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Analysis of Microphysical Characteristics and SLR of Two Rain and
Snow Weather Processes in the Same Period of Winter Olympics
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Abstract The microphysical characteristics and different snow liquid ratios (SLR) of rain to
snow and snowfall processes during the same period of Beijing Winter Olympics were analyzed
based on Parsivel data, densely artificial snow-depth measurement and microscopic snowflake
shape observation. The average particle spectrum showed a unimodal pattern, with snowflake

spectrum having the highest peak number concentration and raindrop spectrum having the lowest.
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During the same snowfall process, the peak number concentration of plate or column ice crystals
was higher than that of dendritic snowflakes. The average falling speed of particles falling below 2

m - s!

can be used as an indicator of phase transfer. The average falling speed of dry snow
particles was less than 1 m . s!. The ambient air temperature during the rain to snow process on
February 13-14, 2020 was relatively high. The growth of snowflakes in the sleet stage mainly
came from the riming process. With the decrease in temperature at lower levels and the significant
increase in humidity at -18~-12 ‘C layer, precipitation phase turned to snow and the riming
process still existed. Under the joint action of riming and adhesive aggregation processes, the
maximum crystal diameter reached 19 mm, but the snow liquid ratio was low to 0.6 cm * mm’!. In
the snow process during the Winter Olympics, the temperature was lower with low level cloud
region between -18 and -12 ‘C, and the falling velocity was close to the classical curve of the
unrimed ice crystals, so the snowflakes were all unrimed. The combined action of sublimation,
Bergeron process, and hook aggregation made the particle diameter grow to 11 mm. But the
snowflakes’ shape changing to plate or column was observed at Shougang Venue, resulting in the
increase of the number concentration and reduction of particle spectrum width, while the
corresponding SLR sharply reduced.

Keywords Particle size distribution, Microphysical characteristic quantities, SLR, Ice crystal
morphology
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2022 4 2 5 24 J A FRAMILwia s izt 7, AbRtX & 7 RBREWES . mil
WEEI AT o BEHRAAMOT S H . Wiz FiE sE K CT%%, 2013),
FAR T M P £ R i 5 B HE L R0E T AR AR 1 TF BT % AP (Almgvist et al., 2022).

EFXFAERTHLIX R 5 R A, 4 BUIRSS 1 A B 53 AN [) A3 BE TR JE T AHORHIF 7, RV 4 (2022)
ET ZIREER 0°CZ M, AL ARSI AR, TS (2016, 2019, 2022)
FHERV TR E ML T, S R A 5 R R mn JEE (10 52 AR Xk e 25 TR A AL
BEAh, B RE R A RSB R EA T MM R . FERKASNSRT, B

SR VRO TR K AT, TR SRR IR R S TR E D

-

FH24 (Roebber et al., 2003) o MEMERIATFERE , TR F Z 7R K (Gray and Male, 1981),
AL E R FEAEAEM 0.3cm - mm! #] 10cm - mm™ (Roebber etal., 2003) . 32 f%% 50,
ANl SRR R S AFE AT (Currie, 1947; Baxter etal., 2005; Ware etal., 2006) o
[ NS W IR R, IR A (2013) P8 HE R E A BT AR K48 0.75cm - mm'!,
FHbEE AR B RN . BE BRI R R BOR, IIARMX 24 FIFEH A 0.9cm
-mmt (7 R, 20200 5 ZRAGHITEFH IS ZCR A FSMEN 1.14em - mm™! (4
A, 2015) , I HMTFRCEAGHEMHAREL. ZRRRIBEBE LM, [F—HX
AN T) 1) B 5 ok 2 DA % (R — P 5 S AR AN [ b X B 2 37 R AN R R 5 R0%, il B 61 T s
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B HERBAR, R TIREAE T, B AERRm (RS, 2021 #BCE %, 2023),
AP J2 0 65 v B PR S 4 P R S SRR S 8. (o A, 2019: 5K IEARAE, 2022).

4 Roebber etal. (2003) MWL, 5% FEMAFARE TUKSEMIAE, E-H7
SRR BT 5 AR RAR ST LBl g 1), 2 = AR SR R TR N 2 A I
UK T B SO UK S G5 T 2 T IRE DA S B R AU S U T SE AR AR AR
Power etal. (1964) HHE, AAEECRS LIS Mok mm, HAELTEER K. Roebber et al.
(2003) fi HH B T RAERE , 2= e B 5 25 B2 e ma i 702 R Y, il 2%
5 N Bl 2 A5 AR T SR A 52 5 %5 % (Judson and Doesken, 20005 # /i 75 FI#A 5, 2021) .
DA ST B AR TR ORI 72, — 5 T AT 148 0 1 i 2 B KA RS BE (AR %%,
2023; Wi, 2023) BRI EKSEA T R GPRASE, 2023) & — 7 BT
S AT I T B PE T R BRRRAE (2185, 2019; JOEEM 44, 2022) o BRI (2018)
) B AKORL T3 2 LA T AN IRIAHAS B/ KORL T3 B ARG F L B AR B (¥ 40 47, Wang et al.
(2022) 3@ Xof B S 3075 e ot R A L 2R IX 4l P S [+] 37 3 R AiE , Radhakrishna and Narayana
(20100 Ay 52 7 AN [R5 KGR IR 1R AN B 7K FD R T 185 2 300 S22 (R 2 AR ALE

2 R 110 S 0 U RS 4040 SR TR IR 55l 55 FORHBIE (1 Btk o EESAARSS 11 1 3
SHAR T~ (FUNES, 2019) , B H RO FISIREE O R8T AT, EAR
IR GORNE D« AR GBS, 2017) , DRI = W W RH 2 AN S ORI T
R — AN HE R T ORTE A R IE AR T S GRS RS TR R, 2017 SR 24, dbatTl
G RFATBE 20 5 Parsivel KL 354X, X R 5 A ERHE M P S5 R0R 22 it FU 8558 T
Hefis RS, JbROHXAERE S I RE R B Th IREEL 3h (RIRE PR AHAS . BRI EE IR 2 W
W, RS R RS AT TR AL T L B

ARG 4 Parsivel BEKCRE T BORE, A BLIL) (1 S5 A% =5 16 IR A L 2 000 434 1
2022 FFA B BEE R 2 H WS ERNEERE . MERENZER, =TTttt
X B 5 BB RAAE AR SN R, SERN 77 BRORHAE R S5 R B 0 T S P it 7 8
2 WML EF AR LT
2. 1 RAFLER AN B

K F Parsivel $ T R B ACRE TR EAT AR, RT3 (5O F O 28 G0l & B KR T (1)
TR E A, IR R ok, BBl ok e, B(E
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SRR, AT EH (5 5 A0 45 30 0 o T 7 A S, 388 0 3o i 2 R A )
)R SR T R BE A R 58 B, 13 BRI T 0k (ZEMR%%, 2022) o bR RRAi ik
(KPR T BSOS A 32 AMRARIETE AN 32 SR HIE , SE v 70 5004 0.25-25mm A1 0.2-20m
s, AT DA Ry b ) B AORE 1 B AR S A 20 B A B — NS R 32 AMRLARIETE A 32 A1 il
SERIR AN R L L
2.2 BURTRALIE

R (SO I 540 Ak 36045 DU 5 T 153 4% il (Chen et al., 2013; Tokay etal., 2013):
(1) BIBRE/NBPIARERS (B4 D<0.3mm) 5 (2) S FE#EE KT 10m . s (55 E
Bis (3D BIFRRL T S <10 DMHERFERS Z: (4 i FEINA A R 7l I 1) B KRE ARl 1E
KL EACY 1, HIRORRAREE A IS PR 7, W5 BR iz KRR B K . il i
P, 2020 4 2 13-14 H R H TR P ILAG 2] 5998 AN RIIFEA,  Hh BRI 7K 2021
A, WRFEIR 587 4, BEFIIK 3390 4~ 2022 452 H 13 HBES L REH, 6P R IX
REEWR G ST RTHAT O, FRIESHR 3144, b 14 B2 50 KRGHERIRS
FEIF IR 218 >, 14 I 22 Ja /N RGTARCIR BAT IR B TRE1 5 7% 96 .

TR TV SORL T VR AE B, H L HR i L 1) SRAE AT [R] 5 % AL - 03 R e e 0 g B Ao
PRI R HOR EE NDy) CRBL: m?) -

26 n..
N(Di):;:m (1)

oty ny FoR 5 1A RPEEETE . B8 j AN EEE AR ORI G A AR R
Bl 4 0.0054m? (FEFRE, 2022) , AUJGREERF RIS AR s) , V=5 j ANE 0
KL FVEHEE (BB mesh) s
2.3 WFERIIBFIEETE

Z & Boudala etal. (2014) fIIEFVE, FKE R CRAL: mm « b)) HHHREARTY:

32 26
R=3.6) > M(D,)V,ND,V,)

= (2)
Horb, N, V)FoR5s i MEAREIE . 55 j AT ROE BEIEIE AR BOREE, MDY REARJE T
S RERIRL T BUE, Herh, T BRI T

T
M(D)=2D'p,
(3)

KHpw /K E (BA7: kg e m?) .
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FAENAEERDR, T H RS R 2 B, Parsivel {CHH I & I BB H i BR A4, W
TS B FAE R B KK 4E) . K Battaglia et al. (2010) f%HEL (a) iTIEERHK. 4
FEATITIE, WA EIMEN &M ERER: BT EA D<Imm K, NEEFE, L a
N1 Imm<D<5mm i, afE 0.7-1.0 Z[AZMA4L:; D>5mm i, bty 0.7. Bk,

BT E R, X (3) e
M(D)=pV
4

JEH, FIRR % EITIEA (Boudalaetal.,, 2014) i IEE/HEEp:: p=0.17D"; 115 %

TEARTL VI, SEICHh 4 RS B A LT E X R B=ad, Pt A. B ATLLH TR E:
D=2Aa"* =2Ba*"

(5
[FiE, R R R AR R T Z CGRAL: mm - m?)
32
. 6
Z=YD/N(D,) &)

i
N T LR K AHAS e AR AR S AN R R T B AKORE 1 A V) B AR AR AR AL, 7 0 RL T3
REBORE N, (AL m™) DU FRE R (AL mmD #EAT 708, BARTHEL 2 A R
PR 1 (FREESE, 20155 FEMB5%E, 2021)
R BBOREE RS FRHE R E RS . & L RRER

Table 1 Symbols, meanings and expressions for total number concentration and various

characteristic diameters

Vi pree] P37 Rk
32
BHORE N, LR A RO N, =Y N(D)
i=3
32
, _ T B AR L _ 23 N (D)x D,
T EAR D . . D = -
o > N,(D,)

i=3
Duig 32
FEER  Due  CEERTHERMTHE 2D N(D)=D N(D)
i=3 i=3

= NI=K o Diax R PR T () ELAT

B 5 (R KL T V& T8 FE A1 R B T AT AR FIUA B 18 L ZE AR K, A 2 e = h
i 5 3 VA K TR Rl R 5 R A BRI B (Nakaya and Terada, 1935) , Z#rBES T ¥ gl 25
AT = B R R T SRSk, KT R EEARL T EAR RIREOC R, B V=aD?,

R4 Garrett and Yuter (2014) HIWFF, S% a. b S5FEKEA, R THESER L. KXKA
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Jiaetal (2019) SCHRIEI (AR T o Bk (AR 8) . FIEMUEMM MEHRTIE (4
X 9) AR AR ECIR T AE (A 100 I RVEEEH IR A, BLE Rasmussen etal. (1999)
AR KR TS (AR 1D 00 F %A L

V =1.14°3(9.65-10.3¢")

(7
V=1.14"(1.3D") )
V =1.14"(0.79D°) o)
V=1.14"(0.8D"") 109
V =1.07(0.1D)"? (1D

3 R|ER

2020 4E 2 H 13-14 H CFXRRiFR “2002147 ), dbatHBHWEH-KE . KBRS
KA, UG AR AL HORL T 1A i AR S [ S e — — IR e 5 S e o 7E 4% SR 22 S0 ) 4
(2 A) HMBAEHEHRCED I, 65 20 NMEFH RIS HA 14 455 H KRR
BRI (2 ) BoKEPT ekfl, & T —0om R (R, 2022) « HATHWR
EH BN BRI R D, R BRI N B AR (B R, AT B A SR X — I B
FHE BB, TG R M SRS, BRI [0 (R Je S i B, AR T FH X
—REBR I BUR A BARFAE AT, W —ANMUAS R B K A I R R A &, AR s it 7o
fli. NEFERMERREKRE, ETAMAME AL lem « mm™?, FE4 0.6cm » mm™, Ny
P R SRR BRI R

2 J1 13 H 20 i 500hPa (A& AL T EVEES, IREEMETES TR, MR KRR
BRI VR RIS s, S BeRE X AL THALIEE, SARTEER, HEgabnmEE, 1
OB X AL T 5REFR T, MU R e (EIgD) o 2 H 14 H 08 I (K& 1a) , 500hPa & 7£
PN 52 T R N S BRI R R B AR IR AR I s 850hPa )48 2R B 7RI b b 3 % Jig Ay v R RE 88 e
AL SO TR I T3 s 2 XU G B XU A 4 DX v s A A 25 A2 T 5, AT T 5%
M db s, —SCEALEAREER TR, 55— NI Tkl , B SR SIS, T
AL N EE . fEX AN AR, BB X R, 850hPa i H 0°CLL E R4 CLLT, Jb5T
iRl R e I R R R A DUAE RO R & 01, 1%k 04 I LU LR, 06:53
HoRmRT, 07:14 #AT, NIEHIRBLHKE (B 1b) , REREVE TE, 07 M,
82 = KR EAERFAE-8C~4TC; MBKIRE BT B KE (K 1o, EFHEsihLEX



176

177

178
179

180
181
182
183
184
185
186
187

188

189

190

191

192

193

194

195

196

197

P DX THE B S A PR IS BOXT LB B K BRI B KO BER Tk 95, AR RCRAR, 4+

1E 0.6cm * mm',

(a)
100
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=2 95
Y
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850hPall
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Time(BT)
7 1 A~
s (C) § N EKE — RENE ~E
3 \ Z
gs § N g
E g N\ g
w2 N N N N N\ =
AT R & 1R R N1 g
H* b . SR 'FE S E EEEEEEEN 0

04 06 08 10 12 14 16 18
— = TT2 ) 850hPaiXi7  EmED HIIH A7 SR WA (BT)

K1 (a)2020 4 2 H 14 H 08 W RS, (b)) 14 H 02 B % 16 BHALZM R 5 1000-400

hPa i J¥ (ZLOEE(ELZL, B C) « AHXHBE (A, Bh: %) . EJHEE GEOREL,

Hfz: Paests D) A OAFAF, $472: me st BEEASZENARFRIBEKB BN BRLED |
(c) 14 H 04 B2 18 WL HOW R GBI K E (AL mm) MIFRE (B2 cm smm™)

Fig.1 (a) the synoptic diagram at 08:00 on Feb 14, 2020, (b) the temperature (red line, unit: C),
relative humidity (shaded, unit: %), ascending velocity (blue dotted line, unit: Pa * s™') and wind
(wind barb, unit: m * s™) of Guanxiangtai station in Beijing from 02:00 to 16:00 of Feb 14 (solid
black lines divide the different precipitation stages), (c) hourly precipitation (unit: mm) and SLR

(unit: cm * mm") of Guangxiangtai station in Beijing from 04:00 to 18:00 of Feb 14

KB 2022 £ 2 A 13 H CRICRFR 2202137 ) Jbptit X IR E . AhRS . 0
FEH 13 H 07 WM, RTIRBER 2N, RS BEAANEGE, P TlEEE
K, N 429cm e mm's {H 13 H 14820 B, WREVIHE 0.5mm P, & FHIGHIEH
T (B 20 o ARIEHEIEX EWARB G RS M RN R G I BERE. 148
P R TRAR I ()5 2, ¥ “2202137 iR AMA B 14 P2 BB T, 14 2
AR

“2202137 [ RS FE HARFBARAE T8 (1 B2 I8 IR A R)Z i R XUE R (& 22)
500hPa % 700hPa A 778 K Ji , Xof o7 1[I 3¢ A 3 K AL 174 r F JEG T, 850hPa LA R 35 4 1
ARG BIFRER T E R T AL WELKIMRE (B 2b) , BEIREAE 0CLL
T, 13 H 08 i} 850hPa M AF7E M B E, RETR SR RrA R, HERinm
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il FE X A AR LA F) 100%, BAfr RAFRIKIRAE: BBl i X &4 Lt
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GO B LE AP BE IR TS K AETRAE: 2 H 13 B 10-11 I HAEERFRADIR (18] 3a. b)),
FOFBUR, #6E 4mm, ARSI WL INAS 2 -1 B H 2R 208 2cm + mm, 13:30 DU,
ST ABOREAER (& 3y d) 5 BRI T RVES B R, ARE R SRR A,
14 1 LG JLF LA 2 AR T

(a)
700hPa |/ g
_
850hPa i
Time(BT)
o0 I HREAR — RERE 5;;
vgo,s 3 g
o Eil‘OA 2:
i = — 2 e o g01 1?
Y dbse SEREERGER - - sk 00 P
— = TTg2 AR B (BT)
K2 K1, HR4202292 H 13 H08K (a) , 13 H 06 HfZ2 22 & (b) 113 H 06 i
2 191 (o)

Fig.2 Same as Fig. 1, but for 08:00 of Feb 13, 2022 (a), 06:00 to 22:00 of Feb 13 (b), and 06:00
to 19:00 of Feb 13 (¢)
& (b)
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K3 202242 H 13 H 10:30 (a)  11:07 (b) + 13:33 () + 13:37 (O HWKBLEI
BB AWM E: B 3¢ FARIPRL IR B TACR SR RS, PRI R LG D
Fig.3 10:30 (a), 11:07 (b), 13:33 (c), and 13:37 (d) on Feb 13, 2022, the observation of
snowflakes at Shougang Venue under a microscope (note: the circular particle in Fig. 3¢ is caused
by the rapid melting of plate snowflakes because of their small sizes)

PRI RS R A AR R R R SR AR b 51 3 V8 AR N TR R, 1R)2 25052 3] s 2R XU+ T
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PR T LM AR AR AL 5, BERRBERUR, HERFE-SCLLR . BB RIMIm L LA AR |
BT AR T R 2R, o L1 YRS AL T B/ ORL - P Ae BRARE AR AT J L 2 i
fTor i iadh.

4 ZRFRHEHARESEENRYIBEHES

BT N ALK 2002147 T R 4 AH AR L e iof 18] 23 N BRI B B o R 96 S5 BOAN B S5 B
B, IR S 2 M P S R M B
4.1 FHES

V35 RT3 53 W1 8 AR F IR A0 A T 0 o (AR R S, P I A B I B KR T BRI
F 7 9.5mm, HECHOAHERKTEAK ER (8mm)  (Beard et al., 1986) , iXJ&H
TN 2 M 0 5 A 5 A B ) £ 5 L A R R 3 B o DAL, WL R AU I 25 U L A
A BT ORAN N TR I RIAN A o 8 AT 00 v e 7 B R BIORE 5~ B AR KT 8mm I 2 EAT 42
1EJa, SRFRY] (K 4) - FEW. MRS MFES =M RS TGS 2 auety, Higg
H AN 0.437mm . {H NG IR BE R IR T B AR KRG, S A6 i (K 1939.01mm™!
s, KL EAR 19mm) , FSRERL TR EEIRIE 1138.22mm™! - m™3, KT
HAE 1Imm) , Mg OEEIKE 884.44mm™! . m?, F KK FE 4% 7.5mm) . Cha and Yum
(2021) « 2755 (20210 FEXT EERFAIE RS o 5 [ b [X A B 9 R0 B 5 FRORE 5 R AE 45 5
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Fig.4 Average particle spectra under different precipitation phases during process "200214" (¢

represents rainfall, a represents sleet, * represents snow)

4.2 TEIEZSIT R R FHHIE

B KR AR AR TP B B 0 S R /K AL TR IR AR AL ARRAE , 3R 2 DI O FR PR L R R
ERIBESINBRIOEAKRIE (R) « BEOREE (ND R P TREEE (V) L% 3 R
BH CPEAD . P EAE Doid AR IR KBS Do) o FTUURIL, TR MBS B ik
FIEBE KR R, SBOREE . PR ROKEAAARREAE W WY IS )5 (40 11
HEOR, e rb R e S5O0 RS 0K B B R R B B I 38.5%, B 5 FRIRL 1~ B0 B2 2 08y Bék W F)
2.7 . BANPHEAMEI ST RRE, EMHEZEIFAR, ER—dHEPRE
SR EAMZEA L 0.2mm, P RIS TR EAAN SNk 1A%, M 2.30mm 0
B 4.84mm. AL TP VR N R IUAH I RAE, FERUONEBROS, SRS, BT
B VE SN TR, AR 12, FEERRE =R KSR BT

2 “2002147 SEREAS [FI KA S B BOR N -1 2 e AR AL B A

Table 2 The average microphysical characteristic values corresponding to different precipitation
phases in process "200214"

FEAKAH S R N, D Diia Dinax v
3 3.10 502. 48 0. 80 0. 69 2.30 3.51
M e 5 6. 20 696. 05 0. 83 0. 64 4.03 2.93
£ 0.77 1351. 00 0.93 0. 67 4.84 1.53
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Fig.5 Boxplot (the red and blue short lines represent the maximum and minimum values,
respectively; the upper and lower edges of the box are 75 % and 25 % quantiles; the black short
line is the median; the green solid line connects the average values) of (a) average particle falling
velocity V (unit: m . s'') and (b) maximum particle diameter Dmax (unit: mm) under different
precipitation phases during process "200214"
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and average particle diameter (unit: mm) of process "200214" at Guanxiangtai station (b) Time
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Table 3 Microphysical characteristic values corresponding to the same precipitation intensity
under different precipitation phases during process "200214"
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Fig.8 The velocity corresponding to different particle diameters during the rainfall (a), sleet (b)
and snowfall (c) stages of process "200214". The blue solid line, blue dashed line and black solid
line represent the terminal velocity of raindrop, graupel and aggregates of densely rimed radiating
assemblages of dendrites, respectively (shaded for number concentration, unit: m)
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Fig.10 The average particle spectrum of the entire process, stage [ and stage II during
process "220213" (# for the entire process, a for stage [, < forstage II)
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Table 4 The average microphysical characteristic values corresponding to different stages in
process "220213"

S, 2011; Thériault etal., 2012) .
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