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Chimetal. (GRL
2023): UKESM
projections with
stochastic volcanic
emissions.

«2015-2100 medianvolcanic
effect on key climate metrics:

3-7/7% of the anthrOpog_'

effectin SSP3-7.0

 Underestimatedin CMIP6
because:

. Notmanylarge eruptions

Large eruption contribution -

95% confidence interval

Global mean surface temperature

Global ocean heat content

Global sea level rise

Global precipitation flux

Global net radiative forcing at TOA

over 1850-present (samein -0

CMIP7)
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Impact of baseline period on time-averaged forcing

Period 17/750-1/799 1800-1849 1850-1899 1900-1949 1950-2023

Mean

SAOD 0.011 0.030 0.010 0.008 0.012 | .
CMIP/ vO |

1750 1800 1850 1900

For volcanic forcing, what baseline period for piControl?

(i.e. “forcing nearly equal to that at the beginning of 1850,

cf Vaishali’s talk)
« GMST takes 10-15yearstoreturnto pre-eruption

temperature
« OHC adjustement: 100syears (Gleckleretal., 2006)

Notd #ERaasepbiiddUsednifiyad Riryarteasaline?
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Notd #2YaB50 piControl baseline # mean forcing expected in
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1950

Time period
6000-5000 BCE
5000-4000 BCE
4000-3000 BCE

2000

Mean SAOD Mean cooling (°C)

2000-1000 BCE
1000 BCE-0 CE
0-1000 CE
1000-1900 CE

0.013 -0.15
0.013 -0.14
0.011 -0.11
0.011 -0.11
0.010 -0.10
0.009 -0.09
0.012 -0.13
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M0UId We IgNore natural 1orcing u

) () — .. ?

Full guantification of scenario, climate, internal variability AND volcanic uncertainties
suggests that computing resources better spent sampling volcanic forcing
uncertainties than internal variability .
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J uncerial

() .. ?

Ul'c

Could we create
S sets of natural
forcing for
ScenarioMI|P
sampling lower-
end, median
and upper-end
estimatesin
future natural
forcing?

t.aubry@exeter.ac.uk

Chim et al. (underreview for Communications Earth and Environment)

b GMST anomalies relative to 1850-1900 under SSP2-4 .5,

applied with 10-year moving mean

- CMIPG6 historically-averaged forcing

-—  Stochastic forcing

2.0 1 Volcanic uncertainty (5-95th percentile)
oth percentile of SAOD

— 50th percentile of SAOD
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SAOD from distribution

» of 2015-2100 meanin

1.01 stochastic runs

GMST anomaly (°C)
o

-
=
-
e
-
_—
-
- -

‘LA
T
-----

W
-

&

" .
.
g8 ®

2020 2030 2040 2050 2060 2070 2080
Year

University
of Exeter

)
".0."

CMIP Climate Forcings WCRP" \

2090

5/10



Reminder: small-magnitude eruption bias in CMIP7 vO

CMIP/vO =referto versions currently available on ESGF labelled vi.1.3
802 injection altitude (km a.s.l.)
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220 Known eruption
or high-conf match
Unknown eruption
-40 O or low-conf match
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Mean flux (Tg SO2/year)
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10-year mean SO2 flux for eruptions <3 Tg SO2
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Decade start year

Period & Dataset
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1/50-1978, CMIP7 vO
1/50-1978, CMIP/ vO + high-res Greenland D4i: decent constraints on
core (D4i) magnitude, poor constraints on
latitiiAa
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« Adding moderate-uncertainty Greenland-only ice-core (D41) adds afew moderate-magr
» Adding high-uncertainty geological record adds very small SAOD perturbations > low-ris|
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2rUuption 1IXesS ON OoptiCal propertic

Period & Dataset 1850-2014 |1750-2023 |Shortcomings
mean mean
SAOD SAOD

1750-1978, CMIP7vO 0.010 0.014

17/50-1978, CMIP/vO + 0.012 0.016 DA4i.decent constraints on magnitude, poor
high-res Greenland core constraints on latitude

(D4i)

1750-1978, CMIP7 vO + 0.013 0.017 GVP: very poor constraints on magnitude
D4i + geologicalrecord

(GVP)

. CMJR6 . Q.011 . . Pre-satellite era: no data for mast years, use
Adding greenland -only hlg%-resolutlon ICEsrHBRE &ﬁ@f ,gggl:qgépgf{aqggd
(GVP) to CMIP7 vO: few years
» Pro: muchsmaller small-eruption bias pre-satellite era (SAOD increased by ~20-

30%)

« Con: Significantrisktointroduce “false positive” eruptions BUT

o Smallerthanrisk of “false negative™?
. . @ fr=1% Universi
t.aubry@exeterac -l 4 anity GMIR CHRaRERKSIesic WCRP | (8D Siser 9/10




Points for discussion

piControl baseline period:
« Bestperiodtodefine climatology?

* (doesaconstantforcing even makes sense? Moreresearch during CMIP/?)

Historical dataset:

« Weleantowards adding higheruncertainty Greenland-only ice-core +
geologicalrecords to fix small eruption bias: thoughts?

» |[fwedotheaboveforCMIP/ v, 1850-2014 SAOD increases by /9% compared
to CMIP6 and by 26% comparedto CMIP7 vO

ScenarioMIP:

» Volcanoes > internal variability in terms of contribution to projection
uncertainties

« Canwerethink (forthis ScenarioMIP? Orresearch during CMIP/?)accounting
fornatural forcing uncertaintiesin ScenarioMIP?

« piControl baselineisunlikely to be equal to average forcmg expectedinfuture

&) e 10/1C
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