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Uncertain sources Fate of Anthropogenic CO2 Emissions

Source: Paulo Brando, Mongabay, NASA

Harmonizing the C cycle from regional to global
The complex tropical forest mosaic 
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First indications of the importance of Amazon forest degradation
By analyzing data on deforestation and satellite fires from the Brazilian Amazon, we show that the occurrence of fires increased by 59% 
of the area that has suffered a reduction in deforestation rates. Differences in fire frequencies in two land use gradients (extensive and 
intensive) reveal that fire-free land management can substantially reduce the incidence of fires by up to 69%.



Matricardi et al. 2020. Science

10 years later the progress of forest degradation over the Amazon is 
confirmed



NASA-MODIS 14/08/2019

A total of 17% of 
tropical moist 
forests have 
disappeared since 
1990 with a 
remaining area of 
1071 million 
hectares in 2019, 
from which 10% 
are degraded

C. Vancutsem,…,Aragão et al. Science Advances 2021

Tropical forest change at 30m spatial resolution



Plot Network - FATE (Fire-Associated Transient Emissions)

A field perspective of burned forest dynamics



Measuring forest dynamics in fire affected areas



Recovery of these forests are annulated by tree mortality
Over the 30 yr time period, gross emissions from combustion during the fire and subsequent tree mortality and decomposition were equivalent to 126.1 Mg CO2 ha−1 of which 73% 

(92.4 Mg CO2 ha−1) resulted from mortality and decomposition. These emissions were only partially offset by forest growth, with an estimated CO2 uptake of 45.0 Mg ha−1over the same 
time period (1.5 Mg ha-1 CO2 year-1).

Net carbon balance of burned forests

Pontes, PRS-B, 2021Silva et al.  Environmental Research Letters2020



Forests affected by fire have biomass levels 24.8+6.9% below the 
biomass value of unburned control plots after 31 years.

Forest biomass after fire stabilizes at lower biomass levels
than undisturbed forests

Time since fire event (years)



Queimadas e Incêncios florestais. Campanharo,.., Aragão et al. 2021. Capítulo 8 - Padrões e impactos dos incêndios florestais nos biomas brasileiros

Accounting for forest fires at large-scale



Defining deforestation and degradation types from the 
satellite perspective

A e B: Desmatamento

C: Desmatamento por degradação sucessiva não é 
degradação é desmatamento

Clear-cut deforestation Deforestation by successive degradation Fire degradation



NASA-MODIS 14/08/2019

Forest fires contribute, on average, 31±21% of gross emissions from deforestation. These fire emissions exceed 50% 
during dry years (2005, 2007, 2010 and 2015)

Aragão et al. Nature Communications (2018)

Forest fires committed carbon emissions increases 
with drought

Drought footprint (rainfall anomalies x SST pixel-based correlation)

Passive-microwave rainfall data - IMERG 
Research-level product (intercalibrated TRMM-

GPM data)



NASA-MODIS 14/08/2019Pessoa A. C. PhD Thesis (2022)

Human-related drivers of fires in the Amazon

Aragão & Shimabukuro. Science (2010)

Agricultural technification reduces the incidence of firePopulation density defines maximum fire potential



Maeda,..., Aragão et al.  (2020) PNAS

Local climate responds differently to distinct landscape 
configurations and land uses



Silva-Junior,..., Aragão et al.  (2022) Fire

Climate and fragmentation exacerbates fire 
occurrence in Amazonia



Drivers of fires in the Amazon

Landscape configuration leads to opposite trends in fire 
impact in Amazonia end Cerrado biomes



Silva-Junior, Aragão et al. Science Advances (2020)

Responsible for about 37% of gross committed emissions from deforestation
(Morphological Spatial Pattern Analysis)

Indirect deforestation effect

Forest edge degradation






Degraded

Borneo 4.3 (91)

Amazon 2.18 (154)

Atlantic 0.86 (59)

Congo 1.79 (149)

Recovery of degraded forests

Heinrich et al. In preparation

Mg C ha-1 year-1



The secondary forest carbon sink

• Stand secondary forests in Brazil by 2018 were responsible for an uptake of 835 Tg
C during the 33 years analyze, assuming the neotropical average uptake (3.05Mg C 
ha-1 yr-1), offseting only 12% of carbon emissions from deforestation in the 
Brazilian Amazon alone (6,740 Tg C). 



Impact of disturbances on the secondary 
forest carbon sink



• Spatially explicit map of average C 
changes on 0.1° scale between 2016 
and 2017

• Gains from existing forests and new 
growing forests: 28 TgC

• Losses between 2016-2017: -16TgC
• Net change: 12TgC
• Estimated AGC stock for 2017: 

294Tg C
• Potential AGC stored with no 

disturbance: 320 Tg C

Carbon sink could have been up to 
8% higher if no secondary forests 
experienced any disturbance

Avoiding secondary forest disturbances



Logging

Final remarks
• Human-driven disturbances and consequent forest degradation is a cumulative process, 

which may dominate Amazonian landscape in the future, changing ignitions sources, 
surface properties, climate and fire patterns.

• Degradation affects the C budget by increasing emissions, reducing C sequestration or 
both.

• Improving our understanding on the net additive effect of degradation on the Amazonian 
C budget is needed not only for reducing global uncertainty on terrestrial sources and 
sinks, but also for increasing the capacity of tropical countries to explore emergent forest 
emission reduction funding mechanisms. 

• Reducing emissions from forest degradation and restoring forest cover (reducing 
fragmentation, improving climate and sequestering C) must be a global priority for tackling 
climate change and the loss of essential forest services.
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