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Satellite Altimetry vs. Mid- and High-Latitude 
Ocean Circulation

Regional descriptions of meso-scale eddy variability and its 
seasonal-to-decadal modulations
Eddy-mean flow interaction along major ocean currents (e.g. 
WBCs, ACC, STCCs, Agulhas Retroflection)
Monitoring the surface transport of major ocean currents and 
the strength of gyres
Eastern boundary current variability – local forcing vs. ENSO-
related remote forcing
Wind-driven high-frequency barotropic signals in subpolar
ocean basins
Time-dependent Sverdrup response to large-scale wind forcing 
in subpolar ocean basins
Inter-gyre / inter-basin eddy flux transport
Ocean’s roles in mid- and high-latitude climate variability 



Ocean’s Roles in Mid- and High-Latitude Climate 
Variability

Through manifestation of ENSO, ocean’s role in the 
coupled climate system has been well demonstrated in 
the tropics.
Ocean’s impact upon the mid- and high-latitude 
climate system is less well established (especially from 
observations).
Long-term satellite altimetry measurements can play 
an essential role in enhancing our understanding of the 
mid- and high-latitude coupled climate system.



Point 1
Long-term SSH measurements from 
satellite altimeters provide a global data 
base that can lead to new physical insights 
into our understanding of mid- and high-
latitude climate phenomena. 



PDO Index (Mantua et al.)



PDO Index T/P, ERS-1/2, Jason-1



NCEP Wind Stress Curl:  EOF Mode 1



RMS Amplitude of Interannual SSH Signals (AVISO) 

(white contours: mean SSH)
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(see Fu and Qiu, 2002)
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Note: C =βg’H /f ; f /f  = 1.33

(cf. Chelton and Schlax 1996)
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Hindcast using 

NCEP wind stress

data: 1948-2001
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NCEP reanalysis: 1948-2001
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“White” 
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Power spectra under “white” freq forcing
F(x)=δ(x-x ) vs. F(x)=exp[-(x-x ) /a ]o o
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Vivier et al. 
(2002)



Summary of Point 1

Given the relative positions between the atmos. forcing 
and the KE jet, the lagged oceanic response across the 
KE jet preferentially enhances the decadal timescale 
variability.
This insight regarding the KE jet modulation stems from 
the detailed SSH information provided by the long-term 
satellite altimeter data.
Continued SSH measurements will provide more new 
insights into our understanding of the mid- and high-
latitude climate phenomena.



Point 2
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 ?

White and 
Peterson (1996)



White and 
Chen (2002)

SST SLP

phase speed = 6~8 cm/s

wave period = 4~5 yrs

wavenumber = 2



Dynamic Models for ACWs
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A Passive Ocean Scenario:
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Phase speed Growth rate
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(contours: mean SSH;  red: ACC path center)



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

Altimetrically-derived SSH signals are an important 
dynamic variable and can be used to test physical 
hypotheses of an observed phenomenon.
The decade-long SSH data indicates that the oceanic 
ACWs are better described as coupled signals rather 
than as passive signals forced by the atmosphere.
As with other low-frequency climate signals, longer SSH 
measurements are desired to confirm the coupled nature 
of the ACWs.





Ray paths
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