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Back

The ocean beneath

Alford et al, JPO 2010

Internal Waves in Straits Experiment Breaking internal lee waves at Kaena 

Ridge
Pickering et al, in prep JPO 2013

SSHA: 25 cm 

peak-peak!

isopycnals: 500-

m peak-peak



Back



•SHOALING INTERNAL 
TIDES MIX STRONGLY 

ON CONTINENTAL 

SLOPES



Distribution of Mixing in 

models matters.

[Jayne 09, CCSM]

[Hallberg, MOM]



What leads to the attenuation?

• Loss of coherence (not real attenuation)
•Cylindrical Spreading
•Real attenuation: 
•Parametric Subharmonic instability (PSI) |lat| < 28.8
•Scattering
•Wave-wave interactions

•Other processes?



Approach

• Loss of coherence (not real attenuation): harmonic analysis on 
a 1-year GCM

•Cylindrical Spreading: integrate in wedges
•Real attenuation: What’s LEFT!

•Parametric Subharmonic instability (PSI) |lat| < 28.8
•Scattering
•Wave-wave interactions



Model

TOTAL: 2-day 

harmonic fits

INCOHERENT

: subtract 365-

day harmonic 

fits

1/8o GCM with tides (GOLD; 

Harper Simmons)



Define beams
Altimetry

Model

•Aleutians
•Hawaii North
•Hawaii South
•Mendocino North
•Mendocino South

•NO PSI, SMOOTH
•NO PSI > 500 KM, 
SMOOTH

•PSI, ROUGH
•NO PSI, ROUGH
•NO PSI, SMOOTH



Separate 
North and 
South

Altimetry: 

total



Separate 
North and 
South

Altimetry: 

northwar

d



Separate 
North and 
South

Altimetry: 

southwar

d



Coherence
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Less coherence in strong 

mesoscale currents



Final result: attenuation

•Aleutians
•Hawaii North
•Hawaii South
•Mendocino North
•Mendocino South

•NO PSI, SMOOTH
•NO PSI > 500 KM, 
SMOOTH

•PSI, ROUGH
•NO PSI, ROUGH
•NO PSI, SMOOTH



Conclusions

• INTERNAL TIDE IN THE NORTH PACIFIC ESTIMATED FROM 

ALTIMETRY

•COHERENCE COMPUTED FROM A 1-YEAR OUTPUT OF A 

GCM (GOLD) VARIES FROM 0.5 IN STRONGLY EDDYING 

REGIONS TO >0.8 IN QUIET REGIONS

• INTERNAL TIDES PROPAGATE FAR IN THE NORTH PACIFIC

•ATTENUATION STRONGEST OVER ROUGH BATHYMETRY 

AND WHEN PARAMETRIC SUBHARMONIC INSTABILITY 

(PSI) POSSIBLE.



•FREE AND STANDING 
WAVES





Alford, Nature 2003

Near-inertial and tidal forcing and lateral 

energy flux
Ferrari and Wunsch 2009
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Internal 

Waves

??

Mesoscale

Eddies



Placeholder for motivation slide

Whalen, Talley and MacKinnon, GRL 2012

Diffusivity and dissipation rate inferred from Argo vertical 

strain using a finescale parameterization



•INTERNAL WAVE BEAMS


