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% + V- (F) = 0, F = momentum flux tensor
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Generalized Lagrangian-mean theory (GLM),
Andrews and Mclntyre (1978) JFM, 89, 609-646.

+ V-F =0

Biihler(2009) Waves and Mean Flows, Cambridge Univ. Press.
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3.1 Eliassen-Palm flux & Transformed Eulerian Mean equation (TEM)
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Transformed Eulerian Mean equation (TEM)
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Quasi-geostrophic case
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We consider the WKB limt

Y(x.y.2.0) = W(x,y.2.0)sin x(x,y.2.1) .
x: phase function, and the local wavenumbers are defined by
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3.2

HWPE /5 I —FEZemean zonal wind o
stationary QG 3-dimensional flux Plumb (1985)

Mean zonal flow: U(y, z)
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3.3 HiifimizcJE—Zmean wind HPDQG 3-dimensional time mean
flux & 3-D TEM equation (Plumb, 1986)

Time mean flow: ﬁ={ﬁ(x, Y, 2), v(x, y, Z)}
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Assuming that the basic QG potential vorticity gradient is slowly varying, we may write,
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Approximately conservative basic state, WV ,q =0.

n=(-v, u)/ua
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, If the mean flow is pseudoeastward,
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Under the WKB limit,
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intrinsic group velocity.
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3.4 WG IICIE B mean wind 1D QG 3-dimensional flux & 3-D
TEM equation (Takaya and Nakamura, 2001)

Plumb (1985) : time mean (3% & L7273, stationary QG wavelZ D A nf
Plumb (1986) : time mean % & % M T stationary QG wavelZI3#EH T E 2\ (BEELOAIHDNE 2 Z2\)

Takaya and Nakamura (2001): time mean Z /% &89 stationary QG wavelZ b n{E %
3-D flux &£ TEM Jfifias%

streamfunction :

Y(x,y.2,1) = P(x,y.2,0)sin x(x,y.2,1) \,

x: phase function, sin®y+cos’ y=1.
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Takaya and Nakamura (2001) JAS, 58, 608-627.
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3-dimensional flux & 3-D TEM equation (Miyahara, 2006)

3.5

Time mean flow: u ={E(x, v, 2), v(x, v, 2), W(x,y,z)}
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Plumb (1985)D it 3 )L F —P{AH] (Quasi-Geostrophic)
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where e denotes energy of QG —wave.
V. =(-V, U)
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Plumb (1985) JAS, 42, 298-300.
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Plane wave case

A: action, e: pseudoenergy, p:. pseudomomentum

E k —
=, ]—)=kA=TE,
),
cewA=2Lp-LE_Esup=_ W+1pmﬁ+ﬁ_
e= —_ — = — = — _——
b i
o Py

ERBGHIE, DU2ENED.
PIBIEH] © 2 CTOEMR THF IR D VD,
Wl &GO 2V X —Hild ZDm T, WHEHIE LTIFAFED D3,



