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Lindzen, 1981: Turbulence and stress owing to gravity wave and tidal
breakdown, JGR, 86.

Matsuno, 1982: A quasi one-dimensional model of the middle atmosphere
circulation interacting with internal gravity waves, JMSJ, 60.
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Fig. 1.4. Schematic latitude-height section of zonal mean zonal wind (m s™1) for solstice

conditions; W and E designate centers of westerly (from the west) and easterly (from the east)
winds, respectively. (Courtesy of R. J. Reed.)

Fig. 1.3. Schematic latitude-height section of zonal mean temperatures (°C) for solstice
conditions. Dashed lines indicate tropopause, stratopause, and mesopause levels. (Courtesy
of R. J. Reed.)

Andrews et al. 1987: Middle atmosphere Dynamics
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Holton, 1982: The role of gravity wave induced drag and diffusion in the
momentum budget of the mesosphere, JAS, 39.

Miyahara, 1984: A numerical simulation of the zonal mean circulation of
the middle atmosphere including effects of solar diurnal tidal
waves and internal gravity waves; Solstice condition, Dynamics
of the middle atmosphere.

HOPEDOREVEOMER (HERWBRETNVICX B NPT ANV — a VL)

Miyahara et al., 1986: Interactions between gravity waves and planetary scale
flow simulated by the GFDL “SKYHI” general circulation
model, JAS, 43.
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FIG. 15a. Longitude-latitude distribution of the time-mean zonal
| wind (m s™') at 0.03 mb, consisting of zonal wavenumbers 0-3 av-
. | eraged over the PII period.
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FIG. 15b. Longitude-latitude distribution of spatially smoothed
time-mean vertical flux of zonal momentum (10~ m s~/ mb s™*)
due to higher wavenumber components (5 < k£ < 50, 5§ < /< 50) at
0.03 mb. The spatial smoothing is accomplished by a wavenumber
filter (k = 0-3).
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FIG. 15¢. Longitude-latitude distribution of the convergence of
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zonal momentum flux (10~* m s72) at 0.03 mb.
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Hoskins et al. (1983), Plumb(1985, 1986),
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Plumb (1986)
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- Trenberth (1986): Time mean equation system under
. the Inp coordinate
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- Plumb (1985), Takaya and Nakamura (2001)
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a'(x,y,z.t) = A(X.Y,Z,T)exp{i(kx + ly + mz - wt)}
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. Kinoshita et al., 2010:
- On the three-dimensional residual mean circulation and
- wave-activity flux of the primitive equations. JMSJ, 88.

+ X




NIRRT Tl 22 < HBBRICHEIE U 72 B2 120 LTS 72
fluxZz KD 5 f5iK?

o B B |

Cgx ;%C Cey ;;j Cer ;}C (ng 2 ﬁ)k (ng —V)k ngk

= 6gxg égyg Egzg = (ch(;ﬁ)l (cgyO—V)l CéZl
0 0 0

S|



Plumb (1986) D&

DM

—+V-M, =0

Dt

More useful form

oM

—+V-M; =0, M; =M; +uM

ot
M, =c,M

S

M, =M, -uM =(c, -u|M =¢,M

- (\7 ur —uv'r

e
L

I wave activity mMm=¢/ . D fluxz252% %,
iy 8 %VHQ‘

N6 DY I ETHNE Z 6 T UG A EE
3 XILTEM G DAL D NI G T 5 DX, Mg




Takaya and Nakamura (2001)
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Gravity waves

Kawatani et al., 2010, JAS, 67, 981-997.
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