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Channel selection of sub-millimeter ice-cloud sounder
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Abstract : Based on the characteristics of multi-polar and multi-scattering for ice-cloud, the
appropriate sub-millimeter atmospheric radiative transfer model is used to analyze the absorption and
scattering of atmosphere from 100 GHz—1 000 GHz. The relationship between the sensitivity/calibration
accuracy and channel specifications of sub-millimeter ice-cloud imager is analyzed, such as frequency,
bandwidth, dual-band and polarization type settings, and then a 15-channel ice cloud imager which covers
the frequencies from 118 GHz-900 GHz is proposed. The limitations of the parameter retrievals’ accuracy
of ice-clouds distributed in different regions and at different heights in the troposphere are considered,
because different geographic locations and altitudes can result in a significantly difference for total ice,
ice particle size, shape and direction of ice-clouds. Finally, the specific indicators which will play a vital
part in designing the sub-millimeter ice-imager onboard Chinese satellite are proposed.
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Fig.3 Brightness temperatures of 50 GHz-500 GHz dual-polarization channels
5] 3 50 GHz~500 GHz UMK A3l T8 5% i 43 A M el 22 43 A

2.3 BEERUFRAEE

X F i [X 682.95 GHz Fll 874.38 GHz, J& % K F AU Ak i i S5 0 (R S 8 . R A A 0 ) A o6 . i FY-3C
MWHTS Ml 5532 1545 S ml 1, 7 X3 38 R A XUR: A AT 338 i T i 26 £ 8 A IR B, 2 oo b 36 5 50000 B TG Al

PEHUE X3 A 0 5 e KRB R w, AT AT R KR RSB, vk = R A 500 8 5
5 AR LR AR R A R B AR 2R, WK 4. XFT 682.95 GHz 1 874.38 GHz, il i X i
e b 22 S UM 7 B, TR Rk = S8R BOR B 3, L — 3% 4% 682.95 GHz, Bt FEAS 2 FIFEA 3 T Al
GREAS PR BEVPAG REAS I, S RARK &= RO 7L, B F 874.38 GHz AUML AL il i i wh B2, W&l 5 fin. 45
A RN A 56 B2 56 T 1] UL vk Z S84 A T80AS 0 13 4 36 22 W] LAIE W 874.38 GHz % JH UK Ak 1 3 14 8 B A &



552 1] MARG% . TZXKFEKERENEEIEF 183

ol /{)
15 channels including

£ 874.38 GHz

<

£ 161

'3
Y =
) g
= = 14F

>

5

S 13 channels without

= 874.38 GHz

—,
lO i 1 n 1 n
0.2 0.6 1.0 1.4 18
IWP median error/dB
Fig.4 Difference of dual-polarization channels for Fig.5 Comparison of IWP and median size retrievals of ice
200 GHz-660 GHz whether using 874.38 GHz

Il 4 200 GHz~660 GHz 1 fl i it iy KSR 22 5 F¥l'5 874 GHz IR SR et MIACKL T RO REN

2.4 BMBHFWIEE

W A VE R A2 IR AR N R G R, RIS SR RS B R R B R  EE  E O BGh A, R
R AE WM FEAS XS BRI S5 F T, 8 AR W IS 05 {1 2 A 6 R A7 8 0 B — X 4% 000 30 A ) g Bl — A 00 3 1 P
AT LA e S0 ) SR AR, 30 o A 3 B o 2 W S B R o H TGI8 R SRR WA I R K PR W IS RS AT B ST 4
X, PR IR A WSO PN T RO ARCR A A S (B A B R R SR SR A B I X 2 R AR

X e v B % 183 GHZz,325 GHz,448 GHz, il {5 FLAE AT AT, — 8 4 T8 PN WIS i £ JE A X Bk, AT AR 48 52
B i 0 15 B WA . X 183 GHz, XA AL AL 8.5 GHz AN 5 325 GHz XA 47 Y [ 1E 6 GHz LLIN ; 448 GHz
XA E 8 GHz LAPY, W SEA X FR . X} T 118.75 GHz, %FxF T 3% KA, FIH MPMO3 #5115 BL Y R <
W ZKcun & 6 R, 7E 118.75 GHz + 5 GHz {5 [l N, K /M e 28 B i (A R 1y, L it 5 491 3R O 3 33 2% o T
BTN o

XK S AFAE B R B SLEE Lk, 118.75 GHz +5 GHz Ju I N, K RFULKE 6(b). nT WL, 7EvK = A7 16 B 5
KREMFH T, 118.75 GHz 15 B A Sl (Xt FRbl . AN BRAE X UK 2= B0 52 58 /0N o 3 s o JHC At w30k 308 ik A 10
YA, AIARH AR5, TR A .

10°p

10°

102k 10°

10'k

10°

oxygen absorption coefficient/dB
atmospheric absorption coefficient/dB

10 0
113 115 117 119 121 123 113 115 117 119 121 123

fIGHz fIGHz

(a) dry air (b) real air with ice cloud

Fig.6 Atmospheric absorption coefficients near 118.75 GHz
%] 6 118 GHz [t i RS R 5K

BRI RS 5 H U LR R | Gl A e R e R R R R U B ) B bR IR G . TE BRI R R
B Mg T, WE e, BUMRE B, R FIEE, I H bR S IR A, R R I H AR
) S TR g, R 2% . BRI UK b RE L TR AE o bl T RN B A i 1 R U B A R A A, A
W T8 R BN 245 B VK & ROBORS B S AT S BT . %7 1X 683 GHz il 874 GHz, 6 GHz i Sa LI, i R & =S5
THORS B B A SR 41 S L G B B AR TE AL, T B B 1 S PR AR K B O BE



184 AMZBMFERFRERFER %14 %

2.5 KEHBNBEELEE
T 5 0 e R a1 | Y 3L P S 5 Oy e W 2 = 00 A 2 - W) il e I oWl O i s AL S L S R = ) 8
Kz AR AN B8 B T FE AR B LN ER 1 TR .

£ 1 WZKP K = BUSAE B B TR
Tablel Channel design and specifications of sub-millimeter ice cloud sounder

center frequency/GHz ~ bandwidth/MHz  stabilityyMHz  polarization ~ number of band  sensitivity/K calibration accuracy/K

118.75£2.50 1000 30 H 2 0.50 1.00
118.75£3.00 1000 30 H 2 0.50 1.00
118.75+5.00 2000 30 H 2 0.50 1.00
183.31+1.00 1000 30 H 2 0.50 1.00
183.31+3.00 1000 30 H 2 0.50 1.00
183.31+7.00 2000 30 H 2 0.50 1.00
325.15+2.00 1500 30 H 2 0.80 1.20
325.15%5.00 1500 30 H 2 0.80 1.20
448.00+1.00 3000 30 H 2 0.80 1.20
448.00+3.00 3000 30 H 2 0.80 1.20
448.00+7.00 3000 30 H 2 0.80 1.20

682.96 5000 50 \% 1 1.00 1.50

682.96 5000 50 H 1 1.00 1.50

874.38 5000 50 \Y% 1 1.00 1.50

874.38 5000 50 H 1 1.00 1.50
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