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Potential
solutions for a 

system in crisis

Complexity and 
diversity

Multiple and interrelated crises
The fate of tropical ecosystems is central to 

the solution to the global crises

• They represent a large component of the global 
carbon cycle and are critical elements of the 
global climate system.

• It is also home to a notable biological and cultural 
diversity.
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Global Context

– Feeding 9–10 billion 
people by 2050

– Preventing dangerous 
climate change

Two of the greatest 
challenges facing humanity:

Both challenges must be met while 
reducing the impact of land 
management on ecosystem services.
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Limiting global warming to 1.5°C

• Transitions in global and regional land use in all pathways
• But, their scale depends on the pursued mitigation portfolio. 
• Transitions in Model pathways :
Non-pasture agricultural 
land for food and feed crops

Pasture land to be converted in 
agricultural land for energy crops

Changes in 
forest cover
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Such large transitions pose profound challenges for sustainable 
management

Land cover 
Land use change

Ecosystem services

Biodiversity
Livelihoods

Sustainable Development

Food and water security
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Two components of the global crises
Biodiversity decline

Climate change

• Interrelated and cannot be tackled 
separately.

• Brazil
• Significant global relevant environmental 

assets:
• Biodiversity and carbon 
• Opportunities in a new development 

agenda.
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Biodiversity hotspots in 
Latin America and the
Caribbean

Brazilian Cerrado
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South American and
the two largest

Brazilian biomes
Amazônia

Cerrado

Caatinga

Mata Atlantica

Pampas

Pantanal

Brazilian Cerrado – facing many challenges...
Water resources

Carbon stocks

Biodiversity

Social diversity

Changes in fire regime

Grain production

Meat production

Grain Production

Bioenergy expansion
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Deforestation 
in the Cerrado

Main driver= 
agricultural expansion 
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Brazilian Cerrado

Grasses Shrubs Trees

Mosaic of different vegetation types:
•grasslands with scattered trees (campos)
•tree and scrub savanna (cerrado s.s) 
•dry, closed canopy forest (cerradão).

Slide M. Ferreira 10



Ecological aspects and 
carbon allocation

Seasonal distribution
of rainfall

Wet season = 90% of
annual precipitation

Soils =
Low fertility
Very deep

Occurrence of 
natural fires 

Conservation of C and 
nutrients = Slow decay of 

organic matter

Plants – high allocation in 
belowground biomass

Root/Shoot ratio = ~ 2.6 - 7.7
11



Impacts of deforestation - from local to global...

Replacement of native systems 
with heterogeneous canopy and 
deep roots by:

Grasses or annual crops with 
homogeneous canopy and shallow 
roots

Changes in fire regime – more 
frequent fires , changes in 
vegetation structure
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Cerrado Land use 
2018

56%

Native vegetation

~28Mha

Susceptible to
legal conversion

Fonte: Projeto MapBiomas v. 4 (2018) e Guidotti et al. (2017). Sustentabilidade em Debate. Imaflora, n. 5.
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How do land use and land cover (LULC) change alter 
land surface temperature (LST) and evapotranspiration
(ET) in the Brazilian Cerrado?
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Change in 
Evapotranspiration 
and Land surface 
temperature as a 

function of fractional 
change in land cover 

for the Cerrado
biome  - 2006-2019

Rodrigues et al. no prelo



The accumulated effect of
historical LULC change
altered regional climate:
 reducing annual ET by 

10%,
 increasing temperature to 

0.9ºC,
 and created hotspots of 

reduced ET and 
increased LST

Rodrigues et al. no prelo 16



MATOPIBA region
Hotspots of ET loss and LST increase

Matopiba - comprising the states of Maranhão, Tocantins, Piauí and Bahia

Set a record in the 
concentration of 
deforestation in the 
Cerrado - between 
August 2020 and 
July 2021, 61.3% 
(5227.32 km²) of 
the deforestation 
were concentrated 
in the region.

Rodrigues et al. no prelo 17



The accumulated effect of
historical LULC change
altered regional climate:
 reducing annual ET by 

10%,
 increasing temperature in 

0.9ºC,
 and created hotspots of 

reduced ET and 
increased LST

As a result:
• Agriculture may not be viable in 

the short term
• Water provision to other biomes 

(e.g.Pantanal wetland) may be 
compromised and fire frequency 
may increase

• Regional/local effects will 
overlap with global climate 
change  and intensify warming
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What are the potential implications of future land 
use scenarios on climate?

?
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Change in ET and LST under three contrasting scenarios of future 
LULC change in the Brazilian Cerrado

Cerrado Recovering
Zero deforestation and restoration

Cerrado Struggling
Legal deforestation
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Cerrado Collapse
Accelarating legal and ilegal
deforestation
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Projected land cover change based on three future scenarios 
and resulting impact on ET and LST relative to current baseline. 
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		Scenario

		Description

		Vegetation loss (-) or gain (+) (Mha)

		ET loss (-) or gain (+) (km³)

		LST warming (+) or cooling (-) (℃)



		Cerrado Collapse

		Accelerating legal and illegal deforestation

		-63.6 

		-170.6

		+0.68



		Cerrado Struggling

		Carrying out all legal deforestation

		-28.4

		-59.4

		+0.31



		Cerrado Recovering

		Achieving zero deforestation and restoration (of illegally deforested areas)

		+5.2

		+8.1

		-0.06









Land use and climate change – Impacts on
biodiversity

• Cerrado – last 50 years = intense 
habitat fragmentation

• Barrier for species migration

Habitat loss + Climate Change + few
protected areas =

Significant changes in species
distribution and abundance
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Landscape strategies for the Cerrado
Northern part

Protection of
last large remnants of native

vegetation

Southern part

Restoration of degraded 
areas 
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Benefits of restoration of degraded areas

Restoration of 
degraded areas: 

water resources, 
biodiversity 
conservation, regional 
climate stability, 
reduce deforestation 
pressures 
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© Claudinei Santos/LAPIG

Pastures 2018 Degraded Patures

28%

Fonte: Projeto MapBiomas v. 4 (2018) e Santos et al. (em elaboração).  

Cerrado has a restoration demand of 20 Mha
= around 10% of the biome’s area and 35% of 
its pasture areas. 
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Oportunities: How to prioritize 
restoration demands in degraded 

pastures? 

Degraded pastures

© Claudinei Santos/LAPIG

Prioritizing areas for 
restoration that 
represent:
• Gains in 

biodiversity and 
ecosystem 
services, 

• Reduction of 
conflicts with 
agricultural 
production in the 
Cerrado.

Schuler and Bustamante, no prelo 26



• Layers:
• biodiversity distribution, and 

hydrography, 
• ecosystem services (water 

yield and carbon 
distribution),

• agricultural suitability for 
soybean

• potential of natural 
regeneration in pastures 

• Premises:
• Agricultural suitability for soybeans 

was used as a potential conflict layer, 
i.e. areas with higher suitability will 
present significant barriers for restoration. 

• Potential of natural regeneration of 
Cerrado vegetation in pastures to identify 
areas where the native vegetation can 
be restored with lower costs. 
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• Areas with high suitability for 
soybean expansion over 
pastures comprise 16Mha -
this would allow doubling the 
planted area.

• However, there is an overlap 
with areas showing a greater 
and more equal representation 
of all biodiversity groups and 
ecosystem services.

• Well-planned land policies to 
reduce the conflicts between 
agriculture expansion and 
ecological restoration for the 
use of pastures in the Cerrado. 

Areas with accumulation of 
features (biodiversity, water, 
carbon)

Areas with high suitability for 
soybean

Schuler and Bustamante, no prelo 28



Vulnerability of lndigenous Peoples and Local 
Communities

Pressures agricultural expansion and intensification, 
and climate change
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Biodiversity corridors

168 municipalities

Mapping traditional communities in the Cerrado
Use of natural resources: Data from the literature, public institutions and civil society organizations

“Central de Matopiba” (MA, TO, 
PI, BA);
“Veadeiros - Pouso Alto -
Kalungas” (TO, GO);
“Sertão Veredas - Peruaçu” 
(BA, MG);
“Mirador - Mesas” (MA, TO, PI).Alencar et al. 

submitted 30



53%

23%

6%

4%
3% 3% 2% 2% 4%

Quilombola
Fundo e Fecho de Pasto
Vazanteira
Geraizeira
Agroextrativista
Brejeira
Pesqueira
Quilombola/Ribeirinha
Outras

Mapeamento das comunidades tradicionais no Cerrado
Produção Técnica

 636 traditional
communities

 108 municipalities

Fonte: Secretaria de Promoção da Igualdade Racial/BA

Quilombola

Fonte: girodenotícias.com

Pesqueira

Fonte: Jesus Carlos

Fundo de Fecho e Pasto

Mapping traditional communities in the Cerrado
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Connection 
between social 
and biological 

diversity 

The use of plants 
by Traditional 
Peoples and 
Communities:

The 704 plant species found in our literature 
review represent the biome's rich array of biological 
diversity. 

• Communities use native species for economic 
and subsistence uses (including seeds, fruits, 
and roots).

• The diversity of species available is strongly tied 
to the presence of natural areas that are well 
conserved.

• The loss of native vegetation thus implies 
the loss of useful plant species, adding yet 
another stressor for already vulnerable 
communities.

Alencar et al. submitted 32



Location of communities based 
on official data (black dots) 
compared with communities 
mapped through partners, 
secondary data, and regional 
workshops (green dots). 

Labels indicate the total number 
of communities identified in 
each corridor. 

Darker areas (yellow/brown 
shading) denote municipalities 
where participatory workshops 
occurred.

Expanding the mapping

Alencar et al. submitted 33



Tô no Mapa is an application 
developed for Brazilian peoples, 
traditional communities, and family 
farmers to map their territories.

Accessible, free tool, built from the 
dialogue between several 
communities and social organizations.

Initiative of the Amazon Environmental Research Institute (IPAM) 
together with the Institute for Society, Population and Nature (ISPN), 
with support from the Cerrado Network.
https://tonomapa.org.br/
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• Additional political tool to:
• support the demands for 

unrecognized territorial rights.
• generate a spatial database on 

traditional territories
• fill the gap in official data
• support the development of public 

policies and other initiatives 
promoted by social movements, 
networks, and organizations.

https://tonomapa.org.br/ 35



Number of conflicts reported by the 91 
communities registered on the app

https://tonomapa.org.br/
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Photo: Panoramio, 2012

Sustainability 
is no longer an 
option but an 
imperative for 
the Cerrado

But, there are  significant socio-
economic, institutional, 

technological, financing and 
barriers 
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Concluding 
remarks

• Need to involve the 
private sector:

• Highest mean area of 
rural property in Brazil

1.3 million privately-run 
rural properties

Adequate strategies to 
implement restoration 
efforts

• Demands of public policies:

• Need to recognize and 
respect territories of 
traditional communities

• Expand and improve the 
management of the network 
of protected areas 
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Thank you!
Mercedes Bustamante

mercedes@unb.br

Funding:

Institutions:
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