a2k FHo6M
2017 % 12 A

ERE LR S

GNSS World of China

Vol. 42,No. 6
December,2017

doi:10. 13442/j. gnss. 1008-9268. 2017. 06. 004

FH GPS WNHARKERERERIERX

HEE TEC Z{

RRF R EH A&
(L. o B L B AR BT IE T - LR 7 8 266107
2. E AR BESOT IR R R B RE LR 7 6 266107

B OE.ARTEHERE LAEE M 2004 F GPS W, HAEFFFTRRR &
% B TEC 9t 3es 45 & A id 1) AR B db o 3 BAS B AT T 04T, & RAW RS E R
FHRE ANTRELG 17.5°~22.5°Z 10, A F At A, 0 F AWMt h &, 5 F 946
BAELG 20°WL; SRR MLEEY AT 13~16 hZ M T/, L FANMTA
F AERA AR, LRI R AT E ARG 1A h G, 5L ER TG 15~
16 hx g, BREb & E TECHESGME, LB LT i F 55 @Bk, RWASEE
WFe 4.5 hiTEARD, LERREF L BB ERK, ™ B WHEAERF B 13.5~16.5 h

HEHMARK, LERREF ZF K, 2 FLHTAERLE.
XEH: GPS; B T4 F; FEFFE; 0 & EHA

FESHES: P228.4

0 51 &

BB T4 8 (TEC Wi 228 k3 T &
FHEN ARG . FRFELKEREBEESEE
BEEELW R B R T 28 e B2 (546 A L
Fe HEEENEHBMN ERERT TEC K
¥fE. Hitk, TEC BN RAE BB 2 B P A% 3 R 1
MEBREEARRSHE"Y ., HE GPS F2WENM R
Sy RREMIZN A, A GPS WA T 15 5 fé
W%@J%%F TEC ,3X %5 B B J2 R W I o 58
kT HEMMERNEL.

m%%%%%ﬁmwmﬁﬁmmu 15°
FAE AT o B A A% R AE S 43 50 4 PR A A B 5 XY
AL, P E M XA THRE R RE R
JeBBEX , B F IR E R E X 5 0 AL B R A A AR R
W R BHE 3 R4 K& ERRRENBES, A
R TEC %R E S HORFETE— & B AL,
XA ZRBTELEERMRE TR RE
B, FI, o AT BTN B R X B R AR R
IE f 20 2 oL Y0 B AR A — A RS R A,

¥R ABH: 2017-10-21
BKZA: £&EF E-mail: dengzx2@163. com

NHRERG: A

XEHS . 1008-9268(2017)06-0024-06

2 SCRE A A R AR X £ > GPS I 3 /Y
TEC WL ¥ » B a3 4R 0 7 38 5 % b 9 g H B Ar
BN (] A K B vt ) i F B R AR B AR AL

1 BHES50thHik
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(VAR NS IE P
#1 GPSWHRUERS

v 4 WHEZE  WHESE  WHSE
YONG 112.3°E 16.8° N 6.5°N

QION 109. 8° E 19.0° N 8.6° N

GUAN 113.3°E 23.2°N 12.9°N
LUZH 105. 4°E 28.9° N 18.5° N
WHIJF 114.5° E 30.5° N 20.1° N
XIAA 109. 0°E 34.2°N 23.8°N
ZHNZ 113.1° E 34.5°N 24.1° N
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JE s SO0 00 50408 SR AR B[R] R 30 54 T U8 IR A
AR EERE TEC MERE, AXREMAN
AINF30°. B S, R BB AR BT R a8 — A
6] i 45 B i 42 E R BB R R TEC (sTEC)
RIE KRB R AR, B B 2 T R
L BEA 400 km, KB AR MBE R B R sTEC %%
BN EETHANEE TEC (WTEC);;#%,U
£ 10 min BF[E] &5 8 0 K HATE 2.5 min &
— W TR FA FREK o TEC &4 ik 1T
BARFH,EH4E 10 min FTANN P EERE R
) B F 3 oTEC M % & e R4 34
MrRE, 5 ARSI 1T A0 3 .

B 1. FE M M B )2 TEC AL Re 1 43
Mo, B E B Z W LS M EEE oTEC, H
WHEFRRE . Bk EAREE TEC $#E KK
758, B 3] 4 W 3545 10 min fT A B R H SR
vTEC M & 4 E 5 B R 5, K H Kriging 7

YONG
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B 14 k-4 GPS s iE 2 o TEC 24k
B, NEHWEH: S EEE oTEC E71E
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HEAFHEZME ., XTI E S E R X A5
2 TEC W% 25 B AR LA 7E — & WA}, 25 BP B i 19
BB R,
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U Ab FEZ W 0 4 B 22 IR A 40 229 3.4 1 10 H
GUAN 3 vTEC HH KiEfE 5 QION uitffi, H
BAETF YONG i, XMW BEKRESZHRE)Z
TEC t %% g a db W & & T #% 3, AL 7 QION F
GUAN B34 2 6], M4h, KW B2 vTEC
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2.2 dbBeig H 3z B 0 i E

AT EIE MW B R TEC Jbe g iy &
3, R 2 TR EN B A oTEC LB Ik, 3k
BT 112. 5° 2 & LM 0. 5" A & A IR 4
B3I EREEE oTEC H. I EARATE
H oF LA B A 10 min B9 oTEC H ¥{E, H 45 %
WmE 3 pran. NEHRATRIE W . 1) ARAHEH

B2 TEC JbSEuefs B8R B s, K46 B & Ll 4y
FHARZFEAMM A, LU 3.4 A E
LR RR R, RATE 22° 2) ARABBEEE
TEC JuBgpugnf B A sk, EEAMBETHE
H 4y i BLE (] D e, FLAE 6 ~8 A f B[R] 25 S 3t 7
Bt 15~16 h ZE (LT=UT-+7.5h).
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HBAHE (° )

®2 MEE TEC {52 H R4 E R A

A ﬁ%)ﬁ b 75 B Ao G Hb 75 B
/CND /h /CND /h
1 17.5 13.7 7 20. 5 15. 8
2 20.5 14.5 8 18.5 15.7
3 22.5 14.8 9 20.0 15.3
4 22.0 14. 2 10 21.5 14. 2
5 20.5 14.7 11 18.0 13.0
6 21.0 15.8 12 18.0 14. 2

R 2T bR e e 04 E 47 B R A R] Y 2R
FEE. TUESH: D EARFA B HEMHENAEE
Jud 17.5~22.5 Z 8] 384k, LA 3 A A B A &
LA 22. 5°4b , LA 1 AL B N RAK, Ak
Jbeh 17.5°, 4R B 4 B B F B A TE 20.0°5 2)
FEANTR A oy o6 AE A (8] 7E b J5 B 13~16 h Z [A] 4%
6, LA 6 17 A BLET ] B e, 7E 36 5 B 15. 8 h
HI/E, LA 11 A et fa) i B, A 5 B 13 h, &
AF H LA 1) /- S5 29 S by B 14. 7 h.
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RECRE T ERE X EZ TEC 7

fE— A TE R =KL BB E TEC

UT/h

B3 BERTEC AHERSGEFMKRETZK

B EREN. REERFEE ETHIRSE 10
min [{]—Z B (112. 5 F 31 NAR[FE S A B A
LB R oTEC A YA N ZE R BEE, UL 4
16. 0°~29. 5°Z [A] { Fix K oTEC {8y ¥ B8 )2 i &
&AL, LA 4 307 B g vTEC e B 2 0 4
LR SMZ S Z IR 400 km & B ERREIBEE N
HEEEE AR DITER SRR EEHE,
G(t):TECO(t)_TECI(t) D
D)
K. TEC,(¢t) M TEC, ()43 3 ¢ i %1 55 )2
AR S M S B oTEC H, H¥ K
TECu; D) W S E B EBEE, P 100 km &
WEEA; G NHEZE TEC B E, BN
TECu/100 km.

BB ERTE TREBEAE 10 min BEZ
TEC B, K 4 fim. TUEH: D £AKNH
R BB T BT S 13.5~16.5 h LT BB (&4
FE6~9 h UD) HIK K, EERM 4.5 h LT 7 )5
(A7 21 h UD AR/ 2) BT A A 5 KBl B 5
EHEEAER ALK, A ELF 3 TECu/100
km DA, JGFE 21 UT R J5 H i 828 A b ¥ 78
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1 TECu/100 km LAF53) 45 7 B9 H U o 3 = 45 B2
EFBR UL TR ER 3 M 10 A RFRKEY
WL B P EL, B e KB EE L T 11 TECu/
100 km, 5 & {3k F T 9 TECu/100 km. ikt F4&

FR12M 1 ADKREZE/R 6 M7 AR HMNEEE
BREEE R /N, i R{E¥FE 5 TECu/100 km LAWY,
BRI 7 AR KB EWRANA 3 TECu/100 km.
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LB 2 A B S 0 TR BLE R A R R B SR K
M F RRGRERFEREESHEESR
HE. XFEKHESHE, FEX F Z2HHEY
FERE E 2R EBEHILR 7= 4 5914k B 35 1 7E
KIEZEE RN RKLERT, B2 RIS H
FREEHEIEGEEEEERY,

PRIGIDIEET £ F, BRI RS RO [ 22715
TE R H L ge A B R LR ATE 23°N~25°N Z ], %
W& T A SR A TEC WL 80408 Fir 3518 19 11 B 46
X FTRE R 5 TR M BIER Z AR, £ F. R
B REEZ F, 2 E 7% B, T TEC
JI ¥ 7 B SR FL B 2 R T 2 B Y B AR ARG RN

BRI L B 2 TEC MR, RAT
AR ) B 04 £ N GE ) 30°N Z R B B R &S
FBEES . EZFEA, AL TEC HER TH
EEN, HEMESGFEHFERIE 30N, XESHE
B2 TEC MERMAMERZER,BHEAREERE
T 4325 7% PR S R BT SR AR R I 5

A SCHE T E AR X GPS WL I %k 4% , B
A M A6 B Ay B AN B A ) DA R B e b A Fe g 2

0 3 6 9 12 15 1821 0 3 6 9 12 15 18 21

UTh

0 3 6 9 12 15 18 21

BEE TEC i EMA MR EEL

TEC B4, B EELS B A -

D duBeiéfr B 25 24k, AL FE L 4 17. 5°~
22.5°2Z M8, AXZH MK 11.12 1 1 A BEAL, T
SEAMM 3410 AvEE, HHAMERN £
B ATEIG 2004 K.

2) db3g g & BLAY ) 5 A R, — R T7EHL T
Af 13~16 h Z [ 284k, & 4 KA RI A 7E 14 h
LT R, REA AT 15~16 h LT Z[a], i PLAT
] B9 42 5P X A TE L J7 B 14. 7 h.

3 ARINZIMBEEEHERFTER. R
FEEH BART B, B3 00 A R AR Ak e B N, TR
4.5 h LT §iJ5 A&/, B 86 B 1E 4 I o B 3
SN

4 HMEBBEEBETEETREFERK
EZR.OEAMAEERNOBE,3 AR K ER
37T 11 TECu/100 km,10 A #3538 T 9 TECu/
100 km, A& ZEM 12 M1 AUREZEH6~8 AW
B KRB EHFE 5 TECu/100 km AW,

A SCAE A B2 2004 45 GPS WL B4 , AR AL
FRFEIE S A & (2001 48) @4 (2008 4F) F F& By
B, R , AH 5 8518 72 A 8] oK BH 1% 3 2% 44 5 F AT RE
AER.

PDF SCH# 4] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

HEF,F AR GPSAM AR KB FAEFFRER S HE TEC T4t 29

% 6
5% Xk
(1] RRA, M. wE R A I 5 4 3R IO

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

B [J]. Ry 3%/, 1993, 36 (2): 149-
157.

RADICELLA S M, NAVA B, COISSON P, Effects
of gradients of the electron density on earth-space
communications[ J]. Annals of Geophysics (sup),
2004(47) ; 1227-1246.

KERSLEY L, MALAN D, ELERIPRYSE S, et al.
Total electron content-A key parameter in propaga-
tion: measurement and use in ionospheric imaging
[J]. Annals of Geophysics(sup), 2004 (47);: 1067-
1091.

KA, &35, 120°E MHE BB E A 1E R W IEE 3.
[J]. & R4, 1988, 8(2): 128-132.

FREEC., AT KAESR ISR B AR b
BRI HE 2R, 1990, 33(5): 505-511.

BRI, FERFERXEEENEEEA] 5H
B2, 1990, 10(3),:221-229.
PE,RER B K. TEC HEF BIF T M58
FEILIE N SR AWM EAT]. SRRFEFEIR,
1993, 13(1),:63-72.

HUANG Y N, CHENG K. Solar cycle variations of
equatorial ionospheric anomaly in total electron con-
tent in the Asian region[J]. Journal of Geophysical
Research, 1996, 101(A11) . 24513-24520.

KUMAR S, Singh A K. Variation of ionospheric to-

L10]

(11]

[12]

(13]

tal electron content in India low latitude region of the
equatorial anomaly during May 2007-April 2008[J].
Advances in Space Research, 2009, 43 (10): 1555-
1562.

HOCEK, PRI, T4, . A GPS MMM R B2
TEC/KF#ELI] =EPEFEMR, 2009, 29(2):
183-187.

HIL, B E , EhklgE, %, BT IGS i TEC il R
HE-AURX RS V], d il K2R (B R F#
f§) 52013, 52(4): 130-137.

STANISLAWSKA I, JUCHNIKOWSKI G, Cander
L R, et al. The kriging method of TEC instantane-
ous mapping[J]. Advances in Space Research. 2002,
29(6): 945-948.

TH, AR . INRE. F Kriging FIEWEFHEKX
B EE TEC s E[J]. 2 M| Rl 2% H, 2007, 27
(4); 279-285.

EEE N

£EE (1966—), B, HAIEF,LENF

W, ok BRI I AR

REzH 1993, B, MEHAELE, EEBNF
WK A B AT R .

WEFHF Q971—), B . ¥+, HRIELF, £
ZRFOBELE B KEZLE AT,

Change of Ionospheric Crest in China Sector Based on GPS-TEC

YU Houfang' ,ZHU Yunzhou? ,DENG Zhongxin®
(1. China Research Institute of Radiowave Propagation, Qingdao 266107, China

2. National Key Laboratory of Electromagnetic Environment , Qingdao 266107, China)

Abstract: The variations of ionospheric TEC (total electron content) of equatorial anom-

aly are studied using the data from seven GPS sites of China region in 2004, including the oc-

currence latitude and time of the crest and the ionospheric gradient. Results show that the

latitude of the crest varies from 17. 5°N to 22. 5°N in different seasons. It is higher in equino-

xes and lower in winter, and the mean of occurrence latitude is about 20°N. The occurrence

time of the crest varies also between 13 h and 16 h in local time (LT). It is earlier in winter

and later in summer, and the mean time is about 14 h LT for the former and between 15 and

16h LT for the latter. It is found that there is the gradient of ionospheric TEC along the longitudi-

nal chain, which vary with the local time and seasons. The minimum of gradient occur in nightside

about 4. 5 h LT and the maximum appears in dayside between 13 h and 16 h LT. Moreover, the

variations of gradient is smaller in different seasons for the nightside and turn notable for the day-

side, and the gradient is greater in equinoxes than summer and winter in dayside.

Keywords: GPS; total electron content; equatorial anomaly; gradient
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