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Abstract
Our study analyzed the fire (pyric) environment (vegetation or fuels, meteorology, topography, suppression time) of the large forest fires (greater than 1,000 ha) that occurred in Greece during 1990-2003.
Statistical analysis of 84 large fires (representing 0.37% of the total number of fires) revealed that they usually spread under moderately to low relative humidity (21-40%) in the presence of strong to moderate northern
winds. Approximately one-fourth of all large fires occur during heat waves (i.e. air temperature higher than
30ºC and air relative humidity 21-40%). Large fires occur as both surface and crown fires and usually spread
in dense vegetation with a continuous duff layer. Successful containment requires a combination of both
ground and aerial fire suppression forces. Although large forest fires usually have short initial attack time (less
than 30 minutes), the suppression time is variable. The main differences between the large fires and all the others lie in the prevailing wind speed (strong for large fires, moderate for smaller fires) and the mode of propagation (mixed surface and crown spread for large fires, only surface spread for smaller fires). However, no
unique characteristics of large fires were found that would distinguish them from smaller fires. This supports
the hypothesis that any fire may become large under certain circumstances. The results of this study could be
useful in forest fire danger rating and presuppression alertness in the context of judicial fire prevention and
suppression planning.
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Introduction
Forest fires constitute a global phenomenon. During
recent decades both the numbers of fires and area burned
have significantly increased worldwide [1, 2]. Areas with
Mediterranean-type climate, due to the combination of dry
and warm climate, flammable vegetation and increased
human activities, are extremely fire prone [3, 4].
Specifically, the countries of southern Europe (i.e. Italy,
France, Spain, Portugal, and Greece) have suffered major
catastrophes from forest fires during the last ten years [5].
*e-mail: alexdimi@for.auth.gr

However, it seems that the essence of the problem is not
necessarily the increased number of fires and areas burned,
but the correspondence between these two measures of fire
activity. Comparing the number of forest fires with the
respective area burned, it becomes obvious that a small
number of fires burn disproportionately large areas, and that
these fires account for the majority of the total area burned
[6-10]. This is especially true for all the southern European
countries where, during the period 1989-93, the fires that
exceeded 1,000 ha in size accounted for only ~0.1% of the
total number of fires and yet they were responsible for
around 27% of the total area burned [11]. But Greece does
not represent a large part of the total number of fires in rela-
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The purpose of this study was to analyze the fire environment associated with very large forest fires (>1,000 ha)
that occurred in Greece during the period 1990-2003. The
central focus was to isolate the prevailing burning conditions that favor large fire occurrence.

Materials and Methods
The data set used in this study concerning the fire environment of very large forest fires (>1,000 ha) that occurred
in Greece, was obtained from the official fire records of the
Ministry of Agriculture of Greece during the period 19902003. An electronic version of the official fire records of the
Ministry of Agriculture of Greece was obtained from the
PYROSTAT data base [31]. The fire records are documented by trained foresters immediately after every fire event
and they represent the ‘prevailing (average) burning conditions’ of the fire. However, in essence, they reflect the peak
burning conditions of the fire. During the 14-year study
period, 84 very large forest fires (>1,000 ha) occurred in a
total of 22,806 wildland fires. Fig. 1 presents a histogram of
the very large fire size distribution.
The fire (pyric) environment for the purpose of this
study was distinguished into four categories:
1) meteorology (air temperature, relative humidity, wind
speed, and wind direction),
2) topography (elevation, slope exposure, slope steepness),
3) suppression times (initial attack time, suppression
time), and
4) fuels (vegetation density, duff cover).
Weather data were obtained from the meteorological
station located nearest to the fire and they represent the
‘average’ weather conditions during the fire. Topographical
data were obtained by in situ examination of the burned
area. Suppression times were recorded during the fire.
Vegetation (fuel) data was examined by inspection of the
burned area and adjacent unburned vegetation, from local
forest management plans and from vegetation maps of the
burned area. All data were collected and recorded by
foresters who received special training and they represent
the ‘prevailing’ (‘average’, ‘representative’) conditions during the fire.
50
45
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tion to the rest of southern Europe, yet it has a disproportionally high number of large fires. During the period 198695 in Greece, large fires (greater than 1,000 ha) represented
approximately 6% of the total fires and yet they destroyed
2/3 (66%) of the total burned area [12]. In the year 2000,
over 50% of the total burned area (approximately 162,000
ha) in Greece was the result of only seven large fires that
occurred during the summer [13].
In the USA and Australia, about 95% of all wildfires are
suppressed at initial attack, while 4% exceed initial attack
efforts, require extended attack operations, and are often
controlled within one or two burning periods [40]. Only
approximately 1% of all wildfires make the transition to a
large scale and require the management and oversight of an
organized Incident Command System [40]. This system
brings the planning, logistical, and operational leadership
necessary to deal with a complex wildland fire incident.
0.1% of all forest fires become ‘mega-fires’, accounting for
95% of the total area burned by wildfires and 85% of the
total fire suppression costs [41]. ‘Mega-fires’ are extraordinary, in terms of their size, complexity, and resistance to
control. These few wildfires, often burning under extreme
fire weather conditions and exhibiting extreme fire behavior characteristics, exceed all efforts at conventional control, until relief in weather or a break in fuel occurs [40].
Recently, during August 2007, multiple ‘mega-fires’ in the
region of Peloponese, Greece, burned over 150,000 ha and
cost the lives of 68 people, thus setting an unprecedented
negative record for Europe [14].
The research regarding large forest fires is mainly oriented toward their forecast with the use of meteorological
fire risk indexes [18-22], their detection and mapping with
the use of remote sensing techniques [23], the development
and validation of large fire simulation models [24, 25], and
the post-factum case-study analysis of certain large forest
fires that occurred in the past [7, 22]. Although numerous
modeling approaches exist for simulating potential fire
behavior at the stand [26] and landscape scale level [27], no
theoretical and/or empirical models have been developed to
describe the burning conditions associated with large fire
occurrence.
The prevailing burning conditions under which a wildland fire occurs constitute the fire (or ‘pyric’) environment
[10, 42, 43]. The fire environment is comprised of three
sets of parameters that influence fire behavior and, thus,
suppression tactics: vegetation (fuel), weather, and topography [42, 43]. The physical and chemical properties of the
forest fuels and, especially, their moisture content affect
their flammability and combustibility during fire spread
[10]. The weather conditions (i.e. wind speed and direction, air temperature, and relative humidity) greatly influence the propagation rate and the intensity of the fire,
while topography (slope steepness and aspect, elevation)
influences both the fire parameters and the suppression
options [43]. While some researchers have investigated
different aspects of large forest fires, very little research on
the fire environment of large forest fires (greater than
1,000 ha) in the Mediterranean Basin has been published
to date [21-23, 35].

Dimitrakopoulos A., et al.

41

40
35
30
23

25
20
15

11

10

6
3

5
0
1,000-3,000

3,001-5,000

5,001-10,000

10,001-15,000

>15,000

fire size (ha)

Fig. 1. Size distribution of large forest fires in Greece during
the period 1990-2003.

Statistical Analysis of the Fire Environment...
Two multivariate statistical methods were applied in
order to find the common characteristics of large forest
fires: hierarchical cluster analysis and discriminant analysis.
Hierarchical Cluster Analysis is a statistical method that
analyzes a data set containing information about a sample
of observations and reorganizes these observations into relatively homogeneous groups (clusters) according to a preset criterion [28]. In this study, the Ward method was
applied in order to form the clusters. The Ward method
combines clusters with the smallest increase in the overall
sum of the squared within-cluster distances [29].
Consequently, discriminant analysis was performed on
the groups (clusters) that resulted from the cluster analysis.
The purpose of discriminant analysis is the creation of
canonical components that describe a sum of observations
that are separated into groups and, subsequently, the classification of new observations of these groups [30].
Finally, the common characteristics of large fires were
compared to the characteristics of the other fires (22,806
fires) that occurred in Greece during the same period, in
order to detect differences. An electronic version of the official fire records of the Ministry of Agriculture of Greece for
all the studied fires was obtained from the PYROSTAT data
base [31].
The statistical analysis was conducted with the SPSS
11.0 program [32].
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Table 1. Description of variables used in statistical analysis.
Variables

Type

Value

Meteorology
Air temperature

Continuous

ºC

Relative humidity

Continuous

%
No wind (0.0-1.0 BF)a
Moderate (1.1-4.0 BF)

Wind speed

Categorical

Strong (4.1-7.0 BF)
Very strong (7.1-9.0 BF)
Stormy (>9.0 BF)
No wind
East

Wind direction

Categorical

South
West
North

Topography
Elevation

Continuous

m (a.s.l.)
Undetermined
East

Slope exposure
(Aspect)

Categorical

South
West

Results and Discussion
Table 1 presents all the variables used in the statistical
analysis. The cluster analysis of the meteorological parameters identified 4 clusters at rescaled distance (RDCC) 11:
the first cluster is comprised of 25 fires that burned under
high relative humidity (41-80%), the second (17 fires)
burned under moderately low relative humidity (21-40%)
and moderately strong winds, and the third cluster (20
fires), also with moderately low relative humidity (21-40%)
but with strong winds. The fourth cluster is comprised of 22
fires that fused at a small distance (RDCC 7), which implies
great homogeneity. The fires of this cluster are quite characteristic because they occurred under conditions of
extreme heat with air temperatures over 30ºC and relative
humidity between 21-40%. The cluster analysis of the topographic parameters did not identify clusters with meaningful common characteristics.
The cluster analysis of the fire suppression parameters
identified 3 clusters at RDCC 11. The fires of the first cluster (45 fires) had initial attack time less than 30 minutes and
suppression time between 120 and 480 hours. The fires of
the second cluster (18 fires) had the same initial attack time
but the suppression time was less than 120 hours. The third
cluster (21 fires) had fires with initial attack time greater
than 30 minutes.
The cluster analysis of the vegetation or fuels conditions
under which the fires burned identified 3 clusters at RDCC
11.The first cluster (50 fires) is comprised of fires that
burned in fuels with a continuous duff layer and dense veg-

North
Slope steepness

Continuous

%

Suppression times
Initial attack time

Continuous

min

Suppression time

Continuous

hours

Vegetation
Dense (cover >0.4)
Density

Categorical
Sparse (cover <0.4)
No duff

Duff cover

Categorical

Sparse
Dense

a

Beaufort Scale (BF): 0-1 (0-3 km/h), 1.1-4 (4-24 km/h),
4.1-7 (25-56 km/h), 7.1-9 (57-81 km/h), >9 (>81 km/h).

etation, the second cluster (18 fires) presents continuous duff
present but sparse vegetation, and the third cluster (16 fires)
had little or no duff presence and sparse or dense vegetation.
Canonical discriminant analysis was applied to the clusters obtained from the cluster analysis of the meteorological parameters. Fig. 2 presents the scatter plot of the first
and second canonical components, accounting for 100% of
the variation. Canon 1, which accounted for 81% of the
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Table 2. Differences between large (>1,000 ha) and total fires in Greece during the period 1990-2003.
Variables

Large fires (>1000 ha)

Total fires (<1,000 ha)

Wind speed

Strong winds (4.1-7.0 BF)

Moderate winds (1.1-4.0 BF)

Type of fire

Mixed mode of propagation
(i.e. combination of surface and crown fire spread)

Surface fires

Suppression tactics

Mixed method of suppression
(i.e. combination of ground and aerial forces)

Ground forces

variation, had strong positive correlation with the air temperature (+0.762), and strong negative correlation with the
relative humidity (-0.618). Thus, along the horizontal axis
of the scatter plot, air temperature is proportional and relative humidity inversely proportional to the values of Canon
1. Canon 2, which accounted only for 18.9% of the variation, had highly positive correlation with the wind direction
(+0.816). Consequently, the right part of the scatter plot
represents fires that burned with high air temperature and
moderately low relative humidity, while the left part represents fires that burned with low air temperature and high
relative humidity. The upper part of the scatter plot represents fires that spread with a northerly wind direction, while
the lower part represents fires with variable wind directions.
Canonical discriminant analysis was also applied to the
clusters that were distinguished from the cluster analysis of
the fire suppression parameters. Fig. 3 presents the scatter
plot of the first and second canonical components, accounting for 100% of the variation. Canon 1 accounted for 77.7%
of the total variation, while Canon 2 accounted for an additional 22.3%. Canon 1 had strong positive correlation with
the initial attack time (+0.849), meaning that along the horizontal axis of the scatter plot, initial attack time is proportional to the values of Canon 1. Canon 2 had positive correlation with the suppression time (+0.598). Thus, along the
vertical axis of the scatter plot, suppression time is proportional to the values of Canon 2. Consequently, the horizontal axis of the scatter plot represents the gradient in initial

attack time, starting from short initial attack times at the left
part and reaching fires with long initial attack times at the
end of the right part of the axis. In the same manner, the
upper part of the scatter plot along the vertical axis represents fires with large suppression time, and the lower part
represents fires with small suppression time.
Canonical discriminant analysis of the vegetation parameters did not reveal any new information.
The comparison of total and large fires is summarized
in Table 2. Three major differences were revealed:
a) Most fires (i.e. 66.9% or 16,517 fires) occur under
winds of moderate intensities, while the majority of the
large fires (i.e. 41.6% or 350 fires) as well as their
respective burned areas (i.e. 43.1% or 170,154 ha),
occurred under strong winds. There is also a significant
number of large fires (i.e. 30.9% or 26 fires) and area
burned (i.e. 26.8% or 105,705 ha) that occurred under
moderately strongly winds.
b) The distribution of the number of fires and area burned
per type of fire (i.e. surface and crown fire) showed that
only about half of total fires (i.e. 51.5% or 11,746 fires
with size <1,000 ha)) have a mixed mode of propagation (i.e. a combination of surface and crown fire
spread), while most areas burned (i.e. 64.24% or
183,497 ha) are caused by surface fires. On the other
hand, most large fires (i.e. 88.1% or 74 fires) have a
mixed mode of propagation that results in the largest
area burned by wildfires (i.e. 95.2% or 394,686 ha).

North Wind Direction
Large supression Time

Low Air Temperature
High Relative
Humidity

High Air Temperature
Low Relative Humidity

Other Wind Direction

Fig. 2. Scatter graph of the results of the discriminant analysis.
The groups (I, II, III) that resulted from the cluster analysis of
the meteorological data, as well as the centroids of each group,
are noted.

Large
Initial
Attact
time

Small Initial
Attact time

Small supression Time

Fig. 3. Scatter graph of the results of the discriminant analysis.
The groups (I, II, III) that resulted from the cluster analysis of
the suppression data, as well as the centroids of each group, are
noted.

Statistical Analysis of the Fire Environment...
c) With respect to fire suppression tactics, most fires (i.e.
81.8% or 18,238 fires) are controlled by ground forces.
As for large fires, the vast majority (i.e. 89.3% or 75
fires) of them required a mixed method of suppression
involving the use of both ground and aerial forces. No
other differences between large and other fires were
found.
The fact that a small number of forest fires is responsible for the largest percentage of the area burned has been
observed by several other researchers worldwide [33-37].
Assuming that any wildfire can become large if the environmental factors are favorable, using the analysis of the
present study, some deductions can be made regarding the
favorable burning conditions of large forest fires.
According to other research studies, large forest fires occur
under the influence of strong winds, with high air temperatures and low relative humidity [7, 4, 22, 34]. The results of
this study confirm these conclusions. From the 84 large forest fires that exceeded 1,000 ha and occurred in Greece during the period 1990-2003, approximately 2/3 occurred
under high air temperatures and moderately low relative
humidity. Furthermore, about a quarter of the large fires
occurred under conditions of extreme heat.
About the three quarters of the large fires had short initial attack time (<30 minutes) while the remaining had long
initial attack times (i.e. >30 minutes). However, half of the
fires with short initial attack time had long suppression time
(i.e. >120 hours). This supports the assertion that short initial attack time is often not sufficient to control a potentially large fire when the burning conditions are favorable [19].
Pyne [10] suggests that during large fire suppression, action
should be attempted by the parallel attack. Alvarado [38]
claims that the use of airtankers would be preferred because
it renders the suppression less expensive. Finally, Stocks et
al. [34] note that suppression is not even attempted in some
cases due to inaccessible topography (e.g. remote areas of
Canada). Large wildfires, due to the combined mode of
propagation (i.e. surface and crown fire spread) and
extreme fire behavior, demand special fire suppression
planning (i.e. deployment of the incident command system,
fire management headquarters, combined suppression
methods, shared resources, logistics, and finance). They
also entail very high suppression costs (i.e. long suppression time, costly aerial firefighting means, extensive use of
ground forces) in comparison to other fires [15, 16].
Furthermore, due to the fact that almost every forest fire has
the possibility to become large under favorable burning
conditions, a policy or procedure involving immediate
action on all fires has been proposed [17].
The main characteristic that distinguishes most large
fires from the other smaller fires seems to be the presence
of strong winds. This should be expected since wind is the
single most influential weather factor affecting fire spread
and, consequently, area burned. Millán et al. [4] mention
that the most devastating wildfires that occur along the east
coast of Spain are accompanied with strong winds. The
presence of strong winds also causes the mixed propagation
mode of surface and crown fire spread [39].
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Conclusion
Very large fires generally occur in Greece under moderately low relative humidity with strong prevailing winds.
Many large fires also occur during heat waves (i.e. a combination of high air temperatures, low relative humidity and
dry spells). They propagate as a combination of surface and
crown fire spread. Although the initial attack time of very
large fires is generally short, their suppression time is quite
variable (more than 120 hours on average). No vegetation
or topography parameters could discriminate large fires
from others. Overall, no unique characteristics of large fires
were found that distinguish them from smaller fires. This
supports the hypothesis that large fires are the result of a
combination of factors that may coincide at any given time.
Thus, any fire may become large under certain conditions.
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