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Terminology

... are events when magma 
exits the ground (Siebert et al., 
2015)

Volcanic eruptions

Very diverse

Explosive Effusive

(passive or quiet 
degassing)

>95% tephra >95% lava

Tordarson and Larsen (2007) Carn et al. (2017)
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– Non-explosive
– Tropospheric emissions
– Recent eruptions have been found 

to significantly impact clouds (e.g. 
Malavelle et al., 2017; Chen et al., 2022)

Effusive eruptions

2021 Fagradalsfjall

2010 Fimmvörðuháls

MODIS, Schmidt et al. (2012),
South Sandwich Islands

Volcanic 
eruption
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SO2

H2O

CO2

Tropospheric 
volcanic 
plume

gas phase: 
OH SO4 

aerosols

Effusive 
volcanic 
eruption

+more

Tephra

Not 
considered 

here

aq. phase: 
O3, H2O2

Emissions from effusive 
volcanic eruptions
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Motivation

Thordarson and Larsen (2007):
● 35 of 205 eruptions (ca. 17%) 

in Iceland over the past 1100 
years effusive or mixed

● The rest is explosive

Effusive eruptions 
are relatively rare

● Several prominent effusive 
events in recent decades

● Very large basalt formations 
formed in effusive eruptions 
lasting years

● Strong increase in 
volcanism after the retreat 
of ice age glaciers (11 kyr 
BP)

e.g. Krafla, Holuhraun, 
Reykjanes peninsula

e.g. Skjaldbreiður, 
Þingvallahraun, 

Þjórsárhraun

However
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Motivation

Duration Total SO2 Mean SO2 rate Ref.

ca. 10 kyr BP Skjaldbreiður >10 yrs (?) ? 25 kt/day (?)
Thordarson and 

Höskuldsson (2008) 
+ own est.

1783-84 Laki 8 months 122 Tg ~500 kt/day Thordarson and 
Self (2003)

2014-15 Holuhraun 181 days 9.6 Tg 53 kt/day Pfeffer et al. (2018)

2021 Fagradalsfjall 183 days 0.97 Tg 5.3 kt/day Pfeffer et al. (2024)

2024 Sundhnúksgígar (VI) 14 days 0.4 Tg (?) 30 kt/day (?) Own est. based on 
lava volume

https://icelandinfocus.com/mt-skjaldbreidur-the-magnificent-shield-volcano/

Sigl et al. (2022)
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Duration Total SO2 Mean SO2 rate Ref.

ca. 10 kyr BP Skjaldbreiður >10 yrs (?) ? 25 kt/day (?)
Thordarson and 

Höskuldsson (2008) 
+ own est.

1783-84 Laki 8 months 122 Tg ~500 kt/day Thordarson and 
Self (2003)

2014-15 Holuhraun 181 days 9.6 Tg 53 kt/day Pfeffer et al. (2018)

2021 Fagradalsfjall 183 days 0.97 Tg 5.3 kt/day Pfeffer et al. (2024)

2024 Sundhnúksgígar (VI) 14 days 0.4 Tg (?) 30 kt/day (?) Own est. based on 
lava volume

Thordarson and 
Hartley (2015)

Hoesly et al. 
(2024)

Motivation
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Duration Total SO2 Mean SO2 rate Ref.

ca. 10 kyr BP Skjaldbreiður >10 yrs (?) ? 25 kt/day (?)
Thordarson and 
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2021 Fagradalsfjall 183 days 0.97 Tg 5.3 kt/day Pfeffer et al. (2024)

2024 Sundhnúksgígar (VI) 14 days 0.4 Tg (?) 30 kt/day (?) Own est. based on 
lava volume

Credit: Almannavarnir/Björn Oddsson
https://vedur.is/um-vi/frettir/jardhraeringar-grindavik

~1.4 km

August 22, 
2024

(34 minutes 
old)

A lot has 
happened 
in the past 

decade

Motivation
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in the past 

decade

https://visindavefur.is/svar.php?id=65699

Motivation
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A series of papers

A case study of the 
2014-15 Holuhraun 
eruption in Iceland 

using observational and 
modelling evidence

A modelling study of 
the climate response to 

Holuhraun-like 
eruptions as a function 

of eruption season 
and size

A modelling study of 
the modulating effects 
of the climate state on 
the climate response to 

Holuhraun-like 
eruptions

https://doi.org/10.1038/s41598-025-98811-5

Published in Atmospheric 
Chemistry and Physics

https://doi.org/10.5194/acp-25-2989-2025

In review at Geophysical 
Research Letters

Published in 
Scientific Reports

https://doi.org/10.1038/s41598-025-98811-5
https://doi.org/10.5194/acp-25-2989-2025


  

Arctic warming 
from a high-latitude 
effusive volcanic 
eruption

peterhartree (2014)
https://www.flickr.com/photos/41812768@N07/15145866372/

A case study of the 2014-15 
Holuhraun eruption

Significant impacts 
on clouds found in 
previous studies

E.g. McCoy and Hartmann 
(2015), Malavelle et al. (2017), 

Chen et al. (2022)

The focus of this 
study is on the high 

latitudes north of 
Iceland
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Holuhraun: A case study

Abnormally warm 
September to November 

(SON) 2014 over the Nordic 
Seas, both in direct 

observations (+2 to +3°C) and 
the ERA5 reanalysis (up to 

+2°C)

Also positive temperature 
anomalies in the free-

running CESM2 simulations 
(up to +2°C)

A contribution from the 
Holuhraun eruption?

⇒
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Satellite retrievals show
 prominent and widely 

significant decrease in 
cloud droplet size

 considerable and partially 
significant increase in 
cloud LWP

Anomalies broadly 
captured by

nudged CESM2 
simulations

Holuhraun: A case study
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Satellite retrievals show
 prominent and widely 

significant decrease in 
cloud droplet size

 considerable and partially 
significant increase in 
cloud LWP

Anomalies broadly 
captured by

nudged CESM2 
simulations

Good agreement for between satellite retrievals and CESM2 simulations

But how did 
the eruption 
produce a 
warming 
signal?

Holuhraun: A case study
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Coupled, free-running 
CESM2 simulations help 

identify mechanisms

Holuhraun: A case study
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Coupled, free-running 
CESM2 simulations help 

identify mechanisms

Holuhraun: A case study
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Coupled, free-running 
CESM2 simulations help 

identify mechanisms

Holuhraun: A case study
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Coupled, free-running 
CESM2 simulations help 

identify mechanisms

Surface air temperature

Holuhraun: A case study
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Holuhraun: A case study
Notes on the cloud adjustments

Cloud properties in October 2014 over ocean 
areas around Iceland from Chen et al. (2022) 

(Fig. 3)



21

Holuhraun: A case study
Notes on the cloud adjustments

● If LWP > 30 g/m2

⇒ Clouds opaque to 
LW radiation



22

● Observations and reanalysis show 
warming of up to +2°C over the 
Greenland Sea in the fall of 2014

● Using CESM2 simulations and satellite data, 
this study finds that the Holuhraun 
eruption most likely contributed to this 
warming signal through increased trapping 
of LW radiation by low level clouds under 
limited sunlight

● These results indicate that large, high-
latitude effusive volcanic eruptions, similar 
to the 2014-15 Holuhraun eruption, might 
have disproportionally strong climate 
impacts in the Arctic

Summary

Holuhraun: A case study
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Sensitivity to season and size: 
A modelling study

https://doi.org/10.5194/acp-25-2989-2025

https://doi.org/10.5194/acp-25-2989-2025
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Sensitivity to season and size

MarStart Jun Sep Dec

Scaling ×1 ×50

A follow up to Paper I, 
exploring the climate 

response to Holuhraun-like 
eruptions as a function of 
eruption season and size

×5 ×25

×1 Holuhraun

×5 Midway between Holuhraun and Laki

×25 As large or larger than the largest Icelandic eruptions(*)

×50 Rivals the largest known eruptions on Earth(*)

×1 ×50×5 ×25 ×1 ×50×5 ×25 ×1 ×50×5 ×25
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MarStart Jun Sep Dec

Scaling ×1 ×50

A follow up to Paper I, 
exploring the climate 

response to Holuhraun-like 
eruptions as a function of 
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Sensitivity to season and size
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Monthly mean 
responses to the 

×5 eruptions in the 
Arctic (north of the 

Arctic circle)

Sensitivity to season and size
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Summer (JJA) and 
winter (DJF) 

anomalies in the 
Arctic as a 
function of 

eruption size

Sensitivity to season and size
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● The climate response to high-latitude 
effusive volcanic eruptions is strongly 
modulated by different seasons
– Especially prominent in the Arctic where 

the forcing is of opposite sign between 
winter and summer

● The magnitude of the climate response 
becomes less sensitive to variations in 
eruption size as eruptions become larger
– Levels out between ×20 and ×30 

Holuhraun

Summary

Sensitivity to season and size
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