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1.

Introduction

In 1992 the ﬁrst global scientiﬁc analysis “Fire in the environment: e ecological, atmospheric and climatic importance of vegetation ﬁres” was published as the output of
a Dahlem Workshop held in Berlin, Germany. e goal
of the Dahlem Workshop was to ‘examine the role and
impact of natural and anthropogenic ﬁres on ecosystems,
the atmosphere and climate’ (Crutzen and Goldammer,
1993). e scientists contributing to the Dahlem Workshop aimed to inspire the wider scientiﬁc community to
further explore the gaps of knowledge in the manifold interactions between ﬁre and the natural and cultural environment, as well as the implications and impacts ﬁre
has on Earth System processes (Crutzen and Goldamme
r, 1993). In the subsequent years wildland ﬁre science
and related disciplines experienced rapid acceleration in
sectoral and interdisciplinary research projects and programs. e “Biomass Burning Experiment: Impact of Fire
on the Atmosphere and Biosphere” (BIBEX), set up under
the umbrella of the International Geosphere-Biosphere

Programme (IGBP) and its International Global Atmospheric Chemistry (IGAC) project, was a pioneering vehicle in the cooperative and collective scientiﬁc endeavor to
address complex ﬁre-related issues of regional, transcontinental and global scales (Andreae, 1992; Lindesay et al.,
1996).¹
During the 1980s and 1990s wildﬁre episodes with
severe environmental and humanitarian consequences
were increasingly experienced across the world, e.g. in
temperate-boreal Central and East Asia (China, Soviet
Union) in 1987 (Goldammer, 1993; 2006b), or in South
East Asia (Indonesia) between 1983 and 1998 (Goldammer,
2006a) . In response, the Fire Ecology Research Group,
which had been founded at Freiburg University (Germany) in 1979 and transited to the Max Planck Institute
for Chemistry (Germany) in 1990, began to further promote transfer of scientiﬁc insights in the world of ﬁre
to policy and decision makers internationally. e Fire
Ecology Research Group recognized the need to foster
the international dialogue and scientiﬁc and user-oriented
outreach work in ﬁre management, and has labored to-

¹See also the Special Issue of Journal of Geophysical Research “Southern Tropical Atlantic Regional Experiment (STARE): Transport and Atmospheric
Chemistry near the Equator-Atlantic (TRACE-A) and Southern African Fire-Atmosphere Research Initiative (SAFARI) (JGR, 1996) and the BIBEX website:
www.fire.uni-freiburg.de/bibex/Welcome.html
²www.fire.uni-freiburg.de/intro/team.html and www.unece.org/forests/fcp/methodsandprocesses/forestfire.html
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ward this ideal since taking over the leadership of the UNECE/FAO Team of Specialists on Forest Fire². In 1998 the
Global Fire Monitoring Center (GFMC) was founded and
assumed operation at the interface of ﬁre science and the
user community.³ From the outset, the GFMC was positioned under the auspices of the United Nations International Decade for Natural Disaster Reduction (IDNDR) in
the 1990s. Aer the phase-out of the IDNDR, its successor
arrangement, the United Nations International Strategy
for Disaster Reduction (UNISDR), and the Hyogo Framework for Action 2005-2015 “Building the Resilience of Nations and Communities to Disasters” became the international structures under which the GFMC facilitated the
creation of the Global Wildland Fire Network⁴ and an advisory body to the United Nations – the UNISDR Wildland
Fire Advisory Group.⁵
ese groups and networks have played key roles in
organizing a series of international conferences since the
late 1980s which have developed, besides general policy recommendations, a number of concrete but informal
and voluntary frameworks for enhancing international
cooperation in forest ﬁre management, notably at the International Wildland Fire Summit (Australia, 2003)⁶ and
the 4th and 5th International Wildland Fire Conferences⁷.
ese informal and voluntary networks and frameworks
are well known and accepted within the community of ﬁre
experts collaborating regionally and globally.
e aim of the White Paper, edited by Goldammer
(2013), published by the GFMC and summarized within
the UK Government’s Foresight Project “Migration and
Global Environmental Change” (Goldammer and Stocks,
2011) is to support the endeavor of the United Nations
and its aﬃliated processes and networks, notably the
United Nations International Strategy for Disaster Reduction (UNISDR), the Hyogo Framework for Action 2005-2015
“Building the Resilience of Nations and Communities to Disasters” and the Global Wildland Fire Network, to address
global vegetation ﬁres for the beneﬁt of the global environment and humanity.
e White Paper has been commissioned by the
UNISDR Wildland Fire Advisory Group through its Secretariat, the Global Fire Monitoring Center (GFMC), Associate Institute of the United Nations University and Secretariat of the Global Wildland Fire Network. e aim
of this paper is to provide a summary of the main ﬁndings and conclusions of the White Paper, allowing scientists and policy makers to access and understand the
complex inter-relationships between ﬁre, humans and the
Earth system, and to interpret the ﬁndings in the context of cross-disciplinary approaches in disaster risk reduction. Ultimately the essence of the White Paper, which
had been presented at the 5th International Disaster and
Risk Conference IDRC Davos 2014, shall be conveyed to
the ird UN World Conference on Disaster Risk Reduction as part of the collective messages of IDRC 2014.

2. Global Fire History and Context
With the arrival of the Pleistocene, humans gained the
ability to ignite and manipulate ﬁre, and have maintained
a monopoly over ﬁre since that time, carrying and spreading it everywhere on planet Earth (Pyne, 1995). Fire foraging, ﬁre hunting, pastoral burning, and slash and burn
agriculture are examples of ﬁre practices that emulate natural precedents. Human use of ﬁre has evolved from control over ignition to include control over fuels and, in the
last 150 years, the substitution of fossil fuels for biomass
fuels. With the arrival of humanity itself as a ﬁre creature, it is now diﬃcult in many ecosystems to separate
the ‘natural’ role of ﬁre from that inﬂuenced by humans.
Documentary-based ﬁre histories and paleoecological reconstructions from tree rings and charcoal in
sediments conﬁrm that ﬁres have been a natural disturbance in nearly all terrestrial ecosystems since prehistoric
times. Fire history information is necessary to understand
the suite of natural and human drivers that have shaped
vegetation ﬁres in the past, as well as the degree to which
current ﬁre regimes are being altered by climate and landuse change (Lavorel et al., 2007). rough recent advances
in ‘paleo ﬁre’ research, reconstruction of past ﬁre occurrence at regional, continental and global scales is now
possible (e.g. Power et al., 2008; Swetnam and Anderson,
2008).
Currently, ﬁre is a very important disturbance in
global vegetation cover worldwide, aﬀecting ecosystems
that are adapted to, tolerant of, dependent on or susceptible to either natural or human-caused ﬁres. Chuvieco
et al. (2008) found that more than 30% of the global land
surface has a signiﬁcant ﬁre frequency. An accurate assessment of the total global area aﬀected by diﬀerent ﬁre
regimes is diﬃcult to determine, and not available at this
time. Some estimates have ﬁres aﬀecting between 3 and 4
million square kilometers (300-400 x 106 ha) annually (cf.
various sources quoted in this volume), while others have
estimated the total annual global area burned at more than
6 x 106 ha (Mouillot and Field, 2005).
In many ecosystems across the world ﬁre is a natural and essential force in maintaining ecosystem structure
and productivity. In other regions ﬁre is an important land
management tool embedded in the culture of many societies in the developing world (e.g. Africa). Fire is also
uncommon and unnatural in many ecosystems (e.g. tropical rain forests), where its current application is causing widespread vegetation damage and site degradation.
Many societal and economic issues are driving the increasing impacts of wildland ﬁre globally, and an awareness of these relationships is essential in order to fully understand future adaptation and management options.
Vegetation ﬁres are a signiﬁcant source of atmospheric pollutants, aﬀecting air quality and human health
at local to regional scales, especially over the tropical con-

³http://www.fire.uni-freiburg.de
⁴http://www.fire.uni-freiburg.de/GlobalNetworks/globalNet.html
⁵http://www.fire.uni-freiburg.de/GlobalNetworks/Rationale-and-Introduction-1.html
⁶http://www.fire.uni-freiburg.de/summit-2003/introduction.htm
⁷http://www.fire.uni-freiburg.de/sevilla-2007.html and http://www.fire.uni-freiburg.de/southafrica-2011.html
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tinents, but also over temperate and boreal zones (Andreae and Merlet, 2001). Smoke aerosols perturb regional and global radiation budgets through their lightscaering eﬀects and inﬂuences on cloud microphysical
processes (e.g. Andreae et al., 2004). For some atmospheric pollutants, vegetation ﬁres rival fossil fuel use as
a source of atmospheric pollution (Crutzen and Andreae,
1990). At the global scale, ﬁre frequency, ﬁre intensity
and emissions from biomass burning are strongly sensitive to climate and to land use (Mouillot and Field, 2005;
Schultz et al., 2008; van der Werf et al., 2010). Over the last
century, global trends in burned area have been shown
to be driven by changes in land use, principally through
(i) ﬁre suppression policies in mid-latitude temperate regions, which reduce ﬁre activity in the short term but may
lead to a greater incidence of catastrophic ﬁre in the long
term (Liell et al., 2009) and (ii) increased use of ﬁre to
clear forest in tropical regions (Cochrane, 2003; Spessa et
al., 2010).
Several climate model-based studies indicate that future ﬁre activity is likely to increase markedly across
much, but not all, of the globe, including most tropical
biomes, Mediterranean climate areas, temperate biomes
and the boreal zone (Cardoso et al., 2003; Flannigan et al.,
2005, 2009a; Scholze et al., 2006; Marlon et al., 2008; Liu et
al., 2010; Pechony and Shindell, 2010). e principal driver
of this increase generally appears to be a combination of
reduced rainfall and/or higher temperatures (which lead
to drier fuels through increased evaporation). is is supported by a recent review of the future extent and severity
of droughts as predicted by IPCC 4th Assessment report
climate models (Dai, 2011). Nonetheless, considerable uncertainty exists in exactly where and how much ﬁre activity will change in future due to the wide range of possible
future climates predicted by climate models (Flannigan et
al., 2009b; Krawchuk et al., 2009). Furthermore, the role of
future vegetation changes and future land-use practices in
inﬂuencing future ﬁre remain comparatively unexplored.
is is important because while climate model-based studies of future ﬁre can help us quantify future ﬁre risk, future prediction of burnt area, ﬁre intensity and emissions
from wild ﬁres requires a process-based understanding of
and modeling approach that seeks to capture the three
main precursors to ﬁre, viz. an ignition source, ample fuel
and suitably dry fuel (Pyne et al., 1996).
Severe ﬁre incidents have been increasing in recent
years in many parts of the world, raising both public and
political awareness of a growing and dangerous trend.
is awareness was galvanized during numerous catastrophic wildland-urban interface ﬁre events in the western USA over the past decade. Most recently, the 2007
ﬁres in Greece, the 2009 Black Saturday ﬁres in Australia
and the 2010 ﬁres in Western Russia, which resulted in the
signiﬁcant loss of lives, infrastructure and property, have
brought home the message that societies globally are becoming more vulnerable to ﬁre and ﬁre events more severe, damaging and deadly.

3.
3.1.
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Regional Fire Summaries
Fires in Boreal North America

e boreal zone stretches in two broad transcontinental
bands across Eurasia and North America, covering approximately 20 x 106 ha. Forest ﬁre is the dominant disturbance regime in boreal forests, and is the primary process which organizes the physical and biological aributes
of the boreal biome over most of its range, shaping landscape diversity and inﬂuencing energy ﬂows and biogeochemical cycles, particularly the global carbon cycle since
the last Ice Age (Weber and Flannigan, 1997). e physiognomy of the boreal forest is therefore largely dependent, at any given time, on the frequency, size and severity of forest ﬁres. e result is a classic example of a ﬁredependent ecosystem, capable, during periods of extreme
ﬁre weather, of sustaining the very large, high-intensity
wildﬁres which are responsible for its existence.
On average, boreal forest ﬁres burn over between 5
and 20 x 106 ha annually, almost exclusively in Canada,
Alaska and Russia, as ﬁre is not a dominant disturbance
regime in the Nordic Countries. e annual area burned
in these regions is highly episodic, with inter-annual variability oen exceeding an order of magnitude, e.g. from
less than 0.3 x 106 ha to more than 7.5 x 106 ha in Canada.
Over the past four decades, annual area burned has averaged 2.2 x 106 ha for Canada (Martinez et al., 2006) and
0.4 x 106 ha for Alaska (Kasischke and Stocks, 2000). In
addition, large areas in northern Canada and Alaska receive a modiﬁed level of ﬁre protection, as values at-risk
do not warrant intensive suppression eﬀorts. In these regions ﬁres are most oen allowed to burn freely, fulﬁlling
a natural role in maintaining boreal ecosystem integrity.
Close to 50% of the average area burned in Canada is the
result of ﬁres receiving a modiﬁed suppression response
(Stocks et al., 2003).
Rising ﬁre management costs in the boreal zone in recent years are the result of more extreme ﬁre weather,
more expensive equipment and expanding use of the forest. e rate of both ongoing and future climate change
is expected to be most signiﬁcant at northern latitudes,
and numerous studies project an increase in ﬁre danger
conditions and impacts (ﬁre frequency, area burned, ﬁre
severity) across the boreal zone (e.g. Stocks et al., 1998;
Flannigan et al., 2005, 2009a; Soja et al., 2007). Fire is also
a major driver of the forest carbon budget in boreal countries (e.g. Kurz et al., 1995, 2008), making future climate
change-driven ﬁre regimes a major concern.
Boreal ﬁres have an immediate eﬀect on the surface
energy and water budget by drastically altering the surface albedo, roughness, inﬁltration rates and moisture absorption capacity in organic soils, and in permafrost areas
these eﬀects become part of a process of long-term cumulative impacts and slow recovery. With the removal
of the insulating organic layer, permafrost thaws, creating instability in soils. Repeated severe ﬁres, coupled with
permafrost degradation will lead to large-scale ecosystem
changes. e boreal permafrost biome is warming very
rapidly (ACIA, 2005), and annual area burned in this re-
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gion increasing (Kasischke and Turetsky, 2006). is is
leading to further permafrost degradation and a growing
concern over positive feedbacks to climate resulting from
increased CO2 and methane emissions from permafrost
thawing and the microbial decomposition of previously
frozen organic carbon (Hinzman et al., 2003). It has also
been suggested that the net eﬀect of ﬁres may not result in a positive feedback to climate when the eﬀects of
greenhouse gases, aerosols, black carbon deposition and
changes in albedo are taken into account over a longer
time period (Randerson et al., 2006).
e development of large and sophisticated ﬁre management programs aimed at protecting human and forest values from unwanted ﬁre has been largely successful in the North American boreal zone over the past century. However, frequent periods of extreme ﬁre danger,
coupled with multiple ignition sources, oen overwhelm
suppression eﬀorts and large areas burn. In addition, recent evaluations (CCFM, 2005) reveal a growing awareness that the current levels of ﬁre management success
will not be sustainable under projected future ﬁre regimes
inﬂuenced by climate change, forest health and productivity issues, an expanding wildland-urban interface, and
aging ﬁre management personnel and infrastructure.
3.2.

Fires in Temperate-Boreal Eurasia

In temperate-boreal Eurasia the Russian Federation is responsible for the largest share of forest land – about 20%
of the global total forested area (FAO, 2006). Russia’s ﬁre
statistics were largely unreliable before the mid-1990s, but
since that time area burned statistics have averaged 6-7
x 106 ha of forested land annually (Stocks et al., 2001;
Goldammer, 2006b). Within the framework of the former Union of Soviet Socialist Republics (USSR), Russia
maintained a very large and eﬀective forest ﬁre suppression capability, but this has largely disappeared due to
economic diﬃculties following the collapse of the Soviet Union. While Russia has enormous natural resourcebased wealth, very lile of this is being used to promote or encourage sustainability. As a result, wildland
ﬁres annually burn over extremely large areas, particularly in Siberia, where illegal logging and an underfunded
ﬁre management program fuel largely uncontrolled ﬁres.
ese systemic problems, as much as the extreme heat
wave and drought, contributed greatly to the inability of
Russia to cope with the disastrous ﬁres of 2010 and the
most disastrous ﬁre season of 2012.
e majority of wildﬁres occurring in the Central
Asian and Far East regions of the Russian Federation burn
in remote natural forests and other vegetated lands. e
Western Eurasian region, however, has largely been transformed by cultural and industrial activities. us, risk
and hazards of wildﬁres and their environmental and humanitarian impacts are inﬂuenced by current land use
and inherited residuals of anthropogenic activities, e.g.
drained peat bogs and wetlands, soils and vegetation contaminated by urban and industrial waste, chemical deposits, radioactivity and remnants of armed conﬂicts. At
the same time the vulnerability of urban and rural soci-

eties is increasing at the interface between urban fringes,
both by direct impacts, such as destruction of infrastructure and private property, and by indirect eﬀects such as
smoke pollution impacting human health and mortality
(Goldammer, 2011).
3.3.

Fires in the Mediterranean Region

On average 50000 ﬁres annually burn nearly 0.5 x 106 ha
of vegetated lands in the countries of southern Europe
bordering the Mediterranean Sea. Approximately 95% of
ﬁres are human caused, the result of both accidents and
arson, with a small percentage of ﬁres growing large and
accounting for most of the area burned (European Commission, 2010). Despite the scientiﬁc progress in exploring
and promoting integrated ﬁre management, including the
use of prescribed ﬁre in wildﬁre hazard reduction (Silva
et al., 2010), ﬁre policies in this region still advocate total
ﬁre exclusion, with ﬁres being aacked and suppressed as
quickly as possible. Fireﬁghting capacity is extensive and
costly, with expenditures in prevention and suppression
amounting to more than €2.5 billion annually. Despite
these capabilities, ﬁre impacts in this region are among
the most severe in the world.
Human use of ﬁre in this region dates back 400000
years, and ﬁre history studies have shown that ﬁre return intervals were 300-400 years during the Late aternary, decreasing to 150 years during the warmer and
drier Holocene (Carrion et al., 2003). As populations grew
and land management (grazing, ploughing and coppicing)
expanded, ﬁre frequencies increased accordingly, and until the mid-twentieth century land occupancy and cultivation remained high, with vegetation composition reﬂecting the legacy of extensive land use over centuries.
e last half of the twentieth century, however, saw
changing lifestyles across all southern European countries, with traditional land use largely abandoned, primarily through a rural exodus to urban areas along with
mechanization of agriculture and aﬀorestation. is resulted in increased wooded areas, with tree and shrub
encroachment on abandoned lands. Landscapes became
more homogeneous, facilitating ﬁre spread (Viedma et al.,
2009). e number of ﬁres and area burned increased signiﬁcantly until the end of the 1980s, reﬂecting increases
in fuel accumulation (Rego, 1992) more than a climate effect (Moreno et al., 1998). While ﬁre trends among countries are very variable, more recently, overall ﬁre number
and area burned have been decreasing. Mean ﬁre size has
also been decreasing, which probably reﬂects increased
ﬁre-ﬁghting capacity and awareness (European Commission, 2010). Nevertheless, the variability in area burned
among years is very high, and, for some countries, some
of the most catastrophic years have occurred during the
last decade. is reﬂects the importance of meteorological and climate conditions on ﬁre activity in this part of
the world, despite increased ﬁreﬁghting capacity.
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3.4.

Fires in Australia

e vast majority of the area burned by ﬁre occurs in the
tropical savannas of northern Australia, where ﬁre is natural and largely unsuppressed. Area burned is therefore
not a reliable indicator of the severity of a ﬁre season in
Australia. Much more relevant are the number and severity of ﬁres that burn in and near the heavily populated
Australia coastline from eensland south and west to
Perth in West Australia.
With Australian wildlands well adapted to ﬁre, land
management agencies have, for many decades, used prescribed burning extensively to reduce understory and surface fuels accumulation and promote patchiness, in order to prevent catastrophic high-intensity uncontrollable
wildﬁres. While this practice is still in use, particularly
in West Australia, there has been a strong trend towards
a ﬁre management approach that emphasizes early detection and aggressive suppression of ﬁres. is has required large investments in aerial and ground ﬁreﬁghting
equipment, and the creation of agencies with a mandate of
emergency response rather than land management (ICLR,
2009).
e ﬁre suppression model has been growing in popularity, both publicly and politically. Most current Australian residents, including many in the expanding WUI
areas of Australia, do not understand the value of ﬁremaintained land and increasingly believe in centralized
ﬁre prevention and control. is, in a sense, transfers an
urban philosophy to the wildlands and the WUI, as people
increasingly move from cities to the rural landscape, and
increases demands for government protection. Litigation
is also on the rise.
In recent decades, major ﬁres in southern Australia
have caused enormous loss of lives and property. Most recent examples are the 1983 Ash Wednesday ﬁres in southeastern Australia (75 lives and 2500 homes lost), the 2003
Canberra ﬁres (four lives and 500 homes lost) and the
2009 Black Saturday Fires in Victoria, which claimed 173
lives, destroyed over 2000 homes and burned over 430000
hectares (Rees, 2009). ese devastating ﬁres have exposed the dangers of building homes in landscapes dominated by extremely ﬂammable fuels in a region with arguably the most extreme ﬁre weather and ﬁre danger conditions on Earth. ey have also reignited the debate over
ﬁre management approaches in Australia. Major Coronial
inquiries and Royal Commissions aer these ﬁres indicate that public scrutiny of, and involvement in, ﬁre management policy is increasing (ICLR, 2009; Royal Bushﬁre
Commission, 2010).
Climate change projections for Australia generally
show increases in ﬁre danger conditions over most of the
country, largely driven by increases in temperature and
decreases in relative humidity (Williams et al., 2001; Pitman et al., 2007), with more frequent periods of extreme
ﬁre weather (Lucas et al., 2007). e impact of climate
change on fuels is more complicated, with drier conditions
generally decreasing fuel moisture in forested areas, while
inhibiting growth in grasslands that rely on biomass accumulation to promote higher-intensity ﬁres (Williams et
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al., 2009). Climate change-driven shorter ﬁre return intervals and higher ﬁre intensities are also anticipated to have
eﬀects on biodiversity, particularly in temperate biomes
dominated by sclerophyllous vegetation (Williams et al.,
2009).
3.5.

Fires in the United States

Organized ﬁre protection in the USA began in the early
1900s, largely driven by two factors: a legacy from European forestry that ﬁres had no part in forest management
and should be eliminated, and a growing number of large
conﬂagrations in the western USA that galvanized public
and political concerns. e result was a ﬁre suppression
policy aimed at ﬁre exclusion.
is policy of general ﬁre exclusion was very successful, although very costly, as annual area burned declined
from an average of 15-20 x 106 ha in the early 1930s to
1-2 x 106 ha by the 1970s, largely as previously unprotected areas were brought under protection. However,
by the mid-1970s concerns were being raised over constantly growing ﬁre expenditures and the legacy of excluding ﬁres in forests where they were normally a natural
ecological force. At this time federal agencies relaxed the
ﬁre exclusion policy to allow more natural and prescribed
ﬁre. However, several decades of widespread ﬁre exclusion had created extensive landscapes of over-mature and
decadent forests with signiﬁcant fuel accumulation issues,
particularly in the western USA (Schoennagel et al., 2004).
Large, uncontrollable ﬁres returned to this region, beginning in the late 1980s and continuing to the present time,
fuelled by widespread drought in combination with heavy
fuel accumulations. e lesson learned was that a ﬁre exclusion policy may delay large ﬁres for a period of time,
but it would not eliminate them.
e last decade has seen a dramatic rise in area burned
(annual average 7–8 x 106 ha) and the number of large
ﬁres (>20000 ha) across the western USA. Fire costs are
also continuing to rise dramatically (with federal agency
costs averaging $1.5 billion annually since 2000), driven by
an increasing number of high-cost WUI ﬁres, particularly
in the highly populated areas of southern California (e.g.
0.3 x 106 ha, 22 fatalities, 3500 homes destroyed and property losses of $3.5 billion in 2003) (González-Cabán, 2008).
During the 1997-2008 period federal suppression costs totaled more than $13.1 billion (González-Cabán, 2008) with
the number of ﬁre exceeding $10 million increasing from
6 in FY 2004-2005 to 32 in FY 2008 (QFR, 2009).
Growth of the WUI is a signiﬁcant driver of the US ﬁre
programme (31% of US homes are now reported to be in
the WUI) and programme emphasis has shied from resource management to fuels management in the WUI. In
1991 13% of the US Forest Service budget was associated
with ﬁre management, and this had increased to 48% by
2008 (ICLR, 2009). Many of the shrubland ecosystems in
southern California are exposed to extreme ﬁre weather
events in which ﬁre suppression activities are largely ineﬀective (Moritz et al., 2004). is raises the issue of
whether further WUI expansion in these areas is prudent,
but this is unlikely to stop the process. With future ﬁre
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danger conditions likely to be more severe, citizens in the
WUI will face an increasing need to adopt communitybased proactive measures to reduce ﬁre impacts (Moritz
and Stephens, 2008).
Climate change projections indicate increasing
lightning-caused ﬁre occurrence in the western US (Price
and Rind, 1994), along with increases in area burned (e.g.
Bachelet et al., 2005; Lenihan et al., 2008). Fire season
length was found to have increased substantially during
the 1980s in the western USA, due to earlier snowmelt
and higher spring/summer temperatures (Westerling et
al., 2006). Along with climate change impacts, future
changes in ﬁre-related policy, including WUI development, wilderness ﬁre management options, and a growing public awareness of ﬁre risk will also inﬂuence future
ﬁre regimes (Moritz and Stephens, 2008).
e ﬁre historian Pyne (2010) argues that America
does not have a ﬁre problem: it has many ﬁre problems, each requiring particular, distinctive responses. He
suggests mixing and matching four approaches: leing
ﬁre burn naturally as much as possible, excluding ﬁre
through aggressive prevention and suppression, practicing widespread prescribed ﬁre, and redesigning landscapes to control ﬁre behavior.
3.6.

ing natural regeneration and replacing rainforests with
degraded, ﬁre-resistant vegetation.
Climate change projections for tropical South America indicate the region will continue to warm over the
next century, while precipitation will be spatially and
temporally variable (IPCC, 2007). e Amazon region is
expected to experience longer periods between rainfall
events (Tebaldi et al., 2006), which is a critical factor as
ﬁre susceptibility is more closely related to time since rain
than total rainfall amounts (Uhl and Kauﬀman, 1990).
Climate will aﬀect ﬁre impacts in tropical South
America, through changes in temperature and precipitation, but also through climate-forced changes in vegetation, fuel composition and structure (World Bank, 2010).
However, given the overwhelming inﬂuence of human activity on ﬁres, future ﬁre regimes will be a product of both
climate changes and human land management practices.
Given the societal and economic importance of converting Amazonian rain forest to agricultural lands, it
seems unlikely that extensive ﬁre-related land management practices can or will be curtailed. Despite the regional and global scale importance of these forests in
terms of biodiversity, climate and carbon/water cycles, it
seems certain that they will exist on a smaller land base
in the near future.

Fires in Tropical South America – the Amazon Region
3.7.

e land cover of tropical South America is dominated
by the Amazon, the world’s largest formation of tropical forests, which play a vital role in maintenance of biodiversity, water and carbon cycles, as well as regional
and global climate (e.g. Houghton et al., 2000). In recent decades these forests have become a global focus,
as ﬁre has been used to clear forests and maintain pastures and farmlands, with approximately 20 x 106 ha being burned annually (UNEP, 2002). Amazon forest ﬁres
can burn 4 x 106 ha in drought years (Alencar et al., 2006)
and emit 20 Mg C/ha from initial fuel emissions (Balch et
al., 2008). ree types of ﬁre occur in these landscapes:
deforestation ﬁres, where slashed vegetation is initially
burned, maintenance ﬁres that re-burn charred vegetation
remnants and accidental forest ﬁres that escape into surrounding forests (Cochrane, 2003). ese accidental forest ﬁres can be quite intense, particularly when burning
in previously degraded forests (Cochrane and Laurance,
2008).
In this region, ﬁre is used in shiing cultivation (slash
and burn agriculture), ranching (creating pastures), industrial agriculture and logging. Selectively logged forests
are opened to sunlight and can become ﬂammable in a
maer of days (Uhl and Kauﬀman, 1990). New forest edge
is being created at a rate of 30-40000 kilometers annually
by a combination of deforestation processes and logging
(Cochrane and Laurance, 2008; Broadbent et al., 2008). An
obvious synergism between ﬁre and edges takes place, as
ﬁres occur along drier, exposed edges, and spread into
remaining forest patches, especially during periodic El
Niño Southern Oscillation (ENSO) events (Cochrane et al.,
1999). Natural ﬁre-return intervals of 500-1000 years are
being shortened to 5-10 years (Cochrane, 2001), prevent-

Fires in Tropical Southeast Asia

In recent decades the Southeast Asia region has experienced extreme rates of deforestation and forest degradation (Achard et al., 2002; Langner et al., 2007). Between
1950 and 2000, 40% of Indonesian forests were cleared,
with recent deforestation rates of 2 x 106 ha annually since
1996 (Global Forest Watch, 2002). Agricultural expansion
and wood extraction are the main drivers of this rapid deforestation (Geist and Lambin, 2002), which has also increased the risk of ﬁre, resulting in further forest loss and
fragmentation (Siegert et al., 2001).
ENSO events have been shown to strongly exacerbate
ﬁre occurrence and severity (Langner and Siegert, 2009).
e 1997-98 ﬁres were the largest of many ENSO-driven
events in tropical Southeast Asia in recent decades, aﬀecting an area of 11.7 x 106 ha in Indonesia alone, of which
2.4 x 106 ha was carbon-dense peat swamp forest (Page
et al., 2002). ENSO-related peatland ﬁres contribute substantially to the loss of biodiversity (Goldammer, 2006a),
global burden of greenhouse gases (Bowman et al., 2009)
and, through the production of ﬁne particulate maer and
aerosols, cause a wide range of human health problems
(Heil and Goldammer, 2001). ese health issues are often widespread across the region, as near-ground smoke
circulates for extended period, resulting in lengthy exposure to toxic smoke byproducts in one of the most densely
populated regions of the world.
Millions of hectares of peatland in Southeast Asia,
particularly Indonesia and Malaysia, have been deforested, drained and burned, and converted to oil palm and
pulpwood estates. Peatland drainage and increased human access has resulted in extensive ﬁres, particularly
along edges of previously disturbed forests (Spessa et al.,
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2010). Losses in tree cover lead to more ﬁre activity
as tree-dominated ecosystems are transformed to more
ﬁre-prone grassy ecosystems, creating a positive feedback
loop (Goldammer, 1993, 1999). is process is very similar
to that occurring in the tropical ecosystems of Amazonia.
Future land use and climate changes will likely increase the frequency and severity of ﬁres in the Southeast
Asian region. Climate change predictions are for a median
warming of 2.5℃ by the end of the twenty-ﬁrst century
accompanied by a predicted mean precipitation increase
of about 7% (IPCC, 2007), although with potentially enhanced seasonality, i.e. wet-season precipitation increase
and dry season decrease. e future behavior of ENSO is
uncertain, but a recent study indicates that Indonesia as
a whole could expect more frequent and longer droughts
in the future (Abram et al., 2007). Deforestation itself, i.e.
large-scale alterations in land cover, may also lead to more
localized reductions in rainfall. ese changes will be critical for peatland areas which are increasingly fragmented
and degraded by over-logging, drainage and agricultural
conversion; ﬁres in these areas are likely to provide a persistent source of greenhouse gas and particulate emissions
over the decades to come. Incentives to reduce the excessive use of ﬁre in land use and land-use change resulting in ecosystem degradation or destruction through tools
such as the Reduced Emissions from Deforestation and
Degradation (REDD) are encouraging (Campbell, 2009;
UNFCCC, 2010). While Indonesia in 2010-11 pledged a deforestation moratorium and Brazil for some time has successfully reduced deforestation, the reality reveals a different picture of continuing burning activities and even a
recent acceleration of deforestation in Brazil (BBC, 2011).
With reference to the ambitious goals of Indonesia to halt
deforestation Jotzo (2011) states: ‘As with many other areas of policy, the diﬃculty is not coming up with a vision,
but implementing it.’
3.8.

Fires in Sub-Saharan Africa

In sub-Saharan Africa more vegetation ﬁres burn, and at
higher frequencies, than anywhere on the planet. Given
the lack of infrastructure surrounding much of the ﬁre activity in this region, no reliable ground data on ﬁre statistics are available. However, satellite-based analysis of active ﬁres and recent burn scars has been used in recent
years to gain a perspective on the extent of ﬁre in this region. While estimates vary, there is general agreement
that in excess of 230 x 106 ha burned in Africa in 2000
(JRC, 2005).
Over the past million years most ecosystems of SubSaharan Africa evolved primarily through the human use
of ﬁre, and require ﬁre to maintain ecosystem health and
biodiversity. Aer some aempts at ﬁre control during
colonial times, ﬁre continued to be used indiscriminately
by local populations, in a largely unsupervised manner.
Today large parts of Sub-Saharan forests and woodlands
are fully or partially burned every year as populations
rapidly increased (Barbosa et al., 1999).
Although lightning is a signiﬁcant cause of ﬁres in this
region, the majority of ﬁres are human-caused. e high-
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est numbers of ﬁres, intentional or otherwise, occur in the
savanna biome, followed by slash-and-burn agriculture,
and burning of agricultural residues. In addition to savanna ﬁres, agricultural burns are oen le unaended
and spread to neighbouring lands and forests. Economically important resources are increasingly destroyed by
ﬁres burning into ﬁre-sensitive environments, including
communities (Goldammer and de Ronde, 2004).
In addition to areas that burn too frequently, resulting
in site degradation, there are also a large number of areas
that do not burn frequently enough. is results in bush
encroachment in extensive savanna areas, signiﬁcantly altering biome characteristics. High-value conifer plantations in southern Africa also pose a major wildﬁre threat,
but oﬀer an opportunity to use prescribed ﬁre for fuel
and wildﬁre hazard reduction (Goldammer and de Ronde,
2004).
Traditional African societies used ﬁre wisely as a land
management tool, but that cultural understanding of use
of ﬁre has been largely lost in recent generations, due
to the abandonment of traditional, sustainable land-use
practices and the loss of rural labor force as a consequence
of migration, rural exodus to urban centers, civil unrest
and conﬂicts, and the ongoing HIV/AIDS epidemic.
e lack of infrastructure in Sub-Saharan African
countries, along with other competition for scarce ﬁnancial support, has thwarted the establishment of centralized ﬁre protection organizations. Recently international
assistance programs have begun to focus on ﬁre prevention and preparedness, rather than direct ﬁre suppression
capacity. Community-based ﬁre management programs,
aimed at empowering communities to apply local knowledge in assuming responsibility for ﬁre management, are
growing across southern Africa, with international assistance (Goldammer et al., 2002).
Vegetation ﬁre issues in Sub-Saharan Africa are symptomatic of much larger economic and societal issues in
this region. Although some progress is being achieved in
terms of public education and involvement, it is unlikely
that the level of unwanted ﬁre problems will be reduced
in the near future.
Future trends of continental warming by 0.2-0.5℃ per
decade as projected by Hulme et al. (2001), particularly
over the interior semi-arid tropical margins of the Sahara
and central Southern Africa, may indicate that the associated changes of precipitation and drought regimes may
inﬂuence ﬁre regimes and vulnerability of human populations to adverse climate and ﬁre events.
4.

Wildland Fire Science and Policy

e challenge of developing informed policy that recognizes both the beneﬁcial and traditional roles of ﬁre, while
reducing the incidence and extent of uncontrolled burning
and its adverse impacts, clearly has major technical, social,
economic and political elements. In many countries better forest and land management techniques are required
to minimize the risk of uncontrolled ﬁres, and appropriate management strategies for preventing and controlling
ﬁres must be implemented if measurable progress is to be
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achieved.
A beer understanding by both policy-makers and
the general population of the ecological, environmental, socio-cultural, land-use and public-health issues surrounding vegetation ﬁres is essential. e potential for
greater international and regional co-operation in sharing information and resources to promote more eﬀective
ﬁre management also needs to be explored. e recent efforts of many UN programs and organizations are a positive step in this direction, but much remains to be accomplished. In the spirit and fulﬁlment of the 1997 Kyoto Protocol, the 2002 World Summit for Sustainable Development (WSSD) and the UN International Strategy for
Disaster Reduction (UNISDR), there is an obvious need for
more reliable data on ﬁre occurrence and impacts. Remote
sensing must and should play a major role in meeting this
requirement. In addition to the obvious need for improved
spaceborne ﬁre-observation systems and more eﬀective
operational systems capable of using information from remote sensing and other spaceborne technologies, the remote sensing community needs to focus its eﬀorts more
on the production of useful and meaningful products.
It must be underscored that the traditional approach
in dealing with wildland ﬁres exclusively under the traditional forestry schemes must be replaced in future by an
inter-sectoral and interdisciplinary approach at landscape
levels. e devastating eﬀects of many wildﬁres are an expression of demographic growth, land-use and land-use
changes, the socio-cultural implications of globalization,
and climate variability. us, integrated strategies and
programs must be developed to address the ﬁre problem
at its roots, while at the same time creating an enabling
environment and develop appropriate tools for policy and
decision makers to proactively act and respond to ﬁre.
What are the implications of these conclusions on
ﬁre science? e above-mentioned ﬁrst major interdisciplinary and international research programs conducted in the early 1990s, including the inter-continental
ﬁre-atmosphere research campaigns such as the Southern
Tropical Atlantic Regional Experiment (STARE) with the
Southern Africa Fire-Atmosphere Research Initiative (SAFARI) (JGR, 1996), clearly paved the way to develop visions and models for a comprehensive science of the biosphere. At the beginning of the ird Millennium it is
recognized that progress has been achieved in clarifying
the fundamental mechanisms of ﬁre in the global environment, including the reconstruction of the prehistoric and
historic role of ﬁre in the genesis of planet Earth and in
the co-evolution of the human race and nature.
However, at this stage we have to examine the utility
of the knowledge that has been generated by a dedicated
science community. We have to ask this at a time when
it is becoming obvious that ﬁre plays a major role in the
degradation of the global environment. It follows from the
statement of Pyne (2001) “Fire has the capacity to make or
break sustainable environments. Today some places suﬀer
from too much ﬁre, some from too lile or the wrong kind,
but everywhere ﬁre disasters appear to be increasing in both
severity and damages” that we must ask whether wildland
ﬁre is becoming a major threat at the global level? Does

wildland ﬁre at a global scale contribute to an increase of
exposure and vulnerability of ecosystems to secondary /
associated degradation and even catastrophes?
e regional analyses provided in this White Paper
reveal that environmental destabilization by ﬁre is obviously accelerating. is trend goes along with an increasing vulnerability of human populations. Conversely, humans are not only aﬀected by ﬁre but are the main causal
agent of destructive ﬁres, through both accidental, unwanted wildﬁres, and the use of ﬁre as a tool for conversion of vegetation and reshaping whole landscapes.
is trend, however, is not inevitable. ere are
opportunities to do something about global ﬁre because – unlike the majority of the geological and hydrometeorological hazards – wildland ﬁres represent a natural hazard which is primarily human-made, can be predicted, controlled and, in many cases, prevented.
Here is the key for the way forward. Wildland ﬁre
science has to decide its future direction by answering
a number of basic questions: What are the future role
of fundamental ﬁre science, and the added value of additional investments? What can be done to close the gap
between the wealth of knowledge, methods and technologies for sustainable ﬁre management and the inability of
humans to exercise control?
From the perspective of the authors of the White Paper the added value of continuing fundamental ﬁre science is marginal. Instead, instruments and agreed procedures need to be identiﬁed to bring existing technologies
to application. Costs and impacts of ﬁre have to be quantiﬁed systematically to illustrate the signiﬁcance of wildland ﬁre management for sustainable development.
Fire science must also assist to understand which institutional arrangement would work best for ﬁre management in the many new nations that have been created over
the past dozen years, e.g. the nations built aer the collapse of the former Soviet Union or Yugoslavia, or countries that democratized, a few by simple independence or
dramatic regime changes. e questions to be addressed
include:
• What kind of ﬁre policies and ﬁre institutions should
such nations adopt?
• What research programs are suitable?
• What kind of training yields the biggest results?
• What kinds of ﬁre management systems are appropriate for what contexts?
• What kind of international aid programs achieve the
best outcomes?
• How should such countries reform in a way that advances the safety of their rural populations and the
sustainability of their land and resources?
So far no such study – no such ﬁeld of inquiry, the political ecology of ﬁre – exists. Yet there are ample examples available from history, especially Europe’s colonial
era, and many experiments over the past 50 years. ere
is the record of policy and institutional reforms for the major ﬁre nations such as the United States, Russia, Canada,
and Australia. ere were scores of projects sponsored by
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international organizations. What is needed is a systematic collection and analysis of these experiences and data.
is is something that can be achieved with a modest investment of scholarship and money.
Similarly, a compelling need exists to understand better the impact of industrialization which involves the
burning of fossil biomass. Both developed and undeveloped countries are struggling to understand the consequences of fossil fuel use for ﬁre management, of
this transformation. How, precisely, does burning fossil
biomass change the paerns of ﬁre on the land, for good or
ill? We understand something about the relationships and
cumulative eﬀects between biomass burning and fossilfuel burning in the atmosphere; we do not understand the
mechanics of their competition on the Earth’s vegetated
surfaces. Modern transportation systems can open forests
to markets, and lead to extreme ﬁres. Equally, chemical fertilizers, pesticides, and mechanized ploughs can remove ﬁre from agricultural ﬁelds. e replacement of biofuels for cooking and heating in some regions by fossil
fuels has led to a vast accumulation of hazardous fuels in
wildlands. In other regions the availability of fossil or solar energy has eased the pressure of vegetation depletion.
Yet both ﬁre’s introduction and its removal have ecological consequences. ese are linked problems for which
there are no models or theory.
Most of the current ﬁre research is sponsored by governments and that because those governments have responsibility for large tracts of public land. ese landscapes maer because their ﬁres can (and do) threaten
communities, because the mismanagement of ﬁre can undermine the ecological health of the protected biota, and
because they inﬂuence carbon cycling and global warming. But most of the world’s ﬁres reside in the developing
world and are embedded within agricultural systems or
systems subject to rapid logging for export or conversion
to plantations. ese are the scenes of many of the worst
ﬁres and most damaging ﬁre and smoke episodes. Traditional research into ﬁre fundamentals has scant value in
such conditions, which are the result of social and political factors. Yet these are circumstances in which even a
small amount of research could produce large and immediate dividends.
is implies that scientiﬁc focus has to be shied. e
ﬁre domain for a long time has been governed by interdisciplinary natural sciences research. Engineering research has contributed to a high level of development in
the industrial countries. What is needed in future is a research focus at the interface between the human dimension of ﬁre and the changing global environment. e new
ﬁre science in the third millennium must be applicationoriented and understood by policy makers, a science that
bridges institutions, politics, people, and ecology. Continued research prioritizing ﬁre fundamentals, fascinating as
it is, cannot address these maers.

⁸http://www.fire.uni-freiburg.de/intro/team.html
⁹http://www.fire.uni-freiburg.de/IWPM/
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Conclusions

e contribution of global wildland ﬁre science and management community to the way forward must lead towards the formulation of national and international public
policies that will be harmonized with the objectives of international conventions, protocols and other agreements,
e.g., the Convention on Biological Diversity (CBD), the
Convention to Combat Desertiﬁcation (UNCCD), United
Nations Framework Convention on Climate Change (UNFCCC), the Ramsar Convention on Wetlands or the Hyogo
Framework for Action [HFA] 2005-2015: Building the Resilience of Nations and Communities to Disasters.
In 2013 the UNECE/FAO Forum on Crossboundary
Fire Management provided rationale and recommendations to enhancing informal processes of cooperation in
ﬁre management toward the development of an international regime of coordinated wildﬁre preparedness and response.⁸ e International Wildﬁre Preparedness Mechanism (IWPM), hosted by the Global Fire Monitoring Center (GFMC) since 2014, is a non-ﬁnancial instrument serving as a broker / facilitator between national and international agencies, programmes and projects to exchange expertise and build capacities in wildland ﬁre management
and particularly in enhancing preparedness to large wildﬁre emergency situations.⁹
e Post-2015 HFA oﬀers a suitable opportunity to address global ﬁre at a cross-sectoral approach.
6.
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