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1 Preamble 
 
Fire has the capacity to make or break sustainable environments. Today some 
places suffer from too much fire, some from too little or the wrong kind, but 
everywhere fire disasters appear to be increasing in terms of both severity and 
damages, with serious threats to public health, economic well being, and 
ecological values (Pyne 2001). Thus, fire ecology in the recent Anthropocene has 
evolved to a science of the biosphere with strong multi-disciplinary 
interconnectedness between natural sciences – notably ecology, 
biogeochemistry, atmospheric chemistry, meteorology and climatology – and the 
humanities – anthropology, cultural history, sociology, and political sciences 
(Goldammer 1993, Goldammer and Crutzen 1993). 
 
 
2 Introduction 
 
Fire is a prominent disturbance factor in most vegetation zones across the world. 
In many ecosystems it is an essential and ecologically significant force - 
organizing physical and biological attributes, shaping landscape patterns and 
diversity, and influencing energy flows and biogeochemical cycles, particularly 
the global carbon cycle. In some ecosystems, however, fire is an uncommon or 
even unnatural process that severely damages the vegetation and can lead to 
long-term degradation. Such ecosystems, particularly in the tropics, are 
becoming increasingly vulnerable to fire due to growing population, economic 
and land-use pressures. Moreover, the use of fire as a land-management tool is 
deeply embedded in the culture and traditions of many societies, particularly in 
the developing world. Given the rapidly changing social, economic and 
environmental conditions occurring in developing countries, marked changes in 
fire regimes can be expected, with uncertain local, regional, and global 
consequences. Even in regions where fire is natural (e.g., the boreal zone), more 
frequent severe fire weather conditions have created recurrent major fire 
problems in recent years. The incidence of extreme wildfire events is also 
increasing elsewhere the world, with adverse impacts on economies, livelihoods, 
and human health and safety that are comparable to those associated with other 
natural disasters such as earthquakes, floods, droughts and volcanic eruptions. 

                                                 
1 This paper has been supported by and reflects the views of the members of the UN 
International Strategy for Disaster Reduction (ISDR), Inter-Agency Task Force for 
Disaster Reduction, Working Group on Wildland Fire. Main inputs were provided by Brian 
J. Stocks (Canadian Forest Service), Dietrich Schwela (World Health Organization), Meinrat 
O. Andreae (Max Planck Institute for Chemistry, Biogeochemistry Department, Germany), 
Stephen J. Pyne (Arizona State University, U.S.A.), Chris Justice (University of Maryland, 
U.S.A.), and Peter G.H. Frost (University of Zimbabwe). Sources of regional summary 
reports prepared as a result of regional sessions the 4th International Wildland Fire 
Conference (Sevilla, Spain, May 2007) will be provided in the relevant sections of this paper. 



Despite the prominence of these events, current estimates of the extent and 
impact of vegetation fires globally are far from complete. Several hundred 
million hectares of forest and other vegetation types burn annually throughout 
the world, but most of these fires are not monitored or documented. Informed 
policy and decision-making clearly requires timely quantification of fire activity 
and its impacts nationally, regionally and globally. Such information is currently 
largely unavailable. 
 
The primary concerns of policy makers focus on questions regarding the regional 
and global impacts of excessive and uncontrolled burning, broad-scale trends 
over time, and the options for instituting protocols that will lead to greater 
control. Other key questions involve determining under what circumstances fires 
poses a sufficiently serious problem to require action; what factors govern the 
incidence and impacts of fires in such cases; and what might be the relative 
costs and benefits of different options for reducing adverse impacts? The 
elaborations in this paper reflect the rationale and the scope of work of the 
Working Group on Wildland Fire of the United Nations International Strategy for 
Disaster Reduction (ISDR) (Working Group on Wildland Fire 2002), in association 
with international wildland fire research programmes of the International 
Geosphere-Biosphere Programme (IGBP) and other research organizations. 
 
 
3 Extent, Impacts and Significance of Wildland Fire at the Global 
Scale 
 
3.1 Global Wildland Fire Assessments 
 
The Forest Resources Assessment 2000 conducted by the Food and Agriculture 
Organization of the United Nations (FAO) provided an opportunity to review the 
global effects of fires on forests as a part of the forest assessment that is 
undertaken every ten years. The Global Forest Fire Assessment 1990-2000 (FAO 
2001), prepared in cooperation with the Global Fire Monitoring Center (GFMC), 
revealed strengths and weaknesses associated with adequate data collection and 
compilation, and with sustaining the health and productivity of the world's 
forests when threatened by drought, wildfires and an increasing demand for 
natural resources. 
 
Much of the materials for the Global Forest Fire Assessment had been taken from 
the Global Fire Monitoring Center (GFMC) database or recruited through the 
GFMC global fire network. Beginning in the late 1980s the GFMC began to 
systematically collect worldwide fire information (statistical data, narratives), 
and published these materials in FAO-ECE International Forest Fire News (IFFN) 
and on the GFMC website (GFMC 2002). Together with the ECE fire database the 
GFMC fire statistical information represents a unique source that includes also 
information on fires occurring in other non-forest vegetation types (e.g., 
savanna fires and agricultural burning). 
 
Five years later the next global fire assessment was conducted within the Forest 
Resources Assessment 2005. This global overview of fires in vegetation was 
based on 12 regional reports submitted by representatives of the UN-ISDR 
Global Wildland Fire Network in late 2005. Although it is acknowledged by many 
of the countries concerned that the reliability of the information may not be high, 
nevertheless it is the best estimate of the global fire situation to date, which 
gives a good global indication of the scale of the impact of vegetation fires on 
society, on the economy and on the environment. 
 



Concerning the inter-comparison of fire data: The format and completeness of 
wildland fire statistics collected are not consistent. Statistical datasets providing 
number of fires and area burned do not begin to meet the level of information 
required to assess the environmental and economic consequences of wildland 
fires. For example, currently formats for fire statistics collection do not include 
parameters that would permit conclusions on economic damages or impacts of 
emissions on the atmosphere or human health. Considering the complexity of 
pathways of regeneration of vegetation after fire, including the cumulative 
impacts of anthropogenic and environmental stresses, it is not possible at this 
time to conclude from existing statistical data whether long-term changes can be 
expected in terms of site degradation and reduction of carrying capacity of fire-
affected sites. Thus, a new system for fire data collection that would meet the 
requirements of a growing number of different users is urgently needed. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: The Global Wildland Fire Network and its regions 
(http://www.fire.uni-freiburg.de/GlobalNetworks/globalNet.html): Contributors 
to the Global Fire Assessments 2000 and 2005. 

 
The Global Burned Area Product 2000 derived from a spaceborne sensing system 
(SPOT Vegetation) is the first important step towards obtaining prototype 
baseline data on the extent of global wildland fires for the year 2000 (JRC 
2002).2  The dataset indicates that approximately 351 million hectares globally 
were affected by fire in the year 2000. Looking at individual countries the 
datasets differ considerably from the numbers provided by responsible national 
agencies. This fact that can be explained easily because statistical datasets of 
national agencies in many countries primarily include fire incidences in managed 
forests; with only a few countries providing fire statistics that cover non-forest 
ecosystems. Furthermore most countries do not have in place appropriate means 
to survey wildland fire occurrence impacts. On the other hand the area burned, 

                                                 
2 Tables with areas burned in 2000 and the gridded files can be downloaded in the 
Statistics file at: http://www-gvm.jrc.it/tem/products_complete.htm and 
http://www-
gvm.jrc.it/tem/Disturbance_by_fire/products/burnt_areas/global2000/global2000.
htm  



as derived from the spaceborne instrument, also does not provide information on 
the environmental, economic or humanitarian impacts of fire. An appropriate 
interpretation of satellite-generated fire information requires additional 
information layers, particularly on ecosystem vulnerability and recovery 
potential; that are not yet available at a global level. 
 
The state-of-the-knowledge review by the last Global Forest Fire Assessment is 
summarized as follows: 
 
• Wildfires during drought years continue to cause serious impacts to 

natural resources, public health, transportation, navigation and air quality 
over large areas. Tropical rain forests and cloud forests that typically do 
not burn on a large scale were devastated by wildfires during the 1990s. 

• Many countries, and regions, have a well-developed system for 
documenting, reporting and evaluating wildfire statistics in a systematic 
manner. However, many fire statistics do not provide sufficient 
information on the damaging and beneficial effects of wildland fires. 

• Satellite systems have been used effectively to map active fires and 
burned areas, especially in remote areas where other damage 
assessment capabilities are not available. 

• Some countries still do not have a system in place to annually report 
number of fires and area burned in a well-maintained database, often 
because other issues like food security and poverty are more pressing. 

• Even those countries supporting highly financed fire management 
organizations are not exempt from the ravages of wildfires in drought 
years. When wildland fuels have accumulated to high levels, no amount 
of firefighting resources can make much of a difference until the weather 
moderates (as observed in the United States in the 2000 fire season). 

• Uncontrolled use of fire for forest conversion, agricultural and pastoral 
purposes continues to cause a serious loss of forest resources, especially 
in tropical areas. 

• Some countries are beginning to realize that inter-sectoral coordination of 
land use policies and practices is an essential element in reducing wildfire 
losses. 

• Examples exist where sustainable land use practices and the participation 
of local communities in integrated forest fire management systems are 
being employed to reduce resource losses from wildfires. 

• In some countries, volunteer rural fire brigades are successful in 
responding quickly and efficiently to wildfires within their home range; 
and residents are taking more responsibility to ensure that homes will 
survive wildfires. 

• Although prescribed burning is being used in many countries to reduce 
wildfire hazards and achieve resource benefits, other countries have 
prohibitions against the use of prescribed fire. 

• Fire ecology principles and fire regime classification systems are being 
used effectively as an integral part of resource management and fire 
management planning. 

• Fire research scientists have been conducting cooperative research 
projects on a global scale to improve understanding of fire behaviour, fire 
effects, fire emissions, climate change and public health. 

• Numerous examples were present in the 1990s of unprecedented levels 
of inter-sectoral and international cooperation in helping to lessen the 
impact of wildfires on people, property and natural resources. 

• Institutions like the Global Fire Monitoring Center have been instrumental 
in bringing the world's fire situation to the attention of a global audience 
via the Internet. 

 



In reviewing the global fire situation, it is apparent that a continued emphasis on 
the emergency response side of the wildfire problem will not address current 
needs and will only result in a continuation of the current trend towards large 
and damaging fires in the future. The way out of the emergency response 
dilemma is to couple emergency preparedness and response programmes with 
more sustainable land use policies and practices. Only when sustainable land use 
practices and emergency preparedness measures complement each other will 
long-term natural resource benefits for society be realized. 
 
The 2005 fire assessment summarized the following recommendations derived 
from the regional reports (FAO 2007): 
 

• At the political level, the need for recognition of the positive as well as 
the negative effects of fire and a strong commitment to the concept of 
fire management3 is required by all national policy decision-makers. 

• The urgent need for reliable assessments of the extent and impact of 
vegetation fires, including:  
- Harmonization of terminology and definitions, 
- Development of internationally accepted standards and procedures for 

data collection, and 
- Development of regional databases on fires. 

• Awareness-raising relating to the economic, social and environmental 
damage caused by fires. Target groups should especially include policy-
makers, urban-dwellers, rural populations, notably farmers and 
pastoralists. One of the main messages to policy-makers should be the 
need for fire planning and management. 

• The place of community-based fire management as an adaptive and 
sustainable mechanism for managing fire should be recognised.  

• Institutional strengthening is needed in many countries, including the 
clear definition of responsibilities of each institution for the various 
aspects of fire management. Fire management plans should be 
prepared taking into account the plans of other sectors, and include 
provision for the resolution of conflicts. There is often need for 
training of fire personnel, or for re-training in more sophisticated fire 
detection, communication or suppression techniques, and there is also 
need for the training of others outside the forest sector, including 
prescribed burning for farmers. 

• Other recommendations related to national institutions concern the need 
for adequate budgets and coordination between national institutions 
and agencies. 

• A number of recommendations were made to continue and expand 
international collaboration. Countries should continue to share 
knowledge and experiences, and should develop reporting 
frameworks and regional policies related to fires.  Regional 
networks, particularly those organized under the UN-ISDR Global 
Wildland Fire Network, should be consolidated and strengthened and 
links developed with others not only for the exchange of information but 
also training and regional fire plans. Bilateral agreements should be 
promoted for mutual assistance (joint fire suppression) and compatible 
approaches should be developed. International and regional 
collaboration should be continued at technical workshops and at 
occasional high-level meetings, to promote collaboration and to 
demonstrate political recognition of the importance of fire control. 

                                                 
3 Fire management includes early warning, preparedness, prevention (including fuel management, 
public awareness, training, etc.), suppression and restoration. 



• Donor support is required in a number of fields, especially research and 
training:  
- Equipment, training and research into advanced techniques for 

detection and prediction, especially satellite systems, 
- Training in community-based fire management and encourage-

ment of communities of interest in fire management. 
 
In the following sections an updated review is provided on the changing fires 
regimes in the most important vegetation zones, the northern boreal forest, 
temperate forests, tropical rainforest and tropical / subtropical savanna regions. 
 
 
3.1.1 The Fire Situation in Boreal Forests 
 
The global boreal forest zone, covering approximately 12 million square 
kilometres, stretches in two broad transcontinental bands across Eurasia and 
North America, with two-thirds in Russia and Scandinavia and the remainder in 
Canada and Alaska. With extensive tracts of coniferous forest that have adapted 
to, and become dependent upon, periodic fire for their physiognomy and 
sustainable existence, and that provide a vital natural and economic resource for 
northern circumpolar countries, boreal forests are estimated to contain ~37% of 
the world’s terrestrial carbon. These forests have become increasingly accessible 
to human activities, including natural resource exploitation and recreation, over 
the past century, with the export value of forest products from global boreal 
forests accounting for 47% of the world total. 
 
The largest boreal forest fires are extremely high-intensity events, with very fast 
spread rates and high levels of fuel consumption, particularly in the deep organic 
forest floor layer. High intensity levels are often sustained over long burning 
periods, creating towering convection columns that can reach the upper 
troposphere and lower stratosphere, making long range smoke transport 
common. In addition, the area burned annually by boreal fires is highly episodic, 
often varying by an order of magnitude between years. 
 
For many reasons boreal forests and boreal fires have increased in significance in 
a wide range of global change science issues in recent years. Climate change is 
foremost among these issues, and the impacts of climate change are expected to 
be most significant at northern latitudes. Forest fires can be expected to increase 
sharply in both incidence and severity if climate change projections for the 
boreal zone prove accurate, acting as a catalyst to a wide range of processes 
controlling boreal forest carbon storage, causing shifting vegetation, altering the 
age class structure towards younger stands, and resulting in a direct loss of 
terrestrial carbon to the atmosphere. 
 
Over the past two decades forest fires in boreal North America (Canada and 
Alaska) have burned an average of 3 million hectares annually. While 
sophisticated and well-funded fire management programs in North America 
suppress the vast majority of fires while small, the 3% of the fires that grow 
larger than 200 hectares in size account for 97% of the total area burned. There 
is little likelihood of improving suppression effectiveness since the law of 
diminishing returns applies here – the 3% of fires that grow larger do so because 
they occur under extreme fire danger conditions and/or in such numbers that 
suppression resources are overwhelmed, and applying more funding would have 
no effect. In addition, Canada and Alaska have vast northern areas which are 
largely unpopulated and with no merchantable timber, and where fires are 
monitored but suppression is unwarranted and not practiced, allowing natural 
fire where possible. Combining the current high levels of fire activity across the 



North American boreal zone, with restricted suppression effectiveness and a 
recognition of the need for natural fire, it is all but certain that climate change 
will greatly exacerbate the situation, and the only option will be adaptation to 
increasing fire regimes. 
 
The fire problem in Eurasia's boreal forests – mainly in the Russian Federation –
is similar in some ways to the North American situation, but there are significant 
differences (Goldammer and Furyaev 1996, Goldammer and Stocks 2000, 
Shvidenko and Goldammer 2001). The Eurasian boreal zone is close to twice as 
large as its North American counterpart, stretching across eleven time zones, 
with a wide diversity of forest types, growing conditions, structure and 
productivity, and anthropogenic impacts that define different types of fires and 
their impacts. For example, surface fires are much more common in the Eurasian 
boreal zone than in North America where stand-replacing crown fires dominate 
the area burned, and many Russian tree species have adapted to low-intensity 
fires. While Canada has a strong continental climate in the boreal region of west-
central Canada, where most large fire activity occurs, Eurasia has much stronger 
continentality over a much larger land base. The climate of the major land area 
of the Russian Federation is characterized by low annual precipitation and/or 
frequent droughts during the fire season, and more extreme fire danger 
conditions over a much larger area. In addition, large areas of the Eurasian 
boreal zone are not protected or monitored, so fire activity is not recorded for 
these regions. 
 
Official Russian fire statistics for the past five decades typically report annual 
areas burned between 0.5 and 1.5 million hectares, with very little inter-annual 
variability. In fact, as Russian fire managers agree, these numbers are a gross 
underestimation of the actual extent of boreal fire in Russia. There are two 
reasons for this: a lack of monitoring/documentation of fires occurring in vast 
unprotected regions of Siberia, and the fact that the Russian reporting structure 
emphasized under-reporting of actual area burned to reward the fire suppression 
organization. In recent years, with the advent of international satellite coverage 
of Russian fires in collaboration with Russian fire scientists, more realistic area 
burned estimates are being generated. For example, during the 2002 fire season 
satellite imagery revealed that about 12 million hectares of forest and non-forest 
land had been affected by fire in Russia, while official sources report 1.2 million 
hectares forest land and 0.5 million ha non-forest land burned in the protected 
area of 690 million hectares (Goldammer 2003, Davidenko and Eritsov 2003, 
Sukhinin et al. 2003). 
 
In recent years there has been an increase in the occurrence of wildfires under 
extreme drought conditions (e.g. the Trans-Baikal Region in 1987 and the Far 
East in 1998), and the severity of these fires will greatly disturb natural recovery 
cycles. There is growing concern that fires on permafrost sites will lead to the 
degradation or disappearance of eastern Siberian larch forests. Russia has close 
to 65% of the global boreal forest, an economically and ecologically important 
area that represents the largest undeveloped forested area of the globe. With 
the vast quantities of carbon stored in these forests, Russian forests play a 
critical role in the global climate system and global carbon cycling. Projected 
increases in the severity of the continental climate in Russia suggest longer fire 
seasons and much higher levels of fire danger. The inevitable result will be an 
increase in the number, size, and severity of boreal fires, with huge impacts on 
the global carbon cycle and the Russian economy. 
 
At the same time, recent political and economic changes in Russia have led to an 
extreme reduction in their fire suppression capability, with the State Forest 
Service showing a huge debt, and the outlook for future funding increases bleak. 



As a result, Avialesookhrana, the aerial fire protection division of the Forest 
Service, has been forced to reduce aerial fire detection and suppression levels, 
with operational aircraft flying hours and firefighter numbers until 2006 less than 
50% of 1980s levels. Consequently, the occurrence of larger fires is increasing, 
and the areas being burned annually are unprecedented in recent memory. In 
the frame of decentralization and with the Forest Code coming into force on 1 
January 2007 the responsibility in fire management has been given to the 
regions and has degraded since then. Avialesookhrana is continuing to serve as a 
central monitoring body. 
 
Increasing fire risks in the boreal forests and wetlands of Russia are a major 
threat to the global terrestrial carbon storage, and this requires significant 
national and international attention (e.g., Kajii et al. 2002). Management and 
protection of these vital resources should not be given solely to the private 
sector or delegated to regional levels. The establishment and strengthening of a 
central institution to protect forests must be a priority supported by Russia and 
the international community. 
 
Concerning the situation in Central and Northeast Asia the UNISDR Regional 
Wildland Fire Networks at the 2007 4th International Wildland fire Conference 
concluded: 4 
 

- The Central and Northeast Asian regions for the last two decades are 
experiencing an increase in occurrence, area burnt and environmental 
impacts caused by wildland fires; 

- In most countries the damage from wildland fires and the cost of their 
suppression, as well as their influence on human health and wellbeing, 
are become more noticeable; 

- The scale of wildland fire sometimes has transboundary effects and 
demands international and cooperative efforts for the solution; 

- Reasons for the escalation of destructive wildfires are, among other, 
result of the rapidly changing socio-economic conditions, declining public 
budgets for fire management, and side effects of illegal logging; 

- Projected trends of climate change impacts on vegetation cover and fire 
regimes, as well as observed demographic and socio-economic trends 
suggest that wildland fire may continue to play a major role in the 
destruction of vegetation cover in Central and Northeast Asia, resulting, 
among other, in accelerating steppization, permafrost thawing and 
desiccation of peatlands / wetlands. 

- There is no international operational mechanism in the region allowing 
rapid re-grouping of forces to extinguish the large-scale, catastrophic 
fires; 

- There is a lack of a comprehensive understanding among fire specialists, 
policy makers and the general public of the nature and the role of fire in 
natural ecosystem processes, and in the concepts of fire management. 

 

                                                 
4 See regional report: http://www.fire.uni-freiburg.de/sevilla-2007/sessions/Session-D-
East-Baltic-Central-NE-Asia-Report.pdf see also the regional fire assessments for Central 
Asia, North East Asia, and Baltic (2005): 
http://www.fire.uni-freiburg.de/programmes/un/fao/FAO-Final-12-Regional-Reports-FRA-
2005/WP%20FM16E%20Central%20Asia.pdf 
http://www.fire.uni-freiburg.de/programmes/un/fao/FAO-Final-12-Regional-Reports-FRA-
2005/WP%20FM06E%20North%20East%20Asia.pdf 
http://www.fire.uni-freiburg.de/programmes/un/fao/FAO-Final-12-Regional-Reports-FRA-
2005/WP%20FM07E%20Baltic.pdf  



 
 

 
Figure 2 

 

 
Figure 3 

 

 
Figure 4 

 
Figure 2: Fire activities on 8 May 2003 at 0400 UTC (11:00 local time) Southeast of 
Baikal Lake recorded by the Moderate-Resolution Imaging Spectroradiometer (MODIS). 
Figure 3: Smoke column stretching from fires in the Transbaikal Region to Sakhalin, 
Japan, and Alaska (8 May 2003). Source: MODIS. Figure 4: Multi-sensor characterization 
of fire emissions and fire activities on 10 May 2003. (a) Carbon monoxide (CO) 
concentration captured by the MOPITT (Measurements of Pollution in the Troposphere) 
instrument on the Terra satellite, with values ranging from zero (dark blue) to 360 parts 
per billion (red), depicting the long-range transport of the relatively long-living CO; (b) 
Terra/MODIS “fine mode aerosol optical depth (AOD) depicting fine shorter-living 
combustion-generated particles; (c) Terra/MODIS fire counts. Source of Figures 15 a-c: 
Edwards et al. (2004). Source of complied set of figures: Regional Central Asia Fire 
Report of FRA 2005 (link: see footnote 4). 



 
3.1.2 The Fire Situation in Temperate Forests 
 
In recent years fires have been increasing in number and severity across the 
temperate zone, with significant fire events becoming more common in the 
United States, the Mediterranean Basin, and Mongolia for example. 
 

Temperate North America: The United States 
 
Over most of the past century the United States has made a huge investment in 
wildland fire management, developing a sophisticated fire suppression capability. 
As the 1900s progressed, the United States became increasingly effective in 
excluding fire from much of the landscape. Despite numerous human-caused and 
lightning fires the area burned was greatly reduced from the early 1900s. 
However, the price for successful fire exclusion has proven to be twofold. The 
most obvious price was the huge cost of developing and maintaining fire 
management organizations that were increasingly requiring higher budgets to 
keep fire losses at an acceptable level. The second cost, hidden for decades, is 
now apparent, as the policy emphasis on fire exclusion has led to the build-up of 
unnatural accumulations of fuels within fire-dependent ecosystems, with the 
result that recent fires burn with greater intensity and have proven much more 
difficult to control. Despite extensive cooperation from other countries, and huge 
budget expenditures, intense droughts and extreme fire weather between 2000 
and 2007 contributed to widespread wildfires in the western United States that 
burned up to 4 million ha in 2006 and 3.3 million ha in 2007 (up to 23 October 
2007).5  Losses from these fires now include substantial destruction of homes, as 
the trend towards living in fire-prone environments grows, and the wildland 
urban interface is expanding – see the recent severe fire episodes in California in 
2003 and 2007. 6 
 
In the FRA-2005 report on the North America it was stated that by the end of the 
1990s, it was becoming clear to fire managers that the fire situation in the 
country was changing. Fire seasons were becoming more severe, some fires 
seemed to be more difficult to suppress, and the forests and rangelands had 
more and more flammable fuels feeding the fires. In November 1999, some fire 
experts, working with researchers at the Fire Lab in Missoula, Montana produced 
this map showing the current condition class in the forests and rangelands of the 
USA. While the data was only accurate at this large scale, it provided the spark 
that led to a series of projects to map and display condition class (Figure 5). The 
map was produced just before the 2000 fire season. Managers realized that 
further refinements of this type of information, particularly at a finer scale would 
be very useful to help determine the causes of the upward trend in fire season 
severity and more important, assist managers to develop solutions and set 
priorities. This early work was documented in a report.7  A nation-wide 
programme, LANDFIRE, was undertaken to map the entire USA at a scale that 
would be useful to local managers (see also LANDFIRE website 8). 

                                                 
5 http://www.nifc.gov/fire_info/fire_stats.htm  
6 See also 2005 regional fire assessment for North America (2005): http://www.fire.uni-
freiburg.de/programmes/un/fao/FAO-Final-12-Regional-Reports-FRA-
2005/WP%20FM15E%20North%20America.pdf  
7 Schmidt, K.M., Menakis, J.P., Hardy, C.C., Hann, W.J., and Bunnell, D.L. 2002. 
Development of Coarse-Scale Spatial Data for Wildland Fire and Fuel Management. USDA 
Forest Service Rocky Mountain Research Station General Technical Report RMRS-87. Ft. 
Collins, CO. 41pgs + CD. -- This report, with several maps, is available at 
www.fs.fed.us/fire/fuelman. 
8 www.landfire.gov 



 

 
 
Figure 5. Map showing the current condition class in the forests and 
rangelands of the USA. 

 

 

 
Figure 6. Moderate Resolution Imaging Spectroradiometer (MODIS) on 
NASA’s Aqua satellite depicted active fires and smoke during the fire crisis in 
California in October 2007. This image of the fires (locations marked in red) 
burning in Southern California was captured at 2:40 p.m. Pacific Daylight 
Time on 23 October 2007. Strong Santa Ana winds were pushing smoke 
westward over the Pacific. Fires extended along the mountains from locations 
near Santa Clarita to Tijuana. According to news reports from the morning of 
24 October, nearly a million people had evacuated their homes as fires 
spread from the mountains and hills toward cities and towns near the coast. 
Source: NASA Earth Observatory (http://earthobservatory.nasa.gov/). 



 
The Mediterranean Basin and the Balkans 

 
Within the Mediterranean Basin fire is the most important natural threat to 
forests and wooded areas. Mediterranean countries have a relatively long dry 
season, lasting between one and three months on the French and Italian coasts 
in the north of the Mediterranean, and more than seven months on the Libyan 
and Egyptian coasts to the south. Currently, approximately 50,000 fires burn 
throughout the Mediterranean Basin, and burn over an annual average of 
600,000 hectares; both statistics are at a level twice that of the 1970s. In 
countries where data is continuous since the 1950s, fire occurrence and area 
burned levels have shown large increases since the 1970s in Spain, Italy, and 
Greece. Human-caused fires dominate in the Mediterranean Basin, with only 1-
5% of fires caused by lightning. Arson fires are also quite prevalent. 
 
Paradoxically, the fundamental cause of an increasing vulnerability of the 
vegetation of the Southern European countries bordering the Mediterranean 
Basin is linked to increased standards of living among the local populations 
(Alexandrian et al. 2000). Far-reaching social and economic changes in Western 
Europe have led to a transfer of population from the countryside to the cities, a 
considerable deceleration of the demographic growth, an abandonment of arable 
lands and a disinterest in the forest resource as a source of energy. This has 
resulted in the expansion of wooded areas, erosion of the financial value of the 
wooded lands, a loss of inhabitants with a sense of responsibility for the forest 
with a resultant increase in the amount of available fuel. 
 
 

 
 

Figure 7. Moderate Resolution Imaging Spectroradiometer (MODIS) on 
NASA’s Aqua satellite depicted active fires and smoke during the fire crisis in 
Greece on 25 August 2007. For a series of images and fire reports from 
Greece 2007: See GFMC website at: http://fire,uni-
freiburg.de/current/archive/archive.htm#BALKAN  

 
The demographic, socio-economic and political changes in many countries of 
Southeast Europe and the neighbouring nations on the Balkan have resulted in 
an increase of wildfire occurrence, destabilization of fire management capabilities 



and increased vulnerability of ecosystems and human populations. The main 
reasons for this development include the transition from centrally planned to 
market economies, national to regional conflicts, creation of new nations 
involving political tensions and war, land-use changes, and regional climate 
change towards an increase in the frequency of extreme droughts. New solutions 
are required to address the increasing fire threat on the Balkans. Regional 
cooperation in the Mediterranean Region and the Balkans must address the 
underlying causes of changing fire regimes and a more economic trans-national 
use of fire management resources (Goldammer 2001b). 
 
Concerning the situation in the Mediterranean Region the representatives of the 
Europe, Southeast Europe, Mediterranean North Africa and Caucasus regions at 
the 2007 4th International Wildland fire Conference concluded: 9 
 

- The protection of the environment in Europe, the Mediterranean Basin 
and the Caucasus region cannot be effective without a Regional Strategy 
for Fire Management designed according to the distribution and intensity 
of the danger and developed in cooperation with the public and private 
stakeholders of the Forest Sector. 

- Rural abandonment and decline of the forest economy in the 
Mediterranean Basin is a major concern as climate change may aggravate 
the natural conditions of fire risk. 

- Special attention must be given to fires burning on radioactively 
contaminated lands, by fires on areas with unresolved conflicts and on 
territories with post-war hazards such as land mines and unexploded 
ordnance, as they affect human security and peace in the region  

- Priority is to be given to the prevention of fires caused as a consequence 
of the socio-economic changes in rural areas, and the promotion of the 
participation of the local population. 

- Some issues to be included in this Regional Strategy are: 
 

- Maintenance, improvement and enlarging of the European Forest Fire 
Information System (EFFIS) with standardized procedures for data 
collection and use of remote sensing for quick appraise of large fires 
impacts, as a tool to identify the high risk zones. 

- EFFIS to set a danger prediction network covering all Europe, the 
Mediterranean Basin and the Caucasus. 

- Definition of forest fire risk areas taking into account the fire 
incidence, fuels, value of forests, protected areas, forest-urban 
interfaces and forest ownership. 

- Analysis of forest fire emissions and impacts on human health 
- Studies on the silvicultural condition of woodland areas, including 

forest fuel and biomass maps in coordination with the National Forest 
Inventories. 

- Analysis of socio-economic impacts of fires 
- Studies on fire causes, including the use of fire at the rural areas and 

possible preventive actions in cooperation with the local population. 

                                                 
9 http://www.fire.uni-freiburg.de/sevilla-2007/Session-C-Europe-Report-es.pdf, see also 
the 2005 regional fire assessment for the Mediterranean region and for the Balkans 
(2005): 
http://www.fire.uni-freiburg.de/programmes/un/fao/FAO-Final-12-Regional-Reports-FRA-
2005/WP%20FM08E%20Mediterranean.pdf 
http://www.fire.uni-freiburg.de/programmes/un/fao/FAO-Final-12-Regional-Reports-FRA-
2005/WP%20FM11E%20Balkan.pdf  



- Scientific research programmes addressing the consequences of 
changes of climate, land use and land cover and socioeconomic 
changes on fire regimes, environment and society. 

- Creation and distribution of awareness materials in several 
languages. 

- Programmes of preventive infrastructures: preventive silviculture, 
roads, lookouts, water reservoirs. 

- Joint actions on border areas, where appropriate, such as observation 
and monitoring networks with compatible communication systems 
(considering languages). 

- Promotion of bilateral and multilateral agreements, where 
appropriate, for cooperation in suppression activities, including 
standardized procedures of integration of resources. 

- International training courses 
- Programmes for burned areas restoration, giving priority to the 

surfaces destroyed by large, intense fires, where the environmental 
impact is the greatest. 

 
 

Transition from Temperate Steppes to Boreal Forests: Mongolia 
 
With an area of 1,565,000 square kilometres and a population of 2.3 million, 
Mongolia is one of the least populated countries in the world, yet significant fire 
problems exist there. With an extremely continental climate, poor soil fertility 
and a lack of surface water, wildfires in Mongolia have become a major factor in 
determining the spatial and temporal dynamics of forest ecosystems. Of a total 
of 17 million hectares of forests, 4 million hectares are estimated to be 
disturbed, primarily by fire (95%) and logging (5%). Forests are declining in 
Mongolia as continual degradation by wildfire turns former forests into steppe 
vegetation. The highest fire hazard occurs in the submontane coniferous forests 
of eastern Mongolia, where highly flammable fuels, long droughts, and economic 
activity are most common. In recent years fire activity in Mongolia has increased 
significantly, due to economic activity on lands once highly controlled or 
restricted. In Mongolia, only 50-60 forest fires and 80-100 steppe fires occur 
annually on average. The underlying causes of the majority of wildfires are due 
to the fact that urban people are seeking a livelihood in the forests because of 
the collapse of the industrial sector. During the 1996 to 1998 period, when 
winter and spring seasons were particularly dry, Mongolia experienced large-
scale forest and steppe fires that burned over 26.3 million hectares of forest and 
steppe vegetation, including pasture lands, causing significant losses of life, 
property and infrastructure. The loss of forest land in Mongolia is increasing, with 
severe economic consequences, and a growing realization that a precious 
ecological resource which contains virtually all rivers, protects soils and 
rangelands, and provides essential wildlife habitat is at risk. 10 
 

The Fire Continent Australia: New Vulnerabilities 
 
Australia's fire problems are currently a growing focus of fire managers and 
policy makers in the Australasian region. The continent is facing a dilemma: On 
the one hand Australia's wildlands have evolved with fire and thus are extremely 
well adapted to fire. In the late 1990s more than 345,000 wildfires burned an 
average of ca. 50 million hectares of different vegetation types every year. In 

                                                 
10 See also 2005 regional fire assessment for Central Asia (2005): http://www.fire.uni-
freiburg.de/programmes/un/fao/FAO-Final-12-Regional-Reports-FRA-
2005/WP%20FM16E%20Central%20Asia.pdf  



many of Australia's wildlands frequent fires of moderate intensity and severity 
are important to maintain properties and functioning of ecosystems and to 
reduce the accumulation of highly flammable fuels. Thus, it is generally accepted 
that fire protection (fire exclusion) in Australia's wildlands will lead to fuel 
accumulation and, inevitably, to uncontrollable wildfires of extreme behaviour, 
intensity and severity. These ecosystems need to be burned by natural sources 
or by prescribed fire. 
 
On the other hand there is a trend towards the building of homes and 
infrastructure in the wildlands around Australian cities. This exurban settlement 
trend has created new vulnerabilities and conflicts concerning the use of fire as a 
management tool. The extended wildfires occurring in the Southeast of Australia 
(New South Wales, A.C.T., Victoria) in 2002 and 2003 did not harm the 
vegetation but had a significant impact on  values at risk at the wildland-
residential interface. 11  
 
 
3.1.3 Tropical Rainforests 
 
Fires in tropical evergreen forests, until recently, were considered either 
impossible or inconsequential. In recent decades, due to population growth and 
economic necessity, rainforest conversion to non-sustainable rangeland and 
agricultural systems has proliferated throughout the tropics (Mueller-Dombois 
and Goldammer 1990, UNEP 2002). The slash-and-burn practices involve cutting 
rainforests to harvest valuable timber, and burning the remaining biomass 
repeatedly to permanently convert landscapes into grasslands that flourish for a 
while due to ash fertilization, but eventually are abandoned as non-sustainable, 
or to convert rainforest to valuable plantations. Beyond this intentional 
deforestation there is a further, more recent problem, as wildfires are growing in 
frequency and severity across the tropics. Fires now continually erode 
fragmented rainforest edges and have become an ecological disturbance leading 
to degradation of vast regions of standing forest, with huge ecological, 
environmental, and economic consequences. It is clear that, in tropical rainforest 
environments, selective logging leads to an increased susceptibility of forests to 
fire, and that the problem is most severe in recently logged forests. Small 
clearings associated with selective logging permit rapid desiccation of vegetation 
and soils increase this susceptibility to fire. Droughts triggered by the El Niño-
Southern Oscillation (ENSO) have exacerbated this problem, and were largely 
responsible for significant wildfire disasters in tropical rainforests during the 
1980s and 1990s. 
 
Tropical rainforests cover ~45% of Latin America and the Caribbean. Between 
1980 and 1990, when the first reliable estimates were made, the region lost 
close to 61 million hectares of forest, 6% of the total forested area. During the 
1990-1995 period a further 30 million hectares were lost. The highest rates of 
deforestation occurred in Central America (2.1% per year) but Bolivia, Ecuador, 
Paraguay and Venezuela also had deforestation rates above 1% per year, while 
Brazil lost 15 million hectares of forest between 1988 and 1997. 
 
Landscape fragmentation and land cover change associated with this massive 
deforestation combine to expose more forest to the risk of wildfire, and fires are 
increasing in severity and frequency, resulting in widespread forest degradation. 

                                                 
11 See also 2005 regional fire assessment for Australasia (2005): http://www.fire.uni-
freiburg.de/programmes/un/fao/FAO-Final-12-Regional-Reports-FRA-
2005/WP%20FM13E%20Australasia.pdf  



This change in tropical fire regimes will likely result in the replacement of 
rainforests with less diverse and more fire-tolerant vegetation types. Although 
quantitative area burned estimates are sporadic at best, it is estimated that the 
1997-1998 El Niño-driven wildfires burned more than 20 million hectares in Latin 
America and Southeast Asia. The widespread tropical rainforest wildfires of 1998 
have changed the landscape of Latin America’s tropical evergreen forests by 
damaging vast forested areas adjacent to fire-maintained ecosystems, such that 
fires will likely become more severe in the near future, a fact not yet appreciated 
by resident populations, fire managers, and policy makers. The Latin American 
and Indonesian problems have much in common, and indicate the problems in 
tropical rainforests worldwide. 
 
Smoke pollution from tropical rainforest fires, as is the case in many other fire 
regions of the world, greatly affects the health of humans regionally, with 
countless short- and long-term respiratory and cardiovascular problems resulting 
from the lingering smoke and smog episodes associated with massive wildfires. 
 
The environmental impacts from tropical forest fires range from local to global. 
Local/regional impacts include soil degradation, with increased risks of flooding 
and drought, along with a reduced abundance of wildlife and plants, and an 
increased risk of recurrent fires. Global impacts include the release of large 
amounts of greenhouse gases, a net loss of carbon to the atmosphere, and 
meteorological effects including reduced precipitation and increased lightning. A 
loss of biodiversity and extinction of species is also a major concern. 
 
 

 
 

Figure 8. Deep burn in a converted peat-swamp forest in Sumatra 
(Indonesia) reveals the high amount of organic matter burned and carbon 
released to the atmosphere. Using ground measurements of the burn depth 
of peat, Page et al. (2002) estimated that 0.19–0.23 gigatonnes (Gt) of 
carbon were released to the atmosphere through peat combustion, with a 
further 0.05 Gt released from burning of the overlying vegetation during the 
fire episode in 1997-98. Photo: B. Sanders, GFMC. 

 
The economic costs of tropical forest fires are unknown, largely due to a lack of 
data, but also attributable to the complications of cause and effect: negative 
political implications definitely discourage full disclosure. These can include 
medical costs, transportation disruptions, and timber and erosion losses. They 



can also, in the post-Kyoto era, include lost carbon costs which, in the case of 
the 1998 fires in Latin America, can be crudely estimated at 10-15 billion US 
dollars. 
 
The driving force behind the devastating Indonesian fires of 1982-1983 and 
1997-1998 was droughts associated with ENSO, in combination with the 
exposure of rainforest areas to drought as a result of selective logging. It has 
been estimated that the overall land area affected by the 1982-1983 fires, in 
Borneo alone, was in excess of 5 million hectares. In non-ENSO years fires cover 
15,000-25,000 hectares. The 1997-1998 fire episode exceeded the size and 
impact of the 1982-1983 fires. During 1997 large fires occurred in Sumatra, 
West and Central Kalimantan, and Irian Jaya / Papua New Guinea. In 1998 the 
greatest fire activity occurred in East Kalimantan. In total, the 1997-1998 fires 
covered an estimated area in excess of 9.5 million hectares, with 6.5 million 
hectares burning in Kalimantan alone. These widespread fires, all caused by 
humans involved in land speculation and large-scale forest conversion, caused 
dense haze across Southeast Asia for an extended period. Severe respiratory 
health problems resulted, along with widespread transport disruption, and 
overall costs were estimated at 9.3 billion US dollars. Carbon losses were 
particularly severe due to high levels of fuel consumption, particularly in 
peatlands. 12 
 
 
3.1.4 Southern African Savannas and Grasslands 
 
Fire is a widespread seasonal phenomena in Africa (van Wilgen et al. 1997). 
South of the equator, approximately 168 million hectares burn annually, nearly 
17% of a total land base of 1014 million hectares, accounting for 37% of the dry 
matter burned globally. Savanna burning accounts for 50% of this total, with the 
remainder caused by the burning of fuelwood, agricultural residues, and slash 
from land clearing. Fires are started both by lightning and humans, but the 
relative share of fires caused by human intervention is rapidly increasing. 
Pastoralists use fire to stimulate grass growth for livestock, while subsistence 
agriculturalists use fire to remove unwanted biomass while clearing agricultural 
lands, and to eliminate unused agricultural residues after harvest. In addition, 
fires fuel by wood, charcoal or agricultural residues are the main source of 
domestic energy for cooking and heating. 
 
In most African ecosystems fire is a natural disturbance factor to maintain a 
dynamic equilibrium of vegetation structure and composition, and to nutrient 
recycling and distribution. Nevertheless, substantial unwarranted and 
uncontrolled burning does occur across Africa, and effective actions to limit this 
are necessary to protect life, property, and fire-sensitive natural resources, and 
to reduce the current burden of emissions on the atmosphere with subsequent 
adverse effects on the global climate system and human health. Major problems 
arise at the interface between fire savannas, residential areas, agricultural 

                                                 
12 See also 2005 regional fire assessments for Southeast Asia, South Asia, South America 
and Caribbean / Mesoamerica (2005): 
http://www.fire.uni-freiburg.de/programmes/un/fao/FAO-Final-12-Regional-Reports-FRA-
2005/WP%20FM10E%20South%20East%20Asia.pdf 
http://www.fire.uni-freiburg.de/programmes/un/fao/FAO-Final-12-Regional-Reports-FRA-
2005/WP%20FM10E%20South%20East%20Asia.pdf 
http://www.fire.uni-freiburg.de/programmes/un/fao/FAO-Final-12-Regional-Reports-FRA-
2005/WP%20FM05E%20South%20America.pdf 
http://www.fire.uni-freiburg.de/programmes/un/fao/FAO-Final-12-Regional-Reports-FRA-
2005/WP%20FM12E%20Caribbean&Mesoamerica.pdf 



systems, and those forests which are not adapted to fire. Although estimates of 
the total economic damage of African fires are not available, ecologically and 
economically important resources are being increasingly destroyed by fires 
crossing borders from a fire-adapted to a fire-sensitive environment. Fire is also 
contributing to widespread deforestation in many southern African countries. 
 
Most southern African countries have regulations governing the use and control 
of fire, although these are seldom enforced because of difficulties in punishing 
those responsible. Some forestry and wildlife management agencies within the 
region have the basic infrastructure to detect, prevent and suppress fires, but 
this capability is rapidly breaking down and becoming obsolete. Traditional 
controls on burning in customary lands are now largely ineffective. Fire control is 
also greatly complicated by the fact that fires in Africa occur as hundreds of 
thousands of widely dispersed small events. With continuing population growth 
and a lack of economic development and alternative employment opportunities 
to subsistence agriculture, human pressure on the land is increasing, and 
widespread land transformation is occurring. Outside densely settled farming 
areas, the clearance of woodlands for timber, fuelwood and charcoal production 
is resulting in increased grass production, which in turn encourages intense dry 
season fires that suppress tree regeneration and increase tree mortality. In 
short, the trend is toward more fires. 
 
Budgetary constraints on governments have basically eliminated their capacity to 
regulate from the centre, so there is a trend towards decentralization. However, 
the shortage of resources forcing decentralization means there is little capacity 
for governments to support local resource management initiatives. The result is 
little or no effective management and this problem is compounded by excessive 
sectoralism in many governments, leading to uncoordinated policy development, 
conflicting policies, and a duplication of effort and resources. As a result of these 
failures, community-based natural resource management is now being 
increasingly widely implemented in Africa, with the recognition that local 
management is the appropriate scale at which to address the widespread fire 
problems in Africa. The major challenge is to create an enabling rather than a 
regulatory framework for effective fire management in Africa, but this is not 
currently in place. Community-based natural resource management programs, 
with provisions for fire management through proper infrastructure development, 
must be encouraged. More effective planning could also be achieved through the 
use of currently available remotely sensed satellite products. 
 
These needs must also be considered within the context of a myriad of problems 
facing governments and communities in Africa, including exploding populations 
and health (e.g. the AIDS epidemic). While unwarranted and uncontrolled 
burning may greatly affect at the local scale, it may not yet be sufficiently 
important to warrant the concern of policy makers, and that perception must be 
challenged as a first step towards more deliberate, controlled and responsible 
use of fire in Africa. 13 
 

                                                 
13 See also 2005 regional fire assessment for Subsahara Africa (2005): 
http://www.fire.uni-freiburg.de/programmes/un/fao/FAO-Final-12-Regional-Reports-FRA-
2005/WP%20FM09E%20SubSahara%20Africa.pdf  



 
 

 
 

Figure 9 and 10. Community involvement in fire management (upper) 
and capacity building in fire suppression and prescribed burning are 
important outreach projects conducted by the Global Fire Monitoring 
Center (GFMC) and partners in Africa, Asia and Latin America. Photos 
showing fire management projects in Mozambique and South Africa by 
GFMC. 



  
 
1.4 Fire-Atmosphere Interactions 
 
Research efforts under the Biomass Burning Experiment (BIBEX) of the 
International Geosphere-Biosphere Programme (IGBP), International Global 
Atmospheric Chemistry (IGAC) Project, and a large number of other projects in 
the 1990s were successful in the sampling and quantification of fire emissions, 
and the determination of emission factors for various fuel types. However, global 
and regional emission estimates are still problematic, mostly because of 
uncertainties regarding amounts burned. Most recent estimates indicate that the 
amount of vegetative biomass burned annually is in the magnitude of 9200 
Teragram (dry weight), i.e., 9.2 billion tons (Andreae and Merlet 2001, Andreae 
2002). 
 
Vegetation fires produce a range of emissions that influence the composition and 
functioning of the atmosphere. The fate of carbon contained in fire-emitted 
carbon dioxide (CO2) and other radiatively active trace gases is climatically 
relevant only when there is no regrowth of vegetation - e.g., deforestation or 
degradation of sites. Alternatively, NOx, CO, CH4, and other hydrocarbons are 
ingredients of smog chemistry, contribute to tropospheric ozone formation and 
act as "greenhouse gases", while halogenated hydrocarbons (e.g. CH3Br) have 
considerable impact on stratospheric ozone chemistry and contribute to ozone 
depletion. 
 
Fire-emitted aerosols influence climate directly and indirectly. Direct effects 
include (a) backscattering of sunlight into space, resulting in increased albedo 
and a cooling effect, and (b) absorption of sunlight which leads to cooling of the 
Earth's surface and atmospheric warming. As a consequence convection and 
cloudiness are reduced as well as evaporation from ocean and downwind rainfall. 
The key parameter in these effects is the black carbon content of the aerosol and 
its mixing state. 
 
Indirect effects of pyrogenic aerosols are associated with cloud formation. Fire-
emitted aerosols lead to an increase of Cloud Condensation Nuclei (CCN) that are 
functioning as seed for droplet formation. Given a limited amount of cloud water 
content this results in an increase of the number of small droplets. As a first 
consequence clouds become whiter, reflect more sunlight, thus leading to a 
cooling effect. As a second indirect effect of "overseeding" the overabundance of 
CCN coupled with limited amount of cloud water will reduce the formation of 
droplets that are big enough (radius ~14 µm) to produce rain; consequently 
rainfall is suppressed. In conclusion it can be stated that 

• The fire and atmospheric science community has made considerable 
progress in determining emission factors from vegetation fires 

• Global and regional emission estimates are still problematic, mostly 
because of uncertainties regarding amounts of area and vegetative 
matter burned 

• Fire is a significant driver of climate change (as well as a human 
health risk) 

• Fire, climate, and human actions are highly interactive 
• Some of these interactions may be very costly both economically and 

ecologically 
 



5 Forest Fires, Climate Change and Carbon: The Boreal Forest 
Example 
 
Growing exploitation of the global boreal zone cannot be accomplished without a 
reconciliation, and compromise, with the fact that the boreal forest is dependent 
on periodic natural disturbance (fire, insects, disease) in order to exist (Stocks 
2001, 2004). Forest fire is the dominant disturbance regime in boreal forests, 
and is the primary process which organizes the physical and biological attributes 
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. Human settlement and exploitation of the 
resource-rich boreal zone has been accomplished in conjunction with the 
development of highly efficient forest fire management systems designed to 
detect and suppress unwanted fires quickly and efficiently. Over the past century 
people throughout northern forest ecosystems have, at times somewhat 
uneasily, coexisted with this important natural force, as fire management 
agencies attempted to balance public safety concerns and the industrial and 
recreational use of these forests, with costs and the need for natural forest 
cycling through forest fires. Canadian, Russian, and American fire managers 
have always designated parts of the boreal zone, usually in northern regions, as 
"lower priority" zones that receive little or no fire protection, since fires occurring 
there generally have little or no significant detrimental impact on public safety 
and forest values. 
 
While humans have had some influence on the extent and impact of boreal fires, 
fire still dominates as a disturbance regime in the boreal biome, with an 
estimated 5-20 million hectares burning annually in this region. Canada and 
Alaska, despite progressive fire management programs, still regularly experience 
significant, resource-stretching fire problems, with 2-8 million hectares, on 
average, burning annually. In contrast, Scandinavian countries do not seem to 
have major large fire problems, probably due to the easy access resulting from 
intensive forest management over virtually all of the forested area of these 
countries. Russian fire statistics are available over the past four decades but, 
until recent years, these statistics are considered very unreliable. However, 
based on recent remote sensing data, it appears that the annual area burned in 
Russia can vary between 2 and 15 million hectares/year. 
 
Boreal forest fires are, most often, crown fires - high-intensity events that 
combine high spread rates with significant levels of fuel consumption to generate 
significant fire intensity and energy release rates. When sustained over an 
extended afternoon burning period each day, this results in the development of 
towering convection columns reaching the upper troposphere/lower 
stratosphere, with significant long-range transport potential. 
 
Recent Intergovernmental Panel on Climate Change (IPCC) reports have 
emphasized the fact that climate change is a current reality, and that significant 
impacts can be expected, particularly at northern latitudes, for many decades 
ahead. Model projections of future climate, at both broad and regional scales, 
are consistent in this regard. An increase in boreal forest fire numbers and 
severity, as a result of a warming climate with increased convective activity, is 
expected to be an early and significant consequence of climate change. 
Increased lightning and lightning fire occurrence is expected under a warming 
climate. Fire seasons are expected to be longer, with an increase in the severity 
and extent of the extreme fire danger conditions that drive major forest fire 
events. Increased forest fire activity and severity will result in shorter fire return 
intervals, a shift in forest age class distribution towards younger stands, and a 
resultant decrease in terrestrial carbon storage in the boreal zone. Increased fire 



activity will also likely produce a positive feedback to climate change, and will 
drive vegetation shifting at northern latitudes. The boreal zone is estimated to 
contain 35-40% of global terrestrial carbon, and any increase in the frequency 
and severity of boreal fires will release carbon to the atmosphere at a faster rate 
than it can be re-sequestered. This would have global implications, and must be 
considered in post-Kyoto climate change negotiations. 
 
Increased protection of boreal forests from fire is not a valid option at this time. 
Fire management agencies are currently operating a maximum efficiency, 
controlling unwanted fires quite effectively. There is a law of diminishing effects 
at work here though, as increasing efficiency would require huge increases in 
infrastructure and resources. While it is physically and economically impossible 
to further reduce the area burned by boreal fires, it is also not ecologically 
desirable, as fire plays a major and vital role in boreal ecosystem structure and 
maintenance. Given these facts, it would appear that, if the climate changes as 
expected over the next century, northern forest managers will have to constantly 
adapt to increasing fire activity. The likely result would be a change in protection 
policies to protect more valuable resources, while permitting more natural fire at 
a landscape scale. 
 
 

 
 

Figure 11. Global carbon monoxide (CO) concentrations in the northern 
hemispheric summer of 2004 depicted by the MOPITT sensor. A record fire 
season in Alaska in 2004 spread smoke across the Northern Hemisphere and 
elevated CO levels across North America and Europe. Red indicates high 
concentrations, while yellow indicates low concentrations. The high levels over 
China are caused by industrial and urban pollution. The high CO concentrations 
in Sub-Saharan Africa are generated by savanna fires. The Alaskan fires 
released approximately 30 tg (teragrams – 1 tg = 1 million metric tons) of CO 
(for comparison of global estimates – see section 4) [NASA Earth Observatory, 
2006]. Source: Goldammer et al. (2007). 

 
 
6 Fire Emissions and Human Health 
 
Smoke from burning of vegetative matter contains a large and diverse number of 
chemicals, many of which have been associated with adverse health impacts 
(Goh et al. 1999, Statheropoulos and Goldammer 2007, Goldammer et al. 
2007). Nearly 200 distinct organic compounds have been identified in wood 
smoke aerosol, including volatile organic compounds and polycyclic aromatic 
hydrocarbons. Available data indicate high concentrations of inhalable particulate 
matter in the smoke of vegetation fires. Since particulate matter produced by 
incomplete combustion of biomass are mainly less than 1 micrometers in 
aerodynamic diameter, both PM10 and PM2.5 (particles smaller than 2.5 



micrometers in aerodynamic diameter) concentrations increase during air 
pollution episodes caused by vegetation fires. Carbon monoxide and free radicals 
may well play a decisive role in health effects of people who live and/or work 
close to the fires. 
 
Inhalable and thoracic-suspended particles move further down into the lower 
respiratory airways, can remain there for a longer period of time, leaving 
deposits. The potential for health impacts in an exposed population depends on 
individual factors such as age and the pre-existence of respiratory and 
cardiovascular diseases and infections, and on particle size. Gaseous compounds 
adsorbed or absorbed by particles can play a role in long-term health effects 
(cancer) but short-term health effects are essentially determined through 
particle size. Quantitative assessment of health impacts of air pollution 
associated with vegetation fires in developing countries is often limited by the 
availability of baseline morbidity and mortality information. Air pollutant data are 
of relatively higher availability and quality but sometimes even these data are 
not available or reliable. 
 
Vegetation fire smoke sometimes overlies urban air pollution, and exposure 
levels are intermediate between ambient air pollution and indoor air pollution 
from domestic cooking and heating. Because the effects of fire events are 
nation- and region-wide, a “natural” disaster can evolve into a more complex 
emergency, both through population movement and through its effects on the 
economy and security of the affected countries. The fire and smog episodes in 
South East Asia during the El Niño of 1997-98, in the Far East of the Russian 
Federation in 1998, and again in Moscow Region in 2002, are striking examples. 
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Figure 12 (left). Satellite scene of Western Russia on 4 September 2002. The heat 
signatures of the peat and forest fires are given in red colour. The smoke plumes (light 
blue haze) stretch from Western Russia to Belarus, Poland and the Baltic Sea. Figure 13 
(right). Smoke transport from fires (marked in red) in northern China (top left) and 
south-eastern Russia (right) on 15 October 2004, causing considerable impacts on human 
health in the Far East of the Russian Federation (cf. Figure 14). Source: True colour 
image by Moderate-Resolution Imaging Spectroradiometer (MODIS), resolution 2 km. 
 



 

 
 

Figure 14. VFS pollution in Khabarovsk, Far East of the Russian Federation 
caused by forest and peat fires in NE China / Far East of the Russian 
Federation (18 October 2004). Photo: L. Kondrashov, Pacific Forest Forum. 
Source: Goldammer et al. (2007). 

 
The World Health Organization (WHO), in collaboration with the United Nations 
Environmental Programme (UNEP) and the World Meteorological Organization 
(WMO), has issued comprehensive guidelines for Governments and responsible 
authorities on actions to be taken when their population is exposed to smoke 
from fires (Schwela et al. 1999). The Guidelines give insights into acute and 
chronic health effects of air pollution due to biomass burning, advice on effective 
public communications and mitigation measures, and guidance for assessing the 
health impacts of vegetation fires. They also provide measures on how to reduce 
the burden of mortality and preventable disability suffered particularly by the 
poor, and on the development and implementation of an early air pollution 
warning system (Statheropoulos and Goldammer 2007). 
 
 
7 Global Observation and Monitoring of Wildland Fires 
 
From the changing role of fire in the different vegetation zones described above 
it can be concluded that fire management is becoming increasingly important 
with respect to global issues of resource management, disaster reduction and 
global change. With this increasing importance comes the need for a concerted 
effort to put in place the international global observation and monitoring systems 
needed to give early warning and identify disastrous fire events, inform policy 
making and to support sustainable resource management and global change 
research (Justice 2001). The observation systems will need to include both 
ground based and space based monitoring components. Advances in information 
technology now make it easier to collect and share data necessary for 
emergency response and environmental management. Current satellite assets 



are under-utilized for operational monitoring and fire monitoring falls largely in 
the research domain. Increasing attention needs to be given to data availability, 
data continuity, data access and how the data are being used to provide useful 
information. 
 
There is no standard in-situ measurement/reporting system and national 
reporting is too variable and inadequate to provide a regional or global 
assessment. It is also often hard to relate the satellite and in-situ data reporting. 
Reliable information is needed to inform policy and decision making, and 
management policies should be developed based in part on a scientific 
understanding of their likely impacts. Fora are needed for exchange of 
information on monitoring methods, use of appropriate technology, policy and 
management options and solutions. A continued and informed evaluation of 
existing monitoring systems, and a clear articulation of monitoring requirements 
and operational prototyping of improved methods, is also required. 
 
The Global Observation of Land Dynamics (GOLD) project, a part of the Global 
Terrestrial Observing System (GTOS), is designed to provide such a forum. 
GOLD was formerly known as the Global Observation of Forest Cover (GOFC) 
project but has been expanded to include non-forested areas. The GTOS, which 
is sponsored by the International Global Observing System Partners, has its 
Secretariat at the FAO in Rome. The GOLD Program is an international 
coordination mechanism to enhance the use of earth-observation information for 
policy and natural resource management. It is intended to link data producers to 
data users, to identify gaps and overlaps in observational programmes and 
recommend solutions. The program will provide validated information products, 
promote common standards and methods for data generation and product 
validation and stimulate advances in the management and distribution of large 
volume datasets. Overall it is intended to advance our ability to obtain and use 
environmental information on fires and secure the long-term observation and 
monitoring systems. 
 
The Design Phase for GOLD is now moving into implementation. GOLD has three 
implementation teams: fire, land cover and biophysical characterization. The 
principal role of GOLD is to act as a coordinating mechanism for national and 
regional activities. To achieve its goals GOLD has developed a number of 
regional networks of fire data providers, data brokers and data users. These 
networks of resource managers and scientists provide the key to sustained 
capability for improving the observing systems and ensuring that the data are 
being used effectively. GOLD regional networks are being implemented through 
a series of regional workshops. These regional network workshops are used to 
engage the user community to address regional concerns and issues, provide a 
strong voice for regional needs and foster lateral transfer of technology and 
methods within and between regions. Networks are currently being developed in 
Central and Southern Africa, Southeast Asia, Russia and the Far East and South 
America. 
 
The GOLD-Fire program has a number of stated goals:  
 
• To increase user awareness by providing an improved understanding of 

the utility of satellite fire products for resource management and policy 
within the United Nations and at regional national and local levels. 

• To encourage the development and testing of standard methods for fire 
danger rating suited to different ecosystems and to enhance current fire 
early warning systems. 

• To establish an operational network of fire validation sites and protocols, 
providing accuracy assessment for operational products and a test bed for 



new or enhanced products, leading to standard products of known 
accuracy. 

• To enhance fire product use and access for example by developing 
operational multi-source fire and GIS data and making these available 
over the Internet. 

• To develop an operational global geostationary fire network providing 
observations of active fires in near real time. 

• To establish operational polar orbiters with fire monitoring capability. 
Providing a) operational moderate resolution long-term global fire 
products to meet user requirements and distributed ground stations 
providing enhanced regional products These products should include fire 
danger, fuel moisture content, active fire, burned area and fire emissions. 
b) operational high resolution data acquisition allowing fire monitoring 
and post-fire assessments. 

• To create emissions product suites, developed and implemented providing 
annual and near real-time emissions estimates with available input data. 

 
It is particularly important to improve the quality, scope, and utility of GOFC-Fire 
inputs to the various user communities through: 
 
• gaining a better understanding of the range of users of fire data, their 

needs for information, how they might use such information if it was 
available, and with what other data sets such information might be 
linked; 

• increasing the awareness of users with respect to the potential utility of 
satellite products for global change research, fire policy, planning and 
management; and 

• based on ongoing interaction with representatives of the various user 
communities developing enhanced products. 

 
 
8 The Way Forward 
 
Periods of severe drought were common during the 1990s, and devastating 
wildfires occurred in almost all regions of the world with wide-ranging and long-
term impacts on ecosystem sustainability, regional economies and environments, 
and on human health. The resulting widespread public, media and political 
attention focused on these wildfires caused decision-makers and resource 
management agencies to concentrate on this growing problem, and to develop 
policies and practices to reduce the flammability and vulnerability of wild land 
ecosystems in the future. 
 
The challenge is the development of 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. Such a challenge clearly has major 
technical, social, economic and political elements. In developing countries, 
improved forest and land management techniques are essential to minimize the 
risk of uncontrolled fires, and appropriate fire prevention and control strategies 
must be developed and implemented quickly or ongoing wildfire problems will 
continue. Enhanced early warning systems for assessing fire hazard and risk are 
also essential, along with improvements in regional capacity and infrastructure 
to use satellite data quickly. This must be coupled with technologies and 
programs that permit rapid detection and response to fires. 
 
Policy-makers are beginning to realize that continued emphasis only on 
emergency response will do nothing to prevent large and damaging wildfires in 
future years. Emergency preparedness and response programs must be coupled 



with better land use policies and practices. Actively working towards sustainable 
forestry practices with community-level involvement is a critical strategy for 
better conservation of natural resources and reduced wildfire impacts. 
 
A better understanding by policy-makers and the general public of the ecological, 
environmental, socio-cultural, land-use, and public health issues surrounding 
vegetation fires is also critical. The potential for greater international and 
regional cooperation in sharing information and resources to promote more 
effective fire management must be explored and implemented. The traditional 
approach of dealing with wildland fires exclusively under the traditional fire-
exclusion schemes must be replaced by an inter-sectoral and interdisciplinary 
approach. The devastating effects of increasing wildfires are an expression of 
demographic growth, land-use and land-use change, the socio-cultural 
implications of globalisation, and climate variability. Thus, integrated programs 
and strategies must be developed to address the wildfire problem at its roots, 
while at the same time creating an enabling environment where appropriate 
tools are developed so that policymakers can become proactive in dealing with 
wildfire. 
 
 
12 Conclusions: Policy and Wildland Fire Science 
 
The 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 developing 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 achieved. In addition, enhanced 
early warning systems for assessing fire hazard and estimating risk are 
necessary, along with the improvements in regional capacity and infrastructure 
to use satellite data. This must be coupled with technologies and programs that 
permit rapid detection and response to fires. 
 
A better 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. The potential for greater international 
and regional co-operation in sharing information and resources to promote more 
effective fire management also needs to be explored. The recent efforts of many 
UN programmes 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 to United Nations 
Framework Convention on Climate Change, the 2002 World Summit for 
Sustainable Development (WSSD) and the UN International Strategy for Disaster 
Reduction (ISDR), 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. 
 
Finally, 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. The 
devastating effects of many wildfires are an expression of demographic growth, 



land-use and land-use changes, the socio-cultural implications of globalisation, 
and climate variability. Thus, integrated strategies and programmes 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? Back in the early 
1990s the first major inter-disciplinary and international research programmes, 
including inter-continental fire-atmosphere research campaigns such as the 
Southern Tropical Atlantic Regional Experiment (STARE) with the Southern Africa 
Fire-Atmosphere Research Initiative (SAFARI) in the early 1990s (JGR 1996), 
clearly paved the way to develop visions and models for a comprehensive 
science of the biosphere.14  At the beginning of the 3rd 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 little 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? 
 
The regional analyses provided in this paper reveal that environmental 
destabilization by fire is obviously accelerating. This 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. 
 
This trend, however, is not inevitable. There are opportunities to do something 
about global fire because – unlike the majority of the geological and hydro-
meteorological 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 is 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? 
 

                                                 
14 For a compendium of links to major international fire and fire-related research 
campaigns, see the IGAC BIBEX website (http://www.dionysos.mpch-
mainz.mpg.de/bibex) and a recent special issue of Integrated Land Ecosystem Atmosphere 
Processes Study (ILEAPS) Newsletter 4 (2008) at http://www.atm.helsinki.fi/ileaps.  



From the perspective of the author 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. 
 
This implies that scientific focus has to be shifted. The fire domain for a long 
time has been governed by inter-disciplinary 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. The 
new fire science in the third millennium must be application-oriented and 
understood by policy makers. 
 
This recommendation was reflected by the establishment of a dedicated Working 
Group on Wildland Fire of the United Nations. The Working Group operated in 
support of the Inter-Agency Task Force for Disaster Reduction of the United 
Nations International Strategy for Disaster Reduction (ISDR) and brought 
together an international consortium of UN agencies and programmes, 
representatives from natural sciences, humanities, fire management agencies 
and non-government organizations (ISDR 2001). The terms of reference of this 
group is, among other, to advise policy makers at national to international levels 
in the reduction of the negative effects of fire in the environment, in support of 
sustainable management of the Earth system. The result of the activities of the 
working group, which terminated in 2003, was a transition to a major global 
networking activity – the ISDR Global Wildland Fire Network (GWFN) – facilitated 
through the ISDR Wildland Fire Advisory Group (WFAG) and its Secretariat, the 
Global Fire Monitoring Center (GFMC 2003), and supported by the science 
community. 
 
The UN Working Group also intended to develop a proposal for internationally 
acceptable criteria, with common procedures and guidelines, for the collection of 
data on fires in a consistent manner, with the intention of compiling accurate 
estimates of wildland fire globally that can be used by various user communities 
locally, nationally, regionally and globally. 
 
In 2003 the International Wildland Fire Summit recommended principles and 
procedures for international cooperation in fire management. Furthermore, the 
summit recommended international dialogue through the Regional Wildland Fire 
Networks organized under GWFN and coordinated by the WFAG.15  In May 2004 
the GFMC, FAO, UNISDR and GOFC/GOLD (Global Observation of Forest and 
Land Cover Dynamics) drafted a paper “Framework for the Development of an 
International Wildland Fire Accord”. 16 
 
Regional consultations in 2004 recommended the development of informal 
partnerships, joint projects and formal agreements between government and 
non-governmental institutions that were essential to enable nations to develop 
sustainable fire management capabilities. In 2004 the Food and Agriculture 
Organization of the United Nations (FAO) and the Wildland Fire Advisory Group / 
Global Wildland Fire Network proposed the development of an International 
Wildland Fire Accord to the FAO Ministerial Meeting on Forests and the 17th 
Session of the FAO Committee on Forestry, March 2005 (COFO 2005). Both the 

                                                 
15 http://www.fire.uni-freiburg.de/summit-2003/introduction.htm  
16 http://www.fire.uni-freiburg.de/GlobalNetworks/Global-Wildland-Fire-Framework-12-
April-2005.pdf  



Ministerial Meeting and COFO 2005 called upon FAO, in collaboration with 
countries and other international partners, including the UNISDR, to develop a 
strategy to enhance international cooperation on wildland fires, that advances 
knowledge, increases access to information and resources and explores new 
approaches for cooperation at all levels, and to develop voluntary guidelines on 
the prevention, suppression and recovery from forest fire. 17 
 
In response, FAO convened a technical core group of international fire specialists 
in March 2006 and held an international expert consultation in Madrid in May 
2006 to consider drafts of the Strategy to Enhance International Cooperation in 
Fire Management and the Voluntary Guidelines. The international experts agreed 
upon a framework outlined in Figure 15. 
 
 

 
 

Figure 15. The Components of the Strategy to Enhance International 
Cooperation in Fire Management 

 
The Strategy to Enhance International Cooperation in Fire Management is built 
upon four pillars: 
 

• Principles and Strategic Actions as detailed in the Voluntary Guidelines 
(Status: Final Draft developed after public international stakeholder 
consultations and acknowledged by FAO COFO-18 in March 2007; 
published) 

• Implementation Partnership (Status: “Actions Alliance” launched at the 4t 
International Wildland Fire Conference, aimed to (a) review and update 
the Guidelines based on implementation experiences; (b) encourage 
stakeholders at all levels to adopt and use the Guidelines; (c) review 
experiences from applying the Guidelines; and (d) strengthen 
international cooperation in fire management); 

                                                 
17 Documents of the FAO Ministerial meeting and the 17th Session of COFO are available 
on www.fao.org/forestry/site/26480/en and www.fao.org/forestry/site/2960/en 



• Global Assessment of Fire Management (Status: published and presented 
at FAO COFO-18, March 2007); and 

• Review of International Cooperation (Status: published and presented at 
FAO COFO-18, March 2007) 

 
The Review of International Cooperation constitutes a preliminary review of the 
current international actors, roles and objectives and sketches the potential 
synergies for a more coordinated approach to future international cooperation in 
fire management. Furthermore the report outlines priority activities 
methodologies, tools and standards that need to be addressed to enhance 
international cooperation in fire management (Figure 16). 
 

 
 
Figure 16. Overview of actors (agencies, programmes, networks, mechanisms) which are 
actually cooperating or could be called upon for more active, coordinated and synergistic 
action to serve countries in improving fire management capabilities, including 
implementation of conventions binding under international law, or voluntary action such 
as the implementation of the Fire Management Guidelines. 
 
 
In May 2007 the 4th International Wildland Fire Conference was convened in 
Sevilla, Spain. The conference was held under the auspices of the United Nations 
International Strategy for Disaster Reduction (UNISDR), the Food and 
Agriculture Organization of the United Nations (FAO) and the European 
Commission and hosted by the Government of Spain and the Regional 
Government of Andalusia. The conference brought together 1531 participants 
from 88 countries from throughout the world, representing government 
organizations and civil society from all regions of the world, the United Nations 
and other international organizations. 
 
The participants of the 4th International Wildland Fire Conference presented the 
state-of-the art in fire science, fire management and fire management training in 
all continents. The FAO and partners presented progress in the development of a 



Strategy to Enhance International Cooperation in Fire Management, requested 
by the Ministerial Meeting in 2005. During the Conference, and as part of the 
Strategy, the Fire Management Actions Alliance was launched to promote, 
implement and update the Voluntary Guidelines. Fire management specialists, 
many of them organized and cooperating in Regional Wildland Fire Networks, 
reported the state of the fire situation in their home countries and in the 13 
regions. With reference to the global developments impacting on the fire 
situation in the regions of the world, the national and regional analyses of the 
fire situation and a self-assessment of fire management capabilities, the 
representatives of the Regional Wildland Fire Networks and the participants of 
the joint regional sessions released a statement which is provided in the Annex. 
The statement reflects the intent of the international community to address the 
challenges of changing fire regimes and threats to sustainable management of 
vegetation resources globally. 
 
The contribution of global wildland fire science 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) and the UN Forum of Forests (UNFF). The wildland fire 
community must also search for efficient, internationally-agreed-upon solutions to 
respond to wildland fire disasters through international cooperative efforts. The 
formulation of initiatives on global conferences and summits or through a UN 
General Assembly resolution for efficient and timely interaction of the 
international community is urgently required. 
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ANNEX 
 
 
 
 
 
 
 
 
 
 
4th International Wildland Fire Conference  
Sevilla, 17 May 2007 
 

Conference Statement 
As agreed by the Representatives of 13 Regional Wildland Fire 

Networks and Participants of the Joint Regional Sessions 
 

The 4th International Wildland Fire Conference was held in Sevilla, Spain, 14-17 
May 2007. The conference was held under the auspices of the United Nations 
International Strategy for Disaster Reduction (UNISDR), the Food and 
Agriculture Organization of the United Nations (FAO) and the European 
Commission and hosted by the Government of Spain and the Regional 
Government of Andalusia. The conference brought together 1531 participants 
from 88 countries from throughout the world, representing government 
organizations and civil society from all regions of the world, the United Nations 
and other international organizations. 
 
The participants of the 4th International Wildland Fire Conference presented the 
state-of-the art in fire science, fire management and fire management training in 
all continents. A commercial exhibition provided insight in innovative fire 
management technologies, including fire detection, monitoring, suppression, and 
firefighters and public health and safety. A number of organizations and 
international associations involved in the wildland fire arena held side meetings 
and recommended enhancing the international dialogue.  
 
The FAO and partners presented progress in the development of a Strategy to 
Enhance International Cooperation in Fire Management, requested by the 
Ministerial Meeting in 2005. The Strategy is being progressed through a multi-
stakeholder process and includes a Global Assessment of Fire Management, a 
Review of International Cooperation and Fire Management Voluntary Guidelines. 
During the Conference, and as part of the Strategy, the Fire Management 
Actions Alliance was launched to promote, implement and update the Voluntary 
Guidelines. At the time of the launching event 35 partners – national agencies, 
universities and international organizations – had signed up to the Alliance. 
 
Fire management specialists, many of them organized and cooperating in 
Regional Wildland Fire Networks, reported the state of the fire situation in their 
home countries and in the 13 regions. With reference to the global developments 
impacting on the fire situation in the regions of the world, the national and 
regional analyses of the fire situation and a self-assessment of fire management 
capabilities, the representatives of the Regional Wildland Fire Networks and the 
participants of the joint regional sessions recognized the global issues impacting 
on fire occurrence and the consequences of fire on the environment and humans 
in the regions of the world, notably the 
 

 



• Demographic changes resulting in alterations of sustainable fire regimes, 
e.g. the consequences of rural exodus or – vice-versa – exurban 
migrations, coupled with a loss of traditional, sustainable land-use 
systems; 

• Widespread poverty associated with unemployment, exurban migrations 
and land tenure conflicts and resulting in increasing human-caused fires; 

• Land-use change involving increasing fire use for conversion of 
vegetation, notably in the tropics, and expansion of land use to fire-
sensitive lands, e.g., peatlands, drained or otherwise desiccating 
wetlands, and other fire-sensitive vegetation; 

• Increasing costs of fire suppression; 
• Expansion of the wildland-urban interface in some countries and 

increasing vulnerabilities and greater exposure of rural settlements to 
increasing occurrence of severely damaging fires; 

• Consequences of, and the contribution to, climate change, resulting in 
increasing occurrence of extreme droughts in most regions, desiccation of 
wetlands, thawing of permafrost sites, and a general trend of increasing 
area burned, fire intensity, fire severity, and longer fire seasons; 

• Human health and security threatened by increasing wildfire activity and 
land-use fires causing release of a greater amount of pollutants and 
resulting in greater public exposure to hazardous emissions, including 
transboundary transport of fire smoke pollution at regional to global 
levels; 

• Human security and peace threatened by fires burning on radioactively 
contaminated lands, by fires on areas with unresolved conflicts, and on 
territories with post-war hazards such as landmines and unexploded 
ordnance. 

 
Being cognizant of the global issues, as listed above, the representatives of the 
Regional Wildland Fire Networks and the participants of the joint regional 
sessions agreed to the need to develop synergies through coordinated and 
collective action to address the most pressing problems related to fire 
management globally. Further the conference participants recommend that: 
 

• The international wildland fire community pursue the development of a 
global-scale international resource sharing strategy to assist countries 
with fire management planning activities (including prescribed fire for 
ecological purposes and fuels management), and active support during 
periods of wildland fire; 

• The FAO promote the global adoption of Incident Command System (ICS) 
including the publishing of an annual list of countries which have 
implemented ICS; 

• Regional strategies for fire management be developed and designed to 
the specific needs of regions; 

• An international framework for fire management standards be developed 
and regional wildland fire training be supported, especially to meet the 
needs for capacity building in developing countries; 

• Scientific research programmes addressing the consequences of changes 
of climate, land use and land cover, and socio-economic changes on fire 
regimes, environment and society must be supported at all levels; 

• The Strategy to Enhance International Cooperation in Wildland Fire 
Management and the implementation of the Fire Management Voluntary 
Guidelines be encouraged and endorsed; 

• Agencies and groups be encouraged to participate in the Fire 
Management Actions Alliance in support of their adoption of the Voluntary 
Guidelines; 



• The UNISDR Global Wildland Fire Network, the Regional Wildland Fire 
Networks and the Secretariat of the global network, the Global Fire 
Monitoring Center (GFMC), be supported by national agencies and 
international donors aimed at fostering international cooperation in fire 
management, including collecting and disseminating fire information, 
arranging and enhancing international policy dialogue, and supporting 
projects; 

• A series of Regional Consultations tentatively addressing “Global Change 
and Wildland Fire: Regional Solutions for Fire Management” – be held 
globally, within the next 1-2 years, to progress the global issues that are 
impacting people, resources and livelihoods; 

• The 2nd International Wildland Fire Summit – tentatively addressing 
“Global Change and Wildland Fire: Fire Management Solutions for 
Mitigation and Adaptation” – be held within the next 2 to 4 years under 
the auspices of the United Nations and partners. 

 
The conference participants thanked the organizers and hosts of the conference 
for bringing together the international community responsible for wildland fire 
management. The participants welcomed the offer of South Africa to host the 5th 
International Wildland Fire Conference, tentatively in 2011. 
 
 


