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Definition

| Migrating tides
The phase propagates westward synchronized
with the diurnal motion of the sun.

i(not+s2,) 2T
uoce R

™ 1 solar day ’

n=s=1 (diurnal), and n=s=2 (semi-diurnal)

Non-migrating tides |

The phase propagates westward or eastward,
but not synchronized with the diurnal motion
of the sun, or zonally homogeneous oscillation.
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u o< e ) O- = ?
1 solar day

- n=1(diurnal), and n=2 ('s'emi—diurnal)- ',
s=0, 1, £2, £3, ---
s #1 (diurnal), and s # 2 (semi - diurnal)
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Nonmigrating diurnal tide, October
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Migrating and nonmigrating diurnal tides, October
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Migrating semidiurnal tide, October
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Non-migrating semidiurnal tide, October
ouT ) ’ 3UT

Semi-diurnal Westward S=1, u{m/s) Semi-diurnal Westward S=1, u(m/s)

CONTOUR INTERVAL = 5.000E+00 CONTOUR INTERVAL =~ §.0060E+0D
a3 L
6 UT K - 9UT

Semi~-diurnal Westward S=1, u(m/s) Semi-diurnal Westward S=1, u(m/s)

CONTOUR INTERVAL = §.000E+00 CONTOUR INTERVAL = §.000E+00

Semidiurnal westward moving S=1, u(m/s) z =98 km



Migrating and non-migrating semidiurnal tides
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DIURNAL EXPANSION FUNCTIONS Fakbd ( ($9‘)
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Fig. 1. Tup Hough functions for diurnal modes normalized to a maximum value of unity. Keys and
normalization factors for cach Hough mode are as tollows. (1.1) solid line. 0.606; (V. 1) dashed hne,
1.034: (1.2 datted foe. 1,088 (1 4y dushed-dotied fine, 0,513, (1.2), dushed-double dotted line,
10,641 Bottenn Northerly velocity expansion Tunctions for diurmal modes normalized to - maximum
value of umty. Normalization factors are 0026, 0.126, 0 100, 0.024. and 0.015. respectively. Center
Westerly velocity expansion funchions for diumal modes normalized to a maximum value of unmty
Normahzation Tactors are 0.038 0130, 0 110, 0024, and 001X, respechively
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Vertical wavelengths of some tidal modes
Isothermal Atmosphere: T=250 K

Diurnal (km)

Migrating

Mode | (1,-2) (1-4) | @D | @1,3) (1,5)
s=1, W |evanescent | evanescent 28 | 11 1

Non-mograting
Mode | (1,1) (1,2) 13) | 14 (1,5)
s=0 102 26 15 11 9
Mode | (1,1) (1,2) (1,3) (1,4) (1,5)
s=-1,E | external | 53 24 15 11
Mode | (1,1) (1,2) (1,3) (1,4) (1,5)
s=2,W | 27 16 11 9 i
Mode | (LD) | (12 (1,3) (1,4) (1,5)
s=-2,E | 108 38 21 14 10
Mode | (1,1) (1,2) (1,3) (1,4) (1,5)
s=5,W | 19 13 10 8 1
Mode | (1,1) 1,2 | @3) (1,4) (1,5)
s=-5,E | 31 21 15 12 9
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Meridional wind (45E-135E)
Diurnal tide (March/92/93_April/92/93)
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Fig. 1. Contours of meridional wind amplitude (solid lines) and phase
(dashed lines) of the diurnal tide observed by WINDII for March/
April 1992 and IQ93 at a 45°E to 135°E, b 135°E to 135°W, ¢ 135°W
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Fig. 2a—d. Contours of meridional wind amplitude (sofid lines) and
phase (dashed lines) of the diurnal tide observed by WINDII for
December 1992, 1993 and January 1993, 1994 at: a 45°E to 135°E, b
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South Pole Estimated Average Sliding Power Spectra
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Fig. 1. Average spectrogram of
the hourly meridional winds over
the four directions of measure-
ment. The spectrogram is formed
by sliding 10-day spectra in in-
crements of 3 days from 19
January 1995 to 26 January 1996

‘2, westward propogating

Porimnges ot ol . 905 L aperi uoﬂ—Hf&M‘rmq

\\J



180
160

140

(KM)
~
o

ALTITUDE
- -]
(-]

LA | T AL R R | T T T T T
/" -~ g
100 LATITUDE I SOl (>/ ’
sof so° .l ]
80 |- 60°---=———- v } i
L. 450.......... ... . ]
0} 300 — - —— = .
_ 150 — - — ;
g 60 [~ Us=0 for 0° -
é sol -
g R
< .
a0l -
30 EQUINOXES 7
¢
20 -
o} _
! )
0- i P | £ s el
1072 10! I 10 100
Amplitude ~ northerly velocity (m sec™)

Fig. 3.13. Altitude distribution of the amplitude of the solar diurnal component of  at 15° intervals
of latitude; isothermal basic state assumed. After Lindzen (1967a).

Wi, Myehers s Mimshi (0727

A nonlinear simulation of the thermal diurnal tide
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Fig. 1. The radiative damping rate (solid) and the vertical
eddy diffusion coefficient (dashed).

Akmaeyv et al. (1992)

=0



Monthly mean amplitudes of diurnal tides (UARS - HRDI)

110
100

Affitude, [km])

70
60

-40—-30-20~10 0 10 20 30 40
Latitude

-40-30~

.......

I -

Lotiftude

20~-10 0 10 20 30 40

Alittude, [km)]

. U, [m/s). 04//92-93

. =40-30-20-10 0 10 20 30 40

Latitude

U, {m/s]. 07/92-93
120

7] BN
-40~-30~20-10 0 10 20 30 40

vvvvvv

Latitude

60
—40-30-20-10 0 10 20 30 40

u, [m/s). 05/92-93

—40-30~20-10 0 10 20 30 40

Lotitude

‘U, [m/s). 08/92-93
12069

Latitude

Vertical eddy diffusion coefficients derived from HRDI data

12
110

100

Alfitude, [km)

|

ol(,,. {m'/sec]. 03/92-93

h

Altituds, [km)

3 O,
———

e~ 100 —]

-

-40-30-20-10 0 10 20 30 40
' Latitude

Ky [m*/30c]. 06/92-93

120
110

Alfituds, [km]
[
o

AAAAAAA

—40-30~20~10 0 10 20 30 40
Latitude

Altituds, [km)

Ko [M*/sec). 04/92-93
120

110

100

70
&0

nnnnnnn

-40-30-20-10 0 10 20 30 40

1o

80

Lotitude

K [Mm'/sec). 07/92-93
120U .

2 "

~40-30-20-10 0 10 20 30 40

Latitude

Khattatov et al.., (1997)

Altitude, [km]

Altitude, [km])

110

100

90

70
(1]

K [m*/sec). 05/92-93
120

4 i ek

~40-30-20-10 0 10 20 30 40

Latitude

K [mM"/s0c]. 08/92-93

120

110}

100
90

70F

.......

~-40~30-20-10 0 10 20 30 40

Latitude

A/



Middle Atmosphere C_irculation Model
at Kyushu University MACMKU

*T21L55, General Circulation Model (GCM)
Height Range: Ground through about 150 km
Solar Radiation: having diurnal cycle,

H»>0, 03, and O7 heating,

H»>O: Predicted in the model

(Troposphere: non-zonal)
03, and O2: zonally symmetric distribution

eInfrared radiation: Fomichev’s parameterization

Troposphere: Chou's parameterization
o[and Temperature: Predicted in the model
*SST: Prescribed monthly mean SST
Tropospheric physical processes

Latent heat, Topography, etc.
«Dissipation processes in the MLT

Molecular viscosity and conductivity

Jon drag (Local time dependent)

Dry convective adjustment

Eddy diffusion

Rayleigh Friction (Only for the zonal mean zonal

winds in the MLT) |
No gravity wave drag parameterization

22
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Chapter 4: Sources of Forcing 56 1
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Chapter 4: Sources of Forcing

Pig.(4.1.3) Asin Fig.(4.1.1) except for 5 = +2, (a), and s = -2, (b).
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Linear model result by the GCM heating.

WESTERLY AMPLITUDE AT 90 KM (m/s)

( Ekanayake et al. 1997)
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number s=1 becomes large in the summer season at the north and south polar MLT regions. Two
different possible excitation mechanisms of the non-migrating semidiurnal tide are suggested
(Forbes et al., 1995; Portnyagin et al., 1998). One is non-migrating heating in the troposphere asso-
P ————

ciated with latent heat release. The other is nonlinear interaction between the migrating semidiurnal
B e P T —)

tide and a s[ationarx Elanctarz wave with zonal wavenumber s=1. In this section the later mechan-

ism is investigated using the output data of the MACMKU.

3-1. Source of excitation

The idea of the nonlinear interaction forcing is as follows. The nonlinear interaction terms in the
governing equation system expressed by the pressure coordinate system in the MACMKU are given
by the advection legms. The nonlinear forcing terms due to a planetary wave and the semidiurnal

tide are given by
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Effects of background mean zonal winds

1(0,7) :mean zonal winds

Doppler shift of tidal frequency @

&’_l_ u o
Jt acosf dl

=i(w+ su)

S : zonal wave number

0 : Latitude

SY



Dynamic coupling between the lower and upper atmosphere

DOPPLER SHIFTED FRQ. = CORIOLIS FREQ.
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Non-migrating semidiurnal tide South Pole, January
0UT ; j 3UT

Jan. Sem—diurnal S=1 v(m/s) Jan. Sem—diurnal S=1 v(m/s)

CONTOUR INTERVAL = 6.000E+00 CONTOUR INTERVAL = §.000E+00

6 UT " - 9UT

Jan. Sem-diurnal S=1 v(m/s) Jan. Sem—diurnal S=1 v(m/s)
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Semidiurnal westward moviﬁg S=1, ;f(m/s) z = 108 km, S. H.



(&

Semidiurnal tides, Southern Hemispher, January
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Diurnal tides, Southern Hemispher, January
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Concluding remarks:
Migrating tides
Non-migrating tides
Both tides exist in the MLT region
Confirmed by obsevartions and
numerical simulations

Excitation mechanism?
Migrating tides:
H?20, O3, O2 heating

Non-migrating tides
Moist convective heating
Tide-planetary waves interactions

Longitudinal variation of tidal amplitudes
Interference between migrating and
non-migrating tides

Need more observations
TIMED mission



