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Diurnal variation of the HF radar echoes at Zhongshan Station and

the influence of geomagnetic activity
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Abstract The diurnal variation of Zhongshan HF radar echoes and the influence of geomagnetic
activity on it have been analyzed from 241 days of Zhongshan HF radar data from April, 2010 to
February, 2011. The result shows that the diurnal variation is very obvious and the influence of
geomagnetic activity is significant. The peak echo occurrence occurs at dayside during
geomagnetic quiet times, and shifts toward nightside and exhibits an obvious decrease with the
increasing geomagnetic level. The result also indicates that the average I-o-s velocity has obvious
diurnal variation. At nightside, the velocity is mainly positive and toward the radar, but negative
and away from the radar at dayside. The average power and the l-o-s velocity are apparently
higher in geomagnetic active times than that during quiet times. In contrast, the echo occurrence

and Doppler spectral width are lower.
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The FOV of Zhongshan radar at different universal time (UT). The black shadow illustrates beam 15. The dashed

lines indicate the auroral oval boundary. The typical ionospheric convection twin-vortex is also indicated

I B EE Bh. 3K — T 1 T M 3% 3 39 o

& 11
B R AL Kp=1 WA 60030 5.V b i 5™ 5y R 1 fh 125 )22 X0 3 AL T
Fig. 11
SR (o

(D BRI L AE L6 shg /Nt [l 3 & A= %
WS {1 4 v O L i MR 355 B0 1 1 5 L 08 {2 /)

DXL~ T a7 T X s AL 9B ™ A A ) IR A 8 (]
W I RN s 55— 7 T 2 Kop 35 108 K, i g
JZ D DX R I A W A R s e 4 B R i H
A 25 A AR T A .



9 4 R T/INEE R Ll R AR S R ) AR AR E % R T 3 1 R R

3075

(2) -4 [m] e 5 B2 1) H A2 Ak 45 101 38 Rk A= R 1 H
ARACHEAEAR L FOW =y RO ARG, i 3 b i 15 Bl 1
58 » - 249 [0 95 55 JEE A X 45K 1 2 A DX 38R AL 5 1 4
J3E 1 i b 75 Pk D 9 LA 3K

(3) -3 2 30 1y o B8 A WS 14 e 2 0 A PR LA
AE 1] 32 CHf o) 38D O 2 0 H O DL A7 1) 3 R Gt g
AR O T T HL Bl M R G Sl 1 R T 2 W
R i — KA ) Ik 220 75 32K R /Y 45 1) 72 Ak ]
R 2 20 0 R L B LS B 5 1 S L A —
AU PR AE LR 25 Kp=3 i, BN -3 2
89y L 114 U L 4 X (L 2 JOR T 450 m/s.

CA) o AR 32K [ e i e 7 F A i s/ L.
T D U L Rt 5 A % 0 0 4 49 i 3 0k /) T EL A
[Fi) 24 12 A7 19 33 6 A7 A8 22 5 2 X 5 AN T e
P )2 1SRRG L. B PR T 5 R ) 3 9 3l 4 P T
F PR TE 77 B3 355 AR B DX 7 DT R A B TR
TR 77 4 DX 355 AH Xof i
B R RN SR R L.

2 % 3k (References)

[1] HuHQ, LiuR Y, Yang H G. The auroral occurrence over
Zhongshan Station, Antarctica. Chinese Journal of Polar
Science, 1999, 10(2): 101-109.

L2] WALOMr, XUSRIE . EROF 5. Mk o ot T8 28 19 4 i 4

fiE. M FE, 1999, 11(1) . 8-18.
Hu H Q. Liu EY, Wang J F, et al. Statistic characteristics
of the aurora observed at Zhongshan Station, Antarctica.
Chinese Journal of Polar Research (in Chinese), 1999, 11
(1. 8-18.

L3 0 XUEGUE, AR o B AR X 28 R0 202 000 O 50 afF
W F5E . 2011, 23(4) . 241-258.

LiuR Y, Yang H G. Progress in the polar upper atmospheric
physics research in China. Chinese Journal of Polar Research (in
Chinese) , 2011, 23(4): 241-258.

[ 4] Chisham G, Lester M, Milan S E, et al. A decade of the
Super Dual Auroral Radar Network (SuperDARN) : scientific
achievements, new techniques and future directions. Surv.
Geophys. » 2007, 28(1); 33-109.

[5] Greenwald R A, Baker K B, Dudeney J R, et al. DARN/
SuperDARN. Space. Sci. Rev., 1995, 71(1-4). 761-796.

[ 6] Ruohoniemi J] M, Greenwald R A. Rates of scattering
occurrence in routine HF radar observations during solar cycle
maximum. Radio Science, 1997, 32(3): 1051-1070.

[77] Ruohoniemi J] M, Greenwald R A, Villain ] P, et al.
Coherent HF radar backscatter from small-scale irregularities
in the dusk sector of the subauroral ionosphere. Journal of
Geophysical Research, 1988, 93(A11). 12871-12882.

[87] Nishitani N, Ogawa T, Sato N, et al. Averaged pattern of

[10]

(11]

(12]

[13]

[14]

[15]

[16]

(171

(18]

[19]

[20]

[21]

[22]

ionospheric echo region and convection: initial results from
the Syowa station HF radar. // Proc. NIPR Symp. Upper
Atmos. Phys, 1997, 10; 42-49.

Milan S E, Yeoman T K, Lester M, et al. Initial backscatter
occurrence statistics from the CUTLASS HF radars. Ann.
Geophys. , 1997, 15(6) . 703-718.

Villain J P, Andre R, Pinnock M, et al. A statistical study of
the Doppler spectral width of high-latitude ionospheric F-
region echoes recorded with SuperDARN coherent HF
radars. Ann. Geophys, 2002, 20(11). 1769-1781.
Parkinson M L, Devlin ] C. Ye H. et al. On the occurrence
and motion of decametre-scale irregularities in the sub-
auroral, auroral, and polar cap ionosphere. Ann. Geophys. ,
2003, 21(8): 1847-1868.

Milan S E, Lester M. A classification of spectral populations
observed in HF radar backscatter from the E region auroral
electrojets. Ann. Geophys., 2001, 19(2). 189-204.
Makarevitch R A, Koustov A V.,

Igarashi K, et al.

Comparison of flow angle variations of E-region echo
characteristics at VHF and HF. // Advances in Polar Upper
Atmosphere Research, 2002. 59-83.

Carter B A, Makarevich R A. E-region decameter-scale
plasma waves observed by the dual TIGER HF radars. Ann.
Geophys. s 2009, 27(1) . 261-278.

Carter B A, Makarevich R A. On the diurnal variation of the
E-region coherent HF echo occurrence. Journal of Atmospheric
and Solar-Terrestrial Physics, 2010, 72(7-8): 570-582.
Tsunoda R T. High-latitude F-region irregularities: a review
and synthesis. Reviews of Geophysics, 1988, 26 719-760.
Blanchard G T, Sundeen S. Baker K B. Probabilistic

identification of high-frequency radar backscatter from the

ground and ionosphere based on spectral characteristics.

Radio Science, 2009, 44 (5). RS5012, doi: 10. 1029/
2009RS004141.

AR EH S R BT AR o Ll e B 2 4 0 Jik e 28 % i
G EPE. SRl 2E AR . 2006, 26(3): 172-176.

Deng Z X, Liu R Y, Zhao Z Y, et al. Statistical

characteristics of ionospheric absorption spike events at
Zhongshan station. Chinese Journal of Space Science (in
Chinese) , 2006, 26(3): 172-176.

Crowley G, Carlson H C, Basu S, et al.
ionospheric polar hole. Radio Science, 1993, 28 (3):. 401-
413.

Brinton H C, Grebowsky J M, Brace L. H. The high-latitude

The dynamic

winter F region at 300 km: Thermal plasma observations
from AE-C. Journal of Geophysical Research, 1978, 83
(A10): 4767-4776.

Fukumoto M, Nishitani N, Ogawa T, et al. Statistical
analysis of echo power, Doppler velocity and spectral width
obtained with the Syowa South HF radar. Adv. Polar.
Upper. Atmos. Res., 1999, 13. 37-47.

Hanuise C, Villain J P, Cerisier J C, et al. Statistical study



3076

H Bk ¥ B % R (Chinese J. Geophys. )

55 &

[23]

[24]

[26]

of high-latitude E-region Doppler spectra obtained with the
SHERPA HF radar. Ann. Geophys., 1991, 9. 273-285.
Ponomarenko P V. St-Maurice J P, Waters C L. et al.
Refractive index effects on the scatter volume location and
Doppler velocity estimates of ionospheric HF backscatter
echoes. Ann. Geophys. . 2009, 27(11): 4207-4219.
Hosokawa K, Iyemori T, Yukimatu A S, et al. Source of
field-aligned irregularities in the subauroral F region as
observed by the SuperDARN radars. J. Geophys. Res. .
2001, 106(A11): 24713-24731, doi:10. 1029/2001JA900080.
Jones T B, Lester M, Milan S E, Radio wave

J. Atmos.

et al.
propagation aspects of the CUTLASS radar.
Sol. -Terr. Phy., 2001, 63(2-3): 99-105.

BURA » X HGIE, XNGUARAE. I FH S Sl AR 48 p A% Lol
2 F 2P 280, Bk B2 4L, 2000, 43(3) . 289-295.

[27]

(28]

[29]

He L S, Liu R'Y, Liu S L, et al. Overall properties of F

region around solar minimum at Zhongshan Station,
Antarctica. Chinese J. Geophys. (in Chinese), 2000, 43(3):
289-295.

Koustov AV, André D, Turunen T, et al. Height of
SuperDARN region echoes estimated from the analysis of HF
radio wave propagation. Ann. Geophys. , 2007, 25(9). 1987-
1984.

Villain J P, Caudal G, Hanuise C. A safari-eiscat comparison
between the velocity of f region small-scale irregularities and
the ion drift. J. Geophys. Res. . 1985, 90(9) . 8433-8443.
Baker K B, Dudeney J] R, Greenwald R A, et al. HF radar
signatures of the cusp and low-latitude boundary layer.
Journal of Geophysical Research-Space Physics, 1995, 100

(5): 7671-7695.
R WD



