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What are the characteristics of lightning that influence the probability that an individual stroke
will ignite a wildfire? It is generally accepted that long continuing current following some return
strokes is the cause of ignition in forest fuels. However, because these low-level currents are not
detectable with operative Lightning Location Systems, other lightning characteristics correlating
with its occurrence have been proposed and used to estimate ignition probability. These variables
are typically: flash multiplicity, stroke polarity, stroke peak current and flash interstroke interval.
The region of Catalonia is prone to forest fires, and to set a probability of ignition to each
cloud-to-ground flash could be useful in wildfire management. A set of more than 500
lightning-ignited wildfires that occurred in Catalonia between 2004 and 2009 was analyzed, in
order to find which flash/stroke characteristics are related to ignition. Lightning activity was
gathered by the Lightning Location System of the Meteorological Service of Catalonia. Lightning
related to these wildfires were selected from the lightning database using a proximity index. The
statistical analysis has shown that the sample of lightning causing ignition does not present any
characteristic that differentiates it from the overall population. Polarity percents, multiplicity and
peak current frequency distributions in the lightning causing ignition set are similar to the
climatological ones. Besides this analysis, a high-speed video field campaign of natural lightning
recordings was conducted, to obtain new insight into the characteristics of lightning bearing a
continuing current. Video analysis has shown that almost each kind of cloud‐to‐ground (CG) flash
(negative, positive, single or multiple stroke) can have a continuing current component. Only
negative strokes with peak currents above 20 kA were not followed by long continuing current.
These results are similar to studies carried out in other regions.
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1. Introduction

One of the major environmental concerns in Mediterranean
is the occurrence of devastating summer forest wildfires. In
Spain, one of the countrieswith a higherwildfire incidence in the
Mediterranean basin (Delattre, 1993), forest fires tend to be

concentrated in summermonths, when temperature is high and
air humidity and fuel moisture are low (Piñol et al., 1998).
Lightning-caused fires usually produce small-size fires in the
Mediterranean region (Vázquez and Moreno, 1995) and in the
Alps (Conedera et al., 2006), in contrast to boreal forests where
lightning-caused fires burn over 70% of the total burned area in
Ontario, Canada (Flannigan and Wotton, 1990) and over 90% in
Alaska (McGuiney et al., 2005). Nevertheless, their potential for
causing damage inMediterranean forestsmust not be neglected.
Even thoughmost lightning fires are usually extinguished before
they propagate too far, lightning-caused fires tend to occur at
upper elevations and in remote locations, which poses
challenges for fire suppression (Conedera et al., 2006). The
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understanding of how lightning turns into wildland fire can
lead to saving time, fire suppression costs and perhaps even
lives (Latham et al., 1997).

The region of Catalonia (32,000 km2 in Northeastern
Spain) is prone to forest fires. More than 750 wildfires
occur every year (average 1994–2009), and according to the
local Forest Protection Agency (FPA), 11% of those were
caused by lightning. These lightning ignited wildfires burned
around 147,000 ha of forests, 4% of all the forestry land
burned by fires during that period (Generalitat de Catalunya,
2010).

Current operative Lightning Location Systems (LLS) covering
North America (e.g. Orville et al., 2010) and Europe (e.g.
Diendorfer, 2007) are able to detect and locate cloud-to-ground
(CG) flashes with a detection efficiency around 90% and a
location accuracy below 1 km. Those LLS provide fire managers
with valuable information about potential lightning-caused
wildfires. However, only few lightning strikes (one in 1000 to
10,000) will finally result in an active forest fire (Nash and
Johnson, 1996; Wierzchowski et al., 2002; Larjavaara et al.,
2005). Consequently, it would be beneficial to determine the
components of a CG flash, if any, that play a role in the ignition of
a fire. To set a probability of ignition to each CG flashwould be of
great value to forest protection agencies.

Different hypotheses have been made concerning the
characteristics of lightning related to ignition and some tests
have been conducted. There are mainly three factors of a CG
that are theorized to have a role in the potential of wildfire
ignition: Polarity, multiplicity (number of strokes per CG flash)
and long continuing current (LCC) (Hall and Brown, 2006). Our
aim is to analyze the characteristics of lightning related to
wildfires in Catalonia, and to test the different existing
hypotheses. The fact that weak currents cannot be detected
by LLS has made it difficult to assess the role of LCC in wildfire
ignition. In this way, a high-speed video field campaign of
natural lightning recordings has been conducted, to obtain new
insight into the characteristics of lightning bearing a continuing
current (CC) component.

The organization of the rest of the paper is as follows. A
literature synthesis on the matter is given in Section 2. After,
Section 3 describes the data and the method used to match
up located lightning with fire ignitions. Section 4 deals with
the characteristics of lightning causing ignitions. Results are
followed by a discussion in Section 5 and finally, Section 6
gives some concluding remarks.

2. Background

The physical process involved in a lightning-caused fire
occurrence has been subject of study for some years (e.g. Kourtz
and Todd, 1991; Anderson, 2002; Larjavaara, 2005; Reineking et
al., 2010). This process can be divided into three distinct stages:
ignition, survival and arrival. During the ignition stage, a
lightning flash triggers an ignition within the forest floor or a
snag. The ignition then acts as a source for a smoldering fire
within the duff layers, capable of surviving for several days.
Finally, if fireweather conditions are conductive, the smoldering
fire bursts into flaming combustion and the fire is considered to
arrive.

Hypotheses have been made concerning the characteristics
of lightning that are able to ignite a fire. According to Hall and

Brown (2006), there are three factors of a strike that are
theorized to have a role in the potential for a wildfire ignition:
i) polarity of the stroke; ii) multiplicity of the CG flash; iii) the
existence of a LCC after the return stroke. It has been suggested
that given since positive flashes are hotter than negative flashes,
perhaps positive strokes are more likely to ignite wildfires than
negative strokes (Latham and Williams, 2001). The multiplicity
of a CG flash is the number of return strokes per flash. Themore
return strokes that are focused on fuel, themore likely awildfire
will ignite due to the persistent attention of repeated lightning
strokes (Flannigan and Wotton, 1990). Finally, some lightning
sustain, after a return stroke, a weak CC, which is responsible for
most serious lightning damage associated with thermal effects.
The CC is a relatively low-level current, of tens to hundreds of
amperes, that immediately follows a return stroke, in the same
channel to ground, and typically lasts for tens to hundreds of
milliseconds (Rakov and Uman, 2003). Fuquay et al. (1972)
showed conclusively that the LCC that follow the return stroke
in some CG strokes is likely to cause ignition. Laboratory studies
of arc ignition of forestry fuels had shown that the duration of
the CC has an effect on the ignition probability (Latham and
Schlieter, 1989). Kitagawa et al. (1962) and Brook et al. (1962)
defined “long” CC as indicated by a steady electric field change
with duration in excess of 40 ms.

It has also been suggested that neither polarity nor multi-
plicity increase the probability of ignition, but the presence of a
LCC due to the extended time in which the lightning strike is
continuously in contact with the fuels (Fuquay et al., 1972;
Latham and Williams, 2001). However, as LLS cannot detect
thoseweak currents, it hasmade difficult to assess the role of LCC
in wildfire ignition. Nevertheless, according to Rakov and Uman
(2003), there is pattern in the initiation of the LCC: (i) strokes
initiating LCC tend tohave a smaller initial electric field peak than
regular strokes, (ii) the stroke that initiate LCC are usually
preceded by relatively short interstroke intervals.

A way to directly analyze the presence of a CC component
after a CG return stroke is through video recordings. The advent
of high-speed motion video cameras allowed the use of
high-resolution video images to study lightning morphology
into detail. This technique is useful to observe and analyze this
deleteriousmode of charge transfer in CG flashes (e.g. Ballarotti
et al., 2005; Saba et al., 2006a; Campos et al., 2007; Ferro et al.,
2009). Saba et al. (2006a) had observed, in negative CG flashes,
that almost 37% of any stroke, independently of its order, is
followed by some kind of CC longer than 3 ms (the 3 ms
threshold to define CC is to avoid contamination of what could
just could be return-stroke pulse tails). Regarding positive CG
flashes, Saba et al. (2010) had found LCC in 75% of a large
dataset of high-speed video records.

3. Data and methods

3.1. Forest fire record

The Forest Protection Agency (FPA) of the autonomous
government of Catalonia maintains a database on wildfires
occurring in the region, which includes information on the
cause, date, time and location of the estimated point of
ignition. For the present study, forestry fires flagged as being
lightning-caused were selected, resulting in a sample of 548
wildfires for the period of 2004 to 2009. When only natural

381N. Pineda et al. / Atmospheric Research 135–136 (2014) 380–387



Download English Version:

https://daneshyari.com/en/article/6343760

Download Persian Version:

https://daneshyari.com/article/6343760

Daneshyari.com

https://daneshyari.com/en/article/6343760
https://daneshyari.com/article/6343760
https://daneshyari.com

