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Comparison of meridional thermospheric winds observed
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Abstract:  To comprehend ionospheric-thermospheric coupling, one must understand
the thermospheric wind system. However, measuring the thermospheric wind using a
Fabry-Perot interferometer (FPI) is not an easy task. Because of this difficulty, some
researchers have estimated meridional wind velocities using data obtained from a pair of
ionosonde stations near the geomagnetic conjugate points, under the assumption that the
meridional wind is the same at the two ionosonde stations (transequatorial mode wind). In
this paper, we construct the first comparison of the estimated meridional wind velocities
with meridional wind observed with FPIs. We analyzed data from the ionosondes and FPIs
installed at Chiang Mai, Thailand, and Kototabang, Indonesia, from 2010. We found that
the estimated and observed wind velocities were generally in good agreement on most
nights, although on some nights, the wind velocities were different. The assumption that
the meridional wind is equal anywhere between the two ionosonde stations would not be
suitable for the days when the winds were not in good agreement. We also investigated the
seasonal dependence of the correlation between the estimated and observed meridional
winds. They were in good agreement from February to April and were not in good
agreement from May to July.

EE BHESAFI 7 ACKRELFGTL2HBEENIOWTOHFEZ LD S 72
B, A+ VY F ORI EBNIC X HEE X AT R o B BE R (g
BE) &, 777" - xa—TE (FPD) BHIIC X ) EHENE S hzmdb H o
BER & OB % 7. HEE AL, RS I BT A BRI S L v (R
AW E— RO RM T 2) EWIIRED D L TEBENS. 2 20 TFETHN
SN OBPE N % K3 % DAL O TTH S, 2010 4FDF = v~ A
(#4) LabrynNy AV FATT) OAF )Ty FTEFPIF— % 2K L7
B, MHEBBORARVHBZR LD, HEFEVWHDL H -7 MBS ENE

UGBS ZERHE. National Institute of Information and Communications Technology, Nukui-Kitamachi 4-2-1,
Koganei, Tokyo 184-8795.

2 4 R R K by W ER BREEAF SR T, Solar-Terrestrial Environment Laboratory, Nagoya University, Furo-cho,
Chikusa-ku, Nagoya 464-8601.

* Corresponding author. E-mail: nishioka@nict.go.jp

MG, Vol 57, No. 3, 357-368, 2013
Nankyoku Shiry6 (Antarctic Record), Vol. 57, No. 3, 357-368, 2013
(© 2013 National Institute of Polar Research



358 (GRS IES

B, HREHHPOR - FEHT 2 a2 EH T &, REMIRE— F2 8832
EVIAREDBRTL LBV ERRENDL D THL. T2, 2 O00FETRD 2
PR O 2 FHNICHAR S &, 2-4 HIZHHEOH AR W—T7, 5-7 HIZHi#H
AN Db o 7z,

1. I LC®IZ

HEERE OBIAEA AT DN D X )27 o 72504, EERED O RE T ToOMIRMA
BLOEERRE T ERADMEEPH L 2 2BLPBM SN TE 2. FIZIE, SR TN
SN D BB B 2RI, IR O B HERE S IS BT B PR E S L (Liu et
al, 2011), EHERAO B 7 PHEEREETFEPLE L T2 @S Twa (Chau
et al., 2009; Goncharenko et al., 2010). F 7z, ERHIFERAEOBIZIE, HERLERIC L - TR
SEINTHHRAOMET, BHEESETEIEH LA LWMESIN TS (Otsuka et
al., 2006; Tsugawa et al., 2011). FEHERS & HPERAOKM GO EEMEL, WEERAARSCE
KWBHREOTEDATIE R, P CEFMICBIN S N2 B 4 OBREEREIX, &
BERR L P ERROMEMERNC X DB Sz 5 4 F /B EREEMBEZ LR L CTak
LbDOTHD I EDVHEDITHR->Tw5b (Sagawa et al., 2005; Immel et al., 2006; Hagan et al.,
2007).

HPERADIRES BT EEEE 5 4 3 7 AR E R BEL 5 25—, TOBIIEEL W
AP S B B RS o L TR R 1, i BT, 7 7 ) - Ra —TFlEE (FPID
T 630nm ORFND Ny 79 —@ERWET 2 2 L12 & ) EEE S L5 (Shiokawa
etal,2003). L2°L, FPI & V7B BEEOBIINE KA HRICKE L SN L7120,
B DIRZ P2 EHEMITRARLGEIEIAMETHS. F72, CHAMP i <> C/NOFS fir i
7 &N X B BEROBINE, BUNSLFSHREOPMEICEAG SN TL Vv, BEROE TN %
BNZEZT LI ENTER,

B OSEFCHBOH 2 2RO Y, TOEFENL2BNEZTIEE T205, &
W X 2 TE e PR B & R U 7 2L PB R B C b %, B Bl 1 320, R AL 1) o> 2 Pl (R
JEAPEE) & W OB SFICESEXB K1) 7 N OB EZIFCEILT 5. Igieral (1995)
W&, PR O R R A TS R AL BB R O B A 2T TEB)T 5 (Miller et al., 1986) &
ERF L, B (BARE 30°N) O A &/ 'Y 77— % & v TR LB R O i & % 17 -
7o. AF VTR L o THEE SN -HALBEEULE RO MU L — 7 — TRl S 7z
zheBBLhR—H L7 (Igietal, 1995). —J5, ML o T HEPE = L 1w b 2 PE R, & g
BHORBEEZ T CEIMT 5720, —HOA4F )77 FEEO &% Fv C gt 208 m % 2
THIEEATETHS. £ 2T de Medeiros er al. (1997) 1%, BERMBENED AL F V¥
FFE—=F ZHOCTHEELZHEL, KEEIHETLI Y aT AT - YRy (75
W, WEME19°S) OAF )V Fr—4shomaBERLs BN Lz ZoXkHITL TR
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5 N7 AL, HWM-90 EF VR FPHIC X o TERI S Mz B8)a s 3B Eh—% L7z (de
Medeiros et al., 1997). I, A 4/ V¥ F & EALEERE AR AICERE L, WiimiicBig s
HHEEEOZZ BT 22 LT, AEEEELOMEE S HEL, MtBABEEE ST 5
WEge b 4T H T A (Bittencourt and Sahai, 1978; Maruyama et al., 2007, 2008; Abdu ef al.,
2009). ORI DA F VY TR E B 72 BPE R O HE 12k, RS RIS
B2 HBEEULSE L GRERBEITRE — FAEBT2) v REzHvwiws, Lol
ZOF i THEE S N2 AL SR DY FPIIC X o THEBEBIN S Wz mdeBma E —3 a0 L
IWERIZRARS N TR, 22 TARIFZE T, ML —HEIRELTA 4/ VY 7D
R B A S HEE X B B LB EAS, FPIIC X o THEBIE SN A mILEER & & h
KHLVW—HTLOPEHRDLILEHNET .

2. BUT— % &I
W7 V7 IS B TE, BROZATBOR AT AGEAEIFTERE 12 X 2 ALk 72 FE R el B e

8 T S o b

% 9% 100 104 108

M1 ForyvfLeabsny, BIOBRREONME Fx 4 BLT
a My Ny ERPAELE, B 250km @ FPI O ENAHEFHiPH 2 7R 9.
Fig. 1. Map showing Chiang Mai, Kototabang, and the geomagnetic equator. The
radius of the solid circles is 250 km, which shows the approximate field of
view of a FPI.
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(a) AhmF2>0

2 hmF2 DL CR#D. (@) 2 M &3y (KT) © hmF2 35 = ~
<4 (CM) ® hmF2 £ Y EWIie (AhmF2>0), (b) F=> <A D
hmF2 7252 b 3 2 @ hmF2 X ) mwiid (AhmF2 <0). KHNIE 2
PN —F 2 A TR EME LA oML E R, KAk
HRIL G R A 2 WA O hmF2, MR E R T

Fig. 2. Schematic illustration of hmF?2 (thick lines) on the meridional plane.

(a) The case in which hmF2 at Kototabang (KT) is higher than that at
Chiang Mai (CM). (b) The case in which hmF2 at CM is higher than at KT.
The thick arrow lines show the thermospheric wind when the meridional
wind is assumed to be homogeneous between KT and CM. The thick
dashed lines show hmF2 without meridional thermospheric winds. The
dotted lines show the geomagnetic field lines.

REBHLTWS. MLIGRT LI, For~<4 (¥4, 188N, 98.4°E, WK 13.0°N)
Labyny (A FAT7, 02°S, 100.3°E, BEAMEE 10.0°S) 1, 100°E fHif DIFITHA
LB S 5. SRS OBIIE T, 2004 4E0 5 4 F /) V¥ F ORI B AT ;i X
NTws (Maruyama et al,, 2007). IZ, &R RFRBGHIERBRENZET 5 = > < 1121
20104E 2 H1Z, I M #8213 20104 6 HIC FPI 22 N2 NikiE L, ZEm oL % G
L 7z (Shiokawa et al., 2012). 112, ChooFPIOBHTOHLZTH B, PE
250km O#EIPHZ R L7z, REFEETIE, Chs 28l Tcolt /)y F5F—4% & FPl 57—
5 DNt & 47 5 72,

21, AF/ I TEHA
FUyRA LA NNV FNFNTISHTEICEONEAL L ) VYT (FM-CW) OF—
YRRV, FNENDAF ) T T AnLEAINS foF2 & M3000 $5%% H V>, Shimazaki
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(1955) OX&EH VT, BHEOEFHEIRAIILLEE (mF2) 25 L7 hmF2 0
W REEIX 15 0 CTdh A, X2 DKM T hmF2 OREEZEAL 2 /7§, KB IS e b 24 B R A
WA O hmF2 OREEZAL, HfEF = v~A4 (CM) & a by Ny (KT) %l 2 @I
ZRLTWA, BILBBERER R WA, ForyvfEa by nNryomrR2iIZELwv—F, ¥
LB RS D 2 Y, WHEOEICEIETND. AHSCTIE, ML O BEROHEEICDH
720, A RINVOMRLESF A DmR2 25 Wiz fli%E AhmF2 & LCidik 3 5%
X 2a X AhmF2 ASIEDYE (I RNV O M2 A3F = <A O hmF2 £ ) b REVER) T
H5H. AhMF2 BIEDHE, F =<4 La by 38O 2000 km 1238\ TELE R — B
PRrwIiylReEr 35 L, ZEEIILR X THL EMREINL. L& o#ER (LK) &3
M NI BWT, MALBERD T T X< 2 @ISR TEEBEAL LiFs (Fzrv
AIZBVTIE, BIBRICE> TRBEICHLTIF?) LE25N505TH5. #HIZK2b
DEITAMP2 BROEE, T <A 2B TIE, BAdLEERDS T 5 X< & @I -
THREBEICHLEFS (3 M7 icBvnTid, BHBICH> TEKEECHLTIFS) &%
Ao, MABBEIIIENE THD LHEESIND.

2.2. FPIEA

ARFZEIZIE, T2 oA LT PIONVITERE SN/ FPI 2 WV CRARBRZ JE Lz A
FPI X, ##3H CCD /1 2 J & WLl e/ My b v 2§52 & T, HEuiToOB
WzTTEE LCT\w5 (Shiokawa er al,, 2012). ABHATIE, HWEEILD 4 J1A1O 630 nm K5
Kxk ZNZN IS HFORLH T L, WliEmltkehZzZho o) Y IOry 75—-37
b DED L ZNFNHVG)E & mEL)E % B L7z (Shiokawa er al., 2012). X312 10D 7 1)
YU B SN & oBPEE RS HE#).  0130LT PAREIX, J] osgi il sT
bheolz, RWIETIE, TV IP% T4y T v T 5BICHEET AT V¥ AREL/NE
T5720, 10HOTY) »I26ROIZHELED 5 5, RKAHE & R/AME % B\ 72 8 O
Wl S +20m/s OHPHTDH 5 B Z P L, FPIIC X o TRl Sz 2B E Ok &%
FL7: &b, WAMERMEE R 8 E O FIMEA S £20m/s OFPAIZE TN D T —
Z RS A R OYEZ, BEROEROREESE N E AL L, BITOMRICIEED TR
X3 ®23LT %5 00LT OiZZ OBIc#ELT 5

2.3, FRITHARS

AFFETIE, 2010 4ED LAEMIZOWT DT 21T 072, Fx <A LTty 3y oMl
FTI, FPHIC X » THFICABESBM SN HIZ e o7z, Fo <AL 3a by
NYDHI BTN CTHREROBMNSTELHIZH 40 HHY, 2055, WL TL +
2 FRAA TN HIER 30 Hd - 72, RIFZE T, FHIIEE LT, FxrvA
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Fig. 3. Northward thermospheric winds observed by a FPI at Chiang Mai on Mar.
8, 2010. The data observed using 10 fringes are overplotted (thin lines).
The northward thermospheric wind on the day is derived with the 8-fringe
data (thick line).
AT FPIIC X 2 ZAPER BN D) L7z 2010 4E 3 H 8 H&, I b # /3 HSHiFILT FPIIC
£ 2 BB RO BT L7z 2010 47 12 H 2 HIZOWCORFIMEN 247 o7 £/, F=
YA L LI I AN OWT NP THREROBINATE, Wi E T, F /Y T OB

AT & 72 30 HRHIZ D W CHRERTRIIENT 2 17 - 72.

3. TR R
3.1 BRIMIRER
B 412, 2010 4F 3 A 8 HIZF = ¥~ A TN S h7zduii & 2hpa il OR#t) & hmF2 (Bt
OWRMZALZRT. F = v~/ THIM S N2 EEIE 22LT F Ciddbin & Tdh 5745, 22LT
DR E &0, 23LT@XICHEIN X ORI & o7z, —F, 18LT LAETREL T/
LI 2T hmF2 1%, 22 LT OB )R O iz & FFRFZNIC BT, 23LT 3 ISR E 2o
7o. Fr A THElISANE (FEIE) OBEEIE mF2 O TR (L) ISHIRLT
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Fig. 4. Meridional wind velocity (thick line) and hmF?2 (dashed line) observed at Chiang
Mai on Mar. 8, 2010. The difference in hmF2s between Kototabang and Chiang
Mai is shown by the solid line.

W5, FARIZERTRLTVDEDIE, FxrvAfea by Ny Tl Sz mF2 0z
(AhMF2) TH 5. 21LT £ TIE AP IZIEDETH b @ P i dbin & Th - 7201
PL, 2LLT @ &I AhmRP2 ZH 0L 2 0, HEABERIEIHINEICE T2 Z20H%0LT
FC, EEHABBOEME OESIRE 572, ZOHEEAEBOBMZIE, FPIICE ST
Bl SN BEROZLE 1ZIF—F L2 T/ BBE50km ® AhmF2 75, #E )R O
50m/s XIS LCWAZ Edvbhs. 72720, HEEABEEE FPICHIN S /- 2B RO 2 )
IR ZED D D, eSO N X AWK % 2401, FPICBIll SNz Z2nd D b
0505 LEMER TV AL ENTE L.

512, 2010 4E 12 H 2 HIZ 2 b &3 TR S 7z ki & 28R R & hmF2 (Rl
DOWEHZALZ RS, T b &8 TRINS h7z 2 RIS — B 23 & Td % 75, 22LT B
WA & ANR < 22 D 46, OLT EIZIZ 2 o EEIIMA L 2%, —F, 18LT DI FREL
T2 [FBEE RO hmF2 1%, 22 LT EIZAbIa & O E R AR £ % O &I IZFRIRERNC B A28
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Fig. 5. Meridional wind velocity (thick line) and hmF2 (dashed line) observed at
Kototabang on Dec. 2, 2010. The difference in hmF2s between Kototabang and
Chiang Mai is shown by the solid line.

U, 3LTMEICHAME RS, SO Lhnd, T FFNVIZBW TN & OB @A hmF2
DOLEFAITHIBEL T2 edsbhb. F72, FAMICERTRLTVWSEDE, Forvfla
M N TR S L2 hmF2 @3 (AhmF2) TdH 5. 23LT $ TIEAMMF IZIEDETH %
—77, 23LT 2°5 02LT £ T AhmF2 ZHA DM TH 2. mEAL -5k B Pa R AT — Bk 72 & A
L 728565 O 2 24 P8JaE, 23LT DARTiEdbin &, 23LT 205 02LT OMIEE & TH o722 &
MHEEEIND. LaL, FRUIC X o TEIl S iz a3 wicdbmx < 0, e sgsmo
HiEide > Tnsb.

3.2. IRETAEMTEER

2010 4E 1 4ERIT, AhmF2 &, Fx <4, T M INVIZHEE SN FPI TN S 7z 2
BE L O BT TH - 72830 HEIZOWT, MEOMGEEHFR. K6a bz, #h
zh, -4 3 () &57H (H), 8-10 H (BA) L 11-1 A (HA) 1ZB1F5 AhmF2
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6 FxrvAFEi2Ea by TR S N & Bl (Bl &2
kE N EF 2 e A WL TR S 7z hmRP2 o7 Giiedl) O B4R
(@) 2-4 1 (FMA) BXU°5-7H (MJ), (b) 8-10 H (ASO) B LT
11-1 A (NDJ).
Fig. 6. The relationship between northward meridional wind observed by a FPI at
Chiang Mai or Kototabang and difference in hmF2 between Kototabang and
Chiang Mai for (a) Feb.-Apr., May-Jul., (b) Aug.—Oct., and Nov.-Jan.

& FPI T S N7 BB RO EZ /R T, Ml F o~/ b L ida bynviciEsh
72 FPI TR S 7z dbim) & o ZhpE il oo 1 IR FPIMETH 2. ftllid, xhisd 2 1 RHIC B
5 AMMF2 OFHMETH 5. 46, L& oBEEE AhmF2 ISHBEZAR S W EhZ
NOFEH DT — 5 12OV THRDTIHRBEIC X ) EHESEZ 1T, HERKEZ RO L 25, 2-4
H, 5-7 A, 8-10 H, 11-1 A OMBREIZNEIC 0.92, 0.63, 0.73, 0.70 TH Y, BBL ARV
MDA SNz Tz, 2-4 HOMBDFFICR L, 5-7 H OMBADLBKWE W, FHZ L)

HDHT Do

4. HBEE
HET 2L T, Frr<A4 (T Y) TENS NI X o EE, &HET
B Enzmr2 A (F) OMBEBSH LI Ldbh oz, Thit, Fzr~4 (T hFAN
B 5L & OBE AT T X< 2 IS TIREEICIH L M2 (GBI
LEF2) 20THEEEZLND. F72, FHTTBIN S N2BERIE, AhmF2 20545
SNHEEBER L — BT HHEL B LW EEN DL Ebrods. WHEF—HLT:
2010 £ 3 H 8 H o FITId, 21LT F Tid AhmF2 (& 1E ¥ i 2 sl b &, 2007 LRI

Z)
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7 hmF2 OFFEZEAL OR#). K 2b & FBE, = ¥ <4 @ hmF2 232 b
FoNyOhmF2 L) HE (A hmF2<0) 725, FREICIURY % 24 E
OB TEF, 2 b F N TEPHT & o THEI S5 2R
ASANMF2 2 HHER S I 2 R ) & BPE R & — B L 3L

Fig. 7. Schematic illustration of hmF?2 (thick line) on the meridional plane. The hmF?2 is
higher at Chiang Mai (CM) than at Kototabang (KT), similar to what is shown in
Fig. 2b. The southward wind is estimated from AhmF2; however, the northward
wind is observed at KT. This discrepancy comes from the assumption that the
thermospheric wind is homogeneous between CM and KT, suggesting that
converging wind is not negligible in this case.

AhmF2 13 & THEE BB UL R & TH - 7203 L, FPICEII S 7z 808)ild 22T £ T
Ak &, 22LT DB & TH - 72, AhmF2 251EC FPI CHBIH S 7z 2B sk im & o
21LT PAETIE K 2a (2AH24 L, AhmF2 258 T FPI CEUIN S 7 BB RS 18] & o 22 LT DBk
FEH2b Y LT ER oS, HERBEROLE LS, FPI TN EN 250X D
30 4 ~1HEHENTEB Y, Zud, BEEIC L S 75 X~ OEICHER 22005 Z &N
LTwbE#2 515 (Maruyama e al., 2008). 7z, Bl & OZE I 50m/s 12xF LT
AhmF2 A350km TdH ), AhmF2 (km) &dbln) & ZBEE (m/s) ASHBIEE 1 D HBIBIFRIC
HDHEV)MEDETIVEISREE (Maruyama er al., 2007) % ZHLTwb.

—77, 20004 12 J 2 HOBITIZ, HEEBPEaAS 23 LT B, Jbif) & 2> 5 E1) & 12HE L7212
bbb 53, FPITHEIN S 7B BRI —B L & C, WEE—R L adro7z. ZhU,
RPN E BN T BT 72 [F o~ A—3 M F NV BCTEBRA K] L) g
BT LBIELL VI EERL TV, K712, AhmF2 25E OE O hmF2 O 54
Z KM CTRY. AhmF2 SE OB6, FALTEIRO BB —RR7ZEIRET S L, M 2b D
IIICHIMEICRSL, LeL, 2 MO FPHCE o TEIMl S -2 8)a AL m & T -
7ozl M7 ORHTRYT &9 ARENIOET 2 J8OR G 0T E o722 & &R
LTWwW5.

AhmF2 % Fl v 724 @ 2B A & FPI S & o TRU & M7z BB R o e & #eat i IZEi< % &
MECBBLROMESR Sz 2-4 A2, HERZABEE FPIIC X - THI S 7z 208 R
OB EW—T, 5-7 FIZBWTIEMZE OB ENZ &b orz. ZO#RIE, 2-4 /]
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WZIEI PN —F 2 A TR BPERIE— B TH 2012/ L, 5-7 HIZI3RED S
HELIHEWT 2Bl EHTE LV EERIBLTWS. Maruyama et al. (2008) 1,
WERE (F2 v KY) IZBT S FETHOE (WF) OZbr S EBHORREHE L 72tk
Fr A, ARINVIIBT L NF O L, BBEROAREROR - FEE % AN
AT ZoRER, 5-7 HORMIZ B W CREROAREPOR - FEBOR T HHFICEm A o7z 2
DFERNL, RIFEOIMERIRER L —K T 5.

AT, Fo oA LT PINVTRESNIZFPI EA 4 7 VY70, 2010 4F 14
DT —FIEN ZAT o7z, TO X BN E BIEKT 5 2 & T, iALEABE RO JRE~OPUR -
FEWOLTr DM TT AR F AL F O Z I TE 2 LIRS N L. T 7800 - T U1
ZILIE$ I & T, MR T FPIIC X 2 2B RO LR B S v RE & 20 0, BB RO AR EOEK -
BRSOV CRNCIAIT CE 2 TH A ). B, RFTNAAERE 5 &k 3%
A BT % midnight temperature maximum  (Colerico et al., 1996) (219 JHHZ B OFFEI] 3
WifFc& 5.

5.

AKWFZETIZ, FoovA (#4) La by (LY FAVT) OBEIEEICB 54
T2V TFBINC L o THEE SN A BMER L, FBINAICHESN TS 77 TY - Ra—
TWEE (FPD) ICX o CHEBM S W #E)R &L 2L, TOMBELRRE. ORE,
MFHEEBBORBEVHEZRL, AhmF2 (km) &duin & 28R (m/s) 2SHBIER 1 Dk
BIRIERICH 5 &\ ) BEDOEFIVEHERREEZ LR L7z, —J5, AhmF2 Lt & 2880+
EAEWH L H o7z, MEAREMDAF ) VY FF— s h BB EHEET A0, Mt
MBI CHEIIE LW E W) GEEZ VT W 595, 2 DOFETRD 72 2 a0 B A3
HENE, ZOREPE. L T 2Rl TH S LM SN S, F72, 2010 45 1 4EMTL
SO EARE A O LB ASU RE T o 728 30 H I D W TEF DM 2 RS-0, 2-4 B
B THHROMBAFH—F, 5-7 FIZBW Tl OMBAME, 5-7 FITIZARENDE, 7~
B ORI 2 BBEBEOBSDRE N EDRIBEEI N, S8, 20X R BBI % k)
52 LT BB AF I AHFGTHRBERIIOWTORREL KE L LHfFTE 5.
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