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Mesoscale Analysis of a Heavy Rainstorm in Kunming in 2017
LU Ya-bin, LI Hua-hong, MIN Ying et al
Abstract

heavy rainstorm process in the main city of Kunming on July 20, 2017 were analyzed and the features of the mesoscale convective system were

(Yunnan Meteorological Observatory, Kunming, Yunnan 650034 )
Using conventional observation data and unconventional observational data such as satellites and radars, the weather causes of the

comprehensively analyzed. The results showed that the 500 hPa two high convergence area was the weather scale effect system during the heavy
rainstorm process ; Convective instability stratification with high energy and high humidity, and suitable vertical wind shear were favorable con-
ditions for the formation of strong convective weather. The mesoscale convective system ( MCS) developed in the region of vector divergence
convergence. The short-term heavy precipitation mainly occured in the convective active TBB isoline dense area at the front of the MCS mo-
bile, and the change of rainfall intensity was closely related to the gradient change of TBB isoline. Doppler radar showed that the upwind region
was a direct impact system for strong convective rainstorms ;the echo intensity was 35 — 45 dBz, and the strongest was 49 dBz;the area where
the echo top height exceeds 10 km corresponded to a strong thunderstorm. There was a good correspondence between short-term heavy precipi-
tation and thunderstorm weather.
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Table 1 The hourly precipitation of representative stations in centeral

Kunming mm/h

[} (i) Time A F Taihe ZR4E Donghua
19 H 20:00 0.4 0.5

19 H 21.00 0.2 0

19 H 22.00 0 0.1

19 H 23.00 7.3 46.1

20 H 00:00 79.9 77.0

20 H 01:00 36.1 29.0

20 H 02:00 1.3 1.7

20 H 03.00 0.2 0.2

20 H 04.00 0.1 0.1

20 H 05.00 0 0

20 H 06:00 0 0

20 H 07:00 0 0
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Note : Blue represents negative flash,red represents positive flash

El1 2017 &£7 A19 H20:00—20 H 08:00 = & HIME (a) FAiIA(b) 537
Fig.1 Distribution of precipitation(a)and ground flash(b) in Yunnan town stations from 08:00 July 19 to 20.00 July 19,2017

2 EMNREROMEEG

2017 4E 7 H 19 H 20:00 500 hPa JEH A (18] 2) , 7 i
13 )5 588 dagpm 195 RN, VLR AE RS L AL A 7E K
PP R ARAT R R P, 25 A T R R - g ) Y A

il w//
A S
AR
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Fig.2 Weather situation on 500 hPa at 20:00 July 19 in 2017
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Fig.4 Wet Q vector divergence distribution at 700 hPa at 20 .00
on July 19,2017
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850 hPa on July 19,2017 at 20:.00

200

250

300

400

500 [

600
700

800
900
1 000

785 Temperature | ‘C

E6 2017 47 B19 H20:00 K {54157 (a,°C) FR AR = #5 T -~ InP(b)
Fig.6 Distribution of K index(a,°C)and T —Inp in Kunming (b)at 20.00 on July 19,2017
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Fig.7 Wind of automatic observatory in central Kunming during July 19 —20,2017
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Fig.8 TBB < -32 °C cloud area in FY -2E infrared cloud map during July 19 -20,2017
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Fig.9 Distribution of TBB at 00:00(a)and 01.00(b)on July 20,2017

6 ZEHTFILEIREHE

PRI LI 25 T Ikl & 8,7 A 19 H 20:04 7E R
AU B X 3 B (L 10a) ,21:09 X6 7 B4R B 45 i
Hefk (& 10b) , 2 30 km/h ()5 2 1) 7 8% 2 2 i 522 .57 % i
1R A JB TN, e 2 L S IR 22 SRR (] 10 ),
Wi AR E3AATIX . 20 H 0000 5, BLBATT X 32 7R
PG )y ROGT AL B8 7K [ 5 5 M), o K G 3 & i B i, 00 : 00—
01:00 R K f5e 5 i BE, [0 3% 4 35 7F 35 ~ 45 dBz, 5 5% [0 i
49 dBz( & 10d) , 3 [l 2P 7E 3 ~4 km =B (K] 11) , [
SERG MR, B K A50% G, 302 I VR R R 2ok R LA T ) o A K
Sk B EE A 5 55 A i T 96 T g 3 3k A 10 ~ 12k, [H] 17
R T R, MUE R L RS R R BRI T XA
X TG (FE 12) 5 02:00 J& , 336 JRUX I8 55 914 155, B IH 323 X
[ 35 380 B U 55 A 35 dBz LR, W7k B D 5

AYBT IR, XK R RUBE 586 I 2R GE AR X B — | R B
X 3% 2h 3 B 1 5 B K, 813 8 8 7% 35 ~ 45 dBz, fi 5k
49 dBz, [mlj Tol i 3k 10 km, i [0 35 D380, 5 06 1sf 5

R AR ARRT R
7 i

(1)500 hPa P 4 A& IX AT, 5t 1Y) =5 RE i i 3 058
FR T B AR L & A2 R S AR 2 4G, M e A
LR fih e AR RE I B HIOY R PR, 7K VG U AN Q K
WHUE A X S RW XL, BRSNS, Bk
ef 7K 5 B R AR B i)

Q) DR ZE FEMALH R M M, CS 3 550 kK K
S, M CS ) TBB< - 52 C A = XU ] 5 2 F 0 1 Lo
TR R K 5y & A AE M, CS 8 8l 5 B i (69 X 3 136 BR 1) TBB
S(HLR AR X, HA sl & B 1) TV 141X 35815 e i AR 7K
DX IS 7 5 -, RN iR AR Ak 5 TBB A5 {H 26 B JE AE L 2%
FHIC

(3) 2 T A R T L, 3% SR At IR X 5 W = A 1
BRI RS0, 9158 3 A 35 ~ 45 dBz, [R] 5 T = R 4
10 km, 55 [A1 35 46 78 IR 2, 390 XU DKOGE 7 J6 ) i 28 7K R 7
#ERA



150 G e

2018 £

H:a.19 H 20:04;b.19 H 21:09;¢.19 H 22:57;d.20 H 00:37, &l a.b.c H RN RIAILHE R, K& d J e R B 35X
Note:a.20:04 on July 19;b.21:09 on July 19;¢.22:57 on July 19;d.00:37 on July 20. The white circles in Figures a,b and ¢ are in the northern part

of Kunming,the black circle in Figure d is the main cities of Kunming
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Fig.10 Radar reflectivity factor in Kunming during July 19 -20,2017
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Fig.11 RHI profile of downtown Kunming at 00:37 on July 20,
2017
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Table 9 Test results of American ginseng amino acid oral liquid
B i i JA S EES S [l RSD // %
Content in the sample /mg  Addition amount // mg Measured quantity // mg Recovery rate // % Average recovery rate // %
0.080 3 0.040 0.121 0 101.8 98.9 2.83
0.080 3 0.040 0.118 0 94.3
0.080 3 0.080 0.161 0 100.9
0.080 3 0.080 0.158 0 97.1
0.080 3 0. 160 0.2390 99.2
0.080 3 0. 160 0.241 0 100. 4
F10 REFRAERZHE(CHTR MR R
Table 10 Test results of Ganoderma lucidum Cordyceps wolfberry suanzaoren particles

B Pl & i AR WL i TR RSD /%
Content in the sample // mg Addition amount // mg Measured quantity // mg Recovery rate // % Average recovery rate // %
0.024 5 0.025 0.050 2 102.8 98.6 2.89
0.024 5 0.025 0.048 1 9.4
0.024 5 0.050 0.073 5 98.0
0.024 5 0.050 0.073 2 97.4
0.024 5 0. 100 0.1250 100.5
0.024 5 0. 100 0.123 0 98.5
3 i (RIS ST

3.1 FRAEMMZAERE  TEBUA Y 2003 A7 RR (A E ARG
SR ARBIE) b AR g A0 — A a5, FH 0 SRR AR,
XA — AR i, LR 25 R, XA RS iR
12308 R bR T h 2k, OB BEFE 0. 020 ~ 0. 250 mg/mL 3%
REMER 5

3.2 BEMEREMIERE T7EIA R 2003 FRE(AHEE
R 55 PPN AR BLIE ) F8 o3 b b o S BAT 1) SCHR v s
PRI T ZE B L, 60 °CKBHET, XA 1 et a]
KK, ETTEE 4 ~5 h AREHET, w28 )y, il E5R T
60 °C, ELZ5 2 150.100.50 mbar, % ¥ E{ 25 150 mbar {535
10 min,50 mbar {4 30 min FeE B J), RS 5 IR RH S
FR, IRy T ERCE  HOR HIZK A 60 °C, F125150 mbar
{44 10 min,50 mbar {445 30 min, 452 T,

3.3 MEREMEE BTIZREN B, 865k
R RS WO B AR ARAR R, 548 T AR VA TR B €5 24 h
J& WG EER23 I 0. 720 0 FA 28 0. 361 2, [ 07 7™ 4 42 il )
SERFA], BE TR F M 60 Cokis BB, STEIVKTS 2 min, K
WA S5 mL JK R, 5250 e PRUE (8 58 4 A T e o ik
52T 5.10.20.30.45.60.90 min (KGR, & PEE 30 min
P SE RGN A , OB RSD /NTF 3% , A BB IFEE i MERA:
3.4 BIEEFEREE  ZIR 0 B 0 SRR AL R
JieAE | BRI B T2 R R ORI A R A RS
LB B A R, AT APy PR A 18 MR . R
R TR A AR 4 I, (e 8 J 0 2 1) A Y 2R Y TR Y

4 &g
TR DA A v — SR R 05, SR RRUE Hh 2 AR
R, 255 R B, A o i e vk I e ) et 9 L Ol 0. 020 ~
0.250 mg/mL, Yeiiz FHL K =0.998 9, 6 i i {48 £ it
SEFIINAR RIS RIS AE 95. 8% ~104.2% ,RSD<3.0(n=6),
FRIZ T IR AR PR R L R R B M, R B R
TR, B SR M A
S &R
[1] Z=[APH, B /515, HPLC EE s i AZ B Re \Rg, MMk
&[T ]. FRAkZy,2006,3(28) :346 - 350.
[2] % AR, B, % e RN E R AR A S B S RE T
R LI ], TRl ,2012(8) :79.
[3] VL, ERE . T MEIER AT AS25M AS B SRllE
K HRBIRIRFE ) ] s S T, 2015,35(7) 1885 — 1888.
[4] P55, 2500, SRR, & AN R TP AR B E S ENE )]
FRZ5515H,2016,7(2) :39 —41.
[5] F&, IMEK 45N ASHIRTP AS R BEHSENELT]. ASF
% ,2013,25(4) ;28 —30.
[6] HIfd, Rl EINT L FS R NE NSk &
rhE25,2016,36(8) :832 —834.
(7] I8, /D45, oA, . fRIgh m B B S el 77kt I ]
IR AIEE2S,2014(6) :30.
(8] rpte NERALANE DA, (R ESOIE ST ABTE 8. R AR
HFIE T4, 2003 :306 —307.
[9] ARG, ENVEK. b ille ASh AS e B H S]], Z28hiR
SRR 2003 ,22(4) (51 - 52.
[10] #EH M. thtaile NS B ES 20T 1] L TR,
2016,30(9) :25 - 26.
(1] £R, MRk, FEa bR E R S e B L . ezl
2013,25(8) :90 -92.
[12] Skéfed, #BRCE SEAL, % RIUMIBRIN AS B g T 2 M g
FHSEL ], FhEzGF2uE:,2003,38(9) 1661 —664.

ERTFREELI]. ik

(L35 150 )

[15] FIGKRS, FEHELEE. TR R SAHT STHR P R TEAR [ T]. <
%2,2012,38(2) :164 - 173.

[16] 58, 15T, PVE , 2. Jb75—VRIEX A SRR K R T].
%2,2014,40(12) :1455 - 1463.

[17] PNERSE, 2588, poBi e, 5. 2013 £ 7 APU) 12— A @M R

JERGHEAMHIE[ T ]. 55,2015 ,41(5) 533 —543.

[18] FLILE, BXpHT, 25710, 2013 4E 7 H# R RSN B R A8k
TERTERSRZE M) ] 5 ,2016,42(5) ;578 —588.

[19] 17, BUZHE, THE. — R SR A R REEHR A 20 M ARE X
YsemsyhT 1], <5 ,2017 ,43(1) :21 -33.



