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ABSTRACT 

The Amazon Basin has the largest tropical rainforest on Earth, storing about 15% of the total 

global biomass carbon pool. The Amazon forests remove 0.4 Pg C annually from the atmosphere, 

about 4% of anthropogenic greenhouse gas emissions yearly. Evapotranspiration by the Amazon 

forest provides a steady flow of water vapor to the atmosphere, acting as a major water vapor 

source at a global scale. The Amazon rainforest plays a key role in the regional and global climate 

system by regulating the carbon cycle and atmospheric moisture circulation. However, driven by 

human activities and climate change, Amazonian deforestation threatens the region's sustainable 

development and may exacerbate the global climate crisis. The proposed study intends to utilize 

extensive remote sensing data and ground-based observations, with the application of multi-scale 

Earth system and ecological process models aiming and downscaling regional model to explore 

the climate feedback of land use and its contribution to climate extremes in Amazonia. And 

estimate carbon sources and sinks, and investigate the climate and land use processes that 

control carbon fluxes in Amazonia. This project is part of a larger project that will support the 

design of possible pathways and adaptation strategies to address climate change and protect 

rainforests through sustainable land use and management.  

 

Objectives 

This research plan aims to quantify the effect of deforestation in Amazonia and its effect on climate, 
focusing on the mechanisms controlling carbon balance in Amazônia. This research plan is designed for 24 
months of a Pos Doc. 
 

1) Assess the temporal and spatial characteristics of Amazon land use change and their 
climate feedback at different temporal and spatial scales, revealing its contribution to the 
occurrence and changes of extreme climate events such as droughts, floods, and wildfires 
in the Amazon.; 

2) Estimate carbon sources and sinks, and investigate the climate and land use 
processes that control carbon fluxes in Amazonia 

3) Predict the Amazon climate characteristics under different climate change and land 

use scenarios in the future and their impact on the carbon source and sink of the 

forest ecosystem. 
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Rationale 

 

With the intensification of human activities and climate change impacts, the climate of the tropics 

has changed significantly. Since 1970, the Amazon region has warmed at about 0.25°C per decade. 

The Amazon region is projected to warm to 3.3°C by the end of the century under a moderate 

greenhouse gas emission scenario. Observations showed that the Amazon deforestation area 

experienced a significant increase in non-precipitation clouds, especially during the dry season. 

Changes in land use increase spatial differences in land cover, and it is an important driver of 

changes in surface fluxes and cloud organization. Temperature increases due to land-use change 

increase seasonal forest water scarcity, accelerating forest degradation and decreasing carbon 

sequestration rates. The annual carbon dioxide emissions into the atmosphere from tropical 

deforestation and forest degradation account for about 14-20% of total anthropogenic carbon 

emissions. Assessing the impacts of climate change and increased climate extremes on the carbon 

source and sink of the Amazon Forest ecosystem is the main goal of this project. To achieve this 

goal, the project will run global and regional models for different scenarios of Amazon land use. 

The Earth System Model (CESM) will conduct control and feedback experiments of coupled 

atmosphere, ocean, and land simulations. In the control experiments, land use does not change with 

time—the land cover changes based on land use trends in the feedback experiments. Multiple sets of 

experiments will be conducted to couple the atmosphere, ocean, and land step by step to test the 

signal strength of the impact of land use change on the atmosphere and ocean. Associated with the 

global models downscaling using  Weather Research and Forecasting model(WRF) model will be 

used to evaluate the physical processes occurring during the simulations time. The WRF-GHG initial 

and boundary conditions can be derived from three-dimensional fields of global simulations of 

CO2, CH4, and CO, resulting from fluxes optimized by atmospheric inversions on a global scale. 

This model is synergistic with the Earth System Model used in this project. 

 

Methodology 

The methodology used in this work involves the integrated analysis of aerosol concentration, GHG 
concentration, CO2 fluxes, meteorological variables, ozone, and CO2 by high-resolution remote sensing, on 
modern satellite platforms and ground tower observation from the LBA towers, for various ecosystems. 
These data will be combined with land use from MapBiomas to provide a reference base to validate model 
results and help to understand the physical processes that evolved in deforestation and forest 
degradations. Associated with this dataset of reference, we will have the global model simulation provided 
by our Chinese pattern. Besides the simulation produced by our patterns, we will run the simulation with 
forest degradation and deforestation pattern from a parallel study using a neural network to forecast 
deforestation. Besides the global simulation, WRF-CHEM downscaling will be run, for each five years 
simulation, for a period in the wet and dry seasons. 

The basic studies comprising this proposal are based on the following tasks: 

1) Run CESM model for control and feedback experiments of coupled atmosphere, ocean, and land 
simulations. Specifically for the degradation pattern and using our deforestation pattern model. 
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2) Run the WRF-CHEM model for downscaling, each five years simulation, for control and feedback. 
The simulations will cover one period in the wet and another in the dry season. 

3) Compare model simulations with the observed pattern from the last 35 years of MapBiomas and 
our ancillary database (CO, CO2, Ch4, aerosol, rainfall, number of days without rain, maximum 
temperature). Flux comparison will be made using LBA towers. 

4) Compile and analyze the results. 

 

 

Time Schedule 

This proposal is planned to be executed in 2 years, in close cooperation with other projects running 
at IFUSP. Therefore, the 4 main research activities can be described and scheduled below. 

 
Activity #1 – Implement WRF, WRF-CHEM, WRF-GHG, and CESM. 
Activity #2 – Run CESM for 50 years for deforestation and degradation scenarios. 
Activity #3 - Downscaling with WRF different 50-year simulations. 
Activity #4 – Evaluate and analyze the observed data with the simulations. 
 

Tasks 0-6 Months 6-12 
Months 

12-18 
Months 

18-24 
Months 

Activity #1 XXXXXXXXXX    

Activity #2  XXXXXXXXXX XXXXXXXXXX  

Activity #3   XXXXXXXXXX XXXXXXXXXX 

Activity #4    XXXXXXXXXX 

 

Profile and justification for the level of the Pos Doc scholarship Request 

This research plan requires a broad area of knowledge in atmospheric sciences. It needs to have a 
meteorology or environmental physics background and programming skills. It needs to understand 
processes going from ground-based measurements and mainly in modeling.  

 

Justification of this research plan for the Full RCGGI proposal 

This research plan will address key questions in the project "Sources, sinks, and processes 
controlling greenhouse gas emissions in Amazonia." It will quantify the key variables in the greenhouse 
gas balance for different deforestation processes. Carbon emissions from deforestation and undisturbed 
forests' uptake are not very well quantified in the Brazilian Emission inventories. This project will fill a gap 
in this critically important subject. 
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