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— Major eruptions bring large
amounts (Tg) of particles in the
stratosphere.

— Recent eruptions: Agung (1963),
El Chichon (1982) and Pinatubo
(1991).

— Global temperature decrease by
0.1-0.5°C, atmospheric impacts
noticeable during 5 years, and
potential effects on ocean
circulation during 10-20 years.

Sarychev volcano, 2009, NASA
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— Simulations with initialisation

— Simulations with estimation of future forcing
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— Simulations without initialisation

— Simulations with observed forcing
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— Simulations with initialisation

— Simulations with observed forcing
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— Large inter-annual variability partly overwhelms the volcanic signal
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(a) Observation (b) Model

Surface temperature anomalies over forecast years 1-3 after the last 3 major eruptions:
(a) Observation; (b) EC-Earth hindcasts. Anomalies are averaged over 3 start dates (and
5 members for the simulations). Shaded areas show regions with significant differences
with a 5% level, areas without observations appear in white.
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— Mixing between ENSO and volcanoes signals !

Agung Chichon Pinatubo
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NfAA/ESRL/Physical Science Divisioh — University Jof Colorado at Boulder/CIRES/CDC
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
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Sensitivity experiment with - without volcanoes

Years 1-3 Years 3-5

| | |
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) 15 - 05 _0.25 0 0.55 o.‘s ! 1.’5 i

Surface temperature difference (°C). 3-year average after the 3 last major eruptions
(Agung, 1963, Chichon, 1982 and Pinatubo, 1991). Difference has been computed
between two 5-members hindcasts, one including and another excluding volcanic
forcing of large eruptions, and appears shaded when significant with a 5% level.
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Observation

Surface temperature
anomalies over forecast
years 1-3 averaged after the
last 3 major eruptions.

Surface temperature anomalies over forecast years 1-3 after the last 3 major eruptions.
Anomalies are averaged over 3 start dates (and 5 members for the simulations).
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Initialisation and no
volcanic forcing

Surface temperature anomalies over forecast years 1-3 after the last 3 major eruptions.
Anomalies are averaged over 3 start dates (and 5 members for the simulations).
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Observation

Surface temperature
anomalies over forecast i
years 1-3 averaged after the —
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Surface temperature anomalies over forecast years 1-3 after the last 3 major eruptions.
Anomalies are averaged over 3 start dates (and 5 members for the simulations).

Norrkdping, September 2015




1

1
A0
.'11
)

1 ~

1

1

50N 70N

Il

70S 50S 30S 10S 10N 30N 50N 70N

1

0S 10N 30N

T | T T T T T

)
220E

Initialisation and
volcanic forcing

T T
140E 180E

& 2(;5 60E 1OIOE

7(?8 598 S(fS 1

© i
N |
o

m

Observation

Surface temperature
anomalies over forecast il
years 1-3 averaged after the —

0 20E 60E 10|OE

7?8 5?8 3(?8 1({3 1(fN a(fN 5({N 7?N

7?8 S?S 3({8 193 1(?N an 5(?N 7(?N

T T T T T T T T T T

200E | G00E | 340E

last 3 major eruptions. No initialisation Initialisation and no
and volcanic forcing volcanic forcing

14bE ISIOE 22|0E 26|OE 30‘0E 34£)E 0 2(])E SI;E 100E 140E 18£]E 22|0E

Surface temperature anomalies over forecast years 1-3 after the last 3 major eruptions.
Anomalies are averaged over 3 start dates (and 5 members for the simulations).

Norrkdping, September 2015 @



5(?N 70N

1

70S 5

(i'iS 10N 30N

98 3(fS1

© i
N |
o

m

Initialisatio

1

1

1

1

1

Il

70S 50S 30S 10S 10N 30N 50N 70N

60E

! ! ! ! ! J 100E | 140E | f " 260E | a00E

T
220E

Initialisation and
idealized volcanic forcing

T
300E 180E

Initialisation and
volcanic forcing

| T T T )
& 20E 100E 140E 180E 220E

T T
180E

Observation

Surface temperature
anomalies over forecast
years 1-3 averaged after the
last 3 major eruptions.

7(fS S?S 3?3 1?3 1(fN a(fN S(IN 7(fN
798 S?S S(fS 198 1(?N GCIDN 5(?N 7(?N

T T T T T T T T T T T T

Initialisation and no
volcanic forcing

T T T T | T T T T
220E 260E 300E 340E 0 20E 180E 220E 260E 300E

No initialisation
and volcanic forcing

T T T
100E 140E 180E

Surface temperature anomalies over forecast years 1-3 after the last 3 major eruptions.

Anomalies are averaged over 3 start dates (and 5 members for the simulations).
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Correlation for 12 and 36 month smoothed running mean anomalies.
Differences between hindcasts are not statistically significant.
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— Simulating a Pinatubo under warm/cold phases of the AMO
(Perfect model approach with the CNRM-CMS5 model)

4 winters mean SLP ano after Pinatubo 1991 (hPa) 4 winters mean SLP ano after Pinatubo 2153 (hPa)
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warm AMO cold AMO ir}duced by a .
Pinatubo eruption

— NAO-+ signal after eruptions occurring when the AMO is negative
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— Simulating a Pinatubo under warm/cold phases of the AMO
(Perfect model approach with the CNRM-CMS5 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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Significant NAO+ signal the third winter after a Pinatubo eruption under a cold AMO
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— Last major eruptions induced a strong cooling over the tropics and the
Northern continent that was partly overwhelmed by internal variability.

— Evaluating the performances of climate forecast systems cannot be done
without considering large eruptions that occurred during the last decades.

— The EC-Earth historical simulation has higher skill than hindcasts.

— Volcanic forcing in hindcasts is associated to an increase of skill for
surface temperature in Western Pacific, tropical Atlantic and Indian Ocean.

— A real-time forecast of the next volcanic eruption require the design of an
idealized forcing.

— EC-Earth has no skill to predict the NAO, even after volcanic eruptions.

— The CNRM-CM5 model simulates a NAO+ response the third winter
following a Pinatubo eruption when the AMO is cold.
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Figure 5: Winter surface temperature anomalies after the last 3 major eruptions. Anomalies are
averaged over 3 dates (and 5 members for the simulations). Top: forecast; bottom: observations
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N SPECS Winter response IFCEJ

—
NAO forecaSt’ Winter NAO forecast in November — NAO defined as a projection on 1st EOF
Wlnter 1’ Models in colour, observation in black, winter year X ~ winter (X-1) to X
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El Chichon
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Surface temperature anomalies forecast for 4 different startdates around the El Chichoén
eruption (blue and purple start before the eruption; red and yellow start after the
eruption). Hindcasts start in November. Observations anomalies (black) are computed
with climatologies varying along the forecast time, data from ERSST and GHCN
(GISS). Anomalies are smoothed with a 12-month running mean.
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Pinatubo
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Surface temperature anomalies forecast for 4 different startdates around the Pinatubo
eruption (blue and purple start before the eruption; red and yellow start after the
eruption). Hindcasts start in November. Anomalies observations (black) are computed
with climatologies varying along the forecast time, data from ERSST and GHCN
(GISS). Anomalies are smoothed with a 12-month running mean.
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SPECS
Pinatubo
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volcanoes volcanoes idealized volcanoes

Surface temperature anomalies forecast for 4 different startdates around the Pinatubo
eruption (blue and purple start before the eruption; red and yellow start after the
eruption). Hindcasts start in November. Anomalies observations (black) are computed
with climatologies varying along the forecast time, data from ERSST and GHCN
(GISS). Anomalies are smoothed with a 12-month running mean. Idealized forcing is
computed as the current stratospheric aerosol load at the startdate decreasing toward
“background level” after a one year exponential decay.
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— Skill increase with
initialisation
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— First year
pressure anomalies

Appendix IFC?'}
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— Years 3-5
pressure anomalies

Appendix TCB}
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Winter2 NAO forecast in November — NAO defined as a projection on 1st EOF

— NAO forecast, Models in colour, observation in black, winter year X ~ winter (X-1) to X
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Winter3 NAO forecast in November - NAO defined as a projection on 1st EOF

— NAO forecast, Models in colour, observation in black, winter year X ~ winter (X-1) to X
winter 3 :
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— Simulating a Pinatubo under warm/cold phases of the AMO
(Perfect model approach with the CNRM-CMS5 model)

4 winters mean T ano after Pinatubo 1391 4 winters mean T ano after Pinatubo 2153 4 winters mean T diff ano after Pinatubo 2153-1391

=T = I I T
130W 140W 100W oW ZDRN

warm AMO cold AMO difference (cold - warm)

T anomaly (°C) induced by a Pinatubo eruption

— T response to volcanic eruption differs widely according to the AMO state
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— Winter
temperature
anomalies, AMO
sensitivities
experiments with
CNRM-CM5

Appendix 3
PP 13
T2M anomalies after Pinatubo

CTL experiments : 13 members; PINATUBO experiments : 13 members
warm AMO corresponds to year 1991 and cold AMO to 2153 in these perfect model experiments

level of significance has been evaluated considering a boostrap of the two sets of experiments (mean difference of 13 members)

Winter (DJFM) T2M anomalies

4 winters mean T ano after Pinatubo 2153

4 winters mean T ano after Pinatubo 1991

PR

cold AMO

Summer (JJAS) T2M anomalies

difference (cold - warm)

84

tabW | 1w | rodwW | 60w | 20w O Z0E | BBE | 100E | 140F

tabW | o1abw | robwW | 60w | z0W O 20E | 6O | 100E | 140E

oz

warm AMQO

s 2

cold AMO

18w | 1abW | 100w | eOW | 20w O 20E | OE | 100 | 140F

difference (cold - warm)

Norrkdping, September 2015




#Z
2 specs Appendix 1c3

SLP anomalies after Pinatubo
CTL experiments : 13 members; PINATUBQO experiments : 13 members

— Winter SLP warm AMO corresponds to year 1991 and cold AMO to 2153 in these perfect model experiments
. level of significance has been computed from a t-test considering a boostrap resampling (mean difference of 13 members) of
anomalles P AMO the two sets of experiments

sensitivities Winter (DJFM) SLP anomalies

exp eri m ents With 4 winters mean SLP ano after Pintu1991 (hPa)
CNRM-CM5
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— Temperature
anomalies, AMO
sensitivities
experiments with
CNRM-CM5

Appendix IFC“.;'}

Surface temperature anomalies after Pinatubo

CTL experiments : 13 members; PINATUBO experiments : 13 members
warm AMO corresponds to year 1991 and cold AMO to 2153 in these perfect model experiments
level of significance has been evaluated considering a boostrap of the two sets of experiments (mean difference of 13 members)

First year (DJFM)

winter 1 mean T ano after Pinatubo 1991 (hPa) winter imean T ano after PInatubo 2153 (hPa)
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Second year (DJFM)

winter 2 mean T ano after Plnatubo 1991 (hPa) winter 2mean T ano after PInatubo 2153 (hPa) winter 2 mean T diff ano after Plnatubo 2153-1991 (hPa)

difference (cold - warm)

Third year (DJFM)

winter 3mean T ano after PInatubo 2153 (hPa) winter 3 mean T diff ano after Plnatubo 2153-1991 (hPa)
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— Winter SLP
anomalies, AMO
sensitivities
experiments with
CNRM-CM5

Appendix IFC“.;'}

SLP anomalies after Pinatubo

CTL experiments : 13 members; PINATUBO experiments : 13 members
warm AMO corresponds to year 1991 and cold AMO to 2153 in these perfect model experiments
level of significance has been computed from a t-test considering a boostrap resampling (mean difference of 13 members) of
the two sets of experiments

First winter (DJFM) SLP anomalies
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Second winter (DJFM) SLP anomalies
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Third winter (DJFM) SLP anomalies

winter 3 mean SLP ano after Pinatubo 1991 (hPa) winter 3mean SLP ano after Pinatubo 2153 (hPa) winter 3 mean SLP diff ano after Pinatubo 2153-1991 (hPa)




