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FOREWORD

Wildfires have played a critical role in shaping our environment. Iconic tree species, such as the giant sequoia,
even depend on fire for their regeneration.

However, the role of fire is changing rapidly. Globally, wildfires have become a major factor causing
deforestation and forest degradation. A potentially vicious cycle of climate change and fire is emerging.
Available data shows a trend of increasing frequency and intensity of uncontrolled fires adversely affecting
biodiversity, ecological services, human well-being and livelihoods and national economies. Recent fire
seasons have been catastrophic with fatalities and dramatic consequences on people’s health from smoke
and haze as exemplified by the damage caused by wildfire incidences in Brazil, Canada, Chile, Greece,
India, Indonesia, Portugal, Russia, South Africa, Sweden and the United States in 2017 and 2018. These
modern-day fires are now largely anthropogenic, with lightning-caused fires becoming almost outliers in
comparison. Although land use policies and management practices have focused on decreasing the global
land area burnt every year, success has been mixed at best.

Against this background, the Program on Forests (PROFOR) housed at the World Bank and the Inter-
national Union of Forest Research Organizations (IUFRO) jointly convened a Global Expert Workshop on
Fire and Climate Change in Vienna, Austria, on 2-4 July 2018, with the aim of improving the understanding
of the complex interrelations between wildfire, climate and land management and identifying urgently
required response strategies and actions. The initiative will inform a forthcoming World Bank policy paper
on forest fire management strategies.

The three-day expert workshop organized under the thematic lead of IUFRO’s Working Party on “Forest
Fires” brought together 32 scientists and governmental experts from around the globe and World Bank
representatives who jointly discussed the complex fire-climate change-landscape restoration nexus. The
work presented here brings together state-of-the-art scientific information on wildfire as discussed by the
experts in the workshop, providing guidance for decision makers on policy and investments to better cope
with, and adapt to, an increasingly fire-prone landscape.

We would like to thank all participating experts for their excellent contributions to the workshop in
Vienna. Our special thanks go to the members of the IUFRO Working Party “Forest Fires” and especially
to Mike D. Flannigan, Bill de Groot, Francois-Nicolas Robinne, Promode Kant, D. Mike Wotton, and Janice
Burns who took on the task of synthesizing the wealth of information generated at the expert workshop
into this concise and focused occasional paper. We would like to acknowledge also the outstanding quality
and effectiveness with which the team of IUFRO’s Special Programme for Development of Capacities led
by Michael Kleine has organized the expert workshop. It is our sincere hope that those with a responsibility
for dealing with wildfires will find this work a useful resource of information and inspiration.

Alexander Buck Benoit Blarel
IUFRO Executive Director (Practice Manager, Environment and
Natural Resources Global Practice, the World Bank)
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EXECUTIVE SUMMARY

Today, catastrophic wildfires are increasingly common across the globe. Recent disasters have attracted
media attention and strengthened the perception of wildfires as “bad” events, a plague worsened by climate
change that has yet to be eradicated. Although it is true that fire has a destructive potential, the reality of
global fire activity depicts a much more complex picture in which fire can be a useful, if not necessary,
tool for food security and the preservation of cultural landscapes, as well as a an integral element of many
ecosystems and their biodiversity.

Global fire activity is shaped by diverse social, economic, and natural drivers influencing the fire envi-
ronment. The culminating complexity of these factors defines in turn the likelihood of a landscape to burn
and the potential positive or negative outcomes for communities and ecosystems that can result from a
blaze. Although many regions remain understudied, the effects of ongoing climate change associated to
other planetary changes are already visible, transforming fire activity in ways that are not well understood
but that will likely be dramatic, with potential dire consequences to nature and society in case of adaptation
failure.

Based on the limited available statistics, there is a growing trend in the costs of wildfires. On top of
human lives that are lost to the flames or smoke and the billions of dollars imputable to firefighting and
insurance coverage, the growing interest in costs linked to healthcare, business stability, or the provision
of ecosystem services such as drinking-water indicates negative economic consequences impacting coun-
tries’ GDP and social stability. Attempts to evaluate the future costs of wildfire disasters point at a worsen-
ing situation, yet the list of possible social and economic effects is likely incomplete and the magnitude of
envisaged impacts is likely conservative.

Notwithstanding the difficulties inherent to global climate modeling, there is a scientific consensus
on the future increase in the frequency of fire-conducive weather associated with drier ecosystems, a mix
that will eventually result in more frequent and intense fire activity. When combined with an ever-growing
world population and unsustainable land uses, the conditions leading to fire disaster will only be intensi-
fied. Although fire governance has historically advocated for fire suppression, a ,No Fire‘ motto is not an
option anymore in the new fire reality. Current policies aiming at total fire suppression have been shown to
be detrimental and are therefore outdated. The key to wildfire disaster risk reduction in a changing world
now lies in learning to live with fire.

Investments in international cooperation, integrated management, local community involvement, cut-
ting-edge technologies, and long-term data collection are critically needed to ensure the future of fire
disaster risk mitigation. Moreover, future land development policies must prioritize the protection and the
restoration of natural and cultural landscapes that have been degraded by the inappropriate use of fire or,
conversely, by historical fire exclusion; keeping a place for fire in forest resource management and land-
scape restoration has been shown to be a cost-effective and efficient solution to reduce fire hazard.

Overall, synthesis of globally available scientific evidence revealed the following key issues for landscape
management and governance:

m»  Climate change, with longer, hotter, and drier fire seasons, in combination with other environmental
changes linked to population growth and unsustainable land-use practices, is contributing to ex-
treme wildfire events that exceed existing fire management capacities. The world is entering a ‘new
reality’ that demands new approaches to fire governance.

m»  Fire is an inherent feature of the Earth system and many ecosystems, including their fauna, are de-
pendent on it for their long-term survival; nevertheless, ongoing changes in global fire activity in
terms of location, intensity, severity, and frequency will likely have immense costs to biodiversity,
ecosystem services, human well-being and livelihoods, and national economies — to extents that
have yet to be evaluated. Investment in social, economic, and environmental monitoring is therefore
urgent, especially in under-studied regions.
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m» Integrated fire risk reduction is key to adapting to ongoing changes in global fire risk. Future sustain-
able fire risk mitigation demands integrated region-specific approaches based on a clear understand-
ing of fires in context, population awareness and preparedness, fire surveillance and early-warning
systems, adaptive suppression strategies, fire-regime restoration, landscape-scale fuel management,
changes of many land use practices, and active restoration of landscapes.

m» Engagement with local communities, land-owners, businesses and public stakeholders — via multiple
tiers of governance — is crucial to restore and maintain landscapes that are biodiverse and functional,
respectful of local cultures and identities, economically productive, and above all, fire-resilient.

m»  People have historically achieved sustainable co-existence with flammable ecosystems and have
often used fire as a land-management tool, thereby shaping many modern and long-standing land-
scapes around the world. Traditional fire knowledge is thus key to adapting to local changes in fire
activity, using known techniques for the reduction of dangerous fuel loads, prescribed burning and
sustainable landscape management practices.

=» Building adaptive capacity to confront fires must be based on knowledge of the natural and cultural
roles of fire, how they have shaped our modern landscapes, and their importance in the long-term
functioning of socio-ecological systems. Further developments in land-system science, geospatial
technologies, and computer modeling will enhance our understanding of the long-term ecological
and socio-economic drivers of fire through the widespread collection and distribution of harmonized
fire data at the global level. However, creating and sharing such knowledge requires national and
international investments in scientific and operational fire science programs.

m»  Catastrophic fires are undeniably part of our future. Current scientific estimates are likely conserva-
tive, meaning that changes in fire activity might likely be worse than anticipated. We have to act now
to mitigate catastrophic fires and limit the occurrence of disastrous situations. Given disparities but
also similarities in the levels of fire risk around the world, and the capacities to manage it, knowledge
and technology transfers through international cooperation will be a paramount factor in learning to
live with fire.

This Occasional Paper is the result of a large collaborative effort by fire scientists and practitioners who be-
lieve that learning to co-exist with changing fire activity is not only possible but necessary if we, as a global
society, are to adapt to climate change and keep our natural and cultural landscapes healthy, resilient, and
safe for the next generations. The work presented hereafter was developed during, and as follow-up to, the
Global Expert Workshop on Fire and Climate Change hosted in Vienna, Austria, in July 2018. It stresses
the diversity and the complexity of the global fire situation, a situation that is evolving, positively or nega-
tively, in unknown proportions due to global environmental changes — with climate change being the most
acknowledged manifestation.
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Fires burning through landscapes, governed by biomass availability, meteorological conditions, and hu-
man pressure, are a critical terrestrial and atmospheric process shaping the Earth system. Associated with
other global environmental changes, such as urban expansion, unsustainable land uses, and water resource
depletion, the warming climate is causing an ongoing increase in the frequency and intensity of fires,
thereby degrading ecosystems and impairing their capacity to contribute critical services that form the
backbone of the UN Sustainable Development Goals. Substantial and rapid shifts in future fire activity are
projected within all biomes, thereby increasing population exposure and disaster risks, including in areas
where fire has seldom been seen before in modern human history.

Yet the underlying problems have received insufficient ongoing recognition, and even less continuity
of action, by responsible governing entities, except when human lives or economic growth is at stake. This
lack of sustained attention hinders the development of appropriate international and national fire govern-
ance, especially in developing countries. Mitigating disaster risks and increasing the resilience of socio-
ecological systems to fire must be acted upon, using holistic approaches to landscape management as a
base for action. Considering fire risk reduction as an essential part of future landscape management, con-
servation and restoration investments will be a key to learning to live with fires in many parts of the world.

In view of this, the International Union of Forest Research Organizations (IUFRO) and the World Bank’s
Program on Forests jointly convened a Global Expert Workshop on Fire and Climate Change with the aim
of improving the understanding of the complex interrelations between wildfire, climate, and land manage-
ment, and of identifying urgently required response strategies and actions. A detailed agenda of the work-
shop, which was hosted July 2nd-4th, 2018 in Vienna, Austria, is presented in Annex 1.

The three-day workshop — organized under the thematic lead of IUFRO’s Working Party on “Forest
Fires” — brought together World Bank representatives and 32 scientists and governmental experts from
around the globe to synthesize available knowledge on the complex fire-climate change-landscape restora-
tion nexus. Besides the classical fields of expertise in fire management, the invited scientists represented
a diverse array of specializations including meteorology and climate change science, land use planning,
global fire monitoring, remote sensing, vegetation modeling, hydrology, sociology, and policy sciences. A
list of workshop participants including distance contributors is presented in Annex 2.

The objective of this Occasional Paper is to synthesize the current state of science on the understanding
of the various causes, ramifications, and consequences of fires in natural and cultural landscapes across
the globe, as identified by participants of the Global Expert Workshop on Fire and Climate Change and
associated distance contributors. The paper also examines the manner and extent to which fire activity
might be amplified by the changing climate and the challenges it will pose to current practices in fire risk
mitigation. This document will ultimately help to identify key steps to be undertaken at local, regional, and
global levels to adapt and enhance fire risk governance.

The many terms used for fire on the landscape carry a range of meanings that depend on the socio-cultural
setting, the nature of land and vegetation affected, and the legal framework used. It is variously described
as landscape fire, wildfire, wildland fire, bushfire, veldfire, rural fire, or vegetation fire, among other designa-
tions used by different agencies around the world.

In Europe, where many countries suffer the impacts of fires in different land cover types, the terminology
presently in use in the European Forest Fire Information System (EFFIS) is “forest fire”; however, due to the
expansion of fires into non-forested areas of Europe, the wider term wildfire is also considered. The term
“wildfire” is also used in the Global Wildfire Information System (GWIS) which aims at providing harmo-
nized information on fire activity and impacts at the global level. The California Government Code defines

13
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fire as “any fire burning uncontrolled on any lands partially or wholly covered by timber, brush, grass, grain,
or other inflammable vegetation”.

For the sake of coherence with existing international efforts this Occasional Paper uses “fire” or “wild-
fire” as a general term encompassing a diversity of controlled and uncontrolled vegetation fires with land-
scape-scale impacts, including agricultural land, grassland, shrubland, peatland, and forest fires.

14






Global Fire Challenges in a Warming World * [UFRO 2018

2. FIRES AT GLOBAL AND REGIONAL LEVELS

2.1 Global Distribution of Fire Activity

Fires, both natural and human-caused, have played a
critical, and persistent, role in shaping our environ-
ment. Almost a third of the global landmass experi-
ences recurrent fire activity, averaging ~4.5 M.Km?
area burned yearly, which is larger in size than India.
Although the global annual area burned has been de-
creasing for several years, the occurrence of extreme
wildfire events with catastrophic consequences has
been increasing.

Global fire activity mostly affects savannas and
woodlands in the tropical belts, temperate steppes,
Mediterranean shrublands, equatorial peatlands
and boreal forests (Fig.1). Due to variable combina-
tions of natural and anthropogenic factors, there is
always a fire burning somewhere on the planet.

At a global scale, fires are largely anthropogenic,
lightning-caused fires being outliers in comparison.
Scientific evidence suggests that more than 90%
of all ignitions are linked, directly or indirectly, to
human activities. Many customary rural practices,
such as small-scale pasture maintenance, rely on
broadcast burning and can be considered rather
safe and sustainable, despite possible localized eco-
logical changes. Conversely, many human-caused
wildfires originate from large-scale and often ille-
gal land clearing, arson, and outdoor accidents that
cause an ignition to escape, though accurate re-
cords of causes are globally unavailable. There are
however strong regional disparities.

- Burned fraction (% year™)
GFED4s (averaged over 1997 - 2014)

0 0.2 0.5 1 2

5 10 20 50 100

Figure 1: Global distribution of annual area burned, averaged over 1997-2014. White areas show no fire activity. Source: Global Fire

Emission Database version 4, Giglio et al. 2013

16
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2.2 Regional Fire Situations

We present hereafter a general description of fire re-
gimes' for selected terrestrial biomes experiencing
a large percentage of global fire activity. Based on
ecological factors, biome classifications (Fig.2) are
well known and accepted by the international com-
munity. Alternative and more complex fire geogra-
phies including human factors can be used for more
advanced analysis.

Fires in Rainforests and Peatlands

Rainforests cover less than 10% of the global land
surface. They are naturally fireproof given their lo-
cation in regions of high and frequent rainfall and
the absence or quasi-absence of a dry season. Fires
in tropical and subtropical rainforests are thus main-
ly anthropogenic, with fire activity in the Amazon,
Central America, and South-east Asia being almost
exclusively related to deforestation and shifting cul-
tivation.

In the Amazon, initial deforestation fires are usu-
ally set during dry spells in proximity to dense, in-
tact forests that are normally too moist to burn. Rain
forest trees are not fire-adapted and are extremely
sensitive to even low intensity fires, potentially kill-
ing as many as one third of standing trees.

>

| ice sheet and polar desert

tundra
I taiga

| temperate broadleaf forest
temperate steppe
subtropical rainforest
Mediterranean vegetation
monsoon forest
arid desert
xeric shrubland
dry steppe
semianid desert
grass savanna
tree savanna
subtropical dry forest
tropical rainforest

| alpine tundra

e

This mortality increasesthe fuelloadand opensthe
forest canopy to desiccating sunlight and winds. As
the forest “bleeds moisture”, it becomes vulnerable to
burn in even as short as a fortnight without rain. This
positive feedback of increasing fire frequency, forest
desiccation, and increased fire severity continues
leading to complete deforestation.

In Indonesia, no natural fires have been observed
and all fires are considered human-induced. Initial
forest clearing that is followed by drainage in peat-
lands causes land desiccation and leads to the initial
increase in fuel load. Deforestation fires burn in-
tensely in felled trees or dry peat for several days, or
even weeks, and escape to adjacent intact vegetation
when winds push flames into forest edges. In areas
where forest degradation takes place and secondary
growth is observed fires can be more recurrent and
severe. Those human-caused fires are amplified
during prolonged hydrologic droughts related to
inter-decadal El Nifio events. During drought years,
the maximum area burned can be ten-fold larger rel-
ative to non-drought years. The detrimental impact
of peatland fires on greenhouse gas emissions is
serious due to the fact that smoldering peat com-
bustion is large-spread and that land conversion
prevents carbon absorption by post-fire vegetation.

Figure 2: Terrestrial biomes of the world. Source: Wikimedia Commons, adapted from Olson, D. M. et al. Terrestrial ecoregions of the

world: a new map of life on Earth: a new global map of terrestrial ecoregions provides an innovative tool for conserving biodiversity

(200M).

1 The fire regime concept refers to the characteristics of fire activity at a given location: fire season, ignition sources, fire type (i.e.,

ground, surface, and crown), fire severity, fire intensity, fire frequency, and area burned.
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Whereas landscape fragmentation likely leads to
adecreaseinfireactivityin manyregionsof theworld,
it is landscape fragmentation and deforestation
that drives fire activity in rainforests by drying up
forest systems that are fully moisture-driven. Locat-
ing and extinguishing fires in those dense forests
can also be very difficult, making operational fire
management difficult.

Fires in Savannas and Dry Woodlands

Savannas and open dry woodlands cover one fifth
of the land surface (~33M.Km?). They host one fifth
of the human population and contribute almost one
third of terrestrial net primary production, most
of which goes to sustain large wild herbivore and
livestock populations. Unobstructed winds and
plentiful grassy biomass that dries annually causes
savannas to be the world’s most frequently burned
landscape, making fire an important driving force of
this ecosystem’s composition, structure and distri-
bution.

Fires in the African savannas and woodlands
have existed for millions of years and many species
have adapted to dry-season fires by developing key
traits, such as a thicker bark and leaves that allow
them to survive. The rich taxonomic diversity of
fire-adapted plants points to an ancient evolution-
ary association with landscape fires ignited by
lightning. These ecosystems also show structural
characteristics (e.g. lower tree density and higher
grass biomass) that are intrinsically linked to fires,
creating suitable habitat for wildlife such as grazers
that are attracted to the fresh shoots from recently
burned areas.

For the past millennia, fire activity in savan-
nas has mostly been driven by humans to manage
wildlife and livestock. Humans are able to change
the seasonality of fires and the spatial pattern and
frequency compared to lightning ignitions that are
typically concentrated in the transitions from the
dry and wet seasons. Loss of fire maintained fine-
grained habitat mosaics created by indigenous fire
management practices is one cause of biodiver-
sity declines and landscape changes, particularly
in northern Australian savannas, as well as in the
Miombo woodlands of southern Africa, where the
interaction between elephants felling trees and cul-
tural anthropogenic fires seems to help maintaining
the tree-to-grass balance.

18

Fires in Temperate Grasslands
Temperate grasslands cover ~25% of the global land-
mass.Likeintropicalsavannas, fireplaysanimportant
role in maintaining grassland biodiversity. The re-
moval of fire in these systems is often associated
with tree invasion, and population declines of her-
baceous species with life cycles that require fire
disturbance that provides temporary respite from
grass competition and benefit from nutrient pulses
from ash, and in some cases release chemicals that
stimulate seed germination. The rapid resprouting
of grass following surface fires increases forage
quality and quantity for grazers, and the coupling of
grazing and browsing can create fine grained habitat
mosaics that increase the diversity of invertebrates,
which in turn, provide a food resource for vertebrate
predators thereby increasing biodiversity.
Temperate grasslands in North America and
Eurasia provide important habitat requirements of
flora and fauna that are dependent on open-land
ecosystems without tree and brush cover. The North
American prairies are an example where natural
fires and fires set by the indigenous populations
created suitable conditions for the occurrence
and expansion of bison populations — an impor-
tant source for tribal hunters and their livelihood.
Other temperate grasslands, such as the Central
Asian steppes, provide pasture resources for do-
mestic livestock. In Mongolia, fires occurring at the
steppe-forest transition have shaped the boundary
between open grasslands and sub-boreal forests.
With accelerating progress of regional climate
change the fires entering the steppe-forest fringes
are resulting in increasing loss of forest cover, no-
tably when affecting not sustainably logged-over
forests that sometimes occur due to illegal harvest-
ing. Forest regeneration is increasingly impeded
due to the combined effects of drought and wildfires.

Fires in Mediterranean Forests and Shrublands

Mediterranean areas cover less than 5% of emerged
lands, but account for 20% of the Earth plant species.
Their high levels of plant richness and endemism
are increasingly threatened by urban growth and
population density, agriculture, invasive species and
wildfires. For instance, the Fynbos in South Africa is
composed of fire-prone and fire-dependent shrub-
land vegetation that requires regular fire to ensure
the persistence of the extremely high species diver-
sity. Although fire ignition and intensity are often
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driven by prevalent high temperatures and drought
conditions in hazardous fuel built-up Mediterranean
landscapes, an essential driver of fires in these re-
gions is the human component, both as a trigger of
fire ignition and as a factor of vulnerability to fires.

In Europe, about 96% of the fires in the Medi-
terranean are caused by human activities, often by
negligence, but also by arson, due to conflicts relat-
ed to land ownership and land use change. The en-
largement of areas in which human infrastructures
and houses interact with wildland areas is one of
the reasons for an increase on the socio-economic
impacts in the Mediterranean regions. The Fynbos
has been identified as the most vulnerable region in
South Africa with respect to disaster risks from wild-
fire due to patterns of urbanization, agriculture and
potential impacts upon water catchment areas. The
devastating fires of 2017 and 2018 in the Mediterra-
nean regions of the world, like those in Australia,
California, Chile, Europe and South Africa s