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« Well established physical basis (Bjerknes, 1964)

* Model-based evidence of non-stationarity in
AMOC and AMV variability in pre-industrial runs

« Mavilia et al. (2018) and Moat et al (2019)
show alternation of quasi-oscillatory and less
regular/noisy phases in AMOC/AMYV evolution

The AMOC-AMV connection

in multi-century control simulations

On the spectral characteristics of the Atlantic multidecadal variability in an ensemble of...

AMYV index of MPI-ESM-P
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Fig.4 AMV modulation shows epochs with different characteristics. (a) RED: mostly warm-skewed events; (b) GREEN: moderate, nearly-har-

monic events; (c) PURPLE: intense events with longer periods; (d) YELLOW: st

[Mavilia et al., 2018]
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FIG. 3. (a) Lagged correlation between the AMOC anomaly (Sv) and the AMV (both 10-yr low pass filtered)
indicating that the AMYV lags the AMOC at 26°N (black) and S0°N (red). Thick lines indicate correlations are
significant at the 95% level. Also shown is the AMOC anomaly at (b) 26°N and (c) 50°N. Events spanning a full
AMOOC cycle are indicated by letters A-D. Colors represent four different phases of the AMOC in each event:

phase 1 (red), phase 2 (blue), phase 3 (cyan), and phase 4 (magenta).
[Moat et al., 2019]



The AMOC-AMV connection

« Well established physical basis (Bjerknes, 1964)

* Model-based evidence of non-stationarity in
AMOC and AMV variability in pre-industrial runs

* Mavilia et al. (2018) and Moat et al (2019) —
show alternation of quasi-oscillatory and less
regular/noisy phases in AMOC/AMYV evolution

in multi-century control simulations

On the spectral characteristics of the Atlantic multidecadal variability in an ensemble of...

AMYV index of MPI-ESM-P
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Fig.4 AMV modulation shows epochs with different characteristics. (a) RED: mostly warm-skewed events; (b) GREEN: moderate, nearly-har-

monic events; (c) PURPLE: intense events with longer periods; (d) YELLOW: st
[Mavilia et al., 2018]
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FIG. 3. (a) Lagged correlation between the AMOC anomaly (Sv) and the AMV (both 10-yr low pass filtered)
indicating that the AMV lags the AMOC at 26°N (black) and 50°N (red). Thick lines indicate correlations are
significant at the 95% level. Also shown is the AMOC anomaly at (b) 26°N and (c) 50°N. Events spanning a full
AMOOC cycle are indicated by letters A-D. Colors represent four different phases of the AMOC in each event:
phase 1 (red), phase 2 (blue), phase 3 (cyan), and phase 4 (magenta).

[Moat et al., 2019] =




Nonstationary behavior in AMV

On the spectral characteristics of the Atlantic multidecadal variability in an ensemble of...

AMYV index of MPI-ESM-P
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Fig.4 AMYV modulation shows epochs with different characteristics. (a) RED: mostly warm-skewed events; (b) GREEN: moderate, nearly-har-
monic events; (c) PURPLE: intense events with longer periods; (d) YELLOW: small amplitude events
[Mavilia et al, 2018]



Aim : Assess the stationarity of the AMOC-AMYV relationship in a multi-
model set of CMIP6 multi-century pre-industrial climate simulations
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A change-point detection method (*) is applied to 80-year running AMOC-

AMV correlation to identify co-variability regimes in each model.

Correlation Index

AMV-AMOC moving 80-yr correlation (CanEMS5-p1) Methodology (details)
1.0 ccemal 999 years « Diagnose moving AMOC-AMV
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0.8+ "’\'\ /"M . .
:.V._:j/ Vs S . « Apply change-point detection
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(*) R. Killick, P. Fearnhead, and I. Eckley. Optimal detection of changepoints with a linear computational cost. Journal of the American
Statistical Association, 107(500):1590-1598, 2012.



After systematically applying this methodology

to each selected model, we found:

* All models feature, to different extent,
transitions between CR and NCR regimes

* The NCR regimes can have a duration ranging
from a few decades up to several centuries, and

their inception and termination are generally
marked by symmetrically rapid transitions
from and towards a CR regime, respectively.

* The relative fraction of CR- versus
NCR-years is strongly model-dependent

with some models showing an almost

equal partition between the two regimes
(e.g.,CanESMS5 p1 and p2 and INM-CM5-0),
contrasting with models where the CR regime
largely prevails (e.g, IPSL-CM6-LR).

Correlation Index Correlation Index Correlation Index Correlation Index

Correlation Index

1.00

0.75 1
0.50
0.251
0.004 [t %

~0.251

-0.50

1.00

0.75 -
0.50 -
0.25 -
0.00 -
—0.25 A1

-0.50

1.00

0.75 1
0.50 1
0.25 -
0.00 -
—0.25 A

-0.50

1.00

0.75 A
0.50 -
0.25 1
0.00 -
—0.25 1

-0.50

1.00

0.75 A
0.50 -
0.25 -
0.00 -
—0.25 1

—-0.50

CANESM5 P1 999 years SAMO-UNICON 699 years
1 2 13 4 15 16 T 8 9 10 2 34 5 6 7
p;/h«/m\'V\ V% N . A . aﬂj‘,/“'ﬁﬁ% -
200 400 600 800 100 200 300 400 500 600
CESM2 999 years MPI-ESM2-LR 998 years
1 23 ,4,,/\\’\5 6r7/‘\.8 9 (1011 | 1/2\,\,\’/%3 4 516 7 i8
A/
AN TN T | oy ol N S,
200 400 600 800 200 400 600 800
MPI-ESM2-HAM 778 years CANESMS5S P2 1050 years
1 mh4 5 6 ] 1 2 3 4 516 7 8
ot My \
K f\f/\vf\ . / W\ r' 1 A A P rJ\f/_\'V w\f/\ /M/‘-
100 200 300 400 500 600 700 200 400 600 800 1000
INM CM5 0 1198 years IPSL CM6A LR 1999 years
1 2434 i5 6 7 8 {9 {10 ] yﬂ[’@.\4 6W8 JWMHWIW\\T@?@‘
Al ™~ M‘ ”“}“4 ’ ’\g ,"";"JAV\. J T N i"!?1‘/ \'\ kl ; ¥
200 400 600 800 1000 250 500 750 1000 1250 1500 1750
MRI ESM2 0 696 years EC-EARTH R2 1254 years
1 e | AT Y VATV W A
N\ M rJA\"""‘ M " S\, ] N/\"' p W .
100 200 300 400 500 600 200 400 600 800 1000 1200
Year Year




Spectral fingerprints of AMOC/AMYV decoupling episodes:
Wavelet Transform analysis
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Some of the detected CR-NCR transitions appear to

associated with synchronous power peaks in the multidecadal range




 Introduce a spectral index L(f) defined as the
integral of the AMOC and AMV wavelet

amplitudes (w), computed over the 30-100 year
frequency range:

S1=100 yr

L(t) = j w(s, t)ds

S0=30yr

« Compute a composite of the L(t) index for all
the CR-NCR and NCR-CR transitions, over a
time window of *50-year width centered over
each regime change-point, across all events and

all models
NCR -> CR CR -> NCR
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« Compute a composite of the L(t) index for all
the CR-NCR and NCR-CR transitions, over a
time window of *50-year width centered over
each regime change-point, across all events and

all models
NCR -> CR CR -> NCR
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AMOC-AMYV de/coupling vs variability

Moving 80-yr standard deviation (o)
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PDFs of moving standard deviation (o)
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NCR regimes are less frequent and show reduced variability, compared to CR



Oamv

AMV STD (standardized)

All models

0 1 2
AMOC STD (standardized)

Oamoc

oamoc and oany are significantily

correlated (0.54) in the examined model
population

NCR regimes occur primarily in the
low variability sub-space (bottom-left
corner in the Oapmoc - Oamy diagram):
the decoupling between the AMOC
and AMV signals is more likely to occur
when the amplitude of their variability
is low.

However the occurrence of low-o/CR
states (red points in the bottom-left
corner of the scatter diagram) is not
ruled out. On the other hand, high-
o/NCR states appear to be far less
likely states.
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Two hypotheses for the NCR regimes

AMOC-AMV moving corr.
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Two hypotheses for the NCR regimes

AMOC-AMV moving corr.
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Conclusions

« Spontaneous breakings of the AMOC-AMYV connection are
found in a suite of CMIP6 multi-century control simulations that can
last from several decades to centuries

* There are indications that these events are associated with a
consistent non-stationarity in the power spectra of the AMV and
AMOC signals over the multidecadal frequency band

* Decoupling between the AMOC and AMV is more likely to occur
under low variability (oayoc and oayy) conditions.

* The evidence of long-term modulations in the AMOC-AMV
covariability, has implications for the predictability in the North
Atlantic regional climate. The potential transition from strongly
to weakly coupled AMOC-AMYV regime may impact the predictive
ability of initialized decadal predictions over the Atlantic sector.
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Key Points:

e Spontaneous breakings of the
Atlantic meridional overturning
circulation-Atlantic multidecadal
variability (AMOC-AMV) connection
are found in a suite of multi-century
control simulations from the
6th phase of the Coupled Model
Inter-comparison Project

e The inception and demise of these
AMOC-AMYV de-coupling events
can be abrupt in scale and last several
decades or centuries

e Decoupling between AMOC and
AMYV is more likely to occur when
their respective variance is low

Supporting Information:

Supporting Information may be found in
the online version of this article.
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Non-stationarity in the past AMV

coral-based proxy record of Atlantic SST, seenger et al. 12009

Power spectrum for 200-year bins and for the entire record
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Spectral fingerprints associated with
AMOC/AMV decoupling episodes: Wavelet analysis
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Wavelet Transform: MRI-ESM2-0
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Wavelet Transform: INM-CM5-0

inm_cm5 0 1198 years AMV

RN S I ST 5 6~ NI B
bt bl LT X
— 100 ' - h— P - r
g I G- 1 —
> I - — E S N -
; 30 ‘ - - = E -
8 l p ‘ - - \ - + = - l‘
gg .“ ® ‘-‘ ® .@ e ’. y .ql S
¢ Coh Asplt ol Pgoiw R G
iy o 0,.' 0
: PRGN AN LD G\ AVA
400 600 800 1000

inm_cm5 0 1198 years AMOC

300

VAV N 2% S EN
CTSEREEEES

- 100
g -
5 30
§2)
—
&
10

bl INM-CM5-0



AMV STD (standardized)
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Centroids of CR and NCR regimes identify two distinct populations.
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Regression patterns (AMV/SST & AMOC/SST)
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[Ventrucci et al. (in prep.)]



