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Fig. 6  Spectrum of brightness temperature of ice particles
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Fig. 7 Scatterplot of the retrieved graupel parameters
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Table 2 Layered retrieval errors of GWC

RMSE/(107 g/m*)

A Hi/hPa
nn 1 nn 2 nn 3 all
850 0.84 0.34 0.63 0.82
550 1.83 0.54 0.25 1.88
450 8.17 1.44 0.65 7.97
350 5.69 1.10 0.66 5.66
250 5.00 0.71 0.49 4.08
150 1.52 0.44 0.31 1.36
100 0.84 0.24 0.18 0.54
e AHXT IR 22/ %
nn 1 nn 2 nn 3 all
850 73.42 27.02 45.39 68.14
550 64.94 70.43 42.85 69.82
450 4143 82.92 63.64 44.03
350 17.70 36.99 39.08 20.72
250 28.60 25.75 28.10 28.96
150 42.29 26.96 23.25 45.59
100 54.92 22.04 17.57 45.76
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Fig. 11  Comparison of retrieval errors of GWC using

unclassified neural network and pre—classified neural network
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Table 3 Comparison of the retrieval errors of

graupel parameters

Ar i B S [ 4 52 3
GWP RMSE/(g/m?) 11.80 10.90
GWP error/% 7.9 7.3
G_D, . RMSE/um 32.77 25.38
G_D, . error/% 4.1 3.2
G_7,  RMSE/m 513.62 571.16
G_Z, error/% 5.6 6.2
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Fig. 13 Scatterplot of the retrieved ice parameters

o [N X2 a7 1 E 5 N RE A S
TP UK S EAIRS BE 52, AR SCTFJR T (1 H
AN [0 258 4 ) ORI 50 s o2 i K S ) % E IR
I T LA 5 RO 58 20 A i 00 000 A I 0
(1) 325 GHz+448 GHz2 4™ B 1) 6 A 4 2R 18 i ;
(2) 325 GHz+448 GHz+664 GHz3 M B (1) 744 %
WIE; (3) 448 GHz+664 GHz2 /4N B Y 4 /N i %
Wil ; (4) 243 GHz+325 GHz+448 GHz+664 GHz+
874 GHz5 Ml B 1y 9 Ml Z i ; (5) 664 GHz+
874 GHz2 MBI 2 W53 3

F AP T 5RO R A I 3 Rk S 5
RMSE. A LLFE H, A & & 0% 1) 664 GHz+
874 GHz A JL 8 1Y) 3 Fl K S B0R 22 4B & e K1) o
XF T IWP, 325 GHz+448 GHz i Bt 2 4 [ 1t 15 25 L

W, MXFLD, . LZ,, HIKJE 448 GHz+664 GHz
BB A SR LR . R 3ROk =24, 325 GHz
448 GHz+664 GHz 4 Bt 2H 15 B {45 5% LU i AR
A R RZEABEE T /N, AH R % 419 243 GHz+
325 GHz+448 GHz+664 GHz+874 GHz #i B 414 )5
2 TR S o T W T 22 1) O R % A A Bt i
% U 8 $ T VK S U TR B
43 KBEREFERKERERSW

VKR F E B A AE 7—15 km = LR N, H
ANTF UK = AR B o B 3 Al 22 AR K, il an BE s X
KR P EEAAERLE10 km AT, FLb X B4 7E
10 km DA | o PRI oK% B8 0 4k IWC Ji 36 i) i
CWCZML, FIFEEARENE M, Mz



W] A6« T 2 I 245 ) AR 2 DK 2 AR DM R B 5

2055

2RI S IWC Rl R 2 e AT B o 38, AR
T 4.2 b S B9 S RK 2 R 12, RO AR
R, 1.7, < 10 km H—3, 1.7, 7F 10—
15 ke 915 FET P 74 D0 R 1 e 58 50 B2 IR 43285
x4 AEMELAESHKSHREREIT L
Table 4 Comparison of the retrieval errors of ice

parameters with various frequency combinations

E S IWP RMSE/(g/m*) 1_D, RMSE/um I_Z RMSE/m
LRy ES 26.10 14.83 777.55
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Table 5 Layered retrieval errors of IWC of ice clouds with various height
RMSE/(107 g/m*)
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400 0.58 2.52 1.78
300 0.95 4.28 4.94 5.07 5.06
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100 0.63 1.17 1.01 3.09 1.26
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Fig. 15 Comparison of retrieval profiles of IWC using unclassified neural network and pre—classified neural network
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Table 6 Comparison of the retrieval errors of ice parameters
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Research on retrieval algorithm of terahertz ice cloud sounding based on
neural network
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Abstract: Terahertz band has a number of potential advantages that complement existing visible and infrared techniques in ice cloud
sounding application, but treating various phase ice particles (mainly ice and graupel) as single ice particles is a major limitation of current
terahertz ice cloud retrieval algorithms. In this paper, a pre-classified neural network algorithm based on the terahertz radiation
characteristics of ice cloud is proposed, which is able to retrieve the physical parameters of ice and graupel particles, respectively. The
algorithm first uses a pre-classified neural network to retrieve the density profiles of graupel particles separately from the 183 GHz band
brightness temperature data. The retrieved graupel profiles are then used as a priori constraint to calculate the higher frequency band
brightness temperature difference due to ice particles only. Finally, another pre-classified neural network is used to retrieve the density
profiles of ice particles separately from the preceding terahertz brightness temperature difference data. The proposed algorithm are evaluated
through the end to end simulation experiments. Firstly, a hybrid ice cloud dataset including ice and graupel particle parameters is built based
on the numerical weather prediction (NWP) model and the actual observation data. Then the synthetic ice cloud brightness temperature data
from 183—874 GHz (i.e. 183 GHz, 243 GHz, 325 GHz, 448 GHz, 664 GHz and 874 GHz) are generated through Discrete-Ordinate Tangent
Linear Radiative Transfer (DOTLRT) radiative transfer model with the hybrid ice cloud dataset. Finally, the parameters of ice and graupel
are retrieved by the proposed algorithm from the simulated brightness temperature data, and compared with the input parameters to assess
the retrieval accuracy. The simulation experiments show that the average Root Mean Square Errors (RMSE) of the retrieved IWP and GWP
are 8.97 g/m’ and 10.90 g/m’respectively, and the average RMSE of the retrieved I D, and G D, are 7.54 um and 25.38 um respectively,
and the average RMSE of the retrieved 1_Z
and graupel particles also have high accuracy. The results indicate that the proposed algorithm can retrieve the total path amount, equivalent
ice particle size, and equivalent ice cloud height and density profile of ice and graupel particles respectively with high accuracy, which is
more consist with the real condition of ice cloud than the current retrieval algorithm.

me and G_Z_ are 309.21 m and 513.62 m respectively, and the retrieved density profiles of ice

Key words: terahertz, ice cloud sounding, neural network, ice and graupel particles, retrieval of ice cloud parameter
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