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Modeling study of the effect of ionospheric scintillation at low latitudes in China
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Department o f Geophysics, Peking University , Beijing 100871, China

Abstract GPS (Global Positioning System) CS (Cycle Slip) is a typical anomaly phenomenon for
GPS operations that is usually related to severe ionospheric scintillation. Based on the variation of
the occurrence of CS at low-latitude stations in China and its connection with local time (LT),
season, solar activity and geomagnetic activity, modeling study of the effect of the ionospheric
scintillation has been carried out and a preliminary effect model has been developed. On the
whole, the CS occurrence increases at about 19 : 00LT, peaks at about 22 : 00LT, and then
decreases gradually, this local time dependence can be fitted by the Chapman function. CS
reaches two maximum periods during one year roughly from DOY (day of year) of 45~135 (near
spring equinox) and from DOY of 225~315 (near autumnal equinox), this seasonal dependence
can be described by the Gaussian function. Solar radio flux index F10. 7 can be used as a
parameter to reveal the solar cycle dependence of ionospheric scintillation effect, and the cubic

function of F10.7 is proved to be an acceptable option to describe this dependence. The
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relationship between ionospheric scintillation and geomagnetic activity is more complicated.

Because the majority of the magnetic active events show suppression effects on ionospheric

scintillation,as a preliminary step, a square root function of Ap is used to model the geomagnetic

effect on ionospheric scintillation.
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Table 1 Names, geographical and geomagnetic coordinates

of the GPS stations used in this paper

L WIS PR MESE S
AR /() /) /() /()
LUZH 28.9 105. 4 17.5 175.6
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Fig. 1 The comparison between the monthly occurrence of amplitude scintillation observed at

FUKE, HAINAN and Cycle Slip occurrence derived from XIAM and GUAN stations
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at 4 low latitude stations in China in 2001

A HE 02 :00LT UG LT3 A i Bk & A=

I 245 P i DX ) H B )2 TR Ok 32 2 R A A o 1B S
W OFE 30 DX L iR T SR 0 R R g ) DX B L R
JZINIR R e R R R, B TR LK, 2
IRRRAR 2D K A o — M tA Sy i X O 0 281 1 v, 2 )22 I
W T B H B 2 IR T S A DX S A X L
2 AN S S U W 2T RO R A i A R T aX
T A 187 5] 5 A [ v £ B R R 1) 175 0 — AR K AR AR 1
TG WA, N 2 W] LA 3], GPS LI £ 40 76 ok
T R W B 4 A 19 GPS &l B0 Bk i v B
Bl 2 T A0 T o 08 o i M LUZH & il 5] 3
& LUZH G358 QION & uifE 2001 48 & A= i J5 bk
FAF 23 8] 5 A T 00 DAL b mT DU B 38 il k&

AR A LUZH &35 D . QION &b b,
50 A A T8 S 0 S B X
3.2 ETHEWR

I 245 B W 2 )2 TN R 2 19 728 A 1Y) — A B SRR AE 2
A2 R X5 AR T — K 5 XA
[y =y NPT SR R b K e R N i < AN e o2
ATE 10 HEPEAER 3 AZE.12 A3 1 AN A
A YRR 5 5 e KL T I 2 TN 0k 5 2 AR AE T 4y 2
B ke 2 H 304 HERn 8 H 3] 10 H[al, Hdg 3
AR 10 H KRR A BORI 58 BE e K (Zhang et al. ,
2010b). B 4 51 T 2001 4F 4 & uh GPS J& k&
AERBEAERR H A, NEIPRTUE 2L X 4 1~ F
il 1) ) Bk R AR A P RO X R AT R S



3 44 R R « v IR 46 B b DX P )23 DR R 80 N A =X Ak B 5 695
200 800- L5
1 (a) LUZH (b) QION
150 3150 6004 3155 SN
100 4004
g 50 3 200
5 5
E 0q270° 90° £ 04270° 90°
3 8
© 501 © 2004 O\ N YR
100 4004
150 600 225K T
200 - 8004 S
180°  Azimuth angle 180°  Azimuth angle
K3 PG uifE 2001 4F Kk A Y GPS JA Bk R Bkl 5 07 FA 43 A
Fig.3 The distribution of the occurrence of the GPS Cycle Slips versus azimuth angle at two stations in 2001
400 @
© 1 (a LUZH
% 300 .
% 200 ]
8 100 ] L
0 ] r T 1 e A T ab u T T L ||l.lllL|f nl & 1 al s l
8 300 ® XIAM

8 300

£ 200
a i
5 100—_

0_
g a
£ 200
5 100—_

0]

8300 (d QION
5 ]
% 200 .
S 100 .
0] — |.*.I.J.Lh.lu o ”m | : 1
0 50 100 150 200 250 300 350
DOY

Bl 4 2001 4 i EAR A B X 4 A G0k GPS Ji Bk & & B4 A DOY (Day of Year) 17454k
Fig. 4 Daily occurrence of the GPS Cycle Slips at 4 low latitude stations in China in 2001

IRV o DX F, 0 22 TN A S Bl 2 1) A8 A R —
B WY TE A L DX DA R 8 2 RO R R S OR O T
i X —3. 34 NI R v LA B Bk H-H A2
e AE w0y, R e Bk 2k A Oy A2 i A
H 1 Bk kA= OB HR 2 A TA) BT 9 R Bk & A T8
229 PL AT WY R 3 02 L B R TR OR AR 1 M A —.
3.3 KMEHAEZL

H B )22 AR 55 K BH 35 3l T 1 R DG 1 2 3 7 K P
15 20 1o A7 L T2 TR R A 30 R DA R i B85 K, T K B
6 B AKAE W2 2 TN IR & 2R S8R0 B /. B 5
XIAM #1 GUAN #4> GPS & 3l 5048 445 19 1999
AEF) 2005 4[] Jil Bk A A YB3 A AR L BR T HI T
& 3] 1 25 V5 AR R 52 A O BH T S ] AR
AEH W SR A OB OC R 5 R 2 N AR AL 2R
el AN 5 AT LLE B JR Bk & AR OB R BRI 3l 48 5k
56 R ISR APER A 2002 4F 3 2003 4EZ ], L

A R BH T B PR AL TR B B Be i i e dy T B2
PR T B PR S Bk B R SR 2 5 2003 4F DL T 8k At
R KA X —FHAEAE ] Sa th R R . 3]
I B — R B N 5 GPS L x5 5
59 JEE 1) BETHIRAELA G, 5 N PR BE 25 5 1 A GPS JA Bt
(19 A A= o T 24 DA O B2 g B0 — 7 R BE L SR L A
A LLHE B GPS R 4018 Bk B 1 S A
3.4 ELEHETEN

i 185 3l 90 18] 9 HRL B U DN ORI 2502 R 0 )22 TR R
FEH A — A BB A A TR TS Sl R A R B B AR
P T A 5 A P X 3o S0 ) 1Y R U DR R LA B
PLE AN IE A8 58 3. WIE 25 LR . 1k 3% 2l 39 1)
4 HL BV DN R A7 7 36 10 9 2 R 88 A X = i 4
UL AN GETT EoR TR 56 % 3 S0 18] v 5 2 DA R 114 Dk
Do b AR 2 1 ) R T A R OO DA B
IR NE VN R AL BB IS S AL



696 H Bk ¥ B % R (Chinese J. Geophys. )

57 %

(@

Occurrence/10°
~

S}

XIAM Semi-annual

;mﬂﬂ

300 dd |
H"“

Occurrence
— (3=
1= S
S S
!

(=]
!

©
3001

200

Occurrence

100

0 -
1999 2000 2001 2002

““' L”‘ m '”"Iln HH ' H1|

XIAM
h F200
“ n | =
A =
H lml i ,,,,.l,,,',,‘ nmu L 100
Lo
GUAN
2003 2004 2005 Year

&5 1999 43| 2005 4 [a] (a) XIAM &3 GPS J_JEJIH:EIE B (b THXIAM 1 (o) GUAN WA~ & ufi 1) GPS J& Bk H & 4 ik 3k

FHE (b b L4048 KFH F1o. 7(10 %
Fig. 5

« Hzo DIREC (b 1 L) AR 3 301 3 19 HE 8L

(a) Semi-annual sum of the GPS Cycle Slip occurrence at XIAM station from 1999 to 2005. Daily occurrence of the

GPS Cycle Slips at (b down) XIAM and (¢) GUAN stations from 1999 to 2005, and comparing with (b up, thin line) the

solar F10.7(10 % W « m ?

FIASI DL P A S A R XL R A AL B )2
SRR ) A TINGENN) R N SR e S S AR 7N
Y5 SR X BE S JTE 15 Sl 0 e AR 2 KR —E
ARAR TS L TR 2 AL A SN E SR AN E ST 1 7
A5k R A HEAE T . A LU XS L B R AN SIS A 1Y
7 AR VR R B T Sl TR RS R TN R R 2
AR AN B0 R 19 D DR -5 0 145 Bl 0 ] 5 26 9y B IR 3R 0 A
PEAT 5 RS J2 AN 3 2 45 g R ik 2 1 B 3R 2 5 A
PSSR P 6 % 2001 47 Jl Bk A A YR -5 1l i 315 50
FERCAp Z IR 5% Z8 5 I i i ZRAE v (9 368 5 ml LA
A B R G Sl 39 ) B kR A OB AR D H
AN HEBR B 15 3l 400 18] J) Bk A AR OB T i 4 DL 2245
71N B T S 40D 8] oL )2 DR R ) A A ML Xk — B 9
2y J0] 18] 23 8] 35 855 2 K55 F B U2 DR 68 A 81 0 A ot o
.

4 INRRRON R A

AR b1 ) o3 B mT AR B R BEBE A LA LA
PR A LA A2 A b 7 I L 2R L K BH I 3l A B
I 80 B 3R AT e A5 S i AT AR 46 X LA B 4y
SR R AR ZR 45 LA T TR IR 1 5

« Hz ") index and (b up, thick line) its annual slip average

W EN - N BTy R P A D SRS =y G VA B WA
A& T INKREE 15 min 7B #5242 R B9THEA
X 15 min [A] B Y [N 05 & A 26 39847 By o BT 4
B H EAER AR (). T RATR A B Z 53
PEAT A AT 5T
CS_Occurrence_in_15_min= Amplitude_of_15_min

X LT_factor X Season_factor X Solar_factor

X GeoMag_factor (D
CS_Occurrence_Daily= Amplitude_Daily

X LT_factor X Season_factor X Solar_factor

X GeoMag_factor (2)
4.1 HAMEFHERWL

M 2 8 8 Bk Y M 5 i A2 A B AR T DL 3
Bk E 5% A A 19 1 00LT LhJF B/ 02 1 00LT Z
(] 75 o] 8k S A 88 i ik R s S B Bk AR T i 3
) J Bk S Az S8 g5 R 22 T 8 1 o R AR PR T A B K
{BLAL B /770 P R 22 1) B T o 32 2 2R 18 4% 2. FRAT]
R A AR 5 B R 7 A R e Y A
AR, PR et %o ] 8k i) by B A8 A L FRATT R F

BT R R 2 R LA R X RS
A2 B2yl AR AR O T .
p=AXe T, (3)



34 P UG o ] G 26 32 3t IX e 8 = DR 00 A8 AR I 52 697

x= (t—1,)/H,. €

R =Y NP Ry QA OB sl P R W A B (-1 i
B 78 KN B4 I R) 2 % (8 ¢y AR B HL L 9T 21T
—Ak.

33 3 B S R L BB ALE 21 1 00LT Ak B
ty=21,24 /INBFHI T H,=1,23(5) &A1 R 1Y 3158
BILA A2, Fomd kS 24 /NES ) ML 5 B, sgn R4
5 R

—(h—9—12Xsgn(h—12))

LT factor(h) — 0o 12xsmu—12)— . (5)
1, =0
sgn(x) = (6)
—1, x<<0
Kl 7 & — 1k J5 M Chapman & 803 & R 1)
Hi 7 AR A

4.2 FNEFHERAML

Bl KRECh 45~135 R (FF43Z=19) Fl 225~315 K (Fk
Gy RN R 537 DN IR Y AR AR A RT DL — A
5 0T R BOR 34 5 v i o BRI I 2 ER O BH I Bl 4 5k
L HIL R 1% Bl 48 Ok IR . T e O o R O
ANBE I W DR R R B H - AR b R AE X —
K BRI 2l A0 R 16 Sl 48 £ B - H S Aok B . 58 5
B W R B 2 i B 55.

H A DA 5 0% DA o ) 2 4 280 g R A7 A A
AR RIE— 1y Z 1 A A X

2
(d—182—91Xsgn(d—182))" /1
Season_factor(d) = e J1sn 0 (T

Hop d AR HE. B8 X () EITERR.
4.3 KMREZHEFHERXL

Ji] 2 B L 1 L DR RS8R 11 A BH 5 2l A g
PR AR A WA TT . 1 . MR A
B A RO AT KB 3 JE AR (HL 5 K BH 3 3

AR A T Bk 1 A A8 R A5 TR Bk B AR R H O
80
1 (a)

SV )
o S
S S
1 1

Occurrence Occurrence
—_ )
f=3 (=1
S S o
1 1 L

o
|

(=]

50 100 150
DOY

6 2002 AEHLRE () Ap F5E05 (b XIAM F1(c)GUAN &3 i GPS J& Bk H % A= B 17 S0 B 1 1 3%
Fig. 6

200 250 300 350

The (a) Ap index comparing with daily occurrence of the GPS Cycle Slips

at (b) XIAM and (¢) GUAN stations in 2002

o e Ly
(=)} o] [=]
1 1 1

Chapman function
<
K-S
1

0.2 1

0.0
00:00

| L T . T o
03:00 06:00 09:00

T & T B T
12:00 15:00 18:00 21:00 LT

B 7 i Chapman eR%HLG (Y GPS J& B & A 28 3y I 72 4k 5

Fig. 7 The daily trend of the GPS Cycle Slip occurrence in each 15 minutes, modeled by using the Chapman function



698 i BR ) PR 2% R (Chinese J. Geophys. ) 57 %

0 50 100 150 200 250 300 350
DOY
Bl 8 A Gauss BELA 1Y GPS JH Bk & A= 3 2= 45 A8 fk a3
Fig. 8 The seasonal trend of the GPS Cycle Slip

occurrence, modeled by using the Gauss function

5B R R SR ZR AR DG Y. TR 2002 4F R 2R 4F JE Bk
e HE BB I, 2003 4R LA S JE Bk R AR UOBR 2> A
K5 Al LI . B3 F10. 7 35500 i iz e sx Fh
SRV IS AT B — A5 Fl0. 7 #8506 ¢
) BRI RSO S X FlRRAE. T8 9 45 T & T Fl0.7 48
BV YA DU R ok £ B K BH T 2l A 1 AR Ak 43 i)
XPR 1 #) 4 ORI S T8 5 R Bk R A OB K FH
15 20 S A B AR OGR4 FRATTIE BRI 9 Hh 5 3 A
PRI HS0K H 3% P B9 DN MR A8 194 K BH T 2l J 5 T e

BRI Mg
Solar_factor(F10. 7) = ((F10.7 > 100) — 100)°,

(8
Hrp

F10.7 —100, F10.7 > 100
(F10.7 > 100) — 100 =
0, F10.7 < 100
)
4.4 HEEEFHEXL
HHL B 2 TN R 55 b i A B 1) O R — 2 L 5 2 AF
R RFEW R, WG SHERNEZ R AR

50

() (F10.7>155)-155

Solar factor
[ ST N
L= (=] (=} (=]

: :
]

O: HHHD |

1999 2000 2001 2002 2003 2004 2005 2006

1.0x10°

C — B 3
8.0x10° () ((F10.7>100)-100)

6.0x10° 1

Solar factor

4.0x10° 1
2.0x10° 1 H H H
0.0 +~ALAL Ry

1999 2000 2001 2002 2003 2004 2005 2006

AN E PR R X U B A R R TR PR K e
il A 2 A 52 2 k. DA iR i 3 B0 S0 T Bk Y 4 1 4
K AT LAHALAS = 50 58— SR IS 30 9 ) 9 %]
Bk i A BCEE D T MG 0T 5 58 L R A Y
G342 BR800 N b g B 1R Bk R A
R AT R Sl 8] Bk kA R B R 2 A O
5= Rk R R B AR AR R AEAE Ap HR K
ANT 20 (A OL. SR T RE X LB 0GR L B A T Y &5 (A
IBE DA B 20 SRR SR B .

K10 45 5 1 s 46 805 JH B &k AR OB R &R
M AT DL B R T st TR A AR B R S H
25 )2 DNR R A AR R A S fm W R R X 3 2okt
H, 0 2 DR A0 ) 85 Ak v 3 i ) VR FH B 3%
JeAR L. L AT AR N RIE IR R AT 4 R
b R i A XA 2 X

GeoMag_factor(Ap) = 1//Ap +3. (10)

I Ja i XTAM 3 1999 4F 3] 2005 47 1) J& Bk
R B o 5 2 R B AT A 1 2

Amplitude_of_15_min = 4. 4228 X 10~°, (11)
B (LD XA EUE 5 o7 it X Ao Z f5 % — K 24
h #5315 5]

Amplitude_Daily = 48,0898 X 107°,  (12)
4.5 BRXUHEERSHH

X bR R EDL B A% R % I i 2, FRATT i
A F10. 7 JFUE A 21 RS 183 Kigsh
SF-34 43 A S O BA S ) B 2R B A i Ap $8 AR
Shy B T 25 e DR 2 ) A R RS AR E ) 25 5 &
11 . i ] U i Y FLo. 7 J50 4R B0 sk 47154
FEFL0. 7 R W B0 T 878 25 5o v Al 1 Jl Bk

5000

(b) ((F10.7>130)-130)

4000 4
3000 -

| alloll

Year 1999 2000 2001 2002 2003 2004 2005 2006 Year
3.0x10°
2.5%10° 1
2.0x10° 1
1.5%10° 1

(d) — ((F10.7>70)-70)*
1.0x10° ]
5.0x107 T |_| H
oL

.

0. T T T
Year 1999 2000 2001 2002 2003 2004 2005 2006 Year

B9 S&T F10. 7 48 B04E S B (B A 1O 41 ek K 20 30 %0 1 1 3 4 R X

Fig. 9 Four functions on the annual mean F10. 7 index, corresponding the forms from first to fourth power



34 P UG o ] G 26 32 3t IX e 8 = DR 00 A8 AR I 52 699

300
.
250 1
*
.
200 *
g K
= .
£ 150 .
= 0.
38 *
.
© 1001 ‘t‘,o’ .
N 0. z. .
i M *
507 o z.z - .
e & o
8ol o * *
04 J + 3, o9 o hd Lo o .
0 10 20 30 50 60 70 80
Ap/nT

Kl 10 2002 4F XTAM 3l GPS J& Bk & 4= RS g H540 Ap 1 L ER
Fig. 10 The occurrence of the GPS Cycle Slips at XIAM station versus geomagnetic Ap index in 2002

(a) Using original F10.7

Occurrence

800 q (b) Using slip 21 day average F10.7

Occurrence

800 q (c) Using slip 183 day average F10.7
600

400 7

Occurrence

200

0

1999 2000 2001 2002

T T T
2003 2004 2005 Year

B 11 fli (@) F10. 7 UG EE . (b F10. 7 ) 21 KW shF4, (0 F10. 7 iy 183 Kt 3l
-y ARETLTHEE 1999 4E F 2005 4F XTAM 3 i JA Bk A & 4 2%
Fig. 11 Modeled daily occurrence of the GPS Cycle Slips at XIAM station from 1999 to 2005, inputting with (a) the
original F10. 7 index, (b) 21-day slip average of the F10. 7 index, (c¢) 183-day slip average of the F10. 7 index

R 21 R F 341 AR B 45 R Re
5 b sz e JE Bk & A R H - H AR AR B L (HA AF A
1o Al R k& A S B0 i A 183 K 8 oF
PRS2 0 R Bk &k A H - H AR AL BN W] L (HE
PR ATE 55 S B I D075 5 30T

& 2 & NP BL R RO B I R AR TEAL R P 4
TR RN R F10. 7 SRR 4R S5 XIAM
1 GUAN & ufi 2Z [8] () A 5¢ & 8. fii 115 4R F10. 7
TEE I 45 5 5 S0 00 B0 1 #E DG R B /N 2980, 5,
A F10. 7 /9 21 K W5 o F 3R 45 R A ik

F2 OHEETHE 1999—2005 FRAM L ERE
KM EAEXRE
Table 2 The correlation coefficients between modeling and
observation of GPS Cycle Slip daily occurrence,

using three different types of F10.7 as input
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XIAM 0.5 0.55 0.58
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