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Synonyms

Fire occurrence; Fire records; Fire reporting; Fire
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Definition

Information collected on fire events and their con-
sequences. These data are often used to character-
ize patterns of fire occurrence, fire causes, area
burned, and impacts to populations, resources,
and assets at various scales. Spatial and temporal
patterns of fire activity can be characterized to
support wildland/wildland-urban interface (WUI)
fire research, education, and management efforts
(e.g., risk assessment and mitigation, fire preven-
tion, preparedness, suppression).
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Introduction

The statistical analysis of wildland fire activity is
integral to wildland fire planning, operations, and
research across the globe. Historical fire records
are inputs to fire danger rating applications, fire-
potential forecast models, geospatial fire mod-
eling systems, and other tools for risk assess-
ment, planning, budgeting, and decision support
at multiple scales (Manzello et al. 2018). Spa-
tiotemporal analyses of wildfire activity are used
to characterize patterns and trends in relation to
potential drivers such as population, land use, cli-
mate, and fire-control policies and to understand
the socio-ecological impacts of fire (Doerr and
Santin 2016; Andela et al. 2017; Manzello et al.
2018; Riley et al. 2019).

At a global scale, data on the timing and extent
of biomass burning in recent decades can be
derived from satellite observations, and several
remote-sensing initiatives have been developed
to better understand the role of landscape fire
in the global carbon cycle (e.g., Schultz et al.
2008; Giglio et al. 2013). Analysis of multiple
satellite datasets indicates that global burned area
decreased by nearly 25% over the period 1998—
2015, largely driven by land-use changes (i.e.,
less intentional burning) in non-forested areas
of South America, Africa, and the Asian steppe
(Andela et al. 2017). While global burned area
has declined over recent decades, fire-weather
seasons have lengthened across nearly a quarter
of the Earth’s vegetated surface during the period
1979-2013, with significant trends observed for
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all vegetated continents except Australia/New
Zealand (Jolly et al. 2015).

In many countries, satellite data are aug-
mented by national, state, and local wildland
fire statistics from archival summary reports
and incident-level documentary fire records
that can be used for regional and subregional
analyses. For example, Jolly et al. (2015)
used data from national reporting systems to
demonstrate that inter-annual variations in fire-
weather season length over recent decades
were significantly correlated with inter-annual
variations in burned area across North America
and the European countries of France, Greece,
Italy, Latvia, Portugal, and Spain. As with the
work of Jolly et al. (2015), analyses based on
archival summary reports and documentary fire
records are generally constrained to fire-prone
regions that tend to have the most available and
consistently reported data, including Australia,
Mediterranean Europe, and the USA (Doerr and
Santin 2016).

This contribution provides an overview of the
available wildland fire data and some reported
patterns and trends in wildland fire activity (e.g.,
fire numbers, area burned) for Australasia (i.e.,
Australia and New Zealand), Europe, and the
USA.

Fire Data and Statistics in Australasia

Neither Australia nor New Zealand has a federal
fire agency that collects fire data. Each state and
territory collects data independently, and only
limited data are available on every state and
territory. This section presents a summary of the
information available across Australia and New
Zealand and then focus on the state of Victoria,
Australia.

Fire Trends in Australasia

Table 1 presents the estimated area burned in
Australia and New Zealand in recent decades.
The states and territories with the greatest burnt
areas are Western Australia (WA), Northern Ter-
ritory (NT), and Queensland (QLD). This is pri-
marily because they are the largest states and ter-
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ritories. Much of northern Australia is a savanna
environment, and on average approximately 30%
of this area burns annually (Harris et al. 2008).
The southeastern states (Victoria [VIC], New
South Wales [NSW], South Australia [SA], and
Tasmania [TAS]) have less burned area but are
well-known for high-impacting fires (Gill and
Cary 2012). This is due to the combination of
available fuel to burn, population residing within
or on the edge of vegetated regions, and the
unique climate of the region. It experiences a
“Mediterranean-like” climate, with hot, dry sum-
mers and mild, wet winters (Lucas et al. 2007),
and its topography allows hot, very dry conti-
nental air to be advected over the state ahead
of the dry cold fronts that are a feature of its
summertime climate. These conditions can be
further exacerbated by periodic drought (Lucas
et al. 2007).

New Zealand has a relatively low fire fre-
quency, and fires are rarely as destructive as those
experienced in Australia (Manzello et al. 2018).
There are, on average, 4000 ha burned each year
for the period 2006-2016 across New Zealand
(Table 1).

Data Sources in Victoria

Many of the states and territories have more than
one agency collecting fire data. Often the collec-
tion and recording practices differ. The Depart-
ment of Environment, Land, Water and Planning
(DELWP) is responsible for the management of
fires on public land in Victoria. DELWP maintain
a dataset of reported bushfire ignitions and areas
burned since 1972. This dataset includes informa-
tion such as start date, latitude and longitude at
the point of ignition (or first reported position),
and an estimate for the area burned for all fires
reported to DELWP in Victoria. The Country Fire
Authority (CFA) is responsible for fires originat-
ing on private land. They also maintain a database
that includes information on the start time and
location of the fire, and this database extends
back to 1998. An estimate of the area burned is
also recorded but not in all cases.
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Fire Data, Table 1 Estimated area burned in Australia (by state or territory) in hectares. (From Manzello et al. 2018)

New

Australia Zealand'

NSswate  NTaf QLDAf SA TASHf vicef WA
2006-2007 ' 352,000 3,899,000 3,480,000 353,000 125,000 1,207,899 1,945,633 4099
2007-2008 51,000 2,583,000 2,125,000 @ 500,000 31,600 28,396 1,425,806 9082
2008-2009 23,000 2,031,000 2,013,000 33,000 5890 446,244 1,740,000 2363
2009-2010 ' 160,000 2,712,000 5,149,000 15,000 15,800 24,166 2,602,767 5254
2010-2011 2000 1,245,000 450,000 137,000 1479 13,524 645,505 2920
2011-2012 82,807 No data No data No data 9350 3976 4,991,503 1495
2012-2013 1,209,515  No data No data No data 69,017 200,455 5,477,394 4362
2013-2014 510,828 No data No data No data 7512 415,107 2,209,619 2051
2014-2015 183,677 No data No data No data 6848 53,875 2,569,695 4651
2015-2016 87,810 No data No data No data 143,500 25,345 1,887,954 3508
20162017 268,367 No data No data No data 34,576 No data 1,062,958 No data
2017-2018 259,720 No data No data No data No data No data 2,780,972  No data

Data sources: “State of environment report SOE, PTasmanian forest service, “Country Fire Authority, ‘Department of
Biodiversity, Conservation and Attractions, “New South Wales Rural Fire Service, ‘Manzello et al. (2018)

Fire Trends and Variability in Victoria

Number of Fires and Area Burned
Based on the DELWP data (primarily focused
on fires occurring on public land), excluding
prescribed burns, there is large inter-annual vari-
ability in the total number of fires that occur each
fire season although the average number of fires
has been increasing (Fig. 1a). For the study period
of 1972-1973 to 2013-2014, the mean annual
number of fires is 353, with a standard deviation
of 182. The maximum annual number of fires is
805 (in 1997/98), and the minimum number of
fires is 65 (in 2010/11) (Harris et al. 2019).
There is also large inter-annual variability
in area burned each fire season (Fig. 1b). Fire
seasons with over 100,000 ha burned include
1976-1977, 19801981, 1982—-1983, 1984-1985,
2002-2003, 2006-2007, 2008-2009, 2012-2013,
and 2013-2014 with 2002-2003 and 2006-2007
burning over 1,000,000 ha. The seasons with
the least area burned (<1000 ha burned) include
1992-1993 and 2010-2011 (Harris et al. 2019).
The most active month for fire ignitions in
Victoria based on the DELWP data (Phan and
Kilinc 2015) is January (over 140 on average) fol-
lowed by February and then December (Fig. 2).
As expected June and July (winter months) have

the fewest recorded ignitions. The most active
months for prescribed burning and burning off
are in March, April, October, November, and
December — all with less than a mean number of
fires of 15. For area burnt the largest areas on
average burnt occur in January, December, and
then February.

Consequences

Gill et al. (2013) and Gill and Cary (2012) sug-
gest that Southeast Australia is one of the worst
regions globally for socially disastrous fires. This
is because bushfires in the southeast Australian
state of Victoria have contributed to over 67% of
all bushfire-related deaths that have occurred in
Australia over the last 110 years (Blanchi et al.
2014). Victoria has experienced some of the most
destructive Australian fires in the last century,
including Black Friday in 1939, Ash Wednesday
in 1983, and more recently Black Saturday in
2009 that resulted in the loss of 173 human
lives and destroyed over 2000 homes (Teague
et al. 2010). The average annual economic cost
of bushfires in Australia is $1.1 billion per year
(Deloitte 2017).
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Fire Data and Statistics in Europe

Data Sources

Fire data are collected by national fire adminis-
trations at the national level in order to provide
a comprehensive view of the situation as regards
to wildfires in the country. However, often fire
management is the responsibility of subnational
administrations at the state or autonomous com-
munity level. These subnational administrations
provide the data to the national administration
to compile national fire statistics. It is assumed
that quality control is established in the national

Years (Jul-Jun)

collection systems, although information for each
of these is not currently available.

At a higher level of abstraction, the Euro-
pean Forest Fire Information System (EFFIS) of
the European Commission Joint Research Cen-
tre collects national data to compile statistics
at the pan-European level. Although the defini-
tions and systems in the countries are different,
an agreement was established for the collection
of a common core of fire information at Euro-
pean level, which is transmitted by the national
administrations to EFFIS. Currently, 26 out of
the 42 countries in the EFFIS network, covering
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Europe, North Africa, and Middle East countries,
provide detailed fire data records to the EFFIS
database. The collection of ground data is costly
and, in some countries, just not feasible, given the
division of responsibilities regarding fire man-
agement among the different national administra-
tions. Quality control and consistency checks are
established in EFFIS prior to the inclusion of the
individual fire records provided by countries in
the EFFIS Fire Database (Camia et al. 2014).
Since 2000, in addition to the data provided by
the national fire administrations to EFFIS, data on
the number of fires of approximately 30 ha and
larger and the area burned by these is produced

from remote-sensing sources by EFFIS (San-
Miguel-Ayanz et al. 2012). EFFIS data serves
as complementary data to those produced by
national administrations and fills the gap for those
countries that do not have a data collection sys-
tem in place.

Fire data and statistics from both of the
abovementioned data collection systems are
published annually by the European Commission
and the national administrations in the annual
“Forest Fires in Europe, Middle East and North
Africa” reports. These reports include individual
chapters of the national reporting systems as
well as European-wide fire statistics and act as



a reference as regards fire monitoring in the
extended Pan-European region. The most recent
of these reports includes the national reporting
of 29 countries in Europe and 4 countries in
the Middle East and North Africa (San-Miguel-
Ayanz et al. 2018).

Fire Trends and Variability

About half a million hectares of natural land are
burnt every year in the European Union (EU)
by about 50,000 fires, which are mainly caused
by human actions (Gantaume et al. 2012). How-
ever, the compilation of European statistics is a
complex issue, as not all the countries in Europe
have data collection systems in place. Addition-
ally, within those that collect fire statistics, the
time series for which data are available in each
country are highly variable. The longest time
series in European countries are those of the
Mediterranean countries, which go back to the
1980s. National data series are often reported in
the annual country reports, which include country
totals for most countries. The latest of these is the
“Forest Fires in Europe, Middle East and North
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Africa 2017 report (San-Miguel-Ayanz et al.
2018).

About 85% of the burned area in Europe
occurs in the EU Mediterranean regions within
Portugal, Spain, France, Italy, and Greece.
Table 2 and Fig. 3 present the situation in these
countries in the last 37 years. Figure 3(a) below
shows a decreasing trend in the number of fires
after the 1990s, with high variability among
countries. In terms of burnt areas, the most
noticeable fact is the high inter-annual variability
in the countries during the last decade, despite
the high increase in firefighting means in these
countries since the 1990s. Critical fire seasons
were those of 2003, 2005, and 2017 in Portugal,
2007 in Italy and Greece, and 2012 in Spain and
the 2017 season in the whole European region;
over 1.3 million ha were burnt in the EU countries
that year (Fig. 3b).

For other countries that are not included in
the above statistics, the annual number of fires
and burned area is provided in Tables 3 and 4,
respectively. There are no significant trends of
either number of fires or burnt areas in these

Fire Data, Table 2 Number of fires and burnt area in the five southern countries of the European Union

Number of fires Portugal Spain
2017 21 002 13793
% of total in 2017 44% 29%
Average 1980-1989 7 381 9515
Average 1990-1999 22 250 18 157
Average 2000-2009 24 949 18 369
Average 2010-2017 18112 12572
Average 1980-2017 18 176 14761
Total (1980-2017) 690 700 560 928
Burnt areas (ha) Portugal Spain
2017 540 630 178 234
% of total in 2017 59% 19%
Average 1980-1989 73 484 244 788
Average 1990-1999 102 203 161 319
Average 2000-2009 150 101 127 229
Average 2010-2017 157 052 104 502
Average 1980-2017 118 797 162 352
Total (1980-2017) 4514 300 5991 140

@Provisional figures

France Ttaly® Greece® Total
4403 7 855 1083 48 136
9% 16% 2% 100%
4910 11575 1264 34 645
5538 11 164 1748 58 851
4418 7259 1695 56 690
3776 5828 1001 41289
4707 9121 1449 48 215
178 865 346 602 55 066 1832161
France Ttaly® Greece Total
26378 137 103 13 393 895738
3% 18% 1% 100%

39 157 147 150 52417 556 995
22 735 118 573 44108 448 938
22 362 83 878 49 238 432 809
12019 72 945 27 198 373715
24702 107 357 44 084 457 293
938 687 4079 562 1675 209 17 377 132
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Fire Data, Fig. 3 (a) Number of fires and (b) burnt areas in the five southern countries of the European Union

countries. It is noticeable that the number of
countries providing annual totals on fires has
increased in the last years. Figure 4 confirms
the lack of significant trends in either number of
large fires (>30 ha) or burnt area in the EU28
region; especially notable is the high inter-annual
variability of both variables.

Although very detailed in terms of attributes
describing fire events, the EFFIS Fire Database is
not comprehensive, as it does not include some
countries in which data collection systems are
not available. For this reason, the above data
are complemented by data on number of fires
and burnt areas derived by remote sensing in
EFFIS. The EFFIS remote-sensing data include
only fires above a given size, which is set at
around 30 ha or larger, and the time period 2000—
2019. The advantage of this later dataset is that

it is fully standardized, so that data among coun-
tries are fully comparable; also, that it includes
a uniform time series for all countries (2000—
2019); and finally that it includes all countries
in Europe, Middle East, and North Africa (San-
Miguel-Ayanz et al. 2019a). Its main drawback
is that small fires, which are highly relevant in
some countries, are not accounted for. Figure 5
shows the latest values of number of fires per
country and burnt areas by land cover type, for
2018. Although, overall, 2018 was a mild year in
Europe, it is noticeable how countries that do not
report data to EFFIS were also impacted by forest
fires. In 2018, the impact of fires in central and
northern European countries was high, including
in countries like Sweden, Norway, the UK, and
Ireland. The impact of fires has been very relevant
during the last decade in countries in the Balkan
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Fire Data, Fig. 4 Total burnt area and number of fires larger than 30 ha in the European Union countries (EU28)

region, such as Croatia, Albania, Serbia, Kosovo,
and Montenegro.

As mentioned above, about 95% of the fires
in Europe are caused by human activities, due
to either negligence or intentional actions (Gan-
teaume et al. 2012). In the area of negligence,
agriculture and shrub reduction activities are the
main causes of the fires, while arson has a great
variability within each country and at the Euro-
pean level.

Consequences

Economic losses at the European level are
computed in EFFIS using a simple approximate
method of reconstruction cost for the land cover
classes that are damaged by fires and taking into
consideration the number of fatalities in a given
year (San-Miguel-Ayanz et al. 2017). Figure 6
presents the economic losses in the European
territory in the last years in millions of Euro.

In terms of casualties, 720 people have been
reported killed by forest fire in the EU since the
year 2000. The most dramatic wildfire season was
that of 2017, in which fires burned approximately
1.3 million ha in the EU, killed 136 people,
and resulted in economic losses of around 10

billion euro (San-Miguel-Ayanz et al. 2018). The
2018 fire season, the last year for which data are
available, was marked by a dramatic wildfire that
took place in the town of Mati, in Greece, killing
100 people (San-Miguel-Ayanz et al. 2019b).

Fire Data and Statistics in the USA

Data Sources

There is no single, unified system of wildland
fire record keeping for the USA. The nature of
the data collected has typically been a function
of the needs and mission of the organizations
responsible for fighting these fires. Annual esti-
mates characterizing wildfire activity in terms of
total numbers and area burned by the US state
are available from the early twentieth century to
present (Short 2015). The longest-term estimates
are based on archival summary reports that are
neither complete nor consistent over the ~100-
year period of record (Short 2015). Despite their
limitations for long-term analysis due, for exam-
ple, to marked increases in the reporting area
over time (see Houghton et al. 2000; Short 2015),
the National Interagency Fire Center (NIFC) cur-
rently distributes the national-level estimates in
tabular form as on its website https://www.nifc.
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Fire Data, Fig. 6 Economic losses in the European territory in recent years (millions of Euro)

gov/fireInfo/fireInfo_stats_totalFires.html (NIFC
2019). The NIFC (2019) provides little to no
information about the data. Short (2015) iden-
tified the sources and major limitations of the
NIFC-published data, but at the time of that writ-
ing, the NIFC only presented wildfire statistics
dating back to 1960. Because the NIFC (2019)
now includes estimates dating back to 1926, it is
important to expand on Short’s (2015) caveats to
cover the earlier years’ data.

In addition to the archival summary reports,
there are spatially explicit documentary fire
records and remotely sensed data from more
recent decades that are generally used for short-
term trend analysis at multiple (e.g., regional,
national) scales (Short 2015; Murphy et al.
2018). The Landsat-based Monitoring Trends in
Burn Severity (MTBS) dataset includes mapped
perimeters of large (i.e., >405 ha) wildland fires
dating back to 1984 (Eidenshink et al. 2007). In
addition, point-based documentary fire records
(individual reports of wildfires of all sizes) dating
back to 1992 have been compiled from final
fire reporting systems of the federal, state, and
local fire services and published in the national
Fire Program Analysis Fire Occurrence Database
(FPA FOD) (Short 2014, 2015, 2017). The local
fire department (FD) data in the FPA FOD,
which are generally sourced from the National
Fire Incident Reporting System (NFIRS) of the
US Fire Administration (USFA), are known to
be incomplete because different states set their
own NFIRS reporting policies for FDs, ranging

from mandatory for all incidents to completely
voluntary (Short 2014, 2015). The National Fire
Protection Association (NFPA) uses their annual
FD experience survey combined with NFIRS data
to generate a more complete estimate of brush,
grass, and forest fires, including many wildland-
urban interface (WUI) fires, responded to by FDs
(Hall and Harwood 1989; Ahrens 2018).

The National Wildfire Coordinating Group
(NWCG) defines a “wildland fire” as “any
non-structure fire that occurs in vegetation or
natural fuels” and includes both prescribed fire
(i.e., planned/controlled burning) and wildfire
under the wildland fire umbrella (NWCG 2019).
However, the NIFC estimates of “total wildland
fires and acres” do not include prescribed fire
activity, at least not in recent decades (Short
2015; see next section).

NFIRS has four incident types for “natural
vegetation fires” (USFA 2015; Table 5). Esti-
mates of total brush, grass, and forest fires include
unclassified or “other” natural vegetation fires.
Note that only incident type 141 specifically
mentions wildland fire.

Fire Trends and Variability

Area Burned

Prior to widespread Anglo-European settlement,
it is estimated that wildland fires burned 35-86
Mha per year from a combination of natural
ignitions and indigenous burning practices
(Leenhouts 1998; Houghton et al. 2000). The data


https://www.nifc.gov/fireInfo/fireInfo_stats_totalFires.html
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Fire Data, Table 5 Incident types representing fires in
“natural vegetation” within the National Fire Incident
Reporting System (NFIRS), which tracks local fire depart-
ment responses to fires of all types (USFA 2015)

NFIRS incident type

code NFIRS incident type definition
141 Forest, woods, or wildland fire
142 Brush or brush and grass mixture
143 Grass fire

140 Natural vegetation fire, other

distributed by the NIFC date back to 1926, when
the USA had already begun investments in a
system of organized wildland fire control,
overseen by the US Forest Service (USFS) (Pyne
1982). The USFS archival summary reports,
which are the sources of the NIFC statistics
from 1926-1982, come from a continuously
increasing US land base as the area considered to
qualify for inclusion in the federal fire protection
program increased over time (Short 2015). The
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reporting area more than tripled in size from
~200 Mha in 1926 to ~700 Mha in 1983,
when it finally reached the total US burnable
wildland area (estimated from ca. 2000 data)
(Short 2015). Even then, not all of the reporting
area was considered protected land under the
USFS program requiring the “wildfire activity”
statistics. The data are therefore classified as from
“protected” versus “unprotected” areas, with the
latter published with the caveat, “since no field
organizations are established in unprotected areas
to report fires, the statistics on such unprotected
areas are merely the best estimates by local
agencies” (Short 2015).

In the early decades of USFS reporting (and,
by extension, in the NIFC statistics), the bulk
of the estimated area burned is from fires on
unprotected lands (Fig. 7). Moreover, nearly all
of the unprotected area burned (UAB) resulted
from fires in the southern USA, with major con-
tributions from the three states of Florida (FL),

25
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Fire Data, Fig.7 Wildfire area burned in the USA, 1926~
2018. Bars represent estimates from protected (black seg-
ments) and unprotected (grey segments) lands as reported
in USFS archival summary reports, 1926-1997. The
legend refers to these as “USFS/AK” data, because an
independent source of area burned estimates for Alaska
(Gabriel and Tande 1983) was used to augment the USFS
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estimates in years that Alaska was excluded from the
USFS reports. The green line represents the burned area
estimates on the NIFC website (NIFC, 2019). The pink
line represents burned area estimates from the FPA FOD,
as derived from a compilation of final fire reports from the
federal, state, and local fire services for the period 1992—
2015 (Short 2014, 2017)
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Fire Data, Fig. 8 Wildfire area burned reported from
unprotected lands in the USA, 1926-1983. These are the
same estimates represented by the grey segments of the
bars in Fig. 7, which are sourced from USFS annual
summary reports. In early years (e.g., 1926-1949), when

Georgia (GA), and Mississippi (MS) (Fig. 8).
The total UAB estimates exceeded 5 Mha each
year from 1926-1949 and reached highs of over
18 Mha in 1930 and 1931 (Fig. 7). At the time,
the southeastern USA was known for its woods-
burning (Pyne 1982), and intentional burning
(later considered prescribed or controlled burning
and not included in “wildfire” statistics) under
drought conditions is likely the source of those
peaks in burned area estimates from the early
twentieth century (Short 2015).

Prescribed burning is still widely practiced
in the southeastern USA, with estimates of 3—4
Mha burned in each of the 3 years 2011, 2013,
and 2017 for forestry or agricultural objectives
(Melvin 2012, 2015, 2018). While there are no
complete or consistently reported estimates of
prescribed burning levels across the USA, several
sources indicate that prescribed burning in the
southern USA accounts for approximately 70%
of the national totals from recent years (Melvin
2015, 2018; Kolden 2019).

estimates exceeded 5 Mha per year, most of the area
burned was reported from southeastern states (light and
dark gray segments), with an outsized influence from
burning in Florida (FL), Georgia (GA), and Mississippi
(MS) (dark gray segments)

In the western USA, land-use change, extir-
pation of indigenous burning, lack of contem-
porary prescribed fire use, and aggressive wild-
fire control measures have effectively excluded
wildland fire from many areas that were his-
torically fire-prone and fire-adapted (Leenhouts
1998, Houghton et al. 2000). The magnitude of
the decline in burning rates in western forests,
for example, is considered on par with “natural”
reductions in fire activity during cold, wet cli-
matic intervals in the past (Marlon et al. 2012).
However, twentieth-century declines in western
forest area burned have occurred under condi-
tions that were and are becoming warmer and
drier than those associated with some of the high-
est estimated burning rates in the past 3000 years,
creating a “fire deficit” considered unsustainable
given current landscape conditions and trajectory
of climate change (Marlon et al. 2012; Parks et al.
2015). Indeed, recent increases in large-fire num-
bers and wildfire area burned (Fig. 9) have been
attributed to fuel accumulations and fire-weather
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Fire Data, Fig. 9 Wildfire area burned in the USA, 1984—
2018, excerpted from Fig. 7, and with MTBS included as
a source for 1984-2016. The MTBS estimates are based
on a compilation of (Landsat-based) remotely sensed burn
scars from large wildfires only (i.e., > = 404 ha in the
western USA and > = 202 ha in the East). Empirical data

conditions that are increasingly conducive to fire
spread despite control (suppression) efforts, with
most significant upward trends estimated from
western ecoregions (Dennison et al. 2014; Free-
born et al. 2016).

In contrast, most of the brush, grass, and forest
fires handled by local FDs, 2011-2015, were
small, with 60% burning less than 0.4 ha and 94%
less than 4 ha (Ahrens 2018). Forest, woods, or
wildland fires were most likely to spread beyond
0.4 ha (Ahrens 2018).

Overall Wildfire Numbers

Total wildfire numbers from the USFS annual
summary reports ranged from ~64,000 to
250,000 during the period of record 1926-1997,
with estimates from protected lands generally
increasing with the increasing reporting area
(Fig. 10). The peak estimate of ~250,000 fires
(from protected and unprotected lands combined)
comes from the USFS report for 1981 but then

T T T T T T T T T T
(=] T © © O « =+ © o
= (= L= (=] [=] = by = - =
o o o o o o o o o o
NN N N NN N NN N

from 1984 to present are most commonly used to assess
contemporary trends in US wildfire area burned and large-
fire numbers due to the lack of satellite-derived data and
reporting biases from the archival summary reports prior
to 1984 (Murphy et al. 2018)

drops back down to around 160,000 in 1983,
when the reporting area is estimated to have
reached present-day burnable-wildland levels.
The NIFC numbers are sourced from USFS
annual summary reports for 1926—-1982 and then
from national situation reporting from 1983 to
2018. During the period of overlap post-1982,
estimates from NIFC and the FPA FOD are
consistently lower than the USFS numbers, with
the greatest discrepancy in the first 2 years of
situation reporting, when the NIFC estimate
is only ~20,000 wildfires per year. Since ca.
2000, the NIFC and FPA FOD wildfire numbers
generally align well, with an average of about
75,000-85,000 per year. At the national level,
there have been no published trends in total
wildfire numbers that adequately account for
reporting discrepancies among sources, including
the extent to which each account for fires only
responded to by FDs. For the period 2011-2015,
the NFPA estimated that FDs responded to an
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Fire Data, Fig. 10 Wildfire numbers in the USA, 1926—
2018. Bars represent estimates from protected (black seg-
ments) and unprotected (grey segments) lands as reported
in USFS archival summary reports, 1926-1997. The green
line represents the wildfire numbers from the NIFC web-
site (NIFC 2019). (Discrepancies between the NIFC and

average of ~300,000 brush, grass, and forest
fires in the USA (Ahrens 2018), most of which
would not be included in the NIFC or FPA FOD
statistics due to the way that the NFPA estimates
are derived (i.e., a combination of empirical data
and survey responses). Seventy-seven percent
of the estimated annual FD responses were to
grass fires or to fires in a brush or brush and
grass mixture (Fig. 11). Of the fires responded
to by FDs, 2011-2015, 53%, 27%, and 20%
were located in the southeastern, northeastern,
and western regions of the USA, respectively
(Ahrens 2018; Fig. 12). Because so much of
land in the West is under the jurisdiction of the
federal fire service (Vincent et al. 2017), local
fire departments generally do not respond to
these fires.

Half of the FD response fires in the Northeast
were categorized as brush or brush and grass
fires, while one-quarter were grass fires. The
Southeast and West had more grass fires (42%

Total Wildfires (FPA FOD)

<

USFES estimates in 1934 and 1954 are due to NIFC
capturing the total wildfire numbers from an erroneous
section of the USFS reports for those years.) The pink line
represents wildfire numbers from the FPA FOD. (Short
2014, 2017)

Brush or
brush and
grass

mixture fire,
123,700,
40%

Unclassified
natural
vegetation 1
fire, 38,300,
13% —

Forest, woods
or wildland fire,
30,600, 10%

Fire Data, Fig. 11 Estimated annual numbers of brush,
grass, and forest fires, by incident type, responded to by
local fire departments, 2011-2015. Estimates were derived
from the US Fire Administration’s National Fire Incident
Reporting System and the annual fire department expe-
rience survey conducted by the National Fire Protection
Association (Ahrens 2018). (Reproduced with permission
of NFPA from Brush, Grass and Forest Fires. Copyright ©
2018, National Fire Protection Association, Quincy, MA.
All rights reserved)
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Fire Data, Fig. 12 Annual average number of local fire
department responses to brush, grass, and forest fires by
US region, 2011-2015 (Ahrens 2018). Not included in
the map are the states of Alaska (part of West), Hawaii

Fire Data, Fig. 13
Breakdown of local fire
department responses to
brush, grass, and forest
fires, 2011-2015, by cause.
Unclassified natural
vegetation fires are also
included. There is some
overlap and double
counting in these statistics.
For example, some
firework fires were also
included in playing with
heat source. Some
intentional fires were also
considered playing. Some
of the open burning fires
were also considered
intentional (Ahrens 2018).
(Reproduced with
permission of NFPA from
Brush, Grass and Forest
Fires. Copyright © 2018,
National Fire Protection
Association, Quincy, MA.
All rights reserved)

and 39%, respectively) responded to by FDs than
brush or brush and grass fires (37% and 36%,
respectively) (Ahrens 2018).

Fire Causes

Fires in the USA have been largely human-caused
for centuries (Pyne 1982; Houghton et al. 2000).
A recent assessment of the FPA FOD records for
1992-2012 found that humans were the sources
of 84% of the ignitions and 44% of the total area

Outside or open fire for
waste disposal

Electrical power or utlity line

Garden tools or agricultural
equipment

Northeast
80,900
27%

Southeast
161,100
53%

(West), and Puerto Rico (Southeast). (Reproduced with
permission of NFPA from Brush, Grass and Forest Fires.
Copyright © 2018, National Fire Protection Association,
Quincy, MA. All rights reserved)

Intentional

Smoking materials

Lightning 4%

Playing with heat source 4%
Agriculture or land 49
management burns °
Fireworks 4%
Rekindle 4%
Shop tools and industrial 39
equipment, including torches °
0% 5% 10% 15%  20%

burned in the conterminous USA (Balch et al.
2017). Fires responded to by local FDs tend to
skew even further toward human-caused, with
lightning accounting for only 4% of FD-reported
fires. One in five of these local FD fires were
intentionally set. Some purposeful fire uses, such
as open burning of waste and agriculture burns,
spread out of control (Ahrens 2018; Fig. 13).
Although not a fire cause per se, high winds were
contributing factors in 14% of the locally handled
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Fire Data, Fig. 14 Breakdown of local FD responses
to brush, grass, and forest fires 2011-2015, by month
(Ahrens 2018). (Reproduced with permission of NFPA
from Brush, Grass and Forest Fires. Copyright © 2018,
National Fire Protection Association, Quincy, MA. All
rights reserved)

fires (Ahrens 2018). Fires caused by lightning
or other natural sources are dominant primarily
in sparsely populated, montane regions of the
western USA (Balch et al. 2017). While remote
lightning-caused fires can grow large and account
for a great deal of burned area in the western
USA, many recent high-loss events (i.e., fatal-
ity and other high-cost fires) in California, for
example, have been caused by human activities,
including failures of power-transmission infras-
tructure during high-wind events (Cal Fire 2019).

Analysis of the FPA FOD indicated that
78% of lightning-caused fires during the period
1992-2012 were ignited in the summer (June—
August) (Balch et al. 2017). Over that same
period, human-caused wildfires were more

evenly distributed throughout the year, with
38% igniting in spring, 24% in summer, 19%
in fall, and 19% in winter (Balch et al. 2017).
Due to the prevalence of fireworks use on the
July Fourth Independence Day holiday, human-
caused ignitions are most prevalent on that day
of year. Similarly, the majority-human-caused
grass, brush, and forest fires responded to by
local FDs during the period 2011-2015 were
most common in early spring months and in July
(Ahrens 2018; Fig. 14). Nearly two-thirds (64%)
of the brush, grass, and forest fires handled by
local FDs that were started by fireworks occurred
in July. Seventy percent of the locally handled
fires started by lightning occurred June—August
(Ahrens 2018).

Consequences

First introduced in 1953, Major Disaster Decla-
rations have been issued for fires in 14 US states
(FEMA 2019). They are most commonplace in
the state of California, where impacts in terms
of property destruction culminated in 2017 and
2018, when insured losses reached $13 billion in
back-to-back years (CDI 2019; Folkman 2019).
The level of devastation from these recent events
is largely associated with massive increases in
development in and near California wildlands.
The worst of these WUI fire disasters to date was
the 2018 Camp Fire, when a wind-driven wildfire
grew to 40,000 ha in its first 2 days, engulfing the
forested town of Paradise, California. With lim-
ited points of egress from the ridgetop town, the
extremely fast-moving fire not only destroyed 80
percent of the town’s buildings but also claimed
85 lives, many of whom were trapped in their
vehicles as they tried to evacuate.

Summary

In many countries around the globe, particularly
in fire-prone regions, there is a growing
archive of annual summary reports, incident-
level documentary fire records, and remotely
sensed data that can be used for analyses of
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wildland fire activity at multiple scales. However,
analysts must be cognizant of reporting biases,
inconsistencies, and uncertainty in the data in
order to maximize the integrity and utility of
their work. In several regions, including the
USA and the EU, there are national efforts to
integrate the disparate reporting systems used
by different fire management agencies, which
should improve analytical capabilities moving
forward (see National Systems Collecting Data
on Fire contribution). Wildland fire science and
management in other regions (i.e., Africa, Asia,
Australasia, South America) could be advanced
with similar efforts to collect and consolidate a
standard core set of fire-occurrence data within
and among various fire management agencies
(Manzello et al. 2018). As also pointed out in the
contribution on National Systems on Collection
Data on Fire in this encyclopedia, much more
effort is required to also provide data for WUI
fires, as WUI fires occur where the wildlands
encroach on the built environment.

Cross-References

Ignition Sources
National Systems Collecting Data on Fire
Wildfires and WUI Fires Fatalities
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