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Fig. 6 Rato of spectral density, at various frequencies, in the CSM
full physics O/A GCM run to a run with the CCM3 AGCM coupled

to a mixed layer ocean model. Contour interval is 2. Shaded areas

show where the ratio is statistically significant (see text for details)

Role of ocean dynamics:. increase low
frequency variance in western boundary
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Fig. 7 Ratio of spectral density in CSM to that in CCM3/ML, at the

point 155°W, 43°N. Shaded areas show where the ratio is statistically
significant (see text for details)

Pierceet a. 2001



Genera

Most hypothesis to explain decadal variability are of the
form of adelayed 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

Atmospheric response

KOE <« Central North Pacific
Rossby wave

e.g. Latif and Barnett 1994
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Fig. 1. (A} Time series of the coupled model's anomalous SST (°C) averaged over the region from 150°E
to 180°E and 25°N to 35°N. The time series was smoothed with a 9-months running mean fitter. (B)
Spatial distribution of linear regression coefficients between the index time series shown in (A) and SST
values. The pattern was scaled so that the maximum SST ancmalies were to 1°C.
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Latif and Barnett 1994
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Sea surface temperature anomaly (K)
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Evolution of North Pacific Decadal Variability
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Coupled mode or stochastic forcing?

Ocean Pressure in the Kuroshio-Oyashio Region
White
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Yes Latif and Barnett ‘94, ‘96, Robertson ‘ 96
Maybe Pierceet a. ‘01
No Frankignoul et al. ‘00, Schneider et al. ‘02




Corrdation of SST in Central Pacific and Kuroshio Extension
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Observed adjustment of the ocean heat content: lagged response

1977-88 minus 1968-76 Sverdrup transport (contours)
1982-90 minus 1970-80 heat content 0-450m
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Deser et a. 1999



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

Deser et a. 1999



Hindcast of KOE SST anomalies from wind stress

aip ~+ Ea;P —_ FEH(J::]-’;}

SST~P

KOE Hiﬂdcgst, FMA

1.D-: h S5T Hindcast




KOE heat budget: thermocline depth or zonal advection?

13

latitude

longitude

Fig.12. Schematic showing the phase propagation of a monochromatic baroclinic Rossby wave
initiated in the east. Each phase line is separated by 7 and the initial phase line (6 = 0) is assumed
to be meridional. W denotes the meridional scale between the two phase lines separated by « at
the distance X west of the initial phase line.

Qiu 2003



Lpgograpnalbovopranrabooavnawraboreroannaboapsrmnaalin

Meridional shift (Seager et {| T40E-189%, 39°N-4p"
al. 2001, Schneider et al. |

4_
2002) or acceleration? Hhiy
r'l" vl /) LA
e 2
= !
<« il (TS
SRR L IR | R
O LH. lli;’-:w'u. T O
Cs 1 140E-179°W, 33°N-36M
DP(N_S) _E _| """"" | Rt L L H | AR TG | AL ERE | HER AALARE. l-"_

Qiu 2003 1950 1960 1970 1980 1990 2000




The Cess Model

I

1% 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
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y (in km)

Mean State, temperatures
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Cess 2000
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Watts

Atmosphere-ocean heat budget
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Coupling of North Pacific to Tropics

Ocean waves/basin modes
Thermocline bridge
Subtropical cell

Atmospheric bridge




Johnson and M cPhaden 1999
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Tropical extra-tropical coupling in the thermocline
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| sothermal depth:

Low latitude response wind forced
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Figure 2. Temperature anomalies on the 1025 kg m™> isopycnal
surface averaged from 7° to 10°S (left hand panel) and on the
equator (center panel). The right hand panel shows SST anomalies
on the equator. Note that the x axis in the left hand panel has been
reversed so that it extends from east to west.

Giese et al. 2002
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Spiciness anomalies forced by advection
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Decadal changes of
spiciness at HOT
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Salinity Anomaly

Salinity Mwumum
(24225 6 |

1990 1892 1994 1996 1998 2000

Figure 2. Time series of monthly rainfall minus evaporation
over the central North Pacific area of Fig. 1 (a). Time series of
the first two EOFs of winter net freshwater flux over the North
Pacific (b). The percentage of total variance accounted for by
each EOF is indicated. Time series of salinity anomaly versus
potential density (c). The scale along the right axis indicates
the mean depth (m) of the corresponding isopycnal surface. The
mean salinity profile is given along the left. Time series of layer-
averaged salinity for the salinity maximum layer and the main
thermocline (d). Light lines connect individual cruise values.
Heavy lines are smoothing cubic splines. Closed circles are annual
averages. Tlick marks along the time axes indicate the timing of
individual HOT cruises.

Lukas 2001



Changes of the speed of the Subtropical Cell
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Figure 1 Mean circulation and potential vorticity averaged over 50 years (1950-99) in the
upper pycnocline of the Pacific Ocean. a, Geostrophic streamlines relative to 900 dbar
(inm™#s? and b, absolute value of potential vorticity (in 107'° m~'s7') on the

25.0 kg m™? potential density surface. Velocity vectors are overplotted on a. Distribution of
hydrocasts down to 900 dbar is overplotted on b, with the size of the dots representing
total number of casts in regions of 5 latitude by 15° longitude (smallest, 50-300;
intermediate, 301=1,000; largest, 1,001 or more). Winter season outcrop lines are

McPhaden and Zhang 2002

604

160°W
Longitude

120°W

drawn in both panels. The outcrop lines define locations where wintertime surface mixing
penetrates deepest into the pycnocline, creating new water masses that are subsequently
sequestered from the atmosphere as seasonal heating restratifies the upper ocean in
spring and summer. Potential vorticity is defined as fiap/02/py, where fis the Coriolis
parameter, dp/az is the vertical density gradient, and p, is a constant reference density
(10° kg m™7). Water parcels conserve their potential vorticity in an ideal fiuid.

NATURE (VOL 4157 FEBRUARY 2002 | www.nature.com
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Model decadal SST anomaly
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Figure 2 Meridional transports in the pycnocling and smoothed sea surface temperatures

over the past 50 years. a, Mean zonally integrated meridional transports in the pycnocline

| relative to 900 dbar along 9° N and 9° 8, computed for 1956~65, 197077, 1980-89

and 1990-99. Values are integrated in the Northern Hemisphere from the eastern
boundary to 145°E in density classes between 22 and 26 kg m3, and in the Southern

| Hemisphere from the eastern boundary to 160° E in density classes between 22.5 and
| 26.2kgm, Transports are in units of sverdrups (1 Sv = 10°m?s™") which is the

volumetric equivalent of mass for a constant reference density, Error bars are for one
standard error. b, Mean meridional transport convergence (in Sv) in the pycnocling across
9°Nand 9° S. Convergence is calculated as the difference between Southern Hemisphere

| ‘minus Northern Hemisphere transports in a. Also plotted in b are areally averaged sea

surface temperature anomalies in the eastern and central equatorial Pacific (9% N-9°8§,
90° W-180° W) where equatorial upwelling is most intense®. The temperature time
serles Is derived from monthly analyses™ smoothed twice with a 5-year running mean to
filter out the seasonal cycle and year-to-year oscillations associated with ENSO.
Anomalies are relative to 1950-99 averages.

McPhaden and Zhang 2002



Table 1 Water mass balance for the equatorial strip between 8°Nand 9°S in

the Pacific

Surface layer divergence (Sv)
Interior ocean

pycnocline convergence {Sv)
Western boundary
convergence (Sv)

~ Year range
1956--65 1970-77 1980-89 199099
448:53 ........ 517:42475145 ........ p 7155
265+30 27.0%25 205+16 140:18§
19.3 £ 6.1 24749 27.0x48 26757
409587 468146 421+42 354x438

Equatorial upwelling (Sv)

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

Values shown are mean transport convergences and divergences, plus and minus one standard
error. Convergence is computed as 8°S minus 9° N transports, and divergence as 9°N minus 9°8
transports. Surface-fayer divergence is based on Ekman transports reduced by opposing surface

layer geostrophic transports.

McPhaden and Zhang 2002
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Figure 3 Decadal differences in the tropical Pacific between 1990-99 and 1970-77. {in°C) the same time period®. b, Depth differerice (in m) of the 25.0kg m™ potential
a, Wind stress difference (in N m %) for 1990-99 minus 1970~77, based on the Florida  density surface for 1990-99 minus 1970—77.
State University wind product™. Overplotted is the difference in sea surface temperature

McPhaden and Zhang 2002
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Decadal variations of the STCsand equatorial SST
In a Pacific OGCM
Nonaka, Xie, and McCreary (2001)
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subtropical water (
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Extra-tropics to tropics atmospheric bridge
Footprinting



Predictand (1%}

ECHO-2 CGCM Observations

CCM3/slab ocean

ECHAM3/mixed layer

Figure 2.  Canonical correlation analysis of sea surface
temperature and zonal wind stress. Left column panels show
the pattern of SST that predicts zonal wind stress (right col-
umn). From top to bottom the rows are: (1) Observations (2)
ECHO-2 full physics GCM (3) CCM3 atmosphere coupled
to a slab ocean model (4) ECHAM3 atmosphere coupled to
a fixed mixed layer ocean model. Contour interval is 0.05 C
for the left column (SST); 1.0 x 102 N m~? for the right
column (7%). Negative contours are dashed. The zero con-
tour is omitted.

Barnett et al. 1999



Atmospheric bridge:
Footprinting
Barnett et al. ' 99

Pierceet al. 00
Vimont et d.’'03

Modul ates tropical /

wind stress and slope
of thermocline

Vimont et a. 2001




Basin eigenmodes

Slowest waves
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Tropical Forcing



Equatorial Symmetry
of decadal signals

Garreaud and Battisti 1999
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Graham et a. 1994



Deser et a. 2003
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Knutson and M anabe 1998



Ocean Intrinsic Variability



Meacham 2000
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