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Abstract

Forest fires in the wildland-urban interface is a growing problem in Europe as well asin the
rest of the world. In the frame of WARM project (Wildland-Urban Area Fire Risk
Management), a research activity of the 5" Framework Programme of the European
Commission, the scales of the problem and factors identified are presented. According to the
experience of past years, a consistent and comprehensive framework is explained in which
several research activities are presented. Among them, the characterization of different house-
vegetation patterns, the description of interface fuels, the modeling of fire behavior and the
participation of water runoff and landslides are considered in the computing of settlement risk
and vulnerability. Some examples of the research activities in WARM project are aso
presented.

Introduction to WARM project
Description and objectives

Fires in the W-UI/RA have been studied for decades in USA, Canada and
Australia, among other countries. Looking at this experience, a number of research
projects, co-funded by the European Commission, are now focusing into the reality
of W-UI/RA fire management in Europe. Among them is WARM project (Wildland-
Urban Area Fire Risk Management).

Within the context of WARM project, a scientific approach is proposed to
complete a series of studies, experimentation activities and developments which will
end up in a methodology and a computer-based Decision Support System in the aim
that the resulting tool and protocols will assist wildland and urban planners to
identify and solve forest fire risks to minimize losses and costs.

Genera objective of WARM project is to characterize direct and indirect risks
due to fires in the wildland-urban interface (W-UI) in Europe and to provide a
methodology and an information system to minimize losses of residences and other
structures, while reducing social and environmental impact, throughout the assistance
in the elaboration of rationalized, encompassed wildfire defense plans. Particular
objectives are:

To make an detailed inventory of structures and environment components

To typify structures according their situation, building materials and degree
of protection against fires

To study and characterize specific defense techniques
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To study fire behavior and its consequences in the nearby of structures and

Project inception phase will set-up a common understanding of the problem
among W-UI key actors. A common database will be build and shared with
public through Internet.

To identify specific risk in the wildland-urban interface area
To study and determine a methodol ogy of |osses eval uation

To design and develop a Decision support System aimed at W-UI fire
defense planning

In this project, six countries participate with their experience and study cases,
namely Spain, France, Italy, Greece, Slovak Republic and Czech Republic. These
represent a significant number of cases hence a good sample of W-UI problem in
Europe.

Phases and workplan

The project activities in WARM project are scheduled in a workplan which is
divided into 4 Phases and 12 workpackages (WP):

PHASE 1. Project inception phase, which will set-up a common understanding
of the problem among W-UI/RA the identified key actors. A common database will
be build and shared with public through Internet.

WP 01. Project inception
WP 02. Inventory and data gathering
WP 03. Study of urban areas, structures and their defense. Model design.

PHASE 2. Experimentation phase, in which every component regarding forest
firesin the WU-I/RA areas and their associated factors will be studied in detail, in the
search of the main cause-effect rules:

WP 04. Landscape components definition and planning. Models design.
WP 05. Study of forest fire behavior, risk and effects. Models design.
WP 06. Study of erosion and landslides risk. Model design.

WP 07. Study of valuation of loses and impact. Models design.

PHASE 3. Development phase, in which the resulting rules will be devel oped
and implemented as models in a computer-based DSS tool aimed at integrated
planning of fire defense in the W-UI/RA areas. Implementation and validation of the
system will be done in 6 test areas over 6 countries, spanning most of the forest fire
cases in W-UI/RA areasin Europe.

WP 08. WARM Tool development
WP 09. Application to case studies and validation
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PHASE 4. Dissemination and public participation phase, this horizontal set of
workpackages will be devoted mainly to communicate scientific achievements and
measurable results in a comprehensive way to scientific community and general
public. Besides a market survey for the project outcome will be done in order to
facilitate transfer of results.

WP 10. Dissemination and Public Desk Taskforce
WP 11 Exploitation
WP 12. Project co-ordination and management

Wildland-Urban Interface problem has been approached at three different scales:
landscape, settlement and house levels. For each one, separate assessment schemes,
methods and techniques have been proposed, but al of them inter-relating in a
common framework.

Framework of W-UI problem
Settlement vulnerability, risk and value loss assessment

At settlement scale, defense planning assessment has to consider the following
factors:

(1) Meteorology affecting vegetation status, particularly fuel moisture content

(2) Topography (slope, aspect) affecting fire behavior

(3) Wind affecting fire behavior (firebrands, fire spread, smoke)

(4) Vegetation patterns, understood as spatial distribution of burnable and non-
burnable material, affecting fire behavior thus conditioning fire ignition and
propagation inside the settlement. This accounts also for firebrand and smoke
production and intrinsic properties, such as heat content, flammability or bulk |oad

per volume unit. To the existing wildland fuels, specific to settlement fuel species
have to be added (hedges, ornamental, fuel accumulation, other fuels)

(5) Developed fire intensity and rate of spread conditions fire fighting operations

(6) Fire fighting operations have effect on the fire behavior, particularly spot
fires and fire front suppression, which leads to the control and elimination of fire
propagation inside the settlement

(7) Vegetation inside settlement as an intrinsic value (aesthetics, shadow etc.),
with an associated monetary value, that could lead to destruction due to the fire front
passing

(8) Fire front passing affects the number and type of lots and houses affected

(9) Fire front passing affects the number and type of people that could remainin
the settlement

(10) The number and type of houses and the distribution within the settlement
forms a pattern itself. When coupled with the fire front passing, a computation of the
total house exposition to fire can be obtained. The evaluation of vulnerability, risk
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and values affected is done in more detail in the house vulnerability assessment (see
next scheme)

(11) The people still present in the settlement whilefire is progressing inside the
settlement, can be coupled with the expected fire progression to compute the
exposition of such people to fire and smoke. Number and type of people (pointing at
mobility, mainly) and human behavior has to be taken into account.
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Figure 1—Assessment scheme at settlement level

(12) Roads are a particular subset of infrastructures inside the settlement that
directly affects the accessibility of ground forces and mobility of people outside the
settlement.

(13) The presence of specific infrastructures (such as water points) and
defensible areas can contribute to the effectiveness and safety of fire fighting

(14) The presence of specific infrastructures (such as, helispots, safe areas and
shelters, including the houses that can be classified as such) can contribute to the
effectiveness and safety of civil protection operations, such as evacuation,
confinement and rescue.

(15) Accessihbility of ground forces inside settlement conditions fire fighting
operations effectiveness and safety

(16) Mobility of people inside settlement in Civil Protection operations (such as
evacuation or rescue) is conditioned by accessibility, which is directly related to
street and road network inside settlement.

(17) Civil protection operations will lead to the movement and/or protection of
people potentially exposed to fire. This does not ensure, however, that all the people
in the settlement will be kept under safe conditions. The remaining, exposing
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themselves (voluntarily or not) will account to the potential loss due to fire
progression (threat to human lives)

(18) Total accounting of vegetation loss, house and property loss (as comes from
house level analysis) and threat to human lives will be synthesized in an unique,
unified measurement of settlement vulnerability, risk and value at risk.

Lot and house vulnerability, risk and value loss assessment

At house-lot level the following points must be taken into consideration:;

(1) Meteorology affecting vegetation status, particularly fuel moisture content.
This point is common with the same at settlement level.

(2) Topography (slope, aspect) affecting fire behavior

(3) Wind affecting fire behavior locally, although fire behavior can modify this
regime (due to convection currents, for example)

(4) Vegetation components in the lot, such as hedges, ornamental bushes and
trees, affecting fire behavior thus conditioning fire ignition, propagation and heat
release inside the lot. Intrinsic properties, such as heat content, flammability or bulk
load per volume unit, of specific settlement fuel species has to be considered. 3D
position, space occupation and species (characterized as mentioned before) will be
inputs for the assessment. Besides, vegetation inside the lot as an intrinsic value, with
an associated monetary value, which has to be accounted in the total value of the |ot.

(5) Localy developed fire behavior (radiation, convection, smoke) conditions
fire fighting operations locally. Burning of other components and the house must be
considered as well.

(6) Fire fighting operations have effect on the fire behavior locally, particularly
firein the lot components and in the exterior of the house.

(7) Fire behavior inside the lot has destructive effects on the vegetation,
understood as a value of the lot, the properties located outside the house, normally in
the garden, and the external parts of the house.

(8) Fire behavior threatening house can derive, under certain circumstances, into
the fire entering or breaking-through into the house.

(9) Properties outside the house, normally are exposed to the heat sources, hence
entailing destruction and accounting for the total value loss of the lot.

(10) House external elements are commonly directly exposed to fire, such
entailing different degrees of destruction, which derives into house value loss.
Materials and their ease to be destroyed, 3D position relative to heat sources and
value of such elements have to be considered.
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Figure 2—Assessment scheme at house-lot level

(11) Weak points are those spots in the house structure that, according
experience, fire enters or breaks through into the house, thus exposing interior to the
ignition and destruction of properties inside or the house itself. Type and their
relative 3D position to heat source has to be considered.

(12) The presence of specific infrastructures and defensible areas can contribute
to the effectiveness and safety of firefighting in thelot.

(13) Once fire is entering the house, it could entail the ignition and propagation
of fireinside the house, even the total destruction of the building. This part fall in the
domain of structural fires. Valuation of losses accounts here for the properties inside
and the house itself.

(14) Total accounting of the lot and house vulnerability, risk and potential loss
of values at risk is obtained by summing the losses in the exterior and interior of the
house. This should be an input to the assessment at settlement level, thus accounting
the total vulnerahility, risk and values at risk of the settlement. To proceed, houses
can be typified in a number of cases for which detailed assessment can be provided,
and then extrapolate to the rest of the houses of the same type within the settlement.

Some examples of research activities in WARM project

Following, a number of research activities and results of WARM project are
presented, according to the common framework.

L andscape level

At landscape level, it has been tested a number of anaysis procedures to
describe and synthesize the landscape components in the basic and derived maps.
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Also, to study methods to derive and map relevant variables at landscape level using
remote sensing techniques and data.

Figure 3—House and road density analysis for settlement identification and
characterization using remotely sensed data and spatial analysis techniques

Settlement level

According to the experience in previousfires and the fires that happened in 2003
in Portugal, Spain, France and Greece, it has been elaborated and presented a
systematic procedure to identify and inventory effects on houses due to forest fires,
gathering information in tables of level of destruction. However, it has been observed
that is needed a consensuated, common protocol of data gathering and database. In
this respect WARM database has shown to be a good starting point.

Digitized maps have been elaborated in which specific spots are marked in the
position of houses within the advancing fire front, each house was labeled with a
number which served asindex in the related database. A number of factors have been
addressed and inventoried, in particular the analysis of fire behavior, the intermix
situation and their relati onships to house damages and fire fighting operations and the
use of retardant.

An specific procedure has been designed and followed to characterize settlement
vulnerability, according to the results of the first phase of the project. This has result
in vulnerability maps of the study areas, classified into five classes. The assessment
has been done taking in to account different lot and house types and extrapolating the
results to the rest of the settlement.

It is interesting to point the use of satellite imagery for multi-temporal analysis
of land use change and its possible application to the W-UI subject in WARM
project. A series of Landsat images (10 years, from 1991 to 2001) has been used for
the study, focusing on an area of Northwest Madrid (Spain). The applied method
looks at vegetation changes, both degradation or removal, and their relationship with
territorial development. Although satellite imagery clearly ease the process of
synthesizing fire effect on vegetation, it is needed however field work on sampling
and identification.
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An erosion-assessment method has been designed, applied and integrated in the
settlement vulnerability accounting. Parameters which are considered before and
after the fire (affected) have been described, as well as the erosion types and models
used. Out of the presented algorithms, specia attention and interest was raised on the
hydrofobicity model used and its relationship with developed fire intensity in the
runoff computation. Some of the measurements were obtained empirically in the
laboratory through specific measurement (i.e. soil moisture content).

Besides, and application for the calculation of hydrology after a fire, and
specialy the runoff regime in the settlement, as possible cause of destruction has
been developed. It has been observed that, according to the experience and talks with
specialists, it is runoff and floods what operative people are concerned of, instead of
erosion or landslides.

E S

Figure 4—Runoff (left) and landslide potential (right) are computed for the
settlements affected in areas affected by forest fires in the interface. The results are
integrated in the total computation of settlement vulnerability and risk.

After detailed inventory and characterization of fuels within settlements,
topography and existing weather conditions, a preliminary model of fire
characteristics calculation has been finished, based on Rothermel's equations. This
has been coupled with other models at settlement level, namely:

Accessibility of location

Assessment of urbanization level

Hydrological analysis

Proximity to specific features (defense, evacuation routes etc)
3D landscape reconstruction

Creation of Fire Intensity, Maximum Rate of Spread & Heat Release maps
based on predefined scenarios

House level
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At house level, a set of experimentation activities have been carried out in the
open tunnel at CEREN facilities. In this, a set-up with main external components
(shutter, windows, gutter etc.) has been exposed to fire and temperatures at different
points measured. Forest fuel was Quercus coccifera and the structure was exposed at
a distance of 50 cm of the fire. Severa observations have been done (i.e. on the
adequacy of single and double glass windows) and some conclusions obtained,
among them:

Avoid PVC gutters

Preferred wood/al uminum shutter than PV C
Window frame made in wood or aluminum
Sun shelter has to be fire proof

Window netting is recommended

Reduce window eaves is recommended

A radiation-convection model has been also developed and used for the
identification of flame behavior and heat flux distribution in the vicinity of concrete
walls.

Figure 5—Some results of the radiation-convection model applied to the vicinity of
structures (above) and to the computation of temperature inside structures (bottom)

As complement to the settlement level, a characterization of specific fuels
frequently found in settlements, such as Cupressus arizonica, Hedera helix ,
Ligustrum japonicum and Lonicera sp. Have been carried out. These are measured in
the field, characterizing fuel load, 3D structure but also flammability, surface to
volume ratio, heat content and residence time. These will be inputs for the fire
behavior and radiation models in 2D and 3D at settlement and house levels
respectively

Several real cases, that regarding the 5 identified house situations, have been
inventoried in 2D. For that, a combined activity of aerial image analysis and field
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survey has been done. This has entailed the inventory of vegetation, other fudls,
properties, non-burnable elements (water, lawn), roads, non-burnable parts of the
buildings and weak points.

A computer application has been developed to obtain the accounting of all
potential heat sources in the lot, taking into account distances and expected heat
release. These simulations have been repeated for all of the 5 identified house
situations and, afterwards, for an specific flame front simulated using Rothermel-
based surface fire simulation. All the exercise has been donein 2D as afirst approach
to the final tool which will runin 3D.

Figure 6—Simulation of a fire front passing through a vegetated lot surrounding a
house. Color represents the expected heat in each point due to the contribution of all
burning elements. Note radiation shadowing of building.

To complete the set of applications, a method has been designed and applied at
house level for the tri-dimensional inventory and characterisation of fuels (vegetation
and other potential heat sources) in the study case settlements. Particularly, 3D
photogrammetry is the technique which has been tested more in detail. Besides a
procedure for its application to the 3D measurement and modelling of houses degree
of destruction and vegetation units has been designed and applied.

Finally, the obtained 3D elements have been be imported in 3D scenarios,
rasterized and exported to the radiation model and the application of heat
contribution by distance, aready developed for 3D anadysis. This is done in a spatial
grid of 1x1x1 m along 30x30x10 analysis bounding box.
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Figure 7—3D restitution of vegetation elements in lots using photogrammetry. This
technique has also been used for the characterization of houses destruction and 3D
restitution of house surroundings. The result is then incorporated to the 3D radiation-
convection model.
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