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Abstract Back-building MCSs (Mesoscale Convective Systems) are highly conductive to sudden, localized short-duration heavy
rainfall. In order to reveal the characteristics of this type of MCS and its association with heavy rainfall, this study systematically
studies spatial and temporal distribution of back-building MCSs that triggered short-duration heavy rainfall during the warm seasons
from 2015 to 2021 in Zhejiang province. Different organizational forms and environmental thermodynamic factors of different types
are also explored. The results show that back-building MCSs in Zhejiang province exhibit significant monthly and diurnal variation
patterns, i.e., MCSs mainly occur in June and July with peak hourly rainfall intensities of 30 and 50 mm in these two months,
respectively. The MCS primarily form between 11:00 and 14:00 BT, with the highest frequency of formation occurring between 12:00
and 13:00 BT. The majority of MCSs have a duration of 12 h or less, with 10 h duration being the most common. The start time of
backward propagation shows a quasi-bimodal pattern, which is 2—3 h later than the main formation time of the MCS. For 90% of the
cases, the time of maximum hourly rainfall intensity occur within 0—2.5 h after the onset of the backward propagation. Based on the
evolution characteristics of convective system organization, the back-building MCSs with short-duration heavy rainfall in Zhejiang
province can be categorized into four types: Advective, quasi-stationary, turning, and propagating MCS, with about 42% occuring
under the forcing of weak synoptic-scale system. The MCS usually occurs in an environment with medium convective available

potential energy (CAPE), high humidity and appropriate vertical wind shear, but with different environmental factors for different
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types. The quasi-stationary MCSs account for the largest proportion (44.7%) and are characterized by significant environmental
dynamic features, including strong atmospheric instability, large steering flow, and mid-to-lower-level vertical wind shear. They
result in relatively weak maximum hourly rainfall intensity (the median is 50 mm/h). Propagating MCSs (accounting for about 17%)
exhibit more distinct environmental thermodynamic characteristics with large CAPE and precipitable water (PW), and lead to the
strongest maximum hourly rainfall intensity (the median is 70 mm/h).

Key words Back-building, Short-duration heavy rainfall, MCS

W E 5 m LR ST R & 48 (Mesoscale Convective System, MCS) #% 5 5| & 28 & % . Jy Motk Jg i i e /K . o T 48 /R % 2
MCS Y AIE e H 5 3R B K A B R, XF T4 2015—2021 4F B 2 51 & 4 B 5 B K 14 J5 1] % 4% 8 MCS [ i 25 20 A . R [ 28 A 21 41
JEARIRE I 2h N T BEAT T RGHEIT, 45 5L R W, 51 % i 1148 I 58 B /KU 1) 1% 3% 89 MICS 74 A 35 19 H BRAS AR R F 22 16
L, BB LA 6 T A, B3 LR KN A 30 A1 50 mm b E . MCS FE B AE 11— 14 B (b mtit, TR, L 12—13 1
MR % . 4 RKZHMCS MEFEERHK <12h, P22 10 h (BRI £ . 5 [ 1648 T 4R 19 A () 2 7 U AL, 48 MCS A Y
BN IR 2—3 ho 3T 90% 1Y Bl die /N B T kLD BB R E S 1AL R T AR 225 0—2.5 h N o ARG X IR 2R 4 2H 4 VAR R AT, R B
R K R 45 B A MCS 43 R T i A L v AR A R ARG R A A R, 2 42% RAEEFH RARERFERIAT . J5 0 & #E A
MCS % & AEfE &R . M. BA —EREEZEMNR. s A, EARE AL M AR TR —E LS Wik
MCS /i Ho i (44.7%) , HIRSE 8 IR B 3, B BRI R RZ SRR E . BORM B S0 A I8 Rk B YA, P24
S 5 5 A /IN BRI 3 AR X 5 55 (HR AL ECA 50 mmvh) 5 1 % B 2 MCS (i HL 2 17%) (10 35 55 3 #4 R AE 0 W e, RPN B K MR TR A

R0z BE (CAPE) 1 )2 AT K B (PW), 365 809 7 24 die /I IR T 3 A 588 (PP (32 45008 70 mmvh) o

XK EERE, ERRREK, PREXIRAS
FEENES  P44s

1 5 5

HH R XTI R4t (Mesoscale Convective System,
MCS ) 23 A o 3 A K 1) B4 R 48, HiA gl L A4
I AR — o PR B L5 W 1 5 K A v X S 0
B B R RS0 3 75 ) AR 5 S A
MAGAERE Iy m e [w e . Hrb, 51 S0 A5
B XU G A% K U F S A B A AS TR i TG 7 AR
(Corfidi, 1996) . 45|50 J7 17 5 1% 1 J5 ] 52 £fi
/NTF 90° BT A i Il % 1, KT 90°HT Ay J5 ) £% 46 (i
/N, 2013) 6

J& I G FE & MCS I —FiRp ik A BUB & . I
K10 J5 1) 4% 1 2 T 2 RO i S LR S I 3 1 X i
PR A I B 26 1) — A 41 21 B 7S (Bluestein, et
al, 1985), It J5 44 Ji& 2 38 MCS 4 21 ik 72 I 3% ¥
T A MERR LS ) ST SRR S R R AR S
(Parker, et al, 2000; FEIF5E, 2012; FFES,2019),

J& T A5 S A, ol 55 B A TR L E R A B X
TR G5 HX AR e AR R R R, TR B ]
DLW 3 22 40060 5 30 2 e s 1y 5K 7 B 8 R
TE (SR FEAE, 2015; FFRAE, 2019) . BT E RS0
W52t 2725 %I 1) A8 1 04T 1 BIESE, K BB A
il & 5 % s A 5 5] 3 S (AR, 20155

sUE A, 2021) FXEE BLUIAR (BRIAFT45, 2012; T 1B
J5,2012) YA G . RS (2015) FTBH g oo 4F
(2020) 43591 X6F 111 2R 48 B PG 45 I 1) 1% % 0 75 2 F
17 G309, 13 T 3R MR 1 T )5 1) &
JE T TR R R AH G T L ¥ A IR R ST 1) 15 1
(14) £ 203 A ok i o o AR . — T ik & B
A I AERE, S — A S I | RS SRS
YER = A dm A OB 4F, 20175 B/NE S, 20205 957 %
J5AF,2022) o Ja AR R BT A SR Y ik % 8 S AR
ol 3T b T H A A R A B SRR Ok, AL Ik
AP (AN R S5, 2013) | R4S 2 R A i
([ SCARAE, 2012) KX 3t 4 (90 %5 WR 55, 2018)
B TEMBEY 5, IS A MEE A MCS W B A
R A AL fiE (Moore, 1993) | BB, K2
R T VIR CERAIGJ2 X)) 7 ) 5 i S A se 3 &
3531 3 B (Schumacher, et al, 2005; 434, 2013);
PR SR R K Y AL 7 8 MCS AT L& AR AR 55 R
SRS GA A PR T S (B R 55, 20205 2255 5%,
2021; B LA, 20225 ZEIAIH4E, 2023) .

Je ) % 4% e A=, Borp RUBE B AR B 1) 5 3
B V05 T A R, R Ge AL 3% 50 5 PR BT Ui
RN, AH ELHET , (A5 X 3 2R G5 /0 o) ok fE B K 4
5 (Schumacher, et al, 2006) ; B A 55(2020) 78 H,



1154

Je 1) A% 4 2 4 b 53R [ 7K 18 2 MR IR 2R S8 B B AN it
15 O NI <351 Wi e € = < N i B 7 R o A P E
T, BN = A ik, 5 5 80E K Y &
4o WLAER, B ZUSRIEK RFE SRR AGER
Jei ) A% 3% 2 DI AH G (AT /N o, 20125 TREE 4, 2014; 8
iS4, 2018; HIAT A%, 2018; 7R & 555, 2022)
T 5 1) 1 1 B A fih e AL A2 2%, MC'S 41 83
ARG E MR, W A U A g — H H A B K
FIPeER o b 55 b, 455l 4 53 X HL R IR B 4 4L
AN, F B R AN R B 11 i s sk
H AT £l X+ MCS J& 1 7% 46 i 58 K 22 41 64 61 9
XTI ] 4% 7 B MCS 1 3y A4 SURL A A VA R
T, AR B3 d MCS i) 28 438 A ] 28
() Ja AL 1, -3 BOAS [R] 38 J32 RN V% DX A8 2 I i K
DL 45 258 MCS PRk . Bl J1 R4 1Y) 22 S anu, 475
KIEW R o ARSI AR ELE 7 a B F 5
ERE R MCS #H1T RGEMSE, o ENTR A . KR
IF 2 20 A1 REAE, DA 300 fih 22 31560 B4 7K 7 A ) 4 403
AR S B D) R B R AR, O B X3
SR o AR TR L U I 5 AT 4 A 1 S A A AR A

2 BWRSIE

21 & #©
FIH 2015—2021 #7414 3 S # Bt 2 %

@

Acta Meteorologica Sinica %R 2025,83(5)

IR GERE | [R] I B VLA b T A5 I s
PRE AR BT, DL b4 [ RGeS R R
HEAT A5 308 B 32

FIF BT[] 43 BE6 0 1 h, 25 (6] 20 BEZ R 0.25°%
0.25° 14 B H 8 2K A< 4z H o0 ( European Centre
for Medium-Range Weather Forecasts, ECMWF)
%5 5 AL 4 M ¥ KL ( The fifth generation ECMWF
reanalysis, ERAS) T B4 255 07 o
22 H &

F I8 R MCS T2k A AR Z=, A 5T X i 7
4 2015—2021 4F 4—9 1y MCS #E17 0 Hr . B 5k
fifi FH AT /N 88 (2013) X o RBE X i &R 48 (B-MCS) J&
[ £ 45 19 78 ST U AR 5G9 MCS

DLER Ik BB W 5] & i [ K B B-MCS Ry
B, 0% U B AL 3 T 18] Sl Py 53 AN (Vs tVaget
V500+V300)/4( Vsso FR 850 hPa KU, H 4K It 2
) AR G AWV, BISER 1) . WiE 1a
7R, HAEXE U AR G0 a w A T AN T4 R, % it o
Ry PRI AE B, H PS5 v /5 ol 90°—
270°mF (BRI P Hoby €0 7 Sk B i X 0, /& O MCS
KA JE GG, b L 20194E 8 A 28 H— K K
AN R, 25t 1AL R B MCS 1 7 A 1T

4 7 1] Hh TR R UL 6 T A LA B R S v Oy
] A0 52, 3L ) pi R B 220 g s L B e R A

B R EAE R MCS /R (a) S BLSEAMA (201948 8 A 28 H) MR LML (b) (BH v i, P RIEE T, C RS
RAAL B Ir 1) s M AR T 138, N ACIR A I Ak oy 7 AR, BT R A B AR R B R T, 2 Ch B R R IR
Fig. 1 (a) Schematic diagram of back-building MCS, and (b) a radar image of a real-case scenario (28 August 2019) (P

represents the direction of propagation, V is the direction of advection, C represents the direction of system movement; M indicates the main

radar echo, N represents the periodically triggered new cells, the Arabic numerals indicate the sequence of cell triggering, and the Roman

numerals represent quadrants)
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Fig. 2 Spatial distribution of frequency of back-building MCSs causing short-term heavy rainfall in Zhejiang province (a. all

MCSs, b. MCSs of 30 mm< hourly rainfall<<50 mm, c. MCSs of hourly rainfall =50 mm; shaded represent terrain height (unit: m), numbers

represent frequencies, and red area represents areas with higher frequency, orange and yellow represent medium frequency areas, green and

colorless represent lower frequency areas)
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Fig. 3 Hourly frequency distribution of back-building MCS formation (a) and occurrence times of backward propagation (b)
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Fig. 5 Geopotential height (contour, unit: dagpm), wind field (barb) at 500 hPa (blue) and 850 hPa (red) before the occurrence
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Fig. 6 Radar composite reflectivity (shaded, unit: dBz) and distribution of stations with short-term heavy rainfall (solid dot)at
different times of a typical case of advection type of backward propagation on 10 August 2020 at (a) 15:42 BT, (b) 16:10
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Fig. 8 Radar composite reflectivity (shaded, unit: dBz) and distribution of stations with short-term heavy rainfall (dot) at
different times of a typical case of turning type of backward propagation on 29 June 2018 at (a) 12:49 BT, (b) 13:12 BT, (c)

13:30 BT, and (d) 14:41 BT
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Fig. 9 Radar composite reflectivity (shaded, unit: dBz) and distribution of stations with short-term heavy rainfall (dot) at

different times of a typical case of quasi-static type of backward propagation on 9 June 2021 at (a) 21:12 BT, (b) 21:29 BT,

(c) 22:46 BT, and (d) 23:27 BT
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