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The Triple-frequency Radar Simulation for Liquid Cloud Droplets

HUO Juan DUAN Minzheng HAN Congzheng BI Yongheng
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Short-wavelength radar has advantages in observing microphysical properties of cloud particles. It is a powerful device for

detecting cloud a key member of the global water cycle. This paper briefly reviews the theoretical basis of short-wave cloud
radar detection. Based on the basic principle of radar detection, with the electromagnetic scattering theory of small particles, a radar
forward model (radar simulation package, RSP) is established for multi-wavelength radars and different cloud particle types. RSP is
used to simulate and analyze the detection capability of three short-wave radars (X band-9.5GHz-3cm, Ka band-35GHz-8mm, W band
-94GHz-3mm). Compared with the Rayleigh method, RSP method is proved to be reliable and accurate. Based on the simulation
results of RSP, the power-law relationship between liquid water content (LWC) and radar reflectivity factor (Z.), effective particle
radius (r.) and Z, is established; a retrieval method of average LWC is also established by using Z, difference between two wavelengths
at cloud base and cloud top. This paper discussed the retrieval methods of using different radar parameters to extract the microphysical
parameters of liquid cloud droplets, which provides a more accurate theoretical understanding of the cloud characteristics detected by

multi-wavelength radar. The RSP provides an analysis tool for the simulation of radar detection and the inversion of cloud

microphysical parameters.
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FERERIR, oK TR 5 4R 7 25 T 2 B R A ELAE R 6 o RO JE A e 8, BRUE MBI R/ NS RF
AN RIEL, S RT bt (7R 2%5,2000). f2 (2K 3 EHIERFHAANEENEK,
T /N 2 ¥ ANOK it LA AR PO g RO AR T CRE DD, BEIR N =2 P BRI R T AR B/ . Bl AR 2
S R, LT DU R TR AR . S IR R LR, (F ISR By s Bl ik 1 SR M A 2 S (e 484,
MuELESFTE L, RN WA RS, FaeIRuESRINEE B A S 8] A2 8] 4§ 2 (Gorsdorf et
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T LA S Ze MR ELIX DY S8, FIE R —BE 20 R R O DR 2 M. R Bz T 22 R AR LA
L, TR AT, R 2 P R R RS U DA T O A T &R T S T U ThER 2 M, F k]
SESCHIB BN A Gp) BT A 2 SR X B 8 i [ ORI R SCRIPRON d AR s 2Z A0

n= =, ()C) (1)
K n(D)dD o BT A Y 2 3 B 24T D % D+dD 2 [ R T 4L

2.1 =iEiE

MR O KRR AU, — A N 2 2 H iR T3 2% 0E 7S 73 4 B Gamma 437 (Heymsfield et al.,
2014; Matrosov and Heymsfield, 2017), P40 AS [F] 1 77 2R & R 1138 73 A0 T2 & R A R 0 3 07 AR,
Gamma 73 A7 R~ AN 4%, R EIEZS 70 A7 2 18 7% AR (o] B A 7 (8 v H 5, LS SR 20 A 1 1)
AR &, A URERE 2 PGS 2 H U EOES T A0 1 8

n(D) = —— {W)} @)

2 Ny KL T B B (AL em ™), D K5 BARCRA I pm), Herb Do A F #9428, oA 58
FE (TERAD, In NERNE. B 1 PR TAF N, Do, ot LT 1 % 73 A1 L o

B 1 AF Ny Do ol WEUESKFRERE At (a) 6=0.2; (b) 0=0.3; (¢) ¢=0.4; (d) ¢=0.5.
Fig.1 The lognormal distribution with different N, Do, o: (a) 0=0.2; (b) 6=0.3; (c) 6=0.4; (d) 0=0.5.
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s WHERER Y D=5pm, 0=0.35, N=50 B, Zo {8-51 dBZ; 4 D=5um, 6=0.35, N=150 i}, Z~=-47dBZ;
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¥ NAE B NE EE, O FWAZE ot Dy AT AR EE, P& 2 [RASALAE SEIE S b i Ak 1) A B 7 VAT 1




FELE, RN Ze R N AR ANEEURE, DR oA Do W BSURAR 22, oM Do (8 R RS SR I X 42 v S TG 52 B
INEE

2 iR 7 2t A R T 0 A0 26 A T Y Z AR
Fig.2 Simulated reflectivity changed with different size distributions by the Rayleigh method.
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TSR Ze (5 AT EEEL  H R I RSP 5k R ELRE TR TH SRR BE

3 AL S T HFREAT S ZAGMXEE: ()3 7=10°C, /=3mm, ¢=0.35; (b) 7=10°C, /=8mm, ¢=0.35; (¢) 7=10°C, /=3mm,
0=0.5; (d) T=25°C, A=3mm, 0=0.35,

Fig.3 Comparison in Z. between the Rayleigh method and T-matrix method: (a) temperature 7=10°C, A=3mm, ¢=0.35; (b) 7=10°C,
/=8mm, 0=0.35; (c) 7=10°C, /=3mm, ¢=0.5; (d) 7=25°C, 2=3mm, ¢=0.35.
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Fig.4 The simulated reflectivity (Z.): (a) Z. and LWC, color illustrates the o value; (b) Z. and r., color illustrates the LWC; (c) extracted
from (a) but with Z, range between 10 ~ 10% ; (d) extracted from (b) with Z. range between 10 ~ 102,
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Fig.5 Reflectivity difference among the X/Ka/W wavelength radar: (a) X - Ka; (b) X - W.
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Fig.6 Attenuation of X-band with different LWC and 7.: (a)LWC; (b) 7.
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Fig.7 Attenuation of X/Ka/W band varied with the temperature.
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