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Latin America and the Caribbean is 

home to 40% of the world's 

biodiversity and 12% of the total 

arable land area. It contains 80% of 

the world's biomes, 22% of the 

world's forest cover and 30% of the 

world's available freshwater 

resources. 

Brazil, Colombia, Ecuador, Mexico, 
Peru and Venezuela are among the 
seventeen "megadiverse" countries in 
the world, accounting for 70% of 
global biodiversity. 
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Density of accumulated active fires

Figure 12.3. Pattern of occurrence and distribution of accumulated active fires recorded by MODIS (FIRMS, 2019) between 2003 and 2018 in 
RIOCC countries. Source: compiled by the authors.

agency, or representativeness of the wildfire data. In other 
cases certain countries, such as Paraguay, Ecuador, Peru, 
and Andorra, do not have any official record of the incidence 
of fires in their territories (Table 12.1 of the Annex). 

This reveals the fundamental importance of developing a 
reliable, systematic and coherent monitoring system among 
all RIOCC countries in order to promptly address adaptive 
measures that allow for managing fire risks and their im-
pacts in the region. While the record of active fires does 
not provide as complete information as the records of areas 
burned, it does provide alerts and detects areas and types 
of vegetation most affected by fire activity. Also, as shown 
in Figure 12.6, there is a significant correlation between the 
number of active fires and the areas affected by fire in RIOCC 
countries, therefore the use of this free information provided 
by NASA (FIRMS, 2019) could be an initial step in aiding the 
monitoring actions of countries that have greater technolog-
ical limitations and less access to funds, or in validating the 
records of burned areas from incipient monitoring programs. 

In terms of vegetation type, tropical and subtropical savan-
nas appear to be one of the ecosystems most affected by 
fire, both globally and in Mexico, Central and South America 

(Shlisky et al., 2007). These ecosystems cover approximately 
26.9 M km2, representing 8-10% of the global savanna biome, 
and 16% of the continent’s total area (Grace et al., 2006; Chu-
vieco et al., 2008). It is also estimated that between 15 and 
27% of global greenhouse gas emissions come from the burn-
ing of South American savannas (Schultz et al., 2008; Van der 
Werf et al., 2010). Figure 12.7 confirms this trend in Brazil’s 
ecosystems, where savannas (Brazilian cerrado) represent the 
largest recorded area of fire by remote sensing (INPE, 2019). 

12.1.2.2. Temporal trends of wildfires in 
RIOCC countries

Despite increased wildfires risk due to climate-related and fire 
governance reasons, the estimated global area burned observed 
by remote sensing has decreased by 24.3 ± 8.8% in the last 
two decades (Andela et al., 2017). According to these studies, 
agricultural expansion and intensification, especially in savanna 
areas, were the main drivers of the drop in fire activity. However, 
the same publication reported that fire models were unable to 
reproduce the pattern and magnitude of observed declines in 
fire activity. Additionally, during the same period of study, these 
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Current levels of fire incidence in the region are high to very high, with 
more than 40 million hectares burned annually, representing 7%-14% of 
the area burned worldwide. 

Bilbao et al. 2020

What	are	the	current	
fire	incidence	in	the	
Latin-American	

region?	



Monthly count of hot spots of active fires for South America, from 2011 to 2020. Data source:
INPE/Queimadas. The red arrows denote the months in which hot spots of active fires in 2020 peaked,
relative to the time series since 2011.

Trend of cumulative fires and hot spots in the period December-February 2017 to 2020 for 
South American Protected Areas

Anderson et al. 2020

Anderson et al. 2020



The Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC)
published in 2013 and endorsed in the 6th edition 2021 (IPCC AR6 WGI), identified
several climate trends that have the potential to influence the fire climate:

What	is	the	effect	of	climate	change	in	the	region?	

- Global increases in average temperature.
- Global increases in the frequency, intensity and/or extent of heat waves. 
- Regional increases in the frequency, duration and intensity of drought.



Land use changes, expansion of the agricultural-livestock
frontier and climate change (main cause of mega-fires
particularly in tropical and subtropical systems in LAC).



In response, most countries adopted ‘zero-fire’ policies intended 
to exclude and control virtually any fires
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Vilá, 2003; Baeza et al., 2007), even more so in a changing 
climate (see also Karavani et al., 2018). Given the important 
interaction between climate and vegetation that determines 
fire activity, an alteration of the vegetation cover in the Med-
iterranean area due to climate change is expected. Some 
studies point to the transition from the current fire regime in 
Mediterranean areas to a type of regime more characteristic 
of semi-arid areas, where the scarcity of vegetation (fuels) 
reduce fire hazard (Batllori et al., 2013; Pausas and Ribeiro, 
2013).

In Mexico and Central America, the use of fire has been iden-
tified as the main trigger for deforestation. Thus, a large part 
of the changes in land cover and deforestation experienced 
in the region in final decades of the last century involved 
fire as a premeditated tool for the elimination of vegetation 
(Dunbar-Irwin and Safford, 2016; Rivera-Huerta et al., 2016). 
In Mexico, several studies show that deforestation is caused 
by anthropogenic causes; fires alone contributed with 8,839 
to 36,263 ha of deforestation per year during 2013-2018 
period, considering their intensity and severity (Gerencia de 
Manejo del Fuego-CONAFOR, 2018). The accumulated area 
of 113,501 ha in the 2013-2018 period can be considered 
as the contribution of fires to deforestation.

Pine and oak forests are found in northeastern Mexico, and 
these species present adaptations that allow them to tolerate 
very frequent, low severity fires. In these forests—and their 
forest relatives in the southwestern United States—the prob-
lem is the reverse, where fire suppression can lead to high 
fuel loads and high tree densities. Under these conditions, 

ignition during extreme weather conditions can cause high 
severity wildfires, placing the sustainability of ecosystems at 
risk. Lastly, the existing chaparral in Baja California is subject 
to frequent burns and low-magnitude fires, in contrast to the 
large and less frequent fires on the other side of the border 
in the U.S. (Minnich, 1983).

12.2.2. Hurricanes as a cause of 
vulnerability to wildfire

Not all causes of vulnerability to fire are associated with 
anthropogenic action. The occurrence of hurricanes and ex-
treme storms in the Caribbean region affects natural vegeta-
tion as consequence of the action of the wind which uproots 
large trees, thus increasing the volume of fuels in the fol-
lowing dry season (Rodríguez-Trejo et al., 2011). This is the 
case of Cuba, a country frequently affected by hurricanes 
and storms of significant magnitude. 

12.2.3. Land-use change 
The occurrence and extent of fires and associated vulnera-
bility are linked to the dynamic interactions between climate 
and human action on landscapes in the Mediterranean Basin, 
including the effect of fire history itself (Viedma et al., 2006; 
Fernandes et al., 2014). During the second half of the 20th 
century, Mediterranean Europe has undergone socio-econom-
ic changes where the abandonment of rural areas has led to 
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Figure 12.12. Risk drivers for the incidence of wildfires in RIOCC countries. Source: compiled by the authors.

Bilbao et al. 2020 Wildfires.	In:	Adaptation	to	
Climate	Change	Risks	in	Ibero-American	
Countries- RIOCCADAPT	Report.



A new fire governance based on adaptation measures is urgently needed to avoid a "state of no 
return" of affected natural and rural areas in the region and to reduce the large climatic 

migrations, morbidity and economic losses caused by catastrophic fires. 
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fire use due to human causes (Goldammer, 2013; Pereira 
et al., 2013; Magrin et al., 2014; Fernandes et al., 2016a; 
GFMC, 2016; IUFRO, 2018). The paradigm of the possible 
is well-illustrated by the Australian wildfires of 2020, where 
the extent of the area burned in certain biomes exceeds 
anything observed thus far (Boer et al., 2020). The rise in 
average temperatures, along with longer-term and more in-
tense droughts and other climatic anomalies, such as the 
sequence of El Niño/La Niña events, have increased accumu-
lation of dry biomass and vegetation combustibility, favoring 
the occurrence and spread of megafires in the region that are 
difficult to control (Kitzberger et al., 2001; Jiménez-Muñoz et 
al., 2016; Aragão et al., 2018; Fidelis et al., 2018). These 
new wildfire regime dynamics have severe impacts on eco-
systems and biodiversity, causing the emission of particles 
and greenhouse gases that affect the health and safety of 
populations and socio-economic activities in those areas im-
pacted by wildfires (Hardesty et al., 2005; Cochrane, 2009; 
Van der Werf et al., 2010; Bowman et al., 2017).

Although fire suppression and firefighting methods have con-
tributed to control or in some cases reduce the incidence and 

spread of wildfires at local level (Brotons et al., 2013; Urbieta 
et al., 2019), these methods are increasingly limited and in-
effective in controlling and combatting “megafires”, especial-
ly when applied in isolation. This fact increases risks of mate-
rial and environmental costs and loss of human lives, both for 
wildfire firefighters and for the inhabitants of affected areas 
(Moritz et al., 2014; Fernandes et al., 2016b). Some RIOCC 
countries are already implementing fire management plans 
with a participatory, intercultural and integrative approach, 
involving multiple stakeholders and scientific, institutional 
and local community knowledge. These strategies accumu-
late lessons that will allow for formulating comprehensive 
and adaptive new policies of fire management and fire risks 
reduction in the region (Figure 12.1). Several of these initia-
tives will be described throughout this chapter, with examples 
provided in more detail in the case studies section.

As for the origin of fires, natural causes (such as lightning, vol-
canic eruptions, earthquakes, the presence of certain types 
of minerals in the soil that concentrate the sun’s rays) occur 
much less frequently than anthropogenic causes, which are 
currently considered the main cause of ignition in terrestrial 
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Figure 12.1. Conceptual framework of this chapter describing the transition states of ecosystems in natural and rural areas affected by wildfires and 
their interaction with climate change, as well as the effect of adaptation measures and comprehensive fire management. Source: compiled by the 
authors.

Bilbao et al. 2020 Wildfires.	In:	Adaptation	to	Climate	Change	Risks	in	Ibero-American	Countries- RIOCCADAPT	Report.



What can the alternative be?
 

Can catastrophic wildfires be avoided under 
climatic change conditions where fire-prone and 

fire-sensitive ecosystems coexist? 

Can fire be managed in coexistence with local 
populations who rely on it for subsistence 

practices? 

HOW CAN WE ACQUIRE THIS KNOWLEDGE?



In pre-Columbian America, fire 
enabled the domestication of 
plants and forests.

• Remnants of ash and charcoal fertilised the soil, producing the Terra Preta 
de Índio (TPI or dark earth) in the Amazon Basin. 

• In tropical areas with nutrient-poor and heavily washed soils, fire improved 
the fertility of conucos (agricultural plots) used for a few years and then left 
to rest, forming fertile brown soils. 

• Increasing the availability of light in the understorey (by reducing the 
abundance of competing plants) and promoting the growth of agriculturally 
useful light- and nutrient-demanding species (e.g. chillies and palms).

• Selection of fire-tolerant and adapted species, 
• Changes in forest species composition. 

Mann, 2002. Science 297: 920-922



After the arrival of the 
Europeans in the Americas, 
some Indigenous practices 
of fire and land use were 
interrupted and replaced by 
those brought by the 
colonisers.



FAO y FILAC. 2021. Los pueblos indígenas y tribales y la gobernanza de los bosques. 
WEF 2020, citado por Aldunce, P. et al. 2020: Informe RIOCCADAPT. [Moreno, J.M. et al., eds.].

830 peoples
45-60 M inhab

400 M ha

Today, Latin America is home to the largest 
diversity of Indigenous Peoples in the world, 
and their population is growing

(CEPAL, 2014).



Satellite images of Rondônia in western Brazil, taken in 1975 (left) and 
2009 (right). NASA. Images of Change

Satellite images of Boca do Acre, western Brazil, 
showing a conserved Indigenous Territory (top) 
and a forest degraded by illegal logging (bottom). 
Courtesy of Liana Anderson & Teule Lemos, 2021.

Indigenous lands protect 
the environment

However,	Indigenous	peoples'	
participation	in	policymaking	
and	management	of	their	own	
territories	is	very	limited.	



The experiences from 
Canaima National Park, 

Venezuela

30.000 km2



CONUCO –SWIDDEN 
AGRICULTURE (Forest)

The use of fire for shifting agriculture (conucos)  and hunting 
is a common practice by Pemón Indigenous peoples and 

constitutes the main subsistence activities. 
HUNTING 

(savanna-forest borders)
FISHING

(forest-savanna/river)



MAIN OBJECTIVE:

TO PROTECT THE HIGH BASIN OF CARONI RIVER 

TO EXTINGUISH THE FIRE BEFORE TO ENTER THE FOREST 

Fire exclusion has been the main fire management strategy
adopted by government agencies and park administrators.

However, in spite of carrying out enormous fire
suppression efforts, only 13% of total fires are
extinguished, partly due to the great extension of the area
and to the high number of fires (Gómez et al., 2000;
EDELCA, 2004).

"Todd Carlos Initial Attack Brigade", 
(CORPOELEC-EDELCA)

INPARQUES Forest Firefighters
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To summarize, the heterogeneous conditions generated by fire behavior 
variability could lead to a variety of grassland environments as regards the 
amount of biomass (176-1271 g m-2), live/dead ratios (0.36-3.60) and 
biodiversity (species abundance and composition, data not shown) produced 
by the exposure to burning over time in different areas. 

Fire suppression leads to an increase in dry 
fuel loading predisposing to high intensity 

fires!  

Increase of dead fuel Increase of fuel load

Bilbao et al. 2009, 2010, 2019



chop and mulch

Savanna vegetation could support the creation of
a mosaic of patches with different fire histories
that could be used as firewalls, reducing the risk
of hazardous wildfires, mainly in the vulnerable
and diverse savanna-forest transitions. This
technique is referred to as patch mosaic burning
(PMB).

This technique imitates ancient practices employed for
centuries by the Pemon people through the cooperative
burning of savannas in the use of fire for the sustainable
management of the savanna–forest boundaries

Bilbao et al. 2009, 2010, 2021



These studies generated an alternative discourse about fire that allows us
to see beyond the apparent forest-destructive behavior of the Pemon.

Our scientific knowledge supports ancestral knowledge of Pemon and 
opened possibilities for a new approach for fire management in the 

Canaima National Park where

CONCLUSION

"Traditional Pemón approach is to fight fire with fire"

This contrasts with fire exclusion strategy adopted by 
government agencies at CNP

Fire exclusion conducts to fuel accumulation so the risk of 
hazardous fires could increase! 



Intercultural and participatory
fire management in CNP

Pemón Indigenous 
Community

To negotiate, to 
support

Government AgenciesResearchers

Talent Training & 
Capacity Building

Knowledge Exchange

TOWARDS A LEGITIMATE AND SUSTAINABLE 
ENVIRONMENTAL FIRE MANAGEMENT POLICY

ACTION-RESEARCH APPROACH



• Dialogue between Indigenous communities, 
scientists and institutions.

• Greater respect and valorisation for 
Indigenous knowledge by scientists and 
institutions.

• Greater confidence and trust in institutions by 
Indigenous peoples.

• Commitment by institutions to include 
Indigenous knowledge and participation 
within fire management plans.

ADVANCES

Fire fighting and 
suppression

Integrated and 
participatory fire 

management



The articulation of traditional and scientific knowledge is a 
promising strategy for the formulation of effective fire 

management policies in the CNP that could be more successful 
for forest conservation and climate change mitigation as well 

as the conservation of Indigenous cultural integrity.  



Workshop	"Designing	action	plans	on	climate	change:	Integrating	local	indigenous	perspectives	with	
academia	and	institutions	in	Canaima	National	Park".	IVIC,	Caracas,	Venezuela.	January	2017.

“… ‘Look, son, do not go ahead of me.’ Why 
did the old wise man say that? Because if on 
the journey one goes ahead, you are more 
likely to trip up. There could be an animal, 
there could be a snake or a spider that bites 
you. But don’t go behind me either. If you 
do, you won’t be able to see what I am 
seeing, as I am in front of you. So, one has 
to be very careful. That is why our 
grandparents said that we must walk 
together hand in hand. In that way we both 
can see what is ahead and we won’t trip up. 
This is my advice to the institutions, academy 
and government - let’s all hold on to grab 
each other to walk together, so no-one trips 
up…”

Valeriano Constati
President	of	the	Council	of	
Elders	and	natural	leader	of	
the	Kavanayen Indigenous	
Community	for	more	than	

20	years.	

Wakiperamán! Gracias!!


