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Abstract: FY-3C is the second generation polar meteorological satellite which was developed by China inde-
pendently and launched in 2013. MWRI (microwave radiance imager) is an important microwave load
which can monitor air, ocean and land. As a product of MWRI, TPW (total precipitable water) can be
used in numerical weather prediction and climate research. But, the effect of the application relies on the
accuracy of TPW. Based on the 4-year satellite observation data, the quality of TPW products is validated
by comparing the TPW products with the radiosonde TPW or SSMIS TPW products. As a result, the
RMSE (root mean square error) of orbit product is 2. 6 mm and the average relative error is 7%. What’s
more, the RMSE of day product is 3 mm and 2. 1 mm when separately compared with SSMIS and radio-
sonde. The accuracy of month product is stable and the RMSE is less than 1.3 mm. Above findings show
that FY-3C MWRI TPW products have a high precision and good stability, and have the application ability
in weather and climate field.
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x EEREREIEIES T H (4190050303,41475030 Fil 41775020) 2[R %% Bl
2018 4F 9 H 10 HYkHa: 2019 4F 10 A 31 HYKE e
W—AEH I, BTN AL AR b S i 8 SR AF 5. Email : wugiong@cma. gov. cn



A

74

% 5 46 45

5l

hfll

Rz =% CREFY-30) 2 ESE ML
PREE B SR, T 2013 49 J 23 HERHF2,
FY-3C #5374 46 2L 4h 43 63t L 3ol e e 3 L oK B
B GO AR AE N 12 5 R AN L T SN A Bk
AR il M R PR R 25 5 R o B0 A8 ) (micro-
wave radiance imager, MWRD /£ FY-3C | #) =
WM AT Z — BT MK s =% A/B A
(FY-3A/FY-3B) A0 By 5 11 SR WA A5 AL 45 10. 65,
18.7.23.8.36. 5 F1 89 GHz, %445 5 40 45 I &
IR PR AR AL T 2 38 AN (] 38 T B8 4 A
e UG ASCRT LA AR AT g 22 B | i R IR L K 4y
i T B 7K 18 R RS AT B 7K (total precipitable wa-
ter, TPW) S5 8 Z L ER W) BE S B0 (R A% 55 . 2017)

TPW J& R AE KA K 3% & 2 1 & 245 om
F 3 TE R AR Sk EL A AR A 1 AN (B G/
MeSE,2018) . LB REIEACIR 1Y T BeA Ot 2 AR
K2, Hi SR PR e E . HEZ s
52 AR G, FRE 80 B 15 25 6 = 15 00 T i TPW;
T 0 HAT — 5 1 28 35 BE 7 PR AR B K DASR , BE AR |
ARG KA ) TPW, i S i TPW iy kA 5
PR MR R A5 B R BRI KRS R . Bl 3R
AT P Sy b S 23R b A R R i D A B v X4
T IR SR — 7 10 M B TV 3R T Y LL R G
AR AAR BT LAYE [ TPW Sz 3 ok 22 ] i 5 T
fiti . %5 F 0 FY-3C ok & AN A /) TPW 7=
st AU X 9 T DX

FY-3C MWRI TPW iy £ 48 75 81 12 DL S
FE RIS BT BT D &2 E K T
ARG 0 B il %5 W S & i, MWRI
TPW 4y & 38 /= 5 S 7= ) L 48k 0. 25° X
0. 25 AR 228 B 852 11 H - 35 7= fi F A SF- 2 5 3
Fofr s 3 0 7= SR T AR TG R K LA BT UK S5 TR i
EERIEANMW TPW, BiE FY-3C MWRI X £
A RE 0 B2 T DL B ST B TR B AS B 0 L FY-3C
TPW J7 i 1 SR BEAH L FY-3A DL FY-3B f5
TR, BT MW . — kUl e R
7z N Z 0 W ZBURE 7 R BE AR T AT A
FRTEAL . R FY-3C MWRI ) TPW 2§ T 16
LI A [ G 8 0 AT Ao T R T A 5 R O
K 06 1A S8R K AU 2 A . Rk, 28 i

H1 Ta] B 0 235 SR O R BE 5E 4 v T 3t S B i 7 i Y 9K
PR L, B ™ a4 300 00 B RN AR R Tk o R AT A
BPEA

1 FY-3C MWRI K A] B&EK 7= 5
Bk

FY-3C MWRI TPW {7 it e R T & 50 58
e % T 18, 7V .18, TH . 23. 8V .23, 8H.,
36.5V A1 36. 5H I 6 /3@ i A T2 LI 7 T A
75 DU 114 T 4 L 48 28 B e s [ D7 A X (D
JIE 7 (BR324, 1996 5 X1 A ¥ A1 ™ 10, 2006 ; Wentz
and Meissner,2007) ;

6
TPW:aO—FZa,‘ln(Zf)O*TB,») (1)
i=1

KTy G=1,2,--,6) F s A [al i Ak 38 T8 1 5 i
FNL R K (i=1,+++,6) & A N (1% 7 9 R %4 TPW
AR mm, 28GR A 20 HE4D 80 AF4ULL
gk =1 4 ik 43 )6 it (scanning microwave spec-
trometer, SCAMS) | £ 1 18 1 #f 534 % 48 84 31 (scan-
ning multichannel microwave radiometer, SMMR)
VI e R A% I s S A% { (special sensor micro-
wave imager/sounder, SSMIS) 28 vz i il T F
KA AT P K & 1Y B H (Alishouse et al, 1990) .

RS B0 o 9 2 38 I KA B P
(National Climate Data Center) & ffi it 4= BR ¥l /5 JC
28 /L 5 25 B 42 (Integrated Global Radiosonde Ar-
chive,IGRA ; Wentz and Meissner, 2000), % & %§
PG T Bk 2700 DR A 1905 SFEAMZ
JERZHRE HARE TR 28 4 o
il 77 ¥ ) Bl AT B i A L R AR AR AR SR AL T
BRI AR S 5 02 HFT A BRI [ P B 28 85 d e R
o oy 52 B Y — & e oA PR S il ORI 2 (B
Pr4E,2013),

FY-3C MWRI 7E #E47 7K 15 S i inf s J 7 42
A TGRA 75 3l 45 (&L 1) 5 33k 2 3 25 #5543 A 78 /N 5
BCE A b TERE ] T R S R AT T —
Be R A B (Wentz, 1997 22 SR SR %5, 2006) . (1) H
BEPE A [ /K 915 L (1000 hPa AR X 18 B <95 %6 If:
LR AR <295 20) 5 (2) G SR #4825 Bl 1 A3 5%
WL 5 B2 S5 ASE) 500 hPa, #7751 BR s (3) 38 o 4
(LT BA S T - T 381 00 000 3ty A v E 2 [R] A K VR A
KRR B TR T4



1M

o BAE FY-3C SR A0 1 R AR R K 7= B

T 1 K 5 75

90°S 20°W 0

0 90°E 180

PO1 42 ASERES O R 2 BR 0 A
CIR P« 4R 28 o R D
Fig. 1 Distribution of the 42 radiosonde
sites for TPW retrieval and validation

(circles: radiosonde sites)

[ RE . FY-3C MWRI f6 00 I 2 3 28 33 [ 7k
DA B 1 vKAR T 50 B LA TS - T3 o R 28 B0 He 0 A B
25 UG e (2 fia) [f] B <<0. 1°, Bsf i) (] B <<2 b)) gl B4 &
A5 3020 C v [l 057 22 50, 8 7 B 5 FE L A5 B BLE
77 i

H = S e PUE 7™ 5 W 3L Al 1, Z3d ease-grid
SERUEN R R L 2 B0E A B H T 34 4k 2 S 15 3
9 0. 25°X0. 25° 4 HER 1) H -3 TPW 7= i, XF &
SN = 26 B DI 0 22 R (B BT 2 Ak 3
AFEMmEEE WA .2 2B 58 FMA
S Lb P IS AR B 0. 25°X 0. 25° S 4k B RS 1 A
P TPW 774,

AN O R ACR RN

TPW 7 i 1) Jo3 2 A6 56 7 32 AR L Al 7 o 32 J ™
i —FF AT LA Ak 0k T S o O N 5 9 4 A X
3BT BBl R [ A1 ] 28 3 S b 1 28 S L Rk E AT
(LT A5, 2017 50 45 W 55, 201D  fifi FH (4 D¢ 6 b
AT AR R 25 A O R B 4 M 22 DL 4 0 iR 22
5 X SR bR AR L B W S RN B Y 25 5 L B
Mk iz,

2.1 EEBERTHIE

TL RS AR E 1P TR 18 K TPW J kS
JE W BB R o 33X 0 A 00 A R s il RN A 1 v
VAN E By GRS R R P Tl Y (EPY i h)
L5101 VA N D = ) €7 i 9= [ N e
TE4E H 9 00,06,12 F1 18 B, A [A] 458 23 o A BE i 1Y
WHCN 1~4 WOREF . R %80 05 0 K PR 32 2
K47 FY-3C MWRI TPW #L3E 7= f Fil H 7™ 5k

2.2 F17 SSMIS XS aB& /K= f

SSMIS 22 FH EH i R4 1L &2 (Defense Meteoro-
logical Satellites Program, DMSP-F17) | #3471y &
FAR 2% 2 OB R AN R #5417 FY-3C MWRI
TPW H ™ i AT 7 i (RS BE A 36 . SSMIS 1y H ™
st R 72 i R R TR T Ak 3R 4 BT 42 R AR B R

PR 81 46 B4 1% 3% & 4t (Remote Sensing System) , 43 Hf
R 0.25°X0. 25,

2.3 WWHE

B G, L 2014 4FEF0 2015 EFAE ) TPW #

T 7= o AR S B i S DCBE DL G . A R DC B R HE
A& VA BIUIE 7™ i 0 S TEEORG B 5[] BsF 43 A S DR B Y
H B AR RN S T8ORG BE BE 2 B 0 AR AL RRAE . IR
PEFE 2016 4F 1—12 J 24E A H ™ 58 5 [ sk D)
FORLUA G - e H ORI 5 AR R 25 43 BT D% 25 AE B[]
JPH E AR AR R AE . TR EE, #E R 5 01001 AT 01028
XA LT R LR XY R 25 il N A [\) UG RS
(<Z0.5°) Y H 7™ i B4l i o I T AN 34 O A R 22
PR H SO . e, R 2014 4E 5 A #
2018 4F 2 FI M H = S e A iR 254 O B
FabR RO 7 i 0K BE O 4 B H T AR AL RRAE

3 KGR ST

3.1 HEF®BEITN

23 if 5 DE IR (5 (] ] g <<0. 17, B [a] (8] B <<2 h)
PLJg » TPW BILIE 7= i A 2 B 247 10401 ASTE S
R PR AN & 2 s N R DU L R
5 A AR X Eb A B v 10 B B T A TPW ORI G £k
L PR S B WL B A — Bt . AR AR B oR
FLHUGEM R A GL RS TPW B9 A 5¢ R 40k 5
0.9912, B 5 MR 224 2. 616 mm, P YA X158 22
7,340 F- #4254 0. 6549 mm, W 2 7 5T
PREER . 5o 1 2 BoR MR AR TPW<{20 mm
I 400 2 PR 00 V50 A i 22 AR R B HICR  (BL Bl
TPW (38, ¥ 16 th B — 26 22 W] i B 4 10 mm
FIEE . 3 H . M2 TPW<20 mm i}, TPW
f9 35 7 KR 1 22 LA 56 R 501 34 i 2 S5 48 BR A0 T A0
T TPW=>20 mmbf {9 1F &, U B TPW () #1038 7 i



76 A % 55 46 %
80 : 7 :
o
Q,
70t ” ] 6l o
o]
60 o © 1
g 8 g5
g ° 09
< 50 4 o &
= o 4 o o
& 40 8 i o,
o Of % o0 0®@ (o)
230, 0° ,}Q?”
; °% o 52 0° & o o
201 ° o © o °
10 a ° o

o

0 10 20 30 40 50 60 70 80
22 TPW,/mm
E 2 MWRI TPW B 7= b

SR8 TPW 3T L
Fig. 2 Comparison between MWRI TPW
orbit products and radiosonde TPW

e TPW /NI 1) S 30 K B i

IR o0 A A 26 B RRAE , — O E IR iﬂzl:
(7K IR ELE FE A2 & 1 05 B b DX ) 7K PR e A 2
R TPW B@$ﬂlﬁfnnu£fiﬁffﬁﬁ5@fi{ﬁﬁgi’x[EJ,
A SRS AR I 4, R TPW Ll ™
i A AL A 2R AL AR AR, B3 & RE Y
TPW FEAS R 25 0 2 0 35 T W 1% 28 Bl 4R 25 3 45 26
FEARAL BN . B R R R A X 2 O AR R
ZEWB/NTREG . ¥WirMRiR2E<1.2 mm ) 5 4
uh B R R T AN FA TR 42 b A
L/4 (ol s ¥ iR 22 A T’ 2 i s 19 °F- 3
{E (2.6 mm) . FRHIE 2 i f 25 AR I HB0 S AR W] e
HRAE T AE 3K JL A 2 A5, T K il A5 R R AR T
30°N, i b xr I 2 FH 3 A 3 [F] 43 B W LA Z
MWRI TPW E@?ﬂiﬁfﬁﬁﬁmﬁé‘%i&i&%%%f;
DX 305 VRS B R TE K TR B R 2 AR A B X
J TN W 22

MHIUIE 7 i S TR JEE 1) A A2 1 Bk IF (14D

(=]

0 lb 26 36 4‘0 56 60 76 80
R/ N
B3 42 > JoLk M RS il S Y
Y177 KR 15 2 B 8 JBE 11 72 1k
Fig.3 The change of RMSE with

longitude at 42 radiosonde sites

2014 4F 1 A5 2015 4F 12 A 7 RR%E — HAE 2~
3 mm B4k, JFH, 2014 45X J7 iR 22 R

S BRI RRAE L 2015 AR A X AR 22 N 4 A
TG e getg EJF. 3] 8 A LU PR T K, R B HLE
F&Eﬁﬁ%ﬁﬁﬁT“ETﬁ:#ﬁ‘é”ﬁ@ﬁ%ﬂ’] FAE A
1RO BORHK B2 LB XA SR i i i — P FIE
3.2 HEmBEITEHN

Hm AR TR HEY, f% MWRI
TPW () H 7™ i A W Fp T B, — B B =
i s H 58 O Ab — A 2 T [ A R 2K 2 Uk
X4 SSMIS 1y TPW H 7= i, 5055 —Fh oy X0 &
%%%Ei&&ﬁﬁ?ﬂiﬁﬁ@%ﬁ%%, - 24 5ok

AIREAL B T — BB ) 22 5 AR I 00 77 i g 4R

c MEA2 DL EE AP BE T A S N
01001 F1 01028 33k P> uli k5 1) 46 B 3 70°N LASE

HoAR i S AR AR EARAR T 50°N. JF H . X A4~
uli AR b — B A YR R AR A UL PR X

B ZE /mm
5]
IS

S5}
S8}
%

2.0
14-1 14-2 14-3 14-4 14-5 14-6 14-7 14-8 14-9 14-1014-1114-12 15-1 15-2 15-3 15-4 15-5 15-7 15-8 15-9 15-1015-1115-12

[ 4

It Al /45 A
AT A BEGE = 3 iR 222 4

Fig.4 The change of RMSE with time



1M ES

B FY-3C i AR AN b SURT e A 77 i JO e A 77

At DY U LI £ - 249 {8 2 7R 4R =S K PR H AR B
PePE 2016 4F FY-3C MWRI TPW [y H = /iy Fll TG £&
RLR S 1Y H 2 2047 PO e 3T Hh B 24 5 MR R 22 A
K AR ST Y 22 48R 3R 1 o . O 1 i

Hi Xt L 38 R EF F4 T SSMIS By H 72 5 F1 TG 28 L 4R
25 H A, 5 J&ETE 01028 X A i, - MWRI
H = i Al SSMIS H 7= i 43951 5 8 25 H S 3 10 B S
L3R

F1 FY-3CTPWHHF RMTRERTHFEIRE

Table 1 The error for a comparison between FY-3C TPW and radiosonde TPW
i 5 A VE PiCFE A £/ A ¥ J5 HR iR 22 /mm LEES3:8 S 24 i 22 / mm
01001 FY-3C MWRI 341 2.1483 0.8162 1.0123
01028 FY-3C MWRI 333 1. 0362 0.9336 0. 0408
01001 DMSP SSMIS 291 1.7934 0.8342 0.2374
01028 DMSP SSMIS 267 1. 3703 0.8742 —0.3586

#t MWRI i 5 501028 33 A3 o5 14 45 5L 48 b7 1
AT 01001, FUFLIE /= f AH L. TPW H 5= & (1 1y
J5 MR 15 25 B LU 77 0N B A DG R A i i AN
WA = s . AT BRSO BUIE 7 i 1 B 23 DT
P RS 2 BB B R H O SRR A A H
FITLEL (8 H 7 it R 2 1 181 77 o AHUIE AT 24 X
S5 IR ek s B A I R DL (PR FY-
3C MWRI TPW ) H = i % A B [ 45 B, i H.=8
] b 0. 571 22 S e T BUK IR MBI ZUAs 1, B Ik
H 7= i 78 20 A7 5 0 A 56 1) R A% o 5 K 19 i) A2 G 7%
PRUERT 25 1A R BEDL I . 44K X AN MWRI ]
It F 5] 2, SSMIS A A7 7 [F] A By ] 3L, o7 LA SSMIS
9 H 77 i 58S HOE BB DG R B BAR . 538k
F 1 /R SSMIS #E 01001 3 A~ 3 5 1 45 T 45 A7 #5
Fe MWRI 4, H & 78 01028 3% 43 45, SSMIS [ 48
FRENEE B A MWRI, X nf DAAE 5 H B FH
ik . SSMIS iy # 5 AH Eb MWRI A7 7 — A4~ B & [m)

(a) o
18 -
16 + o °
S 14+t % o
o 12} o°
o o
10t ° oY % °©
— o
= 67 ©
al [
2,
0 ‘ ‘ ‘
0 5 10 15 20
23 TPW,/mm

AR S O H MWRI (#5055 Sy il 8, SSMIS I
Fe 51

il AR 4 0l JSORAG 58 H ™= S BEE N H ™= i) —
TR PP T B AH & RO A6 S5 10 B PR 28 3l AR 2D BT
PIPEA 9 45 B0 AN 2 DL 98 4 OB H 77 i 1 B AR 1S
R SR T e PP U B G Bl = O R
FHE R )& SSMIS 2016 4F 44 TPW H 7= i,
¥ MWRI (9 H 7= 5 F SSMIS fy H 7= i 3647 b A
Ja A BT ¥ RR 221 H AR R (& 6)

TPW H ™ ¥ 7 MR 254 2. 3~3. 8 mm 4%
1. EAHR SSMIS (1) H 7 i f1 MWRI B H 7™ & 76 25
] b 58 4 DR, fH )& o AR E FY-3C A %LiE Fi DM-
SP F17 (I3 Wi [] — X 3 i 6 i) a) b A — bk
ALK IR Z B Y 22 SEAR K. 53 4 i [ A L Ath 32 Je%
X8 Windsat, GMI Fl AMSR2 £ i H 7 5 4
2R T A RIEE SR X WYL R H
(928 SCEL XTI 5 A0SR AS 647 7™ A 1) Bsf 1] DG i , 3 45

20

(b) o
18 -
16 -
g 141 o
g o
s 12 ° @
ool o
= 10 ° & 4 &
° aw
2 gt & 0ad o
N
7
4 ° °
t o
D
2t S ©
0 ‘ ‘ ‘
0 5 10 15 20
22 TPW/mm

BIS H= S8 8 TPW BB T
() MWRI TPW F1#4 % , (b) SSMIS TPW A4

Fig. 5

Comparison between TPW day products and radiosonde TPW

(a) MWRI TPW and radiosonde TPW, (b) SSMIS TPW and radiosonde TPW



78

A

% W46 4

4.0
3.8}
3.6
3.4}

17/ mm
hed
(3]

= 3.0

;2.8
2.6 F

2.4 ¢
2.2
0

5b 160 15‘0 260 250 360 350
H¥%/d
K 6 MWRI TPW FiI SSMIS TPW
H 7= il B4 2 AR % 22 A8 Al
Fig. 6 Comparison between MWRI TPW
and SSMIS TPW day products

WIR A A i o HEAT LU 80 592 2 Sl AN K ER A SR RE 4
PEAT IS [R] DT C , AN R] T8 038 2 A 9 — Bobk AR
B PR DAy 33k A e 30 DE TR )RR AS B

1EH BTSN T AR 2016 4F 24 H 7™ b
(7 (R R AR SR ™ ok B2 X A R BEFE 3 mm
Fe Ay s BORWRETE AL A PR EOR L (R F 50 B AR AG

. PG T S B B O™ R L AR S S0l
557 i 28 S FR R B SR T i A IR

3.3 ArFmiBEIEN

A& SRR A HEAT T oK BE VR A T B
SSMIS (1 H 7 i A FL R 25 5 B8 AR AT A i 1) 75 51 1
Fe g B R T DU Sk #E47 MWRI TPW H 7™ i
ORI . A I ) B B I 35 AN AL IR i
FEAR R TS 2 AR R 22 A R R 7 i

TPW H 7= iy i) 4 J5 MR 1% 25 AR AL 85/ BE A
EAE L 1~1.3 mm, E¥mE/NTF 5%, H,2018
42 5 MWRI 5 7= i 43 A Fl SSMIS (1 H 7 i 43
fi i & 8 Fs .

SR MWRIT TPW H 7 5 Fl SSMIS H 7
it 1 4 A7 R AR AR AL, HJE MWRI A {8 W T f7 — 2
K. ok SSMIS 2 i & 7™ i 1) ot 5 42 i
FHEEA B G ST AR 2 8 sy X (3
RO fHZEACRYE, MWRI TPW H 7 i 1 T & i6
AT E R

1.5 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

E 1.4~ -

N

W 1.3 b

i L2k i

% .

5 1.1 |
1 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
L e s B I B B T T A B T T T e I T B I A s B
+ T T T T H N h L T T O 0 00 OO OO T T T 0o
J R T T S T R i VW o o o e o o e O O — o o o o ~ 0~ — —

== 3 =2 2 = = - -
it ] /4E- A

K 7 MWRI TPW #1 SSMIS TPW H 7= 5 i3 7 il iR £ 454k
Fig. 7 Comparison between MWRI TPW and SSMIS TPW month products

°S
—180°—120 —60

0 +60 +120 +180°

() 90N

90°S

—180°—120 —60 0 +60 +120 +180°

10 20 30 40

50 60 70 mm

B8 2018 4 2 A MWRI TPW(a) il SSMIS TPW (b) A 7= il 43 1fi
Fig. 8 Comparison between MWRI TPW (a) and SSMIS TPW (b)

month products in February 2018



1M F BRAF FY-3C Sl R SO 1 RUAT R ™ i B A

=

55 79

4 HRATTE

KILAE T FY-3C MWRI TPW 7= i ) )2 18
AR AL b R R T 2 R S B L SS-
MIS f# H/H 7 i % FY-3C MWRI TPW [ )38 7=
atn s HP SR 7 AT T A A B A I
PR 327 i I R AR g b o A2 T B TR A )
Ko AR O T i I — LE AR TS 1 b

(1) 7E BB R 53k v s B A L1 9%
SEMR B AR HEAT T — I O L H R SS-
MIS Lt 5t 5 45 i i 72 B2 0 0 3 A4 L 3K 7E — &
FEEE LR T =S R B . S AN gy an
JRVE A [ ) 2R B0 T BN i AT LA D
P OB MRS . MR FY-3C MWRI TPW
(ARG BE B T 32 ST B 3 52 W LA A o 38 A7 B F 2 s b
JEE L A A U LA R T ARG I 45 L T LA B R 7 RS AR
SR AT T T .

(2) FY-3C MWRI TPW H 7 & 38 X F X Y 45
BRI L BT R bR R H R R ORI & ™
& BB 25 DT C BT LA H ™ 5 BRSO ARl 1y . A
I TR H T RS BE R TN WL AN TR
FEAEBUA 7 5 s et e 45 B .

(3) A MNP S 3 5335 LS SSMIS 7K iR
P BT AR ZEM 2.4 mm BEARE] T 1.2 mm A2
A s F U B G T B 1 0 B R KR i 1 T R AR
B I S0 RE PR AR R Wl 5 77 il v A A X R B
P AT HE— 2 et

(4) FY-3C MWRI TPW 7= & fif Jift i 8 8 2
FL R iy, 3 H FY-3C MWRI TPW #5433 55 1
H 7 i FUER 258 B3040 1) — 350t B 2 A SSMIS, & B
FY-3C MWRI TPW 7 & 76 S fig 1 i FH B A W AE
i

S ik

WRUEIES . B A= BT L 55, 1996, 25 B ol i S 31 22 SRR I IR R A< T
JK R AN [ 38 2H A NS TR R RO U RBOR Bl B Ar BT ). K
S BH#,2006) :757-762. Chen H B,Lu D R, Wei C,et al,1996.
Comparison of the effects of different microwave channel combi-
nations and TB functions in the algorithm for retrieving precipi-
table water in the clear atmosphere[ J]. Sci Atmos Sin,20(6) ;

757-762(in Chinese).

BR¥T AN M, 2013, IGRA 42 BR ik s 98 25 B0 45 A 41 S L %8RI
HAREHTI]. KR S HEA R 29(5): 106-111. Chen Z, Gao
J.Yang X, 2013. Introduction of IGRA dataset and analysis of
its data quality[J]. J] Meteor Environ,29(5):106-111 (in Chi-
nese).

B35 1 L RN L X098 4 L 45, 2017, FY-3C VIRR KA A BEK 7= i AR
SRS 35 (1], 38 K4l . 21(6) - 842-852. Hu J Y, Tang S H, Liu
H L,et al,2017. Production and validation of FY-3C VIRR total
precipitation water products[J]. ] Remote Sens,21(6) :842-852
(in Chinese).

H/NHE, 2L E/NF, 2018, 19602015 4 [ P4 4 X AT
[ K AR AL AR AE LT ]. K%, 44(9) :1191-1199. Huang X Y, Wang
S J.Wang X P,2018. Variations of precipitable water in North-
west China duing 1960 — 2015[]]. Meteor Mon, 44 (9);1191-
1199(in Chinese).

BIRIR BT WRBE, 2006, 3T RO R S T 0 I RS RO
B b ge ()] o I i R 2 22 4k, 36 (S1) . 205-211. Li L L,
Guan L,Chen R, 2006. Study on algorithm for the retrieval of
oceanic and atmospheric parameters from satellite microwave ra-
diometer measurement[ ] |. Period Ocean Univ China, 36 (S1):
205-211(in Chinese).

XUFA Y L ™ 10,2006, Ft 2 OB 4 30 1 SV T AR R K 2 XK PR i
B sEL)]. K B4, 34(3):319-325. Liu S T, Yan W, 2006.
Study of integrated water vapor in non-raining cloud areas over
oceans [rom satellite-borne microwave radiometric measure-
ments[ ] ]. Meteor Sci Technol,34(3):319-325(in Chinese).

FHAE T, XKL KRR L 5F, 2017, 3L TR 25 M SSMI/S R AM-
SR-2 i B AR B K 7 e e S IEAG LT ] W PR L 41 (4D
65-74. Yin Y T,Liu G F,Guan J P,et al,2017. Validation and
evalution of AMSR-2-derived total precipitatable water over sea
surface using radiosonde and SSMI/S data[ J]. Marine Sci, 41
(4) :65-74(in Chinese).

S A RLPRSE L BRLL, 2017, B F FY-3C/ MW TS- I A A 1 b K
PP R BE L) ], 4% . 43(5) : 573-580. Zhang M. Qin D Y,
Qiu H, 2017. Estimating intensity of tropical cyclone over the
western North Pacific based on FY-3C/MWTS-[] data[ J]. Me-
teor Mon,43(5) :573-580(in Chinese).

Alishouse J C,Snyder S A, Vongsathorn J,et al,1990. Determination
of oceanic total precipitable water from the SSM/I[]]. IEEE
Trans Geosc Remote Sens,28(5):811-816.

Wentz F J,1997. A well-calibrated ocean algorithm for special sensor
microwave/imager[ ] ]. ] Geophys Res,102(C4) :8703-8718.
Wentz F J, Meissner T,2000. AMSR ocean algorithm,algorithm theo-
retical basis document, version 2[ R]. Santa Rose: Remote Sens-

ing System.

Wentz F J, Meissner T,2007. Supplement 1 algorithm theoretical ba-
sis document for AMSR-E ocean algorithms[ R/OL]. Remote
Sensing Systems Tech. (2018-04-10). http: / www. remss.

com/support/rss_tech_reports_by_year. html).



