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TFRET4F e, Bl 16 MG, R
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(723 [ PRBE 0 ) 2%, ok as PG () . JCER
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. K, M S5EESES8, BEAZRRKRTYS
PR BCABR S o E SOl B, A0 R IR AR,
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eSO 2, I O R ST E L, A
KUY TN 1 LIRS 5 i 58 AE R AR (Zhang 55,
2011), KRBT R RIS HRL .
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1983), st — WL T b 2RI Y 12
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Atmosphere Research Satellite) (Reber, 1993) . #4
J&— 8 2 — b a] JZ BE M B J) o LA TIMED
(Thermosphere Tonosphere Mesosphere Energetic and
Dynamics) (Yee 5§, 2003) MHLEZEZHERT
/2 ICON (Ionospheric Connection Explorer satellite)
(Immel 5%, 2018) L TTHT i )2 KRNI+
R AR ZE ER, SR s R R sl
SOt A R P A o i TR TR

T ) R g 2 R AR R, T b i )2 R
WM, ASCRGMELZEAR T H AT )2 RAR
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8 5 TP R Bl AR W Ik K A e 1 5 A R O
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7 CO,7E 15 um I BEAYLL AN BTG, S8 a2
TRk B i v B A RIS, B v () R TR B
AME OBERF 45, 2013). v a)J2 T A9 5 B 5 iR
R K, FESEESETAEL, K
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Fig. 1 1976 US standard atmospheric temperature profile
(US Standard Atmosphere, 1976)
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TFEHERFHERT) EHT, 230 THET
(N,, 0,, O%) HHEENEETFSHMBET, &E
B 3% 60—1000 km JEFE, BPAL )2 X4, Qi 2 ir
TNo MR TECRR, MR BRI B ZEH DX
(60—90 km)., EX (90—140km) LIXFIX (140—
500 5% 1000 km) o A SCHTHT R 2 KA EA
FEHEZED X5 E X, ZIX I EE RN
F KPR SME S X TR R, R, JEsh B
EREIE, DXKNAEFSHETFES, DXIHA.
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Fig. 2 lonospheric electron density and predominant ion
populations (Fuller-Rowell and Tim, 1999)
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2.2.1 USSA1976 5%

ST AR R ST R 1976 4F 35 [ bk 1 KSR
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NRLMSISE (US Naval Research Laboratory Mass
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KA h R F SR = e i, TR 2.0 il
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PR, A ] 50 EAE S . R FHIE Sh iR .
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2.2.3 HWMKF K37 R 5

HWM (Horizonal Wind Model) 7K X137 & 1]
BRI G T DA . K. MERRSEHIE, e
25 Y KT 2 2 42 4 Bk K SKF R
(B

FIE HWMS7 5 R (Hedin %5, 1988) ik
BN REHEEH DA AE-E (Atmospheric Explorer—E)
S5 122 R EZE T2 DE2 (Dynamics Explorer—Z)
WL EC G, HAEREA 220 km KA ERYRIZ K, AHE
B B, BIRAL T G B K T SR A
SRk, BB 55 AN 2 LA S 80 K BH S o JE 40
BN, HWMOO #5581 (Hedin 25, 1991) Wik — 3
254G 7 M T 6300 R kA L —H1% (Fabry—Pérot,
FP) AL (~250 km) FIEHEMTHUS L (90—
400 km) WLIACHE , Kr HWM AL ALY 2 100 km,
IEALHE T RO LA K K BH 3% 3 R 3 A .
HWM93 (Hedin%:, 1996) ZkififinA T i 45 ik
M EEE (75—110 km) s . Ko kRS
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78 0—35 km DX, AEAYFH] T 5 [ [ 58 2R 5
Fuls (NCEP) 44EGETH45AL, AR HWM B
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HWMO7 &5 (Drob %, 2008) i 1 st
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RERZZh IR e IR) . HOBEAL S | S E . HLRETE oh

BECN NI P 3 L ERSER . A HWM 14
(Drob 5%, 2015) WIHTHE 1 2518 5 a3 X 630 nm
P FP A0 s 80l DA K b3k T ) 37 i v
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JERAATIEAREH
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e 2R S s 20234E8 ., PE FY-3F &
FEHCER A R G R AR AL — I 34/ K iE OMS-L/N
(Ozone Monitoring Suite — Limb/Nadir) #frr, R

RAIRAFTAIFL

T VVEANR N T AR H AR Gk v e 2 R
F1 FEEASHEZRNHFTNIE

Table 1 Satellites for middle and upper atmosphere observation

TESEMMEE . B R 5, T2
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U N B 3 s o

TE SEFTH ] LRI FR R 2 AR 1155 Bz
RSB TOMS
NIMBUS—7 1978-10—  FEHLEHUGE S 941 km, imi KBS IEESMBSDEI I SBUV/L;  BRIAICHE MR g Ak
1994-10 954 km; LB 99° U2 A R B SAM 11 18 47 T B
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7025 |2 AR s =y & ‘_@ @ N N
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KA FIAEHIE , = B 800 km ; Uik fii
£198°; T S Fi it 8200 kg, A Rz
fif 2050 kg, ZEFIRF 26 mx10 mx5 m

BUIE R 705 km; BB 47 98.2°;
FHAE I E] 1345415 min
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560 km A B E A HUE | i 55 E]
BT E] 21: 00 55T SO0kg
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5 IR TS K SIRML MIPAS;
KAGEM B AG WO SCTA-
MACHY;

B MR oMI;

AT HER B 1 2B D
HIRDLS;
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B BRI TOU;
LA BLA TR LRI SBUS

KA AR ELIL OMPS

LB e 4 PRI B R AR T
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BT VM

SRR FUV;

W MG EUV
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SE 51 G B S A B — KRR 4
OMS-N/L

Ph BRI
PRBEWEI TS b Bk 2% 1 Ak

AR AT EELE L, A A 1
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Fig. 3 Nadir, limb and occultation observation(Zhang et al., 2007)

RPN 4 X v by R 3R 1T R AT UL, e s
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LML BB 22 5 4 A2 DL i ol e ) 2
R (R ECTA) #5576 20 kORI
AR AR SRR, W TR R AUZ Y I
JE RISy, AT AR 2 L A A
Rk, (HszBRTREEMAR, s, HARCEH
OREEARA s LI U 25 5 P I, R i
BRORRZ B S X B, 38 5 0 R R A R A
M AL A SR BE 5 R OB AN b, B T R M
M E A HR MR UBL SR, L F LR
RS Rl

31 RERN

TR LI 24 A 3 o ] T L = 5 A I SR
BERABRAAE S8, W PRKe, i
i 4B S AP EA LD AP A B B G Rk AR, al gk
— L AT SR RO AR IO R B R AU L, H
B4 HE R AL, NIMBUS-7 LR # # K5
] &AM IS AL SBUV  (Solar Backscatter Ultraviolet )
(Heath 55, 1975), Jdid K P58 AL 48 IR B FOK A
Hi IR Y 58 SN AR B S a1 U, B E O, R HE B3 AT .
BtiJo . 55 AR SBUV2H52 T NOAA R A,
DA 5591 0,28 1k

1995 AF WM ALK Joy A Y ERS-2 TLAE |, 3%
T R AWML GOME (Global Ozone Monitoring
Experiment ) (Burrows %%, 1999), M K< 240—

790 nm P KT BRI S BER O 0.2—
2.4 nm, H BT SSSE W O, LA K FE XTI 2 AP
)z R A AL E T B W AR AR, W
NO,. BrO. OCIO 180,54k /3, 4845 0,15
ey b, FEHPEFRILS kme GOME J5 L4548 T
MetopA/B/C 1L & (Callies %, 2000; Munro % ,
2016), FREefft O, B A

200446 A, Aura DEKFI AR, #HHRA
WAL OMI (Ozone Monitoring Instrument) (Dobber
5 2006; Schenkeveld%$, 2017), &AL TAE
AR 174E. OMI EZE 4k H SBUV 5 TOMS #5645, K
FHRIEAZA, KL F 270—500 nm, Y35
BER K 0.5 nm, IS E RO A S . O, 3 B
. UVBi & . NO,#H & &L K& SO, BrO, CH,0
5 Cl0, %45 B (Kleipool %5, 2022).

HE K = SRS TR FY-3A/B/C #5#
T REFEHIHEMIY SBUS (Solar Backscatter Ultraviolet
Sounder) , | F A FHEE A1 5 1) B AR SR KSR
AL (BEEAE 4, 2008), JFH 5 NOAA/SBUV2
S AT X LA, R I SBUS [ 45 RAE L
B BE SR AR i 25 7 43 R AE£10% Z (6], #5532 AH
X 2515 B £15% (BUE A 58, 2010) . 2023 4F K
BRI FY-3F & I, #8850 R R AR
TEMAL OMS-N,  $ A4t 5= 636 43 W i) 52 A0 21 T I
VG B bR B T, GRS B 0.5—1 nm, %S
] 3 98 2] 35 7 kmx7 km, A RS B0 R U K < 0,
SO,. NO,ERIK O, 3T EE
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32 WEWRN A SHESE L% (JPL) SAEATER L R T

CHERT MRS, dEE T8, R
SCEE AN RARAE I — > KAR 5 W 2 2 1) 38
b A I RO AR O AL . 20 THEAD 60 AFEAR,
Tk AE RO (Radio Occultation) 3 ARNE N E3)
PR B, A0S — ol 20 2 JBOWR I B2 AR, A 4l 47
BEESSKAEYMEEZ AR, @i KRR
HEAT K- U0 1 345 1 BB 2 (5 B (Fjeldbo 4
1971; Spilker, 1978). i%4% A d5e FLh FH F X k2
KAWBE5E, 75 TE/BERIIHE, BE. R
FE R, 9 A5 RSB, 56 [ S 3H 4 R A

ROFIAR M LIS, BEE T2 KA Ty ik iy J
fili (Fjeldbo #1 Eshleman, 1968). HIF¥f RO HA
I FH T b 3RO AR A 2 56 [ ) GPS/MET 5 H
ZIH I R — O O TR, RS ERER GPS
BEES, BREEZ250 K MHEF1:, Mika]
FFLE 1—2 min LI . 2300 H 15 FH GPS-RO #
AR BRI B R, R T GPS i & %0k}
MIMERTE, A2 GNSSHE R H AR E LK%
(Yunck %5, 2000). #2%51% 7 FHFr RO KSIE
W ff

%2 ERELFIELLBEERSKFENHL
Table 2 Major international radio occultation atmospheric sounding loads
T
S
CHAMP COSMIC £ 41 MetOp 51 Kz Z251
[ 5 A X ] AP ESEA el SR
20134 (FY-3C)
2006 4F (MetOp-A) .
st [ 2000 4F 2006@(905"“'9_” 20124 (MetOp-B) 20174(FY-3D)
20194 (COSMIC-2) 20184 (MetOp—C) 2021 4 (FY-3E)
A Metlp 2023 4F (FY-3G/F)
. BlackJack GPS it 2 GRAS#E A
A BeehL e e CNOS
YN A KA R R KAYTHZ B R, KRR R KA G2 R R
R i 2k S TRPE R JE LR AR B R RS BR A MRRE R B Lk A
PRI v 0—50 km 0—60 km 0—50 km 0—50 km
ECMWF X L2 0 LA E AR 582 SR AR HLPT 58 R A ECMWF X LU 56 5 i A o O 25
ZNT 1 KREMZETE 1.5 A4)10—  fiZErii2E ] 1.5%—4.3%, ECMWFXSIL,8—25km 7£25 km LA N 7E 2% LAY, IR EE L
SRS 35 km YU BN RTFERE W2/ T R EIRERAXHEE SR PrPRMERERZETE 030 km ARUEMRIZE/N T2 K, 30 km
0.4 K, REFEHME/NT 0.5% RN 1.3—2.2K 10%— 1% LN (Zus%,2011) DL EARHERZE K T2 KB 4,
(Wickert % ,2001 ; Wickert 25,2004 ) 15% (fFt 45 ,2022) 2015)
M EHITPER 0.5—1.5 km 50 m 20—100 m 150—300 m
IS HER JLETRES JUE TARAER 300 km 300 km

75 [ Pk 5/ T K fif CHAMP  (Challenging
Minisatellite Payload) F20004F7 H 15 H 7E4& 2 1
KETTEAS, EAEEE R 454 km (RIS, EEAT
55 Je 3 M BRE Sy g MR S R, HER R 2
PR 2 FLR AT 55 o %3R8 A BlackJack GPS
WCHL, AHECHE GPS/MET £ 5 715 % i, &R
WA BRI 250 N RAEHE RS, HAE A ORI T
GPS RO B AR FI 3k KA A B AR K
e (Wickert %, 2001) .,

FH 26 E A E A G AE R TR CoSMIC 241
TR R TR AL T vk, T L ERIIAT 55,
KA o B 35424 1000—20001~, COSMIC-17E
2020 4E IE B &, COSMIC-2 s B a4 & 1
GPS Fl GLONASS {55 3 #F (Weiss 5, 2022), A

RARTE T HE R E R, X BUER AR . KA
SR TR B R AT (Anthes 55, 2008) .

Wi YN 50 %5 T3 AL Metop 22971 43 91 T 2006 4F
20124FRI20184F A2 0 R, e RS R 15 545k
#%¥ GRAS (GNSS Receiver for Atmospheric Sounding) ,
HE— 20w T BB WL R U (E S Y AR O AR
BRI ECR, A GRAS i 2 LA K Ak
BRI 600 YO R L, & 1 BUE K TR R4
(Montenbruck 2%, 2008) .

rh [ R ORI TR 4G T 21 28,
20134F9 4 23 H FY-3C AR LRI & 5T,
H R AR TN T2 2 UL GNOS  (Global
Navigation Satellite System Occultation Sounder) , E

S E AW GPS (S AL 2 M TR R G E Tt
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FFHE LI, 0 T X GPS 15 5 s, ) el 43
SRIEAIRIIGE ST, RIFFHEREE (Open-loop) £
A, BREAESENEME1—2 km, BT S =%
R Y41 FY-3C, FY-3D #& £ GNOS-T I £ M A,
FY-3E. FY-3F fll FY-3G #& # GNOS-11 R FR MY
A AKX R PR KA i 3 . RV .
AR KA S R UEA TN o, R R
TR RN A M D AR RS B L T L MR
PRt

R JC 2k R A A P R i SRR B L IR
AT BAL, AN A AR IR SR M T
B EEAEM, Wl H/ RS A RO,
W A AR T i B3 A S Bl L R TR RO AR 4 i 2K
PSR cE O & DU Uy TS I /i =S 29 b
LS SAM 11 (Stratospheric Aerosol Measurement )
T NIMBUS-7 AL, Al 7E H 1A H 7% Hi R 042
i M BR RS2 I —/NER oy K FH 6Lk, S i 3R L
U 2 RN O = T AR IR . SAGE 153k T
ERBS BA, FIHKRHIEERA, RBCH B
0,. NO,F1H,0 Bk (McCormick, 1987), Zik
#1035 AR RS SAGE 111 5 28 T Meteor-3M /2,
2017 S — A # F E PR a5 A3 (Kovilakam 5%
2023), PR TATLLANX IR RE Sy, B0 TR
EARREZERM , IfHrH A BRI AR, W
RIS N Z WA, #58T UARS DEMK R
5 5 525 HALOE  (Halogen Occultation Experiment )
SRR PHAE OIS, ] ) A5 31 vp s 2 K
S BEELL &% 0,. HCl. HF. CH,. H,0. NO. NO,
GRS R E G, FEHPER R 1.6 km
(GrooB #l Russell IIT, 2005). H Z< 5k BRALM T
B ADEOS I #5 35 19 g2k Bl 10 K S AL AR TLAS
(Improved Limb Atmospheric Spectrometer) [fi] F£ 2K
FHR B LRI, I O,— A I B RSl
B, R EHT AR B A RZ IR A . BR
MEH . A% IR, 20024, ENVISAT T EHE#H
A PRE 2 2 B AR GOMOS (Global Ozone
(Kyrtil"c‘i =
2004), Z#RA A UV/VISINIR YEHIPEIEAL, R FH1E
B, WEREMPEZ0,. NO,. NO,.
SIEHFERI ST, FBOh &R RRIRE . R
ERAAE, T E PN 1.7 km, KO HERY
300 km, T8 0/ AE R SR T, SR 4E T
R KA I o R L, (HAZ IR T R S

Monitoring by Occultation of Stars)

KABIARR, B
3.3 i m

e 33 R0 280 A 285 5 17 DR JYG WL v 1 2 3 B o8
DA K A B LN o e O3 BRSO AL, 8 R R
o 2 R AR EE L X3 DA B R 3 4 Y
FEB.
331 RUugEm

I Ry A v 57 2 R A8 g S AR 1 B
ZH, AN A A D 3R R R A8 6 1 Bl
KAz 35 il BE AR 7 A 1 223 RS e 5 4
PR, 0BT T UL R £ Ty e i G IR
RS RGER A SE . £33 T IBE )R
KRAENGHEI 07 o A 700534 Al D63
W, HETTERUZ AT w2 AR 2 2
R TWOLIEHEAR, KRA FP T WML 5E /K i
(Michelson) ¥ LA K 2238 M AE X FR 25 ] A 25 1
WX DASH (Doppler Asymmetric Spatial Heterodyne)
MBI, BHEA ECHE R mA AL R U
FiE il AR A (B 45, 2017; # 5F, 2024).
FP I X ARG R i 2, (HAZ 8 I ELLRE 58,
HAREH XT38 T 22K M o Michelson T-#4Y
el T FP T AO 1 T2 M2k, Al LA
PO HE AR mOGE & 5FEW L, {H Michelson T
VO AR DU 20 AR 7 325 S B, R AR AR AR 57 AN [R] 1)
AME T PP AT RO TR, XRPAILARAS F RN R T 2
ZORER, AEONEZR (K 2%, 2022).

$& 2% T UARS A& & HRDI Y #% (Hays 45 ,
1993) Z&E G Pz, hEZEMEHRE (10—
120 km) 7K XU BB B4, O — B TR
FEHECT UARS TR 1 XU 4 WINDIT DU 4450
EZE . AJZE (80—300 km 5 BEE ) RAURH
MR SR A ST R EI . HRDI N FP Y,
HAE G R (0.05 em™), R A A
AL S /s E v, H Al DL &R 2 (10—
40 km) , L ZE FRERZE (<50—120 km) KR
i, AN B ERPUZE R (<95 km), HER
RN 5 mls (Burrage &5 1993; Grassl 2%, 1995) .
BRI SN, HRDIA] LR IRE . O, & 3
]2 AMEAZ 0, f10 (1D) IR A A K72
S Gr FIHC R B LI BHs 28 46 2 A
40°S (N) —76°N (S), ffitfAIsc #4936 K
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#®3 HEEREAXSRZUEHE
Table 3 Payloads for middle and upper wind observation
#onp
S
HRDI WINDII TIDI (Yee45,2003) MIGHTI
PR eS| Pl NN Ed| eS| eS|
PRI Ast ] 1991-09—2005-04 1991-09—1997-09 2001-12—F 4 2019-10—2022-11
OI 557.7 nm
0I 630.0 nm 01 630.0 01 557.7 nm o1557.7
3l _ .0 nm I ./ nm
PRI bR 0, 690.0 nm OH 734.1 nm O1630.0mm 01 630.0 nm
0,762.0 nm 0, 867.0 nm
0,763.2 nm
[ 80—300 km( H 8] ) ;
RN BE 10—120 k 80—300 k. 60—300 k N
LS - m - 90—105 km, 210—300 km (7Zfii])
SR 5m/s 5m/s 3m/s (FRIE)Z) ;15 m/s (IRVZ) 5 m/s
B 3 km 2km 2.5 km(HE])Z) ;25 km(FUZ) 5 km
KA HER 300 km (VAR 5[] ) 300 km (VAR J5 7] ) 750 km <500 km
LI 40°N(S)—76°S(N) <60°N(S) — —

WINDIT{Y #§ (Shepherd %5, 1993) 244 M
ASTCHERS Y CCD HEMI 5 1Y Michelson T4, W&
BRI 58 0 ol 2 T TR S R O A 7 2 A 457 M1 135777
], — U i B AT S5 U 80—300 km i 2 S
WERAS, R G PRSI 5 1 B K, i —
AKX (Shepherd %, 2012).

TIMED L8 284 T4 TIDL (TIMED Doppler
Interferometer) %45 (Killeen%%, 2006), +&AfF HDRI
ST A A E 2B AT R R — AR o B
FRFP PO R, B U IR LT
65 R G RE T SR BUR AL R B T AR 4L,
IR F i 280 3R AR M 75 1Y) COD 4RI 3 647 1 9 (51 R
FE o IR A B RSEBL T X 5 TR R ) B +45°
135745 4 AN E AL J7 1) [6] if 28000, G 8T 4 fr 7 o
300 1 32 4 A D el e I R A O A
20 AL A I X, 1 UL 70— 120 km =
B, DU 80—105 km f9 = S . fE HRDI Y
WINDIDW I 1, TIDLHE—B 40 T b i J2
Grt Bt e I, PR AT 2 B R R

A2 R 7 R IR 08 e R AR T AL
MIGHTI (Michelson Interferometer for Global High—
resolution Thermospheric Imaging) #& %% F ICON I
B b, b 38 AT S g A AT, ) e i Bk
I 3 ) g )2 AR XU i (Englert o
2017; Harlander%s, 2017). ¥4 RHI DASHE AR,
457 1357 A TE S D5 1 45 A T M B
G, HULINE B4 % 630.0 nm, 557.7 nm LA Je 54
0,~AiHiH 754.1 nm, 760.0 nm, 762.8 nm, 765.2 nm,

780.1 nm, 3l 3F OI 630.0 nm % K 5 O 557.7 nm
K 2 8 45A% , e 90—300 km Uik, I3 it
PSR 4S5, RIS R EEE (Harding
45 2017) . BRXGE SN, MIGHTI M i 0,~A 8 i 55
BRGSO B I e 5 A 2% 48 R TR
TREE,  H A BERSHRIN 90—105 km feh B  FBl Y IR E
THEDRS A 1K, 7%18] 90 km AR IR FE I EDRS 4 1 K,
105 km &b 43 K (Stevens %5, 2018),

_ Limb scan through
N3\ airglow layers

Satellite velocity
4 vector

P4 TIDISEA 4 TEAS Oy 1]
Fig. 4 TIDI views in four orthogonal directions

i R
i 2 KA B 0 A XTI R R 22 4
M EAA B S, HARW 2T CO,5( 0,78 K<
R A1 A, AR CO, I BE (16 um 8% 4.3 um)
5% O, I B R B OGS RRAE e R AR B Rk
A X2 e HRDI, WINDII, TIDI Pk & MIGHTI
Zofar, Y0 LG UL O,-A 7 SO T R

3.3.2
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I AR 2 80— 105 km X 8] A IR 4%

FF gty A AR S R AR L 1 {X SABER
(The Sounding of the Atmosphere using Broadband
Emission Radiometry) ZXfif (Russell 11T 5%, 1999)
PR F TIMED &, 4 10038 564 18 9 % 5111,
B 58 s 588 1 UOT- 3t )2 BIRAE KAAUE L I L
i, FIH COE4.3 um 5 15 um P B R SHE 5
HRAIRE . SABER A 2001 4E 12 H R 5 A S ,
AR E TAE, BEAZIREL 15—120 km 1Y
FERCHE, fEREETH (100 km) BRI A9 3R 15 22
2 K, {HAE 110 km KA b, 105550 B /N A
R AR SR 2 (non—LTE) RS, Yk
F2 8 5% 22 O 5 K (Mertens %5, 20015 Liu %5,
2021). SABERWUNIE /- HERL0 2 km, /KP4
FRYH 400 km, WG 7 52°S (N)—83°N (S)
(Mertens 55, 2009), %ER 60 d 38—k F /Il Bk
(Cao %, 2012),

MATS T2 (Gumbel 25, 2020) 3 i [ 5 25
[B) 2 B2 Bt &, 2 5f — 3L T TnnoSat “F G Y
INRTER, F 2022412 H Z S AL, FEBERIG
RGNS RIEHARAL, s frw, DA MLT
X3k = 2R 250 . R TSR B RS, K ER R
FHEEF A dy e i Bl = RO, 25
YRR AR, MR E 6> CCD A, Hh
ANEANIEEE, 40598 270 nm 5 305 nm, T
He WM s 42 A B, 7 55 750—775 nm
PR, LI 0,-A SOME K 5 25 B I 3R UK <R
FEJRZE . MATS i i UG AL B T 4 BRG] 75—
100 km /5 BE R SREE . RSPRERMEE L, RE
f H [RDRS B2 35 2—5 K, REDKG B 5—20 K, & 4%
K AR bR I8 1%—5%, JHZTE H /3 B8 M 1 km,
IR HER 24 6020 km,

3.3.3 XSRS EHEN

H i J2 R A3 B AR I 30 R ey o 1 7
R A2, AN IN, BAh . TG, i
ZU4h . AN SE AN, 4P T B2
KBTI 4 T2 38 fr o

4 BR 2 A 18 AL GUVI (Global UltraViolet
#EH T TIMED B2, #idihil 5 RKIEAS
B 2 KRR P R R A, W E )2 KA
Ay ARG E AR SR B2k, GUVI

Imager) ,

G G 110—525 km, 43 HE920 km,
72 FH O1 135.6 nm I K 7S A3 8] T
MBS 2 S 8 0 8 40 A (DeMajistre 55, 2004
Kamalabadi 5%, 2018). [AI#£H, ICON TEHEZIL
LHNRARAL FUV, 3l 3 X} 0 /9 135.6 nm K AN,
157 nm PR ER ORI, FRICH 8] A% B ko
DU R [R]85 B2 A0 A 5 I 8 i 55 AR 64X
EUV &5, i I O+ 48 St 45 2 v 22 1
255 N vy R T

Optical bench

Limb telescope

Radiator

~Limb baffle

S-band
antenna -

Solar panel
GPS
antenna

Servi - Baffle mirror
ervice -

module Top pan}:l (zenith)

Solar panel

A

Star tracker

Radiator

Nadir
camera Albedo
photometers
S-band
antennna
Bottom panel » )
(nadir) .. Service
module

KI5 MATS 2/ RIS ARAL
Fig. 5 Layout of the MATS satellite.

S Ah e R AR M —IIf 1 OMS-L 45 2 F
FY-3F 2, 7202348 A L4, BR =& DA
55 ARSI, 38 I i O 2
(15—60 km) KX K BH 45 40 A AT U S (9 804
KILO,. NO,, SO,, FEZRFEKELSE (BX
TEKZRPL, 2023), Z&k&N—6 R AEEMN
oM IR AR G, BA 3B Al g
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CMOS M £% , ik I Bz 53 01l °h 286.8—402.1 nm
(JeBE1) . 390.1—504.1 nm (J¢BE2) DA K2 289.8—
503.9 nm (J%BE3), OMS-LikE 3 M mIRG, XF
WBL L, 2T IMIRITIE . OMS-L 3R FLH 43 R

h 3 km, JKVZS (] 43 BT B U7 0] R R B A3
P, 298100 km, TEWTEL TS ) B AR 25 AR 55 B
[P, BUSBTE AT, YR a R 1.2 s B 25
6] 53 BE 24 8 km.,

x4 IEBRUWKSHS DEHS

Table 4 Satellite payload for atmospheric composition observation with limb mode

N e R Ml
2 T i T =y L "‘l!l S - .
i AR ] YR B R E by P m A
e I MLTT DX 4 Bk 2 A
GUVITIMED ~ 2001-12 %4 115—180 o ~ S 110—525 20
% K " LI 43 DA B B OB RE A
41
290—500 -
OMS-L/FY-3F  2023-08 &4 (06 ; " 0,.NO, S0, -7 J22 0 I ik 15—60 3
.0 nm
0,.NO, .80, FEJR S ARFE R )
OMPS/SNPP  2011-10 &4 290—1000 nm 5:NO, .50, FRE TR R 0—60 3
0,134k
280—800 nm, 1.53 um, .
OSIRIS/Odin ~ 2001-02 % 4> o 0,.N0,.80,.CO . H,0 % 7—65 1—2
1.27 um, 1.26 um k ?
SCIAMACHY/  2002-03— 0,.Br0.0Cl0.C10 .50, .H,CO NO \NO, |
ENVISAT 201904 240—2380 nm NO,.C0.CO,.CH,.H,0 .N,0 K.  0—100 3
525 B P
2002-03— ; A
MIPAS/ENVISAT =, " 7 4.15—14.6 um R H,0.0,.CH, .N,0 .HNO, .NO, Bk 6—160 3—8
¥ .0, H,0,CH4 N,0.NO, HNO,
HIRDLS/Aura  2004-08 4> 6—18 um N,0,.CFC-11,CFC-12,CIONO, 8—80 1
IR TR = M T BE
118.25—119.25 GHz,486.1—  “Tlit.0,.Cl0.N,0 .HNO, H,0.C0 .NO
SMR/Odi 2001-02 4> 3 2 SN 15—120 153
" BT 503.9 GHr.541.0—580.4 Gz DL H,0 5 0, [l fi %
" MLS/UARS 1991-09— 63 GHz.183GHz.205 GHz;
i MILS/AURA 2005 118 GHz.190 GHz.,240 GHz, RAMIT EE K 2 19T BT 2k 10—92 1.5

2004-08 FE4> 640 GHz.2500 GHz

ARSI B 2 A OMPS  (Ozone Mapping
Profiler Suit) (Flynn%§, 2006) #5#% T 3¢ [E Suomi-
NPP TLEL 5 NOAA-20 LA, %14 i 33041,
S B AR NM  (Nadir Mapper) . & F £
JE 2 AX NP (Nadir Profiler) LA K Iifi 1 4% I 4% Lp
(Limb Profiler) (Loughman & 2018), Hri, oMPS-
LP 2 — A B A%, JEil AL 5% 290—1000 nm
B, BEEE R -i2 5 % it 2 e i B BRI R
SURL, EEHIEE2km (Flynn 5§, 2014).

6 3 A A £ AF B 8 A OSIRIS  (Optical,
Spectrocopic and Infrared Remote Imaging System ) &
BT Odin LA, ZB s %0304 e lbEig AL,
H1 3 ZLAMARA (LDAMEEBE) A6t
AL, eI 35 280—800 nm A W] WO
P BVE R (Llewellyn 45, 2003) . 1% #5184
P, RS2 R E L . T4
£E45 (2021) A FH OSIRIS 7E 2008 4 A 3 () 0,~A
RO 8 O A B0, R O ) g B A2 AR

F SRR ST T it i, JFXHE R O0,-A
TR R Bl A7 o i, DU ik — 20
B O, A TSR B AL SR S I PR 2R

KRR o BRI il R A SCTAMACHY
(Scanning
Atmospheric Chartography) (Bovensmann %5, 1999)
S RN R JRy 75 2002 4F 3 H 4 5 14 R0 BA 455 e
TLE ENVISAT-1 B35 8000 10 REfr 2 —. %
PRI 25 AT DO M i v 20 41564, BT i 240—
2380 nm B, i HEFR N 0.24—1.48 nm, AEMS
S UL 2 5 PO R A R sk, R
=5 2 0—100 km, T EL7PHER 3 kmo [ 5E A0
JEHE I BT AR i A W T — 22 Tl = 55
Wi WE 6 R, SCIAMACHY X M= Al /1
WL 82 A2 AT, 0k b B8 20 00 £ 2 S A
BRSO BH O, T 5 9 DR A il o0 P 0 T
o TR R SRR, JEATHEH/A H, AR
H G et

Imaging Absorption SpectroMeter for
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z
g
£
<

El6 SCIAMACHY (R EMLIMAZ 1=K, 2=Ilfi i1
LI, 3=48 EL LI (ESA)
Fig. 6 SCIAMACHY ’s scientific observation modes:

1 = nadir, 2 =limb, 3 = occultation

i1 5 IR b 9 3 R TR AL MIPAS (The
Michelson Interferometer for Passive Atmospheric
Sounding) (Louet #llBruzzi, 1999) #5#% T ENVISAT
PE, F200243 A &Sy, KA L HEM 7
O RAN R JZ L BB 8] )2 2Z 18] i e Al A 56
AR BEAT BRI . 2RI 6—160 km, I
HAPHEE 3—8 km, JKFH 143 HE% R 3 kmx30 km.
A AE T P A ALLAN I B (4.15—14.6 um) D
WA HERE R 0.025 em™, T KA LA B S
A R R ORAREE . RSy, et T A
R R RIS 5 iy — 4Bk

15 43 BE A B ) A 3 BR800 #F HIRDLS  (High
Resolution Dynamics Limb Sounder) #5 %k F Aura I
B, T200447 AT, SEEERDY 6—18 um.
5 Z R ALL A I AR A LG, A RS SR B
H RN Gig e, R A 5 i I By
B (Lkm) S/CFHER (10 km), BRI XT3
JZ BB ZE (8—80 km) MUIRLEE . O,. H,0.
CH,. N,O. NO,. HNO,, N,0,, CFC-11, CFC-12,
CIONO,, I . BIbFi)Z = K =T

W2 KAE ST SMR  (Sub—Millimetre Radiometer)
(Frisk %%, 2003; OlbergZf, 2003) A Odin TA
FHAT, R A LB 2 K BRI Y A AR 3
A, BA 4RI BT 12K I B .
SMR X R 55 X6 1l (il 00 ) SO0 Bk ] 4% (5 —=2f
I UL, BEAZXT 15—120 km K ZHEATI 2,

FEFRELO,. €10, H,0. N, 0L/ i (Baron
45 2002)

TR ImHIEMEE MLS (Microwave Limb Sounder)
AT e S5 8 T UARS 5 Aura LR, T Ik 8
F T A b R ORI AR S, ARBURE . K
S 50K~ T HEZE . MLS/UARS T AR Bt A
63 GHz. 183 GHz #1205 GHz, MLS/Aura’¥ 118 GHz.
190 GHz. 240 GHz. 640 GHz 2.5 THz 13RS,
FH I A5 Bl SRR S i . MLS Al
AR T RELRAHITAY 118 GHz #1240 GHz P4
PRI 25 H 00 2] PG ) 25 2 R v AR 2R Rk,
T2 10—92 km = VLI, 50 km LAF 3 LA HER
250 1.3 km, 50 km DA FiZ#iHE K ZE 25 km,

4 e J2 AR I 0 e 2R T A

Hh R J2 RS A Ak B B A S e S5 A
FA W B BAR R IR)Z R . M2 RA
B mE . WIHEmEIENa IR, (e
hESTFLEAC IS RBLHREN DA .
Bl G C2FHOR I H 25 &, B R 587k A W
W, b2 KA HE T s 1
R SAINAFAREM, R s T
HE R E R KA LEN DA “RE—57, %D
BF 20254 1 A 17 HAEW R T E KRS0 kS
B, BATT 520 km = BERH R B BE B (£
97.5°, #EER =G IGDEEE N, WE7PUR,
S e B S A R R AT PR R UE
W XI5 R SRR L

(1) RARES S, SR EZE R
REBMEIF MG, Z KRR L kLT h
B RE R ER AT R AR R Y i R p R SR T, B
B, R S R 5 b 2RO SRR R
BAHX . 0,-A M M T WL KO LA
DX PN A R WS i SO RE AR, R TR R R R R
T B PR ) e AU H bR . —, H P R R
FETE T 40—200 km, &S HEAAAE T 80—100 km
(McDade 1 Llewellyn, 1986). O./F K& 2 KA
BRI Z—, FEAETVPRZXE, HAEE
Ah . AT WG AT AN B A 4 TSGR E
43591k Hartley 37 BE (200—310 nm) . Huggins 7 Bt
(310—380 nm) . Chappuis J Bt (400—650 nm) LA
K Wulf B (600—1100 nm) .
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R

BI7 b 2 R i i e e T
Fig. 7 The satellite for middle and upper atmospheric profile

limb observation

FTF 0,43 T 7 Chappuis—Wulf I B A4 W 5454
5 0,-A UG LR B R HRE, 285518 0,5 0,-A
SOMEAETE 1A ) 8 B DI, I 2 v DI il iR
IR 43 3 4R i 320 R X 48 faf TOPS  (Temperature
and Ozone Profile monitoring Spectrometer) , i iz
il 7 5% 500—800 nm, Y& 73 B4/ F 2 nm. TOPS
AR DD IR HOR, g5, SLiBE S A
W, ORI, R A PR E . A 8
e, 2 38 i i oKV A K T 5 1 R 4
filr, PTARHL10—100 km = BE XIS 4R S O63E , 7K
- ZARTTAS I RAIE T KPR 98 B B, TR
MA KT 4.5 S GG, WAL
T rh ATk — 2P BT AR O R R R
e ZE SRR R E L, MLy HRE
2 km,

(2) RAE BN & = 8] Fh 2256 1% AL SHS
(Spatial Heterodyne Spectrometer) & 20 ¢ 90 4
PR GH & e B B RO G e AR, B T
ASCHY ey 1 AN 2 RIS A A, A — TPl
KA BN T ARAG AR 1 B35 o B, ) iz B
TRARGI . TPEERFES (R %, 2023),
SHSOL2: R WIE 9 (b) Fizs, AT et

B AL G IE SR T W AP RS - T S S
(7 T 45, 2019; BigsHe 55, 2016), YRS
BE L1 e B AGT R A AT 700, Sl
SHER WMy gy, RS FIE T A8, i
CCD R 3¢, T8 — 7 5k Bl 52 JRUA 61
T, SEEN AR BYEDGIERI . T EE ST SHS
HOAR By B OB DG KRN 24T GMI (Greenhouse
gases Monitor Instrument) (REFf, 2018) 5 T &
ST, SRR E R BE LA, 8 3P X I
BRI EIE AT 8 S, 4RICO,. CH, 5%
AU e BE A BRI A1

TR

TGRSR R
Rk R (TOPS)

P8 R R B o3 B 4 i i S A4 s T
Fig. 8 Scanning mode of the temperature and ozone profile

monitoring spectrometer

BT SHS FiR B mp Gl or He R . il
el £ W LE ELJC T A S5 L 5, A SOFF SHS $0R
5l MM A AARZE &, $ i e He s e o 25 1
WIARARIAL, JE47 g )2 R BRI . th T
S TAET0 km DA v B2 DCIUAA AR 5 2 F Wik
BE, U O,-A 7 O 1% e 1k 5 RAUE = R )
CEERE) AHICHME, W T S U B2 I8 2 #4 AX
# faf HDI (Heterodyne atmospheric Density profile
Imager) o 1% 28 faf 3% 7 5] 7€ 55 759—769 nm O0,-A
Wy, SGIE S BEROE T 0.04 nm, — AR ER AT
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1494 National Remote Sensing Bulletin i & 54k 2025, 29(6)

5 %5 15

NG/ PN e I LR Py S |
fE IR K ARG MM B CEHE, T REEK
PRI & AR B A3k b s |2 RSB A 3T B, %t
s E KA F RS . A EIPAE I 4
AR GEEAREZE L, AXETHEZE
KAIABEREME, \E T H Ag b & 2 RS
TES# M, FZENA T P E S 2 KRG
NERTE “REg—5", I EELEPEZER
SRR TR A TSR

(1) 2014 80 A-4LHT, 4 NIMBUS #7411
AR S b i 2 R AR R T, 20 2
SOAFEARG, JFUR A& T hm 2 R LA,
41 UARS, Odin, TIMED, ICON, MATS % T & ,
MR ATFE RIS | 8 LA O, SRl B
ARSI B B, BB T REFZE . i
FEERZ R . Wy R SR .
Az TR R G352 GNOS 15 2 W 2517, B
AR BUT =R KRB . it RESE, W 3F
B R OMS-L/N 4, I/ RS, 4%
BOFmZ R AL . Hir, TEELEAETEZERAR
PRI AFTIRATS 5 [ B Se i KA A — o 2280

(2) Imih B REEE A T RIS 5 £ 40 1Y
Do, AL T & I A BRI R
JERAIREUM i B e S 1 o vp e J2 R
SBEHM DR “RKig—%" RAHIGRHMm =,
HEDOEWHOERE . SHSHR 5 DASH 555k 1)t
B, REGE GG 2R 0 s 2 R AR Y
IG5, BENS TN B b S AR U R )2 R R
IIE SN SRR L, IR T R
WI%% . [An, SR SHS 5 DASH G- F-B:,
e A, —RBUERI AT AR B 2 & 2R
SRS, AR T T ) a2 A A e . B
R H R R RAEMIG L ER T A R —%"
ST R R . RE . NG S
BUA B AR Ay S I, X 2R R R
e S % . fheE o AR Ak DL SR R G
N EAEERZ XL, DS AR AR A 5T
23 AR | E TR S 2 U 5 i

(3) K J 3= 4% sh 45 G R0 284 B 2 A ok 3k
TR 2RISR RS S, HET
B S BRI gy, ShER DN O] LA = ORGSR

HAAPEE, B20MH28 60 FA R, PRt
ik, BRPOGHOLERIR . BYOLROLEIE . BREOL
B IR A T SRR T L e ] )22 TR AR A
JERA, HZA0T BN BB, 2018 4F 8 T,
Aerolus LR %1725, $52K ALADIN 355 nm i K
TFEMTZ H I NFOEH R (Lux 3, 2020), 42
BEABRVEF 30 km DL R 97K T ) =4 X515
BB N4 LR, 2023), AEHRIDERE
TR A RHII KO H XE (Emmit, 2001),
i e R B XU A AR ORS B (BRI e 45
2020) . FIERABNA KAERE, HATX T b 2
KA E SR AT Ak T 05 H o b B, an
BN 2% O TR B R Al ATt (FH
% 4, 2015), REERFIHOEHE R e R R
MR E (Wang 55, 2024) o R RAN T 4
P EERTRE . BE. 8. KI5 LR
Mg A £ R SR, &R ERshah SR
MDA, SEBh R RS AR

(4) HBrhm R AR R, SEI s ROR
PRPEE RS R TR BT EE
LI [ 5 g Y R R USR8t anple sl Ll =k
W, ARG BRI B s B A G —, B— B R
MESRIC 2 A B R UL SR, i kR
BRI E, AT R, St
FE RSN A5G, 5T I AR 5
TR — AL . BRI s A s J2 AR A

(5) b 2 AU S A U a2 v I B 32 F
S iR 2 R ABUE BB i B TS . H A
S ATHY P E G R AR B E R R 58 CMA-GFS
(China Meteorological Administration — global forecast
system) (Shen%§, 2023) AJ5ZFEL0.1 hPa (~60 km)
UM RR M, AR 0257%0.257 FiG
P 2 R, Tt BT R TR ZER
SBUE TR, N A T Y R 2 R AR A
B e, AR S5 52 4 B AR
A N TR e BOR 1R & e, HIER R HUE T
RGN I H 452 (B 55, 2024), K
FE3R R A BT IR AN R A, T R BN
RERY s )2 KA AL, 7ERCE B 5l Y BE il I,
FIAH R R R RHUE] o O T4 45 R Y
Pl PE R SEE 2 b J2 R AT B2 5 )
ZEOPPEAR, AR R IR . R SIS
BFE AL ST ) TR SR



XUZR &5 i SRR I T2 3 B M e 2 1495

2 % 3Lk (References)

Ahmad S P, Johnson J E and Jackman C H. 2003. Atmospheric prod-
ucts from the upper atmosphere research satellite (UARS). Ad-
vances in Space Research, 31(9): 2105-2110 [DOI: 10.1016/
S0273-1177(03)00127-3]

Anthes R A, Bernhardt P A, Chen Y, Cucurull L, Dymond K F, Ector
D, Healy S B, Ho S P, Hunt D C, Kuo Y H, Liu H, Manning K,
Mccormick C, Meehan T K, Randel W J, Rocken C, Schreiner W
S, Sokolovskiy S V, Syndergaard S, Thompson D C, Trenberth K
E, Wee TK, Yen N L and Zeng Z. 2008. The COSMIC/FORMO-
SAT-3 mission: early results. Bulletin of the American Meteoro-
logical Society, 89(3): 313-334 [DOI: 10.1175/BAMS-89-3-313]

Baron P, Ricaud P, de la Noé J, Eriksson J E P, Merino F, Ridal M and
Murtagh D P. 2002. Studies for the Odin sub-millimetre radiometer.
II. Retrieval methodology. Canadian Journal of Physics, 80(4):
341-356 [DOI: 10.1139/p01-150]

Barth C A, Rusch D W, Thomas R J, Mount G H, Rottman G J, Thom-
as G E, Sanders R W and Lawrence G M. 1983. Solar Meso-
sphere Explorer: scientific objectives and results. Geophysical Re-
search Letters, 10(4): 237-240 [DOI: 10.1029/GL010i004p00237]

Bernhard G H, Bais A F, Aucamp P J, Klekociuk A R, Liley J B and
McKenzie R L. 2023. Stratospheric ozone, UV radiation, and cli-
mate interactions. Photochemical and Photobiological Sciences,
22(5): 937-989 [DOL: 10.1007/s43630-023-00371-y]

Bills R E, Gardner C S and Franke S J. 1991. Na Doppler/temperature
lidar: initial mesopause region observations and comparison with the
Urbana medium frequency radar. Journal of Geophysical Research:
Atmospheres, 96(D12): 22701-22707 [DOI: 10.1029/91JD02206]

Bovensmann H, Burrows J P, Buchwitz M, Frerick J, Noél S, Rozanov
V V, Chance K V and Goede A P H. 1999. SCTAMACHY: mis-
sion objectives and measurement modes. Journal of the Atmo-
spheric Sciences, 56(2): 127-150 [DOI: 10.1175/1520-0469(1999)
056<0127:SMOAMM>2.0.CO;2]

Burrage M D, Skinner W R, Marshall A R, Hays P B, Lieberman R S,
Franke S J, Gell D A, Ortland D A, Morton Y T, Schmidlin F J,
Vincent R A and Wu D L. 1993. Comparison of HRDI wind mea-
surements with radar and rocket observations. Geophysical Re-
search Letters, 20(12): 1259-1262 [DOI: 10.1029/93GL01108]

Burrows J P, Weber M, Buchwitz M, Rozanov V, Ladstitter-Weillen-
mayer A, Richter A, DeBeek R, Hoogen R, Bramstedt K, Eich-
mann K U, Eisinger M and Perner D. 1999. The global ozone
monitoring experiment (GOME): mission concept and first scien-
tific results. Journal of the Atmospheric Sciences, 56(2): 151-175
[DOLI: 10.1175/1520-0469(1999)056<0151: TGOMEG>2.0.CO;2]

Callies J, Corpaccioli E, Eisinger M, Hahne A and Lefebvre A. 2000.
GOME-2-Metop’s second-generation sensor for operational ozone
monitoring. ESA Bulletin, 102: 28-36

Cao W X, Zhang S D, Yi F and Huang C M. 2012. Variation of the me-
sopause observed by SABER/TIMED satellite. Chinese Journal of
Geophysics, 55(8): 2489-2497 (£ 3CH#E, 5K, LW, AW .

2012. PA] ETRAS (LY SABER/TIMED T3S i . HbERP 3747,
55(8): 2489-2497) [DOI: 10.6038/j.issn.0001-5733.2012.08.001]

Chen B L, Yang Z D, Min M, Liu J Q, Zhao Y M and Wang F. 2020.
Application requirements and research progress of spaceborne
doppler wind lidar. Laser and Optoelectronics Progress, 57(19):
190003 (BN TE, 1 187K, DI, XU4EAR, BX—NS, 57 . 2020. 2
BB I EOL R K0 TR SAFTE LR . ot 5ot 74
#JE, 57(19): 190003) [DOIL: 10.3788/LOP57.190003]

Chen H B. 2009. An overview of the space-based observations for up-
per atmospheric research. Advances in Earth Science, 24(3): 229-
241 (BRUEEE . 2009. i J2 KT A 28 IR . bR}
Ji€, 24(3): 229-241) [DOL: 10.3321/j.issn:1001-8166.2009.03.002]

Chen Z. 1987. GJB 365.1-87 Northern hemisphere standard atmosphere
(—2~80 kilometers). Beijing: Commission of Science Technology
and Industry for National Defense (% . 1987. GJB 365.1-87 4k}
BRERERU(-2~80 28 ). Ut [EBRFAHR T 22 5 2%)

DeMajistre R, Paxton L J, Morrison D, Yee J H, Goncharenko L P and
Christensen A B. 2004. Retrievals of nighttime electron density
from Thermosphere lonosphere Mesosphere Energetics and Dy-
namics (TIMED) mission Global Ultraviolet Imager (GUVI)
measurements. Journal of Geophysical Research: Space Physics,
109(A5): A05305 [DOI: 10.1029/2003JA010296]

Dessler A E, Burrage M D, Grooss J U, Holton J R, Lean J L, Massie S
T, Schoeberl M R, Douglass A R and Jackman C H. 1998. Select-
ed science highlights from the first 5 years of the Upper Atmo-
sphere Research Satellite (UARS) Program. Reviews of Geophys-
ics, 36(2): 183-210 [DOI: 10.1029/97RG03549]

Dobber M R, Dirksen R J, Levelt P F, van den Oord G H J, Voors R H
M, Kleipool Q, Jaross G, Kowalewski M, Hilsenrath E, Leppel-
meier G W, Johan De vries N, Dierssen W and Rozemeijer N C.
2006. Ozone monitoring instrument calibration. IEEE Transac-
tions on Geoscience and Remote Sensing, 44(5): 1209-1238
[DOTI: 10.1109/TGRS.2006.869987]

Drob D P, Emmert J T, Crowley G, Picone J M, Shepherd G G, Skin-
ner W, Hays P, Niciejewski R J, Larsen M, She C Y, Meriwether J
W, Hernandez G, Jarvis M J, Sipler D P, Tepley C A, O’brien M
S, Bowman J R, Wu Q, Murayama Y, Kawamura S, Reid I M and
Vincent R A. 2008. An empirical model of the Earth’s horizontal
wind fields: HWMO7. Journal of Geophysical Research: Space
Physics, 113(A12): A12304 [DOL: 10.1029/2008JA013668]

Drob D P, Emmert J T, Meriwether J W, Makela J J, Doornbos E,
Conde M, Hernandez G, Noto J, Zawdie K A, Mcdonald S E, Hu-
ba J D and Klenzing J H. 2015. An update to the Horizontal Wind
Model (HWM): the quiet time thermosphere. Earth and Space Sci-
ence, 2(7): 301-319 [DOI: 10.1002/2014EA000089]

Emmert J T, Drob D P, Picone J M, Siskind D E, Jones Jr M, Mlync-
zak M G, Bernath P F, Chu X, Doornbos E, Funke B, Goncharen-
ko L P, Hervig M E, Schwartz M J, Sheese P E, Vargas F, Wil-
liams B P and Yuan T. 2021. NRLMSIS 2.0: a whole-atmosphere
empirical model of temperature and neutral species densities.
Earth and Space Science, 8(3): €2020EA001321 [DOI: 10.1029/
2020EA001321]



1496 National Remote Sensing Bulletin i & 54k 2025, 29(6)

Emmitt G D. 2001. Hybrid technology Doppler wind lidar: assessment
of simulated data products for a space-based system concept//Pro-
ceedings of SPIE 4153, Lidar Remote Sensing for Industry and
Environment Monitoring. Sendai: SPIE [DOI: 10.1117/12.417069]

Englert C R, Harlander J] M, Brown C M, Marr K D, Miller I J, Stump
J E, Hancock J, Peterson J Q, Kumler J, Morrow W H, Mooney T
A, Ellis S, Mende S B, Harris S E, Stevens M H, Makela J J, Har-
ding B J and Immel T J. 2017. Michelson interferometer for glob-
al high-resolution thermospheric imaging (MIGHTI): instrument
design and calibration. Space Science Reviews, 212(1): 553-584
[DOI: 10.1007/s11214-017-0358-4]

Fang X J,Luo HY, Shi HL, Li Z W, Hu G X, Jin W, Zhang J C and
Xiong W. 2019. High-resolution scattered radiation measurement
in ultraviolet band based on spatial heterodyne spectroscopy tech-
nique. Spectroscopy and Spectral Analysis, 39(2): 357-362 (7 &
i, D, M, 254, WITRE, BfE, kAR, REf . 2019.
A2 AR ZEGHE AR BEAT S8 0 8 0 B3 R HHE SR
i 5G4 T, 39(2): 357-362) [DOI: 10.3964/j.issn.1000-
0593(2019)02-0357-06]

Feng Y T, LiJ, Zhao Z L, Yuan X B, Yu T, Fu J G, Wu K J, Hao X B,
Fu D, Sun J and Wang S. 2017. Development of interferometric
spectroscopy for atmosphere wind observations based on satellite.
Aerospace Shanghai, 34(3): 14-26 ({5 K ¥, 2505, &A1 5E, TR
W, AV, AP, B, AR, M, 900, F4E.2017. KRR
WIGRNR B W OCIEEOR B REEA . IR, 34(3): 14-26)
[DOLI: 10.19328/j.cnki.1006-1630.2017.03.002]

Fjeldbo G and Eshleman V R. 1968. The atmosphere of Mars analyzed
by integral inversion of the Mariner IV occultation data. Planetary
and Space Science, 16(8): 1035-1059 [DOI: 10.1016/0032-0633
(68)90020-2]

Fjeldbo G, Kliore A J and Eshleman V R. 1971. The neutral atmo-
sphere of Venus as studied with the Mariner V radio occultation
experiments. Astronomical Journal, 76: 123 [DOI: 10.1086/111096]

Flynn L, Long C, Wu X, Evans R, Beck C T, Petropavlovskikh I, Mc-
Conville G, Yu W, Zhang Z, Niu J, Beach E, Hao Y, Pan C, Sen B,
Novicki M, Zhou S and Seftor C. 2014. Performance of the ozone
mapping and profiler suite (OMPS) products. Journal of Geophys-
ical Research: Atmospheres, 119(10): 6181-6195 [DOI: 10.1002/
2013JD020467]

Flynn L E, Seftor C J, Larsen J C and Xu P. 2006. The ozone mapping
and profiler suite//Qu J J, Gao W, Kafatos M, Murphy R E and Sa-
lomonson V V, eds. Earth Science Satellite Remote Sensing. Ber-
lin, Heidelberg: Springer: 279-296 [DOI: 10.1007/978-3-540-
37293-6_15]

Frisk U, Hagstrom M, Ala-Laurinaho J, Andersson S, Berges J C,
Chabaud J P, Dahlgren M, Emrich A, Florén H G, Florin G,
Fredrixon M, Gaier T, Haas R, Hirvonen T, Hjalmarsson A, Jako-
bsson B, Jukkala P, Kildal P S, Kollberg E, Lassing J, Lecacheux
A, Lehikoinen P, Lehto A, Mallat J, Marty C, Michet D, Nar-
bonne J, Nexon M, Olberg M, Olofsson A O H, Olofsson G, Ori-
gné A, Petersson M, Piironen P, Pons R, Pouliquen D, Ristorcelli

I, Rosolen C, Rouaix G, Riisénen A V, Serra G, Sjoberg F, Sten-

mark L, Torchinsky S, Tuovinen J, Ullberg C, Vinterhav E, Wade-
falk N, Zirath H, Zimmermann P and Zimmermann R. 2003. The
odin satellite: I. Radiometer design and test. Astronomy and Astro-
physics, 402(3): L27-L34 [DOI: 10.1051/0004-6361:20030335]

Fritts D C and Alexander M J. 2003. Gravity wave dynamics and ef-
fects in the middle atmosphere. Reviews of Geophysics, 41(1):
1003 [DOI: 10.1029/2001RG000106]

Fuller-Rowell D A and Tim. 1999. The Ionosphere. Space Environ-
ment Topics. https://solar-center. stanford. edu/SID/science/Iono-
sphere.pdf. Accessed 15 Apr. 2025

Grassl H J, Skinner W R, Hays P B, Gell D A, Burrage M D, Ortland
D A, Marshall A R and Abreu V J. 1995. Atmospheric wind mea-
surements with the high-resolution Doppler imager. Journal of
Spacecraft and Rockets, 32(1): 169-176 [DOI: 10.2514/3.26590]

Groof3 J U and Russell III J M. 2005. Technical note: a stratospheric
climatology for O,, H,0, CH,, NO,, HCI and HF derived from
HALOE measurements. Atmospheric Chemistry and Physics, 5(10):
2797-2807 [DOI: 10.5194/acp-5-2797-2005]

Gumbel J, Megner L, Christensen O M, Ivchenko N, Murtagh D P,
Chang S, Dillner J, Ekebrand T, Giono G, Hammar A, Hedin J,
Karlsson B, Krus M, Li A Q, Mccallion S, Olentsenko G, Pak S,
Park W, Rouse J, Stegman J and Witt G. 2020. The MATS satel-
lite mission - gravity wave studies by Mesospheric Airglow/Aero-
sol Tomography and Spectroscopy. Atmospheric Chemistry Phys-
ics, 20(1): 431-455 [DOI: 10.5194/acp-20-431-2020]

Haigh J D. 1994. The role of stratospheric ozone in modulating the so-
lar radiative forcing of climate. Nature, 370(6490): 544-546
[DOL: 10.1038/370544a0]

Han B, Feng Y T, Wang J S, Hu X Q, Zong W G, Xu N, Huang C,
Mao T, Hao X B and Li Y. 2024. Overview of optical interferome-
ter payloads for detecting wind fields in middle and upper atmo-
sphere (Invited). Acta Optica Sinica, 44(18): 1800008 (i, 2 &
e, EEAN, W5, SO0, AR 00, SO, B, A, 455 .
2024. s ERRGHEMDE T WA & R LR IR (FRiE). 6
27254, 44(18): 1800008) [DOL: 10.3788/A0S240679]

Harding B J, Makela J J, Englert C R, Marr K D, Harlander J M, Eng-
land S L and Immel T J. 2017. The MIGHTI wind retrieval algo-
rithm: description and verification. Space Science Reviews, 212(1):
585-600 [DOL: 10.1007/s11214-017-0359-3]

Harlander J M, Englert C R, Brown C M, Marr K D, Miller I J, Zastera
V, Bach B W and Mende S B. 2017. Michelson interferometer for
global high-resolution thermospheric imaging (MIGHTI): mono-
lithic interferometer design and test. Space Science Reviews, 212(1):
601-613 [DOI: 10.1007/s11214-017-0374-4]

Hays P B, Abreu V J, Dobbs M E, Gell D A, Grassl H J and Skinner W
R. 1993. The high-resolution doppler imager on the Upper Atmo-
sphere Research Satellite. Journal of Geophysical Research: At-
mospheres, 98(D6): 10713-10723 [DOI: 10.1029/93JD00409]

Heath D F, Krueger A J, Roeder H A and Henderson B D. 1975. The
solar backscatter ultraviolet and total ozone mapping spectrome-
ter (SBUV/TOMS) for Nimbus G. Optical Engineering, 14(4):
144323 [DOI: 10.1117/12.7971839]



XUZR &5 i SRR I T2 3 B M e 2 1497

Hedin A E, Biondi M A, Burnside R G, Hernandez G, Johnson R M,
Killeen T L, Mazaudier C, Meriwether J W, Salah J E, Sica R J,
Smith R W, Spencer N W, Wickwar V B and Virdi T S. 1991. Re-
vised global model of thermosphere winds using satellite and
ground - based observations. Journal of Geophysical Research:
Space Physics, 96(A5): 7657-7688 [DOI: 10.1029/91JA00251]

Hedin A E, Fleming E L, Manson A H, Schmidlin F J, Avery S K,
Clark R R, Franke S J, Fraser G J, Tsuda T, Vial F and Vincent R
A. 1996. Empirical wind model for the upper, middle and lower
atmosphere. Journal of Atmospheric and Terrestrial Physics, 58(13):
1421-1447 [DOI: 10.1016/0021-9169(95)00122-0]

Hedin A E, Spencer N W and Killeen T L. 1988. Empirical global model
of upper thermosphere winds based on Atmosphere and Dynamics
Explorer satellite data. Journal of Geophysical Research: Space
Physics, 93(A9): 9959-9978 [DOI: 10.1029/JA0931A09p09959]

Hu X, Yan Z A, Guo S Y, Cheng Y Q and Gong J C. 2011. Sodium flu-
orescence Doppler lidar to measure atmospheric temperature in
the mesopause region. Chinese Science Bulletin, 56(4): 417-423
[DOI: 10.1007/511434-010-4306-x]

Hu X, Zhang X X and Zhang D Y. 2005. Effects of atmospheric gravi-
ty waves on the mesosphere and lower thermosphere circulations.
Chinese Journal of Space Science, 25(2): 111-117 (S8 1E, 5K,
FRACHIE. 2005, B 0 ]2 AR Z AR T 2 . 25 [
Bleg2E4, 25(2): 111-117) [DOL: 10.11728/¢jss2005.02.111]

Hu Z Y and Bu L B. 2023. Review of the progress of Aeolus space-
borne wind measurement lidar. Infrared and Laser Engineering,
52(5): 20220691 (#AH1 5:, b 445 . 2023. Aeolus A 2 I KU
kPR LA AN SO TR, 52(5): 20220691) [DOL: 10.
3788/IRLA20220691]

Huang F X, Liu N Q, Zhang P, Zhao M X and Dong C H. 2010. Com-
parison and evaluation of retrieved ozone profiles from solar back-
scatter ultraviolet sounder on FY-3A satellite. Optics and Preci-
sion Engineering, 18(7): 1568-1576 (B¢ &+, XI4F IR, 5K M8, #X B4
I, HHAE . 2010, Kx =5 A BLEA GLAE R AR ISR T i
P L BE AT AL . 62K B T RE, 18(7): 1568-1576) [DOI: 10.
3788/OPE.20101807.1568]

Huang F X, Zhao M X, Yang C J and Dong C H. 2008. Ozone profile
retrievals from FY-3 and validation. Progress in Natural Science,
18(10): 1136-1142 (F &+, & BII, 4 8 %5, #HAE . 2008, Kz
=5 TR A R A T R S B X He SR . AR
Bl2#E R, 18(10): 1136-1142) [DOIL: 10.3321/j.issn: 1002-008X.
2008.10.007]

Huang X M, Lin Y L, Xiong W, Li J H, Pan J C and Zhou Y. 2024. Re-
search on international developments of Al large meteorological
models in numerical forecasting. Transactions of Atmospheric Sci-
ences, 47(1): 46-54 (F/INil, MR 28, RESL, 2R, WAL, A
5. 2024, BB TR ATVR IR [ P Je sh A8 0H5E . RSB
27254k, 47(1): 46-54) [DOL: 10.13878/j.cnki.dgkxxb.20231201001]

Immel T J, England S L, Mende S B, Heelis R A, Englert C R, Edel-
stein J, Frey H U, Korpela E J, Taylor E R, Craig W W, Harris S
E, Bester M, Bust G S, Crowley G, Forbes J M, Gérard J C, Har-
lander J M, Huba J D, Hubert B, Kamalabadi F, Makela J J,

Maute A I, Meier R R, Raftery C, Rochus P, Siegmund O H W,
Stephan A W, Swenson G R, Frey S, Hysell D L, Saito A, Rider K
A and Sirk M M. 2018. The ionospheric connection explorer mis-
sion: mission goals and design. Space Science Reviews, 214(1):
13 [DOI: 10.1007/s11214-017-0449-2]

Kamalabadi F, Qin J Q, Harding B J, Iliou D, Makela J J, Meier R R,
England S L, Frey H U, Mende S B and Immel T J. 2018. Infer-
ring nighttime ionospheric parameters with the far ultraviolet im-
ager onboard the ionospheric connection explorer. Space Science
Reviews, 214(4): 70 [DOI: 10.1007/s11214-018-0502-9]

Killeen T L, Wu Q, Solomon S C, Ortland D A, Skinner W R,
Niciejewski R J and Gell D A. 2006. TIMED Doppler Interferome-
ter: overview and recent results. Journal of Geophysical Research:
Space Physics, 111(A10): A10S01 [DOI: 10.1029/2005JA011484]

Kleipool Q, Rozemeijer N, van Hoek M, Leloux J, Loots E, Ludewig
A, van der Plas E, Adrichem D, Harel R, Spronk S, Ter Linden M,
Jaross G, Haffner D, Veefkind P and Levelt P F. 2022. Ozone
Monitoring Instrument (OMI) collection 4: establishing a 17-year-
long series of detrended level-1b data. Atmospheric Measurement
Techniques, 15(11): 3527-3553 [DOI: 10.5194/amt-15-3527-2022]

Kovilakam M., Thomason L., and Knepp T. 2023. SAGE III/ISS aero-
sol/cloud categorization and its impact on GloSSAC, Atmos.
Meas. Tech., 16, 2709-2731 [DOI:10.5194/amt-16-2709-2023]

Kyrold E, Tamminen J, Leppelmeier G W, Sofieva V, Hassinen S, Ber-
taux J L, Hauchecorne A, Dalaudier F, Cot C, Korablev O, Fanton
D’andon O, Barrot G, Mangin A, Théodore B, Guirlet M,
Etanchaud F, Snoeij P, Koopman R, Saavedra L, Fraisse R, Fus-
sen D and Vanhellemont F. 2004. GOMOS on Envisat: an over-
view. Advances in Space Research, 33(7): 1020-1028 [DOI: 10.
1016/80273-1177(03)00590-8]

Leslie F W and Justus C G. 2011. The NASA Marshall Space Flight
Center Earth Global Reference Atmospheric Model-2010 Version.
NASA

General Armament Department of People’s Liberation Army. 2006.
GJB 5601-2006 China reference atmosphere (ground ~80 km).
Beijing: General Armament Department of People’s Liberation
Army (HE N R LA R 2 AR . 2006. GIB 5601 - 2006 [
R (HHI~80 km). L5t FP IR R B3 45 0T)

Liao M, Zhang P, Bi Y M and Yang G L. 2015. A preliminary estima-
tion of the radio occultation products accuracy from the Fengyun-
3C meteorological satellite. Acta Meteorologica Sinica, 73(6):
1131-1140 (B2, 5kMG, S, B0k 2015 Mz =524 T
BRSPS . TR SAR, 73(6): 1131-1140)
[DOI: 10.11676/qxxb2015.072]

Liu X, XulJY, Yue J, Yu Y, Batista P P, Andrioli V F, Liu Z K, Yuan T,
Wang C, Zou Z M, Li G Z and Russell III J M. 2021. Global bal-
anced wind derived from SABER temperature and pressure obser-
vations and its validations. Earth System Science Data, 13(12):
5643-5661 [DOI: 10.5194/essd-13-5643-2021]

Llewellyn E.J., Degenstein D., Lloyd N., Gattinger R., Petelina S., Mc-
Dade 1., Haley C., Solheim B., von Savigny C., Sioris C. and Ev-
ans, W.F.J., 2003. First Results from the OSIRIS Instrument on-



1498 National Remote Sensing Bulletin i & 54k 2025, 29(6)

board Odin. Sodankyld Geophysical Observatory Publications,
92, pp.41-47.

Louet J and Bruzzi S. 1999. ENVISAT mission and system//Proceedings
of the IEEE 1999 International Geoscience and Remote Sensing
Symposium. Hamburg: IEEE [DOI: 10.1109/IGARSS.1999.772059]

Loughman R, Bhartia P K, Chen Z, Xu P, Nyaku E and Taha G. 2018.
The Ozone Mapping and Profiler Suite (OMPS) Limb Profiler
(LP) Version 1 aerosol extinction retrieval algorithm: theoretical
basis. Atmospheric Measurement Techniques, 11(5): 2633-2651
[DOL: 10.5194/amt-11-2633-2018]

Li D R, Chen Z Y, Guo X and Tian W S. 2009. Recent progress in
near space atmospheric environment study. Advances in Mechan-
ics, 39(6): 674-682 (F k1, MRiFS:, ¥81E, H3CH . 2009. T
28 [ KRR IR IR . T3 3R, 39(6): 674-682) [DOL: 10.
3321/j.issn:1000-0992.2009.06.008]

Luo HY, Li S, Shi H L, Xiong W and Hong J. 2016. Optical design of
imaging system based on spatial heterodyne spectrometer. Infra-
red and Laser Engineering, 45(8): 0818005 (% if e, 2= XX, Jifii Vg
S, fe A, dht . 2016, 25 M AP 2200 AR e o R g BT
LT AN 506 TR, 45(8): 0818005) [DOI: 10.3788/IRLA201645.
0818005]

Lux O, Lemmerz C, Weiler F, Marksteiner U, Witschas B, Rahm S,
GeiB} A and Reitebuch O. 2020. Intercomparison of wind observa-
tions from the European Space Agency’s Aeolus satellite mission
and the ALADIN Airborne Demonstrator. Atmospheric Measurement
Techniques, 13(4): 2075-2097 [DOI: 10.5194/amt-13-2075-2020]

McCormick M P. 1987. Sage II: an overview. Advances in Space Re-
search, 7(3): 219-226 [DOI: 10.1016/0273-1177(87)90151-7]

McDade I C and Llewellyn E J. 1986. The excitation of O('S) and O,
bands in the nightglow: a brief review and preview. Canadian
Journal of Physics, 64(12): 1626-1630 [DOI: 10.1139/p86-287]

Mertens C J, Mlynczak M G, Lopez-Puertas M, Wintersteiner P P,
Picard R H, Winick J R, Gordley L L and Russell III J] M. 2001.
Retrieval of mesospheric and lower thermospheric kinetic temper-
ature from measurements of CO, 15 pm Earth Limb Emission un-
der non - LTE conditions. Geophysical Research Letters, 28(7):
1391-1394 [DOI: 10.1029/2000GL012189]

Mertens C J, Russell III J M, Mlynczak M G, She C Y, Schmidlin F J,
Goldberg R A, Lopez-Puertas M, Wintersteiner P P, Picard R H,
Winick J R and Xu X J. 2009. Kinetic temperature and carbon di-
oxide from broadband infrared limb emission measurements tak-
en from the TIMED/SABER instrument. Advances in Space Re-
search, 43(1): 15-27 [DOI: 10.1016/j.asr.2008.04.017]

Montenbruck O, Andres Y, Bock H, van Helleputte T, van den Ijssel J,
Loiselet M, Marquardt C, Silvestrin P, Visser P and Yoon Y. 2008.
Tracking and orbit determination performance of the GRAS in-
strument on MetOp-A. GPS Solutions, 12(4): 289-299 [DOI: 10.
1007/510291-008-0091-2]

Munro R, Lang R, Klaes D, Poli G, Retscher C, Lindstrot R, Huckle R,
Lacan A, Grzegorski M, Holdak A, Kokhanovsky A, Livschitz J
and Eisinger M. 2016. The GOME-2 instrument on the Metop se-

ries of satellites: instrument design, calibration, and level 1 data

processing-an overview. Atmospheric Measurement Techniques,
9(3): 1279-1301 [DOI: 10.5194/amt-9-1279-2016]

Murtagh D, Frisk U, Merino F, Ridal M, Jonsson A, Stegman J, Witt
G, Eriksson P, Jiménez C, Megie G, No¢ J D L, Ricaud P, Baron
P, Pardo J R, Hauchcorne A, Llewellyn E J, Degenstein D A, Gat-
tinger R L, Lloyd N D, Evans W F, Mcdade I C, Haley C S, Sioris
C, Savigny C V, Solheim B H, Mcconnell J C, Strong K, Richard-
son E H, Leppelmeier G W, Kyrold E, Auvinen H and Oikarinen
L. 2002. An overview of the Odin atmospheric mission. Canadian
Journal of Physics, 80(4): 309-319 [doi: 10.1139/p01-157]

National Satellite Meteorological Center. 2023. Product document of
FY-3F ozone monitoring suite - Limb ([H% RS % 0. 2023.
Wz =5 F RN s R AR — I L1 7 sl H B
https://satellite. nsmec. org. cn/FY3F/PORTAL/NSMC/DATASER-
VICE/OperatingGuide/2023.07.21-FY-3F-OMS-L.pdf[2024-07-30])

Olberg M, Frisk U, Lecacheux A, Olofsson H, Baron P, Bergman P,
Florin G, Hjalmarson A, Larsson B and Murtagh D. 2003. The
Odin satellite. II. Radiometer data processing and calibration. As-
tronomy and Astrophysics, 402: L35-L38 [DOI: 10.1051/0004-
6361:20030336]

Reber C A. 1993. The upper atmosphere research satellite (UARS).
Geophysical Research Letters, 20(12): 1215-1218 [DOI: 10.1029/
93GL01103]

Russell IIT J] M, Mlynczak M G, Gordley L L, Tansock Jr J J and Esp-
lin R W. 1999. Overview of the SABER experiment and prelimi-
nary calibration results//Proceedings of SPIE 3756, Optical Spec-
troscopic Techniques and Instrumentation for Atmospheric and
Space Research III. Denver: SPIE [DOI: 10.1117/12.366382]

Schenkeveld V M E, Jaross G, Marchenko S, Haffner D, Kleipool Q L,
Rozemeijer N C, Veetkind J P and Levelt P F. 2017. In-flight per-
formance of the Ozone Monitoring Instrument. Atmospheric Mea-
surement Techniques, 10(5): 1957-1986 [DOI: 10.5194/amt-10-
1957-2017]

Schoeberl M R, Douglass A R, Hilsenrath E, Bhartia P K, Beer R, Wa-
ters J W, Gunson M R, Froidevaux L, Gille J C, Barnett J J, Lev-
elt P F and Decola P. 2006. Overview of the EOS Aura mission.
IEEE Transactions on Geoscience and Remote Sensing, 44(5):
1066-1074 [DOI: 10.1109/TGRS.2005.861950]

She C Y and von Zahn U. 1998. Concept of a two-level mesopause:
support through new lidar observations. Journal of Geophysical
Research: Atmospheres, 103(D5): 5855-5863 [DOI: 10.1029/
97JD03450]

Shen X S, Su'Y, Zhang H L and Hu J L. 2023. New version of the
CMA-GFS dynamical core based on the predictor-corrector time
integration scheme. Journal of Meteorological Research, 37(3):
273-285 [DOI: 10.1007/s13351-023-3002-0]

Shen P X, Mao J T, Li J G, Ge Z M, Zhang A C, Sang J G, Pan N X
and Zhang H S. 2013. Atmospheric Physics. Beijing: Peking Uni-
versity Press (RFEFF, B2, [, B IR, oRE I, R,
W50, sRET. 2013, KA . ALaT AU RS D)

Shepherd G G, Thuillier G, Cho Y -M, Duboin M-L, Evans W F J,
Gault W A, Hersom C, Kendall D J W, Lathuillére C, Lowe R P,



XUZR &5 i SRR I T2 3 B M e 2 1499

Mcdade I C, Rochon Y J, Shepherd M G, Solheim B H, Wang D
Y and Ward W E. 2012. The wind imaging interferometer (WIN-
DII) on the upper atmosphere research satellite: a 20 year perspec-
tive. Reviews of Geophysics, 50(2): RG2007 [DOI: 10.1029/
2012RG000390]

Shepherd G G, Thuillier G, Gault W A, Solheim B H, Hersom C, Alun-
ni J M, Brun J F, Brune S, Charlot P, Cogger L L, Desaulniers D
L, Evans W F J, Gattinger R L, Girod F, Harvie D, Hum R H,
Kendall D J W, Llewellyn E J, Lowe R P, Ohrt J, Pasternak F,
Peillet O, Powell I, Rochon Y, Ward W E, Wiens R H and Wim-
peris J. 1993. WINDII, the wind imaging interferometer on the
Upper Atmosphere Research Satellite. Journal of Geophysical
Research: Atmospheres, 98(D6): 10725-10750 [DOI: 10.1029/
93JD00227]

Smith A K. 2012. Interactions between the lower, middle and upper at-
mosphere. Space Science Reviews, 168(1): 1-21 [DOI: 10.1007/
s11214-011-9791-y]

Spilker Jr J J. 1978. GPS signal structure and performance characteris-
tics. Navigation, 25(2): 121-146 [DOI: 10.1002/j.2161-4296.1978.
tb01325.x]

Steinbrecht W, Froidevaux L, Fuller R, Wang R, Anderson J, Roth C,
Bourassa A, Degenstein D, Damadeo R, Zawodny J, Frith S, Mc-
peters R, Bhartia P, Wild J, Long C, Davis S, Rosenlof K, Sofieva
V, Walker K, Rahpoe N, Rozanov A, Weber M, Laeng A, Von
Clarmann T, Stiller G, Kramarova N, Godin-Beekmann S, Leb-
lanc T, Querel R, Swart D, Boyd I, Hocke K, Kampfer N, Mail-
lard Barras E, Moreira L, Nedoluha G, Vigouroux C, Blumen-
stock T, Schneider M, Garcia O, Jones N, Mahieu E, Smale D,
Kotkamp M, Robinson J, Petropavlovskikh I, Harris N, Hassler
B, Hubert D and Tummon F. 2017. An update on ozone profile
trends for the period 2000 to 2016. Atmospheric Chemistry and
Physics, 17(17): 10675-10690 [DOI: 10.5194/acp-17-10675-2017]

Stevens M H, Englert C R, Harlander J M, England S L, Marr K D,
Brown C M and Immel T J. 2018. Retrieval of lower thermospher-
ic temperatures from O, a band emission: the MIGHTI experi-
ment on ICON. Space Science Reviews, 214(1): 4 [DOI: 10.1007/
s11214-017-0434-9]

Sun L, Lian P, Chang X F and Yan J. 2016. Near space atmosphere
modeling and its effect on the aircraft. Command Control and
Simulation, 38(5): 107-111 (#h#&, BEEE, WK, E/A . 2016. IIf
VT 5[] RS PR AT R X AT SR R L R 5 O
38(5): 107-111) [DOI:10.3969/j.issn.1673-3819.2016.05.023]

US Standard Atmosphere. 1976. U.S. Standard Atmosphere, 1976. Na-
tional Oceanic and Atmospheric Administration

Wang J S, Liu D, Li C, Ji J, Deng Q, Xie WY, Bai T Z and Wu D C.
2024. Simulation of atmospheric density detection by spaceborne
Rayleigh lidar. Atmospheric Environment, 333: 120659 [DOI: 10.
1016/j.atmosenv.2024.120659]

Wang Q S, Luo HY, Li Z W, Shi H L, Ding Y and Xiong W. 2023. Re-
search progress of spaceborne passive remote sensing detection
payload of greenhouse gases. National Remote Sensing Bulletin,
27(4): 857-870 (IFEhg, & g, 646, Wi se, T %, AEfh .
2023, i % SR R BB SR SRR AR B T S L R R,

27(4): 857-870) [DOL: 10.11834/jrs.20211149]

Wang W J, Luo HY, Li Z W, Xiong W and Ma J J. 2021. Spatial and
temporal distribution of O, A-band night airglow in mesosphere
and lower thermosphere. Acta Optica Sinica, 41(12): 1201001 (-
HeAL, B, Ak, RRAh, R4k . 2021, )2 O, A IR
WE R 25 20 A R AE . 6T 244, 41(12): 1201001) [DOI: 10.3788/
A0S202141.1201001]

Weiss J P, Schreiner W S, Braun J J, Xia-Serafino W and Huang C Y.
2022. COSMIC-2 mission summary at three years in orbit. Atmo-
sphere, 13(9): 1409 [DOI: 10.3390/atmos13091409]

White P W and Hoffman J. 2021. Earth Global Reference Atmospheric
Model (Earth-GRAM): User Guide. NASA

Wickert J, Reigber C, Beyerle G, Konig R, Marquardt C, Schmidt T,
Grunwaldt L, Galas R, Meehan T K, Melbourne W G and Hocke
K. 2001. Atmosphere sounding by GPS radio occultation: first re-
sults from CHAMP. Geophysical Research Letters, 28(17): 3263-
3266 [DOI: 10.1029/2001GL013117]

Wickert J, Schmidt T, Beyerle G, Konig R, Reigber C and Jakowski N.
2004. The radio occultation experiment aboard CHAMP: opera-
tional data analysis and validation of vertical atmospheric pro-
files. Journal of the Meteorological Society of Japan, 82(1B): 381-
395 [DOI: 10.2151/jmsj.2004.381]

NASA Goddard Space Flight Center. (n.d.). Table 2. Experimental In-
strumentation on-board Nimbus satellites]EB/OL]. https://nssdc.
gsfc.nasa.gov/earth/nimbus_sensor.html

Xiao Y, Feng Y T, Wen Z Q and Fu D. 2022. Doppler asymmetric spa-
tial heterodyne interferometry for wind measurement in middle
and upper atmosphere (Invited). Acta Photonica Sinica, 51(8):
0851516 (4 I, ¥ ¥, ST, 8. 2022, s 2 RS IE
M 2 34 8 22 4y + 9 R (R i), 67 2F 4, 51(8): 0851516)
[DOLI: 10.3788/gzxb20225108.0851516]

Xiong W. 2018. Hyperspectral greenhouse gases monitor instrument
(GMI) for spaceborne payload. Spacecraft Recovery and Remote
Sensing, 39(3): 14-24 (FEffi . 2018. E#HM LG KL ET R ER
A W A4S A A KR 1] 53 K, 39(3): 14-24) [DOL: 10.3969)j.
issn.1009-8518.2018.03.002]

Xue ZY,Bao Y S, Tang G S, Cheng W, Zhu M B and Yuan S. 2022.
Quality analysis of COSMIC-2 radio occultation retrieval data.
Journal of Tropical Meteorology, 38(3): 453-466 (H# i, i i
S, FEARSE, MO, R dat, 320 . 2022, COSMIC-2 i /2 S Ji 4L
i BT PR R A, 38(3): 453-466) [DOL: 10.16032/.
issn.1004-4965.2022.041]

Yan Z A, Hu X, Guo SY, Cheng Y Q, Guo W J and Pan Y S. 2015. Per-
formance analysis of spaceborne sodium fluorescence Doppler li-
dar. Journal of Radars, 4(1): 99-106 (131 A %, §AME, 755, FEK
S, BN, W AT 2015, RGN 2 O kP RE A
Hr . TRk, 4(1): 99-106) [DOI: 10.12000/JR14140]

Yee J H, Talaat E R, Christensen A B, Killeen T L, Russell ] M and
Woods T N. 2003. TIMED instruments. Johns Hopkins APL Tech-
nical Digest, 24(2): 156-164

Yunck T P, Liu C H and Ware R. 2000. A history of GPS sounding. Ter-
restrial, Atmospheric and Oceanic Sciences, 11(1): 1-20 [DOI: 10.
3319/TA0.2000.11.1.1(COSMIC)]



1500

National Remote Sensing Bulletin

#E AR 2025,29(6)

Zhang C M, Zhu H C, Wang D Y, Zhao B C, Dai H S and Zhang L.

2011. Passive measurement technology used for upper atmo-
sphere measurement. Acta Optica Sinica, 31(9): 0900136 (5K &
R, RAER, E a4, AL, I, 5k3% . 2011 & 2 RS s)
B B R % 2 2 4, 31(9): 0900136) [DOL: 10.3788/
A0S201131.0900136]

Zhang X Y, Zhang P, Fang Z Y, Qiu H, Li X J and Zhang Y. 2007. The

progress in trace gas remote sensing study based on the satellite
monitoring. Meteorological Monthly, 33(7): 3-14 (5K 2%, 5K M5,
D5 5% X, BRET, 2= e, gt . 2007, 13 T 38 J8eh AR W ik =

IR SR F I B L K4, 33(7): 3-14) [DOI:10.3969/j.issn.
1000-0526.2007.07.001]

Zhu Z S, Gao Y X, Tan H, Jia Y and Xu Q F. 2022. Research on a mod-

eling method of wing deformation under the influence of separa-
tion and compound multi-source disturbance. Journal of Naviga-

tion, 75(4): 784-804 [DOI: 10.1017/S0373463321000618]

Zus F, Beyerle G, Heise S, Schmidt T, Wickert J and Marquardt C.

2011. Validation of refractivity profiles derived from GRAS raw-
sampling data. Atmospheric Measurement Techniques Discus-
sions, 4(2): 1825-1852

Satellite payloads for middle and upper atmospheric profile detection :
An overview and perspective
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Hefei 230026, China;
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3. Science Island Branch of Graduate School, University of Science and Technology of China, Hefei 230026, China;
4. Key Laboratory of Spectral Imaging Technology, Xi’an Institute of Optics Precision Mechanic of Chinese Academy of Sciences,
Xi’an 710119, China;
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Abstract: The middle and upper atmosphere, as a crucial component of the Earth’s atmosphere, is influenced by both the lower atmosphere
and the space environment. It exhibits significant multi-scale dynamic processes, chemical processes, and radiation transfer processes.
Ground-based instrument, such as Lidar, optical interferometer, etc., can provide accurate middle and upper atmosphere profiles, but their
observations are limited to specific locations. In contrast, satellite remote sensing offers global middle and upper atmospheric profile
detection. To date, numerous satellite payloads have been launched to study the middle and upper atmosphere across multiple wavelengths
and detection modes. This extensive satellite data has greatly enhanced our understanding of the physics and chemistry of the middle and
upper atmosphere.

This article provides an overview of the satellites dedicated to middle and upper atmospheric profile detection, and comprehensively
summarizes the technical parameters of their payloads. Based on the observation mode, these payloads can be categorized into nadir-viewing
observation, occultation observation and limb-viewing observation. Nadir-viewing observation targets the Earth’s surface directly, offering
high spatial and temporal resolution, but it struggles to obtain accurate atmospheric profiles or delivers poor accuracy. Occultation
observation studies atmospheric characteristics by monitoring changes in signals from celestial objects (such as the sun or satellites) as they
pass through the Earth’s atmosphere. This method achieves high vertical resolution and precision in profiles but is limited in frequency of
occultation event. Limb-viewing observation combines the advantages of both above methods by observing the atmosphere diagonally
through the halo that surrounds the Earth. This approach not only provides atmospheric profile parameters with high vertical resolution but
also offers better sampling rates and spatio-temporal resolution.

This article reviews satellite payloads with nadir-viewing, occultation observation and limb-viewing observation for middle and upper
atmosphere. By leveraging the benefits of limb-viewing observations, China has launched DAO-1, a pathfinder limb satellite dedicated to
middle and upper atmosphere observation. The satellite is equipped with three advanced optical payloads: the Temperature and Ozone
Profile monitoring Spectrometer, the Heterodyne atmospheric Density profile Imager, and the Doppler heterodyne Wind Imager. These
instruments combine grating spectroscopy, Spatial Heterodyne Spectrometer technology, and Doppler Asymmetric Spatial Heterodyne
techniques to enhance the accuracy and efficiency of temperature, composition, density, and wind fields profiles. This paper further explores
the future development of satellite payloads for middle and upper atmospheric profile detection, providing insights for the planning of
China’s subsequent satellite missions. The observation data will support the development of numerical forecasting models for the middle
and upper atmosphere, and contribute to various applications, including weather forecasting and climate research.

Key words: atmospheric detection, middle and upper atmosphere, satellite remote sensing, atmospheric profile, atmospheric temperature,
atmospheric composition, atmospheric wind field
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Table A1 Abbreviations

'S Kl i
Solar Mesosphere Explorer SME PN L7 b
Upper Atmosphere Research Satellite UARS IR R TR
Thermosphere Ionosphere Mesosphere Energetic and Dynamics TIMED PR —HBR— T H] 2 e ) TR
Tonospheric Connection Explorer satellite ICON W R IR R DR
US Naval Research Laboratory Mass Spectrometer and Incoherent Scatter Radar NRLMSISE o
Extended
Horizonal Wind Model HWM IR R AL
Atmospheric Explorer AE KEFRREDA
Dynamics Explorer DE HIERRE TR
COSPAR International Reference Atmosphere CIRA —
High—Resolution Doppler Imager HRDI T AR 22 AR AR
Wind Imaging Interferometer WINDII URAR AR
Gravity Field and Steady State Ocean Circulation Explorer >OCE b 3K T S5 R PR IR T
Global Reference Atmosphere Model GRAM RIRSH RARAL
Stratospheric and Mesospheric Sounder SAMS —
Limb Infrared Monitor of the Stratosphere LIMS —
Stratospheric Aerosol Measurement-11 SAM 11 —
Mesospheric Airglow/Aerosol Tomography and Spectroscopy MATS —
Mesosphere and lower thermosphere MLT Fh ]2 SRR X
Solar Backscatter Ultraviolet SBUV KBAJG ] 524t
Global Ozone Monitoring Experiment GOME AER B AL
Ozone Monitoring Instrument OMI LML
Solar Backscatter Ultraviolet Sounder SBUS LA H AR AL
0Ozone Monitoring Suite — Limb/Nadir OMS-L/N LA T BRI - 32/ R
Radio Occultation RO TekHLE 2
Challenging Minisatellite Payload CHAMP PR/ TR e
GNSS Receiver for Atmospheric Sounding GRAS VL EREEF i
Global Navigation Satellite System Occultation Sounder CHAMP BRAG /N T 2 Ao
Stratospheric Aerosol Measurement 11 GRAS R fE Sl
Halogen Occultation Experiment GNOS RERGA TR B SO
Improved Limb Atmosperic Spectrometer SAM II SR A T I R S
Global Ozone Monitoring by Occultation of Stars HALOE R
Doppler Asymmetric Spatial Heterodyne ILAS e I sk KA AR IR
Michelson Interferometer for Global High—resolution Thermospheric Imaging GOMOS S RPE LA A S R I
TIMED Doppler Interferometer DASH LB ARRTFRZS [l Sh 22 AL
Sounding of the Atmosphere using Broadband Emission Radiometry MIGHTI ER T PERIZ T e R AR T
Global UltraViolet Imager TIDI TIMED T 258 T-#4%
Far Ultra Violet Imaging Spectrograph SABER I G 2 S A A 8 AR R
Extreme Ultraviolet Spectrograph GUVI EREEIP R
Ozone Mapping Profiler Suit FUV 52 A AR
Optical,, Spectrocopic and Infrared Remote Imaging System EUV W52 AT
Scanning Imaging Absorption SpectroMeter for Atmospheric Chartography OMPS FA T AR FE LR AL
Michelson Interferometer for Passive Atmospheric Sounding OSIRIS FETESURNET A AR AL
High Resolution Dynamics Limb Sounder SCIAMACHY KA L AG A
Sub-Millimetre Radiometer MIPAS B SR TP Sl R SR
Microwave Limb Sounder HIRDLS PR B 2R I AR 7
Greenhouse gases Monitor Instrument SMR VU3 B 0 KA S
Microwave Limb Sounder MLS T I SR 2
GMI il 3 A I

Greenhouse gases Monitor Instrument




