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Why?

* Large volcanic eruptions are one of the best “acid tests”
for climate models (Hansen, 1992)

—— Observed (ERBS)

SW Anomaly (W/mz)

LW Anomaly (W/mz)

Figures from Soden et al. 2002
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Why?

Large volcanic eruptions are one of the best “acid tests”
for climate models (Hansen, 1992)

They represent one of the best cases of stratospheric-
surface coupling, including dynamics, chemistry,
microphysics, climate sensitivity

Studying them can provide insight into the potential
impacts of climate intervention strategies




What are the challenges?
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What are the challenges?

* Uncertainties over height/magnitude of injection
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What are the challenges?

* Available observations often poor/saturated
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What has been done in CESM before?

Global 3-month mean
volcanic forcing / W m 2

Global 3-month mean
volcanic forcing / W m 2

Decomposed nudged-uv volcanic effective radiative forcing diagnosed in CESM1(WACCM)

L]
1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 2010 2013 VO | Ca n I C
10 L I L L L I L L L L L I

0.0
[ ]
| Forcing From
= Total volcanic effective radiative forcing (ERF)
-2.0 ——— Volcanic forcing from aerosol-radiation interactions (ERFari) i
Volcanic forcing from aerosol-cloud interactions (ERFaci) O
LW atmosphere adjustment & surface albedo forcing (dLW_ERFa)
-3.0 /A  Eruptions |
90 LLMAA AN AN PAA M B\ IAAD A A NI A, NN BN IA A ERF = ERF,,; + ERF,.; + dLW_ERE,
Nudged-uv SW and LW volcanic forcings diagnosed in CESM1(WACCM)
2.0
1.0 [\/\_\
A
0.0 AP\.NWMA/\/\A AA o o ¥ . A ,AA\ NL/\.’\ V.
s ¥ v - hd \/-v\
-1.0
20 —— Total LW forcing (dLW_ERFaci + dLW_ERFari + dLW_ERFa)
—— Total SW forcing (dSW_ERFaci + dSW_ERFari + dSW_ERFa)
-3.0 - LW forcing from aerosol-cloud interactions (dLW_ERFaci) E
SW forcing from aerosol-cloud interactions (dSW_ERFaci)
4.0 /A  Eruptions

1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 2010 2013 Figures from Schmidt et al. (2018) I 5
Date



Y%

—— TSMLT
—MA
—MA2°
—— UKESM

CMIP6 volcanic aerosol dataset
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b) Global stratospheric AOD changes compared to CMIP6 volcanic aerosol dataset
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from Davis, Visioni et
al. (2023), updated.
Thanks to Thomas
Aubrey for UKESM
data
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The importance of microphysics
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New simulations of historical period in MAM4/CARMA //

Stratopheric Aerosol optical depth at 550 nm

a) GloSSAC

[T |

b) MAM4

| = |

c) CARMA

| =T |

' 10—3

* First simulations of
historical period (1980-
2014) in CARMA
(AMIP-style) x3, 2°

* Includes 29 “small-to-
moderate” volcanic
eruptions with
stratospheric SO, of
different magnitude

15k vs 2k pe-h/yr
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Stratopheric Aerosol optical depth at 550 nm

* We look at quiescent vs

a) Pinatubo eruption [60°5-N]
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Stratopheric Aerosol optical depth at 550 nm

* We look at quiescent vs
_ Pinatubo vs “small”
,\ volcanic eruptions
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New simulations of historical period in MAM4/CARMA

a) Global mean
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New simulations of historical period in MAM4/CARMA

a) MAM4 b) CARMA
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New simulations of historical period in MAM4/CARMA
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Conclusions

CARMA is a more resolved, more computationally
expensive method to capture aerosol evolution

Some indications that it performs marginally “better”
over a set of metrics

Next steps will hopefully include understanding impact on
Stratospheric Aerosol Injection (SAI) simulations
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