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‐ In observations of the last 150 years a coherent, basin‐wide
pattern of SST variability in the North Atlantic has been found
[1]. This Atlantic Multidecadal Oscillation (AMO) is characterized
by a periodicity of 65‐70 years. Prior to the observational
periods, the persistence of multidecadal variability is less well
know and reconstructions of the AMO came to different results
[2‐6]. Furthermore, it is still under discussion whether internal
variability or external forcing acts as a driver for the AMO [7‐9].

‐ We analyze on which timescales, external forcings influences the
AMO and which periodicities are dominated by internal modes of
the Atlantic basin. Furthermore, the different patterns of
internal and external variability are analysed and the results are
tested using different reconstructions of the AMO.

MOTIVATION

Millenium Simulations [10]
 Earth System Model (ESM): ECHAM5 T31L19, MPIOM GR30L40,

HAMOCC5, JSBACH
‐3 member ensemble (analyzed for the period: 800‐1850)
•solar forcing with an amplitude of 0.25% (3.5 W/m2; [11,12])
between Maunder Minimum and present day. Other forcings
described in [10].

‐ Control simulation (3100 years)
AMO‐Reconstructions:
 5 AMO reconstructions covering different periods of the last

millenium [2‐6]

‐ 5 TSI reconstructions for the last millenium [11‐16]
Methods
• The AMO is calculated based on SSTs for the Atlantic basin (80°E ‐

10°W, 0°N ‐60°N), no detrending or decomposition.
• Multitaper Method (MTM) for the estimation of the power

spectrum with red noise assumption for significance testing [17].
• Wavelet and Covariance Wavelet Analysis
• Filtering and decomposition of the AMO signal is done using Fast‐

Fourier‐Transformation.

DATA & METHODS

• What are the characteristic periodicities of the AMO (in a model
simulation)?

• How is the periodicity changed, by (stronger) solar forcing?
• What drives the AMO on different timescales?
• Are the model results supported by reconstructions of the AMO?

QUESTIONS
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• The model results reveal a notable differences in the
periodicity and power between the unforced (Control) and
transient AMO. In the transient simulations a multidecadal
and a centennial variability can be distinguished. The
former is limited to the North Atlantic and connected to
other internal modes (AMOC). The centennial AMO is
related to global changes and shows high correlation (r >
0.7) to the solar forcing.

• In some AMO reconstructions a comparable covariance (on
centennial time scales) between solar forcing and AMO is
found.

outlook
• In new simulations the influence of moderate to strong

solar forcing [13] on the AMO will be analysed (FUPSOL
project). First results (Fig. 7) reveal, that also volcanic
forcing might play an important role on the multidecadal
time scale (compare [18]).

CONCLUSIONS
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Fig. 7: 11 year running mean AMO (A) and AMOC (B) anomalies from an ensemble of
simulations with a coupled ocean‐atmosphere‐chemistry model. The colors denote the solar
forcing used: green simulations were forced by a moderate solar forcing (3 Wm‐2 MM to PD);
blue by a strong forcing (6 Wm‐2 MM, [13]). The gray vertical line marks a volcanic eruptions.

RESULTS ‐ Model Simulations

Fig. 2: AMO‐Wavelets for Control (A) and the transient simulations (B‐D). For Control (A), a section
of 1200 continuous years were selected. The thick black line denotes the 95% significance level
against red noise.
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Fig. 3: Wavelet coherence between AMO and
solar forcing. Arrows are shown for regions with
wavelet coherence power > 0.975; white lines
denote statistical significance (p < 0.1).

Assumption:
• Multidecadal Variability may

represent an intrinsic mode of
the Atlantic ocean, while the
centennial scale is driven by
changes in the external
forcing.

• Decompositions into multi‐
decadal (30‐80 yr) and
(multi‐)centennial (> 100 yr)
signal.

• The AMO shows pronounced multidecadal and multi‐centennial
variability (Fig. 1)

• In the control run variability is found on many timescales, but
no period shows persistent, significant variability (Fig. 2).

• The transient simulations are characterized by (occasional
significant) multidecadal variability and highly significant and
persistent (multi‐)centenial variability (Fig. 2).

• On centennial periods solar forcing and Atlantic SSTs co‐vary in
all simulations, whereas no consistent relationship can be
found for periods < 100 years (Fig. 3).
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Fig. 1: (A) Solar forcing time series [11,12] and 11 year running mean filtered AMO (Atlantic
SSTs: 80°E ‐ 10°W, 0°N ‐60°N) for the three ensemble members (B).

Fig. 4: Regression pattern for sea surface temperature (A,B), salinity (C,D) and the Atlantic
meridional streamfunction (E,F) upon the decomposed multidecadal (30‐80 years, left column)
and centennial (>100 years, right column) AMO index time series. Shown are the regression
pattern for member 'mil0025', other simulations are similar. Stippling regions indicate
unsignificance (p>0.05).
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Fig. 5: Lagged correlations bet‐
ween the multidecadal (solid line)
and centennial (dashed) AMO
signal vs. the Atlantic Overturning
index (AMOC, A) and the solar
forcing (TSI, B). Points depicts
significant correlations (p<0.05).
For negative lags the AMO is
leading.

multidecadal vs. centennial AMO

• The multidecadal SST signal is mainly confined to the North
Atlantic (NA), whereas the centennial signal acts on a global
scale and is only regionally enhanced by sea ice feedbacks
(Fig. 4, A,B). The centennial pattern is very similar to the
solar forcing — SST response (not shown).

• On both time scales, salinity responds mainly in the NA and in
the Arctic ocean (Fig. 4, C,D).

• The combined effect on density (not shown) is for the
multidecadal AMO a density increase in the NA and a decrease
in the tropical Atlantic. On centennial scales density
decreases globally with slight increases in parts of the NA.

• Due to this the strongest effect on the Atlantic meriodional
overturning (AMOC) is found in the NA (around 40°N) for the
multidecadal AMO. The centennial response is strongest in the
South Atlantic (Fig. 4, E,F).

• Lagged correlations (Fig. 5, B) indicate a strong relation
between centennial AMO and TSI. The AMOC shows a
significant correlations to the multidecadal AMO in one
simulation (Fig. 5, A), whereas it is not significant for the
centennial AMO.

A

B Fig. 6: Wavelets coherence between
AMO reconstruction of [2] (A) and [3] (B)
and the solar forcing shown in Fig. 1.A.
Arrows are shown for regions with
wavelet coherence power > 0.975; white
line denotes statistical significance (p <
0.1). Please note the different scaling
of the date axis.

RESULTS ‐ AMO Reconstructions
• 5 AMO reconstructions [2‐6] and 5 solar forcing

reconstructions [11‐16] where used to identify solar
influences on a centennial time scale. In two
reconstructions, a persistent covariance between solar
forcing and the AMO is found (Fig. 6). These two are not
calibrated using the observed AMO.

• Another reason for the difference could be, that tree
rings, which are used in
the other reconstruc‐
tions, have difficulties
in representing low
frequency variability.
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