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Comparison study of raindrop size distribution in three regions of Shandong Province
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Abstract: To study the microphysical characteristics of precipitation in different regions of Shandong province—the Yellow River Delta, in-
land region and coastal region, the raindrop spectrum data at three sites (Kenli, Pingyin, and Jiaonan) from 2017 to 2020 were used to com-
pare the raindrop size distribution (DSD) characteristics of different rain rates (R) and rainfall types (stratiform and convective rainfall). The
results are as follows. (1) In 6 rain rate levels at 3 sites, there were certain degree of differences in the DSD spectral, the spectra width of
mean DSD, and the contribution of different precipitation levels to the total precipitation amount. (2) In stratiform precipitation, the average
DSD characteristics of Pingyin and Jiaonan were comparable to each other, but differences were found in convective precipitation at these 3
sites. (3) The distribution of the normalized Gamma spectral intercept parameter (logio/V,) and the mass—weighted average diameter (D,)
showed that, log;/V, of Kenli station was the lowest during stratiform precipitation. While the comparison with other national and international
stations demonstrated that the distribution of logi/V, versus D,, from Pingin agreed with the observations in Seoul, Korea. (4) The fitting curves
of the shape parameter () and slope parameter (N) from the Gamma distribution exhibited localized characteristics. According to the trend of
wand N with R at all 3 sites, R=10 mm+h™' can be used as a criterion for precipitation classification. At all three sites, when R increased great-
er than 100 mm+h™", the values of u remained nearly constant towards 1~2, while the values of A tend to 2. (5) The fitting results between the
reflectivity factor (£) and R (Z=AR") at 3 sites indicated that, the typical Z-R fitting formula (Z=300R'*) for weather radars overestimated the
precipitation of Kenli and underestimated the precipitation of Jiaonan. The values of A and b in the Z-R fitting formula also exhibited differ-
ences between convective and stratiform precipitation.
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Fig.1 Geographical locations of Kenli, Pingin, and Jiaonanin stations in

N\

Shandong Province (The cyan line represents the Yellow River and coastline)
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Fig.2 Scattergram of the diameter (D) and fall velocity (v) of the accumulated
number of raindrops at Kenli station after the quality control (The solid
curve indicates the empirical v—D relationship described by
Atlas et al., dashed curves indicate the + 60% ranges

of the empirical v—D relationship)
JFH B AR B R (0] B P ) RT3 00 3R
TR , 4 LSSt R 40 T e 4t
N(D)=} IW )
KW, n FOREARTES i A X RN T TR AR
DX ] (R T A 505 S 2 SRR T AR (B 2 ), U Ky
54 e’ ;¢ SR SRAE A ) [B) B (LA =) 5 VAR 36 AR BE X
(] £8 T Lo JBE (B s mes ™) s AD, S A RUEERYTRIBR K
INCERAT :mm)e Z(Q2)THAAR B N(D)FoR BARLE DI
D, + AD, 5B N R EOAR B (B : mm™ - mm™); FH V(D)
A DA R K I R B (Kl 56, 2016)
R ECRE N, (BAA7 : mm™) R (BAL7 :mm-h) Bk
SPRAT Z (5407 : dB2)%
FI A 3 S50 Gamma 4341 2R B4 T IR 3%
B Aty = HA e, Rkl
N(D)=N, D" exp(—iD) 3)
K Q) H 9 34 ZE N A Bl 53 51 0 B S 80 (PR
mm ™ e m”)  BER SR mm ™) TR B T (G &
) X TF Gamma 7347 , BRI Y n BYAE M, R

Iu+n+1)

M,=[ D" N(D)dn=N, TR @)

I #/8 Gamma J7£2 , K 2.4 .6 B 46 & % Gamma
PR 3 S HOHE TG . RT3 4B AR
(B A i B BT B INABCF-34) BLAR D (A < mm)

D, =% 5)

TE Gamma $L5 1 No B9 K/NZ Bl b, — A
— 3 BT EEAH S , X6 N A AT AR XE X 43— 38 i 4 3
FHOCHE , R IL 5 I ARRHELBREE SN, (347 :mm™ e m™)
HEAT A3 M (Testud et al., 2001), N, 5 N, LA K RIH &
SCABAEXT No T 55 5 NoASZ 5200, AT LA B RR 7K
P i VTRV A A% — 2 IS, 0 ¥ 0 B 1) BB AR A,

7 SUH
N - (4.0) (103@/} ©
mw, | D,
K (6) o, TR K B B, W RN K & 18, BUE R 1.0
g°cm’3O

1.3 B&korsE

R T ST 2 B K RN U 2 R 7K Gk PR A 2 7 [
I TR RS RRAE | B e X REAR I 74028 . HErH
B 205 A PR, —FlE Testud 55 (2001) I WF 5T
ST AR K EEAR I ET 545 5 min N FEAR R
/NTF 10 mm- b, WRZAEAAI R J2 = BK 75 DU % 3
=K. FB—Fk Chen Fl Yang (2013)IHF58 7 v , i
ARIHT 5455 min L, 25 RYIKTF 0.5 mm-h' FrifE2s
/NTEET 1.5 mm-h WZFEARR R E =K 457 R
KF 5 mm-h™ FR#EZEKTF 1.5 mm-h™, WIZFEALL K
DO 15/ S A0y 1 R BB (0 W H 0 VAL i) 5
KR RRR TS RRAIE , ASAH S v (] s SR FH B 3R W A 5 3 6]
REARFEA ST

2 MimIEHE

2.1 AEFE TR IS RE

HIEXIANE] R B - B I e ol R VR 1 22
FRUESEA P00 AT o 4 B R K/NGT R 6 10, 4351 A 1
Z0:00l<R<2mm-h",22%:2<R<5mm-h",3%%:
5<R<10mm-h",42%:10<R<20 mm-h",5%%:20<
R<50mm-h",6%%:R=50 mm-h"'c 31/~ N 3uh7E
1—6 % R 1R A B4 8 TR 1% 2 000 ~F- YA o 4
22, ] UL 33k 7 M1 D, Bl R SER 3G K w AIABE R (43
TR /)N, T A 9 T A 2 28 (logioV.) TE A ] R S5 Y
WA W BB IE . TE D RO, 335 D3
Sy B iR i fe/N  logioV, K/ NG i 5 DL AHI
Bz e 3l fe K B RS A /N o logioV, B R AH Y B AE
S<R <10 mm-h" B RE R0 , 150 R S ] PN e i
BRSO 2 A v, WP DL BB R 1.41 mm; D, F34{E )



588 BTN E Hak

B KAEG mm) HFLAE R=50 mm-h' A B A5G, % R=50 mm-h™ (Y5REEK b R AR b, T4k
logioNV, B AR I, /N 3.5 mm™ - m™), X Fn B RS 7 WAL,

& 1 B FRAMEREEE 1—6 RFENHEAB R MBIE S EHEAERE
Table 1 The average and standard deviation of raindrop sample size and raindrop size distributions for 6 rain intensity

levels at Kenli, Pingyin, and Jiaonan stations
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Fig.3 The variation of average raindrop number concentration N(D) with particle diameter (D) in (a) the 1%, (b) the 2", (c) the 3",

(d) the 4", (e) the 5", and (f) the 6"—level rain intensity (R) at Kenli, Pingyin, and Jiaonan station
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Table 2 The average and standard deviation (in brackets) of raindrop size distributions for stratiform

rainfall and convective rainfall at Kenli, Pingyin, and Jiaonan stations
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Fig.4 Variation of average raindrop number concentration N(D) with particle diameter (D) in

(a) stratiform

rainfall and (b) convective rainfall at Kenli, Pingyin, and Jiaonan stations
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Fig.5 The scatter plots of normalized Gamma spectral intercept parameter

(logiV,) versus the mass—weighted average diameter (D,,) for stratiform
rainfall and convective rainfall at Kenli, Pingyin, Jiaonan stations and 4
other stations from Beijing, Nanjing, Zhuhai, and Seoul, Korea. The
top and bottom gray boxes represent maritime and continental

convective rainfall defined by Bringi et al. (2003)
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