Apart from Europe and, forest fires have been a prime source of concern for many parts of the world with a similar Mediterranean climatic conditions. Mediterranean forests are have their own specific complex and vulnerable characteristics. Their management with the objectives of protection, production and biodiversity calls for specialized and custom adapted techniques.

The fire activity in the given areas is attributed to the changing pattern of the usage of the land owing to change in agricultural and socio-economic factors. As such, in the recent years there has been major rise in the land abandonment as well as encroachment into the forest periphery over the Wildland Urban interface for various recreational as well as settlement purposes. In case of France, there has been a huge development on the industrial front with the growing needs over time. In fact, the country also sees a surplus of agricultural produce in the European Union. However, the farming land is far too often abandoned leading to its cover by regenerated forests which take place over the same land. The typical Conifers that grow in this Mediterranean region, happen to be the primary species that constitute this forest cover. Add to this, the phenomenon of climate change that has emerged into the picture in recent past leading to extreme conditions of elevated temperature, minimized rainfall and other factors that further attribute to the case of wild fire occurrence.

Hence, the consciousness to study the various aspects of the wild fire risk and the factors attributing to it has been of prime interest in research centres across the globe. This demands the development of innovative new models to not just study the attributes of the wild fire occurrences but also means to help make an assessment of the conditions affecting it well in advance. There have been various efforts made to carry out classification of zones and regions in the Mediterranean forest based on their specific vegetation and soil characteristics, thereby determining the susceptibility to fire risk.

Carrying forward along the lines of the aforementioned discussion, the first step of this project has seen the EMAX research team of Cemagref work on the defining the Wild-land Urban Interface. This has been facilitated through a tool to carry out the WUI mapping, thereby defining the zone based on vegetation and housing structure.

-Structure of Vegetation:

virtually absent sparse and discontinuous compact and continuous -Housing Configuration:

-Isolated -Scattered -Clustered
This innovative method aims at developing a measurable criterion that can be quantified, to offer a new reading of the municipal territory: by combining four types of residential housing and three types of vegetation structure, thereby defining 12 types of habitat-forest interfaces.

Modus Operandi -Steps and Procedure:

Step I. Understanding the Risk Scenario at the House Level:

The first step of the project has been to carry out an extensive study of the existing materials on study of wildfire and its consequences and other relevant attributes over the database. This has provided with an overview of the problems faced in France, and across the other parts of the world to help minimize the risk of wildfire. The study also includes a brief on different Multi-Criteria methods being used by researches for environmental risk assessment.

Step II. Assessment Model:

The second step of the project has been to develop a well defined Hierarchical structure in accordance to the Analytical Hierarchy Process (AHP) to be used for the Analysis of Fire Risk problem at hand. This structure includes the various factors affecting the wild fire risk, and a set of criteria thereby, defining these given factors. A coherent relation between these has then been established.

Step III. Defining the criterions:

The third step has been to take into consideration all the criteria to be taken into consideration for Wild fire risk assessment relevant to our specific case of study and further refine them to better suit the requirement. These criteria have then been assigned specific weights based on Saaty's calculation method for AHP, based on Vector Analysis principles.

Step IV. Data Collection (Information on all the Indicators):

The next step has been the collection and compilation of the available data for a given community/region based on the case of study to test a prototype of the Multi-Criteria Analytical Model so developed. These refer to the data parcels received through satellite images as well as other stored documents on the topographic information of the region of study. The ground surveys of the site to gather specific information on definite topics and features by the Cemagref Team has also been taken into consideration.

Step V. Data Processing:

The next step has been to develop a hierarchy specifically on wildfire risk taking the factors that affect the same over space and time. These factors have then been sub-divided into various features, i.e. criteria that affect the same; and the calculation and an estimate for each of these criteria is carried out through a given set of indicators. Subsequently, based on expert judgment and available data analysis through AHP, these criteria have been assigned specific weights of importance at different levels in the hierarchy.

Step VI. Determining the relationship between the criteria (i.e. A mathematical model) :

The sixth step in the process has been to carry out the calculations defined for the Analytical Process based on pair wise comparison of the different set of attributes considered at each level of the hierarchy. This is a reflection of the judgments based over a relative scale carried out, for which a certain consistency check is then performed.

Step VII. Quantifying the Output to judge on the final Goal (i.e. The assessment criteria) :

The final step of the project has been to carry out extensive data analysis and interpretation from the available records for the test Prototype Case (Meyruil). This is followed by a systematic representation of comparative risk value at the level of a House based on numerical outputs from the Model. Inferences have then be drawn to help experts make recommendations and suggestions to minimize the fire risk in the zone in future.

Multi-criteria decision Making (MCDM):

Multiple criteria decision making is an analytic method to evaluate the consequences and outcomes based on a given set of alternatives governed by multiple criteria. These include means to carry out complex decision making processes in the fields ranging from economics, to industrial research to environmental risk assessment.

MCDM problems can be broadly classified into two categories: Multiple objective programming and multiple criteria evaluation. The basic purpose in both, however, is to take explicit account of more than one criterion in supporting the decision process.

Properties of a specific multi-criteria evaluation method can be stated as:

-To assign a given set of multiple criteria that can be analysed for the problem at hand -To specify explicit weights for each criteria to assign preferential importance of each -To specify the acceptable metrics and their range, pertaining to the application at hand -To gather a wide range of judgmental opinions from varied sources and integrating them -To facilitate consideration of varied courses of action to be evaluated on a unique scale MCDM methods have been widely used by researchers across the globe in recent times to carry out study on diverse topics. Each of the method for Multi Criteria Decision Making, as such provides a different approach to solving the given problem at hand through a process of choosing a particular among a given set of preselected alternatives, and rank them as desired.

The MCDM method that best suits our need to make a comprehensive Wild Fire Risk Assessment at the level of a house and a community happens to be the Analytical Hierarchy Process (AHP).

MCDM -Analytical Hierarchy Process (AHP):

The Analytic Hierarchy Process (AHP) is a structured technique for dealing with complex decision making requirements. The process presents a means to identify the best suited alternative, instead of picking one single outcome, through subjective understanding of the problem at hand. Hence, it comes rather handy when the decision making comes to listing down between a given set of choices and alternatives and the need to develop a rank among them, as in our case.

Based on mathematics and psychology, it was developed by Thomas L. Saaty in the 1970s and is often referred to as the Saaty method. But it has gone extensive refining since the very inception of its usage in varied fields of study. The crux of Analytical Hierarchy Process (AHP) lies in its effectiveness in establishing a coherent conclusion between conflicting alternatives. The judgment derived henceforth, are relative to each other based on their respective importance.

The basic steps in the AHP process for making a decision on the given problem could be listed down as: I. To simplify the decision problem into a hierarchy of more easily comprehended sub-problems, each of which can be analyzed independently. II. To decide which criteria are relevant for the given particular problem, and what metrics should be used to assess these set of criteria. III. To evaluate its various elements (criteria) by comparing them to one another two at a time so as to make comparative analysis with the help of given data IV. To check the consistency of the judgments and come to a final decision based on the results of this process.

As mentioned above, the method includes structuring the problem into a hierarchical scheme by distributing it into the various factors affecting the problem. This is followed by a set of criteria that go on to affect these factors, thereby contributing the main issue at the top of hierarchy. The next phase lies in deciding upon the relative importance among these set of factors and criteria based on human judgments.

Hence, the method helps cover not just a wide range of alternatives that affect the problem at hand, but also helps include a wide spectrum of ideas from various sources and decision makers, and correlate them to get a final conclusion. Further, the strength of the process lies in the ability to make a consistency check over the judgments made over the problem in consideration.

An analysis of the data available for the elements under consideration can be carried out to establish their impact and overall taking on the goal to address the problem. The analysis is threaded up the hierarchy, there by finally deriving a numerical value out of the entire process, to have a generic perspective of the analyzed result. The common scale that is used for the comparison is as given:

The process of judgment is carried out through a Saaty defined scale of comparison. In this scale, every alternative is compared to every other at the same level in hierarchy in a set of two; thereby establishing a comprehensive comparison among all the alternatives with respect to each other.

[The mathematical basis of the AHP lies in fundamental calculation over simple matrix and vector outlining the set of alternatives.

In case, we have n elements to be compared, where W1 … Wn and denote the relative 'weight' of Wi with respect to Wj by aij and form a square matrix A=(aij) of order n with the constraints that aij = 1/aji, for i ≠ j, and aii = 1, all i. Such a matrix is said to be a reciprocal matrix.

The weights are consistent if they are transitive, that is aik = aijajk for all i, j, and k. Such a matrix might exist if the aij are calculated from exactly measured data. Then find a vector ω of order n such that Aω = λω . For such a matrix, ω is said to be an eigenvector (of order n) and λ is an eigenvalue. For a consistent matrix, λ = n . For matrices involving human judgement, the condition aik = aijajk does not hold as human judgements are inconsistent to a greater or lesser degree. In such a case the ω vector satisfies the equation Aω= λmaxω and λmax ≥ n. The difference, if any, between λmax and n is an indication of the inconsistency of the judgments. If λmax = n then the judgements have turned out to be consistent.

Finally, a Consistency Index can be calculated from (λmax-n)/(n-1). That needs to be assessed against judgments made completely at random and Saaty has calculated large samples of random matrices of increasing order and the Consistency Indices of those matrices. A true Consistency Ratio is calculated by dividing the Consistency Index for the set of judgments by the Index for the corresponding random matrix. Saaty suggests that if that ratio exceeds 0.1 the set of judgments may be too inconsistent to be reliable. In practice, CRs of more than 0.1 sometimes have to be accepted. A CR of 0 would mean that the judgments are perfectly consistent.]*

Hence, the various advantages of AHP in a group setting can be noted as follows:

• A comprehensive understanding and simplification of the given problem into a structured system of the desired goal/objective and the factors affecting it. • The discussion in a group can be focused on objectives rather than alternatives by Listing down the elements that attribute to the decision making process, both quantifiable and nonquantifiable.

• Establishing the relation between the elements and the overall goal, thereby helping evaluate the options to come up with a desirable solution.

• In a structured analysis, the discussion continues until all relevant information from each individual member in a group has been considered and a consensus choice of the decision alternative is achieved.

AHP Model for Wildfire Risk Assessment:

Factors for Consideration:

Based on an extensive study of the different aspects of Wild Fire risk, the causes, properties and the consequences across the globe as well as a specific reference to the case of Mediterranean Europe, a set of exhaustive list of factors attributing to the same has been prepared. These factors directly or indirectly affect the risk of wild-fire in the given wild-land Urban interface. The list comprises a host of features ranging from the natural environmental system to the man controlled systems and activities. As such, the various factors have been broadly classified into:

-Spatial Factors -Temporal factors

The spatial factors include all the considerations over the specific region of study based on its topographical and demographic aspects. On the other hand the Temporal Factors are time specific and tend to vary over a given period of time within the day as well as over a given year or decades. These both factors combine to give a generic presumption of the net wildfire risk. The basic fundamental of it being inclusion of all the possibilities that affect:

-The very probability of Occurrence of a wildfire -The damage incurred in case of a wildfire Hence, the various critical aspects based on the above mentioned observation can be categorized as follows:

-Bio-Climatic: Dealing with the various weather phenomenon and features over the given location of study. -Topography: Affecting the overall landscape through which the fire propagates to reach the subject spot/location. -Vegetation: The type of vegetation being the very fundamental aspect serving as the major fuel for wildfire. -Planning Features: Including the community planning and housing configuration as well as other infrastructure and their maintenance. -Building Construction Techniques and Materials: Referring to the relevant means and methods of construction incorporated in the specific region along with the combustibility of the materials used. -Socio-Economic Factors: Referring to the human activities and their over all impact and contribution to the wildfire risk as well as the consequential damage incurred. -Housing Type: This specifically refers to the housing configuration in the Wild Land -Urban interface based on the definite mapping scheme carried out at Cemagref, thereby categorizing the Wild-Fire risk zones.

Following is a set of exhaustive list of Criteria taken into consideration for the Wild-fire risk assessment in our case based on the above mentioned categorization of factors:

I. Temporal Factors:

A. Bio Climatic 1. Temperature: It is the measurement of warmth or coldness thereby concluding that a high temperature would aid the heat for burning.

Wind:

The horizontal movement of air relative to the surface of the earth which would essentially act as a carrier of heat and firebrands helping the fire to propagate.

Relative humidity (RH):

It is the ratio of the amount of moisture in the air to the amount which the air could hold at a given temperature and pressure, giving a measure of the fuel dryness and susceptibility to catch fire in case of low moisture content.

II. Spatial Factors:

A. Topographic /Geographical 1. Slope: It refers to the change in elevation divided by horizontal distance, thereby defining the gradient of the land form to affect the travelling of wild-fire.

Aspect (Sun):

It is the facing of slope with respect to the sun helping the one getting more sunlight to be dry, which is good for ignition and burning.

Country shape:

It is an indication of the type of land form in the given specific region of study as they tend to affect the channelling of wild fire and the overall propagation.

B. Vegetation

1. Horizontal: This refers to the vegetation type (grass, shrubs, forest stands) and its specific characteristics that act as fuel for fire.

Vertical:

This takes into consideration the specific distribution and concentration of vegetation within the given zone thereby affecting the overall fire risk.

C. Planning Features

1. Protection Zone: It refers to the area between the given property and nearest fuel from the potential wildfire source, often cleared so as to help protect life and property, spreading of fire and also provide space for fire fighters to work to protect life and property.

Accessibility (Road Type):

It is considered at both the levels of a house and the community defining the Road width, Access Type, Ingress/Egress type, Surface Maintenance, Slope as well as other infrastructure for easy reach.

Electrical Utilities:

It takes into consideration the various power lines which are either underground or over the ground power at a given Distance from the Structure, acting as potential accident sources in case of a wildfire as well as for ignition of a wildfire.

4. Gas/Fuel Utilities: It refers to the storage of fuel in different forms within the vicinity of a given structure in a storage vessel/barrel.

5.

Water Supply: It refers to the presence of Hydrants and their proximity to the structure as well as the availability of a draft source to help mitigate fire in case of its occurrence.

D. Building Construction Materials and techniques

1. Roofing Material: This gives a representation of the combustibility and the maintenance of the roof thereby affecting the damage level caused in case of a wild fire.

Envelope/Cover:

It is a representation of the construction material used for the basic envelope of the housing unit thereby giving an indication of its combustibility.

Siding/fence:

It represents the outer fencing around the house, often in contact to the given building

Window Openings Shutter:

This forms a very important feature of the building construction unit thereby helping facilitate channel for air flow and aid in burning in case of wild fire. The shutter material in itself further attributes to the case of combustion.

Machine Storage:

It refers to the presence of any given machine equipment or vehicle with potential flammability through the fuel to power the machines, and is characteristic to its proximity from the structure 7. Firewood Storage: It refers to the presence of firewood piles or woodsheds in proximity to the structure acting as fuel source in case of a fire occurrence.

8. Barbecue/Chimney/Fireplace: It refers to the presence of any other potential fire ignition point in the form of barbecue or a chimney/fireplace within the living entity, based on its being screened and its maintenance.

E. Socio-Economic (Human) Factors

1. Type of Inhabitancy/Usage: The type of inhabitancy and the activities carried out within the built structure establishes the relative importance/value of the structure and hence, the damage quantification in case of fire.

2. Spot Identification/Demarcation: It refers to the official registration and demarcation of houses in a definite planned plotting helping easy access and identification for fire risk mitigation.

3. Viewshed: It refers to the ease of view and location from the major access and a given vantage point for spotting fire ignition as well as propagation.

Fire History:

A previous record of wildfire occurrence in the vicinity gives an idea of the zone's susceptibility and consequences to be incurred in case of further such occurrences.

Landscape Maintenance:

It gives an indication of the frequency of clearing of fuel for the wild fire around the given structure under study based on the social and economic status of the inhabitants.

F. Housing Type

This is in relation to the mapping of the Wild-Land Interface using the WUI Tool developed by the research unit at Cemagref. By the help of this facility, it is easier to characterize the different dwelling units to have a good indication of the exact zoning of the given house based on its planning pattern. This is further in direct relation to the risk to the given structure in case of a Wild-Fire.

The various Housing Types categorized as such are as follows:

-WUI Isolated Based on the Data acquired over the region through varied sources, followed by application of the Saaty's AHP procedure and comparative analysis of the criteria of consideration, a final set of risk value has been calculated. This value has further been normalized to draw a definite percentage of the same to better facilitate a generic overview of the amount of risk. Hereby, given is a comparative graph of the final risk values calculated of the 29 houses. These happen to be an outcome of individual comparative study and analysis with respect to each other based on all the criteria of consideration.

House Number

The outcome though, is purely governed by the weights so assigned through the process and the available data within the limited resources. Following are two schematic representations of the values so obtained. The output could be diagrammatically modeled as represented, and necessary recommendations could be made specific to each house, based on its risk level. This would go a long way in creating an individual level awareness among the residents to the risk of wildfire as well as helping the researchers carry out the study in a more definite and refined manner. 

  Based on the output of the model, the houses taken into consideration of the study can be characterized into specific zones of wild-fire risk at the given Level of a House study. All the criteria along with other basic parameters can be developed into an algorithm or software, where the indicators define each of the criteria. The value of each of these indicators could be answered by the house owner himself by choosing among the set of options. The calculation then carried out, can draw a comparative study with all the other houses in the given zone (vicinity), and draw a mapping of the set of houses under different levels of risk to wild-fire.

•

  Vulnerability to Natural Hazards: Study of Subdivisions Burned by the Hayman, Fire Using IKONOS Imagery and High Resolution (Author: Uddhab Bhandary, University of Colorado) • Wildfire Hazard Assessment and the Wildland-Urban Interface of the North Olympic Peninsula, Washington (by Chris DeSisto, Dwight Barry, Tiffany Nabors, and Erin Drake, Peninsula College and Western Washington University Huxley College of the Environment) • Fire Risk Rating for Homes in the Wildland/Urban Interface (created by the Alaska Wildland Fire Coordinating Group (AWFCG))Maryland Wildland/Urban Interface Home Risk Assessment • Wildfire Risk Assessment Guide for Homeowners in the Southern United States (by Martha Monroe, faculty member; Ludie Ehlers and Anna Behm, graduate students,in the School of Forest Resources and Conservation, University of Florida) • WILDFIRE HAZARD RISK ASSESSMENT Access Based Subdivision Survey (by Texas Forest Service and Texas State University

  

  

  

  

  

* Source: Geoff Coyle: Practical Strategy. Open Access Material. AHP

The Hierarchy Formed:

The factors so developed in the hierarchy are governed by a set of criteria each. These criteria hence form the subordinate level of the hierarchy in the AHP. Some of the criteria are quantifiable i.e. can be measured on mathematical terms while the rest cannot be quantified. Yet a comparative analysis gives an idea structure for deciding a relative importance between them and assessment with respect to the specific house being studied.

Following is a tabular representation of the entire hierarchy distributing the factors and the respective criteria into different levels of consideration. These criteria are further governed by a given set of indicators which give a parametric indication over the criteria of study. 

Tabular Representation along with the

Weights and Consistency Calculations:

Based on the comparative analysis scheme according to Saaty's Analytical Hierarchy Process discussed earlier in the report, following calculations and comparisons have been carried out based on expert opinions and analytical studies. These comparisons yield a given set of weights at each level of the given hierarchy thereby defining the relative importance of the factors and the subsequent criteria with respect to each other.

Following the weight calculations, a given consistency check has been carried out for each of them to establish coherency in the decision making and eradicate human error in judgments. The calculations along with the Maximum Eigen value and Consistency Index (which needs to be below 0.1) have been mentioned below:

LEVEL: 0

Factors for Basic Classification of Wild-Fire Risk 

Weights and Consistency Calculations:

Based on the comparative analysis scheme according to Saaty's Analytical Hierarchy Process discussed earlier in the report, following calculations and comparisons have been carried out based on expert opinions and analytical studies. These comparisons yield a given set of weights at each level of the given hierarchy thereby defining the relative importance of the factors and the subsequent criteria with respect to each other. Following the weight calculations, a given consistency check has been carried out for each of them to establish coherency in the decision making and eradicate human error in judgments. Based on the hierarchy and set of various factors and criteria that has been established till now, following are a set of various indicators taken into consideration. These would help to carry out the calculation for different conditions of the set of houses for which risk assessment is to be carried out based on respective criteria each.

Calculation of

These indicators are so formulated to take into consideration both the quantifiable as well as the nonquantifiable parameters to affect the over all risk value. The data for some of these have been readily available with the concerned sources, while some others have been carried out through a physical survey. The rest are a conclusion of thorough analysis and study of relevant sources. 

Criteria