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Fig. 1 Schematic diagram of RM earth observation
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Table 1 RM main technical indicators
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Fig.2 Schematic diagram of RM scanning work mode
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Fig. 3 Brightness temperature at 6.6 GHz vertical polarization
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Fig. 4 Brightness temperature at 6.6 GHz horizontal polarization
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Fig. 6 Brightness temperature at 37 GHz horizontal polarization
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Table 2 Emissivity coefficient of windy sea surface at 47.7°

R/

- ﬁ a a a 5EZE/K
6.6 V  -6.300E-07 3.061E-04 3.511E-03 1.388E-03
H -1.365E-05 3.280E-03 3.702E-03 1.373E-03
10.7 V  -9.000E-08 2.340E-04 3.400E-03 1.419E-03
H -1.461E-05 3.352E-03 3.927E-03 1.381E-03
18.7 V  -3.500E-07 7.097E-04 3.171E-03 2.269E-03
H -1.761E-05 4.408E-03 4.323E-03 1.841E-03
23.8 V  5.500E-07 3.818E-04 3.036E-03 2.160E-03
H -1.827E-05 4.125E-03 4.565E-03 1.789E-03
37 V  2.460E-06 -4.552E-05 2.684E-03 1.611E-03
H -2.050E-05 3.969E-03 5.107E-03 1.642E-03
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Table 3 Coefficients of reflectivity correction

ﬁiﬁ ao a; a bo

b, b, Co Ci Ca

V-pol  0.977 054 -0.127 72 2.527 492 -0.020 54

H-pol  1.005 078 0.855 961 -0.483 54 -0.029 55

-0.613 98 0.390 524 -0.003 09 -0.033 3 0.290 148
-1.228 77 1.800 569 -0.003 02 0.065 674 0.179 83
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a,,=a,+a,w+a,w +aw (28)

b,,=by+bw+b,w +buw’ (29)
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Table 4 Coefficients for wind direction

6.6 Vv 2.26E-05 4.66E-05 2.34E-05 -3.58E-07 1.68E-04 -8.57E-05 4.65E-06 -5.33E-08 4.32E-04
H 7.37E-05 8.70E-06 1.39E-05 -1.95E-07 1.07E-03 —-4.53E-04 4.56E-06 2.71E-09 3.77E-04
10.7 A -3.38E-05 1.03E-04 1.53E-05 -3.13E-07 6.69E-05 -4.36E-05 1.98E-06 -2.31E-08 3.24E-04
H 5.03E-05 3.19E-05 1.01E-05 -1.89E-07 1.09E-03 -4.83E-04 1.34E-05 -1.89E-07 2.95E-04
18.7 A\ -2.25E-05 9.68E-05 1.25E-05 -2.07E-07 1.60E-04 -8.23E-05 2.83E-06 8.21E-09 2.86E-04
H 4.06E-05 446E-05 791E-06 -1.22E-07 1.07E-03 -4.86E-04 1.67E-05  -3.07E-07 3.01E-04
23.8 \% -2.68E-05 1.01E-04 1.02E-05 -1.53E-07 1.50E-04 -7.69E-05 2.45E-06 9.16E-09 2.15E-04
H 2.53E-05 496E-05 6.61E-06 —-847E-08 9.52E-04 -4.36E-04 1.59E-05 -3.12E-07 3.12E-04
37.0 \% -421E-05 121E-04 3.12E-06 3.97E-08 1.49E-04 -8.09E-05 470E-06  —1.09E-07 1.05E-04
H -4.10E-07 5.85E-05 3.69E-06 -1.08E-08 6.54E-04 -3.04E-04 1.42E-05  -3.40E-07 2.16E-04
232 A@fA@EAEALTHXAE® XGOFAMA GO R ab.cFdnlLLFERN

AR TR B IR AT (0=00) I RATZIR M EAT5 secOf I 2R IE (W E S MEe), I (LlaN
T8 3R Tono 1 Tov, IR AATAT HAB B8 AE G Too BT 9, b c A1 dFE X AHIRD)

TBU%BﬂuJEH Tano 1 Touo H@éﬁ‘rﬁfﬁ&%‘%i\‘j‘j a=p, 53020+P1 sec 0 +p, (32)
T (0) = a(8)T o + b(6) (30)
T5,(0)=c(0)T s, +d(6) (31)

RS TwZUARFHHN-MEIXRY

Table 5 Coefficients for Ty linear equation

6.6 -0.010 02 1.009 888 0.000 138 0 0.014 215 -0.014 -0.000 23 0
10.7 -0.016 98 1.016 496 0.000 491 0 0.040 156 -0.038 56 -0.001 6 0
18.7 -0.066 41 1.058 05 0.008 429 0 0.591 852 -0.490 24 -0.102 43 0.002
23.8 -0.149 04 1.091 82 0.057 657 0.001 3.122 048 -1.395 74 —-1.739 24 0.039
37 -0.109 03 1.080 282 0.028 964 0 1.705 813 -1.037 6 -0.673 26 0.015
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Table 6 Coefficients for Ty linear equation

6.6 -0.010 76 1.010 606 0.000 156 0 0.015 065 -0.014 79 -0.000 28 0
10.7 -0.018 04 1.017 502 0.000 54 0 0.042 222 -0.040 5 -0.001 74 0
18.7 -0.069 37 1.060 406 0.009 032 0 0.615 963 -0.507 19 -0.109 65 0.003
23.8 -0.155 36 1.093 895 0.061 926 0.001 3.244 367 -1.393 78 —1.864 42 0.041
37 -0.114 36 1.083 402 0.031 192 0.001 1.767 943 -1.054 53 -0.718 79 0.016
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Table 7 Coefficients for Ty, and Ty equation

(without rain)

6.6 0.999324 0.000339 0.04 099888 0.00198 0.01

10.7 0.998903 0.002228 0.02 0.998471 0.004233 0.03
18.7 0.996 588 0.030435 0.42 0.994998 0.064 625 0.76
23.8 0990379 0.234889 339 0.98578 0.494396 6.21

37 0992908 0.105757 1.52 0.989999 0.203413 2.24

H 3% 7 #1358 1T Il , 23.8 GHz Fi1 37 GHz [ 5% 2%
BARR L (H 2l T B EOR I 8 BRI KR

£8 AWER TEAT NG Al KS E47H0
TITRITREZENXRRY
Table 8 Coefficients for T, and Ty equation

(with rain, incidence angle is 47.7°)

6.6 0.998 916 0.001 922 0.02
10.7 0.998 589 0.003 412 0.09
18.7 0.995 759 0.036 474 1.39
23.8 0.988 926 0.227 677 10.76
37 0.990 826 0.148 015 8.27

) S R AT DX, G0 R R K VR X, i AR T R
SR XA Y B R 25 AR R L e
M TR WA E H , Tono M Towo AEH 23T . I
HAWE T U EE —124. B2
3 3 0T TR B A AR 22 43 BT T DA, B 25 A K
VRS B O K A= 284k, BAA I B i — et 2
KZR, AR A R IA B TC R A th 25, WA

Tw=FT,)=mT, +n+P,V’+PV+P, (34)
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Table 9 Coefficients for Ty, and Ty equation (incidence angle is 0°)

6.6 0.999 247 8.960E-04 0.000E+00 —2.000E-06 5.300E-05 0.00
10.7 0.998 908 2.211E-03 0.000E+00 2.100E-05 -3.560E-04 0.02
18.7 0.996 581 3.061E-02 —2.300E-05 1.638E-03 —2.408E-02 0.36
23.8 0.990 361 2.359E-01 —-2.220E-04 1.559E-02 —2.280E-01 2.72
37 0.992 906 1.059E-01 -3.600E-05 2.733E-03 -4.399E-02 1.48

e B R KRB R o, 7T DL KRR E F10 EFWHERTONFHRAA S RE R RY
I V(mm) FE S /K 5 i L(mm)FRoR h Table 10 Coefficients for atmospheric transmissivity
(without rain, incidence angle is 0°)

Int,=aV+bL+c (3%5)
i X T AT T SR T A B R s e e e K
% E f)'ﬂ , :‘[z /I\ % AI‘% jj‘ i% E‘E @z z’g‘é ﬁ% i& ?E{ A':'» jﬁ ﬁ 6.6 —0.000 045 -0.010 27 -0.008 79 0.01
%o %% 10 %ﬂ%%ll éﬁtﬂﬁ(?,s)tpﬁ@/%ﬁa\b\co ﬁlg 10.7 —0.000 17 —0.025 04 —0.009 91 0.06
SAEATATIEAR R IS ¢ i LR 187 000165 007443 -001422 0.5
Inz=secOlnz, (36) 238 —0.00529 011136 -0.01717 044

37 -0.001 85 -0.264 13 -0.046 34 0.71
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Table 11 Coefficients for atmospheric transmissivity TR KRB, N Tk R E KRS & VRS
(with rain, incidence angle is 0°) KEBLIWAR, EZHET T —ARpm RSB
DGR s TR T PO BB LI
6.6 -0.000033 -0.00797 -0.00946  0.03 PRI KRS TR T IR SV L B3t

10.7 -0.00015 -0.02077 -0.01084  0.15 G R T RS I AN E RS
18.7 -0.001 64 —0.06244 -0.01556  0.39 Ty/Ty=a+bV+cL+dV* +eVL 37)
238 -0.00524 -0.10012 -0.02093  1.13 KB, BB a~e TEARRIZR 47.7° ABHE R I
37 -0.00179 —0.22709 -0.05247  1.80 ek FE 12~F 15, TTUER, Bty re

(RMS) BEFF AR I RAHE R A5
F12 EMERTTNHARNTIASHRE RN RY

Table 12 Coefficients for T, (without rain, incidence angle is 47.7°)

6.6 3.451 269 0.016 914 4.530 617 0.000 111 -0.020 31 0.07
10.7 3.854 745 0.065 962 11.167 53 0.000 185 -0.0459 0.22
18.7 5.064 093 0.698 132 30.221 21 -0.000 57 -0.142 34 0.72
23.8 6.602 011 2.112 323 41.949 79 -0.005 39 -0.389 86 1.16
37 17.436 87 0.699 593 106.444 9 0.000 525 -0.556 35 2.15

K13 EMERATATANGERN EITASSEEXZNREY

Table 13 Coefficients for Ty (without rain, incidence angle is 47.7°)

6.6 0 0.016 887 4.528 463 0.000 111 -0.020 33 0.07
10.7 3.852 255 0.065 895 11.160 24 0.000 185 —0.046 04 0.22
18.7 5.050 117 0.698 042 30.195 59 -0.000 61 -0.144 73 0.72
23.8 6.526 594 2.114 313 41.810 56 -0.005 77 -0.393 29 1.13
37 17.370 3 0.697 365 106.086 7 0.000 467 -0.567 75 2.11

R4 AWBER T TAFHARUNTITASEEEENRY

Table 14 Coefficients for T, (with rain, incidence angle is 47.7°)

6.6 3.458 915 0.017 546 3.778 818 0.000 108 -0.011 31 0.14
10.7 3.847 09 0.080 048 9.766 777 -0.000 018 -0.031 49 1.23
18.7 5.100 025 0.718 613 27.354 67 -0.000 75 -0.140 08 2.74
23.8 6.502 219 2.174 651 38.978 73 -0.006 32 -0.310 28 5.36
37 17.616 87 0.825 469 86.916 6 0.000 082 -0.642 04 8.33

R15 AMBR T AFHARN LITASEEEENRY

Table 15 Coefficients for Ty (with rain, incidence angle is 47.7°)

6.6 3.457 216 0.017 51 3.776 622 0.000 108 -0.011 35 0.14
10.7 3.845 078 0.079 93 9.760 587 —0.000 017 -0.031 79 1.23
18.7 5.095 169 0.717 672 27.345 05 -0.000 78 -0.143 73 2.72
23.8 6.491 852 2.171 242 38.856 16 -0.006 62 -0.318 76 5.23
37 17.575 78 0.821 355 86.460 98 0.000 072 —-0.657 69 8.28
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T T 198 9 YA 3 AR DR A B o) B i B
S T BRI, B AR R S I 5 )i
MRS WTHRERLE, WA NSRS
HEE (SST) A (WS) JxUn] ¢ FilEKERBE s 5 KA
SR AN SRR RS it VRS K &
Lo KA EAT5EE Too  FAT5EHR Too FB IR ¢
I XN RISE RS, (HREmR T ENZE
() PRESOC R AR 52 2%, i L 45 T AT i Ze A
2, BT LAGn SR VR LA R B i i A S5k, 2
IREGIABII R ZEE . I E e Too Too © 1E
RHRKAFBFASE . TR Tou i Too
Z I ZAEAR /N AEEAR I e C &R I T
A Tow, IXHE R A S ECRAS R P 2 Too
T Fe 1645 T HRASE L Ry PR A7 R4 4~
SRR s BOE N 35 %oo) AT A MY SR
SIS THE R SR Z B RMS(HA R K)o 1] WL
VRN LSR5 AR 1R 22 e 4 R 3 e S K, JF A
T AR A AR 2N T AR A . T Teo BT 2 AR
KIASEF AR/ FEA 10T LASE 4= 2006

F16 FAFRBASSHREEZEMNRMS

Table 16 RMS by using different atmospheric

retrieval algorithm

K

6.6 0.08 0.11 0.03 0.02
10.7 0.54 0.88 0.02 0.02
18.7 1.10 1.77 0.03 0.04
23.8 1.55 2.50 0.21 0.21
37 1.96 3.80 0.10 0.10

3 EBEMKRSHERERIE
3.1 BESESST.WS.VHILKERZE

MR 2.3 1T L RS SST WSV HI L
A LLRR A

9
SST/WS=Y c.F +c, (38)

i=1

AGOH, ¢ BREG F (i=1,2,3,..,9) 7500
F 6.6V, 6.6H, 10.7V, 10.7H, 18.7V, 18.7H, 23.8V,
37V, 37THIX 9B 52 iR , i X T 23.8V
(i=T7)LASNRYIEGE , F,=TB, - 150 , % F23.8V(i=
7)iliE, F,=-In(290-TB,, .)

5
V= zciFi t¢y (39)
i=1

RGBOF, ¢, BEEG F (1=1,2,3,...,9) 5 BIXF R
T 6.6V, 6.6H, 10.7V, 10.7H, 18.7V, 18.7H, 23.8V,
37V, 3THIX 9B Y SEREER , @ SCAHXTT 6.6 GHz
M10.7 GHz (9 4183l =1,2,3,4), F.=TB,, , It
HNE)IEIE G =5,6,7,8,9), F,=-In290-TB,, ) o

9
L= ZciFi ey (40)

R4, ¢, BEEG F.(=1,2,3,...,9) 5 BI%F 1
F 6.6V, 6.6H, 10.7V, 10.7H, 18.7V, 18.7H, 23.8V,
37V, 37TH X 9 A3 18 1Y 5% i B, o R T
6.6 GHz 1 10.7 GHz ) 4 Dl (i=1, 2, 3, 4),
F=TB,, , It %h 0y i & (=5, 6, 7, 8, 9),
F,=-In290-TB, ) -

F 1T ML 184G T R AA WA TR
SRR, AR, SST.WS. VI L %A 2%
RMS 435124 0.88 K, 0.41 m/s, 0.61 mm F10.02 mm;
A T 2500 F 952 RMS 23914 10.9 K, 0.55 ms,
0.85 mm £10.05 mm;,

®17T EWEHTHEERHEE

Table 17 Algorithm coefficients without rain

SST/K 0.825968 0.210 109 3.076 874 -2.02824 -2.3758

1.37266 9.084 064 -0.06683 0.016 689 320.540 3 0.88

WS/(m-s") -0.04518 0.625654 -1.34538 0.741 073 1.602353 -0.90528 -3.196 16 —0.87105 0.457 614 52.341 82 0.41
V/mm 0.463 118 0.177 666 0.813 084 -1.96259 -2.9363 2368891 57.23031 0.796 621 -0.6132 279.168 4 0.61
L/mm 0.047 527 -0.03407 0.022 727 -0.01395 -0.16522 0.101299 -0.34826 0.10625 -0.05085 -2.74061 0.02
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Table 18 Algorithm coefficients with rain

SST/K 1.014 225 0.224998 2944276 -2.17152 -2.78622 1.647535 10.20727 0.129167 -0.08553 327.761 1.09
WS/(m-s') 0.715006 0.353659 -2.32145 1.129498 1.548652 -0.92294 -1.44719 -0.68072 0.390869 61.31678  0.55
V/mm 2.623 686 -1.55906 -3.0487 1.029087 -82.8182 1129581 70.6604 9.909 003 -30.3846 541.027 0.85
L/mm -0.04993 0.135269 0.034401 -0.18172 10.64747 -0.81225 -3.18099 -2.82522 4.899115 50.8311 0.05

32 BEFEMASHESENRE
M =X (6) A A X HE 1T 18.7 GHz #137 GHz
M RAGE R ¢ A AT Se IR Too B RTE o 53035 1 i
NS BER TE THT 1) 5 Sk 238 R S S5 23, JHLGl 2o i TR 19 52
AR I RE i e R | D 0 T i 12N
TIRANAE , T A Typo ~ Ty ~ Ty Ml 7, NG
18, F RFRE R 4 DS B A K. X412
B W) L (B ok i R RBIE S S VORI L Y T
(=N
IR B3 45 5 S0 5 3 FH e/ — 3 i 2 3
Tinio ~ Tonsy ~ Tio p| Ty o
33 BASKTTE
FER S 2.3 47 34T RO (W e, SO 1 S 4L
FLHE Tyno ~ Ty ~ Too K 75 0 0 T IEATRETR A9 5,
i ZL ) FH Wentz ) AMSR-E 59231 B8 KA 8 S AIK
TR TTR , 15 3 RS AS 7K BTk A0 I A, X R A
ReEAT R PRIIL, o ) 6 T R AR RK RS
IR E PR UTRRL, 24 SST WS I Vi LA
Ji , HR 8 Wentz!" (1) Ao Fil 4,2 3R 75 7, Mz, ,ik—
R KB L 1, | 1, LSS AR AT
RAGRIFER
A, =a,, +aOZ(TBD —270) (41)
Ay =a,V+a,V? (42)
K4DFX(42)hry REILEK 19,

x®19 HERH
Table 19 Coefficient

ot 12.15E-03  15.75E-03  42.00E-03
ac /K -0.61E-04  -0.87E-04  -2.12E-04
ap/mm’’ 1.73E-03 5.14E-03 1.88E-03
ap/mm™ -0.05E-05 0.19E-05 9.04E-07

A,
A, =cosflnt—A,-A, (43)
X}RiF 18.7 GHz f137 GHz /35l A
A p=cosOlnt,—A,,—A,, (44)
A, =cosflnt,—A,, —A,, (45)

34 PEWMFIETHE

MR 7,,,=08 , WA A KATCRE , MR
(RR) =0, FIFH T 55 RBUR BB S5, IR
7,5, <0.8 , I AR KT S o 3 S RUCHIA Ry, SR
0.04<A,,, <0.15 W< B I 24 A,,,=0.04 1]
FRABEWHI A AL, =015 W F R R LAY
k2 mmvh, R A RN 3 R B O T S 4L

4 EESHRELSERMIGIE

41 BIEBYREER

E 7~ 1045 T H20114F 12 A 31 H RM T+
B SO ek S5, A5 R R, Bk G T
17, RERE R RIS
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Study on retrieval algorithm of ocean
parameters for the HY-2 scanning
microwave radiometer

Wang Zhenzhan', Bao Jinghua'?, Li Yun', Shen Hua'

(1. National Space Science Center, CAS, Beijing 100190, China; 2. Graduate University of Chinese Academy
of Sciences, Beijing 100049, China)

[Abstract] This paper established retrieval algorithm of sea surface temperature, sea surface
wind speed, atmospheric water vapor content, atmospheric liquid water content and rain rate
for the HY-2 scanning microwave radiometer using simulation data of radiation transfer equa-
tion. And then we used on-orbit data to retrieve these parameters. The validation of sea surface
temperature, sea surface wind speed shows that the algorithm is feasible and reasonable, which
can retrieve the atmospheric and ocean parameters, and the accuracy meets the requirement of
the design indicators. Currently, the validation of other parameters is still going on. The retrie-
val algorithm will be optimized by further calibration of brightness temperature.

[Key words] HY-2 satellite; scanning microwave radiometer; ocean parameter; retrieval algo-
rithm

82 MHEIERF



