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Abstract

Based on the summer raindrop size distribution (DSD) observation data of Suqian from 2022 to
2024, combined with precipitation amount, radar, and cloud observation data, 9 rainstorm samples
were selected (2 stratiform cloud cases, 3 cumulonimbus cloud cases, and 4 stratocumulus mixed
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cloud cases). Through quality control, Gamma function fitting, and other processing methods, the
characteristics of raindrop size distribution and its Z-R relationship were analyzed. The results
show that: The fitting effect of raindrop fall velocity is good for rainstorms of different cloud types,
but the empirical velocity formula tends to underestimate the precipitation intensity. The micro-
physical parameters (such as number concentration and rain intensity) follow the rule of “cumulo-
nimbus cloud > stratocumulus mixed cloud > stratiform cloud”. Small raindrops dominate the num-
ber concentration, while medium raindrops dominate the rain intensity; for cuamulonimbus clouds,
large raindrops contribute the most to the reflectivity factor. The Gamma function fitting performs
well for small raindrops, but the deviation for large raindrops increases with the increase of raindrop
diameter. The coefficient of the Z-R relationship is smaller than that of the standard formula, and the
average Z-Rrelationship is Z = 196.3R1-39, which can correct the overestimation problem of the stand-
ard formula.
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Table 1. Meanings and calculation formulas of DSD microphysical parameters
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Figure 1. Droplet size-velocity spectrum distribution and boxplots of each size bin for different types of rainstorms ((a) Cu-
mulonimbus cloud, (b) Stratiform cloud, (c) Stratocumulus mixed cloud) (The color scale represents the number of raindrops
on a logarithmic scale, the red * represents the measured average weighted velocity, the blue solid line represents the Atlas
empirical velocity fitting curve, and the black solid line is the falling velocity fitting curve)
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Table 2. Mean values of DSD microphysical parameters for rainstorms of different cloud types
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Figure 2. Contribution rates of logarithmic concentration, rain intensity, and reflectivity factor of raindrops in different size
bins ((a) Cumulonimbus cloud, (b) Stratiform cloud, (c¢) Stratocumulus mixed cloud)
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Figure 3. Contribution rates of raindrops in different size bins to precipitation intensities of various magnitudes ((a) Cumulo-
nimbus cloud, (b) Stratiform cloud, (c) Stratocumulus mixed cloud)
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Figure 4. (a) Temporal variation curves of microphysical parameters for cumulonimbus rainstorms; (b) Temporal variation
curves of microphysical parameters for stratiform cloud rainstorms; (¢) Temporal variation curves of microphysical parameters
for stratocumulus mixed cloud rainstorms
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Figure 5. Scatter plots and corresponding gamma function fitting curves of different types of rainstorms ((a) Cumulonimbus
cloud, (b) Stratiform cloud, (c) Stratocumulus mixed cloud) and comparison diagram of gamma function fitting curves among
different types ((d) Gamma function fitting curves of rainstorms for different cloud types)
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Figure 6. Comparison diagram of fitting functions for Z-R relationships of rainstorms of different cloud
types and the average Z-R relationship
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PRI T(2) L, BN UKD > 2.5 mm )N T (65%), 2Rz JZFRIR G 2 LA R N 325 3 64.5%-
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51.6%), H KWK z 5 DO iEt, BECE & HREX Z 5TiEkok.

4. WE S ERARAMLETH D, V1A =8 BRI YUE 7RIS B RN AR R, AW
mERMSERRERZ, R EREEBESIKEZ, BREBEWSEEREE RN BSERMHEER
i, ERIRAE BN ERREENTHE 2N, AEMaM(Z2RE 5N )ik 20 “Kiish - Bt
BRI% - (RS BB AL, RN RSN BAR D, ATVE NI 5 W2 B A

5. M1 Gamma BREUI G A7 AERF 51 : Gamma bR HO0S /)N FE L& BU8F , (8 B4R D, P 0.45~0.65
mm, {ESHRE T BRI S K A ), R EAER KA mERK; SRR “Fifs > 2
BRG R > BIRE” , ZEBIRFEE SN D, Hal KO/ P2 Gamma S80S 52 HUR
Grmtkil, TEARNANS%, LhHEEGESoRNRE.

6. Z-R KZ Shrfe A2 7 U0 H R = OB Ei %W Z-R KRB RS a 1£ 160.7 3 236.1 2
6], NTFHRAES Z =300R™ , $6%0 b 175 1.33 B 1.42 Z A S5ArERALT; BRI G KRR N Z =196.3R"Y,
RS S EIERNEK, LHERZMERREG S IRERK, DBUE Z-R KR AT & BRI
K

AWCESLIEL D =8 Z-R KARBMMAMALGARAER, TR R R = R W, T AT
IK 8 B KA IRE RS, (RIS B A [ 2 28 2 R D B AR AAE ] B gl aok 75 0K [ e B i R R < B T
FINERAA, RN K E TS s SRS, — @ R b e VL AL A I U 1 A P R R A B
FEREBR, (AR SCMAEE € IR IE, EAUKIE 2022~2024 “EE 2 9 RBEFAEA, FEAR/D. INEE
FERE, MREVEZIR, TIER D REUEITE Z5 2 WM BELREE 0 bR B0, o] R 5 8000T 7815 H 1Y W 35
WAFELE R 50 =% Z-R KAMEENZ R, LiEeeRBHETKPESRW N E LM ILRM .
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