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Abstract  
Large areas initially consisted of contiguous forests, particularly in Europe, have been 
influenced by human activities to a large extent. This influence contributed to the 
fragmentation of the rural landscape and forested areas were found surrounded by or 
intermixed with urban development. Urban and economic development in or near wildland 
vegetation poses a major threat to the environment (Johnson 2001, Radeloff et al. 2005). They 
are areas of human–environment conflicts, such as the destruction of homes by wildfires, 
natural habitat fragmentation, introduction of exotic species, and biodiversity decline 
(Radeloff et al. 2005). These areas that characterized of increased human activities and land 
use conversion make up the Wildland/Urban Interfaces. The significance of Wildland/Urban 
Interfaces (WUIs) has grown in recent years mainly because WUI, as a landscape unit, has 
grown worldwide (Steward et al. 2003). Essentially in USA, Canada and Australia interest for 
WUI study appeared after the huge fires of 1985 in the WUI (Davis, 1990) and in Europe this 
interest appeared ten years ago with increasing of damages on goods and people due to WUI 
fire. Large efforts aiming at the identification and mapping of existing or potential wildland 
urban interface areas have already been recorded in North America but they have to be 
developed in Europe.  
In the European project Fireparadox, several research and engineering teams are working 
together with a view to develop a methodology to characterize and to map WUI through 
spatial analysis of the territory according to regional and local approach. The objective at term 
is to be able to assess and to map vulnerability level or index according to each WUI types 
and also damages in case of fire. Theses results will allow to develop appropriated prevention 
actions, to help firefighters adapting their fighting strategy (concentration or dispersal of 
crews and facilities according to the stakes, positioning on the most vulnerable zones of 
interface …). 
The presentation presents an application of the method of WUI characterization and mapping 
on a case study area in Sardinia. 
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1. Introduction (Heading 1 style) 
 
Context of the study 
Located in the North East of the island, the site covers some 57,000 hectares area on 
Olbia, San Teodoro and Loiri Porto San Paolo administrative districts. The 
illustration below shows in red lines the extent of this training area. 
 

 
Figure 1 — Study area in Sardinia 
 
Geographically, this Mediterranean territory is characterized by arid and granitic 
lands. Dense cistus scrubland (Cistus Monspeliensis and Cistus Incanus) is the main 
vegetation encountered. The prevailing wind called Mistral blows from the North 
West. 

Economically, touristy interest of the training area intensifies urban pressure: 
residential districts are expanding increasing Wildland Urban Interfaces. New private 
housing estates are building without city plan and disregarding the forest fires 
regional instruction guidebook1 relating to building material, brush cleaning, way 

                                                 
1 The regional instruction guidebook “Prescripzioni Regional Anticendi” elaborated by the 
area of Sardinia (“Assessorato delle difese dell’ambiente – Corpo Forestale e di Vigilanza 
Ambiantale”) gives recommendations concerning fire using and fire prevention. 
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 in, etc. Farming activity also exists on the training area: landowners practise shrub 
cleaning by using mechanical devices to improve grass quality and pasture. 
Farmlands are especially concerned by fire risk: they are threatened by fire but they 
can lead fire as well. 

Definitions 
By definition Wildland Urban Interface (WUI) is the area where houses meet or 
intermingle with undeveloped wildland vegetation (Radeloff et al. 2005). Based on 
the fact that Wildland Urban Interface areas in the European and especially in the 
Mediterranean environments are composite systems with very complex spatial 
context, and that in the last decades these composite systems are being threatened 
more and more from forest fires, many scientists and fire managers pointed out the 
importance of a detailed spatial assessment of these sensitive areas as a task of 
paramount importance. 
 
Research problem  
This paper presents three methods developed in the European project FireParadox to 
characterize Wildland Urban Interfaces (WUI). This characterization is operated on a 
common area situated in Sardinia but at different scales and using different 
parameters. 

 

2. Materials: databases, software 
 
The soft wares used are listed below:  
 

• ERDAS Imagine 8.7® sofware 
ERDAS Imagine® developed by Leica Geosystem is useful to remote sensing process. It 
is particularly adapted to raster data. 

• Feature Analyst 3.1® sofware 
Feature Analyst® developed by Visual Learning System allows to classify very high 
resolution satellite imagery combining spatial attributes to spectral information. 

• ARCGIS 9.1 sofware 
ArcGIS 9.1 sofware developed by ESRI (Environmental Systems Research Institute) 
allows to visualise, to explore, and to analyse spatial data. It is adapted to vector or raster 
dataset. It has been used to calculate particularly houses density (extension « Spatial 
Analyst »), to combine different layers and to map results. 

• FRAGSTATS sofware 
FRAGSTATS (McGarigal, K., S. A. Cushman, M. C. Neel, and E. Ene. 2002) is a 
spatial analysis freeware. It quantifies spatial areas and their spatial configuration inside 
landscape. It allows particularly to calculate aggregation metric on vegetation. 
 
The table after-specified lists datasets to characterize Wildland Urban Interfaces. 
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 Producer Content Date Scale / 
Resolution 

Forma
t 

Projected 
coordinate 
system 

Extension Details 

Administra
tive line 

CFVA, 
ENTE 
Foreste 

Administ
rative 
districts 
outlines 

  Vector UTM ED 
1950 

Sardinia  

Aerial 
photograph
y 

CFVA  Black 
and white 
aerial 
photogra
phy  

 1 metre Raster UTM ED 
1950 

Sardinia  

Ikonos 
image 

CFVA   1 metre Raster UTM ED 
1950 

Sardinia  

Corine 
Land 
Cover 

CFVA   2000 1/100,000 Vector UTM ED 
1950 

Sardinia Trained 
images 
analyst 

Urban area CFVA Urban 
units 

2006 1/10,000 Vector UTM ED 
1950 

Sardinia Trained 
images 
analyst 

Urban CFVA Separate 
houses 

2005 1/5,000 Vector  UTM ED 
1950 

San 
Teodore 
(polygons) 

Loiri Porto 
San Paulo 
(points) 

Trained 
images 
analyst  

Table 1—List of dataset. 
 

3. Princips of different Methods  
In France 
Methodology of Cemagref defines Wildland Urban Interfaces (WUI) as combination 
of two intermixed elements: 

• residential houses according to their density; 
• fuel vegetation according to its structure.  

 
Arrangement of those criteria is used to quantify spatial configuration between 
vegetation patches (forest, scrubland), urbanization patches and other factors 
(agriculture, roads…) with landscape. 
 
Because of the quality of IKONOS images on the training site, especially shadows 
and clouds, the study area was redefined on the Nord East of Loiri Porto San Paolo 
district. This area covers a 1,800 hectares area which has representative WUI types 
thanks to the different houses density, farmlands, forest or scrubland existing on this 
territory. The figures below show the common training site used for the different 
methods. 
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Figure 2  – Localization of the training area for Cemagref methodology 
 
The methodology of Cemagref institute includes three steps: 

• Land cover extraction from Ikonos imagery; 
• Spatial analysis including index from landscape ecology; 
• Combination of criteria from spatial analysis to characterize 

Wildland Urban Interfaces. 

a) Land cover extraction 
Land cover is built from Ikonos image Feature Analyst®. This software uses multiple 
spatial attributes (size, shape, texture, pattern, spatial association) with spectral 
information. As it is illustrated below, eight classes are extracted: houses, roads, 
farmlands, bare grounds, garden, water, low scrubland and high scrubland. Houses 
and vegetation have to be mapped with reliability. 

 
Figure 3  – Land cover map extracted from Feature Analyst software 
 
b) Spatial analysis 
Spatial analysis is performed according two criteria: 

• The structure of vegetation using landscape ecology metrics: aggregation 
index calculated with FRAGSTATS 3.3 freeware on vegetation class (which 
puts together low scrubland and high scrubland). As configuration (or 
spatial) metric, aggregation index refers to spatial arrangement and 
agglomeration of objects on the image. It informs about frequency of 
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connections between pixels of a same class of landscape such as vegetation 
class (Robbez-Masson et al. 1999).  

• The density of houses is calculated on houses layer with ArcGis 9.1 software 
(Density function of Spatial Analyst extension). Result is expressed in 
number of houses per hectare. 

 
In Spain 
The description and classification methods of wildland-urban interfaces usually 
employed start out from the assessment of two main factors: the intensity of human 
presence (dwellings, infrastructures) and the kind of vegetation it is placed among 
(formation, specific composition, structure, etc.).In general, they are methods which 
combine quantitative parameters referring to urban structures (density and number of 
dwellings, density of population, accessibility…) and vegetation (degree and 
continuity of vegetation, density, organisation…) with the application of landscape 
ecology metrics enabling quantitative approximations to be made regarding level of 
fragmentation, connectivity or heterogeneity (Burel & Baudry, 2001).As a rule, the 
scale of analysis focuses on local level. 
 
From our perspective, these methods are somewhat insufficient. Obviously, wildland-
urban interface expansion processes are associated with contra-urbanisation and 
development of second home dynamics, which respond to spatial organisational 
models on an urban–regional scale (Antrop, 2004), so that an exclusively local scale 
of analysis seems insufficient, and must be complemented by a more general 
approach. 
 
With the application of landscape ecology metrics the aim is to conduct a quantitative 
approach to fire behaviour, which in many cases depends on the very structure of 
landscape patterns. Landscape patterns which likewise exert a great influence on 
patterns of residential settlements: in many cases it is the structure itself of rural 
divisions that serves as a base for this process, with the emergence of mixed 
urban/agricultural patterns which evolve towards wildland-urban interfaces. 
Likewise, the character of the landscape in which it is inserted provides information 
on the expected dynamic, both as regards uses of ground and the vegetation 
(especially that one associated with processes of natural regeneration), which is of 
great interest regarding the evaluation of the risk levels of forest fires evolution. 
 
For these reasons, a prior exercise relating the character of the landscape to the 
acquisition of these indexes seems appropriate, together with the urban development 
morphologies present in the area, along the same lines as other exercises which have 
demonstrated the importance of combining landscape description methods with the 
application of landscape ecology metrics (Kim & Pauleit, 2007). 
 
In Grece 
The methodology developed by Omikron society to characterize WUI is based on: 

• vegetation cover extracted from Ikonos images classification; 
• infrastructures density. 
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a) Image classification 
 
The classification was operated on 3 sites in Sardinia using Ikonos satellite images (3 
bands: Red, Green and Blue, cell size: 0.8 meters). VLS Feature Analyst software is 
used for the classification procedure and 9 classes are defined: buildings, roads, 
crops, sea, inland waters, shore(sans and rocks), forest with vegetation covering less 
than 50% of the area, forest with vegetation covering between 50% and 75%, forest 
with vegetation covering more than 75%. 
 
We used all three bands (red, green and blue) as reflectance plus green band as 
texture also. Features were extracted in the following order: sea, inland waters and 
shore are extracted first; roads, buildings and crops are extracted then. In the 
remaining area of the images, a multi-class feature extraction of the 3 forest cover 
classes (Forest50, Forest5075 and Forest75) is performed. 
 
b) Calculation of buildings density 
 
In order to calculate the density of buildings, building features are converted from 
polygons into polylines to calculate the lines density using ArcMap v.9.1 built-in 
“line density” function.  
 
We decided to perform “line density” instead of “point density” because during the 
“extraction pass” some building features being very close to each other were 
aggregated into “building block” polygons. Thus a polygon-to-point conversion 
would not have provided an acceptable representation of buildings population. 
 

4. Results 
In France 
a) Structure of vegetation 
Aggregation index calculation produces a raster map with values from 0 to 100 %. To 
simplify the results, 3 classes of aggregation values were carried out as it is illustrated 
below: 

• Aggregation = 0 corresponds to land covers different from vegetation; 
• 0 < Aggregation < 90% correspond to discontinuous sparse vegetation or 

scrubland edges; 
• Aggregation ≥ 90% which correspond to dense and continuous vegetation.  

  
Figure 4  – Vegetation class merges low 
scrubland and high scrubland classes 

Figure 5  – Aggregation index 
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b) Density of houses 

In Sardinia, urban rules don’t exist to determine classes of houses density. That’s 
why we take into account thresholds that we determine on French study sites in 
France. These thresholds takes into account urban management plans and normed 
data existing in France on municipalities in the study sites. Three classes have been 
also considered with following criteria:  

• Low density corresponds to isolated dwelling habitat. Density is less than 1 
house per hectare; 

• Middle density represents scattered habitat. Density is between 1 and 4 
houses per hectare. 

• High density corresponds to urban areas but also to urban centres that are 
completely built. High density counts more then 4 houses per hectare. 

 

  
Figure 6  – Houses layer Figure 7  – Density of houses 
 
c) Characterization of WUI 
Wildland urban interfaces characterization is built combining the quantitative criteria 
of vegetation aggregation metric (no aggregation, low and high aggregation) and 
house density (low, middle and high) limited to a radius of 100 metres around each 
house. 
The combination of three vegetation aggregation classes and three density classes 
(low, middle and high density) produces 9 interfaces types illustrated below. 
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Figure 8  – Interface types 
 
In Spain 
The work methodology developed to arrive at an operative classification of wildland-
urban interfaces in relation to the objectives pursued (hazard and vulnerability 
assessment) has been developed in three phases.These phases correspond to a 
successive approach to the issue, set out by means of regional geographical analysis 
on three scales, from the most general to the most detailed. 
 
a) Analysis and understanding of the regional urban development model 

encapsulating the area of study (1:100.000) 
The establishment of the model is based on the analysis of structural (distribution of 
land uses) and functional elements, for the purpose of defining the main territorial 
dynamics and the spatial environments affected by them. 
 
The analysis of the principal statistical variables shows that the territorial scope of the 
study area has an intense population growth and a housing increase. This high 
dynamic process is due to the existing tourist development model that is mainly 
residential and with a strong tendency to be seasonal in summer. The coastal strip is 
where this intense urban development pressure falls on. 
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Figure 9 — Cartography for the analysis of the principal statistical variables 
 
b) Landscape character assessment (1:50.000). 
A description, mapping and taxonomic classification of the landscapes defined is 
proposed (units and types of landscape). This exercise is supported by the study of 
the constituent elements of the natural and cultural patterns which the aforementioned 
landscapes sustain, in addition to their organization and dynamic. The aim is to 
situate urbanization processes in relation to the type of landscape in which they are 
developed. 
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Figure 10 — Identification of landscape types and units. 
 
c) Establishment of the wildland-urban interfaces typology (1:25.000). 
Interface typology has been conducted by identifying the different morphologies 
defined by urbanization processes and by placing them in the context of the type of 
landscape where they are placed. 
 
The urbanization processes have defined the following morphologies: 
 

• Urban-port settlements and compact rural villages. 
• Lineal recent expansions with lower density. 
• Tourist-Residential urbanizations, with a low building density. 
• Scattered settlements, with a periurban character (around Olbia) or also 

associated to the agrarian activity. 
 
If we integrate these morphologies in the landscapes already defined, the following 
situations are obtained: 
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 City Centres Expansions 
Tourist 

Urbanizations 
Scattered 

settlements 

Forested rocky 
coast (maquis) 

1. Compact 
towns (Gulf 

Aranci) 
 

2. Coastal 
Urbanizations 

 

Low sandy 
coastal with 

lagoons 

3. Villages 
(San Teodoro) 

4. Lineal 
Expansions 

- - 

Forested hills 
in the pre-
litoral area  

- - - 
5. Scattered 

settlements on 
forested lands 

6. Small 
scattered rural 
settlements in 

agricultural areas Agricultural 
litoral plain  

 
- - - 

7. Scattered 
settlements on 

agricultural areas 

Table 2— Combination of landscape morphology and urbanization types  
 
In Grece 
The calculation of infrastructures density allows to enhance three classes on a raster 
layer: 

• density with less than 2.5 lines per hectare; 
• density from 2.5 to 6 lines per hectare; 
• density with more than 6 lines per hectare. 

 
WUI characterization results from the combination of these three classes of density 
with the three classes of vegetation. According this combination, three types are 
identified as it is illustrated below. 
 

 Infrastructures Density 

Vegetation cover ≤ 2,5 u/ha   2,5 – 6 u/ha ≥ 6 u/ha 

≥ 75% TYPE A TYPE A TYPE A 

50% - 75%   - TYPE B TYPE B 

≤ 50%  - TYPE C TYPE C 

Table 3— WUI types according vegetation cover and infrastructures density 
 
The WUIs identification and mapping in Sardinia is presented in the following 
image. 
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Figure 11  – WUI characterization on the East of San Teodoro district 
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