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Hunga Tonga eruption
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https://volcano.si.edu/volcano.cfm?vn=243040
https://volcano.si.edu/volcano.cfm?vn=243040
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LeGrande et al (2016; Ngeo)
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LeGrande et al (2016; Ngeo)
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Motivation
Relevancy for seasonal and decadal projections
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Illustration: Yunqian Zhu, NOAA / CIRES



Importance on various timescales
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Millán et al (2024)

Stratospheric water vapor mass projections

initial ~150 Tg

https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2024GL110841
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2024GL110841


Stratospheric polar vortex

8

vs.
Tropospheric jet stream

https://www.climate.gov/media/15722


Stratospheric polar vortex 
post Hunga-Tonga eruption

9source: MERRA2

Waugh et al (2017)

at 10 hPa, 60°N



Stratospheric polar vortex 
post Hunga-Tonga eruption
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Waugh et al (2017)

at 10 hPa, 60°N



Stratospheric polar vortex 
post Hunga-Tonga eruption
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Waugh et al (2017)

at 10 hPa, 60°N



Dataset
Mostly SOCOLv4 ESM in addition to other mostly observational datasets (reanalysis: 
M2-SCREAM, MERRA2; space-based data records: SWOOSH, GloSSAC)
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MEZON

ECHAM 6

.01 hPa (~80 km)

MPIOM
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AOCCM SOCOLv4

Sulfate aerosol microphysics AER Sukhodolov et al., 2021

https://gmd.copernicus.org/articles/14/5525/2021/gmd-14-5525-2021.html


MEZON

ECHAM 6

.01 hPa (~80 km)

MPIOM
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AOCCM SOCOLv4

Sulfate aerosol microphysics AER

• Fully free-running transient 
set up: 5-year spinup prior 
to HT ⇒ fully diverged 
ocean state

• Nudged QBO
• 10 ensemble members with 

and without the HT (SO2 + 
H2O) forcing

• Water freezing around the 
emission region (25-30 km) 
was switched off for several 
days to mimic 150 Tg

Sukhodolov et al., 2021

https://gmd.copernicus.org/articles/14/5525/2021/gmd-14-5525-2021.html
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Zonally-averaged temperature anomalies

Mechanism
tropopause



16

Zonally-averaged temperature anomalies

Mechanism
tropopause
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Northern Annular Mode (NAM) 
& Eddy Heat Flux (EHF)          anomaly

← stronger polar vortex

← weaker polar vortex

Zonally-averaged temperature anomalies

Mechanism
tropopause
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Northern Annular Mode (NAM) 
& Eddy Heat Flux (EHF)          anomaly

← stronger polar vortex

← weaker polar vortex

Zonally-averaged temperature anomalies

Mechanism
tropopause



Surface response in April 2023
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• Novel pathway linking water-rich 
volcanic eruptions to surface climate 
anomalies
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Conclusions



HT eruption ↑H2O ↑OH

↓O3
cooling (↓T) in 
lower latitudes ↓∇𝐻𝐻𝑇𝑇

weaker
winds

more waves weaker polar 
vortex
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Conclusions
• Novel pathway linking water-rich 

volcanic eruptions to surface climate 
anomalies modeled surface response in April 2023
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HT eruption ↑H2O ↑OH

↓O3
cooling (↓T) in 
lower latitudes ↓∇𝐻𝐻𝑇𝑇

weaker
winds

more waves weaker polar 
vortex

Conclusions
• Novel pathway linking water-rich 

volcanic eruptions to surface climate 
anomalies

• In 2023 or 2024 or both?

SOCOLv4 (model) vs SWOOSH (obs) water vapour anomalies
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Publication available
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https://acp.copernicus.org/articles/25/3623/2025/
https://acp.copernicus.org/articles/25/3623/2025/


Backup
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dots … p-values < 0.05
contours … FDR p-values < 0.3
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