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Amazon forest change

Background

(Qin et al., 2020)
Carbon assimilation Carbon release 

Deforestation, forest degradation, wildfires
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Background

Water vapor and energy transport in the Amazon Basin as an engine of global atmospheric circulation

After deforestation

Elevated hot and dry air 

reduces downward 

mixing of water supplies 

from the tropical Atlantic 

that normally moisten the 

Amazon forests 

Deforestation reduces 

rainfall downstream, 

leading to frequent 

droughts in the rainforest 

and non-rainforest areas 

to the south.

(Xu et al., 2022) 3Credit: WWF



Amazon rainforest: One of the nine Tipping points

Tipping point: the point at which a series of small 

changes or incidents becomes significant enough to 

cause a significant, sometimes unstoppable effect.

Background
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when deforestation slows the 

hydrological cycle sufficiently 

that tropical forest ecosystems 

cannot be sustained 

(Lenton et al., 2019)



Background

June, 2022—High-Level Dialogue on Global Development

“Establishing the Global Network for Sustainable Forest

Management to promote ecosystem conservation and forest

economy” to foster a global development partnership for the

new era to jointly implement the 2030 Agenda for

sustainable development.

May, 2022—8th BRICS Environment Ministers Meeting

The BRICS High-level Meeting on Climate Change aims to

jointly address climate change, explore approaches to

accelerate low-carbon and climate resilient transition and

achieve sustainable, balanced and inclusive recovery and

development.
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Amazon land 

use and its 

climate 

feedbacks

Effects of 

climate 

change and 

land use on 

carbon 

source/sink

Future carbon 

source/sink under 

different climate and 

land use scenarios

I. Study the spatial and 

temporal dynamics of 

Amazon land use and its 

climate feedbacks

II. Assess synergistic effects of 

climate change and land use on 

carbon source/sink in forest 

ecosystems 

III. Project future carbon 

source/sink of the Amazon Forest 

ecosystem under different climate 

and land use scenarios 

Research Description and activities 
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Q1: How does Amazon land-use 

change affect climate and how 

does it contribute to extreme 

climate events? 

Q2: What are the characteristics and 

mechanisms of the synergistic effects of 

climate change and land use on carbon 

source and sink of Amazon Forest 

ecosystem? 

Q3: What are the trends of carbon 

source and sink of the Amazon 

Forest ecosystem under different 

climate and land use change 

scenarios in the future? 



Land use Forest change

Temperature

Precipitation

ETRadiative fluxes

Remote sensing products

Coupled Earth System 

model (CESM, CASESM)

Historical reanalysis
GHG fluxes

Land surface/Ecological 

process model (BEPS, CLM)

Spatial-temporal characteristics 

and climate feedbacks of 

Amazon land-use change

Effects of land use and climate 

change on carbon source/sink in 

Amazon Forests
Synergistic adaptation strategies for 

optimizing Amazon forest management 

and addressing climate change
Carbon source/sink of forest 

ecosystems under future climate and 

land use and management scenarios

Impacts of future land use and 

land management on climate 

change and climate extremes

Water vapor fluxes

Terrestrial ecosystem C-

budget model (InTEC)

Climate data

Future projections

Ground observations

Wildfires

GHG

LBA, ATTO
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Overall strategy and methodologies 



Strength and skills of each side 

Earth System modeling facility of 

Institute of Atmospheric Physics

The Chinese team has advantages in the process and 

mechanism of the climate system, the development and 

application of the Earth System Model.

The Brazil team has advantages in local knowledge and 

field experiments on the interactions between 

atmosphere and biosphere.

• Amazon Tall Tower Observatory (ATTO)

• Large-Scale Biosphere-Atmosphere Experiment in Amazonia 

(LBA) 8



Chinese Team

XU Xiyan, Professor at Institute of Atmospheric physics, Chinese Academy of Sciences. 

Dr. Xu serves as the lead author of the IPBES thematic assessment of the interlinkages among 

biodiversity, water, food and health, and UNEP seventh edition of the Global Environment Outlook.She 

was the lead author of the fourth national climate assessment report of China and chapter scientist of 

IPCC special report on climate change and land, and won World Meteorological Organization Norbert 

Gerbier-MUMM International Award in 2012.

Research area: Global change and climate-land interactions

Main participants:

JIA Gensuo

Professor
WANG Lin

Professor

CHEN Bin

Assistant Professor

BAO Tao

Postdoc

CHEN Jinghua

Postdoc

ZHAO Huichen

Postdoc
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Task A: Amazon land use and its climate feedbacks

• Analyze the characteristics of land use change, and investigate their climate feedbacks 

• Carry out coupled Earth system simulations, and assess the climate feedback and contribution to extreme 

climate events

+ Forest loss >10%

(Xu et al., 2021)

Atmosphere

Land Ocean

Sea Ice

Coupler

Coupled simulations of

climate and land use change

Deforestation results in precipitation 

reduction in South America Monsoon 

(SAM ) region.

(Liang et al., 2022)

mm day-1
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Task B: Effects of climate change and land use on carbon 

source/sink

• Conduct regional-scale simulation to reveal the impact of climate change and climate 

extremes on the carbon cycle of forest ecosystems

• Assess changes in ecosystem carbon source and sink

Forest age 
circa 2010

(Besnard et al., 2021)

(Ito 2019)

Climate

Disturbance

Consider the forest type, age, height etc.
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Task C: Future carbon source/sink under different 

climate and land use scenarios
• Carry out the coupled Earth system modeling to reveal the future ocean-land-atmosphere coupling 

processes under different land use and climate change scenarios

• Project their effects on the carbon source and sink of the Amazon Forest ecosystem

Forest cover change by the end of 2100 relative to 2000

Low warming trajectory Medium to high 

warming trajectory 

Higher

forest

loss

A more 

sustainable 

land use 

Land carbon pool by the end of 2100 relative to 2000

Sustainable

land use

Sustainable

land use



We are on the move!

2023 Online discussion and initializing the project
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2022 Online discussion and preparation for the proposal 



Synergistic effects of climate change and 
land use on carbon source and sink of 

Amazon forest ecosystem

Brazilian Team: 

Luiz Machado, Tércio Ambrizzi, Luciana Rizzo, Paulo Artaxo, Marcio Texeira, Marco Franco, 
Cleo Guaresma, Pedro Corrêa, Alan Calheiros.

• NSFC-FAPESP: The response and adaptive management of ecosystem to climate change



Brazilian Team

Luiz Machado, Researcher at University of São Paulo, Physics Institute and a visiting researcher 

at the Max Planck Institute for Chemistry

Dr. Machado Was a full researcher at the Brazilian National Institute of Space Research (INPE), 

the Coordinator of the Expert Team in Satellite Utilization and Products and member of the 

Expert Team on the Evolution of the Global Observing System of  the World Meteorology 

Organization (WMO). Received the CAPES award, as advisor (best Geosciences Thesis 2017), 

Peter Muranyi Award - Innovation and Technology in 2018 and top download paper 2020 

Meteorological Application. 

Research area: Meteorology and remote sensing of the atmosphere

Main participants：

Paulo Artaxo

Professor

Luciana Rizzo

Professor
Tércio Ambrizzi,

Professor

Pedro Corrêa

Professor

Alan Calheiros

Researcher

Cleo Dias-Junior

Professor
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ATTO – 2014 – 2021

K67 -Santarém - 2002 - 2006 and 2008 – 2011

K34 – 1999 - 2006 

RJA - Rebio Jaru – 1999 – 2002

Caxiuanã – 1999 - 2003 

ZF3 (secondary forest) – 2008 - 2012 

Satellite Data and historical DataFluxes, net ecosystem exchange, etc

Task A : Build an integrated dataset characterizing Spatio-

Temporal GHG, Land-Use and Environmental Variables

Radiation

Particles, etc

Aeronet and others Data Source

Methane (AIRS, 2002 - 2020)

Carbon dioxide (OCO2, 2015 - 2020)

Carbon monoxide (AIRS, 2002 - 2020)

Total precipitation (ERA5, 1985 - 2020)

Maximum temperature (ERA5, 1985 - 2020)

Number of days without rain (ERA5, 1985 - 2020)
16



Miyaji et al., 2021FLUXCOM approach (Jung et al., 2019)

Task A : Build an integrated dataset characterizing Spatio-

Temporal GHG, Land-Use and Environmental Variables
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Land –use classification Binarize image

Metrics for classification

Characterization of the 

deforestation Pattern

• Deforested area
• Deforestation rate
• Compactness
• Average size of 

deforested cells

Cell

K-means clustering

Task B: Identify the spatiotemporal characteristics of 
land use in the Amazon and Trends
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▷ Tracking of deforestation cells with 
geographycal features

▷ Variables of interest: cell size (A) 
distribution,  area rate (dA/dt), 
direction and speed of propagation, 
compactness, eccentricity, + 
Geographical features and land use 
classification

▷ Train a deep learning model for 
each cluster (0, 1, 2, and 3)

Task B: Identify the spatiotemporal characteristics of 
land use in the Amazon and Trends
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Task C: Study the spatial and temporal dynamics of 
Amazon land use and its climate feedbacks

MapBiomas land use change data, collection6 (1985, 2020)
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Parametric local (deforested)

equation:

< Var% >= 𝛼 × l𝑛 𝑓𝑛𝑜𝑛−𝑓𝑜𝑟𝑒𝑠𝑡 + 𝑏1

Parametric global (yearly)

equation:

< Var𝑔𝑙𝑜𝑏𝑎𝑙 >= 𝛼 × 𝑌𝑒𝑎𝑟 + 𝑏2

Task C: Study the spatial and temporal dynamics of 
Amazon land use and its climate feedbacks
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GHG Conc.= 𝜶 × 𝐥𝒏 𝒇𝒏𝒐𝒏−𝒇𝒐𝒓𝒆𝒔𝒕 + 𝜷 × 𝒚𝒆𝒂𝒓 + 𝒄

Task C: Study the spatial and temporal dynamics of 
Amazon land use and its climate feedbacks
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GLOBAL – Simulations

• CESM – forest degradation 
based in aircraft lidar 
measurements of Biomass 
Distribution

• CESM – Including 
Deforestation patterns forecast 
from data analysis and neural 
network.

Task C: Assess synergistic effects of climate change and 

land use change for different Scenarios
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Regional – WRF-CHEM – Downscaling to 

understand Processes

Run the WRF-CHEM model for downscaling, 

each 5 years simulation, for control and 

feedbacks. The simulations will cover the wet 

and dry seasons. Understand physical Chemical 

Processes.

Task C: Assess synergistic effects of climate change and 

land use change for different Scenarios
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Expected Contributions

•Build a dataset of ecosystem carbon budget in the 
Amazon region

•Evaluate the effects of land use and climate change on 
GHG cycles and environmental variables in the in the 
Amazon rainforest

•Proposed strategies for ecological protection and 
climate change actions.
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Thanks！
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