allows:

• NTR monitoring at 20 m, since 2018, in Europe

• NRT monitoring at 500 m, since 2020 globally.

• Impact on research, media, etc. given the data availability (graphs of GWIS access, globally)

• Limitation in the data availability for real time: cloud cover, spatial resolution, classification algorithms 

(even AI), etc. 



Emergency
Management

Emergency

Management

Copernicus EMS Early Warning & Monitoring – Wildfires 

European Forest Fire Information System (EFFIS)

EFFIS real-time information on fires at 20 m spatial resolution, 
complementing information from national systems.

EFFIS' compatibility with national systems makes it flexible and 
adaptable to specific needs and methodologies.. 

EFFIS is the source of information for EU wildfire services in ECHO, 
ENV, AGRI, CLIMA, REGIO, REFORM, etc.

https://effis.jrc.ec.europa.eu/

https://effis.jrc.ec.europa.eu/


GWIS applications – active fire and burnt area mapping



Global Wildfire Information System (GWIS)
Current Situation Viewer

https://gwis.jrc.ec.europa.eu/apps/gwis_current_situation/index.html

Active fires 
x 8 times /day

Extent of 
burnt areas

x 8 times/day

https://gwis.jrc.ec.europa.eu/apps/gwis_current_situation/index.html


Global Wildfire Information System (GWIS)
Current Situation Viewer (fires in California)

https://gwis.jrc.ec.europa.eu/apps/gwis_current_situation/index.html

Fire danger 
Forecast x 9 days

Active fires 
x 8 times /day

Extent of 
burnt areas

x 8 times/day

Burnt area
x 8 times /day

https://gwis.jrc.ec.europa.eu/apps/gwis_current_situation/index.html


Current trends of fire danger - Brazil



Current trends of number of fires - Brazil



Current trends of burnt areas - Brazil



Current trends of wildfire emissions - Brazil



https://gwis.jrc.ec.europa.eu/apps/gwis.statistics/seasonaltrend

Burnt areas

CO2 emissions

Global Wildfire Information System (GWIS)
Statistics portal

Number of fires

Fire danger

Real-time country report on wildfire trends

https://gwis.jrc.ec.europa.eu/apps/gwis.statistics/seasonaltrend
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NRT and long-term monitoring  are converging, although not used for the same purpose:

• (1) support to firefighting, severity assessment, restoration

• (2) mitigation, adaptation, land management for wildfire prevention
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EARLY WARNING + MONITORING  DECISION SUPPORT SYSTEMS

Wildfire modeling, specially in the WUI, becomes essential
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EFFIS Decision Support System

Images from the European Forest Fire Information System (EFFIS) Decision Support System for Europe 



Collaboration between DG JRC, DG CNECT (AI Office) and DG ECHO on AI 
based tools for wildfire management

• In the frame of the US & EU collaboration on AI for Public Good*

• Within the EU AI Office activities on AI for Public Good

• Overall development of a multi-hazard management system, 2024-2026

• Focus on a Global Wildfire Decision Support System, based on JRC’s Global Wildfire 
Information System (GWIS) 

• AI tools used on active fire detection, wildfire behavior modelling, firefighting deployment 
and response and wildfire impact assessment 

* Administrative Arrangement on the use of AI for Public Good signed in January 2023 between DG CONNECT and US Department of State, 

Images from the European Forest Fire Information System (EFFIS) 
Decision Support System for Europe, 

https://digital-strategy.ec.europa.eu/en/news/european-union-and-united-states-america-strengthen-cooperation-research-artificial-intelligence


Global Wildfire DSS - development and testing

Global Regional

National

EFFIS DSS

Inciweb

National

• Supports and is supported by regional and national systems

• Provides an open DSS for regions/countries that lack it

• Provides, through an open platform, technical advise by wildfire analysts

• Provides a testbed for AI software development and testing

• Provides a global overview of critical wildfires and international collaboration 



Overall scheme - Global Wildfire Decision Support System
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Limitations of wildfire Decision Support Systems:

• Availability of fuel models, difficult to obtain and update

• Prediction of fire behavior, as regards fire spread, including the WUI

• The prediction of fire intensity and extreme wildfire behavior, e.g. critical fires such as 

those in Chile, USA, Portugal, Greece, etc. 
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WILDFIRE RISK ASSESSMENT
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ffff

• MODIS thermal anomalies (2003-2020)

• EFFIS burned area (2003-2020)

• Corine Land Cover (4 years)

• FWI index and sub-indexes; components such 

as ISI, BUI.

• Fuel types/Corine classes ranking

• MERIT DEM (~90m)

• Wildland-urban interface-WUI

• IRR, WDPA

• Restoration cost

• GHSL

• MODIS NDVI

PAN-EUROPEAN WILDFIRE RISK ASSESSMENT
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https://forest-fire.emergency.copernicus.eu/apps/fire.risk.viewer/



SUMMARY:

• Fair advance on fire danger assessment, with limitations on early warning for the prediction of 

fire probability and extreme fires

• Fair advance of long-term fire monitoring, with limitations on global data accuracy

• Good advance of near-real time monitoring, with increase number of satellite sensor availability

• Some advance on wildfire decision support systems, with limitations on wildfire behavior, due to 

non-availability of fuels models and fire behavior models trained on them.

• Advances on wildfire risk assessment, although not widely implemented for policy making 
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THANK YOU
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