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Abstract: This paper concerns eighty (80) lightning-ignited wildfires on Mount Mainalo, Greece,
during the period from 1998 to 2022. Descriptive statistics of the dataset, frequency distribution
histograms, and maps were used to describe the number of fires per year, the burned area per fire, the
total burned area per year, the elevation of lightning-caused fire occurrences, the wildfire detection
time, and the holdover time (the phase between the ignition and fire detection). The analysis shows
an increased frequency of lightning-caused wildfires in August and July. Most of the fires took place
in the southern part of the mountain and were detected in the afternoon hours. These preliminary
findings and conclusions provide a comprehensive understanding of the past regime of natural fire
on Mount Mainalo, and they can support improving wildfire prevention and management policies in
the region.
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1. Introduction

Wildfires in mountain coniferous forests are usually caused by cloud-to-ground light-
ning (CGL) produced by dry summer thunderstorms [1] which usually take place in the
afternoon hours in areas with low atmospheric humidity. CGL occurrence increases igni-
tion probability, thus increasing fire danger or risk. Fire-igniting lightning tends to occur
under weak updrafts but at the time and position of high cloud tops [2]. Natural electrical
discharges may occur within the same cloud (intra-cloud lightning) or between clouds
(cloud-to-cloud lightning) as well, not reaching the ground, and it is often not known how
many CGL strikes cause vegetation ignition. Lightning strikes either standing trees (live
or dead) or fallen tree trunks, causing the smoldering of dead organic matter around the
base of the tree [3] or the fallen tree trunk and after a while, an open flame appears. The
time interval between the lightning and the ignition varies considerably. In some cases, the
lightning and the ignition are almost concurrent, and they are also immediately detected,
but there is usually a time interval between the moment of ignition and the moment of fire
detection, which is called “holdover time” [4,5]. Atmospheric instability and thunderstorms
shape local meteorological conditions over mountainous areas in Greece during summer,
usually accompanied by thousands of lightning bolts, strong or gale-force winds, hail, and
occasionally rain. Analyses of the spatial variability of lightning have shown that in central
Peloponnese, the relative flash density is very high [6].

A database including data from the Forest Directorate of Arcadia, the Fire Service
of Megalopolis, Peloponnese, reliable records from fire lookouts, forest firefighters, and
residents was initially created in 2021 [7]. It was further enriched, and it now consists of 80
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cases of lightning-caused fires on Mount Mainalo, for the period from 1998 to 2022. The
scope of this study is to draw conclusions regarding the spatial and temporal variability
and distribution of lightning-caused wildfires, the burned area per fire, the total burned
area per year, the elevation of lightning-caused fire occurrences, the wildfire detection
time, and the holdover time. Hence, no wildfire behavior data have been matched with
the above-mentioned fields of the database, up to now. These preliminary findings and
conclusions are to provide fire managers with a comprehensive understanding of the past
regime of natural fire on Mount Mainalo and they can support decision making, facilitate
future scientific research, and potentially improve wildfire prevention and management in
the region. Lightning is the only natural cause of wildfires in Greece, but little is known
about natural fire regimes in the country. The development of a database from primary
data sources adds to the existing knowledge, demonstrating the potential significance of
the current research.

2. Materials and Methods

Data obtained by fire lookouts, forest officers, and local firefighters who had detected
lightning bolts and had spotted the eruption sites were matched with wildfire detection
and holdover times as well as with the burned areas. A database was developed consisting
of eighty (80) lightning-ignited wildfires (N = 80) on Mount Mainalo, Greece, for the period
from 1998 to 2022. It includes information about the (a) date of lightning, (b) geographic
coordinates of the lightning locations (eruption sites) (in GGRS87), (c) altitude (elevation)
of the lightning locations (Elv, m), (d) wildfire detection time (Fdt) known for 76 cases,
(e) holdover time (Hldt, h) known for 48 cases, and (h) burned area (BuA, ha). Of a total
BuA of 3951.1 ha of the 80 records (fires) in the database, 3894 ha concern only four records,
namely the case with the largest BuA of 3180 ha by two merged fires (the first caused by
lightning and the second by an unknown cause) and three more fires, the BuA of which
was 120, 294, and 300 ha, respectively. The remaining BuA of 57.1 ha corresponds to the
remaining 76 fires in the database, each one with a BuA not exceeding 15.9 ha. Those 76 fires
are classified in the first four classes in Figure 1. Frequency distribution histograms and
descriptive statistics of some subsets of the database were created to describe the number
of fires per year, the burned area per fire, the total burned area per year, the elevation (Elv,
m) of lightning-caused fire occurrences, the wildfire detection time (Fdt), and the holdover
time (Hldt, h). The exact locations of the lightning strikes were pinpointed on the map
using the ArcGIS 9.3 Geographic Information System (GIS) software by ESRI corporation.
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Figure 1. Frequency distribution of wildfires based on burned area (BuA) classes and the total burned
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3. Results

The 80 fires were classified into six (6) empirical classes based on the BuA per fire and
the total BuA per class was calculated (Figure 1).

A histogram of the frequency distribution of the wildfires and the total BuA per
year was also generated (Figure 2). In the years 1999, 2013, 2016, and 2019 there were no
lightning-caused wildfires recorded.
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Figure 2. Frequency distribution of wildfires. The number of lightning-caused wildfires and the total
BuA, per year (N = 80). These 80 fires occurred in the May to November period.

The mean, standard error (S.E.), median, mode, standard deviation (S.D.), minimum
(min) and maximum (max) of Fdt, Elv (m), BuA (ha), and Hldt (h) values for the subsets of
known Fdt (N = 76) and known Hldt (N = 48) are reported in Table 1.

Table 1. Descriptive statistics of Fdt, Elv, BuA, and Hldt. The first three (3) fields refer to the subset of
known Fdt (N = 76). Fields from 4 to 7 refer to the subset of known Hldt (N = 48).
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Mean 15:50 1243 9.9 15:32 1205 20.86 15.6
S.E. 23 min 27 5.7 29 min 34 6.42 8.9

Median 17:09 1241 0.005 16:07 1195 1.74 0.003
Mode 17:30 1342 0.005 17:30 0.17 0.0002
S.D. 3 h 16 min 234 49.5 3 h 25 min 232 44.45 62
min 8:02 420 0.0001 8:02 420 0.1 0.0001
max 21:30 1842 300 21:30 1842 222.8 300
Total 751.1 749
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The lightning strike map that was generated represents the exact locations of the
lightning strikes, visualizing the spatial distribution of the eruption sites of lightning-
ignited wildfires on Mount Mainalo, Greece (Figure 3).
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4. Discussion—Conclusions

The results of the research show that lightning-caused wildfires were most frequent in
August and July; most of them erupted in the southern part (Figure 3) of Mount Mainalo
and were detected in the afternoon hours (Table 1).

The featured spatial and temporal variability of lightning-caused wildfires with burned
areas and holdover times (Figures 1–3, Table 1) provides a comprehensive understanding
of the past regime of natural fire on Mount Mainalo. These preliminary findings and
conclusions can support decision making, facilitate future scientific research, and potentially
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improve wildfire prevention and management in the region, protecting the high-elevation
coniferous forests [8,9].

For example, the finding that the mean and maximum altitudes at which lightning-
caused wildfires occur are close to 1200 m and 1800 m, respectively (Table 1), can support
a hands-on approach to day-to-day activities regarding ground patrol and lookout tower
staffing. So can the finding that during the summer period, there is a positive relationship
between lightning activity and elevation, slope, and woodland areas [10], and that lightning
activity over continental mountainous regions is significantly high [11].

Future work, as data continue being collected and the database is expanded, is ex-
pected to shed additional light on the issues discussed in this paper, ultimately improv-
ing the early detection of lightning-caused wildfires in high-elevation coniferous forests
in Greece.
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