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Abstract
Lightning strikes occur as a result of convection triggered by three mechanisms; free
convection from surface heating; orographic uplift or forced convection, and convection
triggered by mesoscale circulations. Lightning data provided by the Bureau of
Meteorology was analysed for a six-year period (1998-2003), over the Northern
Territory, Australia through the use of Geographical Information Systems (GIS) to
determine the spatial and temporal characteristics of lightning strikes. In addition, the
distribution of lightning strikes in relation to vegetation, elevation and fire scars were
examined in relation to the three trigger mechanisms. The highest densities of lighting
strikes occurred during the monsoon transitional period (dry to wet) and during the active
monsoon periods, when moisture was most abundant. The lightning contrast between the
ocean – land showed significantly higher lightning densities over land than over coastal
waters. Differences in vegetation were shown to influence the lightning distribution over
the top third of the N.T, but were not significant in the bottom half. Lightning strikes in
the bottom half showed a positive relationship with elevations above 800 m. There was
no relationship between lighting density and elevation in the top third, since the region
contained no significant elevated regions above 400 m to drive forced convection via
topographic uplift. It was thought that burn scars may drive mesoscale circulations and
provide a possible trigger for lightning strikes. A comparison of lightning densities
between burned and unburned areas showed high variability, however the fire scar
analysis showed that with ideal atmospheric conditions, large scale fire scars (> 500 m)
could produce lightning strikes triggered by either enhanced free convection or mesoscale
circulations.
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1. Introduction

Lightning is one the most deadly natural phenomenon in the world. Geerts and
Linacre (1999) estimated that 2000 deaths are caused by lightning strikes in the world
each year. Lightning is also dangerous because of its unpredictable striking force, it can
strike anytime and any place. Each year, millions of dollars worth of damage is caused by
the devastating effects of lightning to building structures, electrical power systems and
equipment, telecommunication systems and radar stations, in Australia (Krone, 2004).
Lightning is also a major instigator in wildfires in North America and Australia, with
over 2.7 million hectares burnt in interior Alaska during 1990-96 (Boles & Verbyla,
2000). The occurrence of fire poses risk to the public, pastoral lands (forest harvesting)
and the economy. In Ontario alone, approximately 85 million Canadian dollars is spent
annually on fire management (Podur et al. 2003).

Lightning strikes are produced mainly from cumulonimbus, which are formed
through three mechanisms; buoyant warm air rising due to intense surface heating; strong
heating contrast between surfaces, or by the uplift of air parcels due to orographic lifting
(Sturman & Tapper, 1996). All these processes cause instability within the atmosphere
and may trigger convection and hence lightning activity. Lightning originates around 3 –
4 km above sea level and is effectively caused by a charge separation that takes place
within the negatively charged reservoir of the cloud and the positive electric field of the
ground surface (Cooray, 2003). The resulting discharge is; negative, positive or a cloudto-cloud stroke.
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Information concerning the characteristics of lightning strikes in different
geographical regions is of interest and can inform research on the interaction between the
surface energy balance (through surface heating) and the atmosphere. There has been a
great deal of research on the electrical structure of thunderstorms and the relationships
between the polarities of the strikes (Latham, 1991; Orville, 1994; Vonnegut et al, 1995;
Orville, 2002). However, there is very little understanding of the relationship between
lightning strikes and surface characteristics of elevation, vegetation type or other surface
inhomogeneities, such as fire scars.

Forced convection or orographic lifting, triggers convection by transporting
sensible and latent heat vertically into the atmosphere via uplift. The convection may then
intensify the instability of an area by stronger updrafts and cause lightning discharges.
The valley/mountain winds produced from differential heating between the two surfaces,
along with orographic lifting showed that elevation is an instigator in influencing
lightning strike density (Dissing and Verbyla. 2003; Orville et al., 2002; Lericos et al.,
2002; Lopez et al., 1986). Dissing and Verbyla (2003) found that a positive correlation
between lightning strike density and elevation existed up to a maximum elevation of
1100-1200 m. Mesoscale circulations can aid in the development of convective activity
via uplift and cause convergence and instability over the affected area, which may then
trigger thunderclouds and hence lightning. The relationship between lightning strike
distribution and vegetation was studied by Dissing & Verbyla (2003), who found that
mesoscale circulations triggered by the differential heating between two contrasting
vegetation types were likely to produce lightning strikes. Surface inhomogeneities
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provide a heating contrast between two adjacent surfaces, which could produce
mesoscale circulation patterns similar to a sea breeze (Segal et al., 1988), though other
examples have also been previously studied; snow breeze (Segal et al., 1991), salt-lake
breeze (Tapper, 1991), lake breeze (Laird et al., 2003).

In the Northern Territory (N.T), lightning strikes are most common during the wet
season, when there is a strong monsoonal influence. During the wet season the monsoon
has a significant role in distributing moisture through northern Australia, however the
central regions of Australia are very dry and are influenced by sub-tropical cold fronts
(Beringer & Tapper, 2000).

Heating contrasts between surfaces arises due to differences in albedo, surface
roughness and way in which energy is partitioned into sensible, latent and ground heat
flux (Beringer & Tapper, 2002). Pielke & Vidale (1995) found that a larger sensible heat
flux over particular vegetation types increased the air temperature and as a result,
triggered convection. In the Maritime Continent Thunderstorm Experiment (MCTEX)
Beringer & Tapper (2002) showed that the sensible heat flux amongst various vegetation
types (savannah, grasslands, forest and shallow tidal straight) was an important factor in
the production of a buoyant boundary layer that could produce convergence as an uplift
mechanism.

Almost one third of Northern Australia’s savanna region is burnt each year by;
pastoralists, Aboriginal landholders and conservationists (Russel-Smith et al., 2000).
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Resultant fire scars provide large scale inhomogeneities that could potentially provide a
trigger for lightning. In 1992, 5.5% of the Northern Territory was burnt (Beringer et al.,
1995).

Lightning, is not a significant source of fire ignition; however during the

transition period from dry to wet, lightning strikes may ignite fires (Rorig & Ferguson,
2002). The impact of fire on the surface energy balance was recently completed by
Beringer et al., (2003), who found that the surface energy properties varied considerably
before and after a fire event. Post fire, albedo values were shown to decrease by half,
from 0.12 to 0.06, while the latent heat flux over the surface decreased by 30 – 75%
(Beringer et al., 2003). Consequently, fire scars were more intensely heated (by 40%)
compared to surrounding unburnt surfaces. This has the potential to trigger convection
and lightning due to the development of mesoscale circulation and associated
convergence and uplift over a fire scar or due to an increased heat source and buoyancy
generally over burned areas that result in local or regional instability. In a model used by
Knowles (1993), a halving of the albedo over burned vegetation areas increased
convection and resulted in the formation of a mesoscale circulation system.

In this paper we explore the spatial and temporal patterns of lightning strikes in
Northern Australia for the first time. In particular we examine possible relationships
between lightning strikes and elevation and vegetation type. Finally, we explore the
possibility that fire scars could enhance local lightning strikes.
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2. Study area

The N.T region of Australia (Figure 1) was selected as the study area for this
project, since much of the lightning strikes occur within the zonal bands of 20oN and
20oS Christian et al., (2000). In addition, the N.T has a variety of vegetation types from
grassland to rainforest, moderate terrain variability along with a high degree of burning,
especially during the dry season. The study area encompassed N.T’s coastal waters and
islands, including; Groote Eylandt and the Tiwi Islands. Therefore, the study area was
divided into two zones, Top End (T.E) and Bottom End (B.E).

Thunderstorms develop in homogeneous air masses that are associated with
convergence zones and instability caused by monsoon onset and the active monsoon
period (wet season) (Sturman & Tapper, 1996). Previous studies by Williams & Stanfill,
(2002) and Williams et al., (2002) have shown that there is a high variability between the
distribution of lightning strikes over the ocean and land, because of the radiative
properties between the two surface types.

The T.E (-10oS to -16oS) has a distinct monsoonal climate with two seasons - the
wet and the dry. The wet summer months, December to March are hot and humid with
high rainfall, which is roughly 80% of the NT’s annual rainfall (Sturman & Tapper,
1996). The dry season lasts from May till September and is dominated by fine conditions
with little rainfall and low humidity from the southeasterly winds (Bureau of
Meteorology, 1998). These two contrasting seasons are separated by two periods of
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transition, which occur around March and October. On the other hand, southern N.T is
not affected by the monsoonal flows, since the Inter-Tropical Convergence Zone (ITCZ)
does not extend that far south, but instead is influenced by the south-easterly flows
emanating from the sub-tropical continental air mass in central Australia.

The vegetative landscape of the N.T is diverse and supports a range of vegetation
types such as; tropical open woodland; Eucalypt (Tetrodonta and E. miniata sp) and
Acacia woodland (A.aneura sp) ; shrubland (A.georginae sp) and, tussock and hummock
grasslands (Williams et al., 1997). The distribution and composition of vegetation is
strongly associated with the monsoonal climate and consequently rainfall (Hutley et al.,
2001). For example, the Eucalypt and Acacia woodlands are found in the north of N.T,
where annual rainfall is ≈ 1700 mm, whilst much of the shrublands and grasslands lie in
the southern regions, which are subject to only ≈ 250 mm (Figure 2). The N.T has a
moderately variable landscape with large flat sand plains and disconnected ranges. Much
of the T.E is flat with a maximum elevation of 400 metres, with the main geological
feature of a sandstone plateau that is located in Western Arnhem Land. There are
extensive ranges in the southern regions of the N.T; the MacDonnell Ranges run west and
east of Alice Springs, the Davenport and Murchison Ranges lie north and the Harts and
Dulcie are northeast. There are also numerous ranges that are scattered around the region,
in excess of 1000 m and the highest peak is 1531 m at Mt Zeil.

9
3. Method

In order to examine the spatial and temporal variation of lightning strikes in the
N.T, we used a ground based lightning detection network for the Australasian region that
was made operational in 1998 by Global Positioning and Tracking Systems (GPATS).
The system uses the series III Lightning Positioning and Tracking System (LPATS). The
sensors basic principle of operation is to use the time-of-arrival at three or more receivers
of the lightning discharge. The three sensor system can effectively monitor large areas, 1
million km2. The detection efficiency of the LPATS sensor is greater than 90% with a
spatial accuracy of 200 m (Global Positioning and Tracking Systems, 2004). The GPATS
sensors are able to detect strokes that are as close as 0.5 milliseconds apart and correctly
identify the three strokes types; positive, negative and cloud to cloud strokes. The
lightning data acquired spanned from October 1998 till December 2003, however some
months of lightning data were missing, specifically: January 2002; March 2003; April
2000; May 1999 and 2000; June 2000 and 2003; July 2003; August 2003; September
2003; October 2003 and November 2003.

The dataset described above was incorporated into a GIS, to allow for the
exploration of relationships of lightning strikes with surface characteristics, such as;
elevation, vegetation and fire scars, to be developed in a spatial context. The Project was
undertaken in the GIS lab at Monash University (Clayton) using ArcMap (ESRI Inc,
1999-2002, version 8.3. www.esri.com).
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For the analysis of lightning strike distribution with vegetation and elevation,
only the T.E and the B.E regions were used. The vegetation dataset used in this project
was the National Vegetation information System (NVIS) 2001 – Major Vegetation
Groups – Version 1.0 (DEH, 2001). The vegetation classes were merged from the
original twenty-seven classes to four classes; Tropical open woodland, Eucalypt and
acacia woodland, shrubland and grassland. The dataset had a cell resolution of 1 km and
was resampled to a cell resolution of 250 meters so that it was consistent with the
elevation dataset. Elevation data was obtained from GEODATA TOPO 250K Series 2
project created by Geoscience Australia. The original 50 metre contour, vector tile map
sheets at a scale of 1:250,000 were rasterised to a 250 metre cell resolution with 100 m
contour intervals.

The lightning strike dataset was rasterised to a 250 metre cell size, and grouped
into two data sets (T.E and B.E), and four seasonal datasets: early wet; October –
December, late wet; January – March, early dry; April – June, late dry; July – September,
so that lightning strikes in relation to elevation and vegetation could be analysed. GIS
was also used to display lightning strike density maps for each month.

Only the T.E and B.E seasonal data for the early dry, early wet and late wet
seasons were used. The late dry season was omitted because of the lack of strikes over
the N.T, which may have skewed the data. The hypothesis that fire scars could initiate
mesoscale circulations producing lightning strikes was investigated by utilising the fire
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scar datasets derived from Moderate Resolution Imaging Spectroradiometer (MODIS),
and Advanced Very High Resolution Radiometer (AVHRR) (DLI, 2003).

A total of 12 fire scar cases were selected from the dataset, spanning (October and
November) between 2000 and 2002. The fire scars were selected to include a range of
sizes, small (< 200 km2) to large fires (> 500 km2). When choosing the fire scar samples,
sites that were near the coast were rejected because dynamical processes near coastal
environments differ from the dynamical processes occurring in the interior regions of the
N.T. Similarly, sites that were in close proximity to other fire scars were also rejected
because fires surrounding the sample site may have effected the lightning distribution of
the general region, through the production of a larger circulation system. A 50 km buffer
zone was created around a typical fire scar with 10 km intervals, following Latham’s
(1991) study that found most of the lightning strikes occurred within 40 kilometres of the
fire scar.

Control areas (same attributes as the fire scar sample i.e. area, vegetation and
elevation), were created to provide a measure of lightning strike density in an area, free
of burning that could be compared to the fire scar area itself. These areas were created
roughly 100 km away from the fire scar in order to negate the response of seasonality,
since lightning activity increases rapidly during the transition from the dry to the wet
season. The albedo, sensible and latent heating affects caused by fire can persist up to
several weeks (Beringer et al., 2003). Therefore mesoscale circulations could develop at
any time, but probably most strongly soon after the fire event, when there is the greatest
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contrast in the surface energy balance (Knowles, 1993). Lightning strikes two weeks
prior and two weeks after the fire event was examined to observe whether or not there
was a change in lightning strike density over the fire scar during the specified time
period. These results were then compared to the control site to find if seasonality was a
factor in influencing the lightning strike density over the fire scar sample.

4. RESULTS
Between October 1998 and December 2003, 7,549,586 positive Cloud to ground,
negative and cloud to cloud (CC) stroke types were recorded in the study area. Of those,
76% of total lightning strikes were of positive polarity, 14% negative polarity whilst 10%
were a CC stroke (Table 1).

4.1. Land – Ocean lightning contrast

For the period of this study, lightning was far more prevalent over the T.E land
surface (1.21 strikes per km2 year-1) than over the B.E (0.58 strikes per km2 year-1) and
the coast (0.71 strikes per km2 year-1). The Early and late dry periods are characterised by
very few strikes for the three regions (Figure 4). The T.E and B.E regions both have
maximum lightning strike density during November, which coincides with the southerly
movement of the ITCZ. With the establishment of the ITCZ, the frequency of lightning
strikes begins to slowly decrease through the late wet season. However, the Coastal
region appears to not be grossly affected by the southerly shift and establishment of the
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ITCZ compared to the other two regions, since there is little variability between
November, December and January.

This study showed that the coastal waters of the N.T contained a greater
concentration of lightning strikes over the coast than the B.E by 0.13 strikes per km2 year1

, which differs from the studies of Christian et al., (1999), who found that there was a

considerable difference between the lightning strikes detected between the land (82%)
and the ocean (18%). However, this difference can probably be attributed to the scale of
study. Christian et al., (1999) researched the lightning distribution on a global scale,
whereas this study was based specifically on the Northern Territory, Australia. Boccippio
et al., (2000) focused their study on the tropical zone, and found that the land – ocean
lightning contrast varied by a factor of 2, which compares well with the T.E region of our
study, but not so well with the B.E.

There are a number of factors explaining the land – ocean contrast. The most
common explanation relates to the differential heating between the ocean and the land.
The land surface is asymmetrically heated faster than the ocean because of the higher
sensible heat flux over the land, illustrated by the higher Bowen ratio for land (0.2 –1)
compared to ocean (0.1) (Williams et al., 2002). This heating difference causes the lower
atmosphere to become vertically unstable and may cause deep convection and therefore
trigger thunderstorm activity (Williams & Stanfill, 2002). One measure of the convective
intensity is the Convective Available Potential Energy (CAPE). A thunderstorm with a
larger CAPE is likely to produce a stronger updraft within the cloud, where the vertical
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motions are likely to affect the mixed phase region of the cloud and the charge
separation, allowing for the development of a more vigorous and electrically intensified
storm (Cooray, 2003). A larger CAPE can either result from strong surface heating and
hot boundary-layer air or by the presence of cold air aloft (Williams & Stanfill, 2002).
CAPE values for oceans and land over the T.E of the N.T are quite similar – both
experience values between 0 and 3000 J/kg. Furthermore, when there is a greater CAPE
over the ocean, the lightning activity is still low, since CAPE only represents the potential
energy available but lacks a trigger mechanism to produce lightning strikes (Williams &
Stanfill, 2002). The relationship between CAPE and lightning density was also analysed
by Williams et al., (1992), who found weak relationships between daily CAPE and daily
lightning production for Darwin, as did Peterson & Rutledge (1996) for the tropical west
Pacific.

CAPE alone may not influence lightning strike density, but may also be
dependant on cloud height. The work presented by Ushio et al., (2001) and Mushtak et
al., (2003) on storm height and lightning density suggest that the cloud height (low over
ocean and high over land) influences the conversion of CAPE to updraft kinetic energy.
A larger cloud height would allow for wider and stronger updrafts within the cloud and
thus will lead to a larger main negative charge region, and hence higher strike rates over
the areas (Mushtak et al., 2003). The Gulf of Joseph Bonaparte, the Darwin area and
Groote Eylandt all experience the highest cloud base storm height as seen from the
TRMM radar image (Figure 3).
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4.2. The spatial and temporal distribution of lightning strikes

On a temporal basis, there was a large seasonal contrast across all regions with peak
densities occurring in the early and late wet seasons. Seasonally averaged lightning strike
density for the study period is presented.

a. Early wet season

During the early wet season (Figure 5a), the lightning is relatively distributed across
the whole region, though the southern region has less frequent strikes (0.00 – 0.50 strikes
per km2). This is expected since the southern region is associated with south-easterly
wind flow, whilst the T.E is associated with north-westerly monsoonal flow. The density
values are much higher along the base of the T.E, with some regions experiencing
densities greater than 7.00 strikes per km2, for example; Groote Eylandt and the Gulf of
Joseph Bonaparte. The southward movement of the ITCZ is apparent from the high
lightning activity over the southern T.E. The high densities over Limmen Bight may be
caused by local convective systems, and by the interaction between the north-west
monsoon flow and a sea breeze influenced by the strong horizontal winds from the Gulf
of Carpenteria. This area is also characterised by a regular convergence line that produces
morning glories, as well as squall lines (Smith & Noonan, 1998). Interaction of these
atmospheric disturbances with monsoon flow may enhance deep convection and produce
an increase in lightning density. Similarly, the same process seems to be occurring from
the Gulf of Joseph Bonaparte. However, the main difference between the two is that the
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lightning density over Limmen Bight appears to be localised whilst the density over the
Gulf of Joseph Bonaparte is strengthened by the monsoonal westerlies and thus will
affect a broader area.

b. Late wet season

The late wet season is represented by an active monsoon period that has already
developed and is characterised by a band of highly concentrated strikes south and west of
the T.E (Figure 5b). The southern region of the N.T is associated with low strikes, since
the monsoonal flow does not reach that far south. An interesting feature of the late wet
season is the low frequency of lightning strikes (0.00 – 1.07 strikes per km2) occurring
over Arnhem Land and the Gove Peninsula, when compared to the east coast of the N.T.
There may be a number of possibilities explaining this phenomenon. The most likely
explanation is that thunderstorms tend to be favoured over the western half of the T.E
because of low level convergence affecting the area whereas, the eastern part of the T.E
is under the influence of a divergent ridge pushing in from Queensland (Arthurs, 2004).
Also, sea breeze convergence is expected to be stronger in the west than in the east,
especially if there are low level easterly flows, which may trigger storms that penetrate a
long way inland (Arthurs, 2004). Another possibility is that the geological features in
Arnhem Land are formed from alluvium sandstone, which may interrupt the charge
process on the surface or the conductivity of the surface may naturally be low.
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c. Early dry season

The early dry season represents the end of the transition from the wet to the dry
season, and has fewer strikes as the dry south easterly wind flow begins to dominate the
landscape (Figure 5c). Remnants of moisture from the late wet season over the T.E are
still evident, which is affecting the stability of the area (> 0.49 strikes per km2). However,
lightning strikes in the T.E are located around the coastal regions and do not transgress on
to the inland, which may be associated with the retreating ITCZ. There is also a strong
concentration of lightning strikes in the south eastern region of the N.T, which may have
arisen as a result of cold front incursions.

d. Late dry season

The late dry season is represented by little moisture, and thus fewer lightning strikes over
the N.T can be observed, when compared to other seasons (Figure 5d). A majority of the
strikes are located in the central interior region with a slight bias towards the west (0.16
strikes per km2). As in the case of the early dry season, many of these strikes can be
attributed to cold front incursions emanating from central Australia. The T.E is associated
with very few to no strikes at all (0.00 – 0.054 strikes per km2), which is a result caused
by the limited moisture availability that is needed to initiate cloud formation and
lightning strikes.
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4.3. Vegetation and elevation analysis

Previous studies (Dissing & Verbyla, 2003) have found that vegetation affects the
distribution of lightning. Likewise, orographic lifting caused by elevated areas was
shown to influence lightning strike density (Dissing and Verbyla. 2003; Orville et al.
2002; Lericos et al., 2002; Lopez et al., 1986). Seasonal averages of lightning strikes in
relation to vegetation and elevation was initially analysed, however the results were
similar, thus the data was collated to an annual dataset.

a. Bottom End

The results from the B.E vegetation analysis showed that there was no significant
difference between vegetation types in relation to the distribution of strikes (Figure 6a).
Eucalypt/Acacia woodland and shrubland illustrated the highest variability from the
mean, probably because of the smaller area of these vegetation types.

The results from the ranged plots indicate that there is no significant difference in
strikes across different vegetation types in the B.E. Changes in surface properties, such as
roughness and heating rates (Bowen ratio) appear to have little influence on lightning
strike density. In fact, the B.E is homogeneously dry most of the year so little difference
in heating rates is expected. The main influence on lighting activity over the B.E is likely
to be cold front incursions and not the variation in vegetation.
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Annual lightning strikes in the B.E, in relation to elevation show that lightning strikes
are similarly low below 800 m (Figure 6b) after which, lightning strike density increased
almost linearly with elevation. Atmospheric conditions are generally unsaturated through
the atmospheric profile in the B.E due to low moisture availability. For lightning strikes
to occur, cloud formation is necessary through one of the three trigger mechanisms;
buoyant warm air rising due to intense surface heating; strong heating contrast between
surfaces, or by the uplift of air parcels due to orographic lifting (Sturman & Tapper,
1996). Cloud formation in the B.E is most likely to occur via orographic uplift and the
parcel of air needs to be lifted to the lifting condensation level. The 1200 metre contour
had the highest strike density, which is consistent with the results achieved by Dissing
and Verbyla (2003). Other studies investigating the spatial distribution of lightning
strikes have not quantified their data in relation to elevation, but have, however observed
positive relationships (Orville et al., 2002; Lericos et al.. 2002; Lopez et al., 1986).

b. Top End

The T.E vegetation results showed that lightning strikes were significantly higher for
grasslands, followed by shrublands and then tropical and Eucalypt/Acacia woodland
(Figure 7a). However, the standard error and standard deviation was quite variable.
Shrublands experienced the greatest variability from the mean, whilst Eucalypt/Acacia
woodland had the least variability. Lightning strike density may be higher over grassland
vegetation because the Bowen ratio is greater (Beringer & Tapper, 2002), therefore more
surface sensible heating is expected, when compared to shrublands and woodlands. The
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surface heating over grasslands may force buoyant air to rise and trigger convection,
which may then lead to thunderstorm and lightning activity. Grasslands in the T.E are
located on the fringes of the coast, where a great majority of the strikes occur, especially
inland of Limmen Bight, the Gulf of Joseph Bonaparte and the Darwin area.

The annual lightning strike density relationship with elevation (Figure 7b) shows a
significant decline in lightning density as elevation increases above 200 metres, which is
contrary to the B.E and previous studies. Therefore it is evident that elevation is not an
important control factor in the T.E. This is partly because the range of elevation in the
T.E is much lower (0 – 400 m) when compared to the B.E, and therefore convection via
uplift is not necessarily expected. But, rather convection in the T.E is more localised and
widespread. The highest elevation zones in the T.E are also located in Arnhem Land,
where there is generally a low distribution of lighting strikes and thunderstorm days.

4.4. Fire scar analysis

Lightning strikes 2 weeks prior and 2 weeks after 12 fire events, (7 cases for the
November months and 5 cases for the October months), between 1999 and 2003, were
mapped to investigate the relationship between fire scarred areas and lightning activity.

Out of the twelve cases, seven showed higher densities over the 50 km buffer
zone, than the control after samples, which would suggest that under ideal atmospheric
conditions an increase in lightning density can occur. However, a more rigorous research
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approach needs to be conducted in order verify these preliminary results. Three of the
seven cases that showed an increase in lightning strike density towards the fire scar, were
large scale fires (≈ 500 km2). A larger effect on the atmosphere is expected over a larger
fire because it will influence the heating of the atmosphere for a longer period of time
than that of small scale fires. Therefore, the integrated heat input will be much larger,
which may then trigger the uplift of buoyant air and enhance convection and lighting. A
small fire scar will show an increase in heating, but its impact on the heating of the
boundary layer will be minimal.

Another mechanism over large fire scars arises from the generation of mesoscale
circulations. The heating contrast over the large area is also likely to affect the
atmospheric pressure over the fire scar, causing an inflow from all sides of the scar to
converge and uplift air over the fire scar. A larger fire scar is also associated with an
increase of vertical air velocity causing an increase in updrafts and causing a larger
circulation centre over or around the fire scar (Knowles, 1993). These results compare
well to Knowles (1993) who also hypothesised that a larger burn area would lead to a
more intense mesoscale circulation around the fire scar. In order to obtain a better
understanding of the spatiality of lightning strikes over the fire scar, the spatial nature of
any increase is also of interest, though it is expected that the lightning activity over the
site will be affected by wind flow and wind direction. A possible mesoscale induced
thunderstorm is visualised illustrating convergence from all sides of the fire scar (Figure
8). Large clusters of strikes north, north-west and south-west of the fire scar can be seen,
with the highest densities of strikes occurring within 20 km. The other results are
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somewhat varied to that of the example provided. The lightning strikes are in a plume
formation upwind or downwind of the fire scar. However, one would expect an upwind
plume effect in October because of the south easterly flows and a downwind plume effect
in November because of the north westerly flow. These plume strikes are most likely
associated with convection induced by buoyancy and by a shifting of the wind. However,
it may also be plausible that these lightning strike plumes may be associated with the
smoke plumes caused by the fire, (Bannister, 2003). Pollutants from bushfires, on
occasions are able to generate increased vertical updrafts by the heat from the fire, when
these interact with the atmosphere under ideal conditions a pyrocumulus cloud may
develop (Bannister, 2003). These processes may enhance electrification within the cloud
by a precipitation-unshielding mechanism. However, studies by Latham (1991),
Vonnegut et al., (1995) and Latham (1995) showed that fire induced clouds alone could
not generate lightning strikes, though under the influences from other circulations
occurring over the area, an increase in lightning density may occur. The plume strikes
may also be associated with or influenced by other local convection systems and squall
lines in the region.

5. CONCLUSION
Lightning activity between 30oN and 30oS accounts for approximately 75% of the
global lightning count (Torancita et al. 2002). Lightning strikes occur naturally from
storm induced thunderclouds and discharge three main stroke types; negative CG,
positive CG and CC. The N.T was an ideal study area because it is affected by a seasonal
climate (dry - wet), largely influenced by the ITCZ and monsoon.
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The use of GIS was found to be a powerful tool in examining the distribution of
lightning strikes in the N.T. GIS allowed for data integration between the vegetation,
elevation, fire scar and lighting strike datasets, as well as quantifying the relationship
between them. The spatial and temporal mapping of lightning strikes showed that there
was high temporal variability of lightning activity between the; early dry; late dry; early
wet and late wet seasons. This variability was likely to be caused by the northerly (dry
season) or southerly (wet season) shift of the ITCZ. The highest concentrations of
lightning strikes were located over the T.E, in particular the Gulf of Joseph Bonaparte
and over Limmen Bight. In the B.E during the dry season, lightning activity was likely to
be caused by cold front incursions from the southwest. The B.E did not have the ideal
atmosphere; in essence, there was minimal moisture to support thunderstorm
development.

This study attempted to identify the effects of vegetation and elevation on
lightning density by selecting two contrasting climatic regions. In the T.E there was a
distinct increase in lightning strike density from woodland to shrub to grassland. We
hypothesised that the cause of this may be due to greater surface heating of grasslands
than the other vegetation types. The opposite scenario was illustrated in the B.E, where
vegetation was shown to have no significant effect on lightning strikes, since moisture is
limited. However, elevation in the B.E, which ranges from 0 – 1200 m, was found to play
an important role in initiating convection via ororgraphic uplift, especially for elevations
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above 800 m. The influence of elevation was found not to be significant in the T.E
because of the shallow range of elevation (0 – 400m).

The study of lightning density over fire scar affected areas in the N.T was largely
based on the research conducted by Knowles (1993), who hypothesised that the
differential heating caused by the fire scar and the adjacent vegetative area, may produce
a mesoscale circulation that could generate lightning strikes. The spatial distribution of
lightning strikes over a fire scar showed only one possible case that could be related to
mesoscale circulations. However, buoyancy related strikes were evident in four cases.
The distribution of lightning strikes over fire scars were significantly affected by larger
fires since they are likely to influence the heating of the atmosphere for a longer period of
time.
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Figure 1 – Boundary of the Top End and Bottom End study areas.

Figure 2 – Average annual rainfall over the Northern Territory
http://www.ipe.nt.gov.au

Figure 3 - Global storm height distribution observed by the TRMM
precipitation radar in January.
(http://trmm.gsfc.nasa.gov/data_dir/data.html)

Figure 4 – Monthly mean distribution of lightning strikes between the Top End,
Bottom End and Coastal Waters.
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Figure 5 – Lightning density maps of (a) early wet season (b) late wet season (c)
early dry season (d) late wet season. Note – scales are not constant
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b)

Figure 6 - Ranged plots of Bottom End (a) vegetation (b) elevation.

a)

b)

Figure 7 – Ranged plots of Top End (a) vegetation (b) elevation

Figure 8 – Spatial distribution of lightning strikes over a fire scar.

Table 1 – Summary of lightning strikes in the study area, Top End, Bottom End and
Coastal waters surrounding the Northern Territory.

Stroke
Type

Percentage
of strikes
(%)

T.E
strikes

Percentage
of strikes
(%)

B.E
strikes

Percentage
of strikes
(%)

Coastal
strikes

(%)
strikes

Positive

5736356

76

1258492

75

580637

70

527953

72

Negative

1043877

14

187458

11

189340

23

79144

11

769353

10

232945

14

58565

7

125015

17

CC
Total
Density*

*

Total
strikes

7549586

1678895

828542

732112

1.10

1.21

0.58

0.71

Mean annual strikes

