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REE I H 29 )23 G 3R (R XUPA 5 B ARV Bk, SR ZUIAE 5 Rl 3l o3 i Ol LER ERGNSS LA
R, B ERAGE SR, X A SR e AR 2, TR N S S BT e A R 3L
UK, HL B 2 DAL A TR AN B 0) 285 g AR 2 52 i FEL 25 J2 TEC (Total Electron Content) (1 #Efff
BERIA,, S0 H 2 AST A (RO JEE, AT 5% ) A 3R 8 1 A 25 P BT i DR R i B S 4
FARLINBRFE B0 At LS S IALARAIE 9 v B i F PR 2, AER AT 7 2R I GNSSERL
HE 5 1 HL 2 JE N ER AN TEC B IASCR 315, IF HAaZ i & R AR s N L AR EA
e, PRMEAN AR T DK L PR R B s PR B 0. R A UGN S SESCH L I mT A HE A SR A4 76
H45 FHEETECELEROT (Rate of TEC) [ IAR, PI&EBHE N T A TECA L X 15
HROTI (Rate of TEC Index) 51 A 252 KR IIAS B 45 44141 7512 BasuZs 611
TS K W] ROTIMSASREAFAE— & ARG E, #5nT DU >k e I kS v 89 )23 PR AR 1)
ANHRIU 5 K s, 9 3 AN RO 8 A Ak A S A RV PR R b A 5 AR [ g 34 .

Carrano®5 IR FH10 HzR A 5 1 GPSU I A4 3k 13 11 min it 5 7] B (RO TR
B TR T ARV R AN R 45k R AR OTRI 15 s SR FE S I GPS WL H 4k 3R A3
91 min TS AIRE I ROTIX HL 12 23 AR EAT T I, IR0 45 7 ROTING . S445 £ A Kk 3
PEIIAER 2, Tanna%E LKL T30 SSRAEH M GPSHL I E S minth & 18] & MROTL, 5%
T ARG A AN ) 28 J8E 2 AN 0 0 465 g A £ 2B R 4 H ;. Jacobsen 5 H-121R]
1 SR 2 B GP S M E 4 15 min vt 5 ) B I ROTIH W T 50 25 £ b X1 W 85 2 9k
&, IR L sHI30 s> AE 2 HIGP S I K 4, 73 M 1 AN [A) SR A 23 MUAS [ o 532 1) B v
S ROTIIN (R A7 ¢, 75 AN 7] SR R A1 [H) o 55 1) B IOROTT & 1 AH 58 1) &5 18
Yang?5 U0} 75 Hk i X 1R L 28 )2 DR T SR 2 (RGPS UL I H 48 A5 min v 5 18] B
MROTIS 7 TROTIS SAFE B LE R G R, 45 ik, YEROTIASAHE $ ¥ AH 5GPk,
ROTIR I o 525 RS AR FE T, ASFIRIEFUER T T AR oS Sems, (H o H i gl
AN TT B SR A3 2 1) - I8RO T SAFR 0 2745 LU 4.

T RS 3 A 26 8 DX A T 7/ e 5 0 () T 0B DB, e 2R, )T W R AR X
FE AR BRI P DA P 2 DA R R AR B T S5 MR e 7 R 1 e Xz — [ o [ K ) A
B3 0 1 2% (Crustal Movement Observation Network of China, CMONOC)uk g3 7341~
2, WA E RARNARIEBROTI WIS 4t 7 & M8, R X i 25 =2 ROTTH I
RS T 4F. A ORI CMONOCHEF — W3 (18.3°N, 109.6°E) #2441 GNSS A il
HHE AL T 1 =0 LB JE DA KR TEC WSR-S () P 2 R S s, 25t 9T
TAFERAFE RN SR B ROTT S S4Fa B AH M, 2 2BROTT Y S4FE 2Ol /i & 2
PRVER ST 230 LR SR AN TRIREAE, R RO T 53 L 25 J2 PRV U 550 SRS 1) 326 6 00 Y FH g 1t
S,

2 HEFZE
SAFE ¥ b B 2 DA KRR (1 TS AR, T I GNSSIE S A v S, 4
VRIS B AN, 52 NS BT A AL BB EZE05), S A st R

S4 = va (1
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AP STRIRAE S ORBE, G5 () 260 sIH) B A 2 U UL PR SR 4.
FHAE £ 5030 WAE Sy 2 2 NSRS E S (B ISR b, R A7 N R SR
Hlo g oE SANHHT FILIE B A L1 min P R b5 v 22060

o =/ (¢%) — (8)", 2)

Horp ) TG BT, BT rad, o T 1A S A 2SR I ) ZUFE .
ROTH K AR fEmiA s 42 F B R TECI AR E, 47 A TECU /min. ROTLE X
AE— € IR B A RO T HIbREZE, A7 A TECU /min. ik w020

Lar (i) = L1 (i) x A — L2 (i) X Aa, (3)

ROT (i) = Lgr (1) — Lar (i I 1) — (4)
At x 1016 x 40.3 x <flz—f22>

ROTI (i) — lev S [ROT(j) - ROTJ*, (5)

A, Lar (i) A&l ZIGNSSKUSOIL I 1) JLAR] TG O 2Rt 4145 77 B2, LURIL2 49 AR A0 Al 48,
Ay FH N R KT I 2830 SR IR i A, AR ARAB AN g TG R TR 1) 22, B 47 Amin. f F1 fy
XF AR AL AL IE AR, NS 55 oot ASCRIHL s. 15 sFI130 SR AE R
FIGNSSHL I K, $RAF T 1 minf15 minth 50 B A W R 2R FIROTI, HLAK V15 5w 4
KPR,

*1 HEZREROTINSHIRE
Table 1 Selected parameters for calculating various types of ROTI

Sampling/s  Time interval of ROTI calculation/min  Number

1 1 60

1 5 300
15 1 4
15 5 20
30 5 10

ROTL v 541 HITE B B 13k, T 3l I g 1 oy 10 o 18] [ T i 20 24 4 RO T )
2, T AN A K LU TR R B, Gl minBRS min. A T BERSETE S5 R A Sk, it
T HUE A PRI, EiZ A X A A, SUEROTAN SO T & (I, A #5524 /i IROTI,
W30 sKAE A NS mintt FLARE RO TIH ZEAE 1% % H A A8 LU EROT, AT sk
AN mintH 5 A BE FROTI, 7 A6 1% % 1A 50 LA IROT, 15 M4k 4:41: T # 3,
H A 5E R ROTIN V5.

EHHROTLZ AT, ZXRINEX (Receiver Independent Exchange ) Ml 3£ 91 (1) 4H
RERLIAE REAT AL FE. 145G, 1l i Melbourne-Wbbena (M-W)ZH & Fl L2 2 (LG) 41 453k
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AT JE BRI 5o 22 B BRT) LR, h T I BR 2 M AR R S A IR s, LR T
4300 LL R I GNSS LI H 4k

3 BRSNS
3.1 [AFEEH

AN ST R P 40 0 D) Ao i 50 S ARUAH A7 IR MR 1 $0r g R AV, T 18 B = 0 1 FL 25 3 DA R
H5TECIMALSZIZRTT, SAFaERIo 3 K8 —AME. MRS = 2 E NS TECH
TSI ARG W0, A SCIEEX T ¥ R = TE.20154F4 H 4 1 H 125 2 DA KR $cdfs 3647 T 42t
SHT. B RS = 201554 H 7 H 2123 H (I SAFREL. oy IS TR P51, DRI MO L IR R 25
5 IR 2 B S U 3¢5 R s 23 Bt B . B 1P SAFR B i i) 810 T L fE4 HTH
8H. 13H. 15H. 22H. 23H I8 A T W25 10 i 28 )2 IR, Sadie B KA
HE T 0.5, FENSRGHEGE T, SAFREUNSRFEEN0.3 < S4 < 0.5ZIMINEE, 0.2 <
S4 < 0.3f154 > 050 NARFAE WA X8 D, fESAFREE AENERE DL T, ot —E
Ry 18, A AT SAFRELI AL, o g (AL U X 45255

54 8 R T, B LAS4 > 0.24F S KT R B DN AR =R R O AR T 4 RS
EAHAL BRI BETE T, Moy > 0.10F, WA A & A2 T 89 2 I R 3000, 3@ o Ll 4%
El2rh4 H22 HGO2RIG04 o, bl SATEEL AR A AT A0 MR MR N KR e RS 4 A N KRS, AHAT
DA AR B0 I ] AR AN B AR PR 2 2, S0 GO24E 17: 30 J (14— Bt 1) A sl b B T 2k
. DAL, EBE S S0, R SAFREAE Ky JIWT 75 A v 10 2 DA MR A R A .

3.2 HAROTIAMRHERNHE

P 22 23 060 R FHROT LA W AS KR U S5 A6 4 (K H A T K AT 7. MaZ 20 )
WA PIEROTL > 0.5 TECU /minfF by Hy BLAS K I 45 K 44 11 ] e % 1, Zou S5 U8y fF 5
Ui T YROTI > 0.5 TECU /minff W) 2 7 3 T 00T 2K RS 10 AN 0 T &5 44 4k
NN ZEPULERF5YSED (Storm Enhanced Density, SED)3k 7 i T H, 85 2 A A1 ) 45 k) 44
If, AROTI > 1 TECU /min F Wi & 15 17 75 /5 ] 1A 00 45 44 f . A SCR T s,
15 sFI30 sAN [F] R AY: 26 [ GNSS UL B4 A0 AS [ H 3 ) B o1 55 FIROTL, 43 Bt I R 4
AL AN [l A 2R ROTTRE 77 AR 4 b wi . S48 B A2 4. 3481 1 20154F4 118 1H Go4 LA
AFERAEFREROTH AL, WEIH AT LLE 2R R AL RN, 30 sFI15 sRFEHROTI
FrHE25(STD) 43 51 °40.355 TECU /minf10.357 TECU /min, 1 sKFERROTHIbr k% Ny
0.57 TECU /min. 7E&ENERE, 47201544 H13H G10A [FRAEFEROTIAS {k A]
Al 30 sFI15 sSRAEZHEROT I bR 22 43 1) 240.955 TECU /minfl1.07 TECU /min. 1 s3%
FERROTWI AR HE 22 8218 TECU /min.  HH AT &1, 7EAH [H) () HL &5 24544, ROTIH
M A A B R A 6 F 384 KT 3 R ) T () — i SRR S 1 Bt A AR v D AR B T
ROT 4RI 2 W] A2 K.
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Fig.1 Time series of S4 index and o, from April 7 to 23 in 2015
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Fig.2 Time series of S4 index and o, of PRN G02 and PRN G04 on 2015 April 22
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Fig.3 Time series of different parameters of G04 without ionospheric scintillation on 2015 April 18
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Fig.4 Time series of different parameters of G10 with ionospheric scintillation on 2015 April 13
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FEV-H B R AR, AR VR 5 SR 1) %5 ERO T S5z K AE & AN A 1. 30 s-5 min
ROTI. 15 s-1 min ROTIFI15 s-5 min ROTI# 5 KA (MAX)£°40.1 TECU /min, fil s-
1 min ROTIHI s-5 min ROTI 5 KA ) 70.5 TECU /min.  Btk, X T AN R %
FE A A GNSSHL I B, 76 A HROTTN NS48 B A2 A0 i, ) 75 B2 R BUA [H] (0 1 5
Femg. A, AR A F FIGPS AR GEvh T L 22 N KRS AR, A5 T HCT R B
W, GPS A IL H L T 607K 4% M I 5k 2 0. 8 R AL PR i DR AR R R R A= 31 M D) 6 1)
% KBROTIR KAE KT — € B E I 48 v 45 R an K20 75, 7E30 s-5 min ROTIVH 5 56
W& R, K AEIRIE N AR FROTIZE0.5 TECU /minkk b BT v 16 5 4 b A 95%, 76 A K A 4k
g TN KR FROTIAE0.5 TECU /minbh b B o5 1 & 70 bE 41.96%. BRI, 78 oK & AR TR AR
45, %F 115 s-1 minfl15 s-5 minIROTIE {8 % 2£0.5 TECU /minbA b B ], %t
T1 s-1 min ROTIAI s-5 min ROTTEE N 75 %44 7E1.4 TECU/minf11.2 TECU /minLA
by ERAEWNER G, 15 s-1 min ROTIX N (1] B {5 *40.7 TECU /min, 15 s-5 min
ROTIA N R B 4 40.6 TECU /min, ifiil s-1 min ROTIANL s-5 min ROTIX I (1 5 4 1)
#491.5 TECU /min. UL, € FHIATH, XF5 minth HAIBEHIROTI, LA30 s KAfE#
At ROTI > 0.5 TECU/min. 15 SEFEREHE T ROTI > 0.6 TECU /minAl
1 SEFEREHE T MROTI > 1.5 TECU /mindF by & A2 v 5 2 DR R (0 0 W 4 4. 3 it
P4 H 20 2 DA RR A A N AN TR SR A [ T 50 0] B 1 25 2R RO T L T U e o550 )
AHIFIS, SRAE 28 S, WROTI MR K.

%2 NKRFNIEINIRE B EROTIR X EX T HEMFEIT

Table 2 Statistics of various ROTI maximums greater than their threshold values
under the circumstances of ionospheric scintillation and non-scintillation
Sampling-Interval ~ ROTI threshold  Scintillation/%  Non-scintillation/%

30 s-5 min 0.5 95.00 1.96
15 s-1 min 0.5 98.33 1.96
15 s-1 min 0.6 96.67 0.98
15 s-1 min 0.7 95.00 0.73
15 s-5 min 0.5 96.67 0.98
15 s-5 min 0.6 93.33 0.49
15 s-5 min 0.7 91.67 0.24
1s-1 mim 1.1 98.33 8.07
1s-1 mim 1.2 96.67 4.4
1 s-1 mim 1.3 96.67 2.44
1 s-1 mim 1.4 96.67 1.22
1s-1 mim 1.5 95.00 0.73
1 s-5 mim 1.1 96.67 2.2
1 s-5 mim 1.2 96.67 0.49
1 s-5 mim 1.3 96.67 0.49
1 s-5 mim 14 96.67 0.49
1 s-5 mim 1.5 95.00 0.24
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3.3 FBEROTIS5SHEHAIMEXMES
TE— M AE DL, ROTIAT LA I 1w N SAFR £ 1) A2 4k, . S4Fr B K, ROTIH,

Bl 2 34K, MSaR BUAR /NS AL T T N, ROTTHR BE 2 /b B0 E NP FR S, K5
17201554 13 H 214 19 H S445 80 5 A R A ZEROTIN I 18] 32 41), AP ofa] LA H,
AH1BH KA T —RSRINSRFAE, AR REER, RREE A, Zimify DEKH 2, %
FKROTIW WY AR LA SR Y, AR RS B2 G Sade Bt —8G E4 H15H, RAETER
ANEHL 2 N R A, TN BRE SR S RREEI R AE . 25 i R EUD, (HE B B
KROTIFIFEARLF Mo N T SAFRE ARk, thtb ] IS H, AFRFPSEROTTAR il LR 4 H
Wi J8 SAFi E (1 AR Ak, 38R AR D FU R 2 I RRBIF ST 1K 24
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Fig.5 Time series of S4 index and different ROTI from April 13 to 19 in 2015

MESGE 1 5 B = 1.20154F4 H 13 H 319 H A [F) FZEROTIfY I 18] 7 41 7] L& HY:
13H. 14HM15H & RROTUM S LA R T &2 AR A0, 1 H & 2KROTI#E
A A1 1 i N SAFE BN SR, M ZKROTLE SAFE 5T Ak a3 () — SrE vl LS,
FAEAE. 6 () gert T BN S4 > 0.2 N RS 5 % 2KROTIRIAH
KA H(Corr.Coef), T[4 %IROTIE S445 HUAE FEAK AR ST 58 AHOC I, JF HAHKC R
FREA K. A, INEEROTIS SAFeE L K Rk E, %130 s-5 minfl15 s-1 mintt
FRIE IROTL, KEUFAEROTI = 3541 K &, X115 s-5 minth 5 5 s IIROTTN K
HROTI = 4541 K% &, 1M1 s-1 minfl1 s-5 mintt 57 5 0% W 25 HROTI = 9S4/ % 5.
K6 (b)—(f)geit 17201544 H 15 H A A2 NSRRI % KROTTE SAFREURIAN G 725k, HE
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HEA VS5 ROTTU AN I YIL 2 Hr LR

6 1

IR R R RROTIS SAFR BN LR R, WTLLE H: XFFARFENG NSRS 1E, S4Fe%s %
KROTIFIAH R REATRES A BT AR, (HEAE B 11 SSRAE R I GNSS U H s 1 543
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Fig.6 The correlation between ROTI and S4 index. (a) is the correlation coefficient and ratio between

ROTI and S4 index during ionospheric scintillation in April 2015. (b), (¢), (d), (e), and (f) are the

correlation coefficient and ratio between different ROTI and S4 index on 2015 April 15.
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TS5 R TR KN, AR AR 5 D%, 2 8 AN ) 5 R A 7 34 s B 220, % T-GPS L1#&i,
A = 0.1903 m, R BEAFLI G5 R AR IR V-3 8 B 9 2 = 350 ke, U576 DAY AR PRI AS RO U) &5 4
IR BEZ) 43365 m. ROTIH 1AL % il yii 114328 2385 55 AN B 45 W A AE 1R 5 AL 7k it
6 1R I 777 1) R TR TR 4 R A A Nyquist 8 3 e sz 231, %) 130 sSRAEZE IROTL,
Nyquist J& #1460 s, @152 TR RN w50 (112 5836 FE RS K 55 84 4R 15 A8 T4 75 %
R PR VB R 3 R R R B 100 m /s, B4 ROTIAS I (AN K 45 #40 fry 25 1) R K2 0
6 km.

FH T ROTIAS 445 51 W DA LA AE 22 7, DAk [T R FH RO TR S 44 5 1 il He 25
J2 R R IR 2 B — e = S R RROTIRI AT BU7E K 250G L, 30T LA ] i g ik
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Fig.7 The different performances of S4 index and different ROTI in monitoring ionospheric scintillation.
(a) 2015 April 14 GO7 satellite, (b) 2015 April 7 G20 satellite, (c¢) 2015 April 7 G02 satellite, and (d) 2015
April 21 GO7 satellite
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The Preliminary Comparative Analysis of ROTI
Calculation Strategies

SHAO Leng-leng®?  SONG Shu-li!

(1 Shanghat Astronomical Observatory, Chinese Academy of Sciences, Shanghat 200030)
(2 University of Chinese Academy of Sciences, Beijing 100049)

AsstracTt The amplitude scintillation index S4 and the phase scintillation index o,
acquired by the ionospheric scintillation and TEC (Total Electron Content) monitor are
the most commonly used indices for the ionospheric scintillation study. The correlation
between the change rate of TEC index ROTI, which is obtained from the dual frequen-
cy GNSS (Global Navigation Satellite System) receiver, and S4 index is verified. Most
of the researches show that ROTI is sufficient for ionospheric scintillation studies. It
is possible to conduct ionospheric scintillation study using a large number of globally
distributed GNSS observations. However, the data sampling rate and ROTT calculation
interval used in respective studies are different, and the choice of calculation strategy
is inconclusive. GNSS dual-frequency observation data of 1 s, 15 s, and 30 s sampling
rates and S4 index obtained by ionospheric scintillation and TEC monitor are used to
analyze the correlation between ROTI and S4 index which are obtained from different
calculation strategies during the ionospheric scintillation in Sanya, Hainan province.
Besides, the sensitivity of the difference between ROTI and ionospheric scintillation is
analyzed and compared. The result shows that different ROTIs have a strong correla-
tion with S4 index. The different kinds of ROTI can respond to S4 index during the
ionospheric scintillation. The different sampling ROTI have different threshold values
to determine whether the scintillation occurs responding to S4 index changes. Due to
the different mechanisms of ROTI and S4 index monitoring ionospheric scintillation,
they will not reflect the ionospheric disturbance at the same time in some cases. It
is suggested that multiple parameters should be analyzed for ionospheric scintillation
monitoring, forecast, and forewarning. Under the same ionospheric scintillation con-
dition, the ROTI values of 15 s and 30 s sampling are relatively close, but they are
significantly lower than the ROTT values of 1 s sampling rate. It is recommended to
select the sampling rate of GNSS observations more than 1 s to monitor ionospheric
scintillation using GNSS receivers.

Key words planets and satellites: atmospheres, S4 index, ROTI, ionospheric scintil-
lation, methods: data analysis
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