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Abstract: In order to understand the characteristics of particle size distribution during rain and snow
processes, ground-based measurements of particle spectrum using a Parsivel disdrometer were compared
among samples obtained in 8 rain processes and 10 snow processes in Hohhot from 2017 to 2019. The re-
sults show that both the size distributions of raindrop and snowflake are in good agreement with the Gam-
ma distribution. The spectrum width, peak concentration and corresponding diameter of snow spectrum
are larger than those of raindrop spectrum, and the snow cases always have larger particle concentration

and scale parameters compared to the rain cases when the precipitation intensities are similar. The parameters
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p and A of Gamma function correspond to the shape and slope of the spectrum, and they satisfy binomial
function relationship during both rainfall and snowfall processes, but the fitting effect is poor during snow-

fall because of the too large-scale range of snowflake. The particle velocity is smaller for snowflake than

for raindrop. The falling velocity of raindrops is mostly concentrated at 2—5 m * s

locity of snowflake is mostly concentrated at 0. 5—2 m * s~

snowflake in comparison.

~', while the falling ve-

', and closer to the speed curve of unfrozen

Key words: rainfall, snowfall, particle size distribution, microphysical characteristic quantity, falling ve-

locity
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Fig. 1 Observation average spectrum and Gamma

fitting of rainfall and snowfall processes

R1 FEWMAESETEHIE Gamma &S #
Table 1 The mean spectrum parameters of
Gamma distribution fitting of rainfall

and snowfall processes
N(D)= N, Drexp(—AD)

- No 2 A
[£355) 3525. 67 0.38 3.70
7 3a5 911. 25 —2.08 0.47
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Table 2 Average values of microphysical parameters for all rainfall and snowfall cases

[ K T 2 95 R/(mm-+h ") Z/(mmf +m %) N./m? Om/Mm D/mm Dyi¢/mm  Dyux/mm Dy /mm
Rain_case01 0. 37 55. 26 154. 89 0. 30 0. 66 0.56 2.75 0.69
Rain_case02 2.04 1337. 36 225.50 0. 69 0.79 0.69 3.75 0. 81
Rain_case03 0. 83 223. 30 206. 47 0.43 0.73 0.56 3.75 0.94

e i Rain_case04 1.47 380.13 289.71 0. 40 0. 77 0. 69 2.75 0.94
Rain_case05 1.15 395. 28 277.08 0.51 0.74 0. 69 4.75 0. 94
Rain_case06 0. 66 243. 34 116. 56 0.51 0.78 0.69 3.75 0. 94
Rain_case07 0.56 179.75 123.61 0.49 0.75 0. 69 3.75 0.94
Rain_case08 5.04 6242. 31 265.19 0.93 0. 96 0. 81 4.75 1.38
Snow_case01 0. 37 444,29 374.69 1. 84 1.32 0. 94 11. 00 2.75
Snow_case02 0. 10 70. 87 929.75 0.92 0. 80 0.69 6.50 0.69
Snow_case03 0.48 442.15 1675.51 1. 26 1. 10 0.94 13.00 1.38
Snow_case04 1.07 941. 15 2186. 70 1. 46 1.18 0. 94 11. 00 1.38

W Snow_case05 0.24 284.15 1111. 35 1.85 0. 89 0.69 15. 00 0. 81
Snow_case06 0. 67 258.57 781. 06 1.13 1. 20 0.94 11. 00 1.38
Snow_case07 0.70 903. 10 1293. 93 1.82 1.23 0.94 19. 00 1.38
Snow_case08 0.70 1749. 96 129. 80 4. 24 1.74 1. 06 19. 00 5.50
Snow_case09 0.97 1644. 35 293. 83 2.59 1.87 1.19 15. 00 5.50
Snow_casel0 0.16 285. 27 129. 21 2.35 1.33 0. 81 9. 50 5.50
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Fig. 2 Contributions to total concentration
(N,), precipitation intensity (R)
and radar reflectivity factor (Z) from different
sizes of particles during the processes

of rainfall (a) and snowfall (b)
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Fig. 3

Variations of (a) total concentration, (b) arithmetic mean diameter, (c¢) contribution of raindrops

with diameter less than 1 mm to total concentration, (d) raindrop number with time and diameter (colored)

and precipitation intensity (black line) during the rainfall in 12—13 April 2018 (Rain_case 03)



1M 25 RESE R A A T RN e 5 5 AL T 0 A R AL 23 77

u 3
g -2 =
Q h L€
\ ~
e weathi] A - e - VA ,tli\ 0%
03:00 0400 05:00 06:00 07:00 08:00 09:00 10:00 11:00 12:00
it |l /BT
I [ | [ I I —
102 10! 10° 10! 10? 10° 104
N(D)/(m™ - mm™)
4 [AE 3.8 2019 4E 2 A 14 HES i (Snow_case 07)
Fig. 4 Same as Fig. 3, but for the snowfall on 14 February 2019 (Snow_case 07)
50 10 000 T T
(a) (b) —— A=3.26, u=14.95
— A=0.99, u=7.87
40 - ,
1000F | 1
30 - =
g
E '
=20 7 100F N 1
& :
BN
Q
10 - =
10¢ E
ok
— BE
— W
-10 I I I I I I 1 L L L L
—10 0 10 20 30 40 50 60 0 2 4 6 8 10
A/mm™! D/mm

5 (OFEM AT RN A MG OrMERBN 7 7 580G 2 A B 50 88 R4
(b) 77 HE H Y B A (52200 FHA DL 5 RIOCR B0 16 B 25 % A CHE 200D 102 335 43 i X 1
Fig.5 (a) Fitted u-A relations of rainfall and snowfall (Samples in the box have
a significant deviation from the fitted curve compared to other snowfall samples) ,
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x3 BREARESIEp-ANESHEREXRER(7)
Table 3  Coefficients of the fitted p-A
relations for rainfall and snowfall processes
A=ay*+butc

B3

a b ¢ r?
&) —0.0054 1.4289 1.4112 0.9534
&%  —0.00054 0.9101 1.0836 0.8424
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Fig. 7 Observed numbers of particles as a function of the drop diameter and

fall velocity during the processes of rainfall (a) and snowfall (b)

(Red curve in Fig. 7a is the fitted terminal velocity of raindrop, gray solid and dashed lines in Fig. 7b

represent the terminal velocity of the unfrosted and frosted snowflakes, respectively)
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