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Abstract The raindrop spectrum, as a high-frequency observation data that directly describes the
characteristics of raindrop size and quantity, has been widely used in the fine evaluation and
analysis of raindrop changes in different weather conditions and types. The study utilized raindrop
spectrum observation data from 2019 to 2022 in the Shaanxi Province. We have analyzed the
overall characteristics of precipitation under the influence of five weather circulations, the drop
spectra characteristics of rainstorm and non-rainstorm processes, and the drop spectra
characteristics of convective precipitation and stratiform precipitation. The results indicate that the
contribution of precipitation with rainfall rate>5mm h™ to the total rainfall of the process varies
significantly among different circulation systems. The main reason for this situation is the
difference in the number concentration and contribution of raindrops in each diameter intervals.
For example, the southwest airflow type is often characterized by stable precipitation formed by
long-term high concentration small raindrops, while the northwest airflow type is characterized by
strong precipitation formed by short-term high concentration large raindrops. The characteristics
difference of drop spectrum between different circulation rainstorm and non-rainstorm further
increase, and heavy rainfall have a significant promoting effect on raindrop spectral parameters.
From the variation of number concentration with diameter, the number proportion and diameter
spectral width of convective precipitation raindrops with rainfall rate>5mm h in the rainstorm are
generally higher than those of non-rainstorm. The distribution range and magnitude of Dm-Nyw
between convective precipitation and stratiform precipitation are nearly similar, with differences
in the location of mean and high value areas. Compared with similar regions such as Zhaosu,
Zhuhai, and Palau Island, most of convective precipitation in Shaanxi tends to have oceanic
convective precipitation characteristics. A few continental convective precipitation occur in flat
straight airflow weather or northwest airflow weather. Based on the above analysis, this study
differs from the traditional Z-R empirical relationship and optimizes the fitting of Z-R precipitation
estimation equations for various circulation precipitation based on raindrop spectra, which helps to
improve the accuracy of radar precipitation estimation in different weather scenarios in the local
area in Shaanxi.

Key words Raindrop size distribution, Circulation type, Precipitation in Shaanxi, Classification
characteristics, Z-R relationship
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Fig. 1 The accumulated frequency distribution of Dali Station raindrop particle diameter D (unit:
mm) and final falling velocity V (unit: m s™) after multi-level quality control. (the color scale
represents the number of particles, the solid red line represents the Brandes et al. (2002) particle
D-V empirical relationship curve, and the upper and lower black dotted lines represent the £60%
boundary curve of the empirical relationship curve respectively)
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Fig. 2 The high and low altitude background of five weather circulation patterns affecting
precipitation processes in Shaanxi Province

(a. low vortex shear type, b. flat straight airflow type, c. northwest airflow type, d. southwest
airflow type, e. westerly trough type; — represents 500hPa prevailing airflow,

represents airflow below 700hPa, ===represents low altitude shear line, D represents low vortex
or low-pressure system, and G represents high-pressure system)
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Fig. 3 Hourly precipitation sample frequency distribution and total precipitation contribution rate
distribution of five weather circulation influence patterns under different rainfall intensities
(histogram represents precipitation sample frequency distribution, black line represents the
contribution rate of rainfall rate R>5mm h! to total precipitation)
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Table 1 Comparison of average and extreme characteristics of precipitation DSD parameters for
five weather circulation types
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Fig. 4 Distribution of contribution rates of raindrops with different particle size D, intervals to
total precipitation concentration N (a) and precipitation rate R(b).
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Table 2 Comparison of average characteristics of precipitation DSD parameters between
rainstorm weather process and non-rainstorm weather process

Ni¢ Dm LWC R
BW/AEREN BW/ARREW BRFM/AEREN RM/AERW
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Fig. 5 Distribution of Dm-IgNy scatter points with different rainfall intensity levels in five
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2d) FIPERFER (B 2e) XHRIMHIERESS, BA 7l KR SR T K5
Bk R A, AR T HRZE R ACRES I AT, 1% oK B UK AR IS R |
WA IS, A2 T KRR T o iR3E 2 E B KRB B E R P IIE ST 4
BOGRES Bon, CPEAREMAILRRAGS IR A 2 Ae. 850hPa iR T
A AN b T B v B 2 ) 598~742) kgt 9~11g kgt F1-1.7~-2.3Pa s, ik
DA P R A R RN 7 JXURE AR 433l A 569-623J kgt 12-149 kgt A1-0.5~-1.4Pa
sto B 2 KW RAREEFZAM LS A R TILZ KRS 2 5 2R UKW
W, AR ZE: J5 3 BNTIESNEES, H7ilizKiR T Ekah BOR & /N M i
HINIPIAEH

DA 2021 4 4 AF0 7 AP s O B (ZEE0E5E, 2023 RXRAE,
2022), 2021 7 A 17 HAERZPRALmME 5T, S XA A 55 B KT R
s SR X, 20 I JTUE 2 X 850hPa LA T i@ K& 16 g kgt, ok b
FHHE A E] 1.8Pa s, BAH SO Os 4ERFE 348K UL I, fIRZW 2 S ik R RE
SRR GTE R KPR, HTEa (B 7a). MUEROK(64.9mm hit). Rpakinf
()% (4-5h). 2021 4F 4 A 23 HPEE L2 52 NIRRT RIR G0, o FE 2 M A7
TR AR ACER s 2R EFHEahX, &K B O R RE T A-1.6Pas?, A7
B (500hPa Bt ), AR Fa (R 2 SN 3 B R AR dERFRR A 78T KV, BB
X LI e K IA 3 9g kg™, AEE 7T 850hPa i [X Ose S5H LR B4, (HAXT “7.177
FEEE DN, FEARTE 332K DL, IR iEsiEss (B 7h). MR/
(12.7mm ht), KFLENT A (20h) o T O AR B KR TP D P35 N, 2021
7 A 17 BREACRR B KGR B 3 A B 1.748mm A 1499mm 3 mmt,  fii
2021 4F 4 H 23 HARIR YA BRI A 1.183mm A1 822.6mm=>mm™. EIRH
UGt FE 24 /N EFRFE KB 100mm, 43Rk #] T 148.8mm F1 116.9mm, {H



PP R 3 R 7 I [ 8 P8 AT o 3 A A1 56 4 A T TR I B 7 o3 S IS 7 225 PR R 1S R
b2 AT 0 2R iR

0 70 60 -50__-40 -30 -20 -10 0 10 20 30 40 Q 70 60 50 40 -30 20 10 0 10 20 30 400 w
Easmanm | 200 BRI | 20
(a) ¢ (b
250 250 1 250 250
300 300 i 300 300 %
\ 5 A
- - L
400 400 3 400 — 400 =
00 [Bm 500 500 500 <
600 0 00 600 <
700 = 700 V= 700 700 p
[ = [
850 850 = 850 ™850 .
85! i 850 A ( A E&»‘ Dl ;
925 ™ 925 Z 92511 - =925
= ‘ o3 — \ =
1000 1000 1000 [* 1000

80 70 60 50 40 30 20 10 0 10 20 30 40 - 80 70 60 50 40 30 20 10 0 10 20 30 40

7 PHeuh Az gk T-Inp 845K (a. 2021487 17 H 20 ) b, 2021 44 H 23 H 20 &)
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Table 3 The Z-R fitting relationships for precipitation with different properties of different

circulation types
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(i e wiit Z=97.05R4 Z=68.56R14° Z=157.05R*43 Z=126.48R1-%
e Wit Z=48.77RL7™3 Z=57.10R%72 Z=59.99R1 68 Z=62.56R*5!
[Pk Fitl Z=70.75R%6! Z=83.85R146 Z=87.17R1% Z=99.03R%34
HAE 75 Z=268.54R*% (Jiang et al.,2021)
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