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• Southwestern U.S. (SWUS) winter-spring precipitation 
declines since 1980s, creating both natural and 
socioeconomic impacts 

• Attributed to tropical decadal La Niña-like trend

• Aerosols can change SST pattern, North Pacific 
circulation, and impact western US precipitation

Juang et al., 2022; Jacobson et al., 2023; 
Jacobson et al., 2024; Gleick, 2010; Gleick ,2016

Delworth et al., 2015; Lehner et al., 2018; Seager et al., 2019;  Seager et al., 2023
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Dittus et al. 2021; Oudar et al. 2018; Kang et al.2024; 
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socioeconomic impacts 

• Attributed to tropical decadal La Niña-like trend

• Aerosols contribute to this La Niña-like trend, impacting 
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• Observed SWUS 
precipitation trend is 
attributed to tropical 
La Niña-like trend

• Modeled North 
Pacific trends are not 
explained by  El 
Niño-like trend

Kuo et al. (2025 in press Nat. Geo.)
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Missing typical El Niño-like 
North Pacific teleconnection
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AMIP-type experiment with an El Niño-like 
trend + post-1980 radiative forcings (RF)
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El Niño-like trend +RF

Consistent missing typical 
El Niño-like North Pacific 

teleconnection

AMIP-type experiment with an El Niño-like 
trend + post-1980 radiative forcings (RF)



Understanding the North Pacific El Niño-like teleconnection change with AMIP

5 Kuo et al. (2025 in press Nat. Geo.)

El Niño-like trend +RF



Understanding the North Pacific El Niño-like teleconnection change with AMIP

5 Kuo et al. (2025 in press Nat. Geo.)

RF w/o SST trendEl Niño-like trend +RF El Niño-like trend w/o RF



Understanding the North Pacific El Niño-like teleconnection change with AMIP

5 Kuo et al. (2025 in press Nat. Geo.)

RF w/o SST trendEl Niño-like trend +RF El Niño-like trend w/o RF



Understanding the North Pacific El Niño-like teleconnection change with AMIP

5 Kuo et al. (2025 in press Nat. Geo.)

RF w/o SST trendEl Niño-like trend +RF El Niño-like trend w/o RF



Understanding the North Pacific El Niño-like teleconnection change with AMIP

5 Kuo et al. (2025 in press Nat. Geo.)

RF w/o SST trendEl Niño-like trend +RF El Niño-like trend w/o RF

Anthropogenic aerosols (fully coupled)



Understanding the North Pacific El Niño-like teleconnection change with AMIP

5 Kuo et al. (2025 in press Nat. Geo.)

RF w/o SST trendEl Niño-like trend +RF El Niño-like trend w/o RF

Anthropogenic aerosols (fully coupled)

• anthropogenic aerosols-
forced circulation change 
independent of SST



Understanding the North Pacific El Niño-like teleconnection change with AMIP

5 Kuo et al. (2025 in press Nat. Geo.)

RF w/o SST trendEl Niño-like trend +RF El Niño-like trend w/o RF

Anthropogenic aerosols (fully coupled)

• anthropogenic aerosols-
forced circulation change 
independent of SST



Understanding the North Pacific El Niño-like teleconnection change with AMIP

5 Kuo et al. (2025 in press Nat. Geo.)

RF w/o SST trendEl Niño-like trend +RF El Niño-like trend w/o RF

Anthropogenic aerosols (fully coupled)

• anthropogenic aerosols-
forced circulation change 
independent of SST



Understanding the North Pacific El Niño-like teleconnection change with AMIP

5 Kuo et al. (2025 in press Nat. Geo.)

RF w/o SST trendEl Niño-like trend +RF El Niño-like trend w/o RF

Anthropogenic aerosols (fully coupled)

• anthropogenic aerosols-
forced circulation change 
independent of SST

• El Niño-like trend is less 
effective 

El Niño-like composite in PiControl



Understanding the North Pacific El Niño-like teleconnection change with AMIP

5 Kuo et al. (2025 in press Nat. Geo.)

RF w/o SST trendEl Niño-like trend +RF El Niño-like trend w/o RF

Anthropogenic aerosols (fully coupled)

• anthropogenic aerosols-
forced circulation change 
independent of SST

• El Niño-like trend is less 
effective 

El Niño-like composite in PiControl



Understanding the North Pacific El Niño-like teleconnection change with AMIP

5 Kuo et al. (2025 in press Nat. Geo.)

RF w/o SST trendEl Niño-like trend +RF El Niño-like trend w/o RF

Anthropogenic aerosols (fully coupled)

• anthropogenic aerosols-
forced circulation change 
independent of SST

• El Niño-like trend is less 
effective 

El Niño-like composite in PiControl

+



Understanding the North Pacific El Niño-like teleconnection change with AMIP

5 Kuo et al. (2025 in press Nat. Geo.)

RF w/o SST trendEl Niño-like trend +RF El Niño-like trend w/o RF

Anthropogenic aerosols (fully coupled)

• anthropogenic aerosols-
forced circulation change 
independent of SST

• El Niño-like trend is less 
effective 

El Niño-like composite in PiControl

≠ +



Understanding the North Pacific El Niño-like teleconnection change with AMIP

5 Kuo et al. (2025 in press Nat. Geo.)

RF w/o SST trendEl Niño-like trend +RF El Niño-like trend w/o RF

Anthropogenic aerosols (fully coupled)

• anthropogenic aerosols-
forced circulation change 
independent of SST

• El Niño-like trend is less 
effective

Residual (nonlinearity)

≠ +



Summary

6 yk545@cornell.edu

Kuo et al. (2025 in press; Nat. Geo.):

Yan-Ning Kuo

mailto:yk545@cornell.edu


Summary

6

Kuo et al. (2025 in press; Nat. Geo.):
• Anthropogenic aerosols and 

mean tropical warming 
combine to increase North 
Pacific sea level pressure, 
reducing SWUS precipitation. 
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Kuo et al. (2025 in press; Nat. Geo.):
• Anthropogenic aerosols and 

mean tropical warming 
combine to increase North 
Pacific sea level pressure, 
reducing SWUS precipitation. 

• The post-1980 SWUS drought 
was thus more inevitable than 
previously thought

El Niño-like trend +RF
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