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SPECS Intfroduction

— Global cooling observed after large volcanic eruptions

— Krakatau — El Chichoén
Global temperature ... HodCRU ~ Sta Mario __ Pinatubo
— GISS — Mt Agung — Ens. Mean
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(Swingedouw et al., 2017)
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— The NAO is the main mode of climate variability in the North Atlantic

North Atlantic Oscillation
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— Positive NAO conditions observed during the two
winters following the Pinatubo eruption...
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— Positive NAO conditions observed during the two
winters following the Pinatubo eruption in 1991...

and

... the beginning of a passionate and unclosed debate!!!
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Observations

SPECS

— No evidence for any winter NAO signal after the last five major eruptions!

.. — Krakatau El Chichén
NAO indices ... NOAA-20CR Sta Maria __ Pinatubo
Jones et al. __ Mt Agung — Ens. Mean
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— But positive NAO signal after the 8 major eruptions of the last 1000 years
(very large eruptions, stronger than the Pinatubo)

a) Composite NAO response to the top 8 volcanic eruptions
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— But positive NAO signal after the 8 major eruptions of the last 1000 years
(very large eruptions, stronger than the Pinatubo)

a) Composite NAO response to the top 8 volcanic eruptions b) Composite NAO response to the top 8 volcanic eruptions
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— Does the NAO response depend on the climate conditions in the Atlantic?

— Can we detect this signal from the internal variability?
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SPECS Model experiments

a. piControl AMV time series
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Model experiments @

First winter anomalies after a Pinatubo eruption, cold AMYV case
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Temperature (°C) Zonal wind (m.s™)

Climatology (contours) and anomalies (shading), from Ménégoz et al. (in rev.)
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Stratospheric observations @

Climatology of the zonal mean of temperature:

Zonal Meon Temparoture [K] JAN Zonal Mean Temperalure (K] DEC

Zomal Mean Temperature (K] FEB

January February March

SPARC dataset (http://www.sparc-climate.org/)
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Stratospheric observations @

Climatology of the zonal mean of temperature:

At 100 hPa, the stratosphere is cooler in the Tropics than in the high
latitudes

January February March

SPARC dataset (http://www.sparc-climate.org/)
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Model experiments @

Second winter anomalies after a Pinatubo eruption, cold AMV case
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Climatology (contours) and anomalies (shading), from Ménégoz et al. (in rev.)
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Model experiments @

Third winter anomalies after a Pinatubo eruption, cold AMYV case
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Sea-ice anomalies
simulated the third autumn
after a Pinatubo eruption.
South of the red line, the
response is stronger in the

case of the cold AMV
situation
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B Autumn sea-ice versus @

winter NAO- regime
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3d winter NAO- signal under cold AMO Significativity of the NAC- signal
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Conclusions

WC

— Observational evidence for a positive NAO signal permstlng three vinte
after the largest eruptlons of the last millennium. L =

NS
— Significant decrease of the NAO urrEnce | wi
Pinatubo eruption in the CNRM-C mg‘deL -

— This NAO- signal is related to surface feg
ice anomalies, especially pronounced unde!*t' )

‘ () T .‘__‘ ¥
— Detecting the NAO response to volcanic eruptlo
signal-noise ratio). Small ensemble expenmen&s.c
e Swingedouw, D., Mignot, J., Ortega, P., Khodri, M., Ménégoz, M., Cossou C Honqwez

V., 2017, Impact of explosive volcanic eruptions on the main climate variability mode
Global and Planetary Change, Vol. 150, P. 24-45. " '

* Méneégoz, M., Cassou, C., Swingedouw, D., Bretonniere, —
Modulation of the climate response to a volcanic eruption by the Atlantic Mulhdecodol
Variability, in revision for Climate Dynamics.
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Zonal mean anomalies
simulated the first
winter after a volcanic
eruption of temperature
(°C, left) and wind
(m.s-1, right)
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— Regional variations of the cooling: dynamical response?

-1.2 -1 -0.8-0.6-0.4-02 0 0.2 0.4 06 08 1 1.2

80°N

40°N
Composite of two-meter
temperature modelled with
CNRM-CMa3 for the 19
eruptions larger or equal to the
Pinatubo over the last
millennium, in terms of the
duration of the aerosol imprint
in the atmosphere.
(Swingedouw et al., 2017)

Brest 2017

OO

40°S

80°5




#2, .
Z4 speCs Infroduction @

— Regional variations of the cooling: dynamical response?
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to the Pinatubo over the last
millennium, in terms of the
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— in the atmosphere.
8005 i (Swingedouw et al., 2017)
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S erecs NAO and AMV

— Simulating a Pinatubo under warm/cold phases of the AMV
(Perfect model approach with the CNRM-CM5 model)

NAO defined as a projection on first EOF
Simulation with a mean significantly different from the others appears in red
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srecs Climate response to volcanoes

— Mixing between ENSO and volcanoes signals !

Agung Chichon Pinatubo

o MULTIVARIA'!‘E ENSO INDEX
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NQAA/ESRL/Physical Science Divisiofj — University Jof Colorado at Boulder/CIRES/CDC
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g El Chichdn Pinatubo
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Weather regimes

-200 -100 0 100 200 Z500 §m)

Figure 1| Wintertime North Aflantic weather regimes. Centroids of the
four weather regimes obtained from daily anomalous geopotential haghtat
the 500 hPa dttude (Z500, colour) from the Nationa Center for

From Cassou et al. (2008) (NCEPINCAR) Reansiysis. Each percentage cormesporas to the s ated

number of days and represents the mean frequency of occurrence of the
regime computed over 1974-2007 from 1 November 1o 31 March. Contour
intervals are 25 m. Details an the algorithm used for clustering are given in

the Methods Summary and Supplementary Information.
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P s The history of the discussion @

— The NAO is the main mode of variability in the North
Atlantic, with strong impact on the European climate
— Volcanic eruptions can have strong impacts on the climate
system, in particular on the European climate
— How do the NAO respond to volcanic eruptions?
— The two winters following the Pinatubo eruption were typical
from strong positive NAO conditions.
— First concept of mechanisms: Stenchikov; Robock et al. 2000
— Observations: last eruptions over instrumental era.
— Millenium observations
— Update of the model results: Barnes et al.,, Swingedouw et al.
— EC-Earth forecasts
— aim of the study; sensitivities experiments to check the impact
of the climate conditions and to evaluate the signal/noise ratio.
— Two parts: T and U response, AMV modulation
— Noise

Brest, 2017




