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Abstract Observations of raindrop size distribution collected at Shenyang and Liaoyang, Liaoning Province, have been
exploited to reveal characteristics of characteristic variables and spectral parameters of raindrop size distribution for stratus
clouds, cumulus clouds, and stratus clouds embedded in convective systems. Conclusions are as follows. The spectral
parameters Ny and 4 of Gamma distribution decrease and spectral parameter u increases in the order of stratus clouds,
stratus clouds embedded in convections, and cumulus clouds. Precipitation particles with diameters less than 1 mm
contribute most to the number concentration, while precipitation particles with diameters greater than 1 mm make the
largest contribution to radar reflectivity. The spectral parameters Ny of M-P distribution and rainfall intensity are fitted by a
power function, and results show that the spectral parameter N, increases with the increase of rainfall intensity. The

spectral parameters /1 and rainfall intensity are fitted by an exponential function, and the spectral parameters 4 decreases
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with the increase of rainfall intensity.
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2010 £ 4 16 H 05:20~16:52 JZR= 16.8 345
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2011 4E8 28 H 00:00~12:3¢ FUZRAGZ= 475 598
20124E6 H 14 H 11:00~14:38 FUZRA= 8.4 127
201247 H22 H 14:14~19:46 Bl = 63.3 105
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Fig. 1 Observed mean raindrop spectrum distribution and Gamma
distribution fitting for different cloud systems: (a) Stratus clouds, (b) stratus
clouds embedded in convections, (c) cumulus clouds. The dashed line

shows the observed mean drop size distribution (DSD), and the solid line

Gamma drop size distribution (Gamma-DSD)
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Fig. 2 Relative errors (Er) of the Gamma-distribution-fitted raindrop
spectrum and observed mean raindrop spectrum for different cloud systems:
(a) Stratus clouds, (b) stratus clouds embedded in convections, and (c)

Cumulus clouds
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Fig. 3 Percentages of number concentration (N), rain intensity (/), radar

reflectivity (Z), and liquid water content (Q) of particles with various
diameters for different cloud systems: (a) Stratus clouds, (b) stratus clouds

embedded in convections, (¢) cumulus clouds
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F4 BHEMEKKRFRN, I, Z, Q WHEE
Table 4 The percentage of number concentration, rain intensity, radar reflectivity and liquid water content of different

grades of particles

HA<I mm B4 1~3 mm HfA>3 mm
PR =7 N I Z 0 N 1 z 0 N I Z 0
JARZ 92.0%  42.6% 13.3% 61.0% 8.0% 545%  74.6%  384%  0.01% 2.2% 122%  0.66%
ARG = 76.9% 18.8% 3.8% 332%  229%  759%  75.1%  64.8%  0.18% 5.3% 21.1%  2.05%
Wz 51.2% 4.8% 0.7% 11.0%  48.1%  83.5%  70.9%  83.5%  042% 10.6%  285%  5.49%
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94.5%; £ ] RLAREON T I8 ST 2 1 1 4y LU bl B
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2.75 mm, WEAH 20504 12.74%K1 21.89%, HAE KT
1 mm PRI H 18 S 2R B DTk 99.3%.

PRI DORE, EEL 3 R PR R,
AT R T T i A AR R 2 R B I TR (AR AR i 3R 5
ZHh 73X 3 BRI SEBL Bk

F5 3RMEKIEIRRER

Table S Three precipitation processes
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FIRLTAX b S EOR ) 0.41%, %87 1A S 2 1 ot
BRISE] T 28.4%, XM DTHRLIAE] T 10.5%
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Fig. 4 Variations of spectral parameters with rain intensity for different cloud systems: (al, a2) Stratus precipitation, 12 Jun 2013; (b1, b2) stratus precipitation

embedded in convections, 16 Aug 2011; (c1, c2) cumulus precipitation, 2 Jul 2013
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TR AE A S AR R G R o TR WA K R i
R, T IE SR AR AR R ARSI AR L, JF H AR KL
a b B EAR B — R TR G 2B 2
I, AR KT 1, BRI SO A Bt R o A 19 IR
i8NS ON U R TP UN N N S DDA [ Rt
VA K W R A A M AR, AHSC R B
1096, RE a FZAR 2RI 2 T
B b AW W2 o BOAR S R BRI K R H
Ny BB a IR E—TRR R G = — B Z i
Feol, B8 b A WRZEN, BB b HNT 1,
BV KAk B 2 I it 485 D 11 B 2

x6 ARIMFAKZATHBSBEFESHXRA

Table 6

variables of raindrop size distribution for different cloud

Relations between rain intensity and characteristic

systems

2Rz BERE S Bz
WEREAE A a b r a b r a b r
zZ 140.36 1.19 0.99 235.62 1.24 0.99 260.81 1.31 0.97
N 440.67 0.59 0.83 196.66 0.35 0.78 206.88 0.45 0.85
[ 78.89 0.84 099 54.04 0.71 098 53.28 0.80 0.96

T r RIS W EIERE (Z0 N R Q) MAHXREG av b HW
SRS IRIEAHIERI KRR (Z=al’, N=al’, 0=al") "PHIRH.

43 Gamma S HUESHESRBEREHRES

M RIRE RS

6 NAEPFEKZ R T Gamma 73 A7 805 W 5%
R E I SR 2 T FES 00 B0 e A 28] v 1 00 A
H R ZE P41 B 2= B KOR0S #2, M 98 Gamma
OATNE A BOR AR T 100 m I AR X% 22 85
K, SUAAE AT I, BEAE HOAR FE R 5 A ) 1
LRI/, B A 200 m ™ N, FRHRZE N,
SRJE XA BOR FER G N, AR ZE B #TE R, I
HAUA AR T WNE, XZ&KN Gamma 73 Aifi4E
TR (AN A T R O T P 8 759 A NP
22 K /D IR % , Gamma 43 A7 FULA 1R 5K T8
DAL, >4 SEECHAR BE R, /INRAFDOT 2 K 22 IR IR
Gamma 7} A 4G I R 5 /D TSI . 7 Ik S i 2
Gamma 731 00 G (E A X R 22 30E I 5 B o
—FERI AT A, R HOREEARE R, AR 22K
HBArHB/IN T 0, FUA AR T, X 2 5 Gamma
Sy A AEAE Sl AN ARAL A DL BRI OC, ARk
FER /N, Gamma 7341 R Al /AR A DR, H
ST BT/ B IS SO R R TT kA, A AT
WAE, 75 BOR JE BRI, Gamma 73 A5 S AKAL T K3,
A B AR AR TR o

BUZRRG = KRR, W5k Gamma 73 A
PUEHAEER AR T 100 m™ RARXRZERER,
R TR, B SR JSE (K38 T AT X % 22 3
N, BOKRIE N 300 m” I, MR RN, AR5
FEORT 8 22 S A B0k FE TR 3G g ke ok, I HAt G
(AR TR, FIEORE KT 800 m ™ J5, AHxfiR
2B WD IFYERFAE 50% T [l N, Jst DA TR A 2
Gamma 73 A AEAE i A /MR ARAY P AR LU LR o 750X
S A Gamma 73 A7 U5 AR 1R 22 K58 7 A/
T 0, AT IMAE, JF HATARR R 22 B 4L
AL DNITIY TN EEZ R

JEIR BRI RE, Wi Gamma 73 AU &
AR IEMLT 100 m™ FARXHR ZBOK, Bt %
PR JSE 1) 38 AR R 2238 T /N , B0 FE KT 400 m ™
Ja, BHIRELE S0%MEH N, JF HAUE EAEAH
RFUIAE, X% AR BRI A%, 78
JEAR Z B 7K I O R RN 25 B K (R 80K L — FF
Mo E, AR/ Z KD, 1T Gamma 5) Afi
SAEAE el NRARA GR, PR R AR AR
Gamma 7 AL AR R T WML FiE S &
Gamma 73 A U5 (BRI AF O 1 22 B AT B A 250k B 1)
BTN S, CERORBE/N T 200 m™ i [ Py
FIXSIRZE BN, A AT BAT—E A,
BORERT 200 m J5, ARRHRZE BN I E
fE— N, MEERZHREOD TINE, X
[l 5 2R 2 B IR AT %

5 Zig

(1) L2 TR RIS . RRRG =
HRAR 2 (R A2 55, TE Ve MRl /K 2 R B S e
KEFSHIAE N T 1 mm FAREREA, KT 3 mm
FARIPRL 7 HOR AL IR = - BUZ TR = AR
BRI, TCieWER R K 22 2 Gamma 3 A1 %)
R U (R AUL 5 AR, 1 250 No A1 2 HE IR AR =
BUZRG MBI 2 R8s 1S5 u 1R
Rz BURRE = MERR 2z 784K . Gamma
3 AT UL AR R D L 5 0~ A 0 P~ P A xR 22
MR RS 2 B 2z RIS K.

(2) ANFEFKEARTN, Mo R R W
SEKE A REEREIGEZRE—RRG =
— BN 2 OIS K 4% ROBERIAR B0 S B0
MO WA KE . ISR LR AR R
LI BRI AT, f KW AR I Z IRz R



6 1] DiMas . IL T ML AN [ K 2 28 R % 2 80 R BT AT

No. 6 Fang Bin et al. A Study on Characteristics of Spectral Parameters and Characteristic Variables of Raindrop Size ... 1163
100% - -
F o ° e Gamma-/  (al)
son b oF .
E ol 'Y L4 ) °
& 0Oe é)" o o ¢
R S L . R .
—50% £ "o . N T I
_100% : TN TN (NN TN TN TN TN NN WY TN TN SN (NN TN TN TN TN (NN TN TR NN O [N SN SN SO NN SN SN U M S NN N S 1
0 200 400 600 800 1000 1200 1400 1600
N/mm-3
200% e
100% E® o o 8 4 hd ® Gamma-Z (a2)
E ‘ ° L] L]
Ute % .0‘ °s °
b L)
& —100%f ese B &
—200%21"',c oo, ettt L
—300% [ S ot Le° ° .
—400% : l. .. ) 1 o o hd ® I 1
' 0 500 1000 1500 2000
N/mm -3
100% r
Fe% ° ® Gamma-/  (bl)
50% 5: ® o
e®Ce %o
S Y ':';:.'oi“’ *
o o {* * % oo °
_ o/ [ 000 «» ° I X .. ®
R "'faé:.."'.-a *
—100% C 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1
0 500 1000 1500 2000
N/mm -3
100% e -
E 0 o o U . ® Gamma-Z (b2)
(¢ ©* o ®, °
0 TYI) - % o o° N N
% ok o%es o fep
S 00% ¢ S o 9% O
—200% ‘§ i‘" e o *
F . .
_300% C P L L 1 L L L L 1 L L L L 1 L L L L
0 500 1000 1500 2000
N/mm-3
200% -
* e & Gamma-/ (cl)
150% ..0 o .
L 100% .:'.f."
=y ° L4 .
50% S ‘: ‘.. . L] ° o0 .. . . [ )
L] *
0 o. : ?' ¢ ‘ °
_50%....|....|Q...|....|....|....|....|....
0 200 400 600 800 1000 1200 1400 1600
N/mm?-3
200% -
100% 0,00 ® Gamma-Z (c2)
0 L3
e oo0° [
o 0 U S .
M 100% B ese : .
[ ]
—200% ° .
—300% .Q...Ou.....:....|....|....|....|....|....
0 200 400 600 800 1000 1200 1400 1600
N/mm?-3

6 ANFEFEKZ R T Gamma 73 A7 FoE 58 T 1% S S A 42 IR S BOAk B i ARB BB I ARXT IR 22 P41 Cals a2) 2013 4 6 J 12 HESR &
FezKks (b2 b2) 20114 8 JJ 16 HAUZRA =FEK; (e 2013 4F 7 [ 2 HBIH K

Fig. 6 Relative error sequences of Gamma-distribution-fitted rain intensity and radar reflectivity outputted in an order from low to high number concentration
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precipitation, 2 Jul 2013
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A 2 RN 2 I ) K RS AR 7 1M B 31

(3) JIRMEFIEK = R EA/DNT 1 mm K
W0 B B R DTk B oK, AR T 1 mm [ FEK
L1 B IE SR R DRI R o /NI 6 O B Tk
AR, AFN BT IR RO 2R DTHR AR AN, K0 2
WREETTHRIR AN, X B IA O R DTk EIR K . 1% 2 A
N BRI R R B AR T AR 7S OT e LG, A
I 22 /N - B AL IO [E138 Dy e i Al N 43, T
WA OIS Er S C BN SV E SN | 5

(4) M-P 73AIISSH Ny S 1 AR R 4L
KR, JEHEFHWW TG, w5
MR 1 HARBRECCR, MRS 1 198K
N BOREE . BIE R RAEA ST KES W 133
RERREOCR, I HARRIEAR L . Wik EE
FI0R 1 BIM R RS ay b IR IR IR E . RS =
FIFN = P30, RE b KT 1 BOkEE. W
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RA = FRN = TN, BB 3B/ T 1.

(5) BN MBERAG =K AR T, Gamma
O AP Lr T SR (AR R ZE A KR B /N F 100 m ™
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