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Abstract Satellite microwave remote sensing data is one of the most important data required
by global/regional assimilation system. The brightness temperatures of the upper atmosphere
(middle and upper stratosphere) from microwave remote sensing are affected by many factors,
and have certain errors. The accuracy evaluation of microwave remote sensing of the upper
atmosphere has become an important research content due to the relatively lack of
high-accuracy sounding data of the upper atmosphere. In this paper, the accuracy of the
observation data of the on-orbit microwave temperature radiometers like AMSU-A. ATMS
and FY-3D MWTS-2 is examined and evaluated in 2020. Three evaluation methods, i.e.,
comparison with radio occultation observation, with radiation transfer simulation and with
cross calibration, are comprehensively used for the analysis. From different aspects, the three

approaches reveal the error characteristics of the data at the upper atmosphere from various
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instruments, and the possible sources of the errors are analyzed. The specific deviation values
of the brightness temperatures of the high-level channels are different from the three
evaluation schemes, but the basic trend of the variation are consistent, that is, the high-level
channels have greater noise than the middle and low level channels. In addition to the cross
calibration method, the other two methods show the seasonal variation of the deviation. On
the whole, AMSU-A performs better than MWTS-2 and ATMS. The temporal and spatial
variation characteristics of brightness temperature accuracy at the upper atmosphere can

provide reference for microwave data assimilation and climate application.

Keywords Microwave remote sensing, Radio Occultation, Radiation transfer, Cross

calibration
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HAT, DEEREEZMHTHERIIR RS, YRR 7 8ERS
TR (IR 22 (Eyre et al., 2021) o AHXS T-2LAMIR] WOGBERL, Tk BER A — &
FIBWEHIAES], ATUIRINE = P RREERBEGER, UMESHER.
I, TR AE Tk RGP M EEAEE AR —, IFER RS &
A H B .

F 1978 5 NOAA (National Oceanic and Atmospheric Administration) TIROS
(Television Infrared Observation Satellite) T & & 5 LIk, 55— ARGk #R I ¥t
MSU (Microwave Sounding Unit)F| ] 50-60GHz 1t 58S WX AL B SRR RS iR
(Eyre etal., 2020). #], MSU fE 1K N RAVY/ANETE, Al LA R = Ak
U E U BRI . 24 1998 4F NOAA-15 5 PRI LS, MSU #
T R WU 4N B 75 Advanced Microwave Sounding Unit-A (AMSU-A) A (Christy

et al., 2003). 2006 “EJT#5, AMSU-A tHIE#FH RN METOP (Meteorological
Operational Satellite) %1 P2 . 2011 4, SNPP (Suomi-National Polar-orbiting
Partnership) P2 & &, T2 F3RF el B AR FMBERNM AL ATMS (Advanced
Technology Microwave Sounder) . AHLk AMSU, ATMS EA T £ F#EIE |



B v IR 25 (R 43 R S A T B (R Y TR, T DA 2 B 20 1) 2 MR R 5 ) A
(Bormann, N. etal., 2013) . H#l, Bk SNPP TLAEA), ATMS 5% 7E NOAA-20
TR, RRIEEHEEAE IPSSJoint Polar Satellite System)-2/3/4 T2 L

2008 4, HEH— PG TR KIRE TR FY-3A K, rEERE
WA R BRI S T B AR T AR, ST IS R fE (Yang et al.,
2012), FHorr, X ORAE BORUEUE R A TR S ) B AR F (R A % 2 — R Ak
I MWTS(Microwave Temperature Sounder)(Ji#58%4%, 2013), ‘& ) 3= EAE 555k
IR B ER A KA kG B R TS BONBUE R SRS M6 (5 B . 2 Ak
J&, FoH FY-3D 2 LA = MWTS-2 F 13 ANliE, Haefatrtis TR K
(KR TH(Z KH5%%, 2016; Han et al., 2020).

T SEB KA 53 TE el FER A 2R B 2 ANl , X e iE
HO AR AR, {H 3BT 50-60GHz ARSI ISCHT o AN [RIE 1 XA bR 40 1
AT AR RE, TR RO AN ] o B J2 KR SRR, AT AT DA SE B T — B
FFE L (~50km) R AURE LI (Aires et al., 2015; kS, 2018; 5 0%
W&, 2017; 754, 2016) o MIRIZE NS, FASIH RS2 I8
5 RIE T R 2 e )2 KSR E  F Y 50-60 GHz F 40 U e e A R =il B2
FEIABIRIEZE KRR CPREF. B3 BN, BER@E 7 NHEs, X5
BRI R R G, BN E R RREE SRR, (BAGRA L T BAT e br Rk
545 ren Jo KA 0 B A TR

TR AR A 88 5 b BROSSHEAT I, e R aA 5 5 R E S, @l W
PROTAE, K HAE S T LS iR B ROk (Ranzani et al., 2013) . 7R brid fE
BTV 2 FE AR R ZE IR 00, 8 b SR 22 R IR 3 A R G 72 o 11 M55 1] g
FEATANES G RBUEERE, RS ZE TR B T TARR B MR 2 . Rk
SR AN A RS o ZEWLIN BERER T R AR AT SR B FLZAT, =G 1
SF IR T 3 e i 22 2 AR EE BT, %o T 30km i 8 DA fR~ 000 2 v b 3 KAl e
RO . 50 1, FATI8 T IR SRR IR VT il TR IR R, (R
KT 30km = FE LA BRI, A Gl g v Ak B AN X 38, R SR AL 7 A
P2 (0 A P B 5l k704 (/O o N P O 5 R 8 U 3 & ) =3 Wi B L= B G i
RATERE,  BONEUE R TR S B FH AU 22 1 T 2



AHIEFE ) b R AR LE R R SR BRI 22 VE AL I, 7R BEORhiR 2 AR
WRFHE, A PE RS2 . KB PRAG I AR B2, R TR 2 1
VPN AR A AT 1) 22 A P ISR UE A B o 5T UL IIASEF0L 1 75 ¥ 2 B R R Hh
IS 2 1 B 7 ik, S SO ER Ik O N B2, s Bt ST T
LT ERRHIZLZ GSICS (Global Space-based Inter-Calibration System)
JT R AR [F) B2 7E SNO (Simultaneous Nadir Overpasses) 15 &t K SRR 2 18] 1 e
B, fem—Sk. B ERWRONEZ S, AT TR BRIE TS 2 %R,
R RS TR R, BATCH e RIS EmRILa, &2 5rE
SrkfE, MEVUEHEIRE Tz DL EX =07 RAHEIGUE . AH AN,
TR T A TSR G TS, RS B RVFAS AL RTS8 nIE AT A .

2. BRI RMEERITR

K BAS 2R £ 2 HE 2020 45 NOAA-15/18/19 F1 METOP-A/B TLE
AMSU-A. SNPP TLE il NOAA-20 T /£ ATMS. FY-3D L& MWTS-2 [f U &5
B, IR A AR R = PR D A AN e AR — R AE 20 hPa BL b AL
BRI B e 56 A AH [E] 1), AH R BB RE FRRE FEARAE 2 %, R 14 T X Sl
ZH, MR, MWTS-2 5 ATMS 124, MENRFEEE , MWTS-2 5 AMSU-A
FHM o B LR 2 RN e PR o B B A o e R T W (R £ 2
hPa.

xR 1 B BIRMBIE 5 (f=57.290 GHz)

Table 1 Characteristics of microwave high-level channels (f,=57.290 GHz)

Gk R K) BRI (K) BUE
) Bl (g
(MHz)  (MHz)  MwTS-2  ATMS AMSUA MWTS-2 ATMS AMSUA (hPa)

f, + 322
36 1.2 1.2 0.4 1.5 0.75 1.5 20.947

+48

f, + 322
16 1.7 1.5 0.6 1.5 0.75 1.5 11.024

+22

f, + 322
8 2.4 2.4 0.8 15 0.75 1.5 4.935

+10

f, + 322
3 3.6 3.6 1.2 15 0.75 1.5 2.164

+4.5
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Fig.1 Distribution of weight functions of the high-level channels of microwave detectors

Xf PA_ESOBGE E BT R R IR VR TR AN 5, SRR MSLI TR R 4 kv
FEL R K e R RN SRR o IR FTd, AR AR5 H =M 07 X = = 18
TE BTN B B AT R IR VA .

5 FF GNSS (Global Navigation Satellite System) T4k H# £ (Radio
Occultation, RO ##iz, i vFAk s PRI TR . GNSS RO FIH S TLEE A4t i)
T4k B A T oRIR MM ER KA (Anthes R.A, 2011; FFEMFEE, 2008), 78 KA S
BRI RR BB , 25 il AR 4T S 5 1) 2 L0 4 PT DA B BR OS2 MR 1) GNISS
TPEREILHES M EEPARR CEFESE, 2012) , #—5, PritREmLn
FHSRA: G K VR 2= iy, 8 A ] — 4R A2 73 3005, THBR R URZ R EE . 7K
VBRI PE CEERFIESE, 2013) . GNSS #EZRESE SN R riamn, AA
AR EEAIHER L, M E YR, WA WG, ARERGRME, MRAX
GRS o N BL LR JC LR R B BORME AR S %Y (Liao et al., 2016; Zou et al.,
2014; Hou et al., 2013). HHl, ml#AHEEMNE DEKZ, Wb EE FY-3 4
B R GNOS (the GNSS Occultation Sounder)(JE %%, 2015), E M



COSMIC-2 (the Constellation Observing System for Meteorology lonosphere and
Climate) (Schreiner et al, 2020; Anthes et al., 2022). Staten %5 (2009)%} COSMIC
IR OREATIRAE, 45 R BALE 5-20km )36 B0 Bl P iR B i 22 e /ME 1K LA
N, BRI RIR ZLAON 2K, FEERRRE, ERIE ARSI NS
BRI AT, EERIZ TS R R R R AR R, ARSI b, X R
LEIF Rt — DI i E A% (Zou et al., 2006) , LB LR T FH 6 B 4504 (1 e 1 A
CIETY o

R, A 7 AR M i e S N AR S AR A S AR B L IR A
NZZHRE, ] LIS 36 PG s i Bk, HBEARZ e OriE A R s
P 8eE BA I S, nIIRAG s, I TR] e 51 1 4 TR S 400 080
A — %l , WL I BOREEEAT IR IR] . 25 08) L S AL B 55 2 4 R VPl 70 AT
R A A SE AR I 22, AT Ay 22 S B 23 B LT IE SR LS B, A B T2 T+
TORMI . (HILR AR RER, o R AR R SO = AR KR DL AU
ANAERF, PRI A2 05 V25 G T ST S MK AR T BIRR o SRR TS AL
WA EROR R Z, PR — ek H B k26 60° N R Jo i v it & vEAS w2 Si it
X R o AR PR3 A a7 il 8 (R A A Y e e et L I 00, IS A 4l 5 00
IEAESRATAE — BRI, W IFEATE ML,

BE, BT 5 EEERIE AT LB, X8 TR A (R A (R — A )
RN E 2 AT DAAH BLEAT EEAC, BRSO 73, P L A 25+ . 2%
ERA A XERR RS0 GSICS HIEME, A2 XXy ik iihs 3 2 th Hdfa UL A
B FAR NG SR LEN =B 70 A R 28 i 48 P 1) 25 1) i [ DL T 8300 ) LA DL T
MBS, 52 BAMUMMFAFREAR, e X SRR

3. mBIFEEREMT
3.1 ETHESERRRITA
(1) HEEIIHS T

GNSS HESL IR ) K IR 2 b AR, RS0 A2 MK o 2
PRI, ER I LA O R O K T DA e
PO R AT TSR PRI A T2 O AL A A % L S50



G REAM ST, FY-3D GNOS 5 COSMIC-2 [I3rht R B4 5
ERA5 (ECMWF Reanalysis V5 )it {7 ULEE, 43713315 ERAS ¥ Z FIbRHEZE
Kl 2454 7 2020 42 1 A 1 H-5 HMAE KIS TH 145 R, nTLLEH, HERRE
FRHIEFEE RL, HarZE(ERGL, BApE & T8 £ 5km LLT, GNOS i
{2 FIbRIE R 2245/ T COSMIC-2; 7E 18-30km fITEFE 1, COSMIC-2 [ ZhkE
fETEBR Y, XA RE2 T COSMIC-2 B Z [FEAR S M EARAR BEHIX, 24
X _F2s 8 A 5%, I i T IX PR R s, ERRATHE NoE
(¥ 30km £ I, COSMIC-2 ibriimZ /)N, UHIES =, COSMIC-2 R
MEEJIFT RS T FY3D GNOS.

ERAEE, HT7KIRAT LLARE, i 20k 22 I B B iR AR IR 2. 5
O = JE R E YR AR LG, R AE )2 2K ISR B2 2 A8 T ATMS #8593 5
JZiE1& NEDT (Noise Equivalent Delta Temperature) % iti845xfT, 41 ATMS i#i&
14/15 () NEDT $845r 70 512 2.4 K F1 3.6 K, X 3 B #5 2 m JE AR I H 4 mT LA 567
B R AL o

BT ERotres R, HEESR COSMIC-2 EHIEREILZ T FY-3D, Kt
AW 5T R COSMIC-2 1 e B P4l (st i /2 BERH 225 5k

COSMIC2 vs FY3D RO. Counts
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Fig.2 Comparison of refractive index between FY-3D GNOS. COSMIC-2 and ERA5 form January 1 to 5,2020. Left
figure shows the deviation (thin solid line) and the standard deviation (thick solid line); Right figure shows the
comparative sample counts.
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MER R, B, ZHANRE—AYEE. AT R, E7FER e
S A A O UL 0 4D DA =B 2 A 0 A e O i, BRSO A ) % A S 110
Mo TGRS FRE NS, HurfEg &t RTTOV(Saunders, et al., 2018)
FEE b 1) RS AUORG B e £ T B fry, DRIt OBEADLFE I by S 2R ma L
25 60° Z AP ULl . ATMS. AMSU-A 5 AR To I U £ T 230 31GHz & X id
BRI =K S &, WHRAKT 0.05, MPCHRIET . MWTS-2 55 IR
A R P S U RS RAKT 5, WIVCARIE S . i ILAC %
P2 (A B B /N T 50km, I TAIZE/N T 3he 4N, A T B ARUTAL 45 SR AT SR A v
Btk X FORIIEAT T LU B AR

® LRHIET R EANN QC flag = 1 (fRFREIE R EAE M B ) RO BRLk

ks

® TR RO BREMA R, NARB AR H LR T 850 hPa, ZTiS

J£/INT- 5hPa;
® i RO HTii R LT XL AL A, HAREE Zscore<4  (RIHAEZf % /N T

4 fERRAEZE R R R 2R s

BT RO JBRZEAZ ™ 2 B R MR (1, #EAR RO B4k — & i B iR,
IR bk 575 T 6T AN [ A oy 50 Ve v B2 ) R U SR 31 AT DG T o 48 B2 O D v i A
iR, KSEM ERAS FHATHREL, TR JUAE B H s s 4t .

K 3~ 6 45t T 8 Ml TR FAHAH F H LA 1Y 4 A ERNEE (R D
AR 5 1 15 44 AL i o T s 22 AR o4 22 PR B 1) e 71 W] 5 4% R vt R UL A
AE—MAE 180-800 ZIAIAN. 76 4 ANEIEH, AU bR A = B2 AR AR 1Y
57.290+0.322+0.048 GHz, 57.290+0.322+0.022 GHz @i, X #% i Z1E+0.8K LA
PWEsh, X T IEIE 57.290+0.322+0.0045 GHz, Fk METOP-A 4, H'&
TRERE 2 LA 71K, s fE R -2K. METOP-A #5401 AMSU H
FERNMOmE, TEFTE A AR Z R /i, R M. NOAA-18 4
B AMSU WA BB KM% . BT S, ARSI 2E H AR #A # 254U
AR S, &AM, PSR PRI BB R VI 3E 57.290+0.322 +0.010
GHz, 57.290+0.322+0.0045 GHz, fwZRIMHE T H BTN,



(a) Mean Bias
0 Il Il

4
w
3]
2
— FY3D-MWTS w— METOPB-AMSU e NOAA18-AMSU SNPP-ATMS
— METOPA-AMSU w— NOAA15-AMSU NOAA19-AMSU NOAA20-ATMS
_3 T T T T T T T
0 60 120 180 240 300 360
Day count in 2020
(b) Standard clieviation | | | ) ,
7 — FY3D-MWTS w— METOPB-AMSU === NOAA18-AMSU === SNPP-ATMS
1 — METOPA-AMSU == NOAATS-AMSU NOAA19-AMSU NOAA20-ATMS
x
£m W@MMWW i
k| i ¢ % L )
3 e i \’“‘* “' W ' i
B , "N M e ' . :'F ! ! ‘ W”‘
; : MW *WWJ
£ 14 n
»n
0 T T T T T T
0 60 120 180 240 300 360

Day count in 2020
&3 2020 £ & D EHBHMRCER B M 0402 57.290 +0.322 + 0.048 GHz iEiE M FHEMMEFHE (L),
foEE (T FEFS
Fig.3 Time series of deviation (top) and standard deviation(bottom) of 57.290 + 0.322 + 0.048 GHz channel of microwave

temperature detector carried by each satellite in 2020
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Fig.4 Time series of deviation (top) and standard deviation(bottom) of 57.290 + 0.322 + 0.022 GHz channel of microwave

temperature detector carried by each satellite in 2020
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Fig.5 Time series of deviation (top) and standard deviation(bottom) of 57.290 + 0.322 + 0.010 GHz channel of microwave

temperature detector carried by each satellite in 2020
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Fig.6 Time series of deviation (top) and standard deviation(bottom) of 57.290 + 0.322 + 0.0045 GHz channel of microwave

temperature detector carried by each satellite in 2020

FEI BRI SE bR IRME L i, 2o BORMZEAT AH S 09 f 22 11 1E TAE, DA,
AR I AR AEZEXT [ A RE A AR G P BB 3R 2 45 T 8 T T R Hak IM flust
REETHEEH T R4 R nTRLES], & REEEN AMSU-A (#8125
&, FY-3D MWTS-2 #1 ATMS 2 538G, 5 M B A S HRE

%2 ETHRERENNESEBERIITMHER, RinEERERDBIARHT.  (=57.290GHz)
Table 2 Evaluation results of microwave high level channel based on Occultation data. The results are arranged in

order of standard deviation value from small to large.(fo=57.290GHz)

f£0.322+0.048 GHz f£0.322+0.022 GHz f£0.322+0.010 GHz f20.322+0.0045 GHz
e bR e e
TE B TE B E B TE
(K> (K) (K) (K
NOAA-18 AMSU-A 0.52 NOAA-15 AMSU-A 0.67 NOAA-18 AMSU-A 0.91 NOAA-18 AMSU-A 131
METOP-A AMSU-A 0.53 NOAA-18 AMSU-A 0.67 NOAA-15 AMSU-A 0.92 METOP-B AMSU-A 1.38
NOAA-19 AMSU-A 0.54 METOP-B AMSU-A 0.69 METOP-B AMSU-A 0.93 METOP-A AMSU-A 1.40
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METOP-B AMSU-A 0.54 NOAA-19 AMSU-A 0.70 METOP-A AMSU-A 0.96 NOAA-19 AMSU-A 1.42

NOAA-20 ATMS 0.59 METOP-A AMSU-A 0.70 NOAA-19 AMSU-A 0.97 NOAA-20 ATMS 178
FY-3D MWTS-2 0.63 NOAA-20 ATMS 0.85 NOAA-20 ATMS 121 FY-3D MWTS-2 1.88
SNPP ATMS 0.65 FY-3D MWTS-2 0.86 FY-3D MWTS-2 1.28 SNPP ATMS 1.90

NOAA-15 AMSU-A - SNPP ATMS 0.93 SNPP ATMS 1.32 NOAA-15 AMSU-A Nan

3.2 T W A L6 VAL
(1) DAL, TV

PRI T2 AN T WL I AL 0 S A 2 TPl 28 75 S DA S A A A DL Al
S IRk S A T s R VR R s R T HIUR S B L R, X LA
B T S R ASAYUR S B A AH 2 KA 2, 7K 2 DX MRS 2 v 22 Wl
AL, AR OMB) WJIA 10k 4 1 B Dy B R IS A1 RE AR 7l i 2 0L
i B A] BE M 22 B 2= AR /K S0t R LIRS 4% (Lu et al., 2020). fEASCHTFE 1,
T K= TARE T AR K 2, EEIRR =5 ik s R g5, Ju
fEREEE, =IMTES . S RosoWm S, A AMT VE 2 05 125 ek
PRI A (0 7K A (Weng et al., 2003) o 1 &7y LI i i 2 35 DA K AN [H) 3@
T IR 22 AR S A1 ARG I 3R 2 DR 1 5o FRATTSR ) ERAS FE 434t
RN Z KUK B2 A AR, 4 FY-3D MWTS-2 ML ) B K A7 AT AR 56
SRR, WA 22 BRI X 385 2= K A= 0K & 0 23 (B 3 AT B, X —T7
SRR FWER T U Z BRI XK. MRS, B 5 BR R KA i
J& OMB B Z AR UAK, HEirEESEE TR, HUERAX k25
AR R, SRR AN RN 8] 2 5, ARHIF 9035 F o AT ERHI) 2= K
1= UK B 2 A N 37 [ 7Kl

TR IR R RTTOV,  SEBIG 5 B A 2% 1 IE AR AL . RIS, Oy
B A A 22 B RV, 43 A ST T EEXS 22 BT S BRI IR T R A N1
A AE AT, APFRE AP T ERAS BN, EEIFETIR L GDAS
(Global Data Assimilation System) F=/ERETIREE R . ERAS % F &5 1k i £,
S B RN 0.25° x 0.25°, S )2 37 )2, fem)ZA %K 1.0 hPa. GDAS &
IR R s, WA R 0.11°x 0.11°, AURJE 127 2, e 2SR TA
0.01 hPa,
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satellite in representative periods of different seasons in 2020. From top to bottom are the mean deviation and the standard
deviation
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Table 3 Evaluation results of microwave high level channels based on observation and simulation. The results are

arranged in order of the standard deviation value from small to large.(f,=57.290GHz)
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Table 4 Comparison of observed parameters between FY-3D MWTS-2 and SNPP ATMS

X FR AR MWTS-2 ATMS
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FRAC R b 75 B 13:40 9:30
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Table 5 Cross comparison result of FY-3D MWTS-2 and NOAA-20 ATMS
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