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Numerical model experiments for seasonal variation of the North Pacific wind-driven circulation

Manami Tareno", Shohei Funwara?, Yutaka Isopa” and Keijiro Asanr”

Abstract

A two-layer model ocean with the Izu-Ogasawara Ridge (IOR) and the Emperor Seamounts (ESs), driven by seasonally
varying wind stress, is used to explain the observed seasonal variations of barotropic and baroclinic response in the North Pacific.
Since isostasy is achieved for annual mean state, the annually averaged subarctic and subtropical surface gyres are separated
without any bathymetric influence. For a short time scale such as seasonal variation, the barotropic flow is inhibited from
ascending the bottom slope because of the restriction of the potential vorticity conservation, and generates the baroclinic Annual
Rossby Waves (ARW) through the impinging process on the shelf slope. The most conspicuous feature in barotropic response
is the southward invasion of the subarctic anti-clockwise circulation strengthened in winter into the subtropical region along the
IOR and the western shelf slope. It is also found that the westward propagating baroclinic ARW from the southern ESs is
appeared to be enhanced in spring by superimposing on the seasonal change of Ekman pumping. These model results are con-
sistent with those estimated from the observation.
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Fig. 1. Observational results of the seasonal sea surface height anomalies in the western North Pacific.  Phase (upper) and amplitude
(lower) of the annual harmonic least-squares fitted to (a) barotropic component ADg; and (b) baroclinic component
ADgc. (After Fujiwara et al. (2014)).
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(a) Real bottom topography
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Fig. 2. Horizontal distributions of (a) depths / and (b) potential vorticity f/H in the North Pacific. Locations of Izu-Ogasawara
Ridge (IOR), Emperor Seamounts (ESs), Hawaiian Islands (HAI), Shatky rise (SR) and Hess rise (HR) are denoted. Two-
layer model for (c) plane view of bottom topography #, (d) vertical view along the southern end of the domain for the x direc-

tion, and (e) plane view of potential vorticity f/H.
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(b) Wind stress
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Fig. 3. (a) Meridional plots of Rossby radius of deformation A1 and 20/5 . In shaded area, ARWs cannot exist theoretically. (b)
Meridional distributions of wind stresses for the maximum 7 yax, Mean T mean and Minimum 7 mis.
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Fig.4. Phase (upper) and amplitude (lower) of seasonal component of the Sverdrup stream function : (a) model and (b) observation

(after Fujiwara et al. (2014)).
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Fig.5. (a) Annual mean component of the stream function ¥" and (b) phase (upper) and amplitude (lower) of seasonal component of

U for 1L-Rg model.
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Fig. 6. Annual mean components of (a) the stream function ¥ and the interface displacement / for Rg model.
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Fig. 7. (a) Phase and amplitude of seasonal component of the stream function Z" (upper two Figures) and the interface displacement

h (lower two Figures) for Rg model.
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(b) The same as Fig. (a), but for Ft model.
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Seasonal component of Ekman pumping

O,
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Amp,

Fig. 8. Phase (upper) and amplitude (lower) of seasonal component of the Ekman pumping.

(@) S-Rg moaet (b) RQg*+RS model

1

Al A2 A3 (A4) A1 A2 A3 (A4)
Fig. 9. The same as Fig. 7(a), but for (a) S-Rg model and (b) Rg+Rs model.
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(b) R:E=1:04
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Spatial distributions of (upper) phase & mix and (lower) relative amplitude /max, considering the two superimposed sinusoidal

waves with the amplitude ratios of (@) R : E=1:0and (b)R : E=1:04.
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