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WES Feedback: 

wind-evaporation-sea surface temperature

work by Xie et al. 
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QUESTION:

What is the source of this decadal power in the tropics?
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QUESTION:

Is the decadal power of the tropics controlled by Zonal Mode 
dynamics (e.g. ENSO)?
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QUESTION:

Can the Meridional Mode act as an independent and primary 
source of tropical decadal variance?



9

ENSO
Eastern Pacific 
Canonical ENSO

(mature)

Atmosphere
1st 

extra-tropical mode (AL)

Ocean
1st 

extra-tropical mode (PDO)

A MODEL FOR EXPLAINING PACIFIC DECADAL DYNAMICS

CPW
Central Pacific Warming

non-Canonical ENSO
(mature)

Ocean
2nd 

extra-tropical mode (NPGO)

CPW
Central Tropical Pacific 

Warming
(onset)

high 
frequency
stochastic

Atmosphere
2nd 

extra-tropical mode (NPO)
deterministic + stochastic

ENSO
Eastern Pacific 
Canonical ENSO

(mature)

CPW
Central Pacific Warming

non-Canonical ENSO
(mature)

Zonal M
ode

Extra-tropics [ Ocean forced by Atmosphere ]

Tropics [ Ocean-Atmosphere Coupled System ]

Meridional
Mode

A NULL-HYPOTHESIS FOR PACIFIC CLIMATE DYNAMICS

QUESTION:

Can the Meridional Mode act as an independent and primary 
source of tropical decadal variance?



9

ENSO
Eastern Pacific 
Canonical ENSO

(mature)

Atmosphere
1st 

extra-tropical mode (AL)

Ocean
1st 

extra-tropical mode (PDO)

A MODEL FOR EXPLAINING PACIFIC DECADAL DYNAMICS

CPW
Central Pacific Warming

non-Canonical ENSO
(mature)

Ocean
2nd 

extra-tropical mode (NPGO)

CPW
Central Tropical Pacific 

Warming
(onset)

high 
frequency
stochastic

Atmosphere
2nd 

extra-tropical mode (NPO)
deterministic + stochastic

ENSO
Eastern Pacific 
Canonical ENSO

(mature)

CPW
Central Pacific Warming

non-Canonical ENSO
(mature)

Zonal M
ode

ENSO-like
Decadal Variability

Extra-tropics [ Ocean forced by Atmosphere ]

Tropics [ Ocean-Atmosphere Coupled System ]

Meridional
Mode

A NULL-HYPOTHESIS FOR PACIFIC CLIMATE DYNAMICS

Meridional Mode (N-S): injects decadal-
scale variance into the tropical system.
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scale variance into the tropical system.

12



9

ENSO
Eastern Pacific 
Canonical ENSO

(mature)

Atmosphere
1st 

extra-tropical mode (AL)

Ocean
1st 

extra-tropical mode (PDO)

A MODEL FOR EXPLAINING PACIFIC DECADAL DYNAMICS

CPW
Central Pacific Warming

non-Canonical ENSO
(mature)

Ocean
2nd 

extra-tropical mode (NPGO)

CPW
Central Tropical Pacific 

Warming
(onset)

high 
frequency
stochastic

Atmosphere
2nd 

extra-tropical mode (NPO)
deterministic + stochastic

ENSO
Eastern Pacific 
Canonical ENSO

(mature)

CPW
Central Pacific Warming

non-Canonical ENSO
(mature)

Zonal M
ode

ENSO-like
Decadal Variability

Extra-tropics [ Ocean forced by Atmosphere ]

Tropics [ Ocean-Atmosphere Coupled System ]

Meridional
Mode

A NULL-HYPOTHESIS FOR PACIFIC CLIMATE DYNAMICS

Zonal Mode (E-W): responds and amplifies the MM 
anomalies in the tropics and excites teleconnections 
that add memory to the coupled system.

Meridional Mode (N-S): injects decadal-
scale variance into the tropical system.

12

QUESTION:

Is the observed decadal evolution of 
the Pacific consistent with this view?
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APPROACH:
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8YR lowpass filter

2. Compute EOF/PC 1 in tropics [10S 

10N] (~50-60% of variance!)

3. Make lead/lag correlation maps of 
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Meridional Mode (N-S):  in the extra-

tropics initiates the evolution of Pacific 
decadal variability
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Zonal Mode (E-W): teleconnected 

responses associated with the zonal mode 
response
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QUESTION:

How can attribute cause and effect?
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GOAL:

Isolate fraction of the evolution that is 
controlled by the Zonal Mode dynamics
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ZONAL MODE (EXP)

1. AGCM-MLD 
(SPEEDY)

2. Prescribed time 
dependent 
observed SSTa in 
tropics 1950-2012

3. Ensemble Mean (50 
realizations) to 
filter out extra-
tropics stochastic 
forcing
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How about the 

extra-tropical precursor?
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QUESTION:

Is this precursor controlled by

Meridional Mode dynamics?
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1. AGCM-MLD (SPEEDY)

2. 1000 year run with 
MLD everywhere

3. NO Zonal Mode 
dynamics included
NO Cloud feedback

4. Tropical variability is 
controlled by 
Meridional Mode
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50% OF VARIANCE

EOF 1 IN TROPICAL PACIFIC [10S 10N]



0 50 100 150 200
−4

−3

−2

−1

0

1

2

3

4

5

 

 

−250 −200 −150 −100
−40

−20

0

20

40

60

−0.5 0 0.5

CORRELATION IN SSTA

TROPICAL MODE 1(SPEEDY)

TROPICAL MODE 1(SPEEDY)

years

OBSERVATIONS ZONAL MODE (EXP) MERIDIONAL MODE (EXP)

Is there an Extra-tropical Precursor 

associated with the Meridional Mode?
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associated with the Meridional Mode?

MERIDIONAL MODE (SPEEDY)

EXTRA-TROPICAL MODE 1
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Is there an Extra-tropical Precursor 

associated with the Meridional Mode?

MERIDIONAL MODE (SPEEDY)

EXTRA-TROPICAL MODE 1

6 MONTHS LEAD
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Extra-tropical stochastic forcing of 

the Meridional Mode dominates the 

tropical variability
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Meridional Mode 

dominates the tropical 

decadal variability.
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Tropical Variability is characterized 

by mostly decadal scale variations
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Cross-correlation function between 
extra-tropical mode 1, tropical mode 1
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