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Technical Summary, AR6

Tropical South American hydroclimate 
MOTIVATION

Tropical  South 
American region



Tropical South American 
hydroclimate Variability 



• CESM 2.2 geotrace enabled with moisture 
tagging and Variable resolution (VR) grids

• CAM5 Physics and prescribed SSTs

• 50 years of Mid-Holocene  (~6 Kya)
• 50 years of Historic (1991- 2040)
• 50 years of Mid-Holocene with Green 

Sahara

High-resolution Simulations

Bambach, N. E., Rhoades, A. M., Hatchett, B. J., Jones, A. D., Ullrich, P. A., & Zarzycki, C. M. (2022). Projecting climate change in South America using 
variable-resolution community Earth system model: An application to Chile. International Journal of Climatology, 42(4), 2514-2542.

~111 km

~55 km ~28 km

• 23.5 years of Historic (1991-01 – 2013-06)



The geotrace simulation, 
featuring regional refinement 
(0.25°) over South America, 
captures more detailed and 

localized precipitation 
structures with finer spatial 

variability, particularly over the 
Amazon and the Andes, 

compared to the coarser 
resolution (0.90° × 1.25°) 

CESM2 simulations.

High-resolution Simulations
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• The moisture tagging 
capabilities in CESM 
enables us to quantify 
the moisture pathways 
and the relative 
contribution of water 
from different source.

• 17 Source boxes + All 
land + All Ocean

Moisture tracking



Tropical South American hydroclimate
Major Source regions contributing to the overall rainfall 
precipitation
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Tropical South American hydroclimate Variability 

• Interannual 
variability in the 
tropical South 
American rainfall is 
majorly  driven by

1. El Niño 
Southern 
Oscillation 
(ENSO

2.  Atlantic Niño 

*Green dots indicate regions of enhanced convection (ascent), and red crosses indicate subsidence.



Tropical South American hydroclimate Variability 
ENSO

Regression pattern

Tropical South American land box

El Niño

La Niña

*Red dots indicate >90 % significance



Tropical South American hydroclimate Variability 
Interannual variability -- El Niño Southern Oscillation (ENSO)  and Atlantic Niño 

*Green dots indicate regions of enhanced convection (ascent), and red crosses indicate subsidence.

• Interannual 
variability in the 
tropical South 
American rainfall is 
majorly  driven by

1. El Niño 
Southern 
Oscillation 
(ENSO

2.  Atlantic Niño 



Atlantic Niño

Tropical South American hydroclimate Variability 

Regression pattern

*Red dots indicate >90 % significance

Tropical South American land



Key Takeaways 

• Moisture tagging enhances our understanding of the sources and pathways shaping the region's 
hydroclimate.

• The moisture pathways are highly modulated by modes of variability, such as the El Niño Southern 
Oscillation and Atlantic Niño. 

• Moisture sourced from Amazonian land regions reinforces the influence of ENSO and Atlantic 
Niño on regional precipitation

• The findings highlight the complexity of regional precipitation responses and the need to isolate the 
roles of anthropogenic climate change, land-use change, and variability modes such as ENSO and 
Atlantic Niño to inform future projections.
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• The model grid used in this study has 
a quasi-uniform 1.00 (~111 km) 
global resolution,  0.50 (~55 km), and 
0.250 (~28 km) refinement regions 
over the broader South American 
region. 

• Variable resolution grids 
implemented into CESM2 help 
mitigate the high computational 
costs associated with running a 
uniformly high-resolution global 
model.

Bambach, N. E., Rhoades, A. M., Hatchett, B. J., Jones, A. D., Ullrich, P. A., & Zarzycki, C. M. (2022). Projecting climate change in South America using 
variable-resolution community Earth system model: An application to Chile. International Journal of Climatology, 42(4), 2514-2542.

Variable Resolution grid



Tropical South American hydroclimate
Local Source contributing to the overall precipitation

Accumulated precipitation (mm/day)

Summer Winter 



Tropical South American hydroclimate
Local Source contributing to the overall precipitation

Precipitation (%)

DJF – JJA 

Reduced external moisture inflow during winter leads to a higher fraction of locally recycled rainfall.

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑋𝑋 100
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑛𝑛𝐴𝐴𝐴𝐴_𝐴𝐴𝑙𝑙𝑛𝑛𝑙𝑙 + 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑛𝑛𝐴𝐴𝐴𝐴_𝑂𝑂𝑂𝑂𝑂𝑂𝑙𝑙𝑛𝑛



Seasonal variability [DJF - JJA]

Western tropical Atlantic box

Southern  subtropical Atlantic box Northern subtropical Atlantic box

Eastern tropical Atlantic box

Tropical South American hydroclimate

Reduced external moisture 
inflow during winter from three 
out of four Oceanic source 
regions!



Tropical South American hydroclimate
Local Source contributing to the overall precipitation

Precipitation (%)

DJF – JJA 

Reduced external moisture inflow during winter leads to a higher fraction of locally recycled rainfall.

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑛𝑛𝑆𝑆𝑆𝑆𝑆𝑆𝑂𝑂𝑂𝑂 𝑋𝑋 100
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑛𝑛𝐴𝐴𝐴𝐴_𝐴𝐴𝑙𝑙𝑛𝑛𝑙𝑙 + 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑛𝑛𝐴𝐴𝐴𝐴

_𝑆𝑆𝑂𝑂𝑂𝑂𝑙𝑙𝑛𝑛
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑛𝑛𝑆𝑆𝑆𝑆𝑆𝑆𝑂𝑂𝑂𝑂 𝑋𝑋 100

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑛𝑛𝐴𝐴𝐴𝐴_𝐴𝐴𝑙𝑙𝑛𝑛𝑙𝑙 + 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑛𝑛𝐴𝐴𝐴𝐴
_𝑆𝑆𝑂𝑂𝑂𝑂𝑙𝑙𝑛𝑛

JJA 
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Tropical South American hydroclimate
Major Oceanic Source regions contributing to the overall rainfall 
precipitation
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𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑛𝑛𝑆𝑆𝑆𝑆𝑆𝑆𝑂𝑂𝑂𝑂 𝑋𝑋 100
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑛𝑛𝐴𝐴𝐴𝐴_𝐴𝐴𝑙𝑙𝑛𝑛𝑙𝑙 + 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑛𝑛𝐴𝐴𝐴𝐴

_𝑆𝑆𝑂𝑂𝑂𝑂𝑙𝑙𝑛𝑛



Tropical South American hydroclimate Variability 
ENSO

El Niño

La Niña

Southern  subtropical AtlanticNorthern  subtropical AtlanticEastern tropical AtlanticWestern tropical Atlantic



Atlantic Niño Composites

Tropical South American hydroclimate Variability 

Southern  subtropical AtlanticNorthern  subtropical AtlanticEastern tropical AtlanticWestern tropical Atlantic

Atlantic Niño

Atlantic  Niña



Tropical South American hydroclimate Variability 

Study period  –> 2003–2014
32% of Amazonian rainfall originates from 
the basin

Q. What is the relative role of local 
recycling versus long-range moisture 
transport in shaping these seasonal 
and interannual patterns?

Q. How does the interannual 
variations in source contributions 
drive or reinforce precipitation 
teleconnections across tropical 
South America?

How are precipitation patterns, sources, and pathways modulated by major modes of 
climate variability?



Summer 

Tropical South American hydroclimate Variability 

• The largest contrast 
between summer 
and winter rainfall 
occurs in the central 
Amazon Basin, 
between 0° and 20°S.

•  In this region, 
precipitation peaks 
during the austral 
summer, driven by 
the monsoon 
circulation.

Winter





• Q1. What are the major source regions contributing to rainfall over the Amazon Basin

•How much of the moisture is locally recycled within the Amazon (nSAmL box)?
•How does this local contribution differ between the summer (DJF) and winter (JJA) seasons?

• Q2. Which external source regions contribute significantly to Amazon rainfall, and how do their contributions vary 
seasonally?

• Q3. Which moisture source regions show the strongest interannual variability associated with:

•El Niño (ENSO)
•Atlantic Niño

Tropical South American hydroclimate Variability 
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