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Abstract The study of snow microphysics is important to understand the mechanism of winter
precipitation and to optimize the cloud microphysical parametrization scheme in the weather model.
However, there are few researches on the microphysical characteristics of snowfall in China at
present. In order to thoroughly understand the microphysical characteristics of snowfall in Beijing,
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the particle size distributions (PSDs), fall velocity (V), snow density(p), axis ratio (ar) and their
relationship with equivalent diameter of six snowfall events observed by a 2D video disdrometer
were investigated in this paper. The results showed the following: (1) The snow density with particle
median volume diameter (Do) less than 1.5 mm is smaller than that reported in other regions, and
the V(D) relationship is related to the snow density. The fall velocity of snow particles increases
with the density and is moderately larger (smaller) than that in Colorado (Nanjing) for a given
diameter. (2) The 5-minute PSDs for each case are fit with exponential and normalized gamma
distribution models. The concentration intercept (No and V,,) and the slope (A) parameters for both
fitting models present an almost same time series, while the errors between Dy, N; (total number
concentration) and SR (snowfall rate) (SR) calculated from gamma PSD and that derived from
2DVD measurements was relatively small. (3) A directer correlation between the N,, and Dy can be
observed after considering the effect of density on the N,~-Dorelation. (4) The mean aspect ratio (ar)
of the snowflakes is 0.76, and the ar is close to 1 when the diameter is larger than 2.5 mm. (5) For
a given SR (Z), the decrease (increase) of Z. (SR) is accompanied with an increase of p and N,,
while a decrease in Dy. In addition, for a given Z., the Z.—SR relationship in Nanjing overestimates
snowfall rate.

Keywords Snowfall, Microphysical character, Two-dimensional video disdrometer (2DVD),
Snowfall density, Aspect ratio, Z.-SR relation
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LA AR IK G PR R R B USSP 1 S 22 A 43 (Field and Heymsfield,
2015; Heymsfield et al., 20200, W &4&Z=E0M0 R o BALRIXFE BRI,
—HAFHIET IR, SR ATEREST, KBNS, ZH
AT RRIRIREE DL R AR BNA R E KR (Croce etal., 2018; Rome et al., 2019;
Tagg et al., 2016). T HILMMEMEZ A KSR Aoy BUEK. . &
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LA 5 P 25 TR AIE PR 2 AR S N T AT SN R F I H O (Kajikawa,
1972; Langleben, 1954; Locatelli and Hobbs, 1974; Magono and Nakamura, 1965;
Nakaya and Terada, 1935; Zikmunda, 1972), EARXFh 5 3 AT LRSS 3R BRI 0 =5
TEROWREAE , R 43 FE 2 N D RIETIR], 3 Ff A A PR T 00 900 4 2> fé s
(Tiira et al., 2016; von Lerber et al., 2017). FEEYCHEFE AN LKE, HOCHTZ
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J7i%. Brandes et al., 2007 F|F 2DVD 5% | R} hr 22 AR e 11 [X 4 2% X2 )
IKEEI AL, FFAH TRIZ R 2 X TEMHEE S P EARER (D)) 1
BB R R p(Do)=0.178D0"%22, [l J5 i ¥R 1T 7 W FE X T AL T 95 18 B 1) 5 I
(Brandes et al., 2008 ), FH45H 7 ANFRGLE R V(D)X &R Zhang etal. (2011)
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Ko RTHEER RSN IE IR 2, Rk BB KUE< 5 m/s DL, £ 1 F1IH
TEANFEESENFESE B, 2DVD fIFREAXWE T (weighing rain gauge,

WRG) WA A/K LG E (liquid water equivalent, LWE), XN B N ff) £ /)
AR K E (T, °C) FASEE (RH, %) LK T35 KU A 8 K HE s X
(W, msD. X 6 RETHRMESSNKL 1475 DM, EEURABEE-
0.1°C, ARSI N-11.7°C, ~FEIRGE 3 MG EE 0.3~2.6 m s™, AW B AE
32%~96%. HT Case 4 )T E I LR HIMIE, ZOOIRK LWE A 105

FANRBESEREAMSHEB. BE (T, °C) AAXRE (RH, %) fH/MEMRKE.

~F- 35 R AR I B K KU (W, mosD) PAK 2DVD 5 ) 30 RY B v A 7K 2 &
(LWE, mm)

Table 1 The minimum and maximum values of temperature (T, °C) and relative humidity (RH, %),

as well as the mean and maximum instantaneous wind speed (W, m s™) of the six studied snowfall

events during December- February for 2019 to 2023. The liquid water equivalent (LWE, mm)

accumulation is obtained from a 2DVD and a weighing rain gauge.

O, (1) -1
No. Event (BJT) T (°C) RH (%) W (m s™) LWE (mm)
Min Max Min Max Mean Max 2DVD WRG
1 2019 Feb 14 06:00-23:30 56 35 57 89 22 43 0.6 03
2 2020Jan521:00-Jan606:00 -1.7 -0.1 67 96 03 29 2.5 3.9
3 2020 Feb 507:00 - Feb 6 15:00 -11.7 -27 42 86 26 36 2.0 2.3
4  2022Jan1922:00-Jan 21 13:00 -7.1  -19 47 75 14 33 1.0 —
5 2022 Feb 13 03:00-Feb 14 01:00 -7.5 -43 8 96 09 26 8.9 10.8
6 2023 Dec 11 00:00-13:00 2102 -09 32 93 17 49 8.2 8.4

2023 Dec 13 07:00-15 14:00

(m)

42

Latitude (°N)

115 116 117 118 119
Longitude (°E)



B 1 e T8 (2DVD). FREL QR KR A (WRG) FIE B (AWS) FTfEfLE
(a) LAJ 2DVD (U#H - (b)

Fig. 1 (a) Location of the 2-D Video disdrometer (2DVD), automatic weather station (AWS) and

weighing rain gauge (WRG) and (b) the photo of 2DVD.

2.2 ZHMSR B (2DVD)

AHIFAL FH 2 5 SRR T84, MO BRI T H T R I B T
Mi% 2% (Schonhuber et al., 2007 ), T 2DVD F-HARMA (I VEANFER K& 1% X231
DN 2 [ W A BRARRAIE 7 1D A8 77727 2275 Kruger and Krajewski (2002) 4
4. 2DVD - EH S 2 ELAE P AN B BT RN 2R 51 CCD AL, PSR
FRIC A A AHALE e — AN IEAS MR AR FEF T (10%10 em?), FIANEIRZ 8K
2 6-7 mm ) HE FLEE 85 A T 5 BN+ 2 1 SRR X RV E . JEid 2DVD
17 Joanneum Research HEAL KL HERE /5 i W % 20 BLIE B REAT /MR ER B 2
MNTIT R R WL T 9 A T R PR K o 2 P /OORE 2 3o L o — A AR THT B
FNUHAT mdn 4%, SRR TR EE S (& 2 Bros). 2DVD &AMHEL
(116 FELERI 28 PO AR N 51.3 kHz,  XPRLTRAEIZKF 73 #8529 54 0.15 mm,
e FL o HER AR TR B R VE I, MR 4009 0.1-0.2 mm (Brandes et al., 2007;
Schonhuber et al., 2007), FAEEAEMM KK TZ4 0.03 mm (Brandes et al,
2007). EABFEH, KA IR E Y 0.2 mm.



Kl 2 2DVD #MHBL (camera A A1 B) FASEHIFEACKLTE =4E2S A H () x-z “FIAT (b)
vz FE R BRG . (Wiae Hio 8 Ace 5312278 508 (mm). 26 2 (mom) 1 B B4 7 7
(mm?)e Do PR BRI KREER, L NIEE T Dmax 10 ERE . AV 1. 2 209030R
LA FIB)

Fig. 2 (a) Front- and (b) side-view images of a snow flake from the 2DVD. Wi, Hi» and Aci,e2
represent the width (mm), height (mm) and shadow area (mm?) , respectively. Dmay is the maximum
particle dimension of the two images and L is the dimension in the direction perpendicular to Dmax.
The footnote 1, 2 represents cameras A and B, respectively.

2.3 2DVD MM E AR IR

FE— &R RI N, 24 2DVD KA XA 2B T, BT 3RE
FURIRI R KT RIARFE S, 3G A F1 B SRR R LR T R 5 2l —
MIUCEC AP IR, A Redf Or i 2 th P S ARBLI B R B[R — kL 1. 2DVD 3%
A AR AL R VS RO 7 LU T B, RO E BB ) 0 7, G SR e R 2
JUART v B 2 — 58 IR 22 L, X A BB [R] — KL F- 19 . Huang et al.
(2010) 73 1 2DVD ULHC)S B Hdls, 45 SRR B  ri S i UL e B2 A7 A2
TR RS, LI IEBR A AR AR, B RFRIF&EE. b5,
Huang et al. (2010) > Hanesch (1999) 4% HIVLHD 5k EF R H T —Fh A
UCAC, 7k Tl i th A TR R iR 2R 7, AR 7 2DVD M
TEHE R . A SCRAZEALT Huang et al. (20100 (5 JE3EHER 74 5dE, LA
Case 2 A, WKl 3a fiac. ERMAH) FRUILMITE S, 320006 75 F 2
PEREATY 221790 (I3 & th“0™); K, MHERABLEAH 2 Hanesch (1999) ILHT
SRR, 337 211459 /> (~95.3%) 74 Hanesch (1999) & HH¥IVLHAC KR
HERRL T (B 3arh st +"5). ffa, XSGR PRI T 7 d fE 1
Bohm (1989) KI5kt HARE MR TR E (FRETEN 3.2, JFHE
B3 A REBRARAR TR (Vapp=nDapp’/6, Huang et al., 2010) 53k 72 p. BTk
i TR KZELN 09 ¢ ecm™ (Huang et al., 2019), #HF—LXBEE KT 09 ¢g
em® KT Gt PL AP IRENE, B TP TR O B 3a T e 5



Fi CREARANEUN 203762)

L EAN VL C BRL T 1] BAA RO B 5 8 B0, (H Rl R 0K, B
T 2DVD 152 LWE HIUICAE . w1l 3b Frzx, 2DVD A WRG Z[A] (/N
LWE [{°F¥){w# tt (mean bias ratio, MBR) A 0.63 mm, 2DVD X & /N [
LWE fFE R 37% ML, HAFB4a% %% (mean absolute error, MAE) A3
TR (root mean square error, RMSE) 2351414 0.18 mm A1 0.22 mm. #2Jo
A8 — ] B R 7 VR R A T SR UC GG ) 2DVD RAY,  BP¥fg o B A
JRST BB P FRDRL TR B R A — /N R, A% 2DVD [l T R R FIAR &
TR, A ES A PSD BN F i EHIE N 045, 1.5, 1.1, 1.25,
1.2, 1.5, B 3b F 20 ot 26 R EOK FE TR 2 5 (/s LWE i /7 B, v LAE 2,
25 M-0.18 mm PAMK%E-0.02 mm, MBR M 0.63 mm ¥ f1Z 0.94 mm, FrifEfb2s
XFiR 7% (normalized absolute error, NE) M 0.37 FEKZ 0.17 mm. [ 4a A1 4b
SrRARTE R TS 51K 2DVD HdE SRk AT R B A S5 B AT WRG LI
/NES LWE BB . AR b, @ BORE RS, M R4 (correlation
coefficient, CC) M 0.5667 8 110.5915, JoH R 5 T it SEA VT AL (k1 530
ARAG S LS 2] 5243, MBR M 0.72 BEIIZ 0.94 mm, MAE M 0.1998 F#{i
£ 0.1984 mm. FNGHSEIN T E IR 5.

(a) Case 2: 5-6 Jan 2020
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(] 3a g ticor, BA e+ gt 27l fAER H1 2D VD #ilid g UL RS S0k an I 45 2R
JR GG H 4R JE R AN /& Hanesch, 1999 VUFECAEN 5 IRk DL AIERR 25 B2 GElid Bohm, 1989 11
Tt ED ART 1.0 g em™ FPRLT: Bl 3b R EE L LA =AIBAE CIET TR 003
7~ WRG. 2DVD Hik FE (T J5 (10N LWE D
Fig 3 Fall velocity V' vs. Dapp (2) and the hourly LWE (b) estimated from WRG and 2DVD using the
‘un-adjusted’ and the ‘adjusted’ size distribution for the snowfall case on 5-6 January 2020. (In
Fig.3a, the green circles, magenta crosses and blue dots represent the results of the manufacturer’s
matching algorithm, the matched particles which satisfy Hanesch matching criteria and the final
particles with density (from mass computed by Bohm’s method) lower than 1.0 g cm?, respectively.
In Fig.3b, the The black star, red triangle, and blue square represent the hourly LWE from WRG,
the ‘un-adjusted’ and the ‘adjusted’ size distribution of 2DVD, respectively.)
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Fig 4 Scatter plots between hourly LWE (mm) obtained from WRG and 2DVD using the ‘un-
adjusted’ and the ‘adjusted’ size distribution.
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Brandes et al. (2007) i AR W= THIE HEAK 4R, 454 2DVD =M
RLFARR, IS TP % B2, JR45 3] 78 A BRI EAS Do Z [A] )R
Z: p(Do)=0.178D¢ "2, Mifl1F)/77% 5 Heymsfield et al. (2004) i F ) /5 1L4H
81, Heymsfield et al. (2004) 5 ALY PSD FIVK/K & & IWC Wl 5 R 45 &
ok, 15 HUKR T35 % FE AT~ i - R R R - Huang et al. (2010) f#/ C
BBRSFEENMEB S R T Z, 456 2DVD, R3] 7T HEE-HERR.
Bohm (1989) H:Tyifksh 152, - T A —FHEEEUE %, ZER
FERR 00 380 AL T T Vi B FTORL T A RO T AR T SR o B, 07 VE B 5
Huang et al. (2015). Szyrmer and Zawadzki (2010) FI von Lerber et al. (2017)
FHTIEEE.

I ATV A S TGO T, BT HIEBER R/, A8 SRR AN (8]
N, ABEPRIEARE T SRASA A /K S EH8WE, Bk, ASCRH Bshm (1989)
(7 V240 3 5 R T B B, 207 VR R A AT DLSR B SR T B .
2DVD W V&R FE Ve BEETHAR Ao AR T MG 1B/ N IMERITIAR A (4.0 A4
B A EE R FE), WA (D - (9 FitE R TR E m.
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R = ﬂ(éj 7
n \n
12 2 2
KRej +l} -1
8.5
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0.1519
2 1/4
- M(ﬁj 9)
8gp, \ A

Hr, ReHEWH, X N Davies number, g AT JJINEERE, B/ n MESSE
JZ po A EGIR L AR FIR ETHRAR 3
FIH D 5% ps 1% &: p,=aD", W m5 DA[RIRN:

rn:a(ngW3 (10)

RSl m 5 D #ATING, I E 25 o A1 B



3.3 BIERSTEMESRMNITE

IR FT T TF A ok 723 . PSD 285 5, v DS B % 55 119 2530 18 U
KT AR S S 2 (Z-SR)I R R o A I T B T H O AR 2 1 A5 U I R
Ze (mm®m3) :

2 |K |2
zez[fﬂw) e [DON(D)dD (1)
pICe

K.,
X, D AEAE (mm), ND)NKTIE PSD, HAN mm'm?, Kie Ml Ky 737
RUKFKEIA LT pice FH psnow 77 MUK FI S (R EE,  HAE 0°CIY S pice=0.917
gem™, FIFRIBEH dD=0.2 mm.

A 2DVD M kL5 S, TR HBE S % SR (mm b)) -

SR: T ipsnow(Di) C(Di)Di3 (12)
6AtS  p,  A(D)

A At B RAEE], PN, COYVRER— 8 N RS § AR RSAL N IR 5L
&=, A(Di)& 2DVD X3 i AR IE SCRAEETIAR, BAL: mm?, D (mm) &R
RE IR OERER, po AKIEE. ST 1080 2FEH, AR2)fHE
WA

L A(D) C(Di)Di3
= pw A(D|)

SR=10m) (13)

TR IR 7R AT LR R K :

(1) KL ARFIEL ) R @A e i B A A4, LG o/b RAIASC 2DVD
RLSREL A L o R B SR B A 00, drdEZE N 450, Jififa b5 0
F[0 w1 74347

(2) FHIANEHEE e ] Maxwell-Garnet J& 4 /A3 (Garnett and Larmor,
1904 ):

_1+2Fy

g, = (14)
1-Fy

Fv%fj:%/qéj\ﬁ Fv:ps/ph /E\:EF' psﬂl Pi %%U%%%DWKE/‘J%E (%E 0°C HTJ" Pice™
0917 gem™). FAL, y=(ei- 1)/(eit+2), FH & ZIKKIAHH EL

4 #E5R



4.1 RIFIEFIRFiESH

K 5 R 6 SRR PSD IR IA 781 (%% 1 min), 5- min “T-3%
£ pv HEHRLAE Dov gamma A0 TEARSH p. RERANKEESHL N LR EUy
AT HIERE No FIRER A (IR ASFEIEARK PSD 23 AR K RFAE -
Case | TERE T UG FILE RN BRBOR FEAR /DN, R BEARBCR, 1E 10:50-10:55 HI
KKiRELE, BKREAAIE 8 mm, Dol p BEIHEMRAIILKR. Case 2 [
PSD Bl (A2 40 Case 1/, BR TAESFARFHT BN 1 H 6 H 03:30-04:10 A Hi I H
BRI FERI S AE4 O R B Do ~8 mm), AR BB 44 L3
5], BEJEJLF4ERRAE 0.1 g em™ FfHiE, DofE 2 mm LA R. Case 3 Fl Case 4 PSD %%
FAAL, BN AR MR EE R R RS IS e v 2, BOREE LA 10° mm®
'm>. Case5 Ml Case 6 [f] PSD ZRALELK, FEANIRIN 8] B R IA[F4FAE, Case5 H
YT R (N(D)>10*mm'm™) [F/NRCT (D<1.5mm), ZAMI % AR IR
Ny B FERAYERFE 015 g em? K47, {H Do IR K, JLTEE Dma 22
ft. Case 6 F&Z5 FZAUHE 2023 45 12 A 11 H 00 Bf~06 B F1 12 A 13 H 12 Bf~15
H 02 BN B, S — I B E B DMRIR B MR E, FIER/NMYTE 3 mm DA
T B PSD ARAECK, R Rk SN S RN F G N, Do Bl [R5 AR
1, BFERIAEAA Dot IR -

TN T FE A ) gamma 3 A TR A RS A B BH L3, W
Fp o AR AL (IR BE S 20 NL AT No IR R) 77 B0 52 R AR G Y — Bt (& 5 iy
B AL, FH RS S AR AN SRR S-min “FEIFEIGETIE,
FHRAE T 1 Dow N, AIBEZE % SR 5 2DVD sZl PSD 15 3 ) 45 Lk 1706
e, il 6 fs, BT MERA RIS M E S BN ZE R . Bk
gamma BE/E = NS E PRI T 185 PSD, FsLillss KA, gamma PSD
PIFEIC R B =PI w22 f8 T IRR ZE R /)N, gamma PSD 157 H 1] Do
N, Al SR ] MAE (RMSE) 73 Al [#AK T 51% (43%) . 38% (21%) 1 45%
(42%)5

b4k, Zhang et al. (2001) KIL 7 HAHFREIEK p-A LR KR, 7T LUER
BT U iR B 15 S5 gamma R 1S ) 2 280 . Brandes etal. (2007) 45 i
TREBRZBFETR TN p-A KR, WE 7 P, A958R HNSH
HE-F1i% (sorting and averaging based on two parameters, SATP) (Cao et al.,



2008) AbFHJS I PSD HidE, MRIGAEMIBE AR AR RN o A, JF
T MBHRER A AR R (B 7 paasis). WE 6 K EFHRE 5
IR SRR AT DA, RER A RUBIRSE w BIRERAS S AE, i
FE 2508 2.05 A1 2.43, AL N 6.02 mm™ A1 3.04, Hidr, poNffE R PSD
FEAR S 3.3%, ft p MELEH CALI I oo 73 sh s WL (B, Heymsfield,
2003, 2002). F& T Case 6 HJ p A AAEBCKLASN, RS AMIIE) n A A 7350/
F 1581 10mm™, #H4h, 5 Brandesetal. (2007) 45 HIH p-A X RHEL, 2 A>13
mm™ [, RS puAERE N
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(e) Case 5: 13 Feb 2022 (f) Case 6: 11-15 Dec 2023
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K5 NIRFES RN PSD A1 PSD ML S AN 8] 741 (a-f) LB RIKAZ 2DVD I &

1] PSD, -~V p(RR AR ) Dot 2R), gamma 7045 (ZLEMIZL) FFeEnAn (2
triZl) KBRS HAMN gamma AT KRS B (R O HIL), LLAARHEL gamma 73 i (élé
fHE) AHEEU A CREIIZD BIEEESE Ny (Vo))

Fig. 5 Time series of PSD and PSD attributes for the six snowfall cases (a-f) showing (top) measured
PSDs, (2d from top) mean density p (the black circles) and Dy (the green curves), (3d from top) the
shape parameter (the blue curves) and the slope parameters for the gamma PSDs (the red curves)
and exponential PSDs (the black curves), and (bottom) the concentration intercept parameter NV, (No)
for the normalized gamma (exponential) PSDs.
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Fig. 6 Scatterplots of the median volume diameter Doy (mm), the total concentration N, (m-), and the
snowfall rate SR (mm h™') calculated using exponential (black crosses) and gamma (green circles)
PSDs vs that computed from 2DVD measured PSDs. The Black dashed lines represent 1:1 lines.
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Fig. 7 The frequency distribution of shape p and slope A parameters of gamma PSDs and the fitted
p-A relationship (solid red line). The blue curve is the p-A relation of snowfall in Colorado given by
Brandes et al. (2007).
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12 H 14 H 18 I8 ~15 H 08 1) (& 40) XA B NEOKRFEIR /N, 15845, N/
T No H gamma 73 i fFIRL R A tHFE /IS
K 8 45 T REANTIFER N F1 Do Ny Al Dop™® 2Z [RIFIBUS 434, FFILA H
T BAREN N5 Dol p ZIE [ E B K FR. Kl 8a TR Case 1 Fll Case 2 1]
(Do, Nyw) BARATTELEA FIX 8, U B P AN P 25 % 8 B ik FE 1 /KL
Case 3 Il Case 4 FIAE sS A7 T4 R, =5 %2 b 94 P8 BRI AEL RO RG] B K ) 25
FiZH R, 17 Case 5 Fl Case 6 PRI~ RBE AR B2 0 A Ju 40K, BRI 9 A4
) LWE B K. 24 Do/NF 4.2 (7.0) mm W, AHFFEHIHLA 45 RN T Tiira et
al.,2016 (Zhangetal.,2021) [E5R, 9 EE LN Nw-Do KR 5, ¥



R B A BT, S logioN, AHEL, RMSE H1 0.466 Jii/NE] 0.416.

(@)

T
027854
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ZH21
- = TR16

RMSE = 0.46602

-0.33435_1/3
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= = TR16
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.
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7NHI Zhang etal. (2021) %5 H ) FE 5 X AR Tiita 2016 15 EII25 22 1) Nyw-Do R R - B (b)
v ) BB i 26 A Tiira et al., 2016 45 HH ) Nyw-Dop!® 2 52)

Fig. 8 (Do, Ny) (a) and (Dop'?, N,») (b) with fitted relations (red curves). For comparison, the N,,-Do
relations of Zhang et al. (2021) (dashed gray line) and Tiira et al. (2016) (dashed black line) are also
plotted in Fig. 8(a) and N,,-Dop'” relationship of Tiira et al. (2016) in Fig. 8(b).
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3 L 5 A BF 7T 45 X EE R B, Locatelli and Hobbs (1974) ( LLF fii Fx
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ZHIFEEN: V(D)=1.105-1.034xexp(-2.332D), & 9g KLt diLk i n, %%
RN A E R?=0.8843, 53 2 &8 2 [A] (1) RMSE 4 0.0509. 4 48 A
AR A H T V(D)=0.951D%% Ik R CGRER), RPAUA 0.55, RMSE A
0.11.
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(e) Case 5: 13 Feb 2022 (f) Case 6: 11-15 Dec 2023
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Fig. 9 Observed terminal velocities of snow particles for the six cases (a-f) and the all data (g). Fitted
relations are overlaid (red lines). The black circles are averages for each 0.2-mm size interval; the
vertical black lines indicate the standard deviation (+1c). The purple curve in Fig. 9g shows the
V(D) relationship of dry snow in Colorado (Brandes et al., 2007). The dashed blue and green lines
represent the V(D) relations of the rimed and unrimed snowflake given by Locatelli and Hobbs
(1974).

43 BE-BEREXAR

AT SR G EMELF A MRS &S T ESH AR TTIH,
LR EREENSH . AR Bohm (1989) J5 ikt G AR T 1% E
p (3.2711), HWEBAGRESE LN p(D)KFR, WHE 10a-ffi~. E dD=0.2
mm (8] 7 N 2 EAAE A IR RAR 0, EAR <2 mm PR FILH & . BEE R T
FOTsgm, R RARHEZE DR/ o B 10 45 IR DO FER p-D K & 1) RELUAE Case



6 FIAS I KME (a=0.1621), Case 4 H/lv (0=0.069), H AR o £ 0.1 47,
BH B IYE FE 7E-0.49 ~ -0.86, X BRI A p-D K FR N p(D)=0.1278D07°,
A PEFHE )75 S Huang et al. (2015) 25U, fhey ¥ p-D 5% R R EGEH
£ 0.15~0.23, FEFGUFEIN-0.79~-0.96, 5 Huang et al. (2015) HIZERAME, &
SR MBS R/, Bk4h, Brandesetal. (2007) 15215167
B E AR E R Do 9% 2N p(Do)=0.178D¢ 0?2, Tiiraetal. (2016) XML
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Fig. 10 As in Fig. 9, but for p(Do). Fig. 10g shows the scatter distribution of p and Dy for the six
cases with different colored dots, and for comparison, the p-Dy relations obtained in Colorado
(Brandes et al., 2007), Finland (Tiira et al., 2016), and Nanjing (Tao et al., 2020; Zhang et al., 2021)
are also plotted.
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Fig. 11 Scatterplot of fall velocity ¥ (m s') vs D (mm) for three temperature (°C) classes: (a) -10<
T (C) <7, (b) -7<T (C) <-3 and (¢) -3<T (°C) <0. Data points are color coded
according to the particle density p (g cm™).
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Fig. 12 The mean and +1c (the standard deviation) values of terminal velocities for each 0.2-mm
siZe interval in in three density ranges (p: g cm™). Fitted relations are overlaid (the solid lines with
the same color, and the blue color from light to dark indicates the increase in density). The dashed
lines are the V(D) relationships in the same density ranges (the dotted, dashed, and solid red lines
indicate the increase in density) observed in Finland (Tiira et al., 2016).
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Fig. 13 Frequency of occurrence (in log scale) of ar vs. D for the six cases (a-e) and the all data(f);
also shown are the bin averaged mean and =10 standard deviation bars (white error bars) along with
the power law ar-D fit (the red solid curves) and the ar(D) relation given by Zawadzki et al.(2010)
(the blue solid curve).
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Fig. 14 (a) Scatterplot of 2DVD radar reflectivity Z. and SR for the six cases showed by different
color dots and the best fit to the data points of each case is also indicated by the corresponding solid
line. The Z.-SR power-law coefficient and exponent azs and bzs for each case are also overlaid.
Scatterplot of Z and SR in different values of (b) p (g cm™), (¢) Do (mm) and (d) N,,(mm'm3). Ze-
SR relationship from Tao et al. (2021) is also shown by a red dashed line.
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Mis% (Appendix)

SCHE A AR AR SIS R OVSHEE (XD, X 2DVD (Y) Jiif%
AT G R ECHE AT B EE AL, MBS BE S M OC R E (correlation
coefficient, CC). “F¥JfWZ Lt (mean bias ratio, MBR). “FPIJ4i%}i% 2% (mean
absolute error, MAE). ¥JJ5H8i%% (root mean square error, RMSE) FlFr#Efk
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