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Abstract With the development of space systems toward autonomy and intelligence, the traditional

“space-sensed, ground-computed” model for space-environment support can no longer meet the needs of
real-time response and autonomous decision-making. Aiming at the urgent demand of satellite platforms
for real-time space-environment information, this study carries out an onboard-oriented reconstruction of
the autonomous global ionosphere-thermosphere coupled model GCITEM-IGGCAS. Focusing on three
major challenges encountered during in-orbit operation-system adaptability, computational efficiency,
and real-time performance-this work implements several key upgrades, including adaptation and robust-
ness enhancement of the operating environment, optimization of computational efficiency, and the cons-
truction of standardized data interfaces. Based on preserving the original physical core, the upgraded
model significantly improves operational robustness, computational efficiency, and dynamic responsive-
ness across diverse onboard platforms. Simulation results demonstrate that the model can stably output
key environmental parameters, such as thermospheric neutral density and ionospheric total electron con-
tent, whose spatial distributions are physically consistent. This indicates strong potential for providing
real-time environmental inputs for tasks such as autonomous orbit management and enhanced communi-
cation and navigation. The study offers a feasible pathway for transforming high-end scientific models in-

to intelligent onboard modules, and is of great significance for advancing “space-sensed, space-computed”

2026, 46(5)

capabilities.
Key words

Numerical simulation

0 5%

25 [ R P S s, EaE R A E . &
fil . AR R A RIRLAE S 2 4. B R SRR
Oy 2 T ) 30 s g, PR S AR A ok L I
i . AR AR L)Y 2 3 AR ERSE BAT e T
SO B 2 AR R (O 17 e B
A AR 2 TR AL S5 ROR M I, 248 “RIEU
BE7 (BRI A% . b Ak 2 454 A% PRI
LIRS | IS F T A S B, A ok 2 P 2 T
AR W TR A s TS PR B R O
T LR 7. S xR kA, 4 ) 2s ] PR A5 B
PREERECN “TRIFHIA” 1] “RIERIA” Wk, B EL
PRI, b B B 5 PR SCRFR 0 TR 22 |, B
Sy FE B A R R % R O B . Wed 257 ik
MR T TR RN A SO R AR, SR AR B TLA
I BLAERERS [ L 2L IR IR A A
PASE BB ST 148 4 2 LS e A A B . S
XA B SRR 2 —, 72 T R RS TE R P &5
FERFR IR RRAE | R RGS T Y R S (R B )
PR, Sy ) SRR SR AL SET | AR ARSI A

Rk B PR S B E R R A S T

Coupled ionosphere-thermosphere model, Tonosphere, Thermosphere,

B2 -2 2 R A S B O T E. EEE L,
LI TIEGCM, CTIP, GITM %5 J 0 52 it = 28 53 %4
HAER R, PIERHES H ot se e L e HIDEHE
o5 A FHATF AW EARE R ETIRE. JLai kK
(e % R 5 1 T o 2 —, R A
WL B2 AR 1 I o R e B R MR R S
A ENFETIR B T RS X
— At ZHERIHIE S E B EMPE A
A g bl 7 TR BB | SR
R A BRI AR = Y f B 52 U2 A 3 ) 2R A X
(GCITEM-IGGCAS), 4k T iAo Shtt, SR H s
AR bR ZR 5 AR bR, ELASPIEE F I L BRGS0
S, TN FH TS 2 2 R854 | Sl i K
A LIRS, S0UE T HAE R — kT SERMIF TR
AR

SR, L GCITEM-IGGCAS WK IA Seit
AR, ki, Ak SE I 2 BT ) b T
PR &, B2 Bhn 2RI et S
BPIEE RAB ARG . 5 HEG R E T R i A
FE——% AR EE ST . A7 DIFESS 52 ™45 BR
il TRV XHR A TE S8 47 e M sk =, e 1
I AR >k B T RS2 | Pk



EEW 5 B ZBARFENEE A AEBEBXAR

(1) REERESRE R, ERBIERSES
TR 2R 22, BHITPAS AR 300 A R R 119 G 1R A
B 5 PR R, ELHEREARIN 7 tH IRAHEAS PRIl [, A&
R A FB T EOR A B SR, TR 2R
B R i 2 B R (AN 22 ) N Al fig
B2/1% Q= N Ve (51 S AT B AN W 127 " ¢
NPT AR FEBUT 55 R

(2) IR RE . B AR AR A PR, s —
PR B A 2 RO oR 0 4 ) [ 4 it
A7 48, AR RE IR 475 JEOR R4 Bk P A i ) RS
FWMBERZER, SEOHE SRR RO G, MELL
B SR A R K.

(3) TARRAL S Sz e ot 11 . RHOIFAS 258 o L) B 2k
JraB AT, A O . TR K R AR
RUBEAE PR AT, ShAEICR BRI SR 5K 2
el (AR FH . HbRETEEL), 4R AT 55 TR i Ay
SERUN S, RN ZE B i A i 0 2 1 T E A

PRI, — A ) b SR AR S Ah R RS ik
A “TBRKIN IR 55 s 17 1 B 208 ne ik,
g A ] B AR RO A, T2 — I R Bk Ak L R
WO S R G e A TR B AT 55 e i R B TR
P i = KBk, S SE B AS [A] BRI 22 0K 5 5
B4 IR B AL AR G AL IR . LT Bk 550, AR SO X
BT 5 7 K, TS X GCITEM-IG-
GCAS B0 TR B o, IR THE TR
B R Gl B | LT RRLEE.

1 GCITEM-IGGCAS &=t

FE 25 [R] ) BRI 5T 40008, #A) HE BB A% B VA A
25 #0252 A H AR B BRI AR X FIRA
PRAGAZ X I 8 12 L 0T 28 KOk 2s AT o B
Tl 2 S0, o [ R 2 B i S5 5 3 BR W BRE 5 B T
WER=Y 5 i NS [EES A e N = e sy R
GCITEM-IGGCAS, 2 il i L 3R B} 2775 5K i 4
B =2 AR RUE LY & %8R B A X
90~600 km /& FEEE P, BEZE SMZEHE REN
AR S B T — R B E A S5 HLEL ST

ABEY LB A A T A TR . Ak
br R R BERE T MU B AL AR R 5 5 B AR R AR S B 1Y
2T P BHE A T PR VF 20k FH R g Ak

1263

PRI I 1 ot o AR AR AR ST T, R
i AN S B0 SR EL A T U P 4 g X
KR, BT HESREE . 25N BT K.
P23 (BB WO 5 T MERUAE K [ BEE T 4R N
T.5°(G L) x BO(LREE) XA M A2 e K RS Y
SRR A RRAE; ZETE L5 1), WOSR T e R
AR IR AR AT I AE g, MKHVZZY 3 km HAG
Ay ARG PE R R HYZ 30 km DL AYESHL SR, A
T PE R IF G B DX AR SO0 5 17 [ ef A A8 B AT
B . BERLR A BR 22 3 v A T It TR AR 43, 1t [a] 254K 58
WELE 2~5 min Z 8], 4 T WA BUER i R e
g, AR BN RS A A RS K K
STy )R i X 2 4y, TE TR BT 1), RO AR
FaCs b B, LS it aai e e MR .

TR A% O AE T4 L B2 -2 RGN 2 3
FRUEAT FVA RN A SR M. 7E45 8 KPR 5 . HomE 1 2h 55
HPERBR BN A5 S b I AR A, B AR Ak B N7 SR A
—H R, WA A S i SRR S AR
EES i KA Sy, SRR ARG shim R BB
T, R RS )5 FE B 4% 400 1 Sk 7 AR N Y 52 2
TR, NI H AR IR SR (F
LT RRIZWI I HX) A O, Oy, Ny S FEZ,
SAHIN('S), NO S5y IR A B0 B 40 A . Herbxd
et R e T s T AR B4 4, Bl N(C°D), SR
JRy e P A T B AL

FEEE TR R b BRI = S T
O Ay b B Ry A B, FLBU B A3 AR R AU A1k
SFUICIN, A S T UG T YT, S5
XA R RR G LA S Ex B RS s HLH] . Xt
F O™, NO443 T B 1L & N4k BB 1, LT
HA Ak 2E F5 4, R G2 A 5 %
JE, DLCFE R B R 1 i IRl R T R RCR. B
THEE &S THEZ Mg, ETIRESW, B
TR A — A E R Tk Rl R AL S
ST ERR S BE B R A T2 IR, TEASEAY i
o 5 14 1 S T PN 3 DA Syl el A A R 5 e
R i 43 1k 31 Jey i O, St AT A

hy SEER R R 2 5 H R R) Y R Bl g 2R R
GCITEM-IGGCAS #& T —/4 A R LRI ILgis
B2 & LA TIDM-IGGCAS-TIP. 24 He il ]
BEASF [R] 251135 21 Y 52 B 202 KU Al 28 2 i



1264

RACRE AR RE, DORTE H A AR X ki
WA HL 7 53 A BRIV 1) 55 25 TR TR, 3 XA
TR GG B X EEYL TR
TG E - RS 0 w2 X, H S A
H1 Weimer96 2k 4R (2!,

AR ) ] S A 57 2 TR ITORG B 04 SO0 4 B ik
Bz b H a7 K EUV Al
UV 45 5 58 20 (14 i 1 5 56l AR, AR 1) R BE D'
i EUVAC SR g g iz 0k R 636
T 1SR PR N L 13 MRS B T ROV M 114
WIROASAS B TR, T B 45 2R 408 A AL
JER S G 2 I e ST A RE R T I, AR
FOTET MR AGE A WSOKR FRAR I f2E RO A
Hom#h RS 2 M I se i, DL G
NO, O, CO, ER T ML MR FEWRE L.
RS 10 B St 3 AR R ) B AT R
RN

GCITEM-IGGCAS #5571 H. 28 X 4 BR v 25 2 -4
JE R A A B L AR AE By T S P A o 1 o
PIEE RAE ML E g 1, 5 MSIS, IRI % [H
PR IA R 2R BRI 15 2 B BB B — B, bk
W GCITEM-IGGCAS 1F i — A~ ¥ 3 AE 42 5¢
BB DT R BRI A AL, RN I R LA
Bl ) ST BEHE T4 ) R BUE SC 560 F- B, H4ad 5
TR A5 N A A ARG FLE—28 TR Ak, R Ay T )
E 45 [ PREE 18 75 2R A0l 55 AR A R B8 52 T I S (1 )
2R ELA.

2 AR FsA TR AR
i B R E

UNHT AT, GCITEM-IGGCAS #5278 b i1 BHF
W R RAF AT SRk 5 R G . AR, R
EHRE T GEIR . DUFE . AT SRV 2T 2R
B AT &, TG — FR 50 TR S )2 i ) 1R
PR B FasAT P B U T R A EER ST )
H5NAEARR, KIS T IMEFIRS T B0 B
FIBATRENE, B SReE 0 R B E R G S
ZRR TR, HLA HLA b B2 i A B8 1 AE
Ry RSP, A CRE A A S T FE A “PRBE R
K" R a4 T TR, AR50 H#E T T LA

Chin. J. Space Sci. =AFFFIR 2026, 46(5)

VAR YAk i N LS BT LTy N Y = RV W L AN |
PRy TR .
2.1 EBITHREERSREEME

J5 GCITEM-IGGCAS £ i1 JF % 5 I ik 2
T [ R RIS AR . i L& Risf e
01, BE TR ZHbis 173058, JUHZE Lin-
ux REV-H A MER. i RE B, HilS
W, ffpke 1 IR ACRSFEAS [F) i PR ds . RGUPE Mast T30
BT RARAPERE, B IE T NIRRT 7
H, B BARE 6 Egnik, SEE 5 HATRYIER
P R T B A2, XA 2 2R A For-
tran 1& 5 W4F A&, T AKX T Intel Visual Fortran
(IVF) 5 Gfortran PZE4miFeas, MIRAEAR R4 5
TRBE—sE S5t AR —E A E I
RIS, AT AT SR B8 T e , 24 s A A
oA B BRI IERT O A PR 24 AR G R 18T IR
Borm, B5E7E Windows 5 Linux BE RS T Y
SERE G PR S s ATk, Ho Linux G — 08 i
T x86 5 ARM MY AE L gidds . 12t Ry A
AN SLE ZE a7 ) TR AL A 308 ) JEht A0 TR

TESR T BUE RS e M T, B XA SE TR
DX A5 e 20 B M XA AUL IS T 8 1 A T B AN AR () f
S TR R AR SR FH A 5t XA AR A il
W XA, AR A — R B L AT g i i
FE, SRR X P B GE HG B READIORG B2 . B0 S U E A
DX 4 B b DX AT RE AP ok RSB R 35 ) A
X G| — ARG T BRI AT i st 1 A
J¥k. A AR ILTF Washington 22 5 AR LR g
UEHESL, FR U8 PRI 1 ey M 0 B 3 7 I 3 1
FRB X B S R A (OO R BB 7 5 AT a5 X )
Jit T S 5 8 - AL R LS AR ARE , TR BE /N
2 X S5l At FH R 55 A i Ab 3L DT AR B S A B
TR BE LG . WOHE IS B 5 e DR 4 Jm) BB AR T 1Y [
I, BEFH PRI A XOCHEY IR AE, 30 1 AT
SERIE ], FEE B 2w 4 XK A B ek
2.2 HEREMRLSIAEEZEONE

BHEFE IR REIL N ES, #IAEAE
A7 3505 2 W A S A v SIS R 7 SR A G TR
GCITEM-IGGCAS #ETER [ A7) 2R I 42 R [ 4
S, BT A Wy AR B AR T 48— R s TR] 2P (Al
B 5 min) HATHEDE 5 T8, BRI PR NE 2 B ff B



EEW 5 B ZBARFENEE A AEBEBXAR

Sy T, AR T R G0 AN [P B AR (0 R A ) R
EEFER, RHG— /NS 8 B R A
BRI, RS — MR AT eS| & Pt
BMATRE. MR —F &, ARBGETIA T 55
KA. FEA K& 0 b, Xt () i 1k 34 Sk R A s
AP RSB SR (AR TP R . TR
P R A3 B0 B A ) SR F A /N I B ) B K (sl A
2.5 min); 17 X Ak E) RS AH X 5K ) L S 2 AR R | H
Ik 3 B DS By B R o S B SR B N [ N
A OC RIS, R B KR B R B K (i A
10 min) AT, 7R BARSEE b, SR H] S 20 e R
W FERES R ES)Z s 12 DK, el e
IARFEIRA I /NE K HEE 20k Bk KB K Zi i
P ST P A i, ERNTR RS
HL Bl 2 L 3 KA R RIE I, S5 2 A4 e ] 4
ARG RIS T R BRI IR, A
ARG BRI N AR T AROR, i A
A BRGEE T (B R R R T OGRS
AL BOE SR, LR PC HLIREE T UEATRR X Hel
. FEIARECR 2 RFEE K, A Y B 18
H 5 min 2K et JFREACR SR, hiksh )
MEHCR A 2.5 min A, AU EBH . L8l ) 2E i
KA IR A 10 min K. 78 15 KABRBI
PR, R RAa TR 20 2000 s, i i Ris 1T
FEIT 2 1500 s, TSR 25%. 22Tt F 245
25 T 5 KA A H B )2 B RT3 AR AR VR 1Y)

B 1A FIs A7 2R AR % 4 W S i 9 25 1] A
BeaRsh ZHOF M . RIS E F R FH # Ak
S A B A AL R SE B 55 FR N, ARBIEE R
BT & T FRiEA Y SR B 1 B 3242 1 e L
TIEMW B , EARE RR S Sh A S R 2 B
P P R G B (A 0 S A B S 19 25 (R AR 43X
Se ki A\ S0 T AL S S WK B 48 S SR 1) 10.7 cm
S FE (BIRHE Floq & 81 KFY Fioqa), FfiFH
TG TG S KF- B HBREHEE Ap, LASSCHERY R FH XS 4L
(RBHRGER L | 17 BB s it it 5, Ji Tl A
). 2 AR G TR AL fR T L WAL EE (0
FF R AT 470 1 TR A ), D A 3 4 U A0
RS, AR LS NREE O SR sh A U 4
HEAY S A BT S 23 (R A AR . SR A SO

1265

B[] 0 BERALEE Fio7 (1.d). Frora (1d). HIRETEEK
Ap (3 ) LR AT iy s i [a] 43 B R R B XS AL (G —
K 10 min ZpF858). $2 FUB AR AN R] 204 32
AE R B 220 P i A S B501EL, Y T 220 I XoF o L
i, T00R FH i SR BB 7 2R BRI B 2 i A 2
B X TR BH XU Bl 2k 1 B0, 8 SR T 2 i
Ap F8BOR 5 Z VE L iy 3L AU AT B PR ARHE 4, 9K 3
Weimer96 £ 305 AU A7 = 25 L 1105 1803 A 1
& Weimer96 #5255 th A #) 35 L S5 S it & X
(1) Ap H8 O I A 56 F S5 R RE DT DR e e 2 3K
SR ESE S Y — . X EE BN
AEEHL ) SO A5 K B 1) o B A R LR A R B e
B AL PR A O — .

gi bopradk, mm R L aE ATk, AR X
GCITEM-IGGCAS KL S 1 — R 51 K5 i
XL R ik S B N A, TR SRR T 32
I, % 1P Re e M G Bk SRR IR . i P
WEFCNE T s TR, R KR T A
fE, B s DO T ISR AR . X 2 TR
(A — RS BRI R A, A 72 Ay T S R 38 AR
R B e et 50 R E AR E R
HIFEAE SR BE T & LIRS B8 26 T IR 5L
() AR BEA.

3 i ey S

23 LIRGSEVE | 1E BC M AR A 1 T ARk
i, GCITEM-IGGCAS #2254 8 — A R T [n]
WERAT 55 2K L B A ROGHEEZS R R BE 5 it 1) 1TSS
Yo, AR IR T T AR M7 AIROK P
A E T ARERC LA S . i Hh SR A T P
KA A B M S5, P2 hHE R E S H
BZ BT R (TEC), Has i il 548
A — SRR L5

& 1 45 2010 4EF4) 00:00 UT £ 346 km 75 &
Qb 4 TR AR TP o R % KO o A AL A
e AR KBS s 4 Fipr = 84 sfu, Fior o = 81 sfu
(1 sfu= 10 W-m >Hz '), MR F# 5 1F Ap = 0.
18R T K PRER TR0 32 5 0 25 (] S A 4540 78
H R &K, KB M S 8O0k, i
T BRI A R KA AR E] P8R, R 2L



1266

a6, LW AR S R KRR R
TR J R AR ST ama s, HoE MR e S5 C oA ) B
IR B 20 2 B MR 2 SRR AT I R, Bl
T JE AR Z LR R ) B S PR Y, B AR
PRI i DAR AR R TPNUE- % S

P 2 25 AR 2600 T B0 A Bk B )2 TEC 3 A1

90

45 WA IaAN .......

Latitude / (°)
f=)

0 90 180
Longitude / (°)

Chin. J. Space Sci. ZRFFF/ 2026, 46(5)

P 2 F g 5 AR 2 o8 PR A T 1 2 A 0 4
TH 5 BEE, XOETRIE Ex B T HIEAS N WSO
A ELULAR B [RIIRE, A P 52 7 S 300 F) Je A o
e, B TEC {E8E S TR, HEt it 5 e ay
HA A 2 [ b 2 R 22 S B A5 SRR AT i IS
i e AR Y L = L B e e Sl sty

Mass density / (kg'm )
45 (x10™1)

270 360

P 1 346 km g A AT 32 P AL i 5 E 40 A1
Fig. 1 Neutral mass density distribution in the thermosphere at approximately 346 km altitude

90

45 UMSESEBRRRSRUAR iy AN

Latitude / (°)
)

0 90 180

TEC / TECU
24

22
20
18
16
,,,,,,,,,,,,,, 14

12

10

270 360

Longitude / (°)

K2 HERERT

& (TEC) 435

Fig. 2 Total Electron Content (TEC) distribution in the ionosphere



EEW 5 B ZBARFENEE A AEBEBXAR

EH, RERST™ S A Lo AL ) riL 25 2

e Je AR e i % 5 TEC Y, f RS
PRAC R A 3 PR 5 8 e D SR BT R B PR 2R A% 0
fF R,

(1) WRAE [ EHGEE . 20 PR 32
PEREY (WIRL 1) AR LRSSy AT H
BB S TR O A RS, TR
G H AL B - 2R 40 T SRS SR TR A Bk
FEAEAR, M A A BB S5 5 s 1 s BIL-S5 AR
FE, FXHE T 55 F5 i S 23 (BB i IXURS: 1A 7 T4
SEEE M S Sl A M E S S R 1 3 ) A

(2) $84 35 38 15 AL RE . WS A A0 2Bk TEC /A
(WLIE 2) S B FIfE 5 ARGt 1O S
P B FEILEERN L, Bb /B R A v] ShAS Pk AE s
SR E GNSS UL AT AL 1) 28R A% 1E
i, WA R R, PR B ERS
I T) [R) A (AR B, i D ok i T 2R 8 A4 RS

AR AL R B AL MR 3 11, Sl
SEEFORRH . bR SR SN E TG 2SR, SEEL T N LR
R B AR 2 B SR ) A 55 110 G BT

Ry ilt— L B TE G R A LI RE 77, X HLKE
Himth 2558 5 MSIS £ 5 | TIEGCM K& WAC-
OM-X % [ Br F U AT T W 2EX) b, S5 %0,
P J AR T 2 Hh PR 28 B (RS AU 2 SR T MISIS
BEAY: X B R IS R S TIEGCM, WACCM-X
SR Y. X B0 s e A AR R R S PR 1Y
s, AR RE 715 B 32 Al ¥ [F]— K1
4 g5

BEE B2 BT 5 N TSR, X ARk B )
~HZ AR GCITEM-IGGCAS 520 T — Z 512
. WFE TAER SR N, RE TR 1ig
TRt | BRORE 1 2R B3 e M B siee = R TR Bk
. TS T IR E B S A T TR
Bk R S D KRB BOR, Ak 1 3 B IR
FHZEE 38 A i S e 2 1, (AR LA T i i
A M RE ). 25 R, o 5 R et
R 7 AR E e i S i B2 TEC 4 B A B T
RN HOME R SR B2 A2 SR, H -
JEBR A BRI BRZE R . bR i AR B Al Y

1267

FHIFI TR, P15 R ] TSR e DR A
PR A PRI RO A B, Sy “RIBKF” BB 958
BUERAIE TR, O S A (R PR A B R ) A2 I
TARRRR T — 2 ATk L.

BB WA MRS Y.
FIBWR A EE IS PR 25 b5

S 3k

[1] HUANG Jin, CHANG Liang, DONG Baiyang, et al. Deve-
lopment on space environment and its dynamic and
thermal problems of ultra-LEO satellites[J]. Chinese Jour-
nal of Space Science, 2023, 43(4): 7T11-723 (¥, 5%, #
645, 5. IR TR A2 RIPR Rk KR ) 2 5 s e
(M R ). ZsIARleEeA, 2023, 43(4): 711-723)

[2] BERGER T E, DOMINIQUE M, LUCAS G, et al. The
thermosphere is a drag: the 2022 Starlink incident and the
threat of geomagnetic storms to low Earth orbit space ope-
rations[J]. Space Weather, 2023, 21(3): ¢2022SW003330

[3] BLANCHFIELD E J, CARTER B A, CURRIE J L, et al.
Thermospheric density disturbances during the 2015 St.
Patrick’s Day geomagnetic storm: model-observation com-
parisons and analysis of intense polar density spikes[J].
Space Weather, 2025, 23(10): ¢2025SW004472

[4) ZHANG Y L, DANDENAULT P B, PAXTON L J, et al.
Variability in the thermospheric neutral mass density: a
multiple model comparison[J]. Journal of Atmospheric and
Solar-Terrestrial Physics, 2025, 277: 106630

[5] GUO Y, ZHANG X H, GUO F, et al. Performance analys-
is of NRLMSIS 2.1 thermospheric mass density model us-
ing GRACE-A and SWARM-C observations[J]. Advances
in Space Research, 2024, 74(5): 2475-2491

[6] FANG T W, KUBARYK A, GOLDSTEIN D, et al. Space
weather environment during the SpaceX starlink satellite
loss in February 2022[J]. Space Weather, 2022, 20(11):
€2022SW003193

(7] B REITE BFEEEY, ihARRE#H IS [N/OL). H
[EBL2=H2, 2025-01-01[2025-12-24]. https://news.sciencenet.
cn/htmlnews/2024/12/536454.shtm

8] DU, X H 5. B TRARE A R B0A
TF7[N/OL]. HEA} £, 2025-11-27 [2025-12-24]. https://
paper.sciencenet.cn/htmlnews/2025/11/555780.shtm

[9] RICHMOND A D, RIDLEY E C, ROBLE R G. A thermo-
sphere/ionosphere general circulation model with coupled
electrodynamics[J]. Geophysical Research Letters, 1992,
19(6): 601-604

[10] FULLER-ROWELL T J, REES D, QUEGAN S, et al. In-
teractions between neutral thermospheric composition and
the polar ionosphere using a coupled ionosphere-thermo-

sphere model[J]. Journal of Geophysical Research: Space


https://doi.org/10.11728/cjss2023.04.2022-0010
https://doi.org/10.11728/cjss2023.04.2022-0010
https://doi.org/10.11728/cjss2023.04.2022-0010
https://doi.org/10.11728/cjss2023.04.2022-0010
https://doi.org/10.1029/2022SW003330
https://doi.org/10.1029/2025SW004472
https://doi.org/10.1016/j.jastp.2025.106630
https://doi.org/10.1016/j.jastp.2025.106630
https://doi.org/10.1016/j.jastp.2025.106630
https://doi.org/10.1016/j.jastp.2025.106630
https://doi.org/10.1016/j.asr.2024.05.063
https://doi.org/10.1016/j.asr.2024.05.063
https://doi.org/10.1029/2022SW003193
https://news.sciencenet.cn/htmlnews/2024/12/536454.shtm
https://news.sciencenet.cn/htmlnews/2024/12/536454.shtm
https://paper.sciencenet.cn/htmlnews/2025/11/555780.shtm
https://paper.sciencenet.cn/htmlnews/2025/11/555780.shtm
https://doi.org/10.1029/92GL00401
https://doi.org/10.1029/JA092iA07p07744
https://doi.org/10.1029/JA092iA07p07744
https://doi.org/10.1029/JA092iA07p07744
https://doi.org/10.1029/JA092iA07p07744

1268

[11]

[12]

[13]

(14]

[15]

[16]

(17]

(18]

Physics, 1987, 92(AT): 7744-7748

RIDLEY A J, DENG Y, TOTH G. The global ionosphere-
thermosphere model[J]. Journal of Atmospheric and Solar-
Terrestrial Physics, 2006, 68(8): 839-864

GAO Ming, XIAO Zuo. A physical model of ionosphere for
low latitudes and its’ applications in discussions of F; val-
ley formation[J]. Chinese Journal of Space Science, 1992,
12(4): 287-297 (mi$h, M. — b g 2 4y SR B R H AE
Fy & KIE RS PN (7). 25 [ RE23], 1992, 12(4):
287-297)

WANG Jingsong, XIAO Zuo. Time-dependent ionosphere
model in meridian plane and its boundary conditions[J].
Chinese Journal of Geophysics, 1999, 42(1): 18-29 (EZh#x,
AR T4 TP I 7 H B SRR R S AR (). s BRI
224z, 1999, 42(1): 18-29)

XIAO Z, WANG J S. Thermospheric circulation model in
meridian plane (I)-storm time variations in thermal status
and circulation[J]. Science in China Series E: Technologic-
al Sciences, 2000, 43(6): 577-585

LEI J H, LIU L. B, WAN W X, et al. Model results for the
ionospheric lower transition height over mid-latitude[J].
Annales Geophysicae, 2004, 22(6): 2037-2045

LEI J H, LIU L B, LUAN X L, et al. Model study on neut-
ral winds in the ionospheric F-region and comparison with
the equivalent winds derived from the Wuhan ionosonde
data[J]. Terrestrial, Atmospheric and Oceanic Sciences,
2003, 14(1): 1-12

YUE X A, WAN W X, LIU L B, et al. Development of a
middle and low latitude theoretical ionospheric model and
an observation system data assimilation experiment[J].
Chinese Science Bulletin, 2008, 53(1): 94-101

REN Zhipeng. Upper atmosphere modeling: from earth to
planet[J]. Chinese Science Bulletin, 2020, 65(14): 1320-1335

(19]

[20]

21]

(22]

(23]

Chin. J. Space Sci. =AFFFIR 2026, 46(5)
(PN, )R R/ MR BIAT AL [J]. Bla=iddiz, 2020,
65(14): 1320-1335)

REN Z P, WAN W X, LIU L B. GCITEM-IGGCAS: a
new global coupled ionosphere-thermosphere-electrodynam-
ics model[J]. Journal of Atmospheric and Solar-Terrestrial
Physics, 2009, 71(17/18): 2064-2076

REN Z P, WAN W X, WEL Y, et al. A theoretical model
for mid- and low-latitude ionospheric electric fields in rea-
listic geomagnetic fields[J]. Chinese Science Bulletin, 2008,
53(24): 3883-3890

WEIMER D R. A flexible, IMF dependent model of high-
latitude electric potentials having “space weather” applica-
tions[J]. Geophysical Research Letters, 1996, 23(18): 2549-
2552

RICHARDS P G, FENNELLY J A, TORR D G. EUVAC:
a solar EUV flux model for aeronomic calculations[J].
Journal of Geophysical Research: Space Physics, 1994,
99(A5): 8981-8992

WASHINGTON W M, WILLIAMSON D L. A description
of the NCAR global circulation models[M]//CHANG J.
General Circulation Models of the Atmosphere. New York:
Academic Press, 1977: 111-172

EE RN

EEm GEEIEE) 9, 19824F
10 A A FRMA BT, 300 o E R
I 155 5 R FRAF I A AT 0L, AR S
Ui, BRSO HhER /1T R R
FERAERAE.

E-mail: zpren@mail.iggcas.ac.cn


https://doi.org/10.1029/JA092iA07p07744
https://doi.org/10.1016/j.jastp.2006.01.008
https://doi.org/10.1016/j.jastp.2006.01.008
https://doi.org/10.1016/j.jastp.2006.01.008
https://doi.org/10.3321/j.issn:0001-5733.1999.01.003
https://doi.org/10.3321/j.issn:0001-5733.1999.01.003
https://doi.org/10.3321/j.issn:0001-5733.1999.01.003
https://doi.org/10.5194/angeo-22-2037-2004
https://doi.org/10.3319/tao.2003.14.1.1(a)
https://doi.org/10.1007/s11434-007-0462-z
https://doi.org/10.1360/TB-2019-0803
https://doi.org/10.1360/TB-2019-0803
https://doi.org/10.1016/j.jastp.2009.09.015
https://doi.org/10.1016/j.jastp.2009.09.015
https://doi.org/10.1016/j.jastp.2009.09.015
https://doi.org/10.1016/j.jastp.2009.09.015
https://doi.org/10.1007/s11434-008-0404-4
https://doi.org/10.1029/96GL02255
https://doi.org/10.1029/94JA00518
https://doi.org/10.1029/94JA00518
https://doi.org/10.1029/94JA00518
https://doi.org/10.1029/94JA00518
mailto:zpren@mail.iggcas.ac.cn

	0 引言
	1 GCITEM-IGGCAS模式
	2 面向星上运行需求的模式适配性改造
	2.1 运行环境适配与稳定性加固
	2.2 计算效率优化与实时数据接口构建

	3 改造后模式的输出结果
	4 结论
	医学伦理
	利益冲突
	参考文献

