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Atlantic Multidecadal Variability: 
Internal and External Component

(Brönnimann et al. 2019)

Typical AMV: SST averaged over North AtlanBc (0°N–60°N, 80°W–0°W) with 10-year running mean
Internal variability -> triggered by internal processes (Sea Ice, ocean mixing, …)
External variability -> triggered by external processes (Volcano, Solar, Aerosol, GHG…)

piControl-CMIP6 (500 years)

Past1000-PMIP4 (850-1849)

SST (°C)
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1. Why different patterns?

2. How do internal and external 
forcing impact AMV?

3. What is the relative contribution 
of internal and external forcing?
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Regression
Onto past1000
North Atlantic

Typical AMV Index 
in piControl run
(SST averaged over North Atlantic 
Ocean with 10 years running mean)

Regression
Onto North 
Atlantic SST

Typical AMV pattern 
of piControl run Pattern AMV 

index of past1000
(10years running mean)

Extracting Internal AMV in past1000 Using piControl AMV pattern 
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Extracting Internal AMV in past1000 Using piControl AMV pattern 

Pattern AMV: Using spatial signature to estimate internal forced AMV. 
Other methods: Using temporal signature to estimate external forced AMV.
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The Pattern AMV index has limited susceptibility from the external forcing.
The AMV residual index contains the oscillatory responses to volcanic forcing.

Pattern AMV, past1000

Residual AMV,  past1000(Typical AMV – Pattern AMV)
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The Pattern AMV index has limited susceptibility from the external forcing.
The AMV residual index contains the oscillatory responses to volcanic forcing.

Pattern AMV, past1000

Residual AMV,  past1000(Typical AMV – Pattern AMV)

Cross Correlations between AMVs and AMOC

piControl

past1000
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Relative Contribution from Internal and External Forcing

piControl past1000 ~25% 
variance
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1. The internal and external contributions to AMV over the past millennium can be separated 
by a pattern-based calculation of AMV.

2. The internal/pattern AMV has a robust tripole pattern and dominates the relationship with 
meridional overturning circulation.

3. The external/residual AMV responds to post-eruption global cooling with an oscillatory 
behavior and account for ~25% of variance in the past millennium.

Relative Contribution from Internal and External Forcing

piControl past1000 ~25% 
variance
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Thank you.
方思惟 Shih-Wei Fang

shih-wei.fang@mpimet.mpg.de



Pattern AMV (Internal Component of AMV)

SST regression pattern in past1000

SST regression pattern in piControl

SLP regression pattern in past1000

Pattern AMV time series in past1000
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(Typical AMV – Pattern AMV)
AMV Residual (External Component of AMV)

AMV Residual time series in past1000

SST regression pattern in past1000

SST regression pattern in piControl

SLP regression pattern in past1000

The Pattern AMV index has limited susceptibility from the external forcing.
The AMV residual index contains the responses to volcanic forcing.
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Pattern (Internal) AMV dominates the relation with AMOC

piControl

past1000

Pattern AMV 
(past1000)

AMV Residual
(past1000)

AMOC: Maximum meridional overturning streamfuncBon at 30°N below 1000m.  
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MPI-ESM1-2-LR MRI-ESM2-0 IPSL-CM6A-LR

Each eruption may have 
a distinct impact on AMOC Typical

AMV

Pattern
AMV
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Le
ad

La
g

--
-|

 -
--

Le
ad

La
g

--
-|

 -
--

Le
ad

La
g

--
-|

 -
--

(Mignot et al., 2011)

Running cross correlations with 100-year window
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Relative Contribution from Internal and External Forcing

piControl past1000
~25% 

variance

PAGES OSM 2022 17.05.2022

Shih-Wei Fang



1. The internal and external contributions to AMV over the past 
millennium can be separated by a pattern-based calculation of AMV.

2. The internal/pattern AMV has a robust tripole pattern and dominates 
the relationship with meridional overturning circulation.

3. The external/residual AMV responds to post-eruption global cooling 
with an oscillatory behavior and account for ~25% of variance in the 
past millennium.

Summary
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1. The natural external forcing over past millennium may have less 
impacts on AMOC than the anthropogenic forcing in recent decades.

2. How much the external-forced AMV can impact AMOC over the past 
millennium?

3. Mann et al. (2021) emphasizes the control of volcanic eruptions on the 
AMV spectrum. We found that this volcanic forced AMV may not 
involve the same dynamical relation with AMOC.  

Discussion

(Caesar et al., 2018; Chemke et al., 2020)
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Procedure of Calculating Pattern AMV index

Regression
Onto past1000
North Atlantic

Typical AMV Index 
in piControl run
(SST averaged over North Atlantic 
Ocean with 10 years running mean)

Regression
Onto North 
Atlantic SST

Typical AMV pattern 
of piControl run

Pattern AMV 
index of past1000
(10years running mean)

For	t	in	each	month	in	past1000:

SSTAt,NAlantic = Slopet*AMVPatternNAtlantic + Interceptt *INAtlantic + Noiset,Natlantic
SSTApast1000,NAlantic = Slopes*AMVPatternNAtlantic + Intercepts *INAtlantic + NoiseNAtlantic

Typical-AMV := Spatial Average(SSTApast1000,NAlantic)

Pattern-AMV := Spatial Average(Slopes*AMVPatternNAtlantic)

Residual-AMV := Spatial Average(Intercepts *INAtlantic+ Noiset,NAtlantic)
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