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Deforestation and future drought risks in Amazonia

• Increasing ATM CO2
• Climate risks
    e.g. extreme drought

(IPCC AR6, Chapter 8)

Future drought hotspots

Pic credit: Dr. Paulo Brando



Accumulated evidence of “CO2 fertilization” for carbon sink

Theory and experiment evidence support increased GPP and water use efficiency in response to 
CO2.
gs response is yet negative 🡪 declined evapotranspiration, precipitation (Amazonia)



8 CMIP6 models averaged in this study: 
BCC-CSM2-MR (Wu et al. 2019), 
CanESM5 (Swart et al. 2019), 
CESM2 (Danabasoglu et al. 2020), 
CNRM-ESM2-1 (Séférian et al. 2019), 

IPSL-CM6A-LR (Boucher et al. 2020), 
GISS-E2-1-G (Kelley et al. 
2020), 
MPI-ESM1-2-LR (Mauritsen et al. 2019), 
UKESM1-0-LL (Sellar et al. 2020)

How does plant physiological response to CO2 affect rainfall?
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• Most models agree more on 
the rainfall decline in the 
northeastern Amazon 
regarding CO2 physiology

• Most models agree more on 
the rainfall decline in the 
middle-west Amazon in 
response to deforestation

Li Y. et al. (2023). Nat Water
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• Varied CO2 concentration and 
deforestation fraction across future 
SSP scenarios

Li Y. et al. (2023). Nat Water



• CO2 fertilization and deforestation 
account for at least 40% of future 
decline in rainfall in the Amazon 

Li Y. et al. (2023). Nat Water



• At least 40% of future 
precipitation and relative 
humidity decline are 
attributed to land surface 
drivers in the Amazonia.

• Contributions to warming are 
about 11% from these two.

Li Y. et al. (2023). Nat Water



Is rainfall decline really a water stress? 

Li Y. in prep

See increased runoff/soil moisture in Swann et al. (2016), Lemordant et al. (2018), Kooperman et al. (2018), Fowler et al. (2019), etc. 



Li Y. et al. (2022). Nat Commun

Evidence 1: observed biomass follows rainfall gradient



Evidence 2: disturbances not well represented in CMIP6

Lapola et al. (2023) 
Science



Forest degradation does not necessarily decline ET

More observations and process understanding are needed!

Brando et al. 2019



Tropical observations are still sparse

SAPFLUXNET, Poyatos et al. 2021



Tropical observations are still sparse

International soil moisture network, 
Dorigo et al. 2011



PANGEA – PAN tropical investigation of 
bioGeochemistry and Ecological Adaptation

1. Examine similarities and differences in 
forest composition, structure, and 
biogeochemical cycling across tropical 
regions. 

2. Evaluate the vulnerability and resilience 
of tropical forest ecosystems to global 
change. 

3. Guide decision-making to support 
societal responses to climate change 
mitigation, adaptation, and biodiversity 
conservation.

https://tropicalforestscoping.com/

https://tropicalforestscoping.com/


PANGEA – a new opportunity for model community
Climate Feedback & Interaction Working Group (CFI WG)
Co-Leads:

Robinson Negron-Juarez, LBNL
Yue Li, UCLA
Sarah Worden, UCLA
Junjie Liu, JPL
Xiangming Xiao, OU

• Opportunities to be engaged in scoping the
white paper together as a whole community 🡪

Feel free to reach out:     yli@geog.ucla.edu


