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Interdecadal Pacific Oscillation (IPO)         Atlantic Multidecadal Variability (AMV)
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Aim: Assess the contributions to 
Global Mean Surface Temperature (GMST) variations by…
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Forced response removal

• Observed time-series contains 
forced responses (e.g. GHGs, 
volcanics, aerosols)
• Want to isolate internal variability
• Approach: remove a scaled, multi-

model mean signal
• We analyse observations and 

CMIP5 historical simulations
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Running trend analysis
HadCRUT GMST 10-year running trends
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HadCRUT GMST 30-year running trends
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HadCRUT annual GMST
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10-year trends

HadCRUT annual GMST

1995 2000 2005 2010 2015
-0.4

-0.2

0

0.2

0.4

(o C
)

19
01

-1
95

0 
ba

se
lin

e

10-year trends

HadCRUT annual GMST

1995 2000 2005 2010 2015
-0.4

-0.2

0

0.2

0.4

(o C
)

19
01

-1
95

0 
ba

se
lin

e

10-year trends

HadCRUT annual GMST

1995 2000 2005 2010 2015
-0.4

-0.2

0

0.2

0.4

(o C
)

19
01

-1
95

0 
ba

se
lin

e

10-year trends

HadCRUT annual GMST

1980 1990 2000 2010
-0.4

-0.2

0

0.2

0.4

(o C
)

19
01

-1
95

0 
ba

se
lin

e

HadCRUT annual GMST

1980 1990 2000 2010
-0.4

-0.2

0

0.2

0.4

(o C
)

19
01

-1
95

0 
ba

se
lin

e

30-year trends
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Variability in trends over different time-scales

(a) GMST standard deviation
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(b) IPO standard deviation
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(c) AMV standard deviation
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(d) GMST and IPO correlation
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(e) GMST and AMV correlation
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(f) Inter-model IPO imprint on GMST
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(g) Inter-model AMV imprint on GMST
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Correlations in trends over different time-scales
(a) GMST standard deviation
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(b) IPO standard deviation
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(c) AMV standard deviation
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(d) GMST and IPO correlation
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(e) GMST and AMV correlation
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(f) Inter-model IPO imprint on GMST
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(g) Inter-model AMV imprint on GMST
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Inter-model relationship between 
variability and correlations

(a) GMST standard deviation
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(b) IPO standard deviation
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(c) AMV standard deviation
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(d) GMST and IPO correlation
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(e) GMST and AMV correlation
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(f) Inter-model IPO imprint on GMST
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(g) Inter-model AMV imprint on GMST
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(b) IPO standard deviation
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(c) AMV standard deviation
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(d) GMST and IPO correlation
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(e) GMST and AMV correlation
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(f) Inter-model IPO imprint on GMST
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(g) Inter-model AMV imprint on GMST
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(a) GMST standard deviation
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(b) IPO standard deviation

5 10 15 20 25 30 35 40
running trend (years)

0

0.5

1

1.5

2

st
an

da
rd

 d
ev

ia
tio

n Observed
CMIP5 mean
CMIP5 1 , 2 , & 3

(c) AMV standard deviation
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(d) GMST and IPO correlation
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(e) GMST and AMV correlation

5 10 15 20 25 30 35 40
-1

-0.5

0

0.5

1

co
rre

la
tio

n 
co

ef
fic

ie
nt

(f) Inter-model IPO imprint on GMST
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(g) Inter-model AMV imprint on GMST

5 10 15 20 25 30 35 40
running trend (years)

0.2

0.3

0.4

0.5

0.6

co
rre

la
tio

n 
co

ef
fic

ie
nt

sd(IPO)cc
(G

M
ST

,IP
O

)
OBS

0.2 0.4 0.6 0.8 1 1.2

0
0.

5
1

sd(AMV)cc
(G

M
ST

,A
M

V)

OBS

0 0.2 0.4

0
0.

5
1

35-year trends, CMIP5

AMV, standard deviation

GM
ST

 a
nd

 A
M

V 
co

rr
el

at
io

n

Inter-model correlation = 0.53 

Enhanced AMV across models at multidecadal time-scales
à Stronger imprint of AMV on GMST



Inter-model relationship between 
variability and correlations

(a) GMST standard deviation
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(b) IPO standard deviation
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(c) AMV standard deviation
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(d) GMST and IPO correlation
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(e) GMST and AMV correlation
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(f) Inter-model IPO imprint on GMST
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(g) Inter-model AMV imprint on GMST

5 10 15 20 25 30 35 40
running trend (years)

0.2

0.3

0.4

0.5

0.6

co
rre

la
tio

n 
co

ef
fic

ie
nt

sd(IPO)cc
(G

M
ST

,IP
O

)

OBS

0.2 0.4 0.6 0.8 1 1.2

0
0.

5
1

sd(AMV)cc
(G

M
ST

,A
M

V)

OBS

0 0.2 0.4

0
0.

5
1

IPO 10-year trends:
à Strongest observed 

correlation with GMST
à Strongest inter-model 

relationship

AMV 35-year trends:
à Strongest observed 

correlation with GMST
à Strongest inter-model 

relationship



Correlations between GMST and grid-point SST trends
Observations (HadCRUT and HadISST) CMIP5 historical multi-model mean

(a) OBS, 10-year trends
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Summary
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• However, relationships between GMST and IPO or AMV are largely consistent in 
observations and models – but appropriate forced response removal is crucial

• Relationships are similar in piControl, giving some reassurance in the forced 
response removal procedure

Decadal IPO
• Under-represented in models
• So too is correlation with GMST
• Stronger IPO à stronger correlation 

between IPO and GMST

Multi-decadal AMV
• Under-represented in models
• So too is correlation with GMST
• Stronger AMV à stronger correlation 

between AMV and GMST


