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Latif and Barnett: adjustment of the subtropical gyre

Gu and Philander: oceanic coupling of tropics and 
extratropics in thermocline

      via anomalies of flow or properties

Atmospheric teleconnections: tropics to extratropics

      footprinting

Ocean synoptic processes







Pierce et al. 2001

Role of ocean dynamics: increase low 
frequency  variance in western boundary 
region



General
Most hypothesis to explain decadal variability are of the
form of a delayed oscillator. Atmospheric forcing generates
thermal anomalies in the ocean, that evolve and or propagate
to affect the atmosphere at some later time. The theories are
distinct in the forcing and evolution of the anomalies 
sequestered the ocean, and the location of the subsequent 
response of the atmosphere.

Generation and growth of anomalies   
     oceanic evolution: time scale selection
             delayed atmospheric (negative) feedback



Adjustment of the subtropical gyre



Adjustment of the subtropical gyre:
Latif-Barnett Mode

Rossby wave

KOE

e.g. Latif and Barnett 1994

Central North Pacific

Atmospheric response



Latif and Barnett 1994



Latif and Barnett 1994



Latif and Barnett 1994



Year 0

Year 2.5

Year 5

Year 7.5

Evolution of North Pacific Decadal Var iability

Ekman adv., 
vert. mixing, QOceanic heat flux convergence 

damped by air-sea heat flux
Forced Rossby wave



Ocean Pressure in the Kuroshio-Oyashio Region

Coupled mode or  stochastic forcing?

Yes Latif and Barnett ‘94, ‘96, Robertson ‘96
Maybe  Pierce et al. ‘01
No Frankignoul et al. ‘00, Schneider et al. ‘02

Schneider et al. 2002



Schneider et al. 2002

Obs

Model

Correlation of SST in Central Pacific and Kuroshio Extension

CP leads



Deser et al. 1999

1977-88 minus 1968-76 Sverdrup transport (contours)
1982-90 minus 1970-80 heat content 0-450m 

Observed adjustment of the ocean heat content: lagged response



Deser et al. 1999

1982-90 minus 1970-80  temperature change  142E-150E



Hindcast of KOE SST anomalies from wind stress

SST ~ P



Qiu 2003

KOE heat budget: thermocline depth or zonal advection?



CS

CN

Qiu 2003

Meridional shift (Seager et 
al. 2001, Schneider et al. 
2002) or  acceleration?

DP(N-S)



The Cessi Model

!
.
 
1st baroclinic mode ocean forced by wind stress curl
upper ocean heat budget balances rate of change, air-sea heat 
flux, advection by geostrophic flow
Zonally integrated atmosphere, conserves heat and momentum, 
atmospheric eddies transport heat and  momentum down-
gradient
Atmosphere forced by radiative equilibrium temperature



Cessi 2000

Mean State, winds and ocean streamfunction



Cessi 2000

Mean State, temperatures

SST



Cessi 2000

Variability



Cessi 2000

Atmosphere-ocean heat budget





Coupling of North Pacific to Tropics

Ocean waves/basin modes

Thermocline bridge

Subtropical cell

Atmospheric bridge 



Johnson and McPhaden 1999



Gu and Philander 1997

Tropical extra-tropical coupling in the thermocline



Deser et al. 1996

Subduction of 
temperature
anomalies in the 
central Pacific
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Local wind 
forcing



Schneider et al. 1999

Isothermal depth:
Low latitude response wind forced



Spiciness





Schneider 2000



Giese et al. 2002

7S-10S Equator SST

1976-77 climate shift caused 
by warm spiciness anomaly 
from Southern Hemisphere



Kessler 1999

165E  repeat CTD sections



Kessler 1999

Spiciness anomalies forced by advection



Lukas 2001

Decadal changes of 
spiciness at HOT



Changes of the speed of the Subtropical Cell



McPhaden and Zhang 2002



Kleeman et al. 1999



Kleeman et al. 1999



Kleeman et al. 1999



McPhaden and Zhang 2002



McPhaden and Zhang 2002



McPhaden and Zhang 2002



Decadal var iations of the STCs and equator ial SST
in a Pacific OGCM

Nonaka, Xie, and McCreary (2001)

   The STCs transpor t cool, 
subtropical water  (yellow 
to  green) to the equator 
within the thermocline, as 
indicated by the meridional 
streamfunction y  (whitewhite).  
Thus, STC transpor t var ia-
tions y ´ can cause equator -
ial SST anomalies (SSTAs) 
by modulating cold water  
transpor t.
   At decadal time scales, y ´ 
 (black) is inversely related 
to SSTAs (red), consistent 
with this idea. I n contrast, 
this relation is not found at 
interannual  time scales, 
indicating that different 
mechanisms cause decadal 
and interannual SSTAs in 
the model. There is a trend 
to y ´  (dashed), consistent 
with the observed trend in 
STC strength.

DecadalInterannual



Extra-tropics to tropics atmospheric bridge
Footprinting



Barnett et al. 1999



Atmospheric bridge: 
Footprinting

Vimont et al. 2001

Modulates tropical
wind stress and slope
of thermocline

Barnett et al. ’99
Pierce et al. ’00
Vimont et al. ’03



Basin eigenmodes

Slowest waves
determine period

Depth of equatorial
thermocline modulated

Lysne et al. ' 97
Jin ' 01
Cessi and Louazel `01



Tropical Forcing



Garreaud and Battisti 1999

Equatorial Symmetry
of decadal signals



Garreaud and Battisti 1999



Graham et al. 1994



Deser et al. 2003
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Knutson and Manabe 1998



Ocean Intrinsic Variability



Meacham 2000



PAU


