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Abstract

algorithm is applied to analyze the evolution characteristics of hydrometeors in a typical thunderstorm cell that occurred in

In order to understand the distribution and evolution of hydrometeors in thunderstorm cells, a fuzzy logic

Beijing by utilizing the dual-polarization radar parameters and environmental temperature. Furthermore, a wavelet de-noising

method and a self-consistent method with constraints (SCWC) are combined to preprocess the data. The results are as follows.

(1) According to the macroscopic characteristics of the thunderstorm cell, the process is divided into three stages, i.e. the
development stage, the mature stage and the dissipation stage. The average heights of the cell are 11, 12 and 10 km, and the
reflectivity can reach 4045 dBZ, greater than 50 dBZ and 40-45dBZ in the three stages, respectively. Moreover, the
percentages of graupels are 2%, 12% and 1% in the three stages. (2) The main microphysical processes and evolving
characteristics in each stage are as follows. In the development stage, the main microphysical process below the freezing
level is warm-cloud process with 5% of drizzle (DR) and 24% of rain (RA). A small amount of liquid hydrometeors rises to
the layer above the freezing level, reacting with dry crystal (DC) and generating 1% of graupels, which actually is a weak
cold cloud process. During the mature stage, there is an enhanced warm-cloud process with DR decreasing by a percentage
of 2 and RA increasing by a percentage of 2. More liquid hydrometeors can rise to the layer above the freezing level and
there is an enhanced cold cloud process with 4% of RA and 5% of DC converting to 7% of graupels. At the last stage, the
liquid hydrometeors below 0°C layer cannot rise to the layer above 0°C, which leads to weaker warm and cold cloud
processes. DR increases by a percentage of 1 below the freezing level while DC increases by a percentage of 2, and graupels
above the freezing level reduces by a percentage of 5. (3) Based on the above results and dynamic characteristic, a
microphysical model of the thunderstorm cell’s evolution process is established. This study is important for understanding
the structure and microphysical processes of thunderstorm cells as well as improving the forecast of thunderstorm weather.

Keywords X-band dual-polarimetric radar, Fuzzy logic algorithm, Hydrometeors, Thunderstorm cell
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Table 2 Thresholds of the polarimetric parameters and temperature for 10 types of hydrometeors
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Fig. 7 Radar reflectivity factor (left column) and the corresponding hydrometeors (right column) distributions at the development stage of the thunderstorm cell. (c, d,
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Fig. 11 Percentages of hydrometeors in the development, maturation, and dissipation phases of the thunderstorm cell
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Table 4 The range of monomorphic storms and the distribution of hydrometeors by RHI detection
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Table 5 The principal character and microphysical processes of monomorphic storms by RHI detection
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(2) W B B P FE R AR S K
JEM B, Ak 0°C ZUL TR s EES, BEW
5%, R 24%; ADEBESRCT AR 0°C 2
PLESUKE RN AR 1% T AoaidfEgsg.
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R BL, MBRE B 0°C JZLL T BEWH/D L 2
NEI R, B 229 2 AN H 2 kL REREIE DR,
g it B REWAR T IS 0°C 2L |,
20 A% S S% MUK TE WA R FH A2 R 7%
Mk, Wit fEnm. WEENEL, NIRRT
DL BT 0°C 2B BTERIsa vk i, g = &% =
REFEARURSS, 0°C J2 LA N BB AR AR BT
W22 1 NAED AL RTREFES; 0°C JZDL K
mnTHFEIRD 2 N R AR 5N A R

(3) gkl HE H iz 3 XK AR+ 53 A
FAE T T R AR N K R AR SR
FA 0°C 22 LA b5 0 A 1 2 P R Bl R Ak
&, DEWBARTEBE 0°C JZU L, Atk
590 MOEABTEL,  FARIS EIESE O EIX Y E S 0°C
FEUUE, fiERERASR T EFSR 0°C ERLE, 6%
PR 5 S%IIUK LA A 2% F 9% 8,
Zont RGBT B B 0°C J2 BRI 1) 4700 B X BH RS
TWASKLT 51 0°C JZATRE = SV = i BBk , 0°C
JAVL N> 1A, BEWIEZ 3N T 5
R 0°C ELL BRI 9 ANE S L, WIS K
a3 0 4 AN E R

BERTET SR AR R I AR, FE T KR AR
) PRI R A T, ST T AR AR AT, %Y
PR E 2 PR PN S 5 A A Tl B e R DA% TR R
TR AR FVEAT — e FR s e o AHATAT — 48 i) 5
B IR, aBORIE I S E O BN IR
)45 SRR (RS2 o R AN, AT A b i B
A0 AR50 BLAA R 1Y) 5% ) LA R B v I TR) 3
N LR P BB B FRE AT R AT
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