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Abstract: The torrential rain events in North China include regional or valley torrential rain and also con-
tain local torrential rain only covering the area of several hundreds to thousands square kilometers. Essen-
tially, these torrential rain events all result from the interaction of multi-scale synoptic systems with diver-
sity of dynamical structures. However, it is not easy to clear up the interaction processes of every torren-
tial rain event. From the views of the multi-scale synoptic systems and their interactions, the paper sums
up the main mechanisms of torrential rain in North China by reconstructing interrelated research achieve-
ments. The findings are as follows. Synoptic scale systems act as controlling functions in large-area torren-
tial rain events. Their dynamic properties constructed by various essential factors play leading roles on

large-scale moisture convergence intensity, the ascending motion strength and the duration. As far as the
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rainfall intensity and the location of extreme precipitation during a torrential rain event are concerned, the
mesoscale systems are decisive factors. They are possible to be derived from the interaction of synoptic
scale systems, induced by the complex underlying surface such as terrains, urbans and interface between
land and sea, and engendered by feedback effect of local severe precipitation. For the extreme precipitation
intensity during torrential rain events over North China, the generation, development, structure evolution
and organization of deep convective storms are the key factors. The exceptionally complex nonlinear inter-
action processes exist in torrential rain events over North China by various interactions among the different-
scale synoptic systems and complex underlying surface forcing. It is actually difficult to separate any unitary
system or isolated dynamical process perfectly from the complex interaction whether by actual observed
data or by numerical simulation. In other words, the complex nonlinear interaction process itself is a
weather life system built by diverse feedbacks to each other. Some scientific issues on torrential rain events
in North China, which should be resolved in future, are discussed in last part of the paper.

Key words: torrential rain in North China, multi-scale synoptic system, interaction, complex underlying

surface
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O 1 82 Y A= i 32 3 T R R BE AN ] 5 3 AN ) B
T ST IR H Y w45 5 R BT
KBETEZS B0 AT FAATE 22 57 . X B A Y S i 30 )
L B AR B R WA R WA B
W% 4% 45 1IF 7 2 79 33 2 (Bao et al, 2024; Xia et al,
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RARG LY 0 B e 4 1 HxX — &g it
PR AR AT 2 L A 00 Y g IR 2 O o R R VR D —
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S 2% BT 5 38 AR LAY T RO RGBT
SRR AR L AR AR S B PR L BT RS B A
TR RCER AT G, AR AR L 2 TR ) 7 b 47 1 AR
AR . U H S U ) L R Y b TR
[ R 5 7 R P DR IO DX, A8 R0 T B O A2 A B U 3R
Tt R A B B R 5 A LA R vt XU 5 kT B 1Y
HEAEM.

TE VI8 3T Xk B 1 52 0 1) 3l 3 2 A R, 738
— SR P O X AR T SE AR A T Cml il a
HIE VIRSZ I ) LA KO R A28 6 14 BEL il T 45 36 i
R K B4 5% (35 W, 19835y 1 W A B i 4E, 1999;
Pierrehumbert, 1984 ; Kirshbaum et al, 2018), i
e 3l J1 B A T R v RO R Ge R S A%
£ 45 P TR BB Ll A XUER 3t CFE 3t 18T X3 b A
R MRS LD ARG RT)ZEE %M T Il &
F77% (Smith and Barstad,2004) , #i B XK 2 K K )
L5 288 1 T RS RS L i 8 R B X (T ) 55 (U7
SEAF 20200 s EATAS Bt ) G fish & i XU T A
22 W, 24 H 5 RAR G BAE R 4 56 R 7K o
Vi BE R . FMAK AL (20052) K RE B Y S A 7
PR DHE T AR AL M IXORAT 1L 2R IR 28 2R KU
TECR U A [7) 3 03 A1 25 44 X [ K % X R 52
M o i HE 2 2 BT LU A A B s BE el i IR A
FH 3 A 388 JRIHE — 0 g 7K - 5 5 A e e T
S, T8 R XU RUE U B8 D) A £, X 38 XU
IR A B R A P 5 25U A0 2 S0 A B g R A
DU XU ™ A A A T 3 e =X 32 486 o D
PR T AU A ROBE AUl s DD AR £k o KIS T A6 PR A
(2024) ] FI /K - 103 B2 J7 72 () AR AR 4 3t A R 1 I 2
UL YD 0 g A L KU 5 R TR AL B
Zhong et al (2015) W BIF 98 & B, 2012 447 « 217k
SURFOR R AR AP A R ORBEAR I B4 R i b g
s AL A I X T I b LAY RO 15 e R
G fiuh R

Bif o 5 R kT B A R kL b EOR R —

W C 285 g R W KRR G808 5% i JF
U6 B I B 0 R T B T R E WS e 5] kT A
S )TIZ RTE o ST R RUBE BR R IR BR D 7E %2 [
b A A ) A0 5 | 2 35 AT A ik %
I A DG T BRI A A N M TR B I A ELAE L3R
T 8 B 3 AR XU A AR R b L SR A b Y
XT3t 22 T Ao R ) R T BIL AR

SR T QAP0 I ) 1926 I Y ) N s i
(Niyogi et al,2011;Ryu et al,2016), db 5% I X X}
7 T 52 T () BIF 9 2 T Sl 0 XU R 98 1 flh i 7%
M sh e 7 & EE W (Guo et al, 2006; Miao
et al,2011;Dou et al,2015) , Pk % (2006) AL
WA TF L g5E6 REMR . n T RAEFE
U — CIRAE Y B RUBE TR I 22 0 R LY A
Sl HLA LA K 0k T 320 B2 A X YR b % R A AR R Y 3l
J12AE T DE 4R 3T 5 RB DX 2T 8 P A (W]
BT 22 S A R TR ST rR RUBE s T KU 37 4
B2 B LAY T IR T B KT A7 A
i ] R U DX B2 N X i DS i T
T J2 DR 98335 o 300 22 T 0 A< 0 o 3. 17 7 RIS 1XC D) AH
S o I M T S B R A SN . BRLG
AT H R 4 5 0 I Y S BT o — A5 IR R Y 7K
V- R G R GE S AR AR T T R G TR S X B
RAE L, s X b F % A B X R g A W A
SEAE T 5 TR UL T RO TECHE 30T b 25 01 ) A R4
JIE5 i 2 AR =S U S AN ) | B S S 7 L1 R )
LR BT B PR & JE . T 1 Sy pl kT A I Sl ke AT 2
T A HE A A (M2 F FMARAA S5, 2006 AYIE S0 .

T 3T A A RN M O 24 3 A T AR TR S P
ARAS FIAZ I (2008) Bhie 1 I 5 3 i A 05 S [ 4
T B RUEE BT — R FIR AR AL 45 T BT
O R BE bR R DA RO T i U S O 22 (R A K
S 6T b P L A ) 5 e AL R - — T
T AR T IR X 1L Y 7K P i R A B A 3k e ki
FR 1 U 0 5 I A R G R 1 L A R A X
B KR F o RUBE X R K A R 1 i
M 5 o — T T — ELI XU B R b i R KL A it
RO AL SR AR T LU B S 46 TR L A R TR R
JEE X 2 G0 0 A 4 T LA b 5 T A 8 a5k K
— 5 R AL K T I B AR B TR )2 )2 T U R
T AR B AR K P il J3E A, JFG 3 [ 4 T H i s A
25 WA B Y)722 5 R K 5 B 22 1] B TE S s 4 X
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Fig. 1 Conceptual model of initial stage of mesoscale convective

system in urban heat island (cited from Sun et al,2006)

IE S stk A% B EPRF%FI?E@}F/&L%I@%UTEE
VR W BEARE A B RS N P 2 B (B4 1 Fh kb A
ik - 2008 HE 30 o

TSR T 485 5 9 AU AT I A P64 b o v B T
S WA B 5 7 16 > PR B DA U I 7 T 7 3 BB . A R 4
B ST M E TS 1 R 25 T8 BRI A
T P ik AN W7 9 3 1 96 XU 1A XU A B 5k v e ik %
T4 25 5% 7 X% CE R, 1990; Wissmeler et al,
20100 T8 B T V5 0 7T 1 %o I M R T . T ARG AR
IR T2 J i Bl T 25 5 DR I B 7T R0 AT R —
A i v KU (9 1 E CIRR N 45, 2013) . 1 T XL
B AR B R — SR JZ IR W1V AR A PR PR
2l 1) Vi DRV 5 | A 1) K S 1 R W R AR R A O

WS R B, A o i XU 5 000 T RS R 1 B R A A L 2 X
AR R R R B B 0 R AR ] OFR R 404, 2011
2013a; faf BEDEZE, 2011, k1) H PH Jm) b 22 W 0 2
XoF i A2 22 5965 v XL A 388 e BSORT 3 A 5 A T AN
[] 75 2K — 2 %o i KU 3R 40 4 5 vl XU L T AH 3E
T DRV 7 DR ) V2 7K 0 2 00 5 X8 i 40 o 4 T 4 T
B 2 — 20 38 58 % YL 2 2l I 4 U KU i ) 5 il 1
JKVRAE F %k o DA T 32 0 /K CRR BB 45, 2013) 5
T T RV 5 N U AR I A B KURH B2
J& W 46 T2 3 fish & B A5 6 B AR R IR S TR R i R
ARG I ORI R R G0 51 4 Ry i X i 1
F (EESE,2014, 7 K55 ,2021)

o B0 5 A S

Bl 2 HbTE 5 3T A 5 2 () £ PR T 098 L0 AL 5% W 0 4 AL o ABE A A R (R P A B 5 2008)
Fig. 2 Conceptual model of maintaining mechanism convective torrential rain in front of

mountain by mutual effect of terrain and urban heat island (cited from Sun and Yang,2008)
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Fig. 3 Conceptual model of the low-level dynamic

and thermodynamic configuration for the
extreme-rain-associated MCS on 21 July 2012
(cited from Chen et al,2013)
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