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Abstract; Based on the previous research results, we used some statistical meth-
ods such as scatter plot, trend line, correlation coefficient and deviation to
process the peak electron density (N,,F,) data received by COSMIC satellite and
SPIDR ground ionosonde. Both total data statistics and classified data statistics
by season, local time and latitude are employed in order to carry out the
research on quantitative verification on ionospheric structure parameters. The
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results show that the N, F, of COSMIC satellite is consistent with the measured
value of ionosonde with correlation coefficient 0. 95 and average relative differ-
ence —3.38%, along with the standard deviation 19. 54 %. Based on the study,
the verification method of N,,F, observed by satellite is given, and the qualita-
tive and quantitative criteria are also provided, which will ensure the quality of
N,.F, observed by China Seismo-Electromagnetic Satellite (CSES).

Key words: CSES; COSMIC; N,F,; ionosonde
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Wit o 2 T) 15 AR T AN W Jie s ) T 5 AR O D00t 72 7 174 4% o S 5 A8 Ak A2 B T 7R 2
FENGBY T Z RTE . B S WF 58 52 Hi IR 1A 80k 12 Z — (Gokhberg er al s 1982, 1983;
Molchanov et al, 1993; Hayakawa et al, 1996; Liu et al , 2004; Parrot et al, 2006). H
A TR A Sy 5 b 3K B A ) T T B A R A N O A 5 T LA R A T
B, 2004 4F 6 F % E DEMETER TR i & SHfEDE T X — 448 11 % J& (Cussac et al» 2006) ,
ZEET 2010 4F 12 H 45400, Gz 47 RS 8 1 7S 4F 2 i o 2 2 U0 0 A5 40 . Ry 25 [
= IR LI B 5 B R T B A 5 (K 2 R AE . 2016).

20 Z B uE ST A& 25, G D K 3% T8 A (China Seismo-Electromagnetic
Satellite, f#5 Jy CSES)¥4 T 2018 £EAEH) A& 5. 2% 1012 Je F [l 3t 52 7 (A W0 I A4 2 1) 55 — 4>
LRI G FE T W5 R OC Y 25 8] B B9 2 5 . e B BB U A, &
K BE RGBT . AR . B TR AT A . BIZURIRET . GNSS HER UL . =5 A bl
R BERL T 3R I 2% 45 8 ANy (22 M %5, 20160, Joop B 450 000 el B )2 45 40 2 B0 oy 2
GNSS 5 S AW FI = 00015 AR BL, 2RI Ko S 3 1 9 B A0 45 F, J2 0§ s+ %% JiE (peak
electron density of the F, region, faij’5 N N, F,). H 2 )2 F1 A& B H T4 & (total electron
content, fa 5 & TEC).

T R OR B B B R At CSES N RGEd 1 kA e, HEZHEK
SR T b T 5 TR O R AR R i TR UL A Y R SR L TR S AR R R S A
b T 3 R 0 £ 4 B AL BE Ak U Al . S R M R G B B RS S R M TN, CSES [l
K50 37 ] T e v B J2 I v A GPS/ b 3 55 b B v B R WL . 2R 5 TR GNSS i A2 #2 il
=B B UL I 54 22E A7 % b B CE 22 55, 2016).

RAEFT AR FSE, BB EEMWS P NLJF, flE(E & B (peak height of the F,
region, fij 5 h,Fy) Al JEAT 5 fab b 187 50 UE . 5 A9 O 0 O 4 AR B =00 A 0L T A AR
14 B 8 45 2R 5 T AL AR AH T 800 B 35 (incoherent scatter radar, i 5 2 ISR X E L 8 )2
FERUAE FEAT L X MG 4> B (Tsai et al s 20015 Lei et al, 20075 %/N, 2008; Kelley et
al, 2009; BWEHESE, 20105 B2, SK/NLD, 20105 B A%, 2011). &, 3R E S H
N, Fy 55 3 D0 A A (0 L0 235 SR 0 7 B A X 25 106 ARl 2576 200 LN MG R B —
MAE 0.9 LA b AR oy BE i B — o 1Y — 2t . (HAHSC M4 2% (Hajj. Romans, 1998; {1t
4%, 20105 @2, 2011). CHAMP T2 5 ISR Wl i N, F, 1 h, Fo A58 3 05 22 4 51 A
L7%M 4. 1%, SRuEZS5 0 17. 8% 13. 1% (Jakowski ez al, 2002).
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TEDF SO R X N Fy A b By BHEAT T80t % T OO0 I i) b, F, e A PR,
AR AL HER R I bR . (LREVE N 2%, A SCHEA iR R NLF, 198 & A 0 45 21
X b By BIGETHES RN PR

T M0 SR 1) SV RN AR P S DRI TR B AT S B AR 6 R G b AT D N T A A
AHF Y R B TR N BB IE 25 R e v 5 A g e e TR R S R T AT AR O 5 3
B I A B B R 45 M S 80— 2 ny COSMIC T2 % dE . UL K 5 H il #5 56 37 38 ) 4%
ST o} 5 — B 25 8] 4) B A8 B B35 % U7 (space physics interactive data resource, faj 5 N
SPIDRO $2 8 fy st it =2 90 08 dhs » O e TR 0L B N By B0y e 1 95 e A0F S 0 8 M) PR s 1
DU ASCUR 0 25 4 7 St b, 36 WE T2 ORI 5 A A s T8 2R R P L 0 A 5 S b, T OB T 50 90 S o
b A 55 P A D a6 TR 5 R S O I B 1 T i s DA O 3R R W D K TR kY S
FL 5 2 2 A 2 SO00 DN 5 A0 11 L S N A A O L 8 22 S b 7 M A 0 A% 4% ) 4y
WF 5% 55 07 T & HEAE H.

1 HEIR. BiE Y i ik Ao b 12

1.1 HBEERENSH®E

AW 5T BT Y T S 55 o COSMIC T 80408 43 #r FA74if o0 (CDAAC, 2016) 42
LAY 2 2 f )2 0T RS . BT R T VLI KB 9 SPIDR (2016) 42 3t (9 49 A4~ L 5 J2 0 w5 3
LI e . b R UL 4 B SIS (] 39 2009 4E 1 A 1 H % 2013 48 12 A 31 H,

Sy T Gt ) D e T e 0 3 R She 56 U TR O A L S e S0 I
P B EAT R . D 25 5 %) KB BRI F, J2 1 B 3K (ceritical frequency of F,region.,
5 g LFD) b Fy WLIE of i — A 0 752 20 g 0L s @ #3EAS L F, WL 45 1%
2009 27 KW Sh I MEAM2E R T 40%, WEFIZWM A © 2EH h,F. 78 150500 km 2
0] JIF 6F B2 B8 s @ VRIS HOHSE8 Ap 850N T 12 BOSIECHE RN, 2008).

M HR AT A B9 BF 52 1 (Hajj, Romans, 19985 %/, 20085 W IHE4E, 20105 2%,
2011) FIAS SCHYBIFFE H bR » o 2 A0 TLAE W i N Fo JEAT R 45 0 e . D 193 285 %5 0
37 B 25 4 A 22 P BRI TE 2. 57U @ 1 2 A ik L e 1] 22 B 45 ) 7E 30 43 4
LA

X 28 ach R 5 2 5 ) 0 235 SR P B R U CAT B AT 1989) Sk B S S 1) 0
ffi. % X, N,F, & h,F,, i 2G4 &8 NJE M hF, 8 EX Ay E . 9K
| X, — X | =36 s Kt . HE N F, b Fo W2 | X, —X | <38(Guo ez al, 2015).
G VI T B R 49 DGR 30 A i VLI B I A A
1.2 HEHSGITRERE— %

1.2.1 #AE. BREMEXEH

B, PR R 2 7 A8 ik ) 56 R B TR A U J2 2 e A R () T ) 56 R Y LR R AR 56
ZRBOAT S W A7 i AR S A DR /N A R SR TR L N U 0 o £ 1
B e/ = T B A5 B LRk T R 3 (50 D) AR IR a0 FIARLR a, . [FIAR
353 (20 T U B X 0 KOG 2R B s DT A G
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Tabel 1 The correlation coefficients and deviations between the inosodes
and COSMIC data observed by 18 stations

& i N a . My o M o
/(107 m~3) /(10 m~?)

PSJ5]J 412 0.91 0.96 —1.57% 18.75% —3.22 10. 36
HE13N 281 1.01 0.99 —0.03% 13.36% —0.61 5.08
LVI2P 126 1.03 0.98 —2.43% 13.26% —2.01 6.69
PRJ18 119 0.97 0.94 —4.73% 17.30% —4.69 16.76
OK426 150 0. 90 0.89 —13.17% 26.99% 12.25 28. 89
PA836 69 0.98 0.93 5.26% 19.68% —0.42 4. 44
GMo037 135 1.22 0.89 —15.71% 19.00% —13.32 20. 60
WP937 230 1.05 0.94 2.07% 18.03% —1.07 9.06
AT138 244 1.24 0.94 —13.89% 17.63% —8.89 13.89
BC840 332 1.00 0.97 —0.89% 18.24% 1.01 6.68
EB040 284 1.16 0.96 —3.38% 17.76% 3.58 10.18
PQO52 431 1.00 0.96 —0.37% 16.86% —0.98 6.69
RL052 477 1.07 0.96 —1.48% 17.53% —1.58 6.35
MO155 184 0.99 0.98 —6.79% 17.79% —1.67 4.75
AS00Q 335 1.08 0.91 —12.94% 20.73% —13.03 22.53
BP440 41 1.32 0.91 —7.89% 17.71% —9.02 17.33
HAJ45 123 1.05 0. 90 7.85% 25.97% 0.15 9.51
IR352 322 1.05 0.97 1.86% 21.45% 0.97 7.61
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Fig. 2 The scatter plots of N, F; in low (a) and middle (b) latitude area
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Fig. 3 The scatter plots of N, F, in summer (a), winter (b) and equinox (c)
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Table 2 Statistical results on the correlation coefficients of N, F, in different classification

HF A% HKE
a) r a) r a) 7
HX 1. 04 0.92 0.93 0.93 0.97 0.93
&4 edn| 1.33 0.91 0. 88 0.95 0.98 0.91
RE 1.09 0.93 0.93 0.92 0.97 0. 89
EPS 0. 96 0.97 0.83 0.93 0. 89 0.94
G 3| 0.99 0. 96 1..00 0. 96 0.93 0. 96
RE 0.99 0.95 0.95 0.97 0.96 0.95

[l il LU e NG F, AR 22 76 IR X R T/, ATk, FEr
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20 RS X R 4 22 I T UL K A B LN i 2 A T AR E . I I B LI i 22 RE S I
LI B 78 22 18] BT A7 78 B 20 LWL 0 22 551+ AT 4R BB 28 S0 00 50 s =2 1) g%y 08 00 g 22 5 11 5b
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Table 3 The relative difference statistical results of N, F, in different classification
N Mg R Mp /(1010 m—3) o/ (1010 m—3)
HR KERE AKX I RE EPN o} RE HEX O ORE RS AKX ®E O ORE
H k4 50 38 51 —3.69% —1.84% —12.70% 20.49% 20.19% 17.01% —3.91 —0.70 —9.56 15.41 23.33 18.00
F hish 268 307 256 —2.97% —4.29% —4.45% 15.67% 17.40% 16.10% —3.03 —2.76 —2.91 8.29 7.69 7.48
& k4 53 60 57 —9.37%—16.69% —10.90% 19.83% 22.81% 22.04% —6.90—14.71—11.32 15.48 20.33 23.23
% b 302 281 244 —2.26%  3.51%  0.55% 21.98% 21.80% 23.00% —3.64 0.20 —1.03 13.66 7.84 6.71

E{E,Eé% 184 109 128 —7.63%—12.39% —10.98% 17.70% 22.71% 24.06% —6.19—14.49—13.22 14.77 27.61 27.68

iq-vzf 643 633 631 —3.00% —2.12% —1.97% 18.98% 18.36% 17.27% —3.93 —2.52 —2.16 12.03 9.36 8.89
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Fig.5 The cumulative sequence of average relative difference My for total data (a)

and the data in low latitude in summer during the daytime (b)

3 Wi E&®R

ARSOCR IR B R A O AR RO i 22 552 g3t O . MU COSMIC LA il
SPIDR 2 {1 ity 7 0 ASCWI ) N, Fo Bl . JF R T S8 0 A FUE A 30 07 I5 AT S BT A
SCHIBFFEAE AL . AR 2 UN R 24598 .

1) 708 R M 03 o T 2 ) L )2 2 ) O 5000 2 A R s T AR S S 5
V5 AL B 8 I Ao 7 O e PR e T R R Y L TR O R . M R
TR [0 U5 p 2 AR R I G T H AR OG ZR BORIAAT L 4 o 00 0 i 22 25

2) A PEHCE A SO A A9 SPIDR # 18 A~ I 15 3t (1 WL B4 47 e it o0 A o 24 B e 4k
PEXFIRE] 2000 XF LA U N F, 9P B4 X 15 28 ] #E R 7E 1026 LLA (] 5a) . AR
T3k 0.9 RAE . AR 22 B9 R HE 22 7E 2520 LY.

3) 1E 18 D Huli rpPb ik A S PE W AF iy B o - BN 1 P2 /s iy 10 DBk, #EAT
FAAS 5 0 LI BN AR 5. Eh T IX 28 b A UL KR 40 B S A, DA P oA 6k T R UL I K
Py, GEitE AR bR 2w TR 18 A G I 45 A9 E AR E.

O BAFE DR GEITER AT UUE e NLJF, AR M2 RG R TR, &
T K. BKFN T o a2 W B/ TR . sy mh 32K T NuFo A XS f 22
I B A B AR A LA M AR A T A L AR A, A58 58 Ak T B O SE T B A



556 i = 2 Bl 39 &

s ER R T e, LI X B AN TR X Ge it A R S — i R R AR 298 T
TR X R B TR 00 0 e Al AT I . AR O E P R B R 2R AR LA B 8 B R
.

e LU b R T U TR R RS S T AR . AT T L
J2 25 A0 25 000 IR ) s UL 00 35 . ) T ) D B0 S A i ) 3 i R AT R I R
o D0 T o B R A A S R e LA A SO A L 00 7 e 0 5 L A A £ R
Zeaed — BU (] A9 K008 USRS T LI R 22 3 L, P4 HH O R R R . A R 4
T UL 5 22 3 B 22 R . 25 A AR SCEE Y SPIDR 4249 & 3 B L [ oA, [, 9 2
WAL A DR 2% LB JE SR 25 1 32 2 D S v B R BRI AR B . NG Ty 1R 22 d R Al
1 3020 (Guo et al s 2015) , {ESLFRIGUEMS o 5#E T 52 BROV FR B BESE WA 85K 1Y I 28 DX, 3R A%
F1% i A 6 7T E 2 S MR

AR SR b TR T AR AT R B TR A TRDOUL I B . TR R ST 2 R Y Al
EAFHE . IR ZE S TR AN BB S A R . R SO N A B R DAL K 5 R 2 Y T 56 Tk
J5 1%+ AT T T E g 0 3 T T AR A ) B DML BR oy AR G AR D i 2 v i M
PRRGEATIE A TR LI E 5 1 A 0K 5

MR SCH ERIE Y B AR SO R G AT T IR S A B . COSMIC T2 Bl 23 A Fi 77
fili 0 (CDAAC) #2417 COSMIC [ #5520 78 Ak, 4 1] 4y B 52 B 40 4k 9% R (SPIDRO $2 44t
T B E AL R, VR AR M — I R B

2 % X #

E2EA, U, KT, TR B, SR, BT, R, 2016 o [E A2 e TR R R L] R
2, 38(3): 376-385.

Wang L. W, Shen X H, Zhang Y, Zhang X G, Hu Z, Yan R, Yuan S G, Zhu X H. 2016. Developing progress of China
Seismo-Electromagnetic Satellite project[ J]. Acta Seismologica Sinica , 38(3): 376-385 (in Chinese).

FNL. 2008, BB E L BIE R AP ILD]. dbnt. o E R B i 5T AE B s R 5 RS G . 79-85.

Wu X C. 2008. Radio Occultation Technique for Ionosphere Detection[ D]. Beijing: National Space Science Center, Chi-
nese Academy of Sciences: 79-85 (in Chinese).

TR, HERAS . SR, XIoR. 2010, COSMIC # AL H 89 2 BORL SO DL R 25 R IELT ] Wy L% 4 . 59(3): 2163-2168.

Xu X S, Hong Z J, Guo P, Liu R J. 2010. Retrieval and validation of ionospheric measurements from COSMIC radio
occultation[J]. Acta Physica Sinica, 59(3);: 2163-2168 (in Chinese).

ATERAT. 1989, B E N T 20 B 0y BRI IR E LT ). R S AR, 13(3) : 238-240.

Yu Z X. 1989. Pauta criterion for the bad data elimination in geophysical datal J]. Geophysical and Geochemical Explo-
ration s 13(3): 238-240 (in Chinese).

KR, TR, B, XU, BREFEHE, 30T, FOED, M, BB 2016, MR Y BRI EOR B AF
FUHEREL]]. HbRE2pdi, 38(3): 356-375.

Zhang X M, Shen X H, Zhao S F, Liu J, Ouyang X Y, Lou W Y, Zeren Z M, He J H, Qian G. 2016. The seismo-
ionospheric monitoring technologies and their application research development [ J]. Acta Seismologica Sinica ,
38(3): 356—375 (in Chinese).

BEE, BR/NEL. 2010, COSMIC #5200 I 5 48 B it it )2 e o Bk ) . iUl BB 2 I, 35(6) . 644-
648.

Zhao Y, Zhang X H. 2010. Inversion of ionospheric electron density profiles with COSMIC occultation datal J]. Geoma-



439 U A T A UL X TR R v 5 ) 2 R E e B R Y 557

tics and Tn formation Science o f Wuhan University » 35(6) ; 644-648 (in Chinese).

A, 2011, GNSS o 24 5 SO B AR RO 5[ D], iR R 42-51.

Zhao Y. 2011. GNSS Ionospheric Occultation Inversion and Its Application[D]. Wuhan: Wuhan University: 42-51 (in
Chinese).

CDAAC. 2016. COSMIC data analysis and archive center[ EB/OL]. [2016-07-12]. http: // cdaac-www. cosmic. ucar.
edu/cdaac/cgi_bin/fileFormats. cgi? type=ionPrf.

Cussac T, Clair M A, Ultré-Guerard P, Buisson F, Lassalle-Balier G, Ledu M, Elisabelar C, Passot X, Rey N. 2006.
The DEMETER microsatellite and ground segment[]]. Planet Space Sci, 54(5); 413-427.

Gokhberg M B, Morgounov V A, Yoshino T, Tomizawa 1. 1982. Experimental measurement of electromagnetic
emissions possibly related to earthquakes in Japan[J]. J Geophys Res, 87(B9) . 7824-7828.

Gokhberg M B, Pilipenko V A, Pokhotelov O A. 1983. Satellite observation of the electromagnetic radiation above the
epicentral region of an incipient earthquake[ J]. Doklady Acad Sci USSR Earth Sci Sect, 268(1); 5-7.

GuoP, WuM]J, XuTL, Jin HL, Hu X G. 2015. An Abel inversion method assisted by background model for GPS
ionospheric radio occultation data[J]. J Atmos Solar-Terrestr Phys, 123; 71-81.

Hajj G A, Romans L J. 1998. Ionospheric electron density profiles obtained with the global positioning system: Results
from the GPS/MET experiment[J]. Radio Sci, 33(1): 175-190.

Hayakawa M, Kawate R, Molchanov O A, Yumoto K. 1996. Results of ultra-low-frequency magnetic field measure-
ments during the Guam earthquake of 8 August, 1993[]J]. Geophys Res Lett, 23(3); 241-244.

Jakowski N, Wehrenpfennig A, Heise S, Reigber C, Lithr H, Grunwaldt L., Meehan T K. 2002. GPS radio occultation
measurements of the ionosphere from CHAMP: Early results[J]. Geophys Res Lett, 29(10): 95-1-95-4,

Kelley M C, Wong V K, Aponte N, Coker C, Mannucci A J, Komjathy A. 2009. Comparison of COSMIC occultation-
based electron density profiles and TIP observations with Arecibo incoherent scatter radar datal[ J]. Radio Sci,
44(4) . RS4011.

Lei J H, Syndergaard S, Burns A G, Solomon S C, Wang W B, Zeng Z, Roble R G, Wu Q, Kuo Y H, Holt J] M, Zhang
S R, Hysell D L, Rodrigues F S, Lin C H. 2007. Comparison of COSMIC ionospheric measurements with ground-
based observations and model predictions: Preliminary results[J]. J Geophys Res, 112(A7): A07308.

LiuJ Y, Chuo Y J, Shan SJ, Tsai Y B, Chen Y I, Pulinets S A, Yu S B. 2004. Pre-earthquake ionospheric anomalies
registered by continuous GPS TEC measurements[J]. Ann Geophys, 22(5): 1585-1593.

Molchanov O A, Mazhaeva O A, Golyavin A N, Hayakawa M. 1993. Observation by the Intercosmos-24 satellite of
ELF-VLF electromagnetic emissions associated with earthquakes[]J]. Ann Geophys, 11(5); 431-440.

Parrot M, Berthelier J J, Lebreton J P, Sauvaud J A, Santolik O, Blecki J. 2006. Examples of unusual ionospheric
observations made by the DEMETER satellite over seismic regions[J]. Phys Chem Eearth A/B/C., 31(4/5/6/7/8/
9): 486-495.

SPIDR. 2016. Space physics interactive data resourcel EB/OL]. [2016-07-12]. http;: // spidr. ionosonde. net/spidr/que-
ry. do? group=Iono &,

Tsai L. C, Tsai W H, Schreiner W S, Berkey F T, LiuJ Y. 2001. Comparisons of GPS/MET retrieved ionospheric elec-
tron density and ground based ionosonde data[ J]. Earth Planets Space, 53(3): 193—205.



