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ABSTRACT

I analyzed the spatiotemporal pattern-
ing of intentional, unauthorized land-
scape fires in the state of Georgia, 
USA, for the years 1987 through 2010 
with the aim of delineating socioeco-
logical constraints on and firesetter 
preferences for the timing and place-
ment of ignitions.  Unauthorized fires 
represent complex phenomena through 
which actors compete over social and 
ecological outcomes that transcend the 
spatiotemporal confines of individual 
fires themselves.  Current classificatory 
systems define unauthorized firesetting 
behavior as irrational, destructive, and 
malicious.  Because landscape fires 
cause both positive and negative con-
sequences for biological diversity and 
ecosystems services, perceived costs 
and benefits of fires are contestable and 
relative to point of view.  The location-
al and temporal patterns of unauthor-
ized landscape fires examined in this 
study do not show firesetter preferenc-
es for maximizing damage to land-
scapes.  Instead, unauthorized fires in 
Georgia potentially contribute to the 
maintenance of landscapes adapted to 
frequent, dormant- and early growing-
season fire regimes.

RESUMEN

En este trabajo analicé el patrón espacio-tem-
poral de incendios intencionales y no autor-
izados en el estado de Georgia, EUA, entre 
1987 y 2010, con el objetivo de delinear los 
condicionamientos socio-ecológicos sobre las 
preferencias del incendiario en cuanto al tiem-
po y lugar de las igniciones.  Los incendios 
no autorizados representan fenómenos com-
plejos a través de los cuales los autores com-
piten por resultados sociales y ecológicos que 
trascienden los confines espaciotemporales de 
cada incendio individual.  Los sistemas de 
clasificación corrientes definen al comporta-
miento de los incendiarios como irracional, 
destructivo y malicioso.  Dado que los incen-
dios tienen consecuencias positivas y negati-
vas para la diversidad biológica y los servi-
cios ecosistémicos a nivel de paisaje, sus cos-
tos y beneficios son debatibles y dependen de 
los puntos de vista con que se analicen.  La 
ubicación espacial y temporal de los incen-
dios no autorizados examinados en este estu-
dio no muestran preferencias del o la incendi-
aria por maximizar daños en el ecosistema 
afectado.  Al contrario, los incendios no au-
torizados en Georgia pueden contribuir poten-
cialmente al mantenimiento de paisajes adap-
tados a regímenes de fuego frecuentes que 
ocurren durante la dormancia o al inicio de la 
estación de crecimiento.
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INTRODUCTION

This paper examines of the spatiotemporal 
patterns of unauthorized firesetting in Georgia, 
USA, using wildfire data compiled by the 
Georgia Forestry Commission (GFC) for the 
years 1987 through 2010.  Unauthorized land-
scape fires are intentionally set without the 
knowledge or authorization of a landowner or 
without a state issued permit.  In the state of 
Georgia, as in much of the United States, un-
authorized fires are officially classified as “in-
cendiary wildfire,” a type of arson subject to 
legal prosecution as a criminal felony.  While 
the legality of the fire is encoded in the term 
“incendiary,” causality with respect to human 
decision making remains ambiguous.  Indeed, 
beyond anecdotal evidence, the destructive in-
tent or general malfeasance of unauthorized 
firesetting remains unsubstantiated in either 
social or ecological research.  I explored 24 
years of unauthorized firesetting in Georgia 
with the objective of characterizing the phe-
nomenon as a socioecological disturbance.  
Because unauthorized fires are caused by indi-
viduals whose firesetting success is tied to con-
ditions at the specific time and place of igni-
tion, the range of spatiotemporal variability of 
such fires may be understood as the range of 
conditions that enable “successful” firesetting.  
From a socioecological perspective (Coughlan 
and Petty 2012), ignitions, as intentional acts, 
represent the outcome of firesetter decision 
processes.  Consequently, spatiotemporal pat-
terns of unauthorized fire provide information 
about the social and ecological preferences and 
constraints for unauthorized firesetting. 

Few studies have attempted to analyze spa-
tiotemporal characteristics of anthropogenic 
fire regimes in the southeastern United States.  
Notable exceptions (Lafon et al. 2005, Maingi 
and Henry 2007, Dixon et al. 2008, Grala and 

Cooke 2010) do not consider the implications 
that particular anthropogenic fire regimes have 
for understanding the role of human behaviors 
with respect to socioecological interaction.  In 
fact, fire ecology studies of anthropogenic re-
gimes often attribute fire location, frequency, 
and timing to climate-vegetation interaction, 
with little consideration of the role human cog-
nition and agency plays in determining the fire 
regime (Coughlan and Petty 2012).  Research-
ers have had good reasons for excluding hu-
man behavioral factors from their studies since 
explicit evidence is lacking with regard to un-
authorized firesetters’ decision-making pro-
cesses due to the illegality of the activity and 
the small percentage of criminal convictions 
(Prestemon and Butry 2008).

By default, scholars have assumed that un-
authorized fires are set with the intention of 
spread, but without any measures of control 
for size or severity of the resulting fire.  This 
assumption characterizes the behavior as reck-
less, ecologically destructive, and sociopathic.  
However, if firesetters wish to achieve particu-
lar social or biophysical goals with the use of 
fire, malicious or otherwise, the decision of 
when and where to start a fire implies consid-
erable knowledge of ecological cause and ef-
fect (Lewis 1978).  For example, fuel moisture, 
which varies considerably through time and 
space, presents a significant factor controlling 
fire spread and severity (Anderson 1982, Ro-
thermel 1983).  As a consequence, the most ef-
ficient way for humans to control fire concerns 
the manipulation of the timing and placement 
of ignitions (Granstrom and Niklasson 2008).  
Thus, if each ignition represents the outcome 
of a specific decision to burn at a particular 
time and place, spatiotemporal ignition pat-
terns indicate firesetter preferences for condi-
tions conducive to desired fire intensity, spread, 
containment, and biophysical effects on the 
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landscape.  Where ignitions are more arbitrary 
with respect to spatiotemporal patterning, fire-
setters may lack either sufficient ecological 
understanding or interest in the biophysical 
consequences of fire.  The identification of 
spatiotemporal ignition patterns can provide 
more nuanced understandings of unauthorized 
fires and can help to clarify the actual social 
and ecological dynamics associated with this 
type of disturbance.  

Historical Context and Previous Research

Human use of fire in North America likely 
dates to the settlement of the continent by Na-
tive Americans (Fowler and Konopik 2007).  
The long term influences of Native American 
fire use is considered by some to have been 
significant in southern temperate forests 
(Abrams 1992; Cowell 1995, 1998; Delcourt 
and Delcourt 1998; Abrams and Copenheaver 
1999; Guyette et al. 2002; Black et al. 2006; 
Guyette et al. 2006; Foster and Cohen 2007).  
Landscape fire use was also common in tradi-
tional Euro-American land management prac-
tice in the southeastern United States (Shea 
1939a; Stoddard 1962; Pyne 1982; Otto 1983, 
1984, 1986).  Shifts in land use and tenure in 
the Southeast (Eller 1982), as well as the as-
cendancy of a forestry science inimical to fire 
(Pyne 1982), led to the criminalization of land-
scape fire use in the first half of the twentieth 
century and the widespread emergence of clan-
destine burning practices (Kaufman 1939a, 
Kuhlken 1999, Jurgelski 2008).  Although the 
ecological and economic benefits of fire use in 
southern forests were recognized relatively 
early in the history of scientific forest manage-
ment (Green 1931; Chapman 1932a, b; Dem-
mon 1935; Hardtner 1935; Stoddard 1935; 
Wahlenberg 1935; Garren 1943), the popular 
acceptance of fire as a legitimate forest man-
agement tool has only occurred over the last 
few decades.  Prescribed fires are today legal, 
provided one follows the law, yet unauthorized 
firesetting persists.

A handful of social science studies in the 
mid-twentieth century addressed unauthorized 
fire setting in the South.  While some research-
ers concluded that firesetters were primarily 
agents of destruction and ecological harm 
(Shea 1939a, b, 1940a, b; Bertrand and Baird 
1975), others emphasized the fact that fireset-
ting was rooted in local knowledge and repre-
sented normative behavior (Kaufman 1939a, 
b; Hansbrough 1963; Dunkelberger and Alto-
bellis 1975; Doolittle and Lightsey 1979).  
More recent research on unauthorized fire in 
Florida suggests that the southern incendiary 
phenomena fits an “economic model of crime” 
(Butry and Prestemon 2005, Prestemon and 
Butry 2005) and therefore may have shifted 
from a normative behavior to a more malign 
practice over the last 30 years (Prestemon and 
Butry 2008).  Kuhlken (1999) posits that “ru-
ral incendiarism” in the southern United States 
represents a form of political protest rather 
than conventional violent crime.  Building on 
Scott’s notion of fire as a “weapon of the 
weak” (Scott 1985), political motivations for 
unauthorized fires have been suggested else-
where as well (Pyne 1998, Kull 2002, Seijo 
2005, Lovreglio et al. 2010).  Motives for set-
ting unauthorized fires are numerous (Preste-
mon and Butry 2008); however, few studies 
have attempted to parse these from the aggre-
gated incendiary category.  Lovreglio et al. 
(2010) identified three categories for intention-
al unauthorized fire in southern Italy: profit 
seeking, protest, and resentment towards for-
ests, but analysis relied on the opinions of offi-
cials directly involved in fire prevention and 
control rather than the characteristics of the in-
cidents themselves. 

In the majority of analyses of unauthorized 
firesetting, these fires are assumed to be inher-
ently destructive and individuals setting unau-
thorized fires are assumed to have malevolent, 
if politically rational, motivations.  This per-
ception persists despite the fact that most land 
managers now recognize fire as an important 
ecological disturbance and a useful forest man-
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agement tool.  In part, such dissonance is ex-
plained by a widely held assumption that wild-
fires, as opposed to prescribed fires, negatively 
affect timber quality and yield over the long 
term (Maingi and Henry 2007, Grala and 
Cooke 2010).  Although timber quality may be 
impacted by fire, most wildfires in the south-
ern United States are of low intensity and do 
not actually kill many trees (Maingi and Henry 
2007).  Ecological and economic outcomes of 
landscape fires are highly variable and percep-
tion of fire disturbance and its effects depends 
upon the relative interests of those affected by 
it.  As Kull (2002, 2004) points out for Mada-
gascar, landscape fire is an ambiguous phe-
nomenon and people use this ambiguity to ac-
complish a variety of nuanced political and 
ecological goals.  Nonetheless, unauthorized 
wildfire remains predominantly associated 
with the notion of forest destruction and fire-
setters are presumed to be ecologically un-
aware actors.

Spatiotemporal Analysis and 
Firesetter Preferences

Reported unauthorized fires are systemati-
cally suppressed by wildland fire fighters, so 
outcomes intended by the firesetters cannot be 
ascertained.  For example, it is impossible to 
know if fire size and duration results from ig-
nition timing and placement or from suppres-
sion activities.  Further, the identity, size, and 
distribution of the population of firesetters re-
main unknown.  Firesetter preferences for fire 
severity cannot be ascertained from the fireset-
ters themselves.  Consequently, it is difficult to 
characterize the type and nature of unauthor-
ized fire as a socioecological disturbance re-
gime, specifically in terms of its social and 
ecological drivers and effects.  However, it 
may be possible to infer firesetter preferences 
from the spatiotemporal information of the 
fires themselves. 

The primary assumption underlying this 
analysis concerns the supposition that fireset-

ters have agency and are goal seeking: they in-
tentionally choose the timing and place of their 
ignitions from an array of options and possi-
bilities in order to achieve particular goals.  A 
secondary assumption concerns the idea that 
preferences for and constraints on firesetting 
form a reciprocal relationship in which, given 
sufficient knowledge, firesetters will show a 
preference for optimal conditions for setting 
fires.  Thus, as biophysical and social con-
straints on ignition become stronger, there will 
be fewer ignitions.  As constraints on ignition 
become weaker and conditions become more 
optimal, ignition frequency will increase.  The 
criteria for optimal conditions vary by both re-
gion and the specific goals of the firesetter.  
The intentionality inherent in unauthorized 
fires thus allows for the extrapolation of pref-
erences from constraints through a definition 
of the spatiotemporal distribution of ignitions.

Given these assumptions, what do the spa-
tiotemporal patterns of unauthorized fires sug-
gest about the severity of the emergent fire re-
gime?  Do spatiotemporal patterns of unau-
thorized fire reflect firesetter preferences for 
producing high severity fires capable of maxi-
mizing social and ecological costs through 
damage to landscapes?  Alternatively, are the 
spatiotemporal patterns of unauthorized fires 
arbitrary with respect to potential fire effects?  
Lastly, have these patterns changed over the 
1987−2010 period?

METHODS

Wildfire Data

The GFC provided spatially explicit, tabu-
lar wildfire data encompassing the entire state 
of Georgia for the years 1987 through 2010.  
These data represent over 40 000 reported un-
authorized wildfires, verified and controlled 
by wildland fire response crews.  The data 
were organized chronologically by individual 
fire incidents and include a variety of informa-
tion including fire location, times and dates, 
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land ownership, relevant fire weather parame-
ters, fuel type, area burned, and administrative 
units such as county and state forest district.  
The GFC also provided prescribed fire data 
for years 1996−2008.  This data was organized 
by county but lacked a more precise spatial 
reference.

Fire Locations and Spatial Distribution

I used a geographic information system 
(GIS) to create shapefiles for spatial analysis 
of the wildfire data.  Georgia is a large state 
spanning a number of distinct biogeographic 
zones ranging from coastal estuaries to the Ap-
palachian Mountains.  The state is also fairly 
heterogeneous with respect to settlement pat-
terns and land use.  Regional socioecological 
analysis therefore required limiting and divid-
ing the data by both physiological and socio-
political factors.  Although county size and 
shape is variable in Georgia, the large number 
of counties combined with the tendency for 
county borders to follow natural breaks in the 
landscape such as rivers and ridgelines suggest 
that the county level is a more appropriately 
scaled resolution for assessing regional fire re-
gimes than the aggregate state level.  Counties 
also provide a convenient sociopolitical scale 
of analysis since historical differences in coun-
ty level planning and zoning ordinances trans-
late to differences in land use and ownership 
patterns.  I used a county-based shapefile to 
display fires on a county by county basis by to-
taling the number of fires per county and di-
viding this number by the county size.  I iden-
tified contiguous counties with fire densities 
greater than the first standard deviation above 
the mean in order to delineate areas where un-
authorized fire activity is more common.  Be-
low, I refer to the three resulting groups of 
contiguous counties as a regional locus (RL) 
of unauthorized fire activity.

I created a GIS point layer geolocating un-
authorized fire incidents based on reported co-
ordinates.  From January 1987 through June 

2002, fire coordinates were reported at a 1 arc-
minute resolution (approximately 1855 m) 
while data for the period from July 2002 to 
December 2010 were reported at a 1 m resolu-
tion.  It should be noted, however, that al-
though the higher resolution points were as-
signed unique locations at a 1 m resolution, 
accuracy and consistency with respect to data 
collection methods, spatial precision, and rep-
resentation remain uncertain.  Therefore, fire 
points could represent the point of ignition, the 
center point of the burned area, or some other 
feature.

I used ArcGIS Spatial Analyst (ESRI, Red-
lands, California, USA.) for a kernel density 
analysis of the high resolution (1 m2) incendi-
ary fire points (July 2002 through December 
2010).  I excluded lower resolution fire points 
from the kernel density analysis since the map-
ping process assigned multiple fires to each 
arc-minute vector, masking the actual distribu-
tion of fires below that resolution.  The kernel 
density analysis uses a kernel function to mea-
sure the magnitude per unit area (in this case, 
2000 m2) of specified points.  The first stan-
dard deviation above the mean distance to a 
point’s nearest neighbor (2998.9 m) provided 
the bandwidth or search radius.  I did not uti-
lize the population field since each point repre-
sented one fire occurrence.  I defined high den-
sity concentrations of unauthorized fires as ar-
eas where the kernel density value was higher 
than the second standard deviation above the 
mean. 

To account for spatial distributions of the 
remaining data points (1987 through June 
2002), I created a vector-based grid with 2 km2

quadrats for the entire state.  The 2 km2 en-
sured that the quadrat was the approximate 
resolution of the data points themselves and 
also represented the unit area used in the ker-
nel density analysis.  I then used the “count 
points in polygon” function to find the number 
of fire points (1987−2010) per quadrat.  I iden-
tified quadrats where density levels were high-
er than the second standard deviation from the 
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mean point density.  In order to create sam-
pling units for areas with a “high density” of 
unauthorized fires (HD units), I merged the 
high density areas from the kernel density 
analysis with the high density quadrats.  This 
process retained the spatial resolutions of the 
original data sets.

Land Cover and Fuel Characteristics

For land cover determination of fire points, 
I used a 30 m resolution 1998 Landsat raster 
data set with 18 classified land cover types 
(Natural Resource Spatial Analysis Laboratory 
1998).  Accurate land cover classification pre-
sented some difficulty since: (1) the land cover 
data itself was only 85 % accurate, (2) the 
point-located fires were limited to the years 
2002−2010, and (3) the land cover attributes at 
each point-located fire represented only the 
land cover pixel where the fire was point-lo-
cated and not necessarily the land cover of ig-
nition or area burned.  Therefore, I cross 
checked land cover classifications extracted 
from the raster dataset by fire point locations 
with the fuel type category and percentages of 
open, planted, or natural cover burned includ-
ed in the original wildfire data in order to as-
certain the relative congruence between the re-
ported information and the remotely sensed 
land cover.  Due to the relative incompatibility 
between reported fuel type and land cover cat-
egories, accuracy of the analysis varied be-
tween 75 % and 88 % for the “evergreen for-
est” land cover type, depending on which fuel 
types were considered typical of the evergreen 
forest land cover.

Fire Timing and Temporal Distribution

Seasonality.  In order to compare differ-
ences in seasonality of incendiary fires, I took 
sub-samples of fire incidents based on location 
with reference to the RL and HD sampling 
units and further divided these data by land 
cover and ownership.  I identified fire seasons 

by peaks in the number of unauthorized fires 
set where the number of fires per month ex-
ceeded the monthly average.  I then evaluated 
the inter-annual variability in the ratio of num-
ber of fires to area burned through a linear re-
gression of the total number of fires (indepen-
dent variable) and total burned area (dependent 
variable) per fire season by year.  So, for ex-
ample, if a particular sample unit’s peak fire 
season were composed of the months February 
and March, I summed the number of fires for 
those two months for each year and tested 
these data against the total February-March 
burned area for the corresponding year.  The 
strength and significance of correlations be-
tween number of fires and area burned per sea-
son can be interpreted as a measure of the spa-
tiotemporal regularity of the emergent fire sea-
son across years.

Fuel moisture.  I used the Palmer drought 
severity index (PDSI) as a proxy for fuel mois-
ture conditions at the monthly and seasonal 
scale as these data provide an index of avail-
able moisture relative to historical conditions.  
Monthly PDSI data were downloaded from the 
National Climatic Data Center (National Oce-
anic and Atmospheric Administration 2010) 
for all Georgia climate divisions for the years 
1987−2010.  The PDSI uses a combination of 
precipitation, evapotranspiration, and soil 
moisture data to develop a standardized water 
balance model (Alley 1984).  For higher reso-
lution analysis, I used the Keetch-Byram 
drought index (KBDI), which references daily 
estimated soil and ground cover moistures at a 
local level and is commonly used in fire man-
agement in the US Southeast (Keetch and By-
ram 1968, Roncoli et al. 2006).  In order to as-
sess the relationship between relative moisture 
availability and unauthorized firesetting for 
each sample unit, I modeled the linear regres-
sions between (1) monthly PDSI and the num-
ber of unauthorized fires per month by year 
and, (2) daily KBDI normalized by fire season 
specific distributions and the frequency of fire 



Fire Ecology Volume 9, Issue 3, 2013
doi: 10.4996/fireecology.0903045

Coughlan:  Unauthorized Firesetting as Socioecological Disturbance
Page 51

occurrence for each score.  Lastly, I examined 
changes in the relationship between KBDI and 
unauthorized fire using a 4 yr moving window 
for the distribution of KBDI values for fires 
occurring during peak fire season. 

RESULTS

Statewide

Between 1987 and 2010, unauthorized fires 
represented 21 % of total wildfires and 27 % 
area burned statewide.  As an overall trend, the 
number of unauthorized fires has decreased: 
the moving 3 yr average of number of unau-
thorized fires per year dropped 72 % over the 
period studied.  For the same period, the aver-
age fire size shows a 12 % increase, from 2.22 
ha to 2.53 ha.

On a statewide level, unauthorized fires 
followed a fairly pronounced seasonal pattern 
with a peak from February through April with 
44% of fires and 54 % of area burned for the 
total 24 yr period occurring during those 
months.  The pattern mirrors prescribed fires 
and, on a month-by-month basis, the number 
of incendiary fires correlated relatively well 
with the number of prescribed fires (correla-
tion coefficient of 47.3, P < 0.001, for the years 
1996−2008).  By contrast, lightning fires peak 
in the months of June, July, and August, when 
both incendiary and prescribed fires are few 
(Figure 1).  Aggregated, the seasonality of ig-
nitions in HD clusters across the state did not 
differ significantly from the total statewide 
pattern.  However, land ownership patterns did 
differ with ignitions on forest industry owned 
land doubling in HD clusters (Figure 2).
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Figure 1.  Z-Score values for the aggregated monthly fire frequency and area burned for unauthorized 
fires, prescribed (Rx) fires, and lightning-caused fires in the state of Georgia for the period 1987 to 2010.
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Analysis of Regional Loci

I identified three regional loci of unauthor-
ized fire activity: RL1, in the ridge and valley 
physiographic province; RL2, along the “fall 
line” between the coastal plain and Piedmont 
physiographic province; and RL3, on the 
coastal plain.  Most of the HD clusters were 
located within the RL (Figure 3).  

RL1, ridge and valley.  RL1 sits in the 
ridge and valley physiographic province locat-
ed in northwestern Georgia.  The landscape is 
characterized by southwest-northeast trending 
ridges with farms and developed space occu-
pying the valley bottoms and forest cover 
dominating the ridge tops.  Land cover is dom-
inated by the southeastern ridge and valley 
hardwood forest type composed of oak (Quer-
cus spp.), hickory (Carya spp.), and pine 
(Pinus spp.).  Frequency and intensity of fire 
disturbance is an important factor controlling 
the relative proportion of deciduous to ever-
green trees (Christensen 2000).  Other com-
mon land cover types include pine forest and 
plantation, row crop, and pasture, as well as 

succession vegetation types.  Pine plantations 
are less common than in the rest of Georgia, 
but nonetheless comprise a considerable por-
tion of the landscape.

Between 1987 and 2010, RL1 contained 
23 % (n = 9330) of Georgia’s incendiary fires 
and 34 % of its burned area.  For the spatially 
explicit data (July 2002 through 2010), the 
largest percentage of incendiary fires in north-
west Georgia corresponded with ignition 
points classified as hardwood forest (28 %), 
followed by evergreen forest (22 %), pasture 
(16 %), transportation corridors (12 %), clear 
cut (11 %), mixed forest (6 %), and nine other 
land cover types making up the remaining 
5 %.  Aggregated ignitions from all land cover 
types in RL1 displayed modest similarity to 
the statewide seasonal pattern, but with a 
sharper peak in March and steeper decline 
through April.  Differences do exist between 
the three most frequently burned land covers 
and the overall seasonal distribution.  For ex-
ample, a secondary peak for pasture land cov-
er occurs in August whereas evergreen land 
cover shows a secondary peak spanning Octo-
ber and November.

RL2, fall line.  RL2 consists of Richmond 
County, located just below the “fall line,” 
which divides the Georgia Piedmont from the 
coastal plain.  Developed land comprises a 
large portion of the county with the city of Au-
gusta at its center.  Farmland interspersed with 
pine plantations characterizes much of the 
southern portion of the county.  Natural land 
cover is dominated by longleaf pine forest 
(Pinus palustris Mill), much of it with an open 
understory well adapted to low intensity sur-
face fire (Moser and Wade 2005).

Between 1987 and 2010, just under 1.3 % 
of Georgia’s unauthorized fires occurred in 
Richmond County (n = 550).  These fires con-
centrated around the city of Augusta and 
burned approximately 0.6 % of the state’s total 
area burned by unauthorized fire.  For the peri-
od from July 2002 through December 2010, 
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Figure 3.  Map of Georgia showing topography and density analysis of unauthorized fires, 1987-2010.  
Regional loci (RL) represent contiguous counties with a high density of fires.  HD clusters represent areas 
of high unauthorized fire densities identified through kernel density analysis.
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28% of ignition locations fell on land cover 
pixels classified as evergreen forest, 17 % fell 
on developed land, 14 % occurred on agricul-
tural lands, 10 % occurred on transportation 
corridors, 9 % occurred on forested wetlands, 
8% occurred on clear cuts, and 6 % on hard-
wood forest, while the remaining four land 
cover types represented less than 5 % each.  
The seasonality of fire in RL2 exhibited a 
slightly less concentrated pattern with discor-
dant fire frequency to area burned ratios.  Ev-
ergreen land cover showed an April-May peak 
with a secondary July-September peak.  The 
second most commonly burned land cover, de-
veloped land, showed relatively equally dis-
tributed peaks in March and September. 

RL3, coastal plain.  RL3 is located on the 
lower coastal plain of the Atlantic Ocean and 
is comprised of McIntosh and Liberty coun-
ties.  The landscape is of relatively low relief 
and dominated by pine forests, clear cut or 
successional land cover, forested wetlands, and 
marsh.  Ground cover often consists of “south-
ern rough”: saw palmetto (Serenoa repens [W.

Bartram] Small), gallberry (Ilex coriacea
[Pursh.] Chapm.), and wire-grass (Aristida 
stricta Michx.), a highly flammable vegetation 
type.  RL3 registered 5.5 % (n = 2274) of 
Georgia’s unauthorized fires and 3.5 % of area 
burned between 1987 and 2010.  Ignition 
points from July 2002 through December 2010 
extracted the following proportion of land cov-
er values: 42 % transportation corridors, 17 % 
evergreen forest, 13 % clear cut, 13 % wetland 
forest, and 6 % mixed evergreen and deciduous 
forest, with four other land covers comprising 
less than 3 % each.  Seasonality of unauthor-
ized fire in RL3 concentrated in the spring 
peak (February-April) with only a small sec-
ondary peak for wetland forest in September. 

Fire Timing and Fuel Moisture

PDSI.  Monthly PDSI values for the years 
1987 through 2010 were regressed with the 
number of fires per RL sample unit (Table 1).  
The PDSI correlated strongest and most sig-
nificantly with fires in summer months, but the 
strength varied by sample unit.  For example, 

PDSI Georgia climate division 1, RL1*
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

May 0.15 0.18 0.16 0.28
Jun 0.22 0.22 0.37
Jul 0.16 0.34 0.41
Aug 0.23 0.23 0.36 0.37 0.35 0.38 0.48
Sep 0.24
Oct 0.19

PDSI Georgia climate division 6, RL2
Jul 0.25 0.26
Aug 0.16 0.17 0.21

PDSI Georgia climate division 9, RL3
Jan 0.13
May 0.14
Jul 0.14
Oct 0.13

Table 1.  Results matrix for correlation between the number of incendiary fires for each RL by month indi-
cated (rows), and the monthly PDSI for the corresponding Georgia climate division, years 1987–2010 
(columns).

* Significant results shown: P ≤ 0.05, P ≤ 0.01 (bold), and P ≤ 0.001 (bold italics).
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RL3 had the weakest relationship with PDSI.  
Fires occurring during months with the stron-
gest relationship to PDSI also displayed sig-
nificant lag effects.  The timing and regularity 
of fire seasons in terms of ignition frequency 
and average fire size (Table 2) show that sig-
nificant effects of PDSI are predominantly lim-
ited to periods of relatively low fire activity.  
For example, during the peak fire seasons in 
RL1, PDSI showed significant effects only for 
October, the month with the weakest PDSI in-
fluence.  RL1 displayed the most year to year 
regularity between the number of fires and fire 
size, but ignition patterns did not gravitate to-
ward seasons significantly influenced by 
drought.  RL2, on the other hand, displayed 
the least regularity, but did have a secondary 
peak during July, the month most affected by 
PDSI.

KBDI.  Drought is a relative concept and 
drought indices are no exception to this rule.  
Although KBDI is driven by daily weather, 
the relative meaning of KBDI values are also 
seasonally and spatially variable (Roncoli et 
al. 2006).  Consequently, ignition preferences 
for fuel moisture were non-linear at the annu-
al interval.  For example, for RL1, a scatter 
plot of the frequency of fires by standardized 
(Z-Score) KBDI value illustrated a complete-
ly different relationship between the variables 
for spring (February−April) and fall 
(October−November) (Figure 4).  Both fire 
frequency and burned area for RL1 spring 
season negatively correlated with KBDI val-
ues, whereas the fall season showed a weak, 
but positive correlation with KBDI.  For the 
spring season, nearly 70 % of fires were set in 
below-average KBDI conditions (mean KBDI 

Table 2.  Fire season and interannual variability by sample unit.  HD clusters selected were those with the 
largest sample sizes for each RL.

Sample unit Fire season % of fires a
Stand. dev. 

% b
Ave. size 

(ha) c
Stand. dev.

(ha) d Adj. R2 e P valuef

Statewide Feb–Apr 44.54 % 11.87 % 2.86 1.18 0.640 <0.001
Statewide Nov 9.45 % 6.74 % 3.15 4.19 0.413 <0.001

RL1 Feb–Apr 46.56 % 14.42 % 3.49 2.67 0.715 <0.001
RL1 Oct–Nov 20.05 % 13.70 % 2.32 1.64 0.942 <0.001
RL2 Feb–May 53.79 % 20.93 % 1.52 1.27 0.349 0.001
RL2 July 8.78 % 13.54 % 0.86 2.18 0.312 0.003
RL3 Jan–Apr 69.04 % 15.43 % 1.77 1.38 0.429 <0.001

HD224 (RL1) Feb–Apr 48.73 % 21.95 % 1.63 1.23 0.482 <0.001
HD224 (RL1) Oct–Nov 22.00 % 19.37 % 1.72 3.51 0.571 <0.001
HD197 (RL2) Mar–May 46.27 % 23.80 % 1.03 1.20 0.490 <0.001
HD197 (RL2) July 9.70 % 21.86 % 0.75 2.20 0.052 0.146
HD70 (RL3) Jan–Apr 70.00 % 22.91 % 2.22 3.17 0.214 0.013

a % of fires = percentage of fires from the 24 yr total that occurred during the fire season.
b Stand. dev. % = the standard deviation of the annual percentage of fires that occurred during the fire season over the 

entire 24 yr period.
c Ave. size (ha) = average fire size for the indicated fire season over the entire 24 yr period. 
d Stand. dev. (ha) = standard deviation of the annual average fire season-fire size for the entire 24 yr period.
e Adj. R2 = the adjusted R2 value for the linear regression of the annual number of fires per fire season with the annual 

area burned during the fire season.
f P value = probability statistic that the null hypothesis (there is no linear relationship between number of fires and 

area burned) is true.  



Fire Ecology Volume 9, Issue 3, 2013
doi: 10.4996/fireecology.0903045

Coughlan:  Unauthorized Firesetting as Socioecological Disturbance
Page 56

for spring ignitions 1987−2010 = 49, n = 
4231).  For the fall season, 57 % of fires were 
set in above-average KBDI conditions (mean 
KBDI for fall ignitions 1987−2010 = 410, n = 
1898).  Peak fire seasons in the other RL did 
not correlate as strongly with KBDI, but in 
both RL2 and RL3, KBDI negatively affected 
fire frequency during the spring burning sea-
son (Table 3).

In order to examine change over time, I 
analyzed the relationship between KBDI and 
fire parameters using a 4 yr moving window 
for the spring burning seasons in both RL1 and 
RL3.  The RL1 regression results showed a 
progressive decline in the strength of the cor-
relation (Figure 5) in tandem with a decrease 
in the effect of the relationship.  For example, 
in the 1991−1994 window, the frequency of 
fires decreased by 0.26 for each whole number 
increase in KBDI, but by the 2007−2010 win-
dow, an incremental change in KBDI only af-
fected the frequency of fires by 0.01.  For RL3, 
the majority of 4 yr windows were not statisti-
cally significant.  However, the general trend 
went from a weak negative association be-
tween KBDI and fire frequency for the years 
1987−1990, 1988−1990, and 1993−1996, to a 
similarly weak positive association for the 
years 1996−1999 through 1999−2002.  
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Figure 4.  Ignition frequency by standardized KBDI 
values for RL1, (A) Feb–Apr 1987–2010 (aggregat-
ed), (B) Oct–Nov 1987–2010 (aggregated).

Sample 
unit Fire season

Dependent 
variable Adj. R2 P value Coefficient

Mean
KBDI

Stand dev. 
KBDI

RL1 Feb–Apr Frequency 0.378 < 0.001 –0.1734 49.2 55.4
RL1 Feb–Apr Area 0.282 <0.001 –1.4027
RL1 Oct–Nov Frequency 0.037 <0.001 0.0046 410.4 221.1
RL1 Oct–Nov Area 0.024 <0.001 0.0415
RL2 Feb–May Frequency 0.082 <0.001 –0.0024 156.1 135.2
RL2 Feb–May Area 0.034 0.008 –0.0185
RL2 July Frequency 576.2 146.0
RL2 July Area
RL3 Feb–Apr Frequency 0.054 <0.001 –0.0051 220.4 184.7
RL3 Feb–Apr Area

Table 3.  Results for regressions of fire frequency and area burned with KBDI values 1987–2010 by RL 
and peak burning seasons.  Non-significant results omitted.   
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DISCUSSION

The spatial and temporal patterns in unau-
thorized ignitions presented here suggest that 
these types of fire regimes differ by location,  
time of year, climate and weather conditions, 
and land cover.  At the regional level, emergent 
fire patterns convey not only conditions of ig-
nition success, but firesetter preferences for 
particular land covers and burning conditions.  
Among the most striking patterns, seasonality 
of fire (i.e., firesetter preferences for burning 
in particular times of years) varied by both re-
gion and vegetation type.  Additionally, for 
certain locations, climate and weather differ-
entially affected both fire frequency and area 
burned according to season. 

Given the intertwined political economic 
history of fire and land use and tenure in the 
southeastern US, one might expect to see spa-
tiotemporal patterns indicative of malicious 
firesetting on forest industry land or forest 
plantations (Pyne 1982, Kuhlken 1999).  In-
deed, forest industry lands appear to be dispro-
portionally affected in terms of the density of 
fires.  However, ignitions in areas with higher 

fire densities did not exhibit temporal patterns 
that were significantly different from areas 
with more dispersed fires. 

Notably, seasonality of unauthorized fire in 
Georgia correlated with that of legal, pre-
scribed fires.  Seasonality in prescribed fire in 
the Southeast has primarily reflected a histori-
cal concern with controlling fire severity 
(Brockway and Lewis 1997); winter-dormant 
season burns more often produce low severity 
surface fires and pose less risk to timber.  But 
seasonality controls more than simply fire se-
verity; it differentially impacts forest composi-
tion (Glitzenstein et al. 1995, Brose and Van 
Lear 1999), understory composition (Brock-
way and Lewis 1997), reproductive success of 
game birds (Stoddard 1935, Johnson and Hale 
2000), and availability and quality of deer 
browse (Dills 1970, Hallisey and Wood 1976, 
Ivey and Causey 1984).  Preferences for fire 
season therefore provide different outcomes in 
terms of both land cover and human-centered 
cost and benefits.  The seasonal patterning of 
unauthorized fires is not inconsequential for 
understanding firesetter motives and, more 
generally, the nature of these fires as a socio-
ecological disturbance regime.

Preferences for burning seasons could be 
attributed to ecological constraints on ignition 
success.  For example, ignitions in hardwood 
forests in the early spring benefit from a leaf-
less canopy, which allows the warm, spring 
sun to quickly dry last year’s leaf fall and 
cured grasses.  Success in other times of the 
year, such as the summer season, appears to be 
associated with drought conditions, which are 
by definition anomalous.  This may be espe-
cially true for RL1, a hardwood dominated re-
gion, which displayed relatively strong rela-
tionships between fire frequency and PDSI 
values for the months of May through August, 
the period in which the fewest fires were set.  
RL3, however, showed even stronger skew to-
ward the spring fire season, but had the weak-
est relationship with drought overall.  The 
dominance of evergreen forests with flamma-

Figure 5.  Significant adjusted R2 values for Feb–
Apr 1989–2010 (aggregated) fire frequency and 
burned area by KBDI values for RL1, using a 4 yr 
moving window.  Both 1987–1990 and 1988–1991 
displayed statistically insignificant results for 
burned area.
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ble pine needle litter (duff) may moderate the 
importance of abnormally dry conditions for 
setting fires in the summer season.

In RL1, the relatively robust negative ef-
fect of KBDI on both fire frequency and 
burned area during the spring season may re-
flect the influence of ecologically “benevolent” 
firesetting.  These results point to preferences 
for both ecological conditions conducive to 
fire spread (i.e., dry leaves and grasses) and 
weather conditions that moderate fire severity 
and prevent more severe ecological effects.  
Instead, such fires may maintain existing land 
covers, for example, by favoring the regrowth 
of rhizomatic plants.  Traditional firesetting in 
the Southeast, especially in early spring, has a 
deep historical association with hunting (John-
son and Hale 2000), since it favors populations 
of game animals that benefit from the fire-veg-
etation interactions.  In oak forests, dormant 
season fires cause the least amount of damage 
to the overstory, whereas growing season fires 
caused the most damage (Brose and Van Lear 
1999).  March burning, peak fire frequency in 
Georgia, bridges these seasons, perhaps cap-
turing a period of intermediate disturbance.  
Intermediate disturbances are thought to en-
courage biological diversity (Connell 1978, 
Fox and Connell 1979), either by promoting 
understory diversity or by increasing landscape 
heterogeneity.

The fall peak in RL1 is much more arbi-
trary with regard to drought, but the number of 
fires did show a slight positive relationship 
with drought conditions.  Fall fires may also be 
related to hunting; for example, hunters may 
set fires to flush game.  In these cases, drier 
days may be preferred since fires will carry 
more broadly and evenly across the landscape.  
On the other hand, firesetters interested in 
maximizing damage to timber may choose to 
burn in the fall since the season presents both 
drier weather and an abundance of dry, dead 
fuel on the forest floor.

The majority of unauthorized fires in RL2 
occurred on or in close proximity to developed 
or developed-open space land covers.  Because 

we can assume that landscape fires in or near 
developed land are socially undesirable, unau-
thorized firesetting in RL2 likely represents the 
mischievous type of firesetting that we might 
associate with other types of crime (Prestemon 
and Butry 2005).  RL2 displayed the most tem-
porally diffuse, least clustered pattern and had 
the weakest seasonality for unauthorized fire.  
This timing and placement is more arbitrary 
and comes closest to the conventional under-
standing of incendiary fire setting since it is 
suggestive of malicious, opportunistic burning, 
or a combination of ecological ignorance and 
malfeasance.

Trends in both RL1 and RL3 suggest that 
peak fire season ignition preferences are shift-
ing toward drier conditions, but are also be-
coming more arbitrary with regard to KBDI.  
As others have suggested, the more normative 
aspects of unauthorized burning may be wan-
ing (Prestemon and Butry 2008).  At the same 
time, patterns indicative of truly malicious 
burning have not surfaced.  For example, sea-
sonality of unauthorized fire remains strongly 
clustered during the traditional spring season.  
If the majority of unauthorized fires are set 
with the intent to maximize damage to timber, 
firesetters remain remarkably ignorant with re-
gard to key factors such as fire weather and 
forest ecology.  Indeed, unauthorized fireset-
ting may have an overall protective effect on 
forest resources by preempting more severe 
fires ignited in the growing season.

The results presented here contradict the 
conventional logic that unauthorized fire ubiq-
uitously represents malicious intent to inflict 
social and ecological damage.  Unauthorized 
fires predominantly occur in the dormant- and 
early-growing season when fuel conditions en-
able fire spread but prevent severe fires from 
developing.  Given these findings, fire suppres-
sion efforts may be ecologically extraneous 
and policies concerning the suppression of un-
authorized fire should be revisited.

Understandings of fire use in the US South-
east have long suffered from an anti-fire bias 
in forestry and a concomitant derogatory view 
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