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Introduction

Experience has shown that appropriate information flow is essential in the success of
defence operations against Forest Fires (FF). But this information must be complete,
thematically and geographically accurate, updated, easily and quickly accessible,
comprehensive, portable and ubiquitous. These requirements make FF-dedicated
information systems too expensive and too complex to be used effectively.

Background

FOMEFIS' is a set of integrated Geographical Information System (GIS) tools and models
designed to help fire preventive planners of forest fire defence. It was developed under the
4™ Framework Programme of R+TD of the European Commission (Caballero, 1998;
Caballero et al. 1999). This system uses a set of validated and verified sophisticated models
and technologies integrated in a GIS platform, providing powerful analysis tools for
preventive planning. But on the other side, it requires expensive hardware and supporting
software, such as database management systems holding a complex architecture which
requires expert knowledge for maintenance and operation. These points made difficult the
real implementation of FOMFIS system in current users’ information system configurations
for decision making, despite the fact that operational fire services showed noticeable
interest about FOMFIS.

During the two years after the end of the FOMFIS project in 1998, a number of
communication and information technologies have been consolidated in the marketplace
such as Remote Sensing, remote data acquisition, Internet-based map servers, Global
Positioning and navigation systems, networking technology, XML-based application
development environments and GSM, GPRS and WAP mobile communication technology
and protocols. This already available and accessible technological developments, together
with the increasing interest of end-users of forest fire management in integrated information
systems, impelled a new demand for the models developed under FOMFIS project.
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E-FIS: the project

The response to this demand has been consolidated in the E-FIS? project (contract C26789),
which is currently developed under the Ten-Telecom Programme’ from January 2001 to
June 2002. Five countries, namely Portugal, Spain, France, Italy and Greece, which are the
ones in Europe most affected by forest fires in the last decades, participate in this project.

According to the philosophy and goals of the Ten-Telecom Programme, the main objective
of E-FIS project is to study the market feasibility for the implementation of a simplified
(compared to FOMFIS) Web-based assessment service for FF management. Besides, E-FIS
contributes to the concept of European-wide based management of FF.

On the other side, the main objectives at operational scale are to centralise data hosting and
maintenance, information processing power and human specialists assessment and provide
information through an easy-to-use, cheap, ubiquitous service. In this way, the users are
freed from concerns about the system maintenance and can concentrate on the decision
making process. In this sense, part of the effort scheduled in the E-FIS project workplan is
to adapt some of the modules and achievements in the FOMFIS system into a simple,
integrated Web-based platform to provide FF assessment services and tools.

Several algorithms and methods have been extracted from the FOMFIS system, namely risk
map calculation, resources planning and fighting efficiency calculation, fire dimension and
dispatching, fire spread simulation and costs and loses calculation. Furthermore, a number
of complementary modules have been adapted to complete the basic set of assessment
services such as meteorological prediction and observation, potential risks management and
historical data storage.

E-FIS system provides a definite number of information services which match the
generalised chain of decision making process in forest fire management found in many FF
defence bodies in Europe. These are:

= Access to General Map sets

=  Short-Term planning (weekly)

= Daily situation and planning

* On-Event assessment

= Access to and maintenance of Historical Databases
= Training

= Side Services (map set generation, experts etc.)

= Links to other external services

* Although E-FIS stands for “Electronic Fire Information System”, the complete project title is “Electronic
On-line Decision Support System for Forest Fires”
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According to this structure of services a Web page has been developed which holds basic
information of the project, some useful information about FF management, access to a
restricted area for E-FIS project management and, finally, the E-FIS application.

Structure of the E-FIS web-page

In the operational plane, E-FIS can be understood as an Internet-based platform for FF
management assessment in the form of a Web-page. In this sense E-FIS can potentially
hold many other third-party services, such as processed information, simulation models,
meteorology prediction or ground and aerial forces tracking by GPS. Besides, the E-FIS
Web-page has been set-up with the idea of having a focal point from which the required
information for FF management in a region can be obtained. This particularity helps
managers to avoid spending much time searching important information pieces on the Net
by providing links to other well-known and generally used web-sites and holding a number
of third-party services as explained above.

Following this philosophy, the E-FIS web-page is divided into the following parts:

= Public section, including general information about the project, public reports and other
documents and links to other related Web-pages

= Restricted area used by the E-FIS consortium for project management and information
purposes

= Side-services and links to third-party services

= The E-FIS application, which includes the basic information services as explained
below

E-FIS: the application

To demonstrate the usability and practicality of E-FIS platform, a FF management
application has been adapted and implemented in the Web-page with a number of basic
services which have been judged as fundamental in the day-to-day operation of FF defence
bodies in Europe.

The E-FIS application has been designed to operate in the same way as a stand-alone
program with a high degree of usability. In order to achieve this, noticeable effort has been
devoted in designing and developing an easy-to-use, friendly and highly interactive
Graphical User Interface (GUI) for the application. As interactivity and information flow
has to be agile, specific programming strategies have been applied, such as the use of a
proprietary Web-based map server which converts graphical data into JPEG images instead
of digital maps themselves. These compressed files travel very quickly through the Net and
hold all the graphical information required from the maps.

The E-FIS application makes use of basic digital maps which are held in the central server
for each of the regions participating in the E-FIS network. A previous set-up process is
required before full operation of the system, and this entails the elaboration of a digital



terrain model, a forest fuel map and a road network map among other basic maps. All the
supporting software, such as the digital map server, the database management system and
all the algorithms and models are hosted in the central server. The server is a high-
availability, high-performance one as a pre-requisite for any emergency information
system, and has reserved data storage and processing capacity for each region subscribed.

The E-FIS application is accessed through the Internet URL address:
http://www.rtd.softwareag.es/efis/as

in which an access-control dialog is presented. Control of the logged users and security is
continuously applied and ensured due to the sensitive nature of the information being
generated and transferred through the system operation.

The application window is divided into two main areas, the right one which belongs to the
graphical presentation of the map server (graphical area) and in which geographical
navigation and map generation takes place. In the left side a menu and a number of dialog
screens are presented to allow user-system interaction (working area) and which is
managed by a number of menu options in the upper part of the screen (menu bar area).

Geographical navigation in the E-FIS application has basic tools such as area selection,
map selection, panning, zooming and point information retrieval as found in many of the
well-known GIS platforms in the market. To allow this high-degree of interactivity, E-FIS
is working with blocks of 20x20 km geographical areas each time which information is
loaded into the client once after selection the area of interest.

Users can handle a number of maps which are representative of the selected region and
which are useful in the decision making process of FF management. The maps directory is
arranged into four sections:

1. Thematic raster maps, which include surface fuel maps, topography, slope and aspect,
vegetation coverage and any other basic raster map used in the system. The system uses
one of these maps as background in the graphical area.

2. Thematic vector maps, such as roads, railroads, urban areas, reservoirs, water points,
lookout towers, meteo stations etc. The system allows the use of many of them
simultaneously in the foreground of the graphical area

3. Meteorological observations and derived maps. They are the result of interpolation
calculations of the meteorological data and of the calculations of indexes of fire risk for
the observed data

4. Meteorology prediction and derived maps, which are result of the calculations of
interpolation and indexes of fire risk for the predicted data

The number and type of maps available depends on the number and type of maps which the
users want to be included. This is extensible to customised fire danger and risk indexes
(other that those currently available in E-FIS) for a region which could be of current use at
local scale.



E-FIS divides the application menu into two sections. On one side the “Administration”
section deals with the required data which is handled by the system and that has to be
updated weekly and daily. This menu section is managed by the central services of a region
but is available to all territorial centres. On the other hand the “Services” section has
options for each of the temporal scales of FF management, namely weekly planning, daily
planning, on-line fire event management and access to historical data. This section will be
used by central and territorial services of a region and many cases by technical staff of
mobile information centres displaced to the fire and connected through GPRS to the Net.

In the Administration section users manage data and generate information of four general
databases, which are handled in less often used menu entries:

Prediction data management

Prediction of meteorological data, such as air temperature, air relative humidity,
precipitation, average wind direction and average wind speed are specified for every
meteorological station in the region for a temporal horizon of up to seven days. At press
time E-FIS allows manual entry of these data but application design is adapted to
automatically read and insert data coming from prediction services. This data is updated
according the frequency of predictions, but daily updating is recommended.

Once the data is entered for all the stations, the application launches a chain of calculations
which produce a number of maps for every one of the seven days ahead. These include
spatial interpolations for every meteorological variable (applying separate algorithms for
each case), dead fine fuel moisture content, ignition probability, potential linear intensity,
potential rate of spread in the fire front, flame length and probability of crowning. From
these, a number of indexes are calculated, following FOMFIS algorithms, namely
destruction rate, potential damage risk and integral risk which model the aggressivity of
fire and consequences in terms of monetary losses.

Observation data management

E-FIS holds a real-observation database for meteorological data, following much of the
philosophy presented in the previous point. Actual readings of the existing meteorological
stations are entered anytime in the day or even updating is performed several times during a
real fire. After data entry the same type of maps are generated as for the predictions and are
made available in the map selection area. Date and time of generation is recorded so users
in the network know to which time the update belongs.

Potential risks data management

Another useful database managed in the E-FIS application, is that of the known potential
causes of fire in a region. In this case the position, type and municipality in which a
potential source of fire risk is recorded together with the temporal range in which this risk
is expected to be active. Types are pre-defined and include, among others, waste disposal
sites, recreational areas, vicinity of urban areas, side of roads and railroads, celebrations



with fireworks, agricultural and other burnings, area of high probability of lighting strikes
etc.

The idea of this service is to incorporate the information at local scale from territorial
services and compile it in the central service. By crossing such points of predicted risk with
the generated maps of fire potential, managers are helped to decide where and when fire-
fighting forces should be pre-positioned weekly and daily. In some regions of Europe, such
as Galicia (Spain), the number of known sources of fire risk can be counted by hundreds
daily (i.e. permissions for agriculture and forestry burnings). Their management is hard
without the help of a tool like the one presented in E-FIS.

Resources data management

For the region being managed, this menu entry allows managers to introduce data for every
fire fighting unit available for the fire campaign, including ground forces such as fire
trucks, crews, tankers and bulldozers, and aerial means such as helicopters air tankers and
scoopers. The rest of the infrastructure, such as bases of forces, helispots, water points,
airports, lookout towers are entered in the region set-up process as basic maps.

The resources have pre-defined fields of information, such as name, code, position,
administrative dependence (municipality) type, state and assigned fire in case the fighting
unit is currently working on an emergency. All this data can be modified according to the
real situation and the fires in progress, and it is shared by all territorial centres in the region.
Although position and state of fighting units is entered manually, the E-FIS application is
prepare to receive automatically GPS readings and update the database on-line.

In the Services section a number of menu entries are found which are aimed to actually use
E-FIS application at operational scales. These services are aimed at territorial centres
mainly which make use of the available information for the immediate decision making
process; nevertheless the central services compile all the generated information during real
fires and take decisions at regional scale, for example when it is required to combine
fighting forces from several territorial centres or even from outside the region or at national
scale. These services are:

Weekly planning

Users access the maps which are generated based on the meteorological predictions as
explained before. Besides they have access to the expected risks database in the time range
corresponding to the week ahead. The purpose is to identify the general situation in terms
of fire danger and expected risks and set-up a pre-alert, pre-suppression deployment of
forces accordingly in the region and territorial units.

Daily planning
In daily planning users gain access to the generated risk and danger maps according to

meteorological readings for the day, together to the list of expected potential causes of fire
risks in the region and locally in every territorial unit. Besides users have access to the



number, type, position and state of all fighting units deployed in the territory and, finally,
have information about the active fires inherited from the day before.

The idea of this module is to give a briefing platform for managers entering the service
each day and have a quick, accurate idea of what is in the fire scenario for today, so specific
decisions on what, when, how and where to move resources can be taken easier.

On-line fire emergency management

E-FIS is holding a dossier for each new fire which is started and registered in the system.
This module has a number of on-line tools to help managers to handle particular fires at
territorial scale and also to deal with a number of simultaneously running fires for a region.
In this module the fires and the driving factors, the fighting units and the expected risks are
handled at a time.

E-FIS provides a platform for communication among the actors deployed in case of a fire.
In fact this communication is two-way but the information generated is recorded and made
available for anyone entering the system. In one side E-FIS provides an immediate tool for
detection, identification and location of new fires. After that E-FIS launches and generates
a first simulation of fire propagation, giving an idea of what is expected to happen in the
few hours ahead according to the conditions existing at the fire location. All this
information is typically generated in the central operational centre of the region and is put
in the system so territorial managers access an initial, valuable information to evaluate the
situation and proceed to the dispatching of resources.
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Once the initial fire fighting forces and fire managers reach the fire they gain much
accurate an real information about the type of fire, the meteorological conditions and the
availability of nearby resources such as water points. All this information can be recorded
on-line in the E-FIS fire dossier and can be made available to any other involved actor in
the region, including other territorial centres and the central coordination centre of the
region. The two-way information system is, on one side, gathering real information from
the very fire location and, on the other side, providing decision support information at
regional scale. In this sense, mobility of the E-FIS system is the strongest point.
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On-line service allows first to set-up a new fire for which a number of basic data is entered,
such as name, code, location and local conditions of meteorology and wind. Location can
be entered directly by writing co-ordinates, by digitising in the map presented or by
calculating position according to the observation angles under which the fire is seen from
three nearby lookout towers.

The system runs a simulation of six hours of surface fire and presents results both in
numerical and graphical form. A table is presented of the predicted evolution of the fire
front separating four intensity classes and the meters of fire perimeter expected for each
class. Class one represents small flame lengths (up to 1.5 m) which can be attacked directly
with hand-tools; class two with average flame lengths (up to 2.4 m) belong to fire fronts in
which mechanised tools, fire trucks and perhaps aerial coverage is needed; class three with
high flame lengths (up to 3.2 m) belongs to fire fronts in which direct attack is likely to be



useless and dangerous and indirect attack and counterfires are suggested; for class four,
with extreme flame lengths (more than 3.5 m) no effective attack is likely to stop the fire.
By looking at this table managers can interpret the evolution of the fire hour by hour.

Additionally, E-FIS presents the fire evolution in the form of maps, namely the access time
of fire to each point (the fire spread progression), flame length and fire linear intensity
among others.

Other simulations can be done easily anytime, to predict short projections of current fire
fronts according to the real data observed in the fire.

One of the most useful characteristics of the “on-line” module of E-FIS is that it allows the
recording of annotations on fire progression, fire extinction operations and position of real
fire fronts. All this real data is grabbed on the spot and gives managers real border
conditions for further simulations and actual information for new decisions about fire forces
deployment and operations. Particular attention has been paid to allow users to know the
position and status of fighting forces in each fire in a region, thus facilitating effective and
safe management of resources.

In the pre-operational validation activities in the test areas of the E-FIS project, it has been
observed that simulations done with initial fire conditions for long projection time periods
(i.e. 6 hours) do not match closely the actual fire front progression, giving instead an
approximation of what can be the direction and speed of fire propagation. After entering
real fire fronts and projecting them again with the new conditions, fire progression is more
likely to match reality for the next two or three hours.

Management of resources deployed and assigned to the fire is done by controlling
operations and registering them in the fire dossier, moving and tracking resources and
controlling working shifts and status.

The E-FIS system allows to attach any type of file to a fire dossier, being particularly useful
when digital images from the fire area are available. These files are uploaded into the server
and thus become available to any actor connected to the system, including the central
operational centre, which can gain valuable information about the actual progression of
every fire.

Access to historical data

Once a fire is declared extinguished all the recorded information is stored in a historical
database which can be retrieved anytime. This is particularly useful when recurrent fires
happen to be in a certain area in a short period of time as information registered about fire
evolution, fighting operations and governing conditions that took place is quickly available.

E-FIS counts with a powerful database search and query tool which allows users to retrieve
any piece of information incorporated to the system, whether it is simulated, real or
historical, and generate reports with them. This query tool is applied to predictions of
meteorology, real observations of meteorology, expected sources of risks, fire fighting



resources and fires. It is connected to a geographical locator which looks for the position
and centres it in the map screen displaying the existing information attached.

Case studies

E-FIS system is currently being tested in five areas in Europe which are prone to forest fires
and hence have a real need for such an information system. These are:

= Coimbra, in central Portugal, in which a dense forested area is often disturbed by large
and dangerous fires in stands of pines and eucalypts mainly.

® Madrid, in central Spain, a province dominated by a large metropolitan area having a
forested mountainous range close by. The latter receives a high pressure of citizens
visiting the area and also includes a dense wildland-urban interface.

= Torino province, at the bottom of the Alps suffering of a dry winter due to Fohen effect;
it is also dominated by a nearby metropolitan area and a dense wildland-urban interface,
and has many forest fire episodes due to agricultural burnings.

= Agquitaine in France, is a large private exploitation pine stand with an understory of
highly flammable grass and slash, is a good case in which local factors, such as water in
the soil, directly affect the operations of fire fighting resources.

=  Pyrgos-Olympia area in Greece, a good example of intermix of forest and agricultural
mosaic with a high value as an archaeological landscape and as a tourism attraction
pole, is of great interest for the management of forest fire risks under severe
meteorological and wind conditions.

As E-FIS is a European network, more users are joining this initiative at validation and
demonstration phase, particularly those for which FF information systems are not fully
operational or which always thought that the implementation is too expensive.

Needs for E-FIS implementation and operation

E-FIS has been designed under the premises of requesting very little from the side of the
users. Thus, operation of E-FIS system demands a minimum in terms of hardware and
software, namely:

= Internet Explorer 5.5 or higher

* Virtual Java Machine

= A screen horizontal resolution of 1024 pixels

= A fairly good Internet connection

= A personal computer, not necessarily powerful

Most of current systems offer these requirements by default so it is possible to set-up a

complete fire assessment centre by connecting some computers to Internet by a minimum
amount of money.
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Nevertheless, in case a region is interested in participating in this network, it is required to
set-up the basic information in the E-FIS server, and this includes the following
information.

Maps

* Digital terrain model

= Surface forest fuels

= Road network

= Historical FF pressure (n° of fires per 100 sq km per municipality)

Any other map that is useful for the manager as information source can be implemented,
but the maps listed above are the minimum prerequisite to run the algorithms of the system.
These maps should be given in raster format of 50 meters of resolution.

Databases

= Ground forces bases

=  Aerial means bases

= Helicopters

= Aeroplanes (tankers, scoopers)
= Water points

=  Lookout towers

= Meteo stations

The databases must include the position in the co-ordinate system used in the region, given
that they are expressed in meters to allow calculation of distances in a consistent way.

Conclusions

At press time, the E-FIS project is in the validation and demonstration phase. During the
activities carried out in this phase some observations and conclusions can be drawn:

= E-FIS represents a step forward in the implementation of information services through
Internet. Initially presented as an application containing basic services, E-FIS is an
Internet-based platform, which can hold many other third-party services, including the
results of other research projects.

= E-FIS is assuming a hierarchical territorial organisation in which a central station is
collimating information from local stations, processing it, and providing back new
synthesised information for regional management of forest fires. In this sense, E-FIS
acts as a two-way intranet of FF information system.

= E-FIS is an example that a pre-competitive prototype of a certain complexity can be
transferred as a commercial service by an adaptation to user reality
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= Given that it is presented as a global network, E-FIS contributes to the consolidation of
the idea of having a common platform for FF management in Europe

= Although initially designed to provide assessment at the operational scale, E-FIS could
be used for training and academic purposes as well, with a minimum number of
requirements and investment.
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