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Abstract Since microwave signals are very sensitive to the variability in the type and structure of precipitation clouds, retrie-
ving the precipitation cloud parameters based on the satellite-borne microwave observations is still one of the most challengeable
problems. In order to investigate the characteristics of microwave signals on TMI channels in responding to two precipitation
cloud types of stratus and convective clouds, a radiative transfer model (MWRT) with a better treatment of the solid precipition
particles is used in this paper to simulate microwave brightness temperatures (TB) under the condition of different surface and
precipitation cloud parameters. In addition, variations of combined TB from multiple channels are also analyzed which include
the polarization difference (D) as a mirror of emission signals (for ocean) as well as the 85 GHz polarization corrected tempera-
ture (PCT85) for ocean and the vertical frequency polarization difference (VFD) for land as functions of scattering signals, so
as to theoretically explore the precipitation retrieval method. The results show that both of D and PCT85 decrease as increasing
rain rate over ocean, among which D;, and PCT85 are able to reflect well the variation of rain rate but with the former in a
greater extent affected by the surface conditions and the latter by the cloud properties such as the height of the freezing level and
the size of graupel. On the other hand, though D,y and Ds; are insensitive to both surface conditions and the height of the freez-
ing level they show no polarization difference in the case of high rain rate, implying that they are unsuitalbe to vetrieving rain
rate. Over land, the VFD with the higher frequency as 85 GHz shows a good response to rain rate and augments with increas-
ing rain rate, among which VFD37-85 is hardly influenced by surface conditions but strongly affected by cloud properties. Es-
pecially, for the channel of 37 GHz, owing its high sensitivity to variations in liquid water so that scattering signal is easily con-
fused by emission signal, it is difficult that the VFDs with the higher frequency like 37GHz are applied to investigate the rela-
tionship between rain rate and microwave signals. Besides, since the existence of graupel in convection clouds would have com-
plicated the characteristics of scattering signals, PCT85 and VFD would worse respond to rain rate for convection clouds than
for stratus clouds. Based on the results above, a theoretical approach to retrieving rain rate can be suggested as follow: over o-

cean it is preferred to use D, with proper surface conditions or PCT85 with proper height of freezing level, and over land use
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VFD37-85 with proper type (stratus or convection) of precipitation clouds.

Key words TMI. Stratus cloud. Convection cloud, Precipitation, MWRT
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Table 1 Typical values of the parameters for the two types

of precipitating clouds (stratus and convection) as the inputs in the model

WREE M K (m/s) Bl k4% 2K

H(g/m?) =UKE

T(g/m?) TR (g/cm®) WEE)E R B (km)

== 293 4 0.8 1000
PO 298 8 0.8 1000

1000 - 4.5
1000 0.3 5.0

*2 WALMRARSHOEHE

Table 2 Two sets of the parameters as the inputs in the model for the simulations

R (O KE (m/s) il b 2 % 4 % BRI (g/cm®) 452 i (km)
ZH01 303 20 0.95 0.3 5.0/5.5"
SR 2 288 0 0.6 0.1 4.0/4.57
* XRZFm HR IR =
The value with * is for stratus clouds and, otherwise for convection clouds
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Fig.5 VEFD difference (unit; K) caused by the different parameters of surface emissivity (a), surface temperature (b)

and freezing level height (¢) as shown in Table 2 vs. rain rate (unit:mm/h) for stratus over land
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Fig. 6 Same as Fig. 2 but for convection cloud
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as shown in Thale 2 vs. rain rate (unit:mm/h) for convection cloud over ocean
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BRSBTS E VED 22 5 (8 9, ik
AR CHl e 2 5 25 0 b 2 3 B 19 2l 2% 15 i VED
72 5 (Bl 9a #1 9b) 5 )2 AR W AR AL : VED #f Jifi #th
RS SRR b % U B A T o T v B O R O 25 Ol OE

(B s H B KRR X Fp 22 w2 . 52 =
AL AN A S B AE 4 VED 22 {1 Fifl [ 7K 2 1 742 £k
@ b H R 22 PR S WA 2R/, X 3R
W, Tt R AT R R K 25 o B K 25 4 A ) 25 5 AT 0T
M AR DA W) 7 #R R[N S

AR 2 R 25 )2 BE R HR T BT 5 19 46 VED
285 (18 90) , W2 2 2L, 2 M8 B, HLBE K 3
8 T s T 3 R B B B A B 22 00 R i 2
VFDigss Fl VFDyo 55 75 38 B 7K B 7 52 1 25 97 A
PRI MG ol i — 2 BT R X 2 T B
XF U 25 RS T2 46 T 5 RS A A AR A i 3 e il 25 s 2%
B R /K A< T T A A 2 = B3

H T Od BT R TR 14 1 JRORE -5 B3R MU 45 6L
9 VED Tt o P H 25 fH 2 B8 1EAE L 55 il 02 0 T
A v A BB S I o B SR % 85 GHz 1y VFD 22 W
B IF HEERE K A B89 Th e 0 Bl 22 52 19 I i
o (B B K 3 09 Th i AR 805 20002 A
S CRP ) 2 19 FN 37 GHz) o X o A0 4 10 50 22 5 2 —



R R AR ST T X R K 2 2 B0 R Y B AT R

100
(a) — VEDyps
L ———VEDyg g5
80 ™~ . VFDjy; s
—— = VFDy 5
g 60 r - 7VFD19 37
=40 |
20
O L
-20
5 10 15 20 25 30
Rain rate (mm/h)
10
(c) — VFDyp s
5K — == VFDyg 5
VED3; 45
0 \\\ \\\ — — =~ VEDyy 5
— — T — — —VEDy,
2 il A — == 19-37
G AN T
—10 .
715 L
720 L
=25

5 10 15 20 25 30
Rain rate (mm/h)

323
12
(b) —— VFDypss
10 — =~ VEDyy s
o~ VED3; g5
3 \(/ — == VED,y 5
o) — — VFDy 5
)
= o6f N\
= : \
4f — .0
A ~
2
~
~_ .
0 Y
5 10 15 20 25 30
Rain rate (mm/h)
6
(d) VEDyg g5
5t = VEFDy s
) VEDs; ss
L — 7~ VEDy5
— 4 — ~VEDm
A =
- 3 e
&
2 r — -
A
=
—
1t _—
0 &
5 10 15 20 25 30

Rain rate (mm/h)

B9 FETEX R = 45 28U S 80 VED /5 22 52 5 K R 6 R

(a. M K G5, b. IR IRE,

. PR JE L . Ok )

Fig.9 VFD difference (unit:K) caused by the different parameters of surface emissivity (a),

surface temperature (b), freezing level height (¢) and graupel density (d) as shown in

Table 2 vs. rain rate (unit: mm/h) for convection cloud over land
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