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Figure 1. The solution of the ventilated thermocline model used as the basic state of the present
study: (a) upper layer, and (b) second layer. Solid lines denote the pressure (contour interval is
0.5 X 10° Kgm™ ! s™?) and dashed lines denote the potential thickness (contour intervalis 7.5 X
10° m s). Heavy shade denotes the shadow zone where the second layer is at rest, and light shade
denotes the RY pool where the second layer potential vorticity is homogenized. The letters A, B

and C denote locations where local eigenvalues are calculated.
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where A, B and C are 2 X 2 matrices and W is a vector:

A
2~ Yl Yo T Y2
A= / I, , B= V2 _TH“ : (2.5)
_%71}[1 _sz'YzH 0 0
B
—=V 0
B f : B —w,+w,

_f_z 'YlHlx _f_z 'Y2Hx

Here, B = a~ 'df/d9 and subscripts, x and y, denote the zonal derivative and meridional
derivative, e.g.,
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Figure 2. Eigenvalue solutionin the RY pool (location A in Fig. 1: longitude = 15°, latitude = 30°)
as a function of the direction of wavenumber vector: (a) two-dimensional diagram of the phase
velocity vector, (c(@)cos ¢, c(@)sin ¢), (b) eigenvectors (vertical structure) and (c) group
velocities. In panel (a), the solid curve corresponds to the N-mode, the dashed curve to the
A-mode. The westward longer arrow (solid) is the maximum phase velocity vector of the N-mode
which is identical to the group velocity; the westward shorter arrow (dotted) is the group velocity
without the basic flow. The southwestward arrow denotes the basic current velocity in the second
layer. In panel (b), the solid line and the dashed line denote m, and m,, respectively, and their
amplitudes are normalized as satisfyingVm? + m3 = 1. In panel (c), the solid line and the dashed
lines denote ¢, and ¢, , respectively. The vertical dotted lines and dash-dotted lines in panel (b)
and (c) denote the wave directions where the N-mode and the A-mode are separated, and those
where the solutions are stationary (¢ = 0), respectively.
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Figure 4. Same as Figure 2 but for the ventilated zone (location B in Figure 1: longitude = 30°,
latitude = 30°). In panel (a), the westward and southwestward solid arrows denote the typical
group velocity vectors of the N-mode and the A-mode, respectively, and the southwestward dotted
arrow denotes the basic flow velocity in the second layer.
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Figure 7. Eigenvalue solutionin the shadow zone (location C in Fig. 1: longitude = 58°, latitude =
25°) as a function of the direction of the wavenumber vector: (a) two-dimensional diagram of
phase velocity vector, (b) eigenvaluec(¢) and (c) eigenvectors (vertical structure). In panel (a), at
the portion denoted by the dash-dotted line, the eigenvalue ¢ 1s complex. The westward dotted
arrow 1s the group velocity without the basic flow. In panel (b), the dotted line denotes the
imaginary part of ¢. In panel (c), the solid, dashed, and dotted lines denote m,, the real part of m,
and the imaginary part of m,, respectively,where m, is assumed to be real and their amplitudes are
normalized as satisfying V/|m,|* + [n,|* = 1.
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Figure 11. Gyre scale distribution of wave properties: (a) typical group velocity of the N-mode, (b)
typical group velocity of the A-mode, (c) typical vertical structure, n,/n,, of the N-mode, and
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Figure 12. Gyre-scale evolution of an initial disturbance given only in m,: m; (left column) and m,
(rightcolumn). The amplitudeis normalized by that of the initial disturbance,and contourintervals

are denoted below each panel.
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