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Abstract

Based on the lightning location data and radar data in Changsha in the summer of 2021, the echo top
heights of 11 thunderstorm cells and 5 non-thunderstorm cells, including 30 dBZ, 35 dBZ and 40 dBZ
radar reflectivity, are counted. Through correlation analysis, the echo area and lightning frequency
of 0°C, -10°C and -20°C temperature stratification heights that exceed the above three radar reflec-
tivity factors are discussed. It can be concluded from the results that under the condition of 40 dBZ,
the proportion difference between the two monomers with more than three temperature layer
heights is the largest. The two monomers can be distinguished by the 40 dBZ echo top height on the
-10°C layer, and the echo area under this condition is at least greater than 47.84 kmZ.
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1. 5]

WS, XK IR E R A SR, NS BRSO B R AR, 28 AT A
AR SRS SEIA DR b G T 4 w5 A F T 1 v e 26— B [ AN S (1 B 0. — S8 223 R I 1]-[7], TN
HL IR AR A S 5 I R UK AR — 8 A oM, I FAIE S 7 8 2 Tl 2 IRIAEAE B IROT IR R
[8]; TE-10CJZLA EEWANELL T IEMARINES] T >40 dBZ IR R, £EEHERHEbrH it
[I[9]; FIE I H AN 40 dBZ AR TR > —10°C 2 v fE N L AUE I [10] [11]; HWINAIKRS > 65
dBZ I [l AR (B A AE [ AH O, HEh—-0.74 [12] .

B T AN ] DX e P R 0 AR R B I B TS B AR AR AE 22 e, (B 1S B R TR bR A T AN, R 2T e
ANFI XA T R FEW AL BN e RS 2 W EIASTRIAIE, BT KibHhX 2021 4
HZ 16 MRREATIHIL, B 11 ANTF R 5 N ETR SRk, FHREEEXTIR A BT IR TR
fabr, DAASiZH X B T TARR IS %

2. FERIRIRSALHE

AT TN B B ok B T 4 B AR RS, @ R G 0 H i I BRI AR, I R AR
(A S R AT, BUFEBERE . WHIR) . SLFEss, WK N 107 s, R Tk 80% K& LA |,
SENLKEE/NT 300 m, AU 06 ORI T Sk AT T

THISFE R T KD TS S5 CINRAD/SA FiA, RFARS ] 5~6 min, 230 km A 2 ER M 42,
ASSCHTAE P I BAR 98 Tz AR a B A o 225 SCRR[A3]% B IA S B #EAT 1 km x L km x 1 km [Rf{E, %
e B R IRAAAR R o IR ARG R a0 N 2t U A ROTRE T > 35 dBZ I, 1[I AT HE L E N
FRAAR[10]; JETE B HAAE SORAE— AN A A 30 DA OB 3 IR AR IR B, 2 A 7 A4 [11]
1 RARE TR IR 11 AT BB AN 5 AR R AR R RRTT A
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Table 1. Summary of 16 monomers in Changsha in 2021 summer
52 1. 2021 FEFKiPHhX 16 MEAELA

HRFS RAHN LR it Epuy =k PR RS 1R (AL ) Hb PR R A B
1 6 A10H EAKING e 13 09:15~10:28 86
2 68 12H EZLRENGEETS 48 17:25~22:05 598
3 68178 L AR TE 7 7 17:12~17:48 40
4 68178 L AR TE 5 2 19:30~19:40 16
5 7A 18 H Z ARTE B 14 00:16~01:36 118
6 7H20H PIL AR TE B 6 12:42~13:11 25
7 7H20H Z AR 37 14:43~18:14 283
8 7H30H EAKUNGEE S 8 12:46~13:31 37
9 8A9AH % AR 2 36 14:41~18:05 602
10 8A 10 H PRST EAAARTE B 7 23:20~23:56 26
11 8 A 17 H Z AT B 29 15:18~18:01 139
12 7R 17 H JE T B AR 7 13:59~14:30 8
13 8 A 10H Bl 3R 4 17:21~17:43 4
14 8A12H JEE AR 5 04:30~04:55 4
15 8H 16 A A R Ak 9 16:42~17:31 6
16 8A20H E[B=E RN 3 02:33~02:46 4

3. WIEENRYFHEST#
3.1 ELIRTAEIH

1t 30 dBZ. 35dBZ #1140 dBZ H, X} 16 A ERARA [l Tl i (R IE 20N Haon Hass Hagr FIR)IEATTHEL,
A5 = AR E R (RT 0°C. —10°CA1-20°C) (FH hos hgos hoo#om, RN TXEL. 45 RAEH, 114
B FAR T Haon Has Hao 381 T hovhogo, H Hao 21T hogo, A 90.91%) H % HAAK Has 51T~ h_go, 81.82%
()75 S AR Hao SR T higos AETRZEHAARAR Hao B3 hos higos hogo IELHY 100%. 80%. 80%, Has i ho-
hoiov h oo HIELHI N 80%. 60%. 40%, HuoiBid hos hogo hooo HIELBK KA 60%. 20%. 0. 5Pk
Z IR ZEAE, INE L AT CUE H, PR Hag BT how hgon hgo LB ZEER, T 40%. 80%. 81.82%.
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Figure 1. The proportion of Hzg, Hss, Hag reached hg (), h-1g (b), h5 (c) in 16 individual cases of Changsha in 2021
1. 2021 KX 16 NELEAMEIT Hagy Hasy Hao 38 ho (@)+ hogo (b)) h oo (C)FF 5L

ETi#H 1L -20°C /2 844 L A A2 B 80 73 EE /%

3.2. 40 dBZ B E TS 4R

2 1L AHAE Hyg 5 hov hogon hogo IIRTELAMATEE AL, BT 5.

1) Geitit BOAPIIN R AT 1 h WIS A 1A

11 ANTE B AR Hag B0 T hos 10 AT FRELAR(BR 1#5M)Ha 505 T hogo, BT LA 90.91%; 5 MR
T BR(3H. TH~9#. 11#) Hyo RAE T hogo, BT &7 LA 45.45%.

A N ET TR AR (B 16#) Hao JEH5 T ho, JIT 7 ELI0N 80%; 1 ANETE 2 5 AAR (L4#)Hao R T hogo, HidE
BB 20%; Hao BIMET h_goo

DRI, B BRI TR B2 HAA Hao T T ho FIELIIZE2H 20%, TR T hogo MILLMI 2 70.91%, Tl
T hoy I ELBI 224 45.45% .

2) Guitit BONI N R AT — AT A A

11 ANFERIAR Hayo IRAE T ho A1 hoges 9 NI FRIARER 1480 10850 Hao REL T hogo, BT ELHEIA
81.82%.

A AN EE R EAR (SR 16#) Hao JE T ho, JIT 5 LLATI N 80%; 1 ANEET FRFRAR(144) Hayo RAL T hogo, AidE
B 20%; Hao BIMET hogoo

[RIE, 2 AR TR B B Hao 80 T ho IRIELBI ZE R 20%, Z9BK T hogo MU LLAI 250 80%, ZE6 T
h_p HI LA 2 81.82%.

E LR, SN RART Lh AR T g, PR AR LLITE hoyo FIAEZE TR, Git#I N
RART—MEF AN, AEDZ G 2B R hooge #, IUH Hao 215 5B hoy {F N E B AR FIETE
T BRI H 0 R AR AE — 8 I R BR A

Table 2. The statistics of Hyoand three temperature stratification of Changsha area in 2021

52 2.2021 FEFKPHX Hy S=TEEBREMNZITHER

R Lh 4 Ho> h (04 R

\ = FhyE = B jF o
B gy R T 5 R e
F5 AWM

0°C -10°C —20C 0°C -10°C -20°C Hyo (km)
1 6H10H 47350 6.8965 87845 100.00% 50.00%  0.00% 8.2263 EEr LR
2 6H12H 52710 7.0004 85742 100.00% 100.00%  90.00% 8.9779 i X KN
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3 6H17H 56870 7.3427  9.1495 100.00% 100.00% 100.00%  11.4563 AR AR
4 6J]17H 56870 7.3427 91495 100.00% 100.00%  80.00% 9.4853 R
5 7/18H 50910 69317 86136 100.00% 100.00%  50.00% 9.9541 HREE
6 7H20H 46920 69365 8.6600 100.00% 100.00%  80.00% 13.8317 IR LR
7 7H20H 46920 69365 86600 100.00% 100.00% 100.00%  10.8414 AR AR
8 7HB30H 50410 72610 88733 100.00% 100.00% 100.00%  10.5465 AR AR
9 8H9H 57080 7.4190 9.2532 100.00% 100.00% 100.00%  11.2977 AR EAK

10 810K 55050 7.4040 9.1780  100.00% 100.00%  0.00% 9.1534 R AR

11 8H17H 53880 7.1132 8.8057 100.00% 100.00% 100.00%  11.9088 CE LA

12 7H17H 56870 7.3427 9.1495 100.00%  90.00%  70.00% 6.7000 A R Ak
13 8H10H 51680 7.3820  9.3099  100.00%  90.00%  30.00% 7.0828 E[B=E - SiR0N
14 8/ 12H 52700 7.2621 91383 100.00% 100.00%  30.00% 7.6031 E[S=F 1SRN
15 8H16H 54310 7.3330 87950 100.00%  90.00%  10.00% 5.5938 A Ak
16 820 52830 7.0698 88295  0.00% 0.00% 0.00% 3.5720 JETR B AR

3.3. ERER T

TP RUKHRL TR 0°C )= LA Rz AR, ELAL AR BE AT R /N AT i 7 3k S S 248 1 i P ok
RPL[14]. WABFFEIEH[15], —15°CERL ERIXiEd > 30 dBZ kLT 3 22 KB AIUK df,  BORIUK AR RL
TN HIAE > 50 dBZ (11X 35

fE 0°C—10°CHI-20°C =Fhili FE 2 W 5 I, Giit 11 /NT6 B R 1 75 1k S5 5 43 il ik 30 dBZ (Sz0)
40 dBZ (S0)~ 50 dBZ (Sso) I [ElBe AR, 7341 1 A 2B A 12 1 A YL [ PAY F DA R T K 5 R o2 [ 98 T A ) A 5
(R 3). B4 3 TN, MXRECPEIMER K 0.7149, HILTE Sk, HIUE Ssor MmZENN Ssoo 11
MNERBART, (£ 0C. —10CHM-20°Cii 2 b, Sqo MK HHBLME 6415 2 1A -10°C 2 & L,
4 0.7695; Syo [ KAB Y 0.9034, HBLLE 6#7F 2 H08 0°CJZ L 5 Sso MR A AH Y BLFE 647 2 H1/K-10C
EEE, MR ABCN-0.8014, HAf 3 AN B AR S R )G THAR 2 (R B A O

ARV, Sgo 7E =R Z o B2 L AOAH OC R BUR R ABL H IUAE Sor200 A 0.6445; Syo AR REIR K
fﬁ'ﬁﬂﬂlf [F Sior10r N 0.7741; Sso HIAHZR R EUH AAE HILTE Ssor10, N 0.3222,
Table 3. The correlation coefficients between echo area and CG lightning frequency of 11 thunderstorm cases over Chang-

sha in 2021
5 3. 2021 FAPHX 11 MNERBBEAREDE E S IASUR X ZE ST

o 330 340 S50
Fr 5

S30[0 S301*10 S301*20 S40[0 S4Ot*10 S4Ot*20 SSO{O SSOt*lO S501*20
1 0.3979 -0.5469 —-0.5513 -0.5940 -0.6310 —0.2584 —-0.4665 -0.2324 AfF7E
2 0.5171 0.6482 0.6655 —0.4706  —0.6684  —0.5663 0.5233 0.3851 AEAE
3 0.0283 0.1173 0.2641 0.0235 0.0038 —-0.1917 0.4262 —0.0384  —0.2500
4 —0.0357 0.3614 0.3337 0.3251 0.5133 0.5569 0.1968 0.3427 0.5430
5 -0.2261 02639 -0.1378 -0.3269 —-0.2427 —-0.2161 —0.2970 -0.2951  —0.0970
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6 0.7683 0.7695 -0.0638 0.9034 0.7738  —0.2382 —-0.7921  -0.8014 AfFfE
7 0.1723 0.6542  —0.4509 —0.0883  -0.2626  —0.4478 0.1150  —-0.6925 —0.2885
8 0.1542  -0.0869  —-0.0559 -0.3068 -0.0814  0.2031  -0.0793 0.1876  -0.2157
9 0.0103 0.7623 0.1784 0.2225 -0.1920  -0.3348 0.3403 0.0101 0.6730
10 0.6189 0.5877 0.6919 0.5600 0.7319 0.5688 —0.4120 0.5781 0.1661
11 0.5214 0.4769 0.4474 0.5239 0.7109 —0.0402 -0.0402 —-0.0402 —0.8515
PSRN 0.4569 0.6387 0.6445 0.6443 0.7741 0.7264 —0.1820 0.3224 0.0190
FME 0.5800 0.7149 0.0531

VE: S ONRRMIEAL,  “t7 Fo. A PINECT AR IR AR, RIS AT Ssov Suon Sso AN AT R
NS

% 4R EREAA REURKMA Ssora0n Saor10 M1 Ssor10 FHUINSEL F #EAT XS B A& AU 5 1)
SR, B T Foos REVERSS . HI7E 4 ATAL, PR IR A0S G5 R AT 10N Suo a0 UG TR BN
0.72. 0.84.

Table 4. The fitting result of the largest term of the correlation coefficient

® 4. BRERBRADHUELER

&Ik &I BEEF Fo.os WA R?)
S30020 S=2.75F +87.71 13.03 3.887 0.60
-l ey Sot-10 S =19.15F + 89.68 55.44 3.887 0.72
Ssor-10 S=1.46F +19.23 23.77 3.887 0.10
S300-20 S =32.09In(F) + 54.65 15.55 3.887 0.66
ST A Saor-10 S =80.26In(F) + 47.84 32.46 3.887 0.84
Ssor-10 S =11.82In(F) + 11.26 4.93 3.887 0.06

T IR HTRIAL F RIS Z AAFTER M . 2 F B 0 B, AT15H Soao MIFLA DL d5 155 » VA TE[47.84,
89.68] (km?)JiilH, 47.84 km? Al VE A B4R 5 RENE K JE N B BRI IR . X 11 T B ARLEYIIN
RAT—ANEBEEE WIN R AR BT AL S AR A R AT S0, 85 R RIMER AN Gt B,
I A 3 AN ZI [ AN T 47.84 km?. 3B BEH 5 ANIETE B AARTE R AR IR T — AN E AR Ak
FT A T AR R P B IR AR, R IACE — AN Z [ A KT 47.84 km®. [Rltk, T 47.84 km?
AR JRAT] IR A TR £ [ 3 TR R R
4. NEEMELTE

I RT3 AN R AR T D

1) THEIER I ERAR Hao, 522 ho AHEL, 25 Hao > ho,  JURZEAARAEAE R I O 7R B BRI P g

2) 5% % hoo M, %5 Hag > hoggr A Saora0 5 47.84 km? FRBEATRFEL, t0SERTE B, AIANTEZ
N2 ER— N EEEAEEAENEEIE 6. FE 2 ATERRE:
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Figure 2. The flow chart of summer initial CG lightning warning in Changsha

HINHEAE— DA A

P

2. KivXEFHNLERERE

5. &b 5EE

1) W Er T 2021 SERZFRIDIX 11 DR PR 5 DNIETZ AR Haow Has Hao 203 hov higo-

hogo AR LLAT], PP sl 8RS LY A1) ) i K22 HH BLAE 40 dBZ [l 5 T s o

2) Xt 1L ANEFEFRL 5 ANETR B BAR Hao M1 hogo AT HUEL, A 10 N HA Hao R T hogo, AEF

%i‘ﬁﬂlﬁ 1 /[\ Hao > h_190

3) M #T 11 AN B BARTE 0°C L —10°CFI-20°C =AM E 45 1 Sso~ Sao~ Sso 5 HLRAIR F HIAH A,
S0+ Sao~ Sso HAHIK R AT A HILE Sso0n Saor1os Ssooe MIUAIRER, WHHLE & TEMENE,
HrP IR AN Saorao0 FUM FH AR LA [ [ 9% T A R 47.84 km?,
4) KIPHIX VIR AETRE T 5N 1) HEBRARIEA IS ZI Hag 5 ho, U1ER Hao A T ho, RHIZHR
PRI RE R PR TR Bk, 2 MW AR TR B dds 2) STLUATRE TR B BRI Hao 5 hogor WRAEREAT
BRI Hy > hogo, IBATTYCHIZ MRS R IBRCNT 55 3) HHEIZSRNT Sior 10, SHIMH 47.84 km?

BEATEURL, WRATHBOR, M AALEBN 2 2 5 i) — IS WA N A TN TR

E&WmE

I AR R 2022 F5F 4RI H (XQKJI22B014) .
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