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Spatio-temporal distributions and environmental characteristics of extreme short-time
heavy rainfall associated with different patterns over Northeast China
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Weather, Chinese Academy of Meteorological Sciences, Beijing 100081; 3. Panjin Meteorological Bureau of Liaoning
Province, Panjin 124010; 4. Liaoning Meteorological Disaster Monitoring and Early Warning Centre, Shenyang 110166)

Abstract: To understand the weather characteristics of extreme short-duration heavy rainfall (EHR, defined as hourly rainfall =50 mm) in
Northeast China, this study utilizes meteorological observation station observations and ERAS reanalysis data from 2017 to 2024. EHR
events are classified into cold vortex, Western Pacific Subtropical High (WPSH) periphery, westerly trough, typhoon, and weak-synoptic
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forcing type five categories to comparatively analyze their spatiotemporal distributions and environmental characteristics under different
synoptic patterns. The results are as follows. The frequency of EHR occurrences in Northeast China decreases in the following order: cold
vortex, WPSH periphery, westerly trough, typhoon, and weak-synoptic forcing type. Compared to other EHR types, the cold vortex-type
EHR exhibits stronger rainfall intensity, longer duration, and broader spatial coverage. In all provinces of Northeast China, the cold
vortex-type EHR accounts for the highest proportion. The proportions of the WPSH and typhoon types exhibit clear spatial gradients, with
higher frequencies in the east and south than in the west and north, whereas the weak synoptic forcing type shows the opposite pattern. The
WPSH and typhoon types occur most frequently in August, and at night. while other types occur most frequently in July and in the
afternoon. The cold vortex, westerly trough, and weak synoptic forcing types occur in conditions with relatively lower moisture, but are
characterized by stronger static instability and more pronounced mid-level dry air. In contrast, the typhoon and WPSH types occur in
warmer, moister environments with higher near-surface relative humidity, stronger low-level jets, and vertical wind shear. Compared to
short-duration heavy rainfall (20~50 mm-h™), all EHR types occur in environments with higher convective available potential energy
(CAPE) and higher near-surface relative humidity. These results provide a preliminary characterization of the spatiotemporal distributions

and environmental parameters of EHR in Northeast China under the influence of different synoptic systems, providing reference for

understanding EHR physical mechanism in the region.
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in Northeast China
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Table 1 Station numbers of different types EHR with different rainfall
intensity in Northeast China during 2017 —2024

Pl il PR 5 AU s

FMIHR(R) (mm-h") ¥

SOSR<80 839 639 310 233 139
S0<R<I00 48 47 21 20 8
100<R 07 3 2 0
AR R TR RS 25 ) RUBE, BDA2R 1 h ) EHR HH 3R 1Y

B UM %, AR %2 EHR f995 IO (Yang and
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W (Sp), HEH Sy RIFFEFEN, EHR H3/INSEL (Hy)
(# 2), AT7 T BEHR AR .t 2 AT 0L, Bl Sy 48
i, Hy SHDE/N, b S, VT S SKE Hy 1140 b,
AT R 93.2%, B 1h P9 EHR H 3 AA36 v i
2N 5 U, S SE B/, BRI EHR B R
/I Ry B A ARRAE

220172024 £ R X REHEE EHR RE S SEERI/
8 (H)
Table 2 Number of hours £ in different £ ranges for different synoptic
types EHR in Northeast China during 2017 —2024
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ISE<S 510 272 162 81 115
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A, 25 57.10% PIREAR R MBI RS AR . S i
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Table 3 Station numbers of different types EHR with different durations in
Northeast China during 2017 —2024
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(M #E45, 2020b), ¥4 iR%) EHR AYFR22 I E] i K 4 h,
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Fig. 3 The (a) spatial distribution and (b) proportions of different EHR types in each province in Northeast China during 2017 —2024
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PRFEAE . f S AT 0L, AN EHR & A3 BA
AR B CAPE, i B FNEE sl e BN H23k, )2 AH
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weak forcing type in Northeast China during 2017—2024
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Rl =7 EHR (8] 5b) & A= 78 00 R B VR (1) R 458 v,
Oy g5 1115 3511 K, B0 5 TR AL . I3 MRS ZAR XS
VB R, R R IR A I R, P IRE Y
FETEAR NS, S LCL Bk, fEXFIREAE T, JL
S U EE EHR (fiT/)h, 2013; #75, 2020a).
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BRI IR, O, 50 HLIAFY 350 K; 55— J7 1 BER 500—
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% X I A AR 5 B, e 5 XU EHR (%) 2 ELR
VI feoi
3.2 RMESHSEITHE
3.2.1 RASHK

ZRAtHbIX EHR & 240 PW B9F- M6 52.3 mm,
I T3 b A FB HL X EHR & A BF PW (60.0 mm) fY
Goitah R (A A SR, 2017), Ul B ARES T 38 3 o 438

X, AR b X BEHR 5 & A FE KR8 T I PR 85
T AN[EZEAY EHR & A BF () PW B AT B & 22 &
(1 6a), &5 XUELFIE] B/ EHR & 4 I PW 2 (E 5
H2h 63.2 mm F1 62.8 mm, KT HAB2E A EHR %k &
Y PW, A 738 [ b AR Ff 1l X EHR (19 PW 4t it
55 (AT A SE, 2017), 3X 0] g2 R R 3 P Fl R 4052
M) FsF, 246 7 7 B 7 ¥l A 7K P A a2 1 R G b DX
514 EHR (FhdEH, 2017; 4 4%, 2020b), iR | 7Y
JAURE AU N 55 50 30 7 BEHR (1) PW I (E AL, Hodh s
AL PW P B RAR, X 5% (2020a) ¢ T2 A
AR =5 75 EHR A% Fe 4B B 45 SR — 2

A2 EHR () RH, . BTF1E 2 5 (& 6b),
£ XL EHR 19 RH, i V- EME AR, A 53.3%, 15
HRAL ERIRILHIX 5, T3 URAH B2, 24
HiIX 5 KR EHR JE B CHE 2 . 215 EHR /Y
RH, i FHME K Z, 5% 1R R HR A9 25 (5 4 24
(Yang and Zheng, 2024), X 5% W A4 A #4001
BRA K,
3.2.2 # A K%

M Tys0.500 X T 20 C I UCHFFEARTRE RS ()
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China during 2017 —2024
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Tgso.s00 I ME B 2 1K 5] 24~25 C (A 6¢), X IHH T
WAL EHR B R R G H R/ RS (Chen et al.,
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H O BCEREEAE 500 T-kg ™! DL B, W T IR E th AR b
IX. EHR &4 CAPE fUHFAE(E (HIAS AC5E, 2017), #2
Wi R TE B ] GAF] 10 mes T gL, 59 R IA
EHR &A= CAPE 4~V S {8 Fl Hb o B0 K, ko
I EHR 7F J B4 & i B R (1] 4d)

AR EHR B AR 0, o5 WP EEA S
PW 7 S AR LAY 22 5, 5 KRR RI =5 2 EHR (1)
O, 550 M F-HIME K F HABZEH BEHR 1 0, g5 “F-I1H,
P2 EHR 11 0, g5 “FIIHIIRT 350 K (A 6¢), 11
X2 EHR A2 %2 O e 2 1 S 2 e, A2 3 2
TS [ BE IR A5 K (5, 20165 4744, 2020b),
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0 (KImE), Hor & KU EHR 19 6, g50.500 1T M8 %
R, LT RS T, 52 MJE 3R R T 4R
THIE FA B A5 LARET, 2 107 A EHR (175 1 4%, 2014;
W4, 2020b).

323 h A%
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Divg,s<0, % H 19 1 7 3 [ v 2R 4l X EHR ¢ 1145
F AT A, 2017), X B AR b #h X EHR & 4=
HERREREGHRFAREE D X AR R AE EHR
KB, & IR 5 K EHR B9 Divgys “F-3I{E 551k
—2.9x107° s F1-2.5x107° s, AMUE T HA RS EHR
(1 6f), A% T IR 7R #6 #b X EHR & A B (1 °F- 3
1B (—-1.5%107° s7") (A} A 55, 2017), 33 156 BT 3 P 2%
EHR KAFE R R A E iR RS

ZRALHLIX 54% 1) EHR &4 7E P 4% (12~20 m's™)
S LA btk B i e XY AE SRS o, P 3A(E R 13 mes™,
T 30 PR 3R M IX. EHR & 2 I} SHR6 Ay SF- 15
(9.8 ms ™) (AT A%, 2017), %550 i 3 2 X 25
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Klemp, 1982), 2019 4 8 A 16 H Ik FH EHR 3t & & 4
TEX R IABE ST (455, 2023), XF LA [R] 26 A
EHR (K 6g), Fl =%, 5 X7 EHR %) SHR6 -3
EHH KR FEET 12 ms™!, 53] 483 1 XA bR
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3.2.4 i o SRIL A B
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F 800 m ([ 6h), I RH, ¢y, HY 25% 4307 25 2 5 F
65% (&l 61). fIKMY LCL #1514 RH; ¢ i BEBA LR NI
AZE Tt 22 k™4 EHR,

ANTA] R AL EHR &I B LCL A RH ¢ i 77
2R, BHAZEA EHR, &5 X EHR (¥ LCL %
5%, SFMEAL T 300 m, [FI RH, o 0 S5, 50% A&
A EHR % RH; ¢ i 125 T 90%, TV AL, 555838
RUFTPG XA EHR %&£ LCL 3 &, [FIEF R, ¢ o,
AR, X e KSR EHR 26 LR 28 & 1E F X% 7K Y
1 55 BB S, WA R T R B R R UK L
FIGR XTI KA, (PN, 2017 K ACE R AL, 2021),
3.2.5 5 HR 3R\ AHLE

%4 W T ZRIbH X EHR 5 [AIAE R IR 45 HR 17
E R 2SR SHE¥ME . LT HR, 428
EHR & 4= I} 97 B8 5 i CAPE. %Ik LCL A &
() RH, o pino A7 FERCFP 25 5 1 TR R AT BB —J2 ARt
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() CAPE A5 Al F 7= A 5 i L AR, 150 &
JEEE i EHR (Chen et al., 2013), — 24 dbHb X
A b TR AF X 058 38 AT, 150 LCL AR RH, ¢ i
g, RO X A 4% 4 EHR. 5546, & XA, )
= EHR i 75 ZEAK R A5 el (PW BE (&), T8
s PG AR B BHR 77 228 ) AN Fe o Ak 1R R
(TSSO-SOO ET%)O

& 420172024 FHRILBXAEEKE HR 1 EHR IFMES Y
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Table 4 Average values of environmental parameter for HR and EHR in
different types in Northeast China during 2017 —2024

/¢ CAPE/
(kg

HR EHR HR EHR HR EHR HREHR HR EHR

WIAEY 44 45 24 26 10001214434424 79 80
AlmAl 59 63 22 23 781 1263286281 87 87
PEXFERL 50 46 22 25 341 990 449439 81 8l
HRAEL 60 63 21 22 577 864 224181 89 92
S99 49 49 24 25 943 1227567542 76 77

. PW/mm Tgso-500 LCL/m RHy /%
KA

=

=

4 Zv5itit

BT RAEIH X AR KT ARG 5 N EHR 4
A, A SCHET 2017—2024 4F 75 A6 Hb XA 52w WL %%
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