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Abstract Joint size and fall velocity distributions of particles were measured with a Particle Size and Velocity (PARSIVEL)
precipitation disdrometer in a field experiment conducted during winter at Haituo Mountain in Beijing. The microscope camera
and cloud radar were also used during the same period. Microphysical properties and fall velocities of super cooled liquid rain,
graupel, snow and mixed-phase precipitation particles are compared. The major results are as follows. (1) The cloud of graupel
precipitation contains more liquid water and the cloud top is the highest; LDR (linear depolarization ratio) is the smallest in the
bottom of cloud among the three types of precipitation, which means that particles are nearly spherical. The cloud of snow pre-
cipitation contains less liquid water and the top is the lowest. The reflectivity and LDR values of mixed-phase precipitation are
between that of the other two types of precipitation. (2) Examination of the particle fall velocity reveals that the liquid rain-
drop, snow crystal and graupel fall velocities are mainly determined by theoretical terminal velocities, and distribute symmetri-
cally along the theoretical terminal velocity lines due to updrafts, downdrafts and turbulences in clouds. Based on this result,
we can distinguish the particle type for a period. (3) The spread of particle velocity is larger for solid particles than for liquid
particles. The microphysics processes are complex in cold clouds that produce many types of particle shape with different termi-
nal velocities. Moreover, the turbulence, riming, breakup and coalescence likely cause the large spread of particles velocity.

(4) The mean diameter and dispersion are the largest in snow and the smallest in rain. The concentration is the largest in
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mixed-phase precipitation and the smallest in rain. The concentration, mean diameter and dispersion of the four types of precip-
itation all increase with precipitation rate.

Key words Winter precipitation, Particle velocity, Particle shape

B OE N TIRABIE A T = B K 00 B IR A $5 5 o I8 A 2 (8] 25 KRG JEE AN A& 2 [ K I AR K P B
PARSIVEL(Particle Size and Velocity) [ 7K A 3% (8 WL B 4 2 e KOk 1 15 45 & b T2 BBk 3 VR A0 = 7 s Hodis .
o434 T b s it 2 1L b DX A 2R 0ok v WG L BORE L 5 A TR G AN R K R 3 R T VR R R AR L A5 B E SR N T < (1) HORL R K
PR 2 TR e 8 2 1 5 7K e R AR A9 3B A % HL (LDRO S/ KL F T H2 38 T3R8 5 B S 0 == TR e AR, == 3% 7K o I
D AR BRI PR LB R 5 TR A5 R K e R )RR TR 9 T R R R AR AL A T i (EAR R AR i R L R R (D fE Bk
TRET U0 L i U B R R T 5 3 v TR R AN B4 T K B S R R R T A B ERR T VR AR B 2R A PN . DN T AR A
LT Y ARG T HG AR R B A R P R A B RN R B K G AR B R TS (DX B HIE OB AR A A K
LT 9 T R 43 A B HORE B B O R R R T m ORI R R TR A A A B AR TR G R P A B R
IR VL B A T B R R 5 (D AR 4 B K SR v o 35 A S 3% AR R 5 R A R TR /) 5 TR B S R ZKORE 1 1Y B ROV B A

R TR BRS04 IR K S R FR R T B B P 4 T AR R R I e K B R A 8 KT O

K@ AFRK, BT THREE, KTIEE
REESES P426.6171

I T

2 [ K R A BROK G B0 10 5 L4 L o IR A
W 5% 2 2B 7K 3 B v 1) e AKORE TR AIE 2 BT [ 25 B
KR B FRAE 2 i BT P 180 RE 45 o SRR AIE X 2
fiff 4 Z= [ K AL AP A R AR 1 = S B S 8
fk 7 % (Tokay, et al,2008) | £ &5 75 35 % & 2= [E &
Rof 7K RS2 B R B2 LA RN 4% 2% /K I J00 A 2 LA
B L.

rh [ 6 B KORE 3 R AT T R S L A
2225 RS (R b X AN [ B4 7K 28 R ) R TR 9 43 A B
KA TG IR G 173 Fr A & . 60 45 7R 09 £k
JE RS> A R A5 PP ELAR W R S R R AR T
A5 (MR 928 %% ,1998; Niu, et al,2010; 4 W 7¢ %,
2013) , 3 o X 3% 26 R5AIF & 1) GE 3T 5. AT LA RS
[ RRRGEWIRE KRR E . ik R 5 M5 1Y
KA (ZR K F) IR & 5 Rk Al BoA
B JR MR AL B AL B A A A ZR R
A DA e S A 0 R K ORE BE (X £ e A
2009; % 37 %45, 2012) , X F A& FE K, Chen %
(201D 45 1 T — IR & 22 VR T R 43 A R AIE RS 4
TESE S WIS 56 3R L 9 4F P 4 (2010) % — 1R 38 WY
TR AR AR5 R AE R AT 0T R IR FJE 25
Baf AKORL - 1 1 750 L o B R A R AR B I R 2
Sto AHIESZ R T B S A A AR 2R H AR A ZE R
AKORL T35 0 1 B R AE 1 A PR S 784, 7 B EAT

AW

Rife ZKORE 1~ A T v T 2 e R /K e B S 1) A B
Z— EHEERRGE T ROKRL R R, kLT T EOR
AR A5G 2 () I 0 S 2 325 8 K U I 0 KUBE 26 8 8
SLIEORL 1 1% i SRRl O Ho2 = S8 B A
BB (Altas,1973) . 2 HMTC EXF I T % K
HEEFEAT TOREAESE L AR T 2T I OR 3R R 2
Wi 7 F1 22 36/ 5 (Beard » 1976 ; Mitchell , 1996) , {H
HY T 1 OB 7 9 B 2R 285, T v R B R T
W W42 J% . Locateli 45 (1974) 4 5 U0 14 51 1 %%
P WA T SRR KR SR 3R 25 050 %
AKX Z 8 TR0 S B or Zb.
Heymsfield(1972) fil Mitchell (1996) th3 3t T 52 16 25
PURIIESE S A N I DI 2N B o) S A R (U3 N
U Y /N W TR SRl B e LU e S AR Rt
ASC3Z ¥ o T T I 28 B K ORE - B I B (Yuter, et al,
2006; Chen, et al, 2011), Yuter 2 (2006) F| H
PARSIVEL (particle size and velocity) {¥ #8 #F 58 T
T I R A RRAL X BT v R A WL 4
BRI > 5 Locateli 45 (1974) By 48 5 28 30— 4.
Ishizaka 45 (2013) F1 Xf AN [a] [ 25 B 7K BL 5~ 79 38 B2
WRE RN AG A WL 45 28, 32 17 a) DUAR 9k 7 R 7%
RRE A KT R K 8 Y B Ty 1. AR 5 S R A 4 R A
FC A1 37 WL B 5 4 R B O 52 2 224, HL [ 25 B KOk
T2 BIE A B ROIE DR S AN TR
R 2R 14 5 ), o 5 Z)) i) 0 ME B2 B R (Garrett, et al,



150

2014) . PR, A 2 1 25 W KR V5 R 9 00 0 0
F MR AR Z 0],

A FE A Bl 3 AR T3 AU AC & = T A A
A b TET S8 A O 1 A 2 A K R L X L A3 BT b e
VG 1L XA 2 5t v TR L OB L S RNR B A K
KL% 5 7 TR A R AR SO S BEOK R IE S 1
KA. UUMIREM AN T b st & K 1Y i 3
B 5 1m0 T 5 2 T 4% 2 [ 285 A /K I R B o 4 it IR
55 F AL A ZE R K T A 2022 AR A L2

2 A

2.1 {LHFENAE

b TG B 7KORE -3 08 %6 ] PARSIVEL bi i
Ao IZAL S WO6 FR SR B AR 1 9
MER. PARSIVEL [ 3l K K B0k F 1% A2 75
OTT 7 ") A 7= 1 6 R T35 A . e ) o Ji B
g R R K 780 nm Y i A E WO TR AT (B8
30 mm, & 160 mm) , 38 o 2 A% B i O i i A
KL E S A8 B E S (5V HLE) Yok 38 i e i
R B GAE S U A5 R A AR R DR e )
P S 114) 5 O {0 5 S8 B i) 3 T S 38T AR R Y
R RN ¥& 33 B (Loffler-Mang, et al, 2000; Tokay
et al, 2014) ., ZALA B 2. & 68, 3 n] AT 1 Sk
FCH B ORL VKED 1 L 38 A A R T R K
PARSIVEL 4 32 A4Sk AR 38 , 75 52 Fr I & v . 5/ PR
3 TCHCHE 520k AR S L 0. 2526 mm; A 32
AR BE JE JE, AU R RS A 0. 120 m/s,
PARSIVEL #Oth £ iSOG IR BE L 1.8 m,
HURE TR BR 2 20 10 s, LI A5 4 Re A 2% B S 470k .

Loffler-Mang %5 (2000) £ F 32 1 T PAR-
SIVEL #] LA HI 7 F& &5 89 W & . Loffler-Mang 4§
(200D 7EZ J5 i 35 v & B X3 B i 3k T s T 1Y)
S35 PARSIVEL i 15 3] 19 75 35 RO R 2 A
BE e . Yuter 25 (2006) #f— 48 1 . PAR-
SIVEL {X#% 7] Fl F K& . T 55 A8 &5 A9 DU & AR
Al AR PARSIVEL (s & 940 [ 2 35 1 1 T
K2R 1 WM A 98 (Tokey, et al,2007; Egli, et
al, 2009) , Ff- 75 — 283+ 2 Fi 3 Chn i 22 K Cloud-
sat/ CALIPSO i B 1131« o 2% 2 3 [ 55 R 10D 4%
)z N .

T RE % S v b UL I A% 2 B KORL - B 2
FNEE R S A58 AL LI 2ok A b s TR B SR R T Sk Al AR

KR 2018.76(1)

Acta Meteorologica Sinica

. EETE I EI R X B B R 0 E SR R TR
FE TR 2 35 00 8 3 BE A1 A BEAH AL CH B8 40 1
FEREAHAL D70S, ¥y % FH 4 F5 90455 X [ 7KORL 7 FF
AT, FAERRAE R A 5 min, 8RR FE
210 s,

F 2016 45 11 F 20 H &, ASHEZE 78 L A [R) )
fi i1 7 HMB-KST ® 2 >k Jif = 5 & (Ka 3 B
8 mm) , R H X2 Oy X AT LMW . =
A5 TR 2 I AR KR 0 H U R AR
FH - SZBXE 30 km S [l N 25 L T A9 28 0] 67 5 40 A
g R o L RE L3 T RN 2R M R R Ak L S Y e R
W, B AT AL A 4y BE 2 30 m, i [H] 43 B
8.8 s, MM SERIR, KM~ FHEEAE D
R AS (B4R, BE T T 55 MoK Sk S R4
F14) 5% JOL 45 ) UL R Al 4 B 2 30 3L e BT LA F 3R
BRI 55, 125 25 2R 30 405 40 114 B[] 3 28 R AIE
2.2 HEBNBMREE

JIT A 1 4 2 [ K B R LI A (I D A F b st
PEACAE B X ¥ 3 1L (40°35' N, 115°50" E, 1 3k &5 B
1310 m),2016 4F 1 H—2017 4E 1 H iy 7 13
KA ZE B K b B8 L 28 0o T o 48 ) 5 R AR B H 3L
10369 4~ (3 D,

Battaglia 2§ (2014) % PARSIVEL | & f4 f &5
s HEAT BT PEAL A5 R R W] 2 TR AS il e A
Ji i B2 PARSIVEL il & 1 B4 46 1) 7% 3
A BB AN ERR Y L X 3 2R i /AR TR T
T8 22 S BOW % 0 22 2 B A 58 J AR 09 1 K
B R s DT 385 80X 7N % A IR Al 0 KR - % 3
MR Al AR 22 At 20% . LA, BAELE T K
2B A SN s R A AT
TR AR R EFEAR B 7 2 25 /N T v% 7 A 20w
®2:. PARSIVEL 1% J& T b+ F ¥ H I 42 % il
AR BRI X AT T T OE S 2R 10 A5 B A
P HRLF BLAR . AR R H Battaglia 45 (2010)
BB EL T IE B R B4R D<<1 mm (ki 7% A B
ASLE L 151 mm<<D<{5 mm B KL T, Bl b 78
0.7—1.0 254k s D>>5 mm B}l R 0.7,

SCHp X i FE UL DN A I AT T B AR R (D S
B T A B RGP RS (/N F 0.3 mm) Y X 4%
5 () B HUF AR FBCH KT 10 D IFEA; (3)
10 NFEAS AT R 72, R 3 A O 22 46 ) 25 Bk i
JE 7 A 5 A I B 5 (D AN TR) AR 2R 1Y) 25 3 2



BRI AF - b R0 Z [ KORL 1 316 B HC T v 3 B2 A 2 A AR 151

SRR s MR AKORL T O 1 25 B 3 R 2% B 19 1T 1E T 5 T e UL I K AR e 45 Ry B AR P R
A p.=0.17D " . Boudala 25 2010 fERFFE 45 . Kok
FHIZ B BE AT 1 J5 B U8 A5 31 1 Fie 7K 5i B2 A R [k

32
N(D) = > ep
B 5 Pluvio {88 I HL T A T W8I 45 545l — 3k ANV

40°30’
ue

High : 2711

Low : 0
39°30’

115 116 117°E
BT ULk R R B i b
CLL 5 W 50

Fig.1 Topography and location of the experiment site (red dot) in Haituo Mountain
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Table 1 Summary of observed precipitation events in winter at Beijing

H FEASL X . i F SRR K AR
GECHLHD ) ot ] (L TR A o) (mm/h)
2016. 1. 16 1793 17 i 39 4y 23 i 59 4 ~8.80 0.90
2016.1.17 26 00 00 B 32 4> ~10.10 0.38
2016.11. 6 797 20 i 10 423 B 59 4 ~0.91 0. 40
2016.11.7 280 00 it 01 B 04 4 0.43 0. 54
2016.11. 10 1232 07 i 17 43— 12 B 45 4 ~1.63 0.68
2016. 11. 20 1350 14 Bf 54 5523 Bf 19 4 ~4.90 0.51

00 it 08 4y 49 4
2016.11. 21 2062 02 1 47 43— 12 B 19 43 —10. 60 0.71
2016. 11. 29 878 15 8 10 40— 24 B ~6.27 0.61
2016. 11. 30 780 00 B 03 i} 02 4 ~5.18 0. 96
2016.12.5 732 03 iF—06 I 42 43 —5.45 0.50
2016. 12. 25 327 18 i} 59 423 it 59 4 ~3.05 0.28
00 B 00 B 15 4
2016. 12. 26 112 OLB 15 4 0% af 43 ~6.78 0.22
2017.1.7 729 05 I 37 43—15 B 32 4> —4.21 0.29
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Fig.5 Number concentration distribution (colored) as a function of particle diameter and fall velocity

for (a) super cooled water on 6 November 2016, (b) graupel on 20 November 2016, (¢) snow crystals
on 7 January 2017, and (d) mixed-phase precipitation on 21 November 2016
(The red curve is the simulation of Gunn-Kinzer’s (1949) terminal velocity. The black curve represents
the terminal velocity of lump graupel. The blue curve represents the terminal velocity of aggregates of
densely rimed planes, bullets and column. The light blue, yellow, green and orange curves represent snow
of hexagonal, aggregates of densely rimed dendrites, densely rimed dendrites. aggregates of unrimed
dendrites terminal velocities. The microscope photographs of different particles observed

during the same period are shown on the left)
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Fig. 5 Continued
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Table 3 Characters of four types of precipitation
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