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Abstract: Using the rain drop size distribution (DSD) data obtained {rom OTT-Parsivel- [ laser optical dis-
drometer in 4—23 August 2014 in Xinzhou, Shanxi Province, the moments method for estimating Gamma
DSD parameters is studied in this paper. The precipitation clouds are divided into three categories: strati-
form, cumuliform and stratiform mixed with cumuliform. Comparing the observed and estimated DSD data
in 1 min, 5 min average and moving 5 min average, root mean square error (RMSE) and error distribution
of DSD are computed with the method of least square and moments. A new method of moments is put for-
ward involving M0, M3 and M6 which respectively represent the moments of raindrop number concentra-
tion, liquid water content and radar reflectivity. The analysis shows that using moments to estimate rain
DSD, the M036 (M0, M3 and M6) is the best among the moment methods because the averaged RMSE in
1 min, 5 min average and moving 5 min average is minimum and the error distribution is concentrated. The
parameters of DSD estimated from three-kind precipitation clouds decrease with the increase of rainfall in-
tensity R. The fitting DSD parameters (N, , pz, 1) satisfy binomial distribution and their correlation coeffi-

cient is good.
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Table 1 The division of three-kind of precipitation clouds
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Table 2 Micro-physical characteristics of three-kind precipitation clouds
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Fig. 1 Averaged raindrop size distributions of
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Table 3 Averaged RMSE of observed and estimated 1 min rain DSDs
[ S <Ei /N ek Mo12 M234 M456 M246 M346 MO036
ER= 0.35 0.56 0.50 0.65 0.52 0.56 0. 46
PRz 0.39 0.72 0.53 1.09 0. 64 0.78 0.49
BMERE 0.34 0.50 0.47 0. 84 0.53 0.61 0.43
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the method of least squares in 1 min rain DSD
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Fig.3 RMSE distribution of three-kind precipitation clouds with the
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Table 4 Averaged RMSE of observed and estimated 5 min average rain DSD

K = 25 /N ek Mo12 M234 M456 M246 M346 MO036
ER= 0.35 0.56 0.50 0.65 0.53 0.57 0. 45
PRz 0. 40 0. 69 0.53 1.06 0. 64 0.78 0. 49

BMERE 0.35 0.51 0.45 0.79 0.50 0.57 0.43
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Fig. 4 Same as Fig. 2, but for 5 min average rain DSD
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x5 TNESHELEHHARREFHES min B3HF19)
Table 5 Averaged RMSE of observed and estimated 5 min moving average rain DSD
[ S <Ei e/ Tk Mo12 M234 M456 M246 M346 Mo36
ZRE 0. 36 0.56 0. 50 0.65 0.52 0.56 0.45
PR = 0.40 0.72 0.53 1.05 0.62 0.76 0.49
MEREG = 0.35 0.49 0.45 0.81 0.52 0.59 0.43
: ’ — 35 : : 99,5
201 (@ B#R= (9% 24 I OBRZ 395 5] OBEBRAZ [
L - J 7 Lo0 F90 o
<24 38 <P . 20 S =2 0 S
> [s0 5 144 e [50 4 > 20 [50 4
A 18 30 & # “ (30 = % 130 5
K XK i = K159 =
1o H10 E 7 107 . L0 & % L0 &
Ly = 0 Ly B 104 o Bk
6- 0.5 5+ gé 0.5 5] (0.5
7 ;
0 : 0.01 0l 4 L0.01 0 e : 0.01
2 3 0 2 3 1 2 3
B pRiR BRI BRI
K6 [A[& 2,42 5 min ¥ 3B A
Fig. 6 Same as Fig. 2, but for 5 min moving average rain DSD
MO012,M246 ,M346 ,M456; N HFRIZELE 0.5 &b
JF 5 T4 bR R MO36 ( Hd ok, ko M234, 4 FRTETE T 0 fm =24

M246 ,M346 ,M012,M456,
HI LT XS5 min B8 £ 0 I R A
MO36 fili 5 =l K 2= SR B

3.4 MEESEENHARIRE

Xof S0 i ) AR B S A AE E h 2X(25) 3t
ST AR 22 0T WP (B, Al B E B R 25 )N
PR B0 1 43 A TE SR 0 4y B A SR
REVEE . B3 6 H1, X F =Rk = Al 5 40 i
938 7 iR 2%, M036 Al 5301 22 /N T i/ e ik L Al
B .

4.1 BMHIETS9HA=ZSHIITWERMEXE

Tokay % (1996) BFFE NN, % 1 =S8 N, .
oA [ T B Y 3 KT 3 K 5 {H Caracciolo 4§ (2006)
TN S = 280 No e A B TR 58 09 385 K1 0820
XS WA [ 3t DXCAS [ B 7K 26 Y R % 3 2 80U AR A7
225 AR SO = BEK = 1 min W4 3%
“ZHBEN R R AR LA 8 Frs . T ALL T 4
A T IS = 280 No e A B RN 50 1 18 R 20

®6 TMEEMGEEEENHARRETLHE
Table 6 Averaged RMSE of observed and estimated moments

P ¥ & | BN T Mo012 M234 M456 M246 M346 M036
ER= 0. 096 0.210 0. 069 0. 281 0.122 0.184 0. 034
Bk = 0.295 1.213 0.316 0. 403 0.378 0. 424 0.126

HZRAS 0. 054 0.298 0.093 0.110 0.118 0.143 0.036

42 MEETrSH=ZSHEAREXR

#HZIAFEFE—E K F . Zhang % (20100 KK n—2
Z A7 AEARAT 1 Z 300 205G 3R AR SCI) R A = 5K

FEE T o0 A 1 min W IEFEA =2 2R 09 5 & L 40
6 s (Em) JZIREMBURZ No—p 5 No—2
ZBr REAT S M ERZRG = ME MR BRR S
MBUZIRG B p—2 P RZBAF S ME L EERE =
B 2R B
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Table 7 Correlations of the three parameters of

precipitation clouds in 1 min rain DSD

Rk 27 ZROEFR LB %18
BR= A=1.41+1. 37440, 004, 0. 94
logNo=2.19+0. 6240. 00008 > 0. 96
logNo=1. 62+0. 441—0. 00087 0.98
PRz A=1.08+1.67,—0. 005, 0.92
logNo=2. 48-+0. 64410. 00062 0. 94
logNo=1.91+0. 44A—0. 00142 0.97
HZREG A=1.28-+1.20,—0. 00052 0.97
logNo=1. 95+0. 55— 0. 0008 0. 96
logNo=1. 36+0. 46A—0. 0004A> 0. 98
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