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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.)
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The Ionosphere Thermosphere System

(Forbes, 2007)
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Fig. 1. Energy input, conversion and transport processes relevant to the Ionosphere-Thermosphere

(IT) system. Green indicates energy sources from above the thermosphere, blue indicates in-
fluences of lower atmospheric regions on the thermosphere, and red indicates energy conversion
and transport processes within the thermosphere.
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Fig. 2L.5. Harmonic dials showing L2(p) for the mean of the year (Figure 2L.5a) and for the seasons j, e, d (Figures 2L.5b, c, d respectively), as
a function of colatitude from 30° (60°N) to 150°(60°S). The dots give the values obtained by harmonic analysis of the as, b2 read from maps of
equilines. The crosses on the continuous curves indicate the values computed from three spherical harmonic terms, Pr s, s =2, k =2, 3, 4.
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Fig. 2. Meridional cross section of E-W model
atmosphere.
Solid lines: isotachs of the zonal wind.
Dashed lines: isotherms of the basic
temperature. Ty
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Fig. 3. through Fig. 5 show the results for the Fig. 3. Harmonic dial for the pressure oscillations: = at the

semidiurnal lunar tidal oscillation in E-W model. heights of 0 km, 60 km and 120 km in E-W model. The
: amplitudes are normalized with the amplitudes at 3°S as

. an unit at each level. The amplitude at 3°S is 4.19 x 10*
Lindzen and Hong (1974): cm2/sec? at 0 km, 7.69 x 105%cm2/sec? at 60 km, 2.98 x 107

Iﬁ%tﬁ X D ﬁ%%ﬁﬁ%ﬁﬁ?ﬂ?ﬁ%ﬂ&ﬁbf: OT’EEﬁ cm?/sec? at 120 km.
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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.)
Leovy (1964): eddy flux2sfEiE L LTl 2 &tk b
ML A N v
FRIEBR ISR D WiEm e A Feher s
km
kw =0 —80
60
kw=0
—{60
H40
ku=0
—40
0 0 (b)
4.10 tBABRO BE»HWT 5200 BRR, EHAFAERE #
g s = = — 1 O . —20 BAKBEORE (M—@ENTO) ORARYTT. @R LICERB R
90 60 30 0 30 60 90 £, DREBEEADIEEZFT. OTREMATRT LS AFFER - LT

L (a) * K5I - FA1F(1982) WAL b, Wty ADBES £ N3 (@ Lindzen, 1968),



W k2

g 72 51 9 ) Bk TS % L
Lindzen (1981), Matsuno (1982)

» HOPHABRTRICAE S iR AR O 95 MUE D AR & NI S 2 L—S a v
Miyahara (1984): EJji8 7 X —% — L KA 2 52 T2 A W= AT 4 v 7T

MEAN ZONAL WIND ows) MEAN TEMPERATURE

° ° 1

s =) —-—

=) W o

s I : 4 550

R 60 o 450

g o ; 350

\/\‘o 2 ﬁ
g 20 S 200
s ]/_To\lo §J ]’o — wog' 20-
0 | 170 ﬁ 210 —2 |

= - / 22!
5 5 At —
&% wg 230
_s ‘31 250 ~ 0

m\ 70 ‘\\‘,‘ |
F >R

. SRS s m, T D
o P
: s 1 270 -——// ‘
- 250
1 230 |
- |
g- - —_ —?68 '
s
210
240
= ol -
S%0.00 -70.0¢  -50.00  -30.00 -10-00 10. 00 10. 00 $0. 00 0. 00 90. 00 “0.00 -70.00 -50.00 -30.00  -10.00 10. 00 30. 00 50. 00 70. 00 90. 00
SUMMER LATITUDE WINTER SUNHER LATITUDE WINTER

RPN TRA =Y =2 NBINCEZ5 0 ARBIAR LTHSETL
& BB 2179 BEDD 5.

HE R SRTEBRE TOVIC K 5 IR O 6 2k



V2 Ak

N

RERKWERE T (General Circulation Model, GCM)

WAk S22 TR« B2 RN « KIGHCH « AAMBCR R « RAMDR P ORZ&X) - FoKkAeE
HAfdbETarvta—y—r I al—vavyz25r

BESaAT
HOIE - KL 7 &

KRR €T V(CGCM)
KEAKMERE THVAGCM) & HERNERE THL(OGCM) Z #ify L TR

REAKRMEAL AT TV
B2 SR N2 A
KEADWRIBITF B LB E LTI )
A R TMET IV

RfRETIV
AL I
Yl

Wi T4
HHORGTHICONIIM &E LTz L, KKz TMd 5



W2 hpbk

Miyahara et al. (1986): GFDL SKYHI GCMh o & 1% D¢ % bt

X E COSPECTRA (u/-w')-p %, 0.05mb, 46.5°N COSPECTRA (/- )- L, 0.05mb, 465°S
= FR FREQUENCY (1/DAY)
o EQUENCY (1/DAY)
MEAN ZONAL WIND (m sec ;| 15 DEC.-3 JAN. 6.0 533 467 40 333 267 2.0 1.33 0.67 00 067 1.33 2.0 267 3.33 40 4.67 533 60 $0:533 467 40 333 247 2.0 1.33 067 00 067133 2.0 247333 40 447 533 60

0.0/ m 799 50T —T—T—T—7T g =) —T T T T T i 50 T T T T T T T T

002 i ~2

0.02 4[|t ~ 45~

0.05 |\

oI J s0F

0.20 \ -

0.30 £ - 35t

0.50 =
— o [+ 4
z LN : § { B o«
o 2C ! £ g §
& 30 5 z - & 251
@ s c z ]
A 2 = £ b
= 10 2 o = 2

<
) Z 3 F
30 0 g N = I 15 f
50
100 0 - =
40
0 ) ] i
20
500 0. 1 i 1 1 1 1 i 7 NP
1000 | . : i 33 25 20 167 l7 20 25 33 50 1 s
0 0 39 o PERIOD (DAY) FERIOD {DAY)
LATITUDE (WESTWARD MOVING) (EASTWARD MOVING) (WESTWARD MOVING) (EASTWARD MOVING)
FIG. 1a. Latitude-height distribution of mean zonal wind (ms™'  FiG. 3a. Zonal wavenumber-frequency spectral distribution (zonal FIG. 3b. As in Fig. 3a except for the distribution at 46.5°S.
averaged over the PI period. The standard height indicates the leve wavenumber 1 < k < 50, period > 0.167 days) of the cospectral
of the finite-difference model. density (lQ;‘ m s™? d) of the vertical flux of zonal momen-

tum (—w'e’ p~') at 0.05 mb (70.6 km) at 46.5°N.

uw' at 465°N and 70 km uw' at 46.5°S and 70 km

Zonal mean zonal wind

TARHARIB 5 & - CHELe T P ik



W2 huphk e

HEEI%E

E P Flux and div (EP flux)
E-P VECTORS AND FLUX DIVERGENCES (10™>m sec™% 15 DEC-3 JAN.

PRESSURE (mb})

FIG. 7c. Latitude-height distributions of Eliassen-Palm flux vector
divided by pressure and its divergence (EPFD) (10~ m s~?) consisting

0.017 - i 7 799
4 32 s i ,/¢\¢ [
002 7 l”’ / 7/ / 14 8
0.031 / /// /// [fid 4 734
0.0s i /, //4,7,
i NG L 683
0.10 #1741 )
/” i 1 - 640
0204 | / s
0304 A A L 568
050 W\ ,
~ L 507
i) ) /\/ 0
i F45.4
2.0 fors
0 - 40.5
5.0{ N L 36.1
2 -5
10 4 > -1 F31e
- oS ( I28.8
o 2 243
50+ - L 208
100 cons ! V73
J . A .A 1 f‘ll.l
200 -\ N f =2 L1s
%0 : =" I
5ooj . :i 1 5:“‘ N @ : (-:;
GRS RN - - —— el | W
1000 A : 5 .—éﬁ ‘2 12"’).//((""‘7:’ t:;‘l
00 60 30 0 ~30 -60 -90
NORTH SOUTH
LATITUDE

of all wavenumber components averaged over the PI period.

STANDARD HEIGHT (km)

PRESSURE (mb)

STANDARD HEIGHT (km)

LATITUDE

FIG. 7b. Latitude-height distribution of the convergence of vertical

eddy momentum flux —dw'e’ /dp (10~° m s3).

PR s O KIGBRIC B D THEREH 2 R LTwb 2 L2l
& RINICIIREDG 505, M P2 GCM 7 — & CRGIE L 7<




M)

HEIGHT (K

180

160

140

120

100

30

60

40

20

0

5. Z DERDIIE

« hERARIEERE TILDOBFE: M IZGFDL SKYHIPAAMZ X HEIE £ TEAZRIRE T IVIEIAE L ko Tz
H&mih & PiBWE T2 0% E L KAKMEERE

KRIT - BOSRF D5 E

AMPLITUDE OF NON-MIGRATING TIDE W6 (MS™1)

T T T

T

TTTH & “i"‘)I""‘
3 &
C% 2“6

2 0y,

-2 % 3

T

N

< c( 7 y
== S

N
MAX=8. 87942 | s

: 1
C |
:JJLIJAIJIIAII lxlllll]vlljjlVIIIIIIIIlALlL:
-80 -60 -40/M-20 0 20 0 60 80
N LATITUDE S
(a)

HEIGHT (KM)

80

60

40

20

0

E - P FLUXVECTOR (W6)

TV % BiFé
TN RX—AIZ, HRERRE T IR

— .‘,,L.,l\,,l\m,“ TP
IR AN
L N a - “~ L
-H\vm \’\J”/rﬂ/ﬁfz\l//\ﬂ““j [
A A
QQ“{YYﬁ“/”;v&;*%% e
NI S ST
TR 2o 7
A L T LA L ﬁ RS
T RS LR 777
| NNSE Wz any
¥ §\\\ \tit\\\\\\}M/////}/\'//*
e R e
T e e
\4 o \\M?i??\”f////(b/ ARy
r //\\\\\\\\\} //‘// f7r INEN
F 1{ SNANNNNNNA 22 F O 22 h T
n\\\( ARSI e
R /)k/ \\\\\ //{\\/// /\ .
SNA AR /”(/\QWV\\\ A
A 7R ) A A AT
W}/ 7&\%/ FINY s b
I \\j{?ﬁ, VPR RAZANSNN I 2 2
sy ??/T/?QE %ﬁfﬁﬂ Fore
S AR e T A0y veY o
}H:\ VARTUNNAD Al i bt oN NN T
L o (:;/’;ﬁz?\\g‘f} i
WI“ ..KM,W%MM“;Myﬁ AN
-80 —-60 —-40 -20 0 20 40 60 80
N LATITUDE s
E-P flux

SHIADTEN Lo THTE
KBS DO HZELT A 2 V25l 0 R RORS MBS I 2L —FT 3
Non-migrating tideDfiE#t

DOPPLER SHIFTED FRQ. = CORIOLIS FREQ.

160

140

120

HEIGHT (KM)

LA L R L

Fig. 12. Location where Doppler shifted frequency is equal to Coriolis Frequency for W6 (
) waves. Lower latitude region than the location indicates internal region.

(

Doppler shifted Freq.=Coriolis Freq.

LATITUDE

W’ = f?

Miyahara et al. (1993)

80

) and E6




L K

BLIAS . & D Hfg (1) :Diurnal non-migrating tides

() (b)
AMPL I TUDE OF DIURNAL TIDE Northward Wind Diurnal Amplitude at 95Km, December
“,Zi??ﬁML,Yvaéjﬂ,PE?$,T€1 Reconstructed from S =-3, -2, -1,0, 1, 2
60 UARS

CEE ) R
{ N T | T

) g

Latitude

LATITUDE
T
N
§

-30

q

-60

0 60 120 180 240 300 360

| I

0 60 120 180 240 300 360 Longitude
LONGITUDE

CONTOUR INTERVAL = 1.000E+01

Fig. 6. Longitude-latitude distribution of diurnal amplitude of meridional wind at 95 km in December, (a) Kyushu-
GCM, and (b) UARS observation (Forbes, personal communication). Contour interval is 10 m s"and 4 m s,
respectively.

Yoshikawa and Miyahara (2003)



Month (Jan 1995-Jan 1996)

JuPR &2

B & D i (2): SDW1

South Pole Estimated Average Sliding Power Spectra

G A S R B P T T

‘.vvdrV|u_|v||4|||r|v|\
s’ Data interval: 10 days
| BN Data overlap: 7 days
_, ks FFT length: 1024 points
e e s
wy -

T T W B ) I S 0 T VOO A Ny O Y e i T T

2 3 4
Frequency (cycles / day)

FR A T DEEE100 km A3 D JRGHBL

Portnyagin et al. (1998)

AMPLITUDE
S.W. S=1 |at=85.8S
o 140 ,
109 130
€ 120
=<
l_.
T 110
o
80 o
N T 100
g o
= x
ca» < 90
A =
& = 80
o %)
&
40 70
60
) (b) MONTH
“ CONTOUR INTERVAL = 5.000E+00
5 85.8°SI BT B3 SDW1 D ZEHHZA{L
0L—

Yamashita et al. (2002)



W2

15 ms!

E-P flux
AMPLITUDE V PHASE V

< January
AV

January

E-P Flux, S. W. S=1, Jan.

LAl I L M G 140 e TS T T T AT

140

130 N R e SN SN R B e NS

130

(o]
(e}

D et TN O e R B e ]

120 F\ Jeea AN e 27 L 2NN AN A 27N/
s | SRR f A7 A SN AN

110 7V P P D B e N
AN ﬂ/«} A A AT J AN\ | A

M- s, PR
100 F :—"’7‘7)\;.%“'/—:':'“ M‘N?;_NSE
}/?/ ﬁ//jv‘/ 7 (fQmcu oma
g0 AN A ) ;7'} { /,//__’\_#/1/4,
S A DRI

Vo ///i e /N/////‘— S,

A ek DL A e
\ e AN A T A A i | A J ] AN~ N,

w( P o t
I —»»’///\\i S o s

PN e
70 HasX—>sf AN S Ay | At {-‘

i dne i
NIy Sy 1§ SN
/f=\t177 [M\\/—'\ NN~ 7 NN
60 s n 1 L n il 1 1 1 n " 1 " 1 n n 60 N n " A a . Al L ad 1 Ao 4
60 30 0 -30 -60 -30 -60 60 30 0 -30 -60
@ N LATITUDE S () N LATITUDE S (@) N LATITUDE S

120

TN

120

110

100 100

90 90

80 80

STANDARD HEIGHT (km)

STANDARD HEIGHT (km)
STANDARD HEIGHT (km)

70 70

60

CONTOUR INTERVAL = 3.000E+00 CONTOUR INTERVAL = 3.000E+00

Yamashita et al. (2002)

SDW1 & SDW3%3S=1 & 77 %% VY —i%(SP1) £ SDW2(migrating semidiurnal tide)®
JERIEIRIC K oThEEIN S Z L2 L.

sin(2x + wt)cos x = %[Sin(Bx + wr) + sin(x + wr) |

SDW2 SP1 SDW3 SDW1



W2 hphk

HhPD 3K ousrfi SKYHI (Miyahara et al., 1986)

at 03mb 26 JAN.-14 FEB.
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FIG. 15a. Longitude-latitude distribution of the time-mean zonal
wind (m s7') 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 (1075 m s™' mb s7")
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. 1. Color tone plots of vertical wind w [m/s] and contour plots of logarithm of potential temperature Log
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Equatorial Electrojet (EEJ) observed by CHAMP
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Fig 1: Electrojet current densities inferred from 2600 passes of the CHAMP satellite over the magnetic equator
between 11:00 and 13:00 local time.
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HhPD 3K ousrfi SKYHI (Miyahara et al., 1986)
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FIG. 15a. Longitude-latitude distribution of the time-mean zonal
wind (m s7') 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 (1075 m s™' mb s7")
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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The Ionosphere Thermosphere System (Forbes, 2007)
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Fig. 1. Energy input, conversion and transport processes relevant to the lonosphere-Thermosphere
(IT) system. Green indicates energy sources from above the thermosphere, blue indicates in-
fluences of lower atmospheric regions on the thermosphere, and red indicates energy conversion
and transport processes within the thermosphere.
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