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Abstract: The Chinese FengYun-3 (FY-3)A satellite was successfully launched on May 27, 2008, with a Microwave Temperature
Sounder (MWTS) onboard. MWTS has four channels with frequencies of 50.3, 53.596, 54.94, and 57.29 GHz, respectively. The
MWTS measurements are primarily used for profiling atmospheric temperatures from surface to lower stratosphere. MWTS
is a cross-track scanning instrument, and its Earth-view measurements are calibrated through the warm target and cold space
measurements during every scan cycle. In this paper, the FY-3A MWTS and its channel characteristics are first introduced.
The calibration process and the postlaunch instrument performance are then presented, including the long-term trends of noise
equivalent differential temperature (NEDT), calibration counts from cold space and warm targets, instrument telemetry, and
channel gains. The observed and simulated brightness temperature (BT) differences of MWTS and Advanced Microwave
Sounding Unit-A (AMSU-A) are compared. It is shown that the MWTS NEDT values at all channels are much better than its
specification. The BT biases of MWTS channels 1 and 3 with respect to the simulations are similar in magnitude to those from
National Oceanic and Atmospheric Administration-18 AMSU-A. The MWTS biases at channels 2 and 4 are larger than AMSU-A.

Keywords: Calibration, FengYun-3 (FY-3), Microwave Temperature Sounder (MWTS)

1 5§ H T, i PR FY-3AFFEY-3B7) 5 F-20084F5
Rz =8 (FY-3) R ESE AAAMFESHE R 27HR20114E11 HOH sIh R HY, 3 FRE3A ok
JETT (Microwave Temperature Sounder, MWTS) , /il

bﬁ(fmﬂﬁf] : 2\013‘»’%4;] 18 L@lﬂﬁ}]. 20134 6A8H P FEE S RV A 3 3 28

F—AE# : #H (1975—), Email: youran@cma.gov.cn N NI R

RO HEE S LR (973 #4]) AR T MW TS A RFAE FILE BhE bR 7
(2010CB951600) ; EJ RO RAERL KRR B IS FREF 200945 FI120104F MW TSI {85 i B2 AV R 5
B (40605008 ) ; B AR LA K FRIGEVHEE IR, T oPl TMWTSIKIAESL

(863 3tx|) R A (2007AA12Z115), FHE R PR Wt ORI !
H IRAHL A £ (2010DFA21140) H\:Hb*ﬁ“{ﬁ SUBVEACIENUE aAg S vl S E IR ey kg
5 TFY-3A MWTSHINOAA-18 AMSU-A [ 55iR f 7 .

Advances in Meteorological Science and Technology & ¥R 3 (4) - 2013 | 13



14

SERE

dvances in Met S&T

-

B EHEFY-SATE FHRGKIRET (MWTS) BH

2 (NSEFNEESME

MW TS & J& 1 58 A 1) 4 Dy 28 TR 9l 2 5l e At 49
v, H R R R A T T oy B R,
39kg, WEIIHES8W. MWTS/ B3N AHLEE R, 2
SRR RGed lae A A #2858 o R SK
HRETRMOTARAR L, RS 4a th 2% F0 2 e A 3 8 222
THBEAREN . B IMWTSIHIR .

MWTSH MR TAEBA: @ st R His A
1 A, i ] LR FiE 2 HIMW TS IR R 245
), X P AT B TR PUE A F A RS I 45
IEF A FMWTS K A HUL A, Hhak
AL 105 e # 06.9°, 3R 16s, HEIX
i 483Ul Bk 1% (Field of View, FOV)
157X (FOV 0 FIFOV 14) . A5 AN EBIE BAK &1k
(FOV 15FIFOV 16) . HHFOV 0FIFOV 14 %tk
i, FOV 7TEA FIAALE, FOV ISMMAZ (34
FN121.2°) , FOV 16U N FRIE FE A4 (FIHh AR B2 A
228.3°) o K245 TMWTSHIFIHN .

MWTSH4ANIE, HAE 550 450.3, 53.596,
54.94H157.29GHz, 5 AMSU-AMJIEIES3, 5, 7THI9MIHH
3, MWTS 3 2L ISR BRI M 0 42 20k 51 V0 [ 4
MRS E o BRIBIE2 4 WA 4h,  HoAth B 18 18 #1

#1 FY-SBARUEIREIT (MWTS ) BiZiHERFNIN 4 R

S# &itiEdR 25 R
o 9K A +agy kol e
+48.3°
DA 6.9° +0.1° 6.85° ~6.95°
A ERTE B 2 2
50.30GHz 61.25km
SR SO Ar % 53.596GHzZ 57.79km
(km) 54.94GHz 20775km 57.47km
57.290GHz 54.31km
EREi R ] 165£0.1s 16.01s
FRG) N 11 0.78s 0.78s
HALER >13bit 16bit

warm target

Y
otd spact &
/7{? \§
790 8 b
z
nadir

E2 RURET (MWTS ) ST E

LA . R T MWTS 8 v F5FR AU
gh g, KB TMWTSHK Il IERFIE
3 H‘EMERFIE

FY-3A MWTSHRFHG—, #2 W — kA 25 Al
—IRWE AR, LEBUE bR IR LUK AN 5 2% 3k T W
RUERR, AR A AT A ARG HE S ARk S
BOHATARZPET IE .

MW TS (1] A 3 B P2 A H 2 7 44N B e BEL IR B o
(Platinum Resistance Thermometers, PRTs) . E#Fn
Tk R AT P P SR R 1) 2 1 R Dl BT A A 1 A RK
PRT (1) T34 .

TR, R EERR BRSS9 T (1)
KM2 B XMW TS HEAT T WA A5 5 o 78 2125
R, BOE AR IR E S k0, 10, 20H130°C,
FI AR RIS AE Ay Bk 5, T BB 55 T BE I AE LS
o AR I 8 ST FE MR A, HE S AR A DG (1
ZEVTIE AR MR IE RS 55,

MWTSITEPUE bR 52 AL EMW TSI i Bk 11
TR e e e S, IS IR o A S H e A
EEL Bdier. ARV IE. RE DT M T IER
HE s el IE G, AEMWTS L1EHE. 1A RS,
W B A SEFR R I A E T AR RS IR A R AR
PEEtn s DAIBITIR, HAMWTSHE &L
SC AR RV AR S 5, LUSEm Rk AR
SEATF T RS I 2% T e R I A MRS
4 MWTSHEEERFEREE

PREHEWINAN, FIHENE, RoGH
AT TMWTS B RS 5 € bn FRGIE o 56 0F (1) 2 50
FAT . REFJE (NEDT) A28 AN IS AR %

Advances in Meteorological Science and Technology S FHH#E 3 (4) - 2013



FT2 FY-BARIKREIT (MWTS ) RIIEE4F1E

Progress #4 % ¢ &

BIE Gl
- R — SBEREE NEDT (K) o am mm
we (Ghiz) R (MHz) #HE WM (deg)
i WL Wi WEE WHE WEE
1 50.30 50.26213 1 180 162 0.5 0.192 94.9% \% 4.029
2 53.596£0.115 53.60146 2 170X2 178.1 X2 0.4 0.102 94.8% H 3.960
3 54.94 54.98109 1 400 375.8 0.4 0.088 95.6% v 4.029
4 57.290 57.33962 1 330 316.8 0.4 0.190 94.7% H 3.687

e CHEME, RITERE>90%; "RITERE4 o

fH AXARE A E R % . T TSN
MWTS K ) P AR e R B 45
4.1 REE

R 8 SO ARSI E (PR el AR v 22
BRI T B RG S, EaZ B MRS
$01 388 25 AR 4k RN T B N TR I R . B S B AR
I, ¥ Hbrdzse e B o e (300K 5 BB
TR QLD AT B AR S v bR v 2 B O B
SEBR R o RS 72 1 B S v SR T 1 A%
fabr, o -

NEDT = Tu—-To / CIZ—{RMS +C%RMS
Cu—CL 2

o, TURIT 43 5 28 7R v 25 R0 P 0 B S 4K (A0 4 5
Co N Cy oy A 25 RV B R ARG T B0, C s F
Cirus 7 A& CURI CyPIARHEZE

KIS BT AR B A , RS B2
S0 BB AR PR S AR AL AR 0. TK AP 11 1045 3 282 11 14 2%
THEAE . 1005 E LR Z ] Lo H A2 10 R
BROREAE,  DAIL AR R 28 = KB AE X 10045 26 11 2 %
fHo 2245 H T MWTSHI4AN T E ¥ 7 B0 5 bs A& S5
HU3AN A AR PR ) H SE . 2 B0 18 1 7E PR B
FEREAR T RS, X BT A AR B
L AR R D AR A A9 R U = o

(D

100 150

NEDT (K)

100 150

200 250 300 350 400 450 500 550 600 650 700

Ch

100 180

Ch.4

Time (Days from 1/1/2008)

E3 200941 H1H—2010412 831 AUEE &t
(MWTS) WRBLE (K PEELEERFZBENRFEZITE)

200 250 300 380 400 460 50O &GO 600 B0 70O

K345 T 20094 F120104F [IMW TS At 5 il
2. M LR AR Bl 7k 10045 4 224
LT FAR BN R E . Bk, AP
B[ B A 44 038 1) R A ER AR E AE0 K B T, 8
tbR2rh ) Fa s Rt 2

76 H i 5350, 250~27081) HIBL T — Lo e
B, AR HIE 5 53 A A 3 8 S R 2R 1 A i i 2
SEHTEER, ST AE, BT R IFEANT
MWTS, ME3ATLLIER], Hil#350/5 1 R B ER
Foog, R SRR .
4.2 (3R

€ b ok B, SR OHH AR TR A R AR R
MWTSM 55 bn HAE A A S B e . B4 T
2009—20104-MW TS [ 75 A 4 bk 5 AT N 8 Bz B2 A PRT
B E  MhZk B R U — 4 PUE P A 4
(1R A Tl B~ YK

M 4am] LUE HY, TR ATSS [R5 Hh 26 Bt 2= 1
A, ACEERE TR A R, AR
fi—u, X5 TR &AM IRE 1A S — 5L
(). ME4bE H, MWTSHI P2 2 44 (1 9 B 76 24
AR AR B /R0 3K BA P, IX R BHMW TS I P 1%
AR IR P AR AT o R T S0 2 P TR B AR
W FEAG T V8 R, MWTSHIE Rt a5 &

RF Mux Temp (K)

0 B0 100 150 200 260 300 350 400 460 500 56O 600 650 700
Time (Days from 1/1/2009)
292.5

.
& 2023

=
B

©
= H
= 2019 F°

292, 1

=
= 2917

2015 0 Sb 160 léO Z(I)O ZéO 360 SEIzO 460 4&';0 560 BéO 660 6&';0 YCI)O
Time (Days from 1/1/2009)
B4 200941 A1H—20105 12831 BiGKRELT
(MWTS ) BB R EF N EEAFEHRE

Advances in Meteorological Science and Technology & ¥R 3 (4) - 2013 | 15



Rt )
dvances in Met S&T

24000
e e T i
22000 1 ™

21000 .

M o w
20000 ——— V"“’\, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, chor

19000
0

50 100 180 200 280 300 380 400 4RO BOO 8BGO 60O

19500
18500
17500
16500
15500
14500

a

17000
168000
15000
14000
13000
12000

a

Mean Space Counts

50 100 150 200 250 300 350 400 450 500 550 600

21000
20000
19000

18000 9
17000
16000

o 50 100 150 200 250 300 350 400 450 500 550 600

Time(Days from 1/1/2009 to 12/31/2010)

E5 200941 H1H—2010F12A31 Ak R Eit
(MWTS ) 94 =it8E

HEAT A Bk B e IR B R . Rk, E4FTR
(P PR AL A 2 Tl T B i FRR .
4.3 B=MN R EEITEE

IS 673 ) 28 T 2009—20104F V45 Fl B A4 1
AL A, o g A SRR 4
T A L A A B S SR A AR S A
Ll A 33 V9 4 PR R IR ) P 270 ml DA, 38 B ) 1)
BB, I R VA IR B A8 e AN [A] — AN R i
I

7 B ] DUE BT S ih A5 — ek Ay, KIS
A6 S EAtL AT LLE R, =4 - sh & —5
Mo A {EEE:, fER8arPfimita A2 v EUE M
AR P e, ] LR B 3 1R AR A AR A S
— 3 X EERAE VA SR N R A A P T B Bl A A
(3L BE AR A T AR AR, 0 0 - Z50Ch 48 0 B {3 2% 1L F5E

118

113

108 ¥

i
N
0 5O 100 18O 200 280 300 350 400 450 500 BE0 800 8RO TOO

103

135

130

125

120

H
4] 50 100 150 200 250 300 350 400 450 500 550 600 650 700

145
140

135
130

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700

Orbital Mean Gain{(Count/K)

128

Ch. 4

123

118

113
0 50 100 180 200 260 300 350 400 450 BOO 850 600 650 70O

Time(Days from 1/1/2009 to 12/31/2010)

E7 200941 H1H—2010412 831 AU &t
(MWTS ) RyiEiEEzs

56000
R A e TR S ST
54000 s
55000 ey o 4

52000 R e R Chi 1]
51000 |

50 100 150 200 280 300 360 400 450 &OO GBSO 600

56000
55000
54000
53000
52000
61000

0

66000
55000
54000
63000 ™=
52000
51000

0

Mean Warm Counts

60 100 180

56000
55000
BA000 Lo

63000
52000
51000

0

50 100 180
Time(Days from 1/1/2009 to 12/31/2010)

&6 200941 H1H—20105E 12431 B R EiT
(MWTS ) B RNERRE BT EE

200 250 300 350 400 450 500 550 600

DI IR U B R N e [ R T e | P M
JEE R E B 3 A T AR T D DR A2 (S o P55 2 55 i
WG, KISbL H TR HilE4 i a5,
DUF B =3 AR A 2 58 4 — 30 .
4.4 @iEER

MWTSHE B 25 (Gain) 4352 B4 3 il A48
oy AXEREWER R IR, SN

(2)

Hormp, Toy Tye CRICHE CIRITRE (1) &

K 75278 72009—20104F [FyMW TS [ 185 3 75 A%
th, gk LR — e — A H0E LT R
BRI SR, IR TE B 25 (BN ARE

EEEN G E EAREZ NS R ET
L EI4RT DU, T8 G 55 1 U S A S A R
o ST B 411 18 25 FN A Al B e A 5k B L, w]
LA, ZFH BB R R AR 3ANE (1R k2R
L, XHEFALG T o IXRPIMWTS [ 10 18 38 55 Bl %
A il B R U A
5 ARSI

FY-3A MWTS44H1EFHNOAA B A AMSU-A
3, 5, 7, IR —F, Kk, —FHFAGT
o fHJE, FREdh XA, HEHEFY-3A MWTS
ENOAA-18 AMSU-AMG I TsEil & AT RER), A
T T A At M T ) 3k 35 R T AN AR RO
A, ik [F Ak > M S R EUE R v,
X A — I B TSRS T A FY-3A MWTSHINOAA1S
AMSU-AM3, 5, 7, 9ilHIERATHRAM LS i AL,
530 55 LI ) S AT e ZE G v o3 B, AT SEERAE

16 | Advances in Meteorological Science and Technology S&EIE#RE 3 (4) - 2013



286.5 ) 21
865 Cold Space Count in Ghannel 4 000
—— RF Temp - 20500
286.0 |
- 20000 <
©
285.5 1 - 19500 £
= 2
54 - 19000 O
S 2850+ =
o - 18500 €
= 2845 - 18000 O
x (3
=3 (=3
= 2840 + 17500 8
»
+ 17000 2
283.5 - o
-{ 16500
a
283.0 —T T T T T T T T T T T T T 16000
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750
Time ( Days from 1/1/2009 to 12/31/2010 )
286.5 _ 4123
Gain_ch4
286.0 4 ML‘ ——RF Temp | 122
121
285.5
S 4120
& 2850 %
o 4119 3
5 8
S 2845 S5
— =4
x 4118 &
2 o
= 28404
H4117
283.5 -| 1116
b
283.0 115

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750
Time ( Days from 1/1/2009 to 12/31/2010 )

E8 200941 H1H—2010F12A31 Ak R Eit
(MWTS ) BYiEiE iz

A TR LU A3 P FOUL I 1) 22 7 o I ) ARE AU IT 5 (10
THI 11 982 AR R A0 N B L v 3R P S R R
R, Yok L E BT iR 0 (National Centers
for Environmental Prediction, NCEP) . JT KB [ 15
o4 e [F T2 B s R4k 0y (the US Joint Center for
Satellite Data Assimilation, JCSDA) JF & [f)CRTM#
A (the Community Radiative Transfer Model) ",
TR PO AR R RO AR 2 AR, A, XA
FE T B 2 TR 0o

K945t T20104E12 H 11—15H [IFY-3A MWTS
FINOAA-18 AMSU-A UL AL FL ) 5238 i 22 o 1
2 bR s AR A ) e B . W R
MW TS [ I8 38 1 AR E 41 i 22 5 AMSU-A$ZIT, T8
QAN 25 T4, I 2 A4 i 25 AT AR
6 B

FY-3A & [H 5 A P EME —MAK T
Ao MWTS B4 X A R J 42 I 3 R0 447 T4 [+
WREIRA . ARSCRER T B RS A I AE 3
REVPAT, AL RBUE . A2 TP BB IE B AR THBE . 1R
PR IE R S . B )n B T MWTSHIAMSU-A)
UL FRASAUL (1) S A 22

Progress 44 7% ¢ &

(b)
0 8 6 0 2

(a)

E
g

2

3
@
g
g
S

No. of samples
£ 3
3 8

No. of samples
g
3

n

8

8
8
3

20 5 ERCIE 20 1 4 2 1
Tb Diff. (K) Th Diff. (K)
d
" () 1200, @
3 8 1000
2 600 2‘
g < 800
o o
G 400] 5 60
e} 9 400
Z 200, z
200
5 4 -3 -2 Bl 0 1 -3 2 El ) 1 2 3
Tb Diff. (K) Th Diff. (K)

El9 FY-3A MWTS (4t ) FINOAA-18 AMSU-A (£Ef)
RN FES SR REEHE

SR UE,  FEPUECR T S B il B ) R
HOLTFabr, VBRI bR v EUE AR AR AE 55 3 3 il 5
FTE 1 25— 50 MW TSI 1R 38 4 10 0000 s
FUIR et A 22 5 AMSU-AfR #2401, 30 38 28013 1) 22 Ll
AMSU-AZE K48,

SETM

[1] Dong C H, Yang ], Yang Z D, et al. An overview of a new Chinese
weather satellite FY-3A. Bull Amer Meteor Soc, 2009, 90:
1531-1544.

[2] Chen W, Li H, Li Y M. Microwave temperature sounder onboard
Fengyun-3A. 7" Annual Meeting of China Aerospace Science
Academy, 2009.

[3] NOAA KLM User’s Guide (Satellite and data description of
NOAA’s Polar orbiting satellites from NOAA-15 and later), 2009.

[4] Mo T. Postlaunch calibration of the METOP-A Advanced
Microwave Sounding Unit-A. IEEE Trans Geosci Remote Sens,
2008, 46: 3581-3600.

[5] Mo T. Calibration of the Advanced Microwave Sounding Unit-A
for NOAA-K. NOAA Tech Rep, NESDIS 85, 1995.

[6] Mo T. AMSU-A antenna pattern corrections. IEEE Trans Geosci
Remote Sens, 1999, 37: 103-112.

[7] Mo T. Calibration of the advanced microwave sounding unit-A
radiometers for NOAA-N and NOAA-N. NOAA Tech Rep,
NESDIS 106, 2002.

[8] Mo T. Postlaunch calibration of the NOAA-19 Advanced
Microwave Sounding Unit-A. ] Geophys Res, 2010, 115, D08111.

[9] Mo T, Kigawa S. A study of lunar contamination and on-orbit
performance of the NOAA-18 Advanced Microwave Sounding
Unit-A. ] Geophys Res, 2007,112,120124.

[10] Zou X, Wang X, Weng F, et al. Assessments of Chinese Fengyun

Microwave Temperature Sounder (MWTS) measurements for

weather and climate applications. ] Atmos Oceanic Technol, 2011,

28:1206-1227.

Lu Q. Initial evaluation and assimilation of FY-3A atmospheric

sounding data in the ECMWEF System. Sci China Earth Sci, 2011,

54:1453-1457.

[12] Weng F. Advances in radiative transfer modeling in support of

satellite data assimilation. Journal of the Atmospheric Sciences,
2007, 64: 3799-3807.

[11]

Advances in Meteorological Science and Technology & ¥R 3 (4) - 2013

17



