4 » A \
- g - 'y
+ \j i - _f‘
[ - e . #
H v >
T -t ¥ , =
- ¥ 7 4
_-‘ﬂ.“’ <« L, 4 v
- ’a,:.. »
. w3

’
-
- =
o

o S
el ."‘V

¥
x_f\;



http://dx.doi.org/10.14195/978-989-26-0884-6 176 Chapter 6 — Forest Management

A fire effects index for overall assessment of wildfire events in Greece
Kostas Kalabokidis, Palaiologos Palaiologou, Nikolaos Athanasis

Department of Geography, University of the Aegean, GR-81100 Mytilene, GREECE.
kalabokidis@aegean.gr

Abstract

Greece is faced with increased wildfire activity on an annual basis. Large-scale wildfires along with limited
economic resources do not allow application of rehabilitation measures for the vast majority of burned areas,
and when restoration takes place it is not based on sound scientific evidence. A scientific approach is missing
based on wildfire classification and overall assessment of fire effects. Severity of a wildfire is perceived by the
authorities only from the total area burned. These facts prompted our research thoughts about the need for
introducing a new ranking method that will be based on expert judgment, with scientific evaluation of what has
happened and what it is expected to occur based on several fire related aspects and parameters. The backbone
of our proposed Fire Ranking and Effects Index (FIRE Index) is the Analytical Hierarchical Process (AHP) that
is used to combine the scores of seven categories and 56 criteria that comprise them. These categories form two
groups of effects: Environmental Fire Effects with three categories (Landscape and Vegetation; General
Environment Impacts; Regeneration Potential/\Vegetation Recovery); and Socioeconomic Fire Effects with four
categories (Casualties and Fatalities; Destructions/Damages on Infrastructure; Economic Losses;
Firefighting/Wildfire Confrontation). Each of the 56 criteria, along with four different general multipliers,
describes a different anticipated fire effect. The magnitude of the effects is estimated by one or more persons/
assessors in a multi-level evaluation procedure. Then, AHP pair-wise comparisons are applied in two levels, i.e.
within the criteria of each category and among the seven categories. Weighted scores of criteria are summed
and normalized in a 0-100 scale; and the same procedure is applied on categories to calculate the final FIRE
Index value. End-users are thus able to estimate the FIRE Index in a user-friendly, web-based platform that
provides all the necessary feedback and literature justification, while conducting all the necessary calculations
in the background.

Keywords: Wildfire Effects Evaluation; Analytical Hierarchical Process; Fire Index; Greece

1. Introduction

Increased frequency and intensity of wildfire events for the past two decades in the Mediterranean
Basin resulted in millions hectares of burned land, causing hundreds of fatalities and extensive losses
on socioeconomic and natural resources (Moreira et al. 2011). There are several explanations for this
large wildfire breakout, ranging from climate change (Trigo et al. 2006; Founda and Giannakopoulos
2009) to socioeconomic reasons, but it is generally agreed that human activities is the main cause for
their geometrical increase (Pausas 2004). Either from arsons, negligence or need, the human-ignited
fires are constantly destroying forest lands, accelerating phenomena such as erosion, desertification,
land use changes, species extinction and degradation of the natural environment (Shakesby and Doerr
2006; Pausas et al. 2008; Moreira et al. 2011). Furthermore, the cost of rehabilitating the landscape,
repairs on infrastructures and properties and economic compensations burden the national budgets
(Butry et al. 2001; Steelman and Burke 2007). Societies are forced to spend vast amounts of economic
and human resources to confront these events and to mitigate their catastrophic effects. Inability of
evaluating each wildfire event from the importance of the causing effects usually leads to overestimate
or underestimate of the real situation that emerged after the event, resulting in enforcing either a wrong
recipe for post-fire management or do nothing.

Our proposed Fire Ranking and Effects Index (FIRE Index) in this study adds to the current fire effects
evaluation procedures a comprehensive methodology that allows the classification of wildfires based
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on an evaluation of multiple fire effects categories and criteria. Its primary evaluation principle
considers the social perspective of wildfires, by incorporating into the evaluation procedure a logic
derived from how people understand fire effects during their lifetimes. The social perspective of
wildfires dominates most of the criteria but co-exists with the ecological perspective of others. In the
case of a conflict between those two approaches, the social always prevails. The above indicate that
the assessor must rate the criteria based on what is important for human beings and societies, as well
as, how they understand and experience ecology and environment.

2. Materials and Methods

The main tools used for the conceptual design and implementation of the proposed FIRE Index are
based on approaches and applications used to estimate and assess burn severity and first order fire
effects on the field (Composite Burn Index - CBI) from Key and Benson (2006); in conjunction with
ranking the academic performance of world universities (The World University Rankings - Thomson
Reuters?). The backbone of the ranking method among the different fire effects is the Analytical
Hierarchical Process (AHP) (Saaty 1977). The FIRE Index has been designed for fire events that occur
in Greece, but, given the necessary modifications and inputs can be expanded to other countries and
regions.

The first level of wildfire evaluation is the Fire Effect Category (FEC: seven in total). Each category
is composed of Criteria (56 in total). Each criterion has its own set of Choices, defining the magnitude
of fire effects it describes on a scale of 0 (No effect) to 100 (High effect) (Table 1). The choices for
each criterion were derived by the detailed study of the relevant local and international literature
(wildfire and ecology studies) for several wildfire incidents as well as from the knowledge and
experiences gained from several case studies across Greece. These choices portray the significance of
the effects and outcomes caused by the wildfire. The assessor has the ability to provide any value
through the predefined scale, with the exception of those values for certain choices that have been
excluded or are not available by the initial criterion design. For example, if a criterion has two available
choices that can both describe a certain fire effect with values 100 and 60, then the assessor can choose
either the middle values of the two choices (80) or, a value that is closer to one choice depending on
his judgment for the current situation (70 or 90).

Table 1. Fire effects evaluation scale from 0 (none) to 100 (high)

No Effect Low Moderate High
0 10 20 40 60 80 100

Two criteria were assigned with Additive Terms (AT) that can aid in a more detailed description of the
fire effects. The criterion score is modified by the AT value, but, eventually the final score will fall in
the range of 0 to 100, due to an average estimation of the scores. For example, a forest under protection
status will receive the highest value if it is an old-growth forest that comprises more than 50% of the
burned area. Another concept in the evaluation procedure is the Criterion Descriptor that allows the
attribution of a percentage value to each choice to achieve a better description of what has happened
on a landscape level. For example, the assessor can describe the percentage of area occupied by pine
trees or other vegetation types, achieving a more detailed allocation of the criterion value. The sum of
all the values of criterion descriptor should not exceed 100%.

Some of the FEC’s (five out of seven) were assigned with a General Multiplier (GM) that is evaluated
on a scale of 0.5 to 3 having a 0.5 interval. These GM’s were derived from evaluation of important

L http://www.timeshighereducation.co.uk/world-university-rankings/2013-14/world-ranking/methodology
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wildfire attributes and characteristics, such as fire size, ecological condition and protection status, and
post-fire vegetation condition. They provide the ability to decrease (by selecting a value from 0.5 to
0.9), keep it the same (values equal to 1) or increase (values greater than 1) the overall FEC score
based on the assessor’s answer. AT’s were also assigned to two GM’s and their value is defined by the
average of all answers. The majority of criteria and multipliers can be evaluated by simply selecting
one from the available choices or provide a user defined score; but there are some that have a particular
logic behind them that it is noted in their description.

2.1. Prioritization of Categories and Criteria
For each category and criterion, weights were derived to achieve a prioritization among them based
on their relative importance at the category and final index levels, by using the AHP method developed
by Saaty (1977). Initially, a pair-wise comparison matrix is designed (Equation 1), where the relative
importance between two criteria is measured according to a numerical scale from 1 to 9, where 1
denotes equal importance and 9 denotes that the first is absolutely more important than the second
criterion.

1 an - am
A= a:2] 1 . a:2n (1)
anl dAn2 1

where, ajx= 1/ ajand k,j=1, ....,n.

Once the matrix is built, it is possible to derive a normalized pair-wise comparison matrix (i.e. Anorm)
by making equal to 1 the sum of the entries on each column. Each entry ajx is computed by Equation
2:

_Yk
m
Yi=1 Ak

Ajy = e

Then, the criteria weight vector w (that is an m-dimensional column vector) is built by averaging the
entries on each row of the Anorm matrix with Equation 3 (results were checked to ensure that they are
consistent):

Y1213
w; === 3)

To conduct all the necessary calculations for the final FIRE Index estimation, the calculation of all
criteria and multipliers scores is required. Each criterion is weighted and then summed with the others
from the same category. If a GM exists, it is applied on the weighted sum. Then, a normalization of
the outcome is performed on a scale of 0 to 100 by using the higher and lower value that each category
can achieve with the Equation 4:

xl _ (RL_Rmin) * SR (4)

(Rmax_Rmin)

where, Ri is the outcome weighted value of the category i, Rmin and Rmax are the lower and higher
values respectively the category can achieve, and SR is the standardized range.

Finally, the value from each of the seven categories is also weighted and then summed with the others
to derive the final FIRE Index value on a scale of 1-100.
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3. Results

3.1. Categories and Criteria of Fire Effects

By studying several wildfire case studies that occurred during the past 40 years in Greece, seven
general wildfire effects categories were derived, forming two groups: the Environmental Fire Effects
(Figure 1) and the Socioeconomic Fire Effects (Figure 2). The first fire effects category is the “Effects
on Landscape and Vegetation” and examines the wildfire consequences on the landscape in terms of
air quality and soil condition. It also examines the vegetation type, rarity, protection status based on a
social perspective of the prioritization of forest resources. It is composed by five criteria and one GM.
Initially, the assessor must define the landscape type in which the wildfire took place, by choosing
among flat terrain/agricultural land, highlands, wildland-urban interface and mountainous areas. Then,
in the criterion “Dominant Land Use/Land Cover types” (LULC), the vegetation composition inside
the burned area is defined by providing the percentage estimation of its cover. The available choices
are: bare soil; grass or short shrub; shrubland; agricultural land or orchard; mixed or broadleaf forest;
and conifer forest. Then, the percentage fraction provided for each choice is multiplied by its relevant
score. If the choices involve either “Mixed/Broadleaf forest” or “Conifer forest”, then the two AT are
activated, defining the vegetation types that exist inside the fire perimeter. For the case of
mixed/broadleaf forest types, the available choices are: Quercus spp. or Olea sylvestris; Fagus spp. or
Juglans regia or Castanea spp. or Cold Climate Broadleaf Evergreens; and mixed conifer/broadleaf
forest. For the case of conifer forest types the available choices are: Pinus brutia or Pinus halepensis;
Juniperus spp. or Cupressus spp.; Pinus nigra or Pinus pinea; and Abies spp. or mixed Fir/Pine forest
or Pinus sylvestris or Pinus heldreichii. The assessor must provide the type of each forest and,
depending on what is chosen, the AT score is multiplied by the fraction of cover for this particular
LULC, summed with the initial LULC score and then averaged. The final criterion value is derived by
summing the scores of each LULC type, including the average values derived by the possible usage
of AT.

The next criterion defines if the burned area is under Greek or international conservation and protection
status of forested areas and on what percentage it is inside the fire perimeter. The choices are: lake or
seashore forests; recreational forests; national parks; and old-growth forest. If the assessor chooses a
value different from “None” (which means a zero value for the criterion), he must then define the
percentage that this protected area type is occupying inside the burned area. The two scores are then
summed and averaged to derive the final criterion value. The effects on air quality are defined by
providing information that describes the size and type of the affected populated areas and to what
extent (Sastry 2002; Vedal and Dutton 2006). The available choices are: away from settlements; small-
scale visibility reduction and smoke impacts near small villages; visibility reduction inside
medium/large sized populated areas; and severe smoke impacts inside medium/large sized populated
areas. Finally, the last criterion describes the probabilities to occur land degradation, erosion and soil
losses phenomena (none; low; moderate; high) (Robichaud 2000; Parsons et al. 2010). The assessor
must also define the percentage of area that is expected to have those probabilities. The percent fraction
is then multiplied with the score of each choice and summed to derive the final criterion score. Upon
the completion of the above criteria, the size of burned area must be defined to act as the category’s
GM. Based on a detailed study of the frequency, size and number of fire events on Greece, the available
choices are: fire size <10 ha; 10 to <100 ha; 100 to <500 ha; 500 to < 2,000 ha; 2,000 to <7,000; and
>7,000 ha.
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Figure 1. Structure of criteria and categories with their attributed weights for natural environment fire effects evaluation
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Figure 2. Structure of criteria and categories with their attributed weights for socioeconomic fire effects evaluation
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The second category is the “General Environmental Impacts” that evaluates the wildfire effects on the
fauna and flora of the affected area, as well as on the environmental quality and biodiversity. It is
composed of eight criteria and one GM. Initially, the assessor must define the losses (if any) on
important fauna habitats for five criteria (insects and invertebrates; small mammals/reptiles; fish; birds;
and large-size mammals) (Smith 2000). The available choices are: none; few; several; and extended.
The assessor must, prior to any judgment, acquire knowledge about the species composition of the
area, their vulnerability to wildfires, their projected population response, their rarity and the extent of
their habitat on the broader area. The sixth criterion evaluates the losses and possible endangering of
important/rare flora species (Phitos et al. 1995; Brown and Smith 2000; Georghiou and Delipetrou
2010). The available choices for the assessor include: zero losses due to the lack of important/rare
species; few losses with regeneration potential; extended losses with alteration on habitat conditions
and strong population stresses; and intense, with possible species extinction or disappearance from the
area. The next two criteria estimate the threat for exotic species invasion or the modification of the
current abundance of local fauna and flora species. The available choices for both criteria are: none;
local; extended; and intense. The assessor must gain knowledge about possible exotic species/invaders
that reside inside or adjacent to the affected area that can encroach into it and to estimate if there will
be any changes in species abundance and composition (Vitousek 1990; D 'Antonio and Vitousek 1992;
Daehler and Strong 1994; Wilcove et al. 1998; Pimente 2002). Finally, one GM with an AT will define
if the affected area is under any protection status and to what extent (Dimopoulos 2005; Mazaris et al.
2008). The available choices for the assessor are: none; wildlife habitatss NATURA 2000 areas;
protected natural areas; areas of complete and strict protection; and biogenetic/biosphere reserves. If
the choice is different than “None” (score = 1), the percentage of burned area that belongs to the
selected type should be defined on the AT. The two scores are summed and averaged to derive the
final GM score.

The third category is the «Regeneration Potential/\VVegetation Recovery» and examines the fire
behavior, pre-fire landscape and vegetation conditions, fire history and human pressures on the
affected area. It is composed of 11 criteria and one GM. Initially, the assessor must define the age of
conifer species that existed in the area prior to the fire (if present). The available choices are: not
applicable; >100 years; 60-100 years; 20-60 years; 15-20 years; and <15 years. It is assumed that the
younger the conifer forest is the more difficult it is to regenerate (Thanos and Daskalakou 2000; Tapias
et al. 2001; Ne’eman et al. 2004; Climent et al. 2008). In the second criterion, the age of broadleaf
species/evergreen shrublands must be defined (if present). The available choices are: not applicable;
10-15 years; 15-20 years; 20-60 years; 60-80 years; and >80 years or <10 years old. It is assumed that
the older (or very younger) the broadleaf forest/evergreen shrublands is the more difficult it is to
regenerate (Johnson and Godman 1983; Stroempl 1983). For these two criteria, it is important to define
the age of the dominant vegetation types across the landscape instead of a detailed approximation at a
stand level. The next criterion describes the topography of the area in terms of slope, and the assessor
must calculate and provide information about the portions of the landscape that have a certain slope
choice. The available choices are: 0-5°; 5-10°; 10-15°; 15-20°; 20-30°; 30-45°; and >45°.

The imminent threat from grazing must be evaluated by understanding the amount of livestock that
resides inside or on the periphery of the burned area. It is assumed that as the grazing is increased in
frequency and range, the conditions for potential successful vegetation regeneration are dramatically
reduced (Perevolotsky and Haimov 1992; Campbell and Donlan 2005). The available choices are:
none; partial; extended; and intense. The recent fire activity is an important parameter that has a
substantial effect on regeneration. It is assumed that there are more chances for a successful
regeneration if the fire return interval is large (Agee 1990). The available choices are: >100 years; >50
years; >30 years; and <30 years. It is frequent that post-fire vegetation recovery is depended on
unburned forest patches and individual trees, providing a seed bank to colonize and repopulate the
burned area, and it is assumed that the more dispersed and abundant these unburned patches are, the
better is for regeneration (Lentile et al. 2005; Arianoutsou et al. 2010). The available choices are:
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many (dispersed); many (gathered); few (dispersed); few (gathered); none. lllegal activities that may
cause land use changes or interference into formerly vegetated areas can have a substantial negative
effect, so the assessor must identify if there is any evidence that such activities have happened in the
past (e.g. illegal logging, construction of buildings, roads and houses, conversion of forests into
agricultural lands, etc.) (Tacconi et al. 2003). The available choices are: none; partial; extended; and
intense. Another important criterion is the influence humans can have into the burned area by applying
urban or touristic pressures. This can usually take the form of frequent tourist trips into the burned
forests and people visits for recreational activities (Kuvan 2005). These pressures are usually
performed into the wildland urban interface environment (Atmis et al. 2007). The available choices
are: none; partial; extended; and intense.

Fire smoldering effect can cause serious implications in vegetation recovery, mainly by modifying
significant soil properties that prevent seeds from growing or resprouting (Ryan and Noste 1985). The
assessor must have evidence if smoldering has happened and to what extent. The available choices
are: none; partial; extended; and intense. Another important threat is the outbreak of diseases or
harmful insect’s population expansion that can cause negative effects on areas that survived the fire
(de Dios 2007; Hansen 2008). Often, seeds and genetic material is transferred from these areas to other
nearby burned parts, colonizing the landscape and reestablishing vegetation. If those surviving areas
or individuals are affected, then the process of forest regeneration can be halted or lead to vegetation
alterations (Winder and Shamoun 2006). The available choices are: none; partial; extended; and
intense. Finally, the soil type plays an important role on resprouting and seed germination ability. This
criterion assumes that deep soils with small amount of rocks are more preferable compared to shallow
skeletal soils (steep slopes or exposed parent material) (LOpez-Soria and Castell 1992; Minotta and
Pinzauti 1996; Spanos et al. 2001). The available choices are: deep soils with small amount of rocks;
deep soils with moderate amount of rocks; moderate depth soils with small amount of rocks; moderate
depth soils with moderate amount of rocks; shallow soils with moderate amount of rocks; and shallow
exposed soils with large amount of rocks. The GM is composed of three parts that must be evaluated
and averaged. In particular, the assessor must define the percentage of burned, scorched and unburned
vegetation (black, brown and green), in a similar way to CBI estimation for the overstory vegetation
condition (Key and Benson 2006). The sum of the percentage choices from the three answers should
not exceed 100%.

The main operational priority for most firefighting agencies across the world is focused on the
protection of civilian and personnel lives, followed by the protection of firefighting infrastructure,
properties and the natural environment. Societies often evaluate the importance of a wildfire from the
number of fatalities it has caused and the total burned area (Haynes et al. 2010). Thus, a category with
criteria able to estimate what has happened in terms of casualties is extremely important. The category
«Casualties and Fatalities» determines the human death toll caused by the fire, along with the number
of injured individuals and the number of destroyed firefighting vehicles and aircrafts. This category is
composed of five criteria; three of them describe the fire effects on human lives and two on firefighting
infrastructure. The last two criteria were selected for that they are caused due to the operational
activities of firefighting forces and can be seen as causalities (Mangan 2007).

To include the proper choices on each criterion, a detailed study on the number of fatalities caused
during the past 40 years from fire events across Greece was conducted. The available choices for the
civilian fatalities criterion are: 0; 1; <5; 5 to 10; and >10. The available choices for firefighting
personnel deaths criterion are: 0; 1; 2 to 3; 4 to 5; and >5. Usually, the firefighting personnel losses
are less compared to civilians from a single fire event. The available choices for injured people
criterion are: 0; 1; <5; <10; 10 to 20; 20 to 30; and >30. It is more common to have destroyed
firefighting vehicles compared to aircrafts, thus, the available choices for firefighting vehicles losses
criterion are: 0; 1; 2; 3; 4 to 5; and >5. Finally, the available choices for firefighting aircraft losses
criterion are: 0; 1; 2; and >2.
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The fire effects Category «Destructions/Damages on Infrastructure» is composed of 11 criteria and
estimates the magnitude of destructions and damages caused by the fire event on property, public
infrastructures, monuments and capital. Initially, the assessor must provide data regarding the
destroyed houses due to the fire activity, providing their absolute number by selecting among these
choices: 0; 1; 3; 5; <10 and >10. Based on the same logic, the number of destroyed household stables,
warehouses or auxiliary buildings must be provided by selecting among these choices: 0; 1; 3; 5; <10;
<20; and >20. The following eight criteria are evaluated based on their repair or acquisition cost. The
assessor must provide estimation of the cost required to replace or restore this infrastructure to its pre-
fire working condition. The third criterion estimates the fire damage cost caused on mobile property
such as cars, machinery and other equipment. For the next four criteria, the fire damage cost on
transportation, electric, water supply and telecommunication networks is estimated. The available
choices for the above criteria are: no damages; minor costs <15,000€; small cost <30,000€; medium
cost <100,000€; and important high cost damages >200,000€. The next three criteria examine the cost
of damages on military facilities, ammunition and equipment; on factories, renewable energy sources
(RES) installations and industrial warehouses; and on Agricultural/Livestock installations. The
available choices for the above criteria are: no damages; minor costs <50,000€; small cost <100,000€;
medium cost <200,000€; and important high cost damages >300,000€. Finally, it is very important to
assess if there were any damages or destruction of important cultural heritage monuments, and if so,
the assessor must select a monument category that is based on time. The following choices are
available: no damages; recent monuments aged <200 years; historic monuments aged >200 years; and
world heritage sites and monuments.

The category «Economic Losses» accounts for the changes that are expected to occur on the local or
regional economic structure, emphasizing on the market price drop of some valued items/products, the
inability to produce or collect them and the amount of money that will be spent for productivity
restoration or compensations (Donovan and Rideout 2003; Calkin et al. 2007). It also estimates the
relative cost of post-fire landscape treatment measures that are going to be applied on the affected area.
The main difference with the previous category is that it does not just account the costs of damages
and destructions the fire has caused, but the cost of anticipated rehabilitation measures and future
economic losses. It is composed by eight criteria and one GM.

Initially, the assessor must provide information about the timber production and wood harvesting
practices of the affected area. If the area was under a management status with frequent or upcoming
timber harvesting then it is very probable that some kind of economic losses might occur. Several
individuals or industries exploit the non-timber forest/nature products, such as game, honey
production, resin extraction, pharmaceutics and medicine products, wild food, etc. These lead to the
development of a small scale local or regional economy around these activities. The assessor must
evaluate which were the fire effects on them and if economic losses have already happened or is
expected to occur in the future. In Greece, it is very often for a wildfire to cause negative effects on
agricultural and livestock production (Henderson et al. 2005; Moreira et al. 2011). This is usually done
by destroying the means to produce income from these activities (animal deaths, burning of crops or
orchards, destruction of infrastructure such as greenhouses, etc.). The cost includes possible
compensations and future revenue losses from the inability to produce (e.g. in case of destroyed
orchards). The assessor must assess those costs for these criteria. The available choices for the four
criteria are: non productive area; minor; small; moderate; high economic losses; and total destruction.
To restore the industrial and electric production, or to repair infrastructures and public property,
compensations or funding must be paid from the state or insurance companies, otherwise negative
effects can arise for the whole society. The same applies for houses and buildings. The available
choices for these two criteria are: no cost; minor; small; moderate; and very high costs. The next
criterion assesses the fire effect on tourism by evaluating the aesthetic, recreational and tourist
infrastructure potential of the area (Kuvan 2005). The assessor must understand how large the touristic
value of the area is and what kind of activities take place in the broader affected landscape. A link
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must also be established between the values of the burned area and how important is for selecting it
for tourist purposes, along with the predicted economic losses it might be caused. The available choices
are: non touristic area; seashore related tourism area, scenery landscape close to intensely developed
touristic areas; and forested area used for recreational/touristic purposes. The last criterion estimates
the cost of landscape rehabilitation measures that are expected to be applied on the affected area.
Usually, the type and range of their application depends on the available money the state is willing to
spend. It is assumed that as the type changes and range of application increases, so does the cost
(Napper 2006). The available choices are: no measures; small; medium; or high scale
reforestations/counter-erosion/counter-flooding measures. Finally, one GM will define the size of
burned area, assuming that as the fire size increase so does the overall economic losses.

The last category is the «Firefighting/Wildfire Confrontation» and evaluates the wildfire effects caused
during firefighting activities and the wildfire confrontation strategy implemented. The category is
composed of eight criteria and one GM, defining the general firefighting context and its operational
costs. Furthermore, it considers the equipment and machinery wear, as well as the personnel fatigue.
In the first criterion, the assessor must describe the fire behavior type that occurred in the majority of
the burned area. This information can be derived either from observations or from the firefighting
personnel. The available choices are: surface fire; torching/ passive crown fire; and active crown fire.
Next, it must be defined if any spotting of fire re-bursts occurred. The available choices are: none;
few; constant. The next three criteria count the number of people and vehicles that participated during
the firefighting operations, to figure out confrontation difficulty. The available choices for the number
of people/ firefighting personnel are: <10; 10-24; 25-39; 40-54; 55-70; and >70. The available choices
for the number of ground vehicles are: 1-4; 5-9; 10-14; 15-19; 20-25; and >25. The available choices
for the number of firefighting aircrafts are: 0; <2; 3-5; 4-5; and >5. All the above choices were derived
by the study of several past wildfire events of Greece and are in proportion with their severity and
confrontation costs. The international aid and reinforcements on personnel, vehicles and aircrafts add
substantially to the firefighting operations, but is an indicative fact of the wildfire suppression
difficulty, as well as of the costs associated with them. The available choices are: none; personnel;
vehicles; and aircrafts. The declaration of the area in a state of emergency has two options (either no
or yes), and is another indicative criterion of the wildfire difficulty. The evacuation of settlements adds
a very complex parameter in the whole operation, increasing the costs and difficulty of operation. The
available choices are: none; <2; 2 to 5; and >5 settlements. Finally, the category has one GM which
accounts for the fire duration, providing the following choices: 0-2; 3-15; <24; <48; <72; and >72
hours.

3.2. Web-Based Software Architecture

To easily calculate and account for the complex interactions between and among criteria and
categories, it was necessary to design a web-based software/ platform that will enable the assessor to
provide inputs in a user-friendly Graphical User Interface (GUI), thus automating the calculation
procedures and return the intermediate and final FIRE Index values (Figure 3). Furthermore, users can
instantly test several different choices and options and understand their influence on the final index
value (Figure 4). A detailed help section exists inside the GUI covering all the aspects of the
methodology, providing explanation and documentation about what is being evaluated and the logic
behind the available provided choices.
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Name of evaluator
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Figure 3. Initial evaluation screen and selection among categories
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Figure 4. Web-based fire effects evaluation for the firefighting/wildfire confrontation category

4. Discussion and Conclusions

This version of FIRE Index is the first and has the primary goal of defining an evaluation context by
creating a hierarchy among the categories, criteria and choices and by setting the rules that determine
the combination of scores. Given its limitations and assumptions, the FIRE Index attempts to reveal
an aspect of reality that allows people to evaluate possible scenarios that might happen in the future or
to better understand what is been happening during the present time or to discover what has happened
in the past. The FIRE Index does not portray or explains with full detail all the complexity,
interrelationships and multivariate range that appear after a wildfire but, rather, it can quantify and
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record systematically what has happened for a large number of fire effects, while for some others can
estimate what is going to happen.

There is a large number of criteria, AT’s and GM’s (approximately 1/3 of the total number) that can
be evaluated by providing spatial data together with their descriptive information. The usage of
Geographic Information Systems (GIS) in a next version of the FIRE Index can perform the necessary
spatial queries and interactions that are required to provide answers for several criteria. For example,
the size of burned area and their boundaries can be provided in a very short time after the wildfire
event by EFFIS®. These data can be used to derive information from other spatial layers such as the
LULC types or the location of protected areas. Spatial data from satellite products or other study
methods (such as burn severity, erosion and soil type maps) can also be included in the process if they
are provided. The assessor then just has just to accept, reject or apply corrections on the derived
choices.

There are several limitations and assumptions in the FIRE Index evaluation context. The main
assumption is that each fire effect can be evaluated by a single criterion that has predefined choices on
a scale from 0 to 100, thus providing a numerical value for its significance. This is not a problem for
criteria like “Burned Area”, but for example applying scores on fatalities may cause misinterpretations,
disagreement and confuse. However, choices were derived from detailed studies of hundreds of fire
events. The way those choices have been placed on the scale is more a descriptive/ qualitative approach
rather than a numerical one. The current approach scales the choices from lower to higher impacts,
and thus, the assessor should rate them with this logic. The numerical values are used primarily for the
calculations, but their meaning lies on the way the assessor chooses them on the predefined scale.
Another assumption that has been made for the “Destructions/Damages of Infrastructure” category,
where there are several criteria on which a market value has been applied. The main limitation on this
approach is that the total damage cost can greatly exceed the predefined choices and the assessor is
limited on the higher ranked choice, without the ability of inserting this extra amount on the procedure.
The evaluation context of the FIRE Index is designed to catch the variability between and among the
different wildfires and not to actually portray everything that has happened and with absolute detail.
The last assumption, that is simultaneously a limitation, is the usage of AHP method to derive criteria
and categories weights. The AHP method requires user inputs to set a hierarchy among criteria and
categories, thus, it is vulnerable to subjective judgment. Different people can consider differently their
importance and this will lead to alterations in weights. The AHP was evaluated by the authors of this
study by considering the social perspective of fire effects as the most important issue that determines
the FIRE Index value, followed by environmental and economic perspectives.

By combining the scores of criteria for each category and by producing a total score for the wildfire
event, public authorities and societies will be able to understand if during this event more or less
serious effects have happened to one or more environmental and socioeconomic attributes; an
approach that is beyond a simple measure of the burned area. This will allow a shift to occur in the
current perspective of wildfires in Greece (and maybe elsewhere) and will enable the introduction of
a scientific approach in the evaluation of each wildfire. It is anticipated that fire effects will be seen as
an overall sum of negative and positive consequences that should be dealt either combined or
individually to mitigate their impacts on nature and humans. It will also enhance the public awareness
and will provide a comprehensive information source regarding several aspects of wildfires. The FIRE
Index will not substitute a thorough study for the wildfire event with well established methods and
techniques for the estimation of first and second order fire effects, but, in contrary, it will be enhanced
by those studies that can provide the necessary inputs, with scientific evidence, and increased detail
and accuracy.

L http://forest.jrc.ec.europa.eu/effis/applications/current-situation/
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