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ABSTRACT: 
 
The European Forest Fire Information System (EFFIS) of the European Commission provides support to forest fire fighting and 
prevention in Europe throughout the fire season.  Continuously updated geo-spatial information is made available during crisis 
situations, enhancing international cooperation (e.g., by aerial fire fighting) and supporting decision making.  Weather based Fire 
Danger forecasts and image mosaics of MODIS satellite imagery are generated daily through tiling systems with pre-generated 
daily caches and made accessible through the EFFIS Web interface.  These layers are enhanced by overlaying additional vector 
layers of burnt areas and hot spots, stored in both Oracle Spatial and as shape files, which are published through WMS, WFS, 
KML and GeoRSS interfaces.  The system is built using open source software (OpenLayers, TileCache, MapServer, Joomla, 
GDAL/OGR), as well as a custom set of ENVI IDL scripts and a LAMP stack for Web server publication.  The EFFIS team has 
developed map viewing components to allow Web GIS applications to be available from within the Joomla Content management 
system framework. This has enhanced usability and information management by allowing statistical data, forest fire related 
documentation, and GIS applications all to be accessed from the one entry point.  EFFIS results throughout the years have shown 
that rapid access and visualization of large and frequently updated datasets is of key importance in fire management and decision 
making for fire prevention and fire fighting across Europe. 
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1. INTRODUCTION 

1.1 Background and Objectives 

Every year an average of over 500.000 hectares of forests are 
destroyed by fire throughout Europe. Losses are significant 
both financially and in terms of human lives (EC 2009). The 
European Commission and member states strive to reduce the 
impact of forest fires by supporting the creation of information 
systems which can help in preventing, predicting, monitoring, 
and managing fires. 
Because of the impact of fires at the global level, it is 
important to identify fire risk and provide early warning 
systems at different geographic scales (de Groot et al. 2006). 
Several fire information systems exist from local to global 
scale level, e.g. EFFIS in Europe, CWFIS in Canada, AFIS in 
South Africa, USFS GeoMac in the United States, and FIRMS 
at the global scale. A common challenge for these systems is to 
provide critical geospatial data in a quick and reliable way 
before and during fire emergencies. It has been demonstrated 
that geospatial support systems designed and implemented 
with interoperability standards provide easier access to this 
type of critical information (Friis-Christensen et al. 2006)  
Web accessible fire information systems are gaining strategic 
importance for policy makers, civil protection agencies, and 
fire fighting teams on the ground. Real time data capturing the 
fire evolution from space offered in a easy-to-access platform 
provides an unique instrument in understanding potential 
threat and fire behaviour. 
In this context, the European Fire Information System (EFFIS) 
was designed to provide the most accurate near-real-time fire 
situation at the European scale. In addition to the publicly 

available information, in 2009 the European Monitoring and 
Information Centre (MIC) expressed the need for developing a 
dedicated application for decision support in tasking the 
European Forest Fire Tactical Reserve. 
 
1.2 Overview of EFFIS 

The European Forest Fire Information System (EFFIS) has 
been established by the Joint Research Centre and the 
Directorate General for Environment of the European 
Commission to support the services in charge of the protection 
of forests against fires in the EU and neighbour countries, and 
also to provide the EC services and the European Parliament 
with information on forest fires in Europe (San Miguel Ayanz 
et al. 2002). In 1998, a research group was formed to work 
specifically on the development and implementation of 
advanced methods for the evaluation of forest fire danger and 
mapping of burnt areas at the European scale. These activities 
led to the development of the European Forest Fire Information 
System (EFFIS) which became operational in 2000 (San 
Miguel Ayanz et al. 2004). EFFIS addresses forest fires in 
Europe in a comprehensive way, providing EU level 
assessments from pre-fire to post-fire phases, thus supporting 
fire prevention, preparedness, and fire fighting and post-fire 
evaluations. 
Information provided through the EFFIS portal includes fire 
weather index (FWI) forecast maps for 7 day periods, locations 
of hotspots detected from MODIS imagery, location and 
perimeter of burnt areas, daily MODIS Terra composite 
mosaic, and a selection of fire related news from many 



 

different press sources. There are currently five Web mapping 
viewers available within EFFIS: 

• The Current Situation viewer providing a simple 
interface to visualize the most up-to-date information; 

• The Fire News viewer with a selection of news from 
the press on forest fires in Europe, updated daily by 
the EFFIS team; 

• The Fire History viewer that provides access to 
historical data aggregated by administrative areas; 

• The Advanced Viewer, the previous and more 
detailed version of the current situation viewer; 

• The MIC tasking application which is not publicly 
accessible but designed in particular to support 
decisions on fire fighting resources allocation. 

In 2008, the EFFIS Website was re-designed, making use of 
open source components and with standards for interoperability 
and accessibility in mind. 
 
 

2. SYSTEM COMPONENTS 

2.1 Fire Danger Forecast 

The fire danger forecast module of EFFIS generates daily maps 
of 1 to 6 day projected fire danger level in EU using weather 
forecast data. The module is active from March 1st to October 
31st and is fed with meteorological forecasted data received 
daily from French and German meteorological services (Meteo-
France and DWD). 
After a test phase of 5 years, during which different fire danger 
methods were implemented in parallel, in 2007 the EFFIS 
network finally adopted the Canadian-developed Fire Weather 
Index (FWI) as the method to assess the fire danger level in a 
harmonized way throughout Europe (Camia et al. 2006, Camia 
et al. 2007). The FWI algorithms have been slightly changed to 
better suit the dramatic differences in day length in the EU 
between the Mediterranean and the Boreal countries in the 
north. 
Fire danger is mapped in 5 classes (very low, low, medium, 
high, and very high) with a spatial resolution of about 45 km 
(MF data) and 36 km (DWD data). Fire danger classes are the 
same for all countries and the resulting maps show a 
harmonized picture of the spatial distribution of fire danger 
level throughout the European continent and African 
Mediterranean areas. 
 
2.2 Active Fire Detection 

Active fires are located on the basis of the so called 'hotspots' 
product of MODIS sensors on board of TERRA and ACQUA 
satellites, which identifies areas on the ground that are 
distinctly hotter than their surroundings. The difference in 
temperature between the areas that are actively burning with 
respect to neighbour areas allows the identification and 
mapping of active fires. The mapping of active fires is 
performed to provide a synoptic view of current fires in Europe 
and as a means to help the subsequent mapping of fire 
perimeters. Information on active fires is normally updated 
daily and, when needed, it is made available in EFFIS within 
3-4 hours from MODIS acquisition. 
When interpreting hotspots displayed in the EFFIS Current 
Situation application, the following must be considered: 

• Hotspot location on the map is only accurate within 
1.5 km; 

• Some fires may be small or obscured by smoke or 
clouds and remain undetected. 

MODIS sensors also detect other heat sources that may not be 
fires. To minimize false alarms and filter out active fires not 
qualified as wildfires (e.g. agricultural burnings), the system 
only displays a selected subset of the hotspots detected by 
MODIS. To this end, a knowledge-based algorithm is applied 
that takes into account the extent of surrounding land cover 
categories, the distance to urban areas and artificial surfaces, 
and the confidence level of the hotspot. 
 
2.3 Rapid Damage Assessment 

The Rapid Damage Assessment (RDA) module of EFFIS has 
been operational since 2003 (Barbosa et al. 2006). The 
objective is to map burnt areas during the fire season by 
analyzing MODIS daily images at 250 m spatial resolution.  To 
monitor burnt areas, daily images from MODIS instruments on 
board of TERRA and AQUA NASA’s satellites are acquired 
and processed 4 to 8 hours after the acquisition. The EFFIS 
Rapid Damage Assessment module provides daily updates of 
burnt area perimeters in Europe for fires of 30 ha or larger. 
The perimeters of burnt scars purely represent areas burned by 
fires as detected from MODIS satellite imagery and interpreted 
by the operator. No distinction is made on the nature of fires, 
whether these are wildland fires, environmental burnings or 
prescribed fires. Burnt areas of approximately 30 ha in size are 
mapped, although the product may also include perimeters of 
burnt areas of smaller dimension. Small burnt or un-burnt 
areas below the spatial resolution of the MODIS imagery are 
not mapped; these may include small unburned islands inside 
the burnt area perimeter. 
 

 
Figure 1: Burnt Area Perimeter of Sardinia Fires 23/07/2009 

 
The RDA product is updated up two times per day. The 
perimeter of burnt areas of two or more different fires 
happening between two sequential updates may be merged into 
a single perimeter. The dates reported as “start date” and “last 
update” may not correspond to the date of ignition and 
extinction of the fire. Cloud coverage may in fact prevent to 
capture the burnt area until several days after it started or 
finished. Overall the RDA product is intended to provide 
estimates of burnt areas at European level. Although only a 
fraction of the total number of fires is mapped, the area burnt 
by fires of this size represents about 75% to 80% of the total 
area burned in EU (EC 2008).  Caution should be used when 
comparing this product with others that adopt different data 
sources or methodologies, and are meant for different scopes. 
In order to obtain statistics of the burnt area by land cover type, 
data from the CORINE Land Cover (CLC) database is used. 



 

Mapped burnt areas are intersected with land cover maps, 
allowing the derivation of damage assessment results 
comparable for all European Countries (where CLC data is 
available). 
Burnt area mapping as part of the RDA module is based on: 

• the identification of active large fires from MODIS 
hotspots; 

• the expansion of burnt areas from initial points on the 
basis of region-growing algorithms; 

• the refinement of final fire perimeter through visual 
interpretation of MODIS images. 

Every update to the geometry of burnt areas is stored in a 
geodatabase and made available for automatic processing and 
Web publishing on the EFFIS Current Situation viewer. 
 
2.4 Daily MODIS 

EFFIS rapid damage assessment and active fire detection 
modules make use of satellite imagery acquired with the 
Moderate Resolution Imaging Spectro-radiometer (MODIS). 
There are two satellites which carry MODIS sensor: Terra 
(morning coverage) and Aqua (afternoon coverage). Each 
satellite is on sun-synchronous, near-polar orbit at height of 
705 km. It takes 98.8 minutes for each satellite to complete one 
orbit. Terra passes at around 10:30 local time, Aqua at 13:30. 
With a swath of 2330 km, it is necessary for each satellite to 
complete 3 orbits (approximately 3 hours) to cover the whole 
geographic extent of interest for EFFIS. 
Within EFFIS two types of visual quicklooks are generated 
daily from MODIS imagery: true colour and false colour 
composites. To achieve the natural impression in the true 
colour composite the red, green and blue (RGB) colours are 
assigned to red (620-670 nm), green (540-570 nm) and blue 
(460-480 nm) bands of MODIS. In the false colour composite 
the RGB was assigned to short-wave infrared (2105-2155 nm), 
near-infrared (841-876 nm) and red (620-670 nm) bands. The 
combination of false colour composite is suited for visual 
enhancement and interpretation of burnt vegetation (Chuvieco 
et al. 2005). Both composites are assembled at a spatial 
resolution of 250 m. Data is received daily from the German 
Aerospace Centre (DLR) which is equipped with receiving 
station and pre-processing capabilities. All data is delivered in 
a harmonized scheme and projected in the standard European 
spatial reference system ETRS-LAEA. Should the reception at 
DLR fail, EFFIS performs a backup download of the same 
product from the MODIS Rapid Response System service at 
the University of Maryland (Davies et al. 2009, NASA 2009). 
This ensures that the EFFIS user will always see the most 
recent MODIS image mosaic coverage of Europe. 
 
2.5 News sources 

Another important component designed to support fire 
monitoring activities in EFFIS in recent years is the systematic 
collection of fire news from European media sources (Barbosa 
et al. 2006). This activity complements the rapid detection of 
fire hotspots from satellites with information from “the 
ground”. Information derived from satellite data may be in fact 
limited by presence of clouds or satellite system failures. 
Having another source of information to track fire events in 
near real time provides a critical contribution to EFFIS 
monitoring activities. News from different sources (local, 
national, and international) and different languages are 
aggregated through an advanced RSS feed reader. Fire related 

news identified by a set of selected keywords are filtered 
within the RSS client and processed for publication in the Fire 
News viewer. Each news article is tagged with the country 
code where the fire event happened and automatically added to 
the database. News items older than 15 days are removed from 
the Web viewer, but kept on the internal database for later 
analysis. 
News feeds are retrieved from news aggregators like Google 
News or the Europe Media Monitor (EMM), and from dozens 
of individual news Websites. An automatic translating system 
provides real time translation into English from over 20 
different languages in which news items are collected. The 
news reading-and-filtering process is done twice a day by a 
member of the EFFIS team. It currently requires 20 to 45 
minutes, but additional methods for automatic grouping and 
filtering are being developed to reduce this time and be able to 
run the process multiple times a day. 
 

 
Figure 2: News feed processing functions and workflow. 

 
An automatic geocoding service is being tested and it will soon 
be available for publication of major news items identified by 
clickable markers on the news map. This will allow a more 
detailed visualization of where fire events are happening and 
direct links to local news sources. 
 
2.6 Processing and Data Preparation 

The table below provides an overview of geospatial datasets 
available through EFFIS. 
 

Dataset Name Dynamic/Static Access 
FWI Forecast Dynamic WMS/WCS 
Daily MODIS Mosaic Dynamic WMS 
Derived Hotspots Dynamic WFS/KML* 
Burnt Area Dynamic WFS/KML* 
News by Country Dynamic GeoRSS 
ETM 2000-2006 Mosaic Static WMS* 
Summary Burnt Area Static WFS* 
Summary Number of Fire Static WFS* 
Summary Avg Fire Size Static WFS 

* Not public yet. It will be available and licensed in 2010. 
 
Two types of data – dynamic and static – are published through 
EFFIS. Dynamic information includes layers frequently 
updated, once or multiple times per day. Static information 
comprises annual statistics which are available as maps in the 

RSS 
Reader 

Pre-Aggregated 
(Google News) 

Individual feeds 
(Newspapers, Blogs) 

Filter Group 

Automatic Geocoding Service 

Fire News Map on EFFIS Website 

Translate 



 

‘Fire History’ viewer. Several input datasets are used within 
EFFIS. The system is designed to run automatic processes with 
limited manual intervention by the operator. Dynamic layers 
are updated daily by a set of procedures running on dedicated 
processing servers. 
The FWI grid is calculated using an implementation of the 
original FWI empirical model. The model runs every morning 
using weather and compiling the results in an Oracle Spatial 
database. MODIS Terra composite mosaics are generated daily 
using imagery from DLR and NASA. A set of ENVI/IDL and 
GDAL routines running on the internal EFFIS processing 
server creates GeoTIFF quicklooks from each dataset and 
prepares corollary files for publication through MapServer. 
The results of the data processing chain are piped through 
MapServer and served for Web access using PHP MapScript. 
Layers are presented into each map viewer through an internal 
WMS connection. A public OWS (WMS, WFS, KML, and 
WCS) output will be available for most layers starting in 2010. 
FWI and MODIS daily mosaics are also pre-processed and 
stored in WMS-C/TMS tiles for faster display within the map 
viewer using TileCache. 
The use of open source software and open standards for 
publication of geospatial datasets in fire information systems 
has in fact proved to be beneficial (McFerren et al. 2009, Friis-
Christensen et al.2006). EFFIS makes use of a solid Web 
publishing framework known as LAMP (Linux Apache MySql 
PHP) which is widely adopted and easy to customize. 
MapServer is one of the most reliable open source Web 
mapping engines used in the geospatial community and fits 
EFFIS needs for a light weight fast solution. Several Web map 
providers nowadays rely on pre-built tile caches to increase the 
speed with which they provide access to their data. This 
mechanism is adopted by EFFIS to provide a quicker display of 
frequently access raster layers (background, FWI, MODIS daily 
mosaic). Tilecache, an open source software for creating Web 
map tile caches, is used within EFFIS to run cache routines 
over night and during early afternoon when MODIS Terra data 
is received and processed for quicklooks. 
 
2.7 Web Interface 

The EFFIS Website (EFFIS 2009) has been re-designed and 
since the beginning of 2008 fire season the Website interface 
was simplified and made more accessible. 
The EFFIS main menu area, now includes a detailed 
description of each component and dataset used in EFFIS, its 
history, the legal background and the technical background, a 
page with EFFIS project news, a link to the member area, and 
a list of available reports and newsletters. 
The ‘Application’ menu provides access to the ‘Current 
Situation’ viewer (the most up-to-date fire situation in Europe 
as depicted by EFFIS), the ‘Fire News’ viewer, the Fire 
History viewer, and a link to the advanced viewer (pre-2008 
version of the current situation map). 
The ‘Member Area’ menu, which is only available to 
registered members, includes country profile information, 
updated statistics from member states, and other non-public 
documents. 
The EFFIS Website is based on the Joomla CMS (Content 
Management System) platform. Joomla is a free and open 
source software written in PHP and uses MySql database to 
store contents and setting information. User and access control 
are handled by Joomla’s core components, while the mapping 

component has been developed by integrating OpenLayers and 
jQuery libraries into a new Joomla component. 
The ‘Burned Area Locator’ tool available in the Current 
Situation page is a new Joomla module developed to aggregate 
burnt areas (in each country and province) and to provide 
access the most recent fires in a easy-to-read list. Summary 
information is shown for each fire and by clicking on the small 
lens icon the main map zooms to the fire location showing 
additional information in a small pop-up. Similar information 
can be obtained by using the query and chart tools from the left 
icon bar and clicking on any point on the map. 
 

 
Figure 3: The EFFIS “Current Situation” Web page. 

 
 

3. EFFIS AS A DECISION SUPPORT SYSTEM 

3.1 Motivation 

From 1 July 2009, the European Monitoring and Information 
Centre (MIC) has been in charge of tasking two fire fighting 
planes stationed in Bastia (Corsica, France) to support Member 
States in case of large fires. MIC requested assistance from the 
JRC with a system that can provide support information for 
tasking decisions.  The EFFIS team designed a dedicated 
spatial decision support system (SDSS) module in 
collaboration with the Critech action at the JRC. Critech, 
within the Institute for Protection and Security of the Citizen, 
developed and runs a system called the Interactive Disaster 
Analysis System (IDAS), which can create reports based on 
detailed pan-European data on populated places, population 
density, transport infrastructure and traffic, electricity 
transmission, gas infrastructure, protected areas. 
The integration of EFFIS and IDAS information within a 
common map interface allows the MIC to obtain automatic 
reports on major fire events and quickly compare 
characteristics of each fire (size, FWI forecasts, population and 
infrastructures affected) in order to make decisions where to 
task resources. 
 



 

3.2 The MIC Application 

The interface consists of an overview map of Europe with icons 
identifying the European Fire Fighting Tactical Reserve 
(EUFFTR) stationed in Bastia and the location of each major 
fire recorded by EFFIS. In addition to fires already listed in the 
system, it is possible to add a marker on the map identifying a 
new fire location. 
Below the map, a summary table shows the list of current fires 
with synthetic information dynamically retrieved from EFFIS 
and IDAS. EFFIS provides information on the location, start 
and last update date, and size of fire. An average of Fire 
Weather Index forecast values for the fire area is added, 
indicating the likely evolution of fire conditions. IDAS 
provides information on affected population and presence of 
critical infrastructure (such as power lines, gas pipelines, 
airports, etc.). In addition, the table shows the distance from 
the plane base, draws the flight path and calculates the flight 
time (based on a speed of 300km/h). If the preset limit range of 
operation (2400km) is exceeded, this is indicated. 
By clicking on each fire ID the map automatically zooms to the 
fire perimeter for a visual outlook of the fire surroundings. The 
hotspot layer and critical infrastructure layers can be activated 
with the layer switcher at the top right corner of the map. 
 

 
Figure 4: the MIC tasking support system Web page 

 
Subsequently, a user can request a detailed report for each fire 
by clicking on the “Detailed Report” link. A new window 
opens with information on FWI forecasts, fire progression, 
potential population at risk (within a range of 5km) and local 
infrastructures at risk (including transport arteries, electricity 
distribution lines, gas lines, protected areas, etc.). The 
follwoing information is retrieved automatically from EFFIS 
and IDAS Web services and presented in a print friendly 
HTML page including: 

• The name of the location where the fire happened; 
• The size of the burned area (in hectares), start date 

and last update; 
• The LAT/LON pair of coordinates of the fire location 

and the distance in km and flight hours from the 
Canadair base in Bastia; 

• An overview of the fire location and fire perimeter as 
mapped by EFFIS with high resolution satellite 
imagery (where available) through Google Maps API. 

• Fire Weather Index (FWI) forecasts chart for 7 days 
of the fire area; 

• A series of perimeter updates showing in which 
direction the fire progressed; 

• Information regarding potential population and 
infrastructure affected provided with a live 
connection to the IDAS Web service (this information 
is easily integrated by sending automatic request 
based on fire location coordinates and formatting the 
returned XML data). 

In addition to the automatic advanced report, MIC officers can 
request more detailed analysis, performed by the EFFIS team 
in case of major events which require the integration of 
specific information not available in the viewer. 
 
 

4. CONCLUSIONS 

4.1 Further Work 

The EFFIS team has been continuously improving the system 
based on user’s feedback and comments. Different design 
solutions are being tested in order to improve accessibility and 
usability of each map viewer. 
Research has been conducted on a rapid mapping method 
based on abrupt post-fire vegetation change detected from 
MODIS daily time series. Once implemented, this method will 
allow for a better and less user-dependent classification of the 
burned areas. 
In line with interoperability principles expressed in the EC 
INSPIRE directive, EFFIS will start offering interoperable Web 
services starting in 2010. This will allow easier integration of 
critical geospatial layers in other systems, from global to local 
scale. 
MIC officers are also providing suggestions for enhancements 
of the tasking system, which will be operational again for the 
2010 fire season. A fire ranking mechanism could eventually 
be implemented. Using a formula provided by MIC, the system 
could calculate a score for each fire based on population data, 
fire size, a custom reclassified FWI, and other available data in 
order to determine which fires are more dangerous than others. 
An additional module is under development which will 
enhance fire progression information by modelling fire spread. 
 
4.2 Conclusions 

In 2009, the EFFIS web platform was further developed and 
new important functionalities have been added to the core 
modules of current fire situation and fire history. In addition, 
EFFIS has started to include Northern African Countries in the 
mapping of burnt areas, following the agreement with FAO 
Silva Mediterranea. This is intended to be a first step towards 
the enlargement of EFFIS to the non-European Countries of the 
Mediterranean basin. 
The new Web interface was appreciated by EFFIS users for the 
ease of use and the type of direct access to critical data. 
Increased speed in page loading and map navigation was also 
highlighted as a major improvement by users. Italian and 
Spanish officials from Civil Protection agencies have 
repeatedly expressed their appreciation for the EFFIS system, 



 

considered a critical decision support system in tasking 
resources and issuing warning alerts. 
EFFIS has also been instrumental to several European 
Parliament decisions during major fire emergencies (e.g. the 
large fires in Greece in late August 2009). 
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