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Abstract Using the total electron content (TEC) data observed from a dense GPS network in
North America from June 2007 to May 2008, we analyzed the propagation characteristics of the
nighttime medium-scale traveling ionospheric disturbances (MSTIDs) over North America. The
results show that, the nighttime MSTIDs occur frequently between the local time of 21 : 00LT
(05:00UT) and 02 :00LT (10 :00UT), which can be characterized by the maximum amplitude of
0.45~0.6TECU and the average period of 20~40 minutes in the TEC perturbation series. The
nighttime MSTIDs tend to propagate southwestward at the horizontal velocities of 100~200 m/s covering
large area in the range of magnetic latitude (24°N~44°N) and longitude (130°W~70°W), The

statistical results indicate that, the nighttime MSTIDs have a clear semiannual variation, with the
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maximum amplitudes around equinox and the smallest ones around solstice; the horizontal

velocities in summer are about 20% larger than that in winter. Further studies have revealed

that, the semiannual variation of nighttime MSTIDs is caused by the semiannual variation of

background TEC, while the seasonal variation of the horizontal velocity is closely related with the

seasonal variation of the thermospheric wind.
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Fig. 2 Panel (a) and (b) represent the vertical TEC series and the TEC perturbation series obtained

from multi-order polynomial fits. respectively

The satellite number of each TEC series is marked in panel (a).
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Fig. 3 Nighttime TEC perturbation series obtained from different latitudes and
longitudes on February 23, 2008 (0<<K p<<2-+)

Panel (a, ¢) plot the TEC perturbation series observed at different GPS stations along longitude 123° with satellite number 25 # and 27 # ,

respectively. Panel (b, d) plot the TEC perturbation series observed from different GPS stations along latitude 45°N and 38° N,

respectively. The names and locations of the GPS stations are given and curves for different GPS stations are artificially shifted by

0. 2TECU to avoid overlapping in each panel.
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Fig. 4 Propagation parameters of nighttime MSTIDs obtained from the multichannel maximum entropy method

Panel (a) plots the dTEC time series of satellite 25 and 27 observed from six GPS stations. The names, locations and satellite numbers of

these six GPS sites are given in the upper panel. The deduced azimuth (%), velocities (m/s) and periods (h) are presented by (b) ~(d).

The asterisk lines and dot lines represent the wave parameters of two GPS arrays. Satellite 25 and 27 are represented by 25# and 27 # , respectively.
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Fig.5 Seasonal dependence of the maximum amplitudes (a),
horizontal phase velocities (b) and azimuth (¢) of the
nighttime MSTIDs from June 2007 to May 2008
We chose the data observed on two quietest days of each

month. The vertical bars indicate standard deviation.
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Fig. 6 Seasonal dependence of zonal and meridian
components of the thermospheric wind derived from
HWMO07 model at midnight (08 :00UT) from June
2007 to May 2008
The zonal (the eastward is positive) and meridian (the
northward is positive) components are presented by dot dash

line and solid line, respectively.

A B 2] (08 = 00UT) #4 2 K Y 26 1) 43 Bt (i) 75 4
1) RN [ 43 g A6 R 16D B A8 AR5 B0 » T AR A s Jal
LFRmdim it LR E ARG . HEA LR
Mo 27 e 220 A2 R 5 i 5 A 2 R 1] 1Y L £ )
Gy B AR A AR Y {H R B 7R (2007 4F 6~8 H 2008



44 EN

P 4E A St DR ) v RUBE v B 2 AT U 3 1 GPS 5 M AT 5T 941

AR 4~5 AD I PYZ R AR 38 1] 7 2 A ZE (2007
AF 11 A ~2008 4F 2 F) R L T 2R ] 73 f 28 H & 2
(9 /0N T 18] v RUE L )2 A a2 S 2l 1) 4% 6 5l
S VU R 7 18] AR KRR AR T 2 R B Y
WUTE AV 18 T BE & T 3402 XY 2R 1) 23 2 0l 58
Bl B PLAE 7K P A2 4 T 58 o i LA 8 8 ) 45 2R At 2
SR NA) RO v R AT P B K P A R T

18 g

AR A FHALSE GPS Gl & 1 X i) TEC W
Gk N = TE fe R 1 53 B 7 I N A 24" N~
A4°N H IX 9 92 ] (21 :00~02 : 00LT) Ht KB i 55 )2
Frit X 3 (MSTIDs) i 1% 48 45 v i 17 7 0F 58 43
Br. G5 SRR W] A ) v RUBE #8247 1k S04 B — 2
VG R 7 1) L 4K, I B G WE 46 24" N ~44°N, & )%
130"W~70"W By )™ K . It 3l fe KR BE Sy 0. 45~
0. 6 TECU, J& #1 & 20~40 min, 7K - AH 3 Bk 100~
200 m/s . A& 557 ] B A S V4 R 5 1) R 2l i R 1 U
(B HH B BK 23 B3 o B 2 19 R 2 K SF A R
TR AR UL P30 i B kAR AR 2 iy TEC
8 2 A A8 Ak 5 S 1 5 PR 2l R 1% 2% 7 8 A6 ) 5 7 )
P2 R 2 1] 43 4 R 2R ] 4y i 2R AR AL % Y
HHK.

2 % 3Lk (References)

[1] Perkins F. Spread F and ionospheric currents. J. Geophys.
Res., 1973, 78. 218~226

[2] Garcia F J, Kelley M C, Makela J J, et al. Airglow
observations of mesoscale low-velocity traveling ionospheric
disturbances at midlatitude. J. Geophys. Res., 2000, 105
18407~17415

[3] Miller C A, Swartz W E, Kelly M C, et al. Electrodynamics
of midlatitude spread F —1. Observations of unstable,
gravity wave-induced ionospheric electric fields at tropical
latitudes. J. Geophys. Res. . 1997, 102 11521~11532

[47] Miller C A. Electrodynamics of midlatitude spread F —2. A
new theory of gravity wave electric fields. J. Geophys. Res. »

1997, 102: 11533~11538

71

L9]

[10]

[11]

[12]

[13]

[14]

[15]

Kelley M C. Electrodynamics of midlatitude spread F —3.
Electrohydrodynamic waves? A new look at the role of
electric fields in thermospheric wave dynamics. J. Geophys.
Res. . 1997, 102. 11539~11547

Kelly M C, Saito A, Nishimura M, et al. Observations of
traveling ionospheric disturbances and 3-m scale irregularities
in the nighttime F-region ionospheric with the MU radar and
a GPS network. Earth Planets Space , 2002, 54 31~44
Saito A, Fukao S. High resolution mapping of TEC
perturbations with the GSI GPS network over Japan.
Geophys. Res. Lett., 1998, 25. 3079~3082

Shiokawa K, Thara C, Otsuka Y. et al. Statistical study of
nighttime medium-scale traveling ionospheric disturbances
using midlatitude airglow images. J. Geophys. Res., 2003,
108:. 1052

Shiokawa K, Otsuka Y., Tsugawa T, et al. Geomagnetic
conjugate observation of nighttime medium-scale and large-
scale traveling ionospheric disturbances; FRONT3 campaign.
J. Geophys. Res., 2005, 110(A) 303
Tsugawa T, Kotake N, Otsuka Y, et al. Medium-scale
traveling ionospheric disturbances observed by GPS receiver
network in Japan: A short review. GPS Solut., 2006, 11:
139~144

Tsugawa T, Otsuka Y, Coster A J, et al. Medium-scale
traveling ionospheric disturbances detected with dense and
wide TEC maps over North America. Geophys. Res. Lett. ,
2007, 34(L) . 22101

Kotake N, Otsuka Y, Ogawa T, et al. Statistical study of
medium-scale traveling ionospheric disturbances observed
with the GPS networks in Southern California. Earth Planets
Space, 2007, 59. 95~102

Mannucci A J, Tijima B A, Lindqwister U J, et al. GPS and
ionosphere. URSI Reviews of Radio Science, 1999, 625~
665

TR, THAS. XN sE. wEEHsin GPS Hl. 25
BloFE M, 1998, 18(3): 247~251

Wan W X, Ning B Q, Liu L. B, et al. GPS detection of
ionospheric disturbances. Chinese J. Space Sci. (in Chinese) ,
1998, 18(3):247~251

WA, XIS, T TLRAE. BUZE K R IR B 5 4 b
HhER A HL =R . 2003, 46(6) :736~742

Lei J H, Liu L B, Wan W X, et al. Theoretical modeling and
analysis of thermospheric winds in ionosphere. Chinese J.

Geophys. (in Chinese), 2003, 46(6) :736~742
RSOt il #)



