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Resonant ocean current responses driven by
coastal winds near the critical latitude

® Wind and current responses
* Ekman theory..

® Resonance

* Forcing-response in the
frequency domain

* Natural frequency — Coriolis
frequency

® C(Critical Iatitude

®* QObservations at different
latitudes — wind and surface

currents off the USWC Latitude (N)
Shaffer, 1972; Ekman model
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Resonant ocean current responses driven by
coastal winds near the critical latitude

® At agiven latitude, what would be the wind-current response
in the frequency domain?

®* At agiven frequency, what would be the wind-current response
as a function of latitude?
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-Vind-current responses in the freq. domain
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At a given latitude, the relationship between wind stress and surface currents
is given as a transfer function in the frequency domain.



_rrent responses in latitude
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--current responses in latitude
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Resonant latitude due to land/sea breeze: =30°N



-udinal coastal observations

® US West Coast high-frequency
radar network-derived surface
currents and wind stress (red
dots) at NDBC buoys.

® |atitudinal variation of 32°N to
47°N

u(z,w) =H(z,w)7(w)

H(z.w) = ((ﬁ(zzw‘) TA'IT(W‘))) (ﬁ'(“’) 71(w) + Ra)_l

R, : Regularization matrix

] 25
6 km resolution




. Variability of surface currents and wind

Surface currents
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®* Wind- and tide-coherent, low-frequency variance, and inertial
variance

Kim et al (JGR, 2011)



-Variability of surface currents and wind

Latitude (N)

Surface currents NDBC winds
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®* Wind- and tide-coherent, low-frequency variance, and inertial
variance

® Variance of the diurnal wind does not vary that much in the
along-shore direction, but it is given as a function of distance

from the shoreline (cross-shore direction).
Kim et al (JGR, 2011)



_e wind transfer functions

440 L 47 — 90
75
45—+
60
400 R 43 T 45
z 4+ 30
v 15
S 39
= 0
B3¢
- 37— -15
-30
35— -45
32 sl -60
33— -75
32 - _90
Latitude
' - (Degrees, N)
124° 120° 116°

Longitude (W)

(Kim and Crawford, GRL 2014)



_zle wind transfer functions
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At a given latitude, what would be the wind-current response

in the frequency domain?

At a given frequency, what would be the wind-current response

as a function of latitude?

(Kim and Crawford, GRL 2014)



_zle wind transfer functions
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_e wind transfer functions
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-onant responses near the critical latitude
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Summary

®* Wind-current responses are examined in the frequency
domain and latitude using analytic solutions of Ekman model
(and slab layer and surface-averaged Ekman models) and
observations off the US West Coast.

® The current responses are enhanced at the local inertial
frequency.

®* Resonant responses can be expected at the +/-30° latitude in
the diurnal land-sea breeze environment.

® Energetic mixing and potential internal motions near the
critical latitude are expected.
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-d variability

® \Variance of the diurnal wind does not vary that much in the
along-shore direction, but it is given as a function of distance
from the shoreline (cross-shore direction).
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at the critical latitude
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Resonant latitude due to land/sea breeze: =30°N



at the critical latitude
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Near-surface averaged Ekman model
can be appropriate to explain the HFR-derived
surface currents.
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