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Interactions between Pacific decadal modes

(IPO, PDO, NPGO) and ENSO

QUESTION:
What are the sources of Pacific decadal variability?
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DYNAMIC COUPLING

Feedback mechanism:

equatorial upwelling, winds, thermocline depth, zonal u
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THERMODYNAMIC COUPLING

WES Feedback:
wind-evaporation-sea surface temperature

work by Chang et al.

and Vimont, D. J. (2010): 2nd fastest
growing mode in tropical oceans
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Previous Winter/Spring

ENSO SST Precursor Pattern
Penland 1995
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Seasonal Footprinting Mechanism
Vimont et al. 2003; Anderson 2003
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NPO (2nd atmospheric mode)

is an optimal excitation pattern
Vimont et al. 2003; Anderson 2003
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NPO (2nd atmospheric mode)

is an optimal excitation pattern
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A NULL-HYPOTHESIS FOR PACIFIC CLIMATE DYNAMICS

Extra-tropics [ Ocean forced by Atmosphere ]
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Power Spectra Furtado et al. 2012
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QUESTION:

What is the source of this decadal power in the tropics?
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Power Spectra Furtado et al. 2012
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QUESTION:

Is the decadal power of the tropics controlled by Zonal Mode
dynamics (e.g. ENSO)?
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Power Spectra Furtado et al. 2012
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QUESTION:

Can the Meridional Mode act as an independent and primary
source of tropical decadal variance?
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1 Meridional Mode (N-S): injects decadal-
scale variance into the tropical system.

2 Zonal Mode (E-W): respond and amplify the MM
anomalies in the tropics and excites teleconnections
that add memory to the coupled system.
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QUESTION:

Is the observed decadal evolution of
the Pacific consistent with this view?

APPROACH:

1. NOAA SSTa 1950-2012 and apply
8YR lowpass filter

2. Compute EOF/PC 1 in tropics [10S
10N] (~50-60% of variancel)

3. Make lead/lag correlation maps of
PC1 with 8yr lowpass SSTa
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QUESTION:

Is the observed decadal evolution of
the Pacific consistent with this view?

1 Meridional Mode (N-S): in the extra-

tropics initiates the evolution of Pacific
decadal variability
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QUESTION:

Is the observed decadal evolution of
the Pacific consistent with this view?

1 Meridional Mode (N-S): in the extra-
tropics initiates the evolution of Pacific
decadal variability

Zonal Mode (E-W): teleconnected
responses associated with the zonal mode
response
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1 Meridional Mode (N-S): in the extra-
tropics initiates the evolution of Pacific
decadal variability

Zonal Mode (E-W): teleconnected
responses associated with the zonal mode
response

QUESTION:

How can attribute cause and effect?
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controlled by the Zonal Mode dynamics
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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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Extra-tropical precursor is not forced by tropics and is likely
connected to Meridional Mode dynamics

Extra-tropical successor is forced by tropics and is connected to

Zonal Mode response
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A NULL-HYPOTHESIS FOR PACIFIC CLIMATE DYNAMICS

Extra-tropics [ Ocean forced by Atmosphere ]
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Tropics [ Ocean-Atmosphere Coupled System ]

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

2 Zonal Mode (E-W): respond and amplify the MM
anomalies in the tropics and excites teleconnections
that add memory to the coupled system.
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A NULL-HYPOTHESIS FOR PACIFIC CLIMATE DYNAMICS

Extra-tropics [ Ocean forced by Atmosphere ]
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Tropics [ Ocean-Atmosphere Coupled System ]

1 Meridional Mode (N-S): can be a
primary source or energizer of the
decadal-scale variance in the tropical
system.

2 Zonal Mode (E-W): can respond & amplify the MM
anomalies in the tropics and excites teleconnections
that add memory to the coupled system.
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A NULL-HYPOTHESIS FOR PACIFIC CLIMATE DYNAMICS
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AGCM-MLD (SPEEDY)

1000 years simulation

TROPICAL MODE 1 (speepy) | TROPICAL MODE 1 (speepy)

QUESTION:

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




MERIDIONAL MODE (speepy)

EXTRA-TROPICAL MODE 1

5 TROPICAL MODE 1 (speeoy)




2 SPEEDY AGCM-MLD (100m) ] AGCM-MLD (SPEEDY)

MERIDIONAL MODE (speepy)

EXTRA-TROPICAL MODE 1

Variance %

Meridional Mode
Power Spectra (red -2 slope)

1 1 1 1 1 1 1 1
32 16 g 4 2 1 0.5 0.25

Period YEARS -
- - " [

5 TROPICAL MODE 1 (speeoy)

—3r ‘ MERIDIONAL MODE (SPEEDY)!'6 MONTHS LEAD
0 50 100 150 200
years




CROSS-CORRELATION

OE7XTRA-TROPICAL MODE VS. TROPICAL PCI1
R=0.65 ' '

" lead 6 months

0.6
0.5
0.4
0.3
0.2

0.1

I R s

EXTRA-TROPICAL MODE LEADS TROPICAL MODE LEADS

-0.1E . : 1 . .
-6 -4 -2 0 2 4

LAGS [YEARS]



MERIDIONAL MODE & TROPICAL DECADAL VARIABILITY AGCM-MLD (SPEEDY)
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. AGCM-MLD (SPEEDY)
(no zonal mode dynamics)

. 1000 years simulation
(allow for robust decadal statistics)

. Diagnose tropical variability
PC/EOF 1 of SSTa [10S 10N]

. Quantify the role of Meridional Mode
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QUESTION:

Can the Meridional Mode act as an independent and primary

source of tropical decadal variance?




0.08

0.06

0.04

0.02

-0.02

-0.04

-0.06
0

d

——

AGCM-D (SPEEDY)

60

"

 TROPIC
WW% V | V'N'WMWU W
5IO 1(I)O 1éO 200

W
S

7




A MODEL FOR EXPLAINING PACIFIC DECADAL DYNAMICS

Extra-tropics [ Ocean forced by Atmosphere ]
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1 Meridional Mode (N-S): injects decadal-
scale variance into the tropical system.




A MODEL FOR EXPLAINING PACIFIC DECADAL DYNAMICS

Extra-tropics [ Ocean forced by Atmosphere ]
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1 Meridional Mode (N-S): injects decadal-
scale variance into the tropical system.
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