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Satellite Altimetry vs. Mid- and High-L atitude
Ocean Circulation

O Regional descriptions of meso-scale eddy variability and its
seasonal-to-decadal modulations

0 Eddy-mean flow interaction along major ocean currents(e.g.
WBCs, ACC, STCCs, Agulhas Retroflection)

O Monitoring the surface transport of major ocean currentsand
the strength of gyres

O Eastern boundary current variability —local forcing vs. ENSO-
related remote forcing

o Wind-driven high-frequency barotropic signalsin subpolar
ocean basins

o Time-dependent Sverdrup responseto large-scale wind forcing
in subpolar ocean basins

Inter-gyre/ inter-basin eddy flux transport
Ocean’srolesin mid- and high-latitude climate variability

O O



Ocean’sRolesin Mid- and High-Latitude Climate
Variability

0 Through manifestation of ENSO, ocean’srolein the
coupled climate system has been well demonstrated in
thetropics.

o Ocean’simpact upon the mid- and high-latitude
climate system islesswell established (especially from
observations).

O Long-term satellite altimetry measur ements can play
an essential role in enhancing our under standing of the

mid- and high-latitude coupled climate system.
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Point 1

O Long-term SSH measurements from
satellite altimeters provide a global data
base that can lead to new physical insights
Into our under standing of mid- and high-
latitude climate phenomena.




Pacific Decadal Oscillation
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PDO Index (Mantua et al.)
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Pacific Decadal Oscillation
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NCEP Wind Stress Curl: EOF Mode 1
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RMS Amplitude of Interannual SSH Signals (AVISO)
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Mean 38H wvs. T/P ground tracks
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T/P Yearly
SSHA Fields 127




Dynamic Model

e Interested in the baroclinic upper ocean response due
to basin-scale surface wind forcing.

¢ Under the longwave approximation (cf. local Ly =~ 35
km), large-scale SSH, h, changes are governed by the
linear vorticity equation:

oh Oh  §VxT

m I:RE - p,_,gf T (1]

where c;;: speed of long baroclinic Rossby waves.

e Integrating Eq. (1) from the eastern boundary z, along
the wave characteristic:

. ' o
h(z,t) = h (.']'},E,ﬁ +Z J:f)-l- g Uxr (;i:', te 27 ] dz’
Cit pogfei e Cr

¢ To hindcast the h(z,t) field:

crt evaluated from the T/P data,
V x 7: monthly data from NCEP reanalysis,
fi(x,,t) = 0: no eastern boundary forcing (see Fu and Qiu, 2002)



T/P-derived Cr Vs. Latitude
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T/P SSHA Hindcast
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T/P SSHA Hindcast
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South of KE North of KE

(a) modeled SSHA along 32.4°N (b) modeled SSHA along 38.1°N (e) kVxr’
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Wind stress curl spectrum averaged in
region (32°-38°N, 160°-140°W)
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Magnitude of the wind-forced {4h') across the Kuroshio
Ext. jet is sensitive to the period of the wind forcing.

s Consider the following stochastic forcing problem:

“white”
o~ cnge = PEW(), forcing in
the east

where the wind forcing has a “white” spectrum in time.
For simplicity, let F(z)=d(z — z,) and z, = 0.

» West of z, — (:

W (z,t) = if” F(z) W( j) &' = L w (t+ m)

i

e Averaging h' over the jet length L along latitude A:

W) =7 Lo oW

L et t+—)dr

CRA

anmd taking Lhe Fourier Lransform:

U—a Ww) = % W (w) sin ('Ej:;

» Similarly, along latitude B;



» Taking the SSH difference across the zonal jet, the power

spectrum for {éh'}) under | W(w)|* =1 is:

7
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| (R ) {w) P

[:ﬁ.in2 ( nl ) + sin? ( ]
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) KE
mo _mo)| | response
Tens  Tena power

# In the high-freq limit, the power spectrum has an upper

bound:

47

(S < s

which increases with the forcing period 7.

s In the low-freq limit, the power spectrum simplifies to:

(R ) (w) [* ~ (1+ dn’C”

which decreases with increasing T

1
CrECRA T“") (Cma'

1 72
S LY
CrA

* In between these two limits, an optimum T exists for which
| (&h*}|? is & maximum. Using values appropriate for the

M Pacifie, we hove:

Toptimum ~ 10 yrs.

Optimum forcing period

s This “preferred” forcing period is not very sensitive to the

detailed values of the chosen C, L, A and B.



Power spectra under “white” freq forc1ng
F(X)=0(x-Xg) Vvs. F(x)=exp[-(x-Xg) /a ]
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Forced SSHA
Patterns

(contour
interval: pi)
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Summary of Point 1

O Giventhereative positions between the atmos. forcing
and the KE jet, the lagged oceanic response acrossthe
KE jet preferentially enhancesthe decadal timescale
variability.

O Thisinsight regarding the KE jet modulation stems from
the detailed SSH information provided by the long-term
satellite altimeter data.

0 Continued SSH measurementswill provide more new
Insightsinto our under standing of the mid- and high-
latitude climate phenomena.



———
Point 2

O Long-term SSH measurements from
satellite altimeters can be used to test
dynamic hypotheses underlying an
observed physical phenomenon.




ACWs: Is it a coupled phenomenon ?

ST

White and
Peterson (1996)



White and
Chen (2002)

SST

phase speed = 6~8 cm/s =

wave period = 4~5 yrs

wavenumber = 2
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Dynamic Modelsfor ACWs
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A Simple Ocean-
Atmos. Model
for the Southern

Ocean

e ACC: wind-driven, 2-layver QG model

a ady ., din 7'
—+ U — ] (h — Iy —Us = ——Vx7
(E‘H + lﬂx) (¢ — o) — (e1 + T )5 52 PR AR
a a deho
— + — I+ U = 0,
(:‘:?t + Eﬂ;r) (é1— @2} + (2 = Vs + ) 5 -
mean zonal flows: U}
= Bg'Hi/f2
anomalous wind stress 1 T/p, = e[k x Vp')/paf
» S5T:
i . d 1 iy ™ =
— — |+ —-T, - T,
(EJ'E ”"a::) T v R =@
mean SST gradient across ACC: T,
anomalous heat flux: Q' = &, (T, - T")

e Atmospheric: heat balance in lower troposphere
equilibrated with the oceanic state

v, 2L o _
“ Az t“E'r T Ky

t"fl\':l- = ('E'p;.'ﬂla-r}.'ﬂlpuﬁ:
p = AT,

equivalent barotropic :



A Passive Ocean Scenario:

(E?I U(f)rOI_m?)_{fl+U1 UE}% _sz r
({i Us ﬁ'ﬂ) (¢ — ha) + (c2 = Ur + Uz}aqbq 0
¥ O
(51 +Uigs) 7'~ Do £ = (5 - 7|
Atmosphere

§
&
Q

ACC

where A = g¢'e/p, ff

D = - _.w';fn

E = _Eﬁ;fﬂr:.fffl
Ekman adv,
heat flux

advection

SST




o Assume p/ x expi(kx + ly — wt);

;AR e Uiie)

i
: E(ry + e2)e — eg)
LN LT .
T .1 | E_”E_l'_ﬂﬁ[ﬁ +Fe=-Ui+e)|
(kg — dw +4kUY) | A (e1+ e2)(e = eq)

where

o U + iUy Bg'thiy
"TUUHOCH, fiHH, | Hy)

is the Rosshy wave speed of the 2-layer ACC system.

# For parameter values appropriate for the Southern Ocean
and with k=12 27/ =45 yrs.:

1 —F
Forced
0.5,
Mode
(k=2) °

b -
. Farced Mode

0 1 2 3 4 5 G 7 8 |
Time [year]




A Coupled System Scenario:

i) .
1) (1 — @a) — (1 + Uy — Uz'}ﬂ = —AVY

(G+v
(g ‘i) @l—ﬂ?)+ff‘2—U1+Uﬂ—=
(D‘

0
o) _ﬂ_g__m(__;)

o dx
{ ,‘@P . Ky (P TI)
CAr Rk, LA where US = U, + lﬂ:y.l"lpufu
O Atmosphere Ekman adv,
N
IS heat flux
N)
Q heat flux
ACC > SST
advection




e Assuming p' o expi (kz + ly — wt) leads to the dispersion
relation:

ke AD(K? + 12)(w + kes — kUY)

=1
b (RU* — ik, (er + ¢2)

(w —wp)lw —ws) +

e If k&, = 0 (uncoupled system):

H1U1+H-3U2 B Iﬁng]H‘_:
Hy + Hs f:f[Hl-l-Hg:I

W =Wg =

= neutral baroclinic Rossby mode in sheared ACC

KaltlE + K,/ A)
ﬁu{kU; - -E:"{rl-]

= decaying SST mode

e When x, # 0, the coupled Rossby mode is unstable for
parameter values appropriate for the Southern Ocean and
its overlying atmosphere.




s Parameter values appropriate for the Southern Ocean and
atmosphere (based on WOAO01, NCEP reanalysis data):
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Wavenumber=2, Period=4.5 years
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(contours: mean SSH; red: ACC path center)
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SST, SSH and SLP Anomalies along the ACC Band
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Joint CEOF Mode-1 Anomalies along the ACC Band
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Observed Phases ‘[—#]
Along 110W
(CEOF Mode-1)
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——————————————————————
Summary of Point 2

o Altimetrically-derived SSH signals are an important
dynamic variable and can be used to test physical
hypotheses of an observed phenomenon.

0 Thedecade-long SSH data indicatesthat the oceanic
ACWSsare better described as coupled signalsrather
than as passive signals forced by the atmosphere.

0o Aswith other low-frequency climate signals, longer SSH
measur ements are desired to confirm the coupled nature
of the ACWs.



T/P SSHA along 32.5°N
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HEay paths with & lorcing perioad = 10 ya.
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