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AR BRI MR TR AR E S RER RIS S FIERZ R WM, ToiEIR A 2w A
SRER, HMRPUIE T E B EMRAES, WFE S EWI G KL ORI B 458 (Zhu et al., 2013; Tian
and Zou, 2016; Lin and Weng, 2018; MV AESE, 2018) , (H 1T B0 TR B U5 B G, af DU 2R il 5 KU
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BEL ARKAR B EKRREET .
MARMA R _F R, TR BRI 17 22 40 B 28 A PEER I & J o BRI 5 TR 2H 2R (European Organization for
the Exploitation of Meteorological Satellites, EUMETSAT ) il 112025410 H & % #r — X # ok &5 T A
MetOp-SG-A (MetOp Second Generation-A) &, F&E IR ML (Microwave Sounder, MWS) J& —3k 4
YR AESE, FEEE K | AMSU-A (Advanced Microwave Sounding Unit-A) « MHS (Microwave Humidity
Sounder) FIATMS (Advanced Technology Microwave Sounder) , PR —DHET;, Mz M23.8~229 GHz
24Nl , 42818 229 GHZIBIE (https:/www.eumetsat.int/metop-sg[2025-6-16]) « MWSH] H #5723 B
2L w AT RO SRR B, Oy X B R R BUE R TR (Numerical Weather
Prediction, NWP) $2 4t S0 (SERFEEAE, 2024) , 229 GHZBIEE AT T X 7 2 A E R, KB KER1E. 2026
4, EUMETSATIL ¥ K S MetOp-SG-BIRHL B A, # %0k = Bt 4 (Ice Cloud Imager, ICD) , 5= 6 H
183~664 GHz, 1X S8 K V22 K i BUE o 1 0B ANz 21 b 18] F v [a) 1% B, R 3R 4 i R Uk K B WA 2
1S RE NS A 1 VK SRBE R IE,  SSOE RRANBUE R TR AR AL P (UK ST (May et al., 2024). 2024
F8H, BRI TAWS (Arctic Weather Satellite) T2, fili#f %1455 GHz. 183 GHz#1325 GHz, &
AT A G T2 R “EPS Sterna (EUMETSAT Polar System Sterna) 7 (JEARIHERS) 1A T2,
H bR PRI RO UIRE « R 25 o XA P 3 M BIE I A, miE595km, P52
H177 iF (LTDN: Local Time of Descending Node) 73 %l 43: 30+ 7: 30f111: 30, ¥M7EFY-3/= B #1&(5:30 LTDN).
KR MEPS#L3E (9:30 LTDN)FISE [E IPSS#E (13:30 LTDN)Z [l 256k, FAPUIE T IIA 2 A, BNREM
AT55 4 FF 22 134 (https://www.eumetsat.int/eps-sterna[2025-6-16]) .
MR AT 73 D RE 0 13, SELANRD G R, R T dh s w2 R AR, RO i il

(microwave hyperspectral) , B(EFRZ N RGN (microwave fine spectra) « Ryl 4% Ui & 1848
FEE RO IR, BRI b S 38 S R B S B BOR AR B2 . 8, B Gl o MR i A A H
#HALGUEIEE 2 HE R R, AT AT RE Y B S HOET 78 0 R, IR O LR ACE FriEsE (n
IASI (Infrared Atmospheric Sounding Interferometer) . CrIS (Cross-Track Infrared Sensor) FIFY-3/HIRAS

(Hyperspectral Infrared Atmospheric Sounder) ) o T REAR D CAT TS A E RN ST 6, DA
FARW], 0 OB e R PRI S iR B R B R 2 1) Sl P LAYE 3% 243 . Boukabara etal. (2011) #F5T T
TRl G 4 V5 A S i AR T T A% Gt S G TE A AR BB, LG TR A T A% B R TR R A P R MIBIE ST 4 18
Blackwell et al. (2011) AT —F AT~ KR I e 1 BB IR, JRIE 1wl AR s oK
IR AN R4 SR I HER 1 . Alires et al. (2015) WAL T TR B v o T A AR HE K ST AN S R 2k
R as Ak, FEERIN T IR G AR X B A R B, S S AN E RS 7228 10%. R
TR RN, ARSI BRI, SRS SO il LA H30%. fERXWIRT LG, M58 T EE RN
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/BEK 5. Kummerowet et al. (2022) EHH, 44 FH60-80/™ i i it /7 B A HE I, i JE AR P R 179 e 35
ST AR 50%. E A E TR 77 2090, Bietal. (2024) %55 GHzPT i i e i 4400 B f 34T
T VRS, T R 45 R B AT T AR EFEE (2022) BEFE T ROE S ORRHE BIRIUNE, BAIT
o RO FH 1o 6 0 B AR v P R A AR RS FE

i EPR, KRR IS ORI DA, i T R E i R 2 R, B BB AR I = R A B R
BONfREG EIACE R EE TR — X — TEMS FIRIMRR, JESCOUHh T AL, 35 E AR H
I IR BUE TR A 92 L% 5 & (Geostationary Microwave Observatory, GEM) M125 4 FL1% 77 28 ( Geostationary
Synthetic Thinned Aperture Radiometer, GeoSTAR)  (Bizzarri B et al., 2002; Lambrigtsen B et al., 2004) , {H
SZRT DA E AR, —BERIEmE LTS ERIESEI. 9k, BERHEKCFRIANR S, E# L
BIE SEPUREL PR E I ROBAR I RE 77, FE R UEEG T BB R B AR B T AT g o o E ZEAH DGR T SRR
23 T102F MR R, MRRBERY O, A O A b e st # RS oo W i R (R T
BRI IAS, 2016; TKFT, 2017; BRATEE, 2021) o AR SC B AR IR AR K o [ BUE Tk PR AT 5%
R S RAARI B bR, I O 05 EoaEe, b H R ARN e JJ#EAT IR UE AT, AR SRR B AT e
FRALROR S

2 ﬁ%.ltijl TE&/&EE* _J?k/)”u H *T

RS GALH (World Meteorological Organization, WMO) £E R MLl A=W 78 A% 2 45 7 i o 1
BRER B8 XSG B AR ZER AR . HhERER L TR i T3 — AN X R e AL B, X T BRGSO
SRR EPE BRI ARG R REE, Foh, Fibk TR T E SRS, L mEAUE R SR
AERATE . ZE R E, PEZ AR RFEMRME R, FE AT RARNH TR, FEET IR, 2
T R A AT, LAREX R it KA AR A DRk, IR WMOM B Rt Hp [ 6 1k 30 o T8 2 5&
.

v o] 33K S8 4 M KR IS PR Aiple T 81 T-20264F TS A o 3R AT A — 5 SeFLAR 2K I M 22 K
PRI, R FS moR PR R TINGE — . 55 — B ROSNTH 1 B8 4 = IR GO, RN B — 5 T 4k 7K 1 (%
RN ACATMS . FY-3 MWTS (Microwave Temperature Sounder) FIMWHS (Microwave Humidity
Sounder) FTHA I HEL, B8 #23.8 GHz. 31.4 GHz. 50~57 GHz. 89 GHz. 118 GHz. 166 GHz#/1183
GHzZ:; BAMNT HE— B E G X B RS =4EWNEE /7, Fri N 1229 GHz. 380 GHz1425 GHz
MR ZEARI PR, — J7 THI AT 5 @i KUK BRI RRIIBE 1) (&5, 20200, 53— 7 B2 moxt i |2 KU
SRSHEINERIGE S (CEHR G55, 2023) o ik, FIRIXESREL rT 3R E BARKRE. BE. =, BK
MR SHEE, AN RIA BRI R, Rl 5ot A8 B M R, w7 Uk — D4 o 4 R A%



88 KA. HBFRMIULIIBE

89 I, 51 Gt PRI B 15 B 7 AR, R AE 52~57 GHzASB N 1 #kisk o il CRE i)
90  EIE, XAMBIESRAE IR RS e R 7 o ME R — PRI EOR, im0 R H bR 2
O1  $&m A RGN R ARLRE R 2 1 2 BRI A SIS0 B, R B0 A B8 S Rets s o otk idis [ 46 &R Go
92 NWPHEAI A, M R R ST . RIZRE 4 T BRI ACHT 1 (PRI A B RFAE o

93 1 RURRMCHTIESR R B = EHHEF A iR
94 Table 1 Characteristics and applications of the added channels in the microwave sounder
FFS  BR(GHz) % MHz) ZHZPE(km) FEA®R
52.6-55.0 200 60 KAEHEE
: 55.0-57.3 30 60 KAEHEE
2 229 2000 25 HRRHE . =
3 380.197+18.0 2x2000 25 KRAKFEDA =
4 380.197+9.0 2x2000 25 KAKKAT =
5 380.197+1.5 2x500 25 KAKKIA . =
6 380.197+0.4 2x200 25 KAKK AT =
7 424.763+4.0 2x1000 17 KAEHEE. =
8 424.763x1.5 2x600 17 KAEERE. =
9 424.763+1.0 2x400 17 KAEERE. =
10 424.763+0.6 2x200 17 KAEERE. =
11 424.763+0.3 2x100 17 KAEERE. =
95

96 3 WREXRSEMEENTH

97 3.1 fEGBIERNEE

98 TR AE R R, KA — @RS E R, — i lim, WA R IE i B3, 78
99  55GHz. 118 GHz. 424 GHz[iT, F/RIHE IR BRE, TI7E183 GHz. 380 GHzPHIL, KI5zl .
100 LEBIUE SOBERIIA A5 X0 T FE M3 10 DRI A e o % 2 KU S 2 A, B 2 Bk B A — 5 JE B A AL
101 &SR, FE TR R/NT B BRBCRAE,  1EIX L SN

102 w:a%z (1

103 HATIRIENR, ZHEE, B0 kme B 14 M T RERRER IR, SRR 8 IE A o H A

104 BRI, 23.8~52.8 GHz B E s A6 e i %, 53.2~55.5 GHz A E s B 4 T 15 km 2 FRIP 2 EE,
4
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15 57 GHz B 3R E pF B50068 AR D00 b 142 v O v 58, 57 GHz X 2558IE 5 ATMS BLA BIEREL, B0FIH T H
AR S T R R R RR Y, SR T R B DY I e, b £0 i 0 57.290 GHz, f1 09 f14+0.217
GHz, f2 4 f0£0.32240.048 GHz, f3 & f0£+0.322+0.022 GHz, f4 & f0+0.322+0.010 GHz, 5 f0+0.322
10.0045 GHz. £ 118 GHz i 7 & T I @B £, FrAn] Al 118 GHz Bz ) i M 35 28 & R4 A 70
A, fET SEIEEA RAZ IR SO . 183 GHz IBIE B TH T+ S R AKIR, DRt HC I T8 AR R o 00 {1
JEB4bT 8 km LR, 380 GHz il A 5 HAHAAR) 70 A RFAE, 424 GHz 338 WA 85 s BOAS SR o 280 52 20 A
55 118 GHz 1 b B M. 52 KM/ X SOl AU i DCGEE W H 89 GHz ( H R 7EBURLB A A% B
AHIEE, EhRE) . 165 GHz fil 229 GHz, XEHEMRGES . KPS E WEMRN . WITH
TX B TE A R A A AT DU, BRI A T A R TR A G R A B I R 2L R T, K A
A H TR 8 B OB KA = R RE 7 -
Bl 1 SEEBRMERCRES T AL GOS0 A o

Fig.1 Weighting functions of the existing microwave and Terahertz channels under the U.S. standard atmosphere conditions

SEAT (1 ATMS S AR EL, B8 1) 380 GHz A1 424 GHz 195 2H A 24 38 B AR N it R 2L & i v ] 9 B
e BLAT I F B R ZT AN 0 WE R AR A 5 AT L ZDANHLE A 2438 B S RN 32 1 ) K S IR
BE R LATEAR BE DL (0 BB IE S AR, FIRTX 255, WS SR 5B RE B8 X B4 RIS, %
ZRE T HUR UK, AT SIS 5 AR Bz A DA 2, (A a0 I RSO R A B e vk o o R R AT A
IR RN, — 52 RRE b AR 2 IRORS BRI ) R, T 0 3 3 T P AH DG SR I B AR AT SR 2 LT S (14
o ROZFRHIR, XEBE R BUR I KRR, KBS MK .

3.2 RS EERNEE
F LB OB AR A AE 52.6~57.3 GHz N A 38 0 1 i my G i AR A TE ,  52.6~55 GHzit [Hl 73 #2200
MHz, 55~57.3 GHz 930 MHz, %89/MiliE (Bietal., 2024) . T8 5 21 A1 6 g A 1 1 18 13 B A

L, S5 BRI A EIE AN, X LE TE AR B BRSBTS 2 R LT )
BERFE, BR245 M T R EFRHE RN X R A A SR E R B A, vTLES], EENKRCEREE
A AT, AE30 ke ) S BETE R Y, ACE RR BB G LR 4R, X R] DL I N 2 BRI RSB B, AT
REAR RN 211X JA0 J22 T i 8 R 2 () B2 2% 40 B35

K 2 SEEBRERIRE T 89 MU motilEiE (52.6-57.3 GHz) UK

Fig.2 Weighting functions of 89 microwave hyperspectral channels (52.6-57.3 GHz) under the U.S. standard atmosphere

conditions

ETHREMER43)ZRAHLEEE, HL42%%, FIFARTS (Atmospheric Radiative Transfer Simulator)
A A A T R A A R G T T ORI B R T B %?Rodgersﬁ’]fm VBRI
WA RS B, WEBHR, wLAERIST GHzME R MG R E A X . #id SATMSAHPUE (EiE3~15,
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Ko N AT A50.3 GHzF57.29 GHz) A EIER L, v PAAKIL, XEEtiti@iE s R Eing46%, X5t
P AR R A AR A R .
B3 89 ANl & il i 312 Bt o A

Fig.3 The average information spectral distribution of 89 microwave hyperspectral channels

FET Al TR IHEL I (Rodgers, 20000 , 454 HE T EE AN e 6 38 38 1 e 5 K (X Bk e N 1.5K0
THET R (4, IXRAE RS R P E R ek BT A S e B ek B, i SR R 2
TR, WRZ BB SO s TR, M Sz B Ve, JF A — e 5, R T X LE
o B R (1 T LA . PT LU B, X SR ek B LB R B A, 100 B G B SRS R 1 3 B A HERE D
RRBOEA —A “Area” (B, HAHNHEGI 1A XA S nl FE R X8, RIS 45 1 32 20k 5 T E &
MRS B o 4RI 25 X ME R —F, MAreafti 91Xk, 7 LLF 21 S8 = il {5 B2 X3, E£9800 hPa
%1 hPayi[H 4
Bl 4 T SRR MR SR TS0 89 /MM B G EIE SO R M O T TR, BB e R R R

Area fHI—F) .

Fig.4 Distribution of retrieval averaging kernels for 89 microwave hyperspectral channels computed from a typical atmospheric

profile dataset. (For visualization clarity, the dashed curve (black) denotes half of the Area value)

3.3 @R

MR R SE 18 BB R DL B, BRINACA RS 1 5 DX 5L PRIIE I « /KSR DL S AR 2238 18
AR O 3 . RSz S B RO o AERIUASC S 46 1) SIE B W 0 e 2 e B MSUA 5 ok 00, i e
AR LR TREFF R— R F AT, A ReR R & E =M. BT S, Sk 2 i R S o R 33 =
KBV ZE KB R IAAE BN B, 200 b 3 5 S M S5 7 B AL B T 45 B i B, Rz — e 8dl (Level- 1
product), FESLEEA b, KA et i PR R REUE SOBEIAR, A5 2 PR S RS A B, A AR SR IR K
SARACRHIE R 2 P ER YL S, T R 5 O DX 3 7=, B 284 (Level-2 product) , RS 5HT.
HUE TR . S TE . E AR5 H DA HIER R GURL A TSR At i SI FF) 4 A L I 080 66 T3 6 =E ' 1A
MEE, Sl B = AE ARG T 2R BB 5, R EIRBON B ol g = . BEEET I —
PRI N RHUE R R GRS FIlevie-1 CF= i, LA G 1) =S4 &7 5 (Level-3 product),
URER2FT 7 o HEA T i B A PSR Z0FH 2 (R N ) 2503585 2 1 i 5% T P RO 2SR

® 2 BORRML R

Table 2 Product types for microwave sounder

7= iR 3R PR B R

—g0lk g% KA . KA EEER L MU . RATFEK. mKEgAE .
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VKK B4

ST MR . AKEEIEI LG . WL R Bk EARA 2 L K AR

“ A%
THE. AR
g TR AT G A DR TR 5
3 S O 7
B LR % WP LiC

4 WMFE
4.1 BRI AU LT 4E

9T R A} 1 TR ) 75 oR S B ILTE PR RS R 7 T, A= P05k AL BERK
TP SEIL T 3X — A, A RGUE AR TG ARG AL 7 AR OB —— SRR A, RO AR R X (CE
FEIRGE, 2024) , XFMESE TR —Or AU R TS, B0, TR RN R, AT
B RYCR B T R D RO, R FJF R e - b 1 =207 W, e IR 25 18] MR AR M i, )
A EANTE, 7o RIEFR L TR Z BEA W3

T R R 2k AR K K TE iz 3l BRI AR RA T Fa AR dL. Wi &Rigzh =X, & miegs
S E360° B E IS (1 75 O AR, B AN R BN AN 7 R TR T B AU 5 A2 328, AN 48 P 1
— R R IEAEH AL R 100° WRKE . 4 PR FArALREshnt, 2RI E I A R KM+
X e BEEA T AR44£123.5° B2%, T LA BRI G R m Ay o0 (1 o B dn /N X
Xif L ER 18K /N A1500 km X 500 km,  FHIS £92-350 %0, W0 S@)Fiw, X R0 POk iR & K. R R
GLIX A3, TSN HR s DX S ORI . IS (b) [EI 45 H 7 R A [ X 353000 km X 3000 km ) [X 35
K/NEE, U S5 B, B B X PG AR TR A E 0 PR R TR, DRI R L2 R
KA, 2EAT REVE RSB SRR, TG DR oy 3, AR IE S — kA H
60-8073 1o B FIRPIFRIX I /NAL, B PR IE AT X 1500 km X 1500 km X 380K /N SEBOBLI, - B £520-3055
.

TEUIR, W XK N2 RGN, Ak E BREESAFmARRA: 54, DRE TR
JELUE WL =% [ 43 e 2 AT T T v, BASS GHz 9, 292960 km, >4 T B WL A FERORET, - #de o ik
— P BEAIG o H I 5SGHZARER S8 5 YR I X 3 [B) A ORI &, ] AR TOAR 15 B — 2D v 2 (8] 3 e
£25km. f£183 GHz, JRIGEZS (A1 R 25 km, 25 54380 GHzM424 GHz, JE4G7 #FEIE1T km.

Bl 5 TRXS SR & KUK AR DX o DAoL, TR 2 T LT 2r A R AIE - (a)9 500 km X 500 km X 30414 f 78 75 1
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Bl JRAELIN ECRT 23 FHES (b)) 3000 km X 3000 km Xk, T4 A, RECLIE S FHA .
Fig.5 Geometric distribution of field of view (FOV) at ground during satellite observations over typical typhoon and Chinese
region. (a) Coverage pattern within a 500 kmx500 km area with distinguishable FOVs at raw resolution. (b) Coverage within a

3000 kmx3000 km area with dense scanning points making it difficult to distinguish.

4.2 sAVSHET & KR

TR LI AT LA TR R S A AT SR AT TS AR , s AR DOOLI T EE U i R s I X 3
RAIMGHHEAR S RE, 3 BRI & I RE 7T o A SR FH ARMS PR 4R S A& B X (Weng et al., 2020,
XF20244E7 H R G K A% 387 HEAT T ERINCAT A T AL SR A A0 o AL 25 T T A W £ K T A A
Tififf s MR K 2R H TELSEMML R R SF 288 . g AR % S BONERAS FE T 8, B 4& 7K
B REAS UK. =K WL TR B X EEE E 3000 km X 3000 km, ZF[A] 73 ##%80.25° B[] [H]
B 171N

R ER e, AT T BRI B IE RO, Oy 7SR G KU )AL Bl 2024
FETAISHEBIH, Fesh 7 dASEIELET H 24 H3:00— NS R S IR BLGE 5, I L0380 6 2 iR 0 A1 175 48 Hh
BoR T XX, BT &EENFEEREARR, SoRmguiiHAmE, B TAERBUR S rEE s, K

E A S & KO XK, 380.19740.4 GHzIEE 3 22 T /KSR, BT iR $0 A = B2 297610 km,
M0 .52 Z NORE B S, SR 6 KGR KIS RIK = IR0 A 45 8., 424.763 4 1.5 GHZIB I 2 52 Uil
i, FFRZEES USRI . K ARMSHIBLSE R SRTTOVREZS AT 7 RS,
IR A 1A A — BB, iR ZE SRR KBLA, RUJARMSHHUA 2 AT E 1. X LR 45 R T LA
H, RREEKFE, XE XTSI EBoon i, 7845306 XA S 84 R IR . IR AR
BE, AT G KNI 5] 7737 8 A S A 8 -

K 6 2024 47 7 H & XK 3£ 10#F LEBUE o AN B SilR (A KO BEtlah R

Fig.6 Simulated brightness temperatures (Unit: K) from channels of geostationary microwave sounder for Typhoon Gaemi in

July 2024.
5 B4

L3 50ZF IR IE, BRI TEARMNWT 763, GORMEHUE R SRR S5 U S RO B35 . gRGiT 1
[ Br A P BT R SIS L, FTRAE B, SBR[ “ =7 KE: @S S
BRI CRR22) 5B
® TN IR RABOUIIAL A, B S [R] 23 R
® UKL R (0.1~10 THz, 30 pm~3 mm) H4 LAICHRRA M 040 78 LA S IO ER I K< BE 7
®  EbLIE A HERMG R — D IR I BB RIS ). TEC A A b, IR S5 GHz.
118 GHzA1183 GHzW W2k, AR g2 iy iR gl . RIS RAE, A5 58 B R RIBGE R AE, oA
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RAHNIEMEZ WEEEME B, —ERRE i a K RSO RE E H .

o A U R RN AR AL T B SS . ASCNIEIEBEE L AR L LA A4 R
AT AT SR R BRI RE ST o S BRI & T IUAS S « Bl i il i 1 AN R R 22 R M 18, H
PR FRTE I 30 X KM = BRI RE s S ARIIBE JIREE N, 7 i 2B R AR S8R et i 1 2 0 IRt S s ¢
Ay A RE S BRI ER K T AR RFAE ) 22 R ER YU EE 2 A, Vs s WL DX 7 ity s T2 0 X4k oK /N RT i
FHRAE R UG DLEAT RS E, ML G KU FREAR I, ol OO AT B2 45 21 5 XUPA BT et I 8] 7 9% 3% (1 IR SE
Y. AN IAE R, 0T G KA B3 050 71357 3822 S (ORI KodfE

2P 5T, LR BB e 2 A R ORI, A7 B TR R B R M AN PR AE AL, SR T 9 K e
T Ml THIEREIRR, SR PR, S SR BRG], J9ffix — g1
EEAWA, —SRIPREIN S TR FEIN, LR R B S 7 SN R AEAR KK
JRrf, BE— DB K B O ZR R R ST, SR LI F S A 1] R
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Analysis of Atmospheric Sounding Capability and Observation

Simulation for Geostationary Microwave Satellite
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Abstract The geostationary orbit microwave sounding satellite carrying a microwave sounder utilizes the
relatively stationary characteristics of the platform, as well as the microwave's ability to penetrate clouds and

rain, to achieve high-frequency, all-day, and all-weather observations of the atmosphere, providing high-value
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data for numerical weather forecasting and disaster weather research. This paper analyzes the sounding
capability of the Chinese FengYun-4 geostationary orbit microwave satellite currently under development. The
observation method and product system are introduced. Its millimeter wave sub-millimeter wave sounder has
added the 55 GHz microwave hyperspectral frequency band and 380-425 GHz terahertz channel that are not
available on existing low orbit satellites, greatly expanding the sounder's ability to observe atmospheric status
and cloud parameters. The unique observation geometry characteristics of the satellite are shown through
simulation technology. Based on the ARMS fast mode and atmospheric backgrounds, the brightness
temperature of typical channels for detection of temperature and humidity, as well as the terahertz channels,

are simulated under typhoon background.

Keywords Geostationary microwave satellite; Atmosphere sounding; Microwave hyperspectral; Terahertz;

Observation simulation.
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