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Abstract

In France, after a slowdown following the 2008 crisis, there has been an increase in urbanization. Since
2015, in the French Southern region, there has been an increase of urbanization in risk areas. Decision-makers
and especially city councilors are greatly involved in the land management because of their capacity in
decision-making on diverse topics such as planning and naturals risks. Concerning fire risk, they need to get
a correct knowledge of the fire ignitions occurring within their community in order to be able to secure a
place, inform the population and ensure fire prevention

Urban sprawl has progressively gained land classified in "NB™ (large building plots in natural or
agricultural areas) or abandoned by agricultural activities, by creating an interface zone where habitats and
natural spaces are intertwined. The coexistence of spaces and continuities often unkempt, with dense
vegetation, creates the conditions for the outbreak and the spread of fires in a complex area, difficult to defend.
(In France, 25000 ha / year are urbanized mainly at the expense of agricultural, natural and forest areas).

In this context, this study aims at providing decision-makers with all useful information about fire ignitions
and their specialization in the community, especially in the wildland-urban interfaces taking into account the
planning and the mandatory brush-clearing area and taking the département de I’Hérault as the study area.

The studies and results proposed in the paper are a part of a Natural Risk program founded by the French
Ministry of Environment. It will give an analysis and information to stakeholders concerning relationships
between land planning, WUI and wildfires in their municipality. The aim is to provide knowledge of habitat
vulnerability to wildfire and the opportunity of a careful consideration of new urbanization zones. The high
demands of land along the Mediterranean coast and hinterland have issued a large extension of urban areas
near natural or rural land, creating new WUI at risk.

A spatial analysis of the points of departure of fire was carried out with the taking into account of various
aspects: fire ignitions and interfaces types, fire ignitions and land use, fire ignitions zoning in planning
documents.

We try to find relationships between fire ignition location and planning document according to the LULC
in the study area in the context of WUI.

The results confirm a strong relationship between WUI and fire ignition. In the WUI the fire density is
three times higher than outside.

Considering this, a decision support tool was developed to help the stakeholders to simulate the new WUI
configuration for new buildings and development zone in connection with the existing WUI.

Keywords: Wildfire, wildland urban interface, planning, fire risk, decision making

1. Introduction

The studies and results proposed in this paper are a part of a Natural risk program founded by the
French Ministry of Environment. It will give an analysis and information to stakeholders concerning
relationships between land planning, WUI and wildfires in their municipality. The aim is to provide
knowledge of habitat vulnerability to wildfire and a careful consideration of the proposed extension of
urbanization zones. The high demands of land along the Mediterranean coast and hinterland have
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created a large extension of urban areas near natural or rural land creating new WUI at risk.

In France, after a slowdown following the 2008 crisis, there has been an increase in urbanization.
Since 2015, in the French Southern region, there has been an increase in urbanized zones in risk areas
with a significant increase in population and an uncontrolled consumption of space. This is the case
for peri-urban areas in the conurbations and in the Atlantic and Mediterranean littoral zones. On the
Mediterranean coast, we can perceive a saturation effect: The consumption of space moves in the
municipalities of the hinterland. (25000 ha / year are urbanized mainly at the expense of agricultural,
natural and forest areas.)

Decision-makers and especially the city councilors are greatly involved in the land management
because of their capacity in decision-making on different topics such as planning and naturals risks.
Concerning fire risk, they need to get a correct knowledge of the fire ignitions occurring within their
community in order to be able to secure a place, to inform people and ensure fire-prevention.

In this context, this study aims at providing the decision-makers with all useful information about
the fire ignitions and their spatialization in the community, especially in the wildland-urban interfaces
but also about the land-cover and the mandatory brush-clearing area, taking the département de
[’Hérault as the study area.

The ancient planning document - the land use plan (POS) in force between 1967 and 2017 included
areas allowing the construction on large plots, coded “NB” (large building plots in natural or agricultural
areas) which led to a dissemination of houses located in the forest or in their approach. The law Alur
(Loi no 2014-366 du 24 mars 2014) has planned the end of the POS and NB areas on March 27, 2017.
It has been replaced by the local urban plan (PLU), this is the major planning document in use in most
of the municipalities. It includes rules on the prevention of forest fires, clearing and in the case of a
fire risk prevention plan, the specific urban planning rules applicable to the concerned areas. Changes
in land use, especially in agricultural abandonment, create an interface zone where habitats and natural
spaces are intertwined. The coexistence of spaces and continuities often unkempt and with dense
vegetation creates the conditions for the outbreak and the spread of fires, in a complex area difficult to
defend. The final purpose of this study consists in providing them with a decision-making support tool
when they come to produce or review the documents. This tool will take into account all the parameters
inherent in the fire-risk that are pointed out in this work. It will also help the decision-makers to
understand better the impact of forest fires in terms of vulnerability and gauge the greater risk in urban
development zones.

2. Materials
2.1, Study zone

The chosen study area (Figure 1) is the département de [’Hérault, an administrative territory, in the
Occitanie Region. This zone is located in the south of France near the Mediterranean Sea and with
Montpellier, a major city and urban area of 600 000 people.

MONTPELLIER ®

The Hérault is one of 13th
department witch belong to the
new région of Occitanie / Pyrénées-
Meéditerranée.

Figure 1 - Study zone location- France
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This département is facing a profound change in its environment. A strong dynamics of
urbanization is developing in this area. The new urbanized areas are progressing in areas that are
changing and sensitive to forest fires. The areas concerned are in particular areas abandoned by
agriculture, especially old vineyards.

“In addition these areas belong to the top most average of fire prone areas located in the South of
France and among the highest fire ignition numbers (Figure 2).

A special feature is the increase of so called “AFERPU - autres feux de [‘espace rural et péri
urbain”, also named peri-urban fires. If generally this kind of fire is smaller than forest fire it can be
very dangerous for the people and belongings as it spreads in the WUI areas. Sometimes this type of
fire can threaten larger natural or forested areas and become a forest fire.

2.2. Data and softwares

The choice of this study zone was directed by the availability of updated data. The stakeholders of
Direction départementale des Territoires et de la Mer du département de I’'Hérault (DDTM 34)
concerned by forest fire, managed a fire database with detailed facts and linked to the official forest
fire database for the French Mediterranean region “Promethée”. It contains detailed information on all
fires between 2005 and 2014, including the geographical location of fire points and is an essential
source of information for this study

The advantage of the choosen study area is the availabililty of up-to-date databases, especially
concerning fires. Fot his study, we use :

« Land cover - SIG L-R, 2006 from OpenlIG Occitanie Pyrénées
e Buildings BD TOPO® v2.1 2011 révised 2013, 1m precision from Institut National de
I’Information Géographique et Foresticre
« Clearing law zone from DDTM 34
« Planning documents géographiques from Adélie database, 2015
 Ignition points, burnt areas and causes from Adélie and Prométhée databases, 2015
All the data were georeferenced and processed with ArcGis , the statistical calculations with
Statgraphics.

For the ignition points, 5 main classes of causes were used : (Table 1) : natural, accidental from
installations, volontary, unintentionnal professionnal works and unintentionnal private owners works.
Table 1 - Causes of fire
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3. Methods
3.1. Fire definitions

In the French fire databases, these main types of fires are recorded.

Forest fire, scrubland, maquis and moors : Fire that has reached forests, moors, scrubland or maquis
with an area of at least one hectare in one piece (and regardless of the area covered). Nota Bene : The
term "reaches™ implies that at least a part of the shrub or tree stage has been destroyed.

Other fires (AFERPU): fires that concern peri-urban and rural areas and that do not threaten the
forest - Fires of the rural and peri-urban space, or fire of vegetation not belonging to the preceding
category. Six types are identified: fires in beds of less than 1 ha, linear afforestation fires, grass fires,
other agricultural fires, garbage dumps, other.

3.2. WUI mapping

The mapping of WUI uses the method developed by Irstea (Lampin 2009) and the software
developed for an automated calculation of maps (Lampin & Bouillon 2011). Based on housing
configuration (4 classes) and vegetation aggregation (3 classes), this method creates a 12 class WUI.
The input data are the buildings and the land use or vegetation aggregation index from aerial or
satellital image when available.

This method is used in different studies across Europe (FUME European program). The land use
land cover (LULC) study was made with the SIG LR LULC data from the Occitanie Region.

3.3. Analysis process

The digital planning documents (from DDTM 34), were harmonized in 5 classes representing the
major groups of zoning (Natural, Agricultural, Urban, to be Urbanized.)

Then a Spatial analysis of ignition fire was carried out with the taking into account of various
aspects: fire ignitions and types of interfaces, fire ignitions and types of land use, fire ignitions and
types of zoning in planning documents.

4. Results

The study area is part of a the former Languedoc-Roussillon region concerned with forest fires in
France. The higher risk is located in the southerm part of the country along the Mediterranean coast
and with hinterland areas and the Landes forest in the South-West of the country. (Figure 2)

0 200 400 0 200 1000 1200

Source : Meeddm {Gaspar database) 2010 - DFCI Aquitaine

Figure 2 - Municipalities by regions exposed to forest fire risf - France

Regarding the forest fire risks, the main concerned public policies are : the planning policies, the
prevention policy and other national policies like agricultural ones.
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The main rules of urban planning in France have been based since 2000 upon the plan local
d’urbanisme (PLU). It is the main planning document in use in municipalities. In some other cases,
the old plan d’occupation des sols (POS) or carte communale (CC) remain. If no local plan or
document exists, the national rules of planning (RNU) are applied.

Figure 3 - Planning zones- Les Matelles municipality

The zoning is composed of 4 major categories (Figure 1)

. U : urban area

. N : natural area

. A : agricultural area

. AU : to be constructed area

For each zone, some rules were set up such as : construction distances, height, window types and
the constructible area for each lot with a soil occupation coefficient (COS)

4.1. Ignition points and types of interfaces
The study is based upon the localization of the starting points of fire in the WUI.

The WUI covers 23.52% of the total area of the department of Hérault. The majority of the
interfaces belongs to the isolated housing type with 35%, followed by very dense with 30%. housing
type (Table 2)

Table 2 - Types of interfaces in the study area

Housing type Area (ha) (%0)
Isolated 51729 35%
Scattered 36144 25 %
Dense 14672 10%
Very dense 44061 30%
Total 146606 100%

As a matter of fact, the spatial organization of buildings in the Herault is very dense along the
coastline, particularly in the municipalities of Montpellier and Béziers which are the most populated
area. The housing types mentioned bove are also observed near the urban core of other most important
municipalities. The further we get off the coast, the more the urban fabric becomes loose, and we find
more isolated habitat. The scattered habitat represents 25% of the interfaces and it is localized on the
periphery of the aforementioned urban cores and sometimes operates the junction between the
two areas of dense housing. It should be noted that the dense structure covers only 10% of the surface,
and is mostly an extension of very dense areas.
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The ratio between the surface of the WUI and the number of ignition points is very significant as
30% of fires starts in these areas.(Figure 5)

Causes by nature gnatura

4% 2% M Accidental

M Unintentional private
owners works

M Unintentional
professional works

M Volontary

& Unknown

Figure 5 - Fire causes in the study area

The WUI with isolated housing classes are most at risk of fire. It is due to the layout of space with
large areas which increases the degree of fire risk because of vegetation not managed.

Table 3 - Causes of fire with simplified classification (K Djazouli, source Adelie 2015)

Nature of cause Nb Burnt area (ha)
Natural 31 4

Accidental 148 890 |
Unintenional private owners works 346 1305
Unintentional professional works 424 2232

Volontary 669 6131

Unknown 70 240

Total 1688 10802

Dense and very dense interfaces are very rarely affected by fires. Groupings of structures act as fuel
cuts in case of a fire starting. The results, presented in the tables, show that out of the 1688 ignition
points, 40% of fire causes are due to arsonism, followed by unintended causes related to professional
work (25%), as well as unintentional causes related to specific work at 20%. To a lesser degree, the
accidental and natural causes also represent respectively 9% and 2%. To specify that, only a minimal
part of the causes unidentified is 4% of the total data.

Ignition number

¢

47 % Isolnted housing
Scattered e
23 % housing :‘f =

Dense clustered
12 % e
- e 28 %
Very dense Inside WUI
ustered housine —k

Figure 4 - Causes of fire starting in the interfaces

Legend

@ ignition points.
Isolated housing
B scattered housing

72 %

Outside WUI
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Table 4 - Fire starting number in interface zone surface (communal data)

Housing type % Ignition points
Isolated 46% 219
Scattered 24% 110
Dense 12% 57
Very dense 18% 84
Ignitions points in WUI 470
| Outside WUI 1218

4.2, Ignition points and types of land use

The following analysis was made by crossing the ignition point locations according to the land use
with WUI types. We can see that within artificialized territories, outbreaks are essentially born in
discontinuous urban fabric with 41 out of 64 fire ignitions across the artificialised territories. It should
also be noted that within the scattered housing buildings, there are also 18 fire outbreaks.

Table 5 - Ignition points and Land Cover (Khakil Djazouli, DDTM 34)

Land cover Ignitions | %
Discontinuous urban fabric 41 7%
Scattered housings 18 4%
Territoires Industrial 2 0.5%
Artificialisés Consruction zone 1 0.5%
Leasure and sports facilities 2 0.5%
Arable lands 10 2%
Vineyards 120 25%
Olive trees 2 0.,5%
Complex agricultural plots systems 17 4%
Agriculture et | Agriculture and sparse natural vegetation |1 0,5%
végetation éparse NooTs y 1%
Sparse vegetation 14 3%
Deciduous forests 36 8%
Coniferous forests 59 13%
Mixed forests 1 0.,5%
Foréts et | Natural pastures 8 2%
Vegetation dense |~ s 50 105%
Forest and evoluting shrubland 81 16%
Divers 3 1%
TOTAL 470 100%

Within farmland, with sparse vegetation, nearly three quarters of fire ignition start in wineyards.
Finally, at the level of dense vegetation types, there are 81 fire ignitions in the forest and shrubby
vegetation, followed by 59 fire outbreaks in coniferous forests and 50 fire ignitions in shrublands
(Table 5)

4.3. Ignition points and planning documents

In Hérault (343 municipalities), 129 communes, nearly 40% of the municipalities in the
department, adopted the Local Urban Plan as a document. However, 123 municipalities have retained
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the Land Use Plan.19 municipalities, nearly 5% of municipalities, have the Communal Map and 20%
refer to the National Urban Planning Regulation. Finally, 4 communes turned to the Local Urban Plan.

Zoning and forest fire ignitions

OA
mAU
aN
mU

@ Other

Figure 6 - Fire ignition and planning zones

We can see that the majority of ignition points are located in natural areas (Figure 6) with 693
points, followed by agricultural areas which were affected by 647 outbreaks. Thus, the areas to be
urbanized and the urban areas, recorded respectively only 46 and 24 fire ignition points. It should be
noted that 278 points are not included in the new zoning, because the zoning types were not available
for certain municipalities with RNU.

In a part of the research, we try to find relationships between fire ignition location and planning
document according to the LULC, in the study area, in the context of WUI.

The results confirm the relationship between WUI and fire ignition. In the WUI, the fire density is
three times higher than outside.

Other types of fire summed up by municipalities (Figure 7)show a correlation between the WUI
area and the number of peri-urban and rural fires and between AFERPU fires and AU zones (to be
constructed area).

Peri-urban fires and future urban zone
400
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250 ** 1000
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e
50 —
/ 301,43x- 44,703
0 R*=08346
0% 20% 40% 60% 80% 100%
WUI area in the communities % P
Source : Département de I'Herault, 2005-2015, source Adelie, DDTM34

Figure 7 - Fire ignition, WUI and planning zones
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5. Discussion
5.1. Planning and fire risk: the spreading of urbanization and WUIs

The ancient planning document - the land use plan (POS) in force between 1967 and 2017- included
areas allowing the construction on large plots, coded “NB” which led to a dissemination of houses
located in the forest or in their approach. The law Alur (Loi no 2014-366 du 24 mars 2014) has planned
the end of the POS and NB areas on March 27, 2017.

The consequences of old « NB » zoning are that they allowed constructions in agricultural and
forested area, with large construction plots 2000 to 30000 m2. These areas have been difficult to
manage and comply with forest fire prevention. Their locations have increased fire ignition risk
because of human activities within natural areas or near them. The « NB » zoning also contributes to
the creation of WUI zones with complex organizations difficult to defend in case of fire. The possibility
of dividing these properties into several lots has reinforced the phenomenon. This type of zoning was
cancelled by law in 2017, but these areas often keep a lot of burnable fuel.

The numerous fire ignitions in vineyards are surprising and an explanation is to be found. We found
it thanks to the many readings.The results of these facts were confirmed by other studies concerning
the same areas and topics. The CEREMA- (Centre d'études et d'expertises sur les risques,
I'environnement, la mobilité et I'aménagement) observatory reports some statistics about soil
consumption in France and FranceAgriMer studies the consequences of the uprooting program in
Languedoc-Roussillon former region. We found facts and figures which confirm our results and give
us some clues about the WUI and fire issues.

The extension of urbanization has been a continuous process for many years. Despite the SRU-
Law (Solidarity and Urban Renewal) of 13 December 2000, and despite a careful and thrifty
management of the territory, most of the country has been affected by a consumption of land for
urbanization.

N

A Herault

Source : CEREMA 2014

Figure 8 - Evolution of natural, agricultural or forested land in Hérault — 2006-2013 - Source CEREMA
The main land consumption is for individual housings and infrastructures.These extensions were
made on agricultural, natural or forested lands. (Agreste, 2004)
5.2. Impact of State agricultural policies

Regarding agricultural policies and the impacts in the study area, new fire prone areas were created.
The aim of this policy was to increase the vineyard quality, to improve the wine European market and
replace low quality wines with better ones.
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7'20%80% H Vineyards

B Long term cultivation

37,30%

Intensive crops

B Natural vegetation,
meadow

Construction

Figure 3 - Land use of uprooted wineyards in th Hérault in 2014- Source FranceAgriMer

From 1980 to 2011, the Hérault department faced the uprooting of half of its vineyards, within the
framework of the Permanent Abandonment Premiums, an European structural measure aimed at
cleaning up the European wine market. This led to profound changes in the landscapes of the Hérault
territories, with a change in destination of the uprooted plots and a disruption of the balance between
production and vineyard landscapes. The question of the future of the uprooted vine lands is acute,
resulting in the mobilization of local actors on different scales. They take public policies intended to
overcome land abandonment and to accompany changes in rural landscapes affected by the uprooting.

6. Conclusion

The risk of fire is greater in the WUI and additional observations can be made on the current LULC
in these fire-sensitive areas.

In the département de I'Hérault prone to important changes, the zoning of urban areas (U) are still
occupied at 21% by areas with agricultural land use; these areas are sometimes abandoned with brush
vegetation and may change into forested areas.

Areas to be urbanized (coded AU) have a land-use composition with potentially significant
combustible surfaces. The study shows that 45% are classified as natural areas while 41% are classified
as agricultural areas, sometimes abandoned.

These unkempt "transitional” areas are conducive to fire-outbreaks and spreading. This state of
awaiting projects, construction, infrastructure or other activities, can last for a long time.

The zoning-modification (local urban plan, etc.) has sometimes consequences on the vulnerability
of the buildings, infrastructures, networks which are at stake. This is particularly true when new
building zones are created. The addition of new buildings leads to the creation of new areas of
interfaces and therefore increases the vulnerability of the facilities.

Sometimes an "AU" zone at the edge of an interface already present, and in contact with natural
vegetation increases risk. The future area to be protected will increase the interface area subject to
legal clearing requirements too. The potential risk is twofold: the natural area may be affected by a
fire-outbreak in this new interface zone, and conversely a fire propagating in the natural area may
threaten the future buildings of the new zone.

In other cases the AU zones are under development, which can last several years.

The formerly visible agricultural areas are sometimes abandoned pending projects (building plots).
Therefore some lands abandoned by agriculture are particularly sensitive to fire.

On the outskirts of larger towns, the colonization of agricultural lands by the progression of the AU
zones, creates unkempt islands near existing buildings and is the source of many fires.
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A recent study of abandonned agriculture land reinforces our study, as the sampling of ancien
agricultural zones show the state of abandonment in the study area.

The different public policies, from the municipal level to a national one, could have consequences
on the fire risk and not take them into account.
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