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The ENSO response to volcanism?
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Models suggest El Nino-like response in year following eruptions:
e.g. Mann et al. (2005); Emile-Geay et al. (2008); Ohba et al. (2013); Stevenson et al. (2016),
McGregor et al. (2020)



Tree-ring based studies

Most tree-ring based observational studies support a strong
linkage. For instance, Li et al. (2013) [Li13]
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Coral based studies

However, a recent coral-based observational study Dee et al. (2020) [D20] suggests a much
weaker — if not inexistent — linkage between volcanoes and ENSO.

RESEARCH

CLIMATE FORCING

No consistent ENSO response to volcanic forcing over
the last millennium

Sylvia G. Dee'®, Kim M. Cobb?, Julien Emile-Geay?®, Toby R. Ault?, R. Lawrence Edwards®,
Hai Cheng®>, Christopher D. Charles’

"Superposed epoch analysis reveals a weak tendency for an El Nino—like response in the
year after an eruption, but this response is not statistically significant, nor does it appear
after the outsized 1257 Samalas eruption.”



How should we understand the seemingly divergent
conclusions?
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The LMR PDA framework
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The LMR PDA framework
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Contradictions between trees and corals?
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Contradictions between trees and corals?
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Different criteria for event selection

Large eruptions by different criteria
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[Li13] VEI (Volcanic Explosivity Index): measures the volume of the erupted tephra
[D20] VSSI (volcanic stratospheric sulfur injection):

measures the mass of the sulfur injected to the stratosphere, which directly affects
the amount of shortwave radiation that enters the climate system



Tonga-Hunga Ha’apai eruption on
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Pros & cons of each proxy type

Large eruptions (VSSI>6)
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The “best” reconstruction fusing both trees & corals

f LMR (Corals+Li13b6)

R?=0.66, CE=0.65

N

Nifio 3.4 [K]
o

|
N

-4 , , , , , :
1880 1900 1920 1940 1960 1980 2000

© Corals 0O NADA O MADA A Kauri v SAAltiplano Year (CE)
_ R?2 (vs. ERSSTvV5) ——— median | interquartile
00 02 04 06 08 10 — ERSSTVS 2.5%-97.5%
d 4 LMR (Corals+Li13b6)

— median ~ ! interquartile 2.5%-97.5%

¢ 27

< A

™ 0 mf?'\ Ty

(@) \“':%H‘\fl""

c 1 |

Z =2

-4 ; ; ; ; ; ; ; : ,
1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
Year (CE)



Superposed Epoch Analysis (SEA)

LMR (Corals+Li13b6), VSSI>6 (1300-2000)
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Superposed Epoch Analysis (SEA)

LMR (Corals+Li13b6), VSSI>6 (1300-2000)
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Superposed Epoch Analysis (SEA)
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Coincidence ?

[Lehner et al.
2010]
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Figure 1. Coincidence of volcanic eruptions with El Nifo events. Observed Nino3.4 sea surface temperature anomaly index
(http://www.esrl.noaa.gov/psd/gcos_wgsp/Timeseries/Data/nino34.long.anom.data; units of standard deviations) and
aerosol optical depth [Sato et al., 1993] during the eruptions of (a) Agung, (b) El Chichon, and (c) Pinatubo. Light gray
shading indicates the interval between the eruption start date and February of the following year. Horizontal dashed line
indicates the El Nifo selection criterion (1 standard deviation of the Nino3.4 index).



Superposed Epoch Analysis (SEA)
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Climate model simulations — SST
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Climate model simulations — Relative SST
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Conclusions & Discussion

—dleociimate data assimiiation enabies the comparison and optimized Ttusion or aifreren

proxy records within a consistent dynamical framework.

* \We see no real contradiction between trees and corals, and the event selection is more

consequential. We still lack convincing observational evidence of the significant ENSO
response.

* Absence of evidence is not evidence of absence. Recent modeling studies (e.g., Predybaylo et

al., 2017; 2020) suggest that multiple factors can affect the ENSO response to volcanism:
location, intensity, season, preconditioning of the ENSO state.

* We need longer proxy records; last millennium is not enough: given the large number of
DoF, a correspondingly large sample size is needed to isolate a consistent signal.

* We need more proxy sites to enable the RSST based analysis on the reconlsh uctions. '
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