
Dr. Polyanna da Conceição Bispo

Senior Lecturer in Physical Geography

Department of Geography, University of Manchester

Overview on Deforestation and Forest 

Degradation in the Amazon



2001 2005 2008 2013 2014

B.Sc. M.Sc. PhD Post-Doc Post-Doc Int. 
Research Fellow

Post-Doctoral Research 
Fellow

Experience

20182016

Marie Curie Advanced 
Research FellowPost-Doc



Senior Lecturer in 
Physical Geography

Experience

Lecturer Physical 
Geography

2023Dec 2019



01

02

03

Biodiversity

Forest 

Structure

Carbon

Fieldwork

Earth 

Observation

Data Analyses  

Machine Learning

Deep Learning 



The world has total forest cover of 4.06 billion hectares, of which 1.8 billion hectares (or 45%) is 

tropical forest (FAO, 2020, pp. 1)



Estimation: 1,053 species account for half of the planet's 800 billion tropical forest trees. The other half are comprised of 46,000 

tree species. The number of rare species is extreme, with the rarest 39,500 species accounting for just 10% of trees (Slik et al 2015).



Earth Observation for Tropical Forest Structure Analysis and Disturbance 

Monitoring



https://www.theguardian.com/global-development/2024/oct/02/south-america-wildfire-smoke-deforestation-drought



When the antropogenic disturbance start?

Source: https://education.nationalgeographic.org/resource/global-human-journey/

Homo Sapiens Migration



Since The Age of the Discovery the tropical forests have
been explored intensely

“While we were walking in this forest to cut wood, some parrots passed through these trees, green and brown, large and small, so that it 

seems to me that there will be many in this land.” (Pero Vaz de Caminha)





Tropical Forest: Natural and Antropogenic Disturbances



Tropical Forest Natural Disturbances



Espírito-Santo et al. "Size and 

frequency of natural forest 

disturbances and the Amazon forest 

carbon balance." Nature 

communications 5, no. 1 (2014): 1-6.



That  study investigates the role of natural forest disturbances in the Amazon on carbon balance. 

Key findings include:

• Small-scale disturbances dominate biomass loss in the Amazon, contributing about 1.28 Pg 

C per year, primarily from mortality events smaller than 0.1 ha, while larger blow-down events 

account for a much smaller portion (0.003 Pg C per year).

• Intermediate disturbances also contribute to carbon loss but are outweighed by biomass 

accumulation through tree growth, suggesting that the Amazon forest remains a carbon sink 

• (this study is from 2014).

• Using a combination of forest inventory, airborne lidar, and satellite remote sensing, the study 

reveals that even when accounting for disturbances of all scales, the Amazon's carbon sink 

potential persists, as net biomass gain surpasses carbon losses from natural disturbances.

• This analysis supports the conclusion that large-scale disturbances are infrequent and that 

the Amazon's carbon balance remains positive, reaffirming its role as a significant carbon sink 

in the global climate system (in 2024 Amazon is considering carbon source)
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Old-growth Atlantic Rain Forest in background, with second-growth in foreground in Bahai, Brazil. (Wayt Thomas Photo)

Rainforest Recovery after Natural Disturbances
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Ecological Sucession



Time 1 Time 2

Disturbance: 

spatial/temporal 

variability
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Tropical Forest Ecological Sucession

Bispo et al. "Mapping forest successional stages in the Brazilian 

Amazon using forest heights derived from TanDEM-X SAR 

interferometry." Remote Sensing of Environment 232 (2019): 

111194.



Tropical Forest Antropogenic 
Disturbances



Trans-Amazonian Highway, BR 230 (1972)









• This study reveals that Amazonia, particularly the eastern region, is 

shifting from a carbon sink to a carbon source due to intensified 

deforestation, increased dry-season intensity, and higher fire 

occurrences. 

• Aircraft-based measurements from 2010 to 2018 show that southeastern 

Amazonia has the highest carbon emissions, exacerbated by human 

activities and climate trends. 

• The east, which has experienced substantial warming and moisture 

stress, is more prone to carbon losses, while the western Amazon 

remains closer to a carbon-neutral or sink state.

• These findings highlight the impact of deforestation and climate change 

on Amazonia’s carbon budget, indicating potential long-term implications 

for global climate stability.



https://www.bbc.co.uk/news/science-environment-51300515

Deforestation/

Clear Cut

A degraded forest is the result of a process of 

degradation which negatively affects the structural 

and functional characteristics of that forest



Degradation
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Forest fires around the world from May 1-10 2014. 

Credit:Jacques Descloitres/NASA





Deforestation

© Greenpeace / Daniel Beltrá



Deforestation







• The study underscores the Amazon's vulnerability to a tipping point,

risking large-scale collapse due to compounded stressors like

climate warming, deforestation, droughts, and fires.

• Key findings indicate that by 2050, 10-47% of the Amazon could

face disturbances severe enough to trigger ecosystem transitions.

• Three possible future trajectories for the forest—degraded, open-

canopy, or white-sand savanna ecosystems—highlight distinct

feedbacks that exacerbate ecosystem degradation.

• To prevent collapse, the study emphasizes reducing deforestation,

expanding restoration, and curbing global greenhouse emissions,

which are essential for maintaining the Amazon's resilience and

mitigating regional climate impacts.



© Miguel Monteiro

Drought



https://enso-monitor.onrender.com/ :  The data are from the Fonte Boa, AM, gauging station. The site updates daily with data from ANA (National 

Water and Basic Sanitation Agency). 

https://enso-monitor.onrender.com/


Oct 31st 2021 – 14.06m Oct 28th 2020 – 11.83m 



Oct 31st 2021 – 14.06m 



Oct 22nd 2022 – 10.66m 



Oct 29th 2023 – 9.84m 



Oct 18th 2024 – 7.22m 



Yang, Z., and F. Dominguez, 2019: Investigating Land Surface Effects on the Moisture 

Transport over South America with a Moisture Tagging Model. J. Climate.



https://terrabrasilis.dpi.inpe.br/app/dashboard/deforestation/biomes/amazon/increments

https://terrabrasilis.dpi.inpe.br/app/dashboard/deforestation/biomes/amazon/increments
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Clerici et al. 2020. Deforestation in Colombian protected areas increased during post-conflict periods. Scientific reports, 10(1), pp.1-10.



Tropical Forests and Climate Change

• Tropical forests contain about 25% of the world’s carbon, and other forest regions of the

world add another 20% of the world’s carbon. In just the Amazon basin, studies estimate that 

forests contain 90-140 billion tons of carbon, which could be equivalent to 9-14 decades of 

human carbon emissions.

• Previous statements by the IPCC (Intergovernmental Panel on Climate Change) estimated 

tropical deforestation and land use change to contribute about 20% of global carbon 

emissions, although more recent studies have placed this percentage closer to 10%.

• REDD+ (or REDD-plus) refers to "reducing emissions from deforestation and forest 

degradation" in developing countries, and the role of conservation, sustainable 

management of forests, and enhancement of forest carbon s©tGorecenkpesacien/ Ddaneievl Beelltorá ping 

countries“.

• At the smaller level, forests affect local climate patterns; trees transpire water, so 

deforestation can reduce rainfall and contribute to desertification.

• At the global level, increased carbon could potentially benefit forest growth in a

“fertilization” scenario, but climate change could also result in a rise in temperatures and

increased water stress, causing a decrease in forest growth.

• Studies in the Amazon basin predicts a “dieback” scenario, where a rise in temperature 

corresponds with a 10-20% reduction in rainfall, followed by change from forest ecosystems 

to savanna ecosystems.





Polyanna da Conceição Bispo, UK-PI within the “Amazon +10 Initiative: Research Expeditions to the Amazon” Her project involves the funding agencies
UKRI (UK), SNSF (Switzerland), FAPESP (Brazil), FAPESPA (Brazil), FAPEAM (Brazil), FAPERR (Brazil), and CNPq (Brazil). Total funding: £1,972,651.43 (with
the UKRI component funding £999,726.00). More than 40 scientists and 10 Quilombola leaders

Amazonian BioTechQuilombo - Amazonian Biodiversity, 

Technology Assessment, and Knowledge Exchange with 

Quilombos



One of the main question in Earth Sciences 

• Collaboration with Quilombola communities to analyse biodiversity 

data gaps in Amazonian region.

• We aim to develop automated systems for community based 

biodiversity measurement, involving Quilombola communities 

throughout all the research process. 

• Specific objectives include promoting conservation, strengthening 

relationships, empowering communities, and enhancing research 

capabilities

Amazonian BioTechQuilombo



(A) Study sites of the expeditions: 1. Quilombola community of Gurupá (PA); 2.Quilombola community of Oriximiná (PA); 3.

Quilombola community of Novo Airão (AM);and 4. Traditional community of Entre Rios (RR). The background represents

the average research probability across all organism groups and habitat types (Carvalho et al., 2023); (B)Study sites of the

expeditions on the boundaries of endemic zones (the currently accepted Areas of Endemism classification of the Amazon,

depicted here, was proposed by Cracraft (1985)and subsequently modified by Silva et al. (2002), Naka (2011) and Borges

& Silva (2012).





https://www.youtube.com/watch?v=pCjFWTp2J_k

https://www.youtube.com/watch?v=pCjFWTp2J_k


Thank you!

Dr. Polyanna da Conceição Bispo

Senior Lecturer in Physical Geography

Department of Geography, University of Manchester

Email: polyanna.bispo@manchester.ac.uk

Twitter:@polybispo

Twitter: @rsategroup

Linkedin: Polyanna Bispo
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