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Motivation

Atmospheric Response:

In recent decades three major volcanic eruptions of di erent intensity have
occurred: Mount Agung (1963), El Chichón (1982) and Mount Pinatubo (1991),
with reported climate impacts on seasonal-to-decadal timescales with high
predictive potential. This coordinated multi-model analysis seeks to determine
the climate signals that were caused by those volcanic eruptions.

Volcanic eruptions are known to induce changes in the atmospheric circulation
that impact surface temperature (e.g. Hermanson et al., 2020). The sea level
pressure in the rst year after the eruptions shows a weak response that is not
consistent among the volcanic eruptions and models, which cannot therefore
explain the local warming in the Arctic.
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The Decadal Climate Prediction Project component C (DCPP-C, Boer et al.,
2016) includes a protocol to investigate the impact of such volcanic eruptions
on decadal prediction:
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Description

10

10-year hindcasts initialised every year from
1960 to 2018. Prescribed CMIP6 historical
values of atmospheric composition and/or
emissions, including volcanic aerosols.

10

Repeat 1962, 1981 and 1990 hindcasts
without volcanic forcing, specifying
“background” volcanic aerosol (mean period
1850-2014).

North Atlantic Ocean:

The climate response to the volcanic eruptions is determined by:

Volcanic Impact = dcppA - dcppC

The North Atlantic Ocean is a region where recent volcanic eruptions have
been shown to induce changes on decadal timescales (e.g. Swingedouw et al.,
2017). Preliminary results show an increase in the MLD the rst 3 winters
following the eruption and an increase in the AMOC strength (not signi cant) in
years 2 to 9, although the reduced model sample size calls for caution.

Here we present the results from ve CMIP6 decadal prediction systems:
CanESM5, CESM1, EC-Earth3, HadGEM3 and IPSL-CM6 (a total of 150
ensemble members).

Near-Surface Temperature Response:
The surface temperature response for each eruption is comparable among
models and consistent with previous studies (e.g. Hermanson et al., 2020).
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Figure 1: Global
mean surface
temperature
response (ºC) to the
volcanic eruptions.
Filled dot indicates
statistically
s i g n i
c a n t
di erences.
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Figure 4: Response
of a) the mixed layer
depth (m) and b)
AMOC (Sv) to the
volcanic eruptions.
The model and
volcanic mean is
shown.
Stippling
indicates statistically
s i g n i
c a n t
anomalies.

Ongoing Work:
- Finish downloading and including the rest of variables in the analysis
(including the recently completed simulations from CMCC). A larger
ensemble (180 members) will improve the detectability and robustness of
climate signals.

S

- Investigate atmospheric circulation changes: determine the mechanism

In the rst year following the eruptions there is a signi cant wide-spread
cooling, stronger in the Tropics, and a local signi cant warming in the Eurasian
Arctic sector

leading to the Arctic surface temperature warming in the rst year.

- Determine the robustness of the North Atlantic Ocean response: investigate
the precursors leading to AMOC changes (e.g. MLD and gyre circulation).

- Investigate the impact of volcanic eruptions on the main modes of climate
variability (e.g. ENSO, AMV).

Figure 2: Surface
temperature
response (ºC) the
rst year (JuneMay) following the
volcanic eruptions.
Hatching indicates
statistically
s i g n i c a n t
anomalies and
shading indicates
model
sign
consistency.
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é

fi

ffi

é
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Impact of volcanic eruptions in CMIP6 decadal
prediction systems: a multi-model analysis.

