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Abstract The spatial-temporal variations of shell height are analyzed by utilizing IR12012 model.
The method for precision evaluation of the ionosphere models based on STEC differences in applica-
tions is presented, and the relevant influences of shell height on the positions of Ionospheric Pierce
Point (IPP), mapping function, ionospheric modeling, ionospheric elaboration and ionospheric accu-

racy evaluation are discussed. When satellite elevation cut-off angle is set to be 10°, the shell height
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has important impact on the above quantities. The maximum deviation in latitude or longitude is

about 3.2°. The maximum error of mapping function is about 15.46%. The maximum deviation

and practical error are about 9.71%, 3.64% respectively. The maximum error in ionospheric elabo-

rations is about 9.26%, and the maximum error in ionospheric accuracy evaluation is about 9.62%.

According to the above results, the following suggestions are given. Firstly, a shell height model and

a larger elevation cut-off angle should be adopted to reduce the above errors. Secondly, when a fixed

shell height is adopted, the same height should be used in regional ionospheric modeling. Thirdly,

the shell height of reference data should be the same to the be-assessed data in accuracy assessment.
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Table 1 Geocentric angle with different satellite elevation angle and

ionosphere shell height

TR BRI ko

EEA/(0) 300 350 375 400 450
0 17.2389 18.5620 19.1836 19.7820 20.9174
5 12.9282 14.2007 14.8007 15.3796 16.4805
10 9.8529 11.0004 11.5462 12.0752 13.0877
15 7.7006 8.6977 9.1764 9.6430 10.5422
20 6.1713 7.0248 7.4377 7.8420 8.6262
30 4.1958 4.8175 5.1213 5.4207 6.0064
40 2.9766 3.4316 3.6552 3.8763 4.3109
50 2.1271 2.4575 2.6203 2.7816 3.0996
60 1.4752 1.7064 1.8205 1.9336 2.1571
70 0.9340 1.0811 1.1538 1.2259 1.3685
80 0.4535 0.5251 0.5605 0.5956 0.6651
90 0.0000 0.0000 0.0000 0.0000 0.0000
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Table 2 Relative difference (%) between projection mapping function
values of different shell height and the one of H = 450 km

TR H BRI B/l
B/ (%) 300 350 375 400 450
0 20.47 12.15 8.65 5.48 0.00
5 18.95 11.34 8.09 5.15 0.00
10 15.46 9.42 6.77 4.34 0.00
15 11.72 7.28 5.28 3.40 0.00
20 8.62 5.43 3.97 2.58 0.00
30 4.59 2.96 2.18 1.43 0.00
40 2.47 1.60 1.19 0.78 0.00
50 1.30 0.85 0.63 0.42 0.00
60 0.63 0.42 0.31 0.21 0.00
70 0.25 0.17 0.12 0.08 0.00
80 0.06 0.04 0.03 0.02 0.00
90 0.00 0.00 0.00 0.00 0.00




44

R R B 450km, L3k (22] 4y SE e 4h
R AEBEEERELZEATTE 300~450km,
L 0 S TR 2 R AL I X R S AR R A AT I, PR A
RRLE R 2T 2R 3 PR EEA TR, Y
T8 HR B HL R S e RV v B 0 A DX T Y A
A (375km) B, BRI ZRR/D.
RTINS SR S T IR KRS 138 4.
2 4 T, 4 R AR 2 e B SRR
R R TR AR 2, RS RS TR E PR
55, EX/NT RS AR S, JRIA U R R0
5 7 HE 2R HAL, SRR AR AR e
5 SRR e B 2 ] ORI, AR RS R
B, ERERILAY 10° BfRFHRA A 3.64%,
VHHS FE R R R SR R Y 450 km, ARV R R
4 300 km. HLESEHZE 5 EAE 300~450km X [H] Y4
ATRER AT, B R A R S IR T 3% 4
RS E AT AL, B, 2 K A B R A Y,

Chin. J. Space Sci. =RAF %4/ 2018, 38(1)

HEICR FAH B DX 3851y F B 2 2 v B A B R B
SRR E S E S
4.4 FEEREIMREEL. BEIFENZN

I 3CAK [7, 15— 18] W[40, FIAAR RS ERE
BEA VIEC AE#H1THEERRS A, #
UL DL BORg B PRAE R IR g il SEFR LTy
BETIAN—TEWIRE, FEETSEUE . BHAKEL
RS B PRGBS LA VIEC 9 —30tEh B AR, (H 3R B
FI=R B STEC, Wi VIEC F| STEC §#H5E
B F 5 B B R 2 A DG B BT BB, AT
SETREENTE.

FER R[] A B 2 B B A T L B SR AR 2
B A AR ALET, HARERER VIEC M
EHE. F, SRR EEARA—KEIARRE
& VTEC AH% i 3 00 40 B 5 56 B g B0 8045 2]
B STEC 257 ZiRES|TE 5.

HZE 5 A, YERENREEEE S E S &

® 3 FTREFRSEERERNAMNESR (%)

Table 3

Relative differences (%) of modeling results under

different shell height

HACR A A R B km

AR/ _—_—
300 350 375 400 450
300 0.00 3.24 4.66 5.97 8.31 4.44
350 3.43 0.00 1.51 2.89 5.38 2.65
375 5.07 1.55 0.00 1.423 3.97 2.41
400 6.66 3.05 1.46 0.00 2.61 2.76
450 9.71 5.93 4.27 2.74 0.00 4.53
%4 TREESERESROEEE (%)
Table 4 Relative errors (%) of modeling results under
different shell heights
— FHUR 10 1/ i
300 350 375 400 450
300 0.00 1.35 1.97 2.56 3.64 1.90
350 1.34 0.00 0.61 1.19 2.26 1.08
375 1.94 0.61 0.00 0.58 1.64 0.95
400 2.51 1.18 0.57 0.00 1.06 1.06
450 3.54 2.22 1.62 1.05 0.00 1.69
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R = BEATI AR A3 AT TE 300~450 km 1 FEFE Y. HL
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FIAEER 450km FEAFFEH VIEC XA EE
o B LR R AR AL TR B PR AR I I AR RS T
6.

M3 6 A%, EEEEEN 450km B, FIH
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Ky 450 km [ RIRIHEL TR BE TP I AN ST R IR 22, 1
HARBMERBTIANIPARERE, AEREE
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FAHITES, IR m By 450 km (1) GIM $E#E17TH
B RS E VAR IR E WARER 6 HRNEHTT
WAL R 6 ", IEEEE R 450km By GIM
P AT L B AR B P S A — B B iR 2,
HEPr BRI i B 2 3 2 5 JE 5 450km AH 22 8

®5 BENESTEEBAREESEEMLSIANENRE (%)
Table 5 Relative errors (%) induced by shell height variation in

parameter fitting and model refinement

BRI S G SR (R TR B km
MERE /km 300 350 375 400 450
300 0.00 3.37 4.94 6.44 9.26
350 3.29 0.00 1.53 3.00 5.75
375 4.77 1.52 0.00 1.45 4.18
400 6.16 2.94 1.44 0.00 2.70
450 8.69 5.53 4.06 2.65 0.00

xR 6 SEREERFHEERSEA 450 km B
FREIFEEEXRE (%)
Table 6 Relative errors of accuracy assessments when the
shell height of reference data is 450 km (%)

—— AR TR B/ kom s
300 350 375 400 450
300 9.71 9.56 9.55 9.58 9.71 9.62
350 6.16 5.93 5.88 5.87 5.93 5.95
375 4.60 4.33 4.24 4.24 4.27 4.34
400 3.37 2.86 2.74 2.74 2.74 2.89
450 3.63 2.25 1.63 1.06 0.00 1.71
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i, BIANMIRERK. R K 300, 350, 375, 400,
450km Hy F B R BT B PEAG I S | AR E S
K 9.62%, 5.95%, 4.34%, 2.89%, 1.71%. HI, #47
FEEEVEAL B, B S S BN R RE R S R
H5MHTFE R EEHEANERSE -3

5 45

ST T B R R A B e A A R,
IET B EHE N X A0, i T EE R
7o B T e s S ) L S R R L B SR R
BT SRR 6] A B 22 o B o P B SR A 4 SR
2R HRE, DGR AR R & 2R
P T B R RS G . BADR AL DL TR B
TGRS ABIIRE. EBELRIT.

(1) BRARIERFITAL, BIAI BB R 2 e B e 1
FRMESERRE, HH B EER AT HE
B A P R AR IR L B RS R R B
—AFE N AL R AR BEAR Y, (HAME s I A A
—ANKBH I 3l JE B P TR B R I B R S A 2
A A B, L RIZIRR A Y RS
HE R B 300~450 km.

(2) HL B R s S B B R 2
o B I T BE b, H RE B 1 e A A 17 R
N, B R E R AR, R S A S
B B 22 B P B R VR N R 2 SR UL
BEREEmER, DEEERILAN 10° 0, L4 5 K
KERTE 3.2° L£A.

(3) MG R EERE BB EEE. T
A TR, R R AR, B
ML R BB 22 RO RBEBUL A 10° B
FIN 15.46% BiR2E. MUk, B EEE R EX
Bt bR BB A ST K.

(4) B R ERUR F 2 B S bR i R 2
SROEZ E A, G RAERER, SEE
BRI BRE, R EE RS E A2 A
MK TERERILAN 10° 0, g ER . &
RS AR Z R R BT 9.71%, 3.64%. I, HE
JEUE 2 e BE X B R A SR 22 R IR 2 5
LN

(5) SR HAIR] He B 2 E B 1 T B R AR 2
LA RS T, BIAMIREREE P& =82

Chin. J. Space Sci. =RAF %4/ 2018, 38(1)
SRR LESESILAR 10° i, 25
HRRHIE 9.26%. K AN[E BB R E R AR AT
BRI EIEE R, WaTIAN—EmiRE, BKH
K 9.62%. DRI, MRS EE R X B B R A fL
I B R RS Dl A — 2 B S

bk, METOREEN, FEXHEERER
R TR BRI B R NRERE R AT R R
B BRI, (B A2 Pl 2 e P VR IR e e B A AR
HHE R B O K U T RIS B R 8 T &
E. TEREZEBHHELT, RERRERN T ESGE
Bl DL B B R 2 AR X R R R
mALE ., BOEBGT RGN, R R AR,
TR o B R e AL, MR A T R g
JRE R R, X A B R A OR ] 5 S5 FL Y
FH RS E - E S . TR R PG,
IS R oAl e B BRI R & — B S5 .
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