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Analysis of mesoscale characteristics and forecasting bias of
severe torrential rain in western Hunan Province on 29 June 2023

CHEN Hongzhuan'?, ZHANG Kun'?, ZENG Zhiming"?

1 Huaihua Meteorological Office of Hunan Province, Huaihua 418000

2 Key Laboratory of Meteorological Disaster Prevention and Reduction in Hunan, Changsha 410118
Abstract: From 29 to 30 June 2023, a local abrupt torrential rainstorm occurred in the western region of Hunan
Province, but the forecasters and numerical models both failed to forecast the rainfall intensity. In this study, the
mesoscale characteristics and the possible causes of forecast biases are analyzed based on the multiple observations
data, ERAS reanalysis data and numerical forecast products. The results show that the northwest airflow behind the
upper-level trough drives the cold air to the south, and merges with the southwester warm-humid air flows
strengthened at night, which leads to the occurrence of this process. The severe torrential rain is caused by a back-

building and quasi-stationary meso-a-scale convective system ( MCS ), which is composed of several strongly
developing y-scale MCSs and shows as an organized linear echo band. Under the favorable environmental background,

the long-term maintenance of the boundary layer convergence line, the wind velocity pulsation of the low-level jet and
the vertical structure of low-level convergence and high-level divergence lead to the initiation and organization of the
convective cells, the consolidation strengthening, backward propagation of MCS and convective cells train effect are

important reasons for the severe torrential rains. Due to the forecasting deviation of the lower level dynamic and
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thermal field of the numerical models, the deficiency of forecaster's ability to correct the model forecast, and the
complex topography of western Hunan lead to the significant deviation in the short-term subjective forecast. Therefore,
it is very crucial for forecasters to use the automatic weather station data, satellite data and radar data with high
spatiotemporal resolutions to analyze the changes of the mesoscale environmental conditions, strengthen the short-term
nowcasting and issue early warning signals in time.

Key words: severe torrential rain, Mesoscale characteristic, forecasting bias, wind velocity fluctuation

51 &

HE AL T R R TEIX, B 252 R R R BB RS (B EANEE, 20205 39
BEKEE, 2021), R A VEN N R R BT ARAR, BRI TR AR 5RO, 2 BLRE ik
MRS E (BRXSE, 20165 HATASE, 2018; FLIISE, 2022; ##%%, 2023).

W ERRZ RERGMHEAEHER (W55, 2003), H5 MCS HZERAEE. 421
GER J 1B B R IE AR ) A ¢ (Maddox et al, 1979; Schumacher and Johnson, 2005; 7KK
[E%, 2013) . MCS MUAZER 2 MBI (anlhss, 2006; EMEPISE, 2022; s,
2024; 1Rk, 2024), Jirak and Cotton(2007) XFHEZE K AEVESR E LK I 400 AR
FEXHR ARG AT AT M RN, ARERR T K2 3 BRI A AR ARG E A2 9 E R
R R IERNCS (iR B ES A R3S SRR LA 2 PRI AR [, SRR IR I KP4
HRBOCREESATE, BE NS il Bt T AR A (Shapiro et al, 2018;
Weckwerth et al, 2019), 2t EAYXEBKEIERE AR TSGR, Ty MCS HY Ak e ft
ARIFHETHZAE UBEESE, 2003; FBNRERRIAMRES, 2024).

MCS [, B MMEIRIAEAR R ok, MBI M Z RUE RGO AR RIS R
W CMOREESE, 2009; skRES, 2013; RIESE, 2018; M5, 2023). EREJTRIELL
(2012) A RATA Tl IX LR MCS 7308 8 Rt RIS, e e 1 J 17 37 MCS K JRE R %,
WEheetg, % 3BURMMN IR, MCS RJa FIAERE . F1 25 RO S 8 1L X PRI 5 77 A 2% W
GRFES, 20135 RIESE, 2018; HIIESE, 2024). FKFE (2013) KWIBFFERM, KAl
L O 7 R 7t AR BEL 42 3 04 2 SR L AT HERRO IR AR B, 7 AR SR AR AL RS K R A 17 J A% 3
—#EFFLE MCS KAEREIEIF . ARFESE (2018) #EXF “5.77 J7MIAFF R EEW AT FLRY], HRE
XA G AR B 5 AL R 7 R R R EAR G EARH 18, JR R, R&F
B B KA I TR 4E o

2023 ££ 6 H 29 H 20:00 % 30 H 20:00 (Abxthf, D, IR 7HEEE | — K RA VR
RFEM, G PR AL R LB R AT TV SO B /K A iy, PR DXy, o K R B
KEH 300mm; FE/KHERE R, oK 1h SRR 3h WSROI R . 32 LT R %5 %
RO SR PR X . TR S A AE Y R 22 o AR SO Rt i A sy 2 L Bk 35
SAD Z W HHIATIRE FY-4A DETR BN HIR IR PO R ERE 080k (ERAS) LA
Jolb 553w T B A 3R AR R oL Bk  (BC) o CMA BRI (CMA-GFS) PAJZ CMA-
MESO-3KM. CMA _E#¢ (CMA-SH3) A1 CMA J7ZR (CMA-GD) A RUBEARS, X b CRE KR b ) A R
FERFAEAN TR A 22 F PT RE SR R BEAT 70 M, B AR PR 73 A A R ) MCS TS AR AR AL A i 4E RE LA
IR TE RN B T I PR U S A 2%

IRBONER TR0

2023 £ 6 4 29 H 20:00 % 30 H 20:00, SRR X EEAT#IPE LML (K 1),
55 ANEZNTGMES 24h BFRKET 100mn. PEHLX R AR AR AT, 2l
UGS FER AR om BRI X, 36 34 A ub Rtk E# 100mm, Horb 8 A ubiid 250mm. 55 R A
AR 75 5 e v B 1 i e R A DX, G AR R L ke AT S P KT Ay, R
FAEME (B 1b).

HeVGE AR BA BUR R AL



79
80
81
82
83
84
85
86
87
88
89
90

91

92
93
94
95
96

97

@© PEMI AT W XERERMIEMN FE AL k). FE AR AL
s B AR AR, A R o SURTE M = AR IR B R 2 & e 7. 6. 4h
ZW (E1c).

@ Mo thsm: PRvgE KA ZUMsE H K EN 316, 9mm, A% 7 Bl Rl E X
SO H B KE DT L5 s MK 1h SR (137.4 mm = h'') AR 3h WGR (227, 1
mm « h') R EE AT SR DR -

@ SN AL e IR R 3L /N R 3R =>20mm « b R SRRRK 330 uhik, Hh
rh /NS R 3 =>50mm b AR S A I SR A OK 43 SEvR. S SRR KA I ELE 30 H 00:00—14:00,
04:00 X3k Py JE B 42 b 55 K, 07:00 MBI S AE I 5K 13 3hvk (B 1d).

@ R VESR: BT FEREREER, BT, RPN E BN PN AR S U R & 2 A
SR E NG, TS E B IR UK KT, ERRGSIEZE, 2RO 17T TN, B
B VK 6. 25 17T .

30N A
28N A
26N ~
T T T T = T
110E 112F 114E 110E 111E
I 1 I [ I [ I I
1 10 25 50 100 250 200 400 600 800 100012001400
140+
. R s =20mm/h
1201 (©) ——— 401 (d) =50mm/h
100 . EERT
c 301
£ g0+ K
i S
 eo 5201
401
10
20
Oio‘—vamOI\coao‘—va O_OFNWQ‘U}*OI\@O\O\—NU)?
TP LTITILY TR T LTI L
SE8888388888888 SRS 88S 83888888
BfiEl/ B -Bf B8]/ B R

E: P b A a PHEX

K1 202346 H (a, b) 29 H 20:00 % 30 H 20:00 (a) BitkEkE CGHE) M (b) RitF/KE=50mm £

i CEEGE S M GEE), (¢, d) 30 A 00:00—14:00 (c) ARERIE/NFFEKEF (d) >20mm « h'y
>50 mm + b B 7Kk ¥ I 18] )

Fig.1 (a) The accumulated precipitation, (b) the stations with accumulated precipitation 250mm ( colored dots ) and
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Fig.9 Wind profiling of Jishou Radar during 29 —30 June 2023
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