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Abstract: Based on the precipitation data from automatic weather stations and ERAS5 reanalysis data, case
seletion and classification of synoptic circulation are carried out in this paper to study the warm-sector

heavy rainfall in Huizhou during the first rainy season from April to June of 2003 —2022. And a comparative
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analysis is conducted on characteristics of average synoptic circulation and ambient parameters between dif-
ferent types of warm-sector rainfall events. The results show that a total of 48 warm-sector heavy rainfall
events occurred in Huizhou during the first rainy season in 2003—2022. Accroding to synoptic circulation,
the selected warm-sector rainfall events are divided into three types, i. e., shear line (the first type),
shortwave trough with low-level jet (the second type), and the edge of subtropical high with the entrance
of low-level jet (the third type). By further comparing the average synoptic circulation between different
types of warm-sector rainfall events, we reveal that Huizhou is under the control of the west wind flow and
the southwest flow in the periphery of subtropical high at 500 hPa, except the second type of heavy rain-
fall. In low levels, there are double low-level jet (southwest low-level jet and boundary layer low-level jet)
near Huizhou both in the second and third types of heavy rainfall, while in the first type of heavy rain,
there is boundary layer low-level jet only to the south of the Pearl River Estuary at 925 hPa. The analysis
of the ambient features indicates that the ambient parameters calculated based on ERA5 reanalysis are reli-
able and applicable. The second and third types of heavy rainfall are superior to the first type of heavy
rainfall in moisture and energy conditions. But in terms of dynamic conditions, the vertical wind shear,
and the static instability of the first type of heavy rainfall is considerably stronger than those of the other
two types of heavy rainfall.

Key words: warm-sector heavy rainfall, synoptic circulation pattern, ambient parameters, double low-level
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Fig. 1

The frequency (colored dot) of warm-sector

heavy rainfall in Huizhou during the first rainy season

from 2003 to 2022 and topography (shaded)
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(c) third type of warm-sector heavy rainfall in Huizhou during the first rainy season

from 2003 to 2022 and the topography (shaded)
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Vertial integrated precipitable water (colored), wind (barb) and jet stream (orange contour,

>12m =+ s ') at 850 hPa in the (a) first type, (b) second type and (c¢) third type of

warm-sector heavy rainfall in Huizhou during the first rainy season from 2003 to 2022
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Vertial integrated water vapor flux divergence (colored), wind (barb) and

jet stream (orange contour, =12 m * s~ ') at 925 hPa in the

(a) first type, (b) second type and (c¢) third type of warm-sector heavy rainfall

in Huizhou during the first rainy season from 2003 to 2022
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Fig. 7 Box plot of (a) CAPE, (b) K index and (¢) temperature difference between 850 hPa and

500 hPa in the warm-sector heavy rainfall, and the first type, second type and third type of

warm-sector heavy rainfall in Huizhou during the first rainy season from 2003 to 2022
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%A

AR JE 4 - JH TR I 1X % T 3R 3 20 B S 3R B 2 et 481

T A% SR X A% T PR BT S B9 08 LA A T LK
By iy TG R XS R A A R E RE R AR R
7 20 B PR AR (IR )2 VB J2) M RE i 4%
RIS 20 = REM TR 2K B — KR
AN RE i 2 AN IS — L =28 B0 T3 J A
T 5 5 — 28 Y 2 )8 0 2 ] R T L =
2 . [R) B B — 2 Y i ) AN AR R B T A 2k
BCPE K IR BE 1 2% 1 AN EE B9 B0 » — 72 58 JE 114 =
LAY A8 5% 8 DX 25 T ) 4 2 A R flh i 3 2 A O gt
i

5 it e

FIH E 3h ok W& %R ERAS F 4 A # 4 x
2003-—2022 4F 4—6 H B i TR B2 DX 5 /4> ]
7R BE FN BRI 43 Y, (W] B 340 X6F Eb 43 A T =M i VA
AN [F) S TRz [X 5% TR & A= 5] 1) 1 34 30 3 3 R A 35 5
fiIE 75 H DA E A5 S .

(1)2003—2022 4 {if VR 2 4L 08 A2 48 IR
XBEWFM, FHAAE LA 204 K, Hdh 3 84
ik — R IV 925 A i — 4 0 R L 0 A I X
Fhw i s IR UL 43 B 45 ROk & 43 iy U1 AR AL (5 —
DI TR T e (R0 RN e DRI PPN R A
2 AN T B G =20 Horp 8 = =R IR IX 2
W EE ) 852,

(O TEFH Y 500 hPa [R5 KR %
) 7 e R e b o A% T S 2R T R b X ER A TP
R v A BB VG R ST R 2R s AIRE AR
SR TN EOH BT AR B T P R AR A S R i )2
2 200, M35 — 28 2 W U 7E 925 hPa BRI H LIRS
LTI RR AR AR

)AL FEAE 4 M W], ERAS 4017 92 kT
BRI S w A — W e 5 B iE e, 58
SRBEWEBAR AR UKZE 2 FRE B AL
T LKBW XTI EMEME . F—-LBWH
A 1 D) AR D0 B G TR L SRR R AR —
KB F AT WS T RN,

AT ERAS B 43 #1 %ERFIE AT IR 858 3 43 #T
BRSPS AT T A H R TR A S
FLSAA AR AE 1 22 0 b L2 (0] 43 B R B AR L A5 20 i
AT — 2 W R BR Y 5 575 41 L X F R3304 A e A 3k
T IUA BA R B A B I A% Bir A A ] 34T
Ha g, L. F — 4 AW XA — 28 0% X 2 W

(AT A3 AT o U 90 45 A — S BB X W A 4R
E o [ B 222 OH S 2 F fih 2z f) AL PRLARE IR

S % 3k
WRSUHE - P25 T 5 45 4 2023, 1 5. 77 T B 19 B SR o e

WF5E[]]. K4 %41 ,81(1):58-78. Chen D Y, Shen X S, Huo Z
H,2023. A research on the model uncertainty in forecast of the
7 May 2017 heavy rainfall in Guangzhou[ J]. Acta Meteor Sin,
81(1):58-78(in Chinese).

W5 0 . 3K T FL . 2008, JH] b X — Uk 5% T o 8 1) 3R 3l 75 5 AN 4 B0 A
WHEHELT]. )44 . 30(5) :33-35,37. Chen F L, Zhang Z F.
2008. Synoptic circulation and physical field characteristics of a
heavy rain in Huizhou[ J]. Guangdong Meteor,30(5) :33-35,37
(in Chinese).

R 5 0 . 22 WA AR FE /RS L 45 L 201 4a. SN o T — UORE R S0IL R T 5 AR
SRR, 1 4% 36(2) :24-29. Chen F L,Li M H,Du X S,
et al,2014a. Analysis of an unusually heavy, flood-causing rain
at Gaotan, Huizhou[ J ]. Guangdong Meteor, 36 (2): 24-29 (in
Chinese).

W35 10 ik 7 ML, 25 B4R 25, 2014b, JOON 7 T 40 4E R TUM B R A=
RAFHE AL ). A%, 36(3) :25-29,36. Chen F L, Zhang Z
F,Li M H,et al,2014b. Analysis on climate characteristics of
rainstorms in the annually first rain season of Huizhou in the
past 40 years[ J]. Guangdong Meteor, 36 (3) :25-29, 36 (in Chi-
nese).

BRI TG 9L, XL, 45,2012, 2000—2009 4F 5.6 JT HE g 152 IX 5%
B R R g it 4 B [T ], #4424, 28(5) : 707-718. Chen
X X,Ding Z Y, Liu C H,et al,2012. Statistic analysis on the for-
mation system of warm-sector heavy rainfall in May and June
from 2000—2009[J]. J Trop Meteor, 28(5):707-718 (in Chi-
nese).

WRITIR i /1N - BRIIK 2016, BR VL = A Y 3t X 280 DK S 1) 588 g K £
AW G H S R AE[]]. K4 . 42(2) : 144-155. Chen Y Z, Yu
X D.Chen X L,2016. Characteristics of short-time severe rain-
{all events based on weather flow and key environmental param-
eters in Pearl River Delta[ J]. Meteor Mon, 42 (2) :144-155 (in
Chinese).

HB25,1998. 1996 4F6. 247 BN BRI B AMATLI ] AR ER . (2) 32
33. Deng Y,1998. An analysis of heavy rain in Huizhou on June
24,1996 J]. Guangdong Meteor, (2) :32-33(in Chinese).

AP 22, 22 KUK 5552022, DY )1 42 Hl 1 38 — UK 2 X 1L b 2% WY
AR BNy B4 BT 5 R R B LT . KRR 46
(6):1366-1380. Fu Z L.,Li G P,Jiang F Y,et al,2022. Dynamic
analysis and local circulation numerical simulation of a warm-
sector mountain rainstorm event in the western Sichuan Basin
[J]. Chin J Atmos Sci,46(6):1366-1380(in Chinese).

o7 & RV LI, 2016, 4wy R X2 R W 5T i LT ). i IR %
4% ,27(5):559-569. He L F,Chen T,Kong Q,2016. A review of
studies on prefrontal torrential rain in South China[J]. ] Appl
Meteor Sci,27(5) :559-569(in Chinese).



482 A

% 951 %

BN L1986, AR RTTIUN 2 M LML 79N - 7 2 BR 4 H R A < 94-95.
Huang S S, 1986. Heavy Rainfalls in the Pre-Flood Season in
South China[ M]. Guangzhou: Guangdong Science and Technol-
ogy Press:94-95(in Chinese).

BGE g SR VRS A5 2023, ERAS-Land [ /K T2 #r 38 RHE H [
VUMb DX T P AL L] R4 42 (6) ¢ 1562-1575.
Huang X L, Wu W, Xu ] H,et al,2023. The applicability per-
formance of the ERA5-Land precipitation datasets in Southwest
Chinal J . Plateau Meteor,42(6) :1562-1575(in Chinese).

HOHE AT/ BRI T A, 2018, T 58 R I S R KA S BT R IR R S
B[], 4 ,44(8) :1033-1041. Huang Y, Yu X D,Chen T
Y, et al, 2018. Analysis of conceptual models and ambient par-
ameter of short-time severe rainfall in South Xinjiang[]]. Mete-
or Mon,44(8):1033-1041(in Chinese).

HERT B T o X008 L 45 2021, SR I VAT b 90 5 I 7K A B 3 43 2R T e 28
SIARRRAEL)]. YUt S5 < % . 15(4) :58-67. Huang Y, Tao L,
Liu X C, et al, 2021. Synoptic circulation patterns clustering
analysis and space-time distribution characteristics of heavy pre-
cipitation in the upper reaches of the Dadu River[ ]J]. Des Oasis
Meteor,15(4) :58-67(in Chinese).

W, 2P, 2021, @ISR 4 LU b 58 K P B TR A L ). v D
K4 ,40(2):314-323. Jin Y, Li G P,2021. Impact of flow around
and flow over in sudden rainstorm on mountains[]]. Plateau
Meteor,40(2) ;314-323(in Chinese).

25 Mg 20 I3, 55, 2016, BRFR PG V0 AR & KGR FE K RSB 34 B
[J7]. 5% .42(8):934-943. Li Y M, Li X, Feng W, et al,2016.
Investigation of the synoptic situation associated with autumnal
non-TC heavy precipitation in Xisha[]]. Meteor Mon, 42 (8):
934-943(in Chinese).

ARIGEEL 1 5% 3R IA A L 55 . 2017, AR R — YR 2 W 3 A 30 R 3 T 4
LRSI 4 BT [T ). B4 LR 24 4. 33 (6): 975-984. Lin X X,
Feng Y R,Zhang C Z,et al,2017. Diagnostic analysis of thermal
and dynamic characteristics of a rainstorm process in Southern
China[ J]. ] Trop Meteor,33(6):975-984(in Chinese).

X 8, PR DR K . 2019, A g R X 5% I 2 1 1 07 8 15 43 28 W 5
[J]. KRR BE2#.43(1):119-130. Liu R X,Sun ] H,Chen B F,
2019. Selection and classification of warm-sector heavy rainfall
events over South China[ J]. Chin J] Atmos Sci,43(1):119-130
(in Chinese).

X 5 4% » PVEEAE L PG ARCUT L 2021, O[] 38 780 A6 g 182 DX 2% 5 AR 110 B0 O
fELT]. A% S R BERT 58 . 26 (4) :359-373. Liu R X,Sun ] H.Fu S
M, 2021. Comparison of synoptic circulation characteristics in
different types of warm-sector heavy rainfall events over South
China[J]. Climatic Environ Res,26(4) :359-373(in Chinese).

XK 5 T3 K A DRI L 45, 2022, 391l b X 8 DX 5% 1 43 R R G B O
TEHAFELI]. T RS %44(4):1-5. Liu Y T.Wan Y J.Chen Y
Q.et al, 2022. Classification of warm-sector hard rain patterns
for the Chaozhou-Shantou Area and analysis of the characteris-
tics of the associated circulation situations[ ] ]. Guangdong Mete-
or,44(4) ;:1-5(in Chinese).

XU F ok T 3K 75 48, 45,2019, & K Chanchu (0601) 28 4 i i

PR B8R 3 A A B BRI 37 43 AT [0 ] B AR 2 4. 35(4) £ 528-538.
LiuZ Y.Wang Y Q,Zhang X N.,et al,2019. Intensity changes
and environmental field analysis of extratropical transition for
Typhoon Chanchu (0601)[J]. J Trop Meteor, 35(4):528-538
(in Chinese).

LR X A AL A, 2020, AR R B2 X 5% T TR % 1% B RT TR
B, 5%, 46 (8):1039-1052. Qin W, Liu G Z. Lai Z Q.
et al, 2020. Study on forecast errors and predictability of a
warm-sector rainstorm in South Chinal J]. Meteor Mon,46(8) :
1039-1052(in Chinese).

it A S N TR B L 45,2022, GPMH FEK 7 i TE Rl 7 o
PEIEAGT)]. K4 ,48(11) :1428-1438. Shi L J,Feng W Y, Lei Y,
et al, 2022. Accuracy evaluation of daily GPM precipitation
product over mainland China[ J]. Meteor Mon, 48 (11);1428-
1438(in Chinese).

FH &2 i ak k4%, 2022, 20082018 4E VL9 W2 X B WA AELT 1. K
KB E AR . 45(1) :51-64, Tian Y, Ye C Z, Yao R, 2022, Statis-
tical analysis of the characteristics of warm-sector rainstorms in
the southern part of the Yangtze River during the period of
2008—2018[J]. Trans Atmos Sci,45(1) ;51-64(in Chinese).

T80 EARWE R 45, 2020, 42 R IR IX 5% T B 05 S R SE T 43
BRI spil Rz 22 4 CH A2 M 2 59 (6): 51-63. Wan Y ],
Wang D H,Liang Z M, et al,2020. Statistical analysis of the en-
vironment parameters of warm-sector heavy rainfall in South
Chinal[ J]. Acta Sci Nat Univ Sunyatseni, 59 (6):51-63 (in Chi-
nese).

J 2R T B WIS AR 2020, TR 48 43 28 3O U PR 05 ) B 0% 1 4
ML) K%, 46(5):618-628. Wang D, Niu S Z,Zeng M ],
et al,2020. Analysis on the characteristics of environmental and
physical conditions for the classified severe convections in
Henan Province[ ] ]. Meteor Mon,46(5) :618-628(in Chinese).

EIF BRARTEBRKUR L AE 2009, B T AU B0 IR 2 0 RIS Y ik
Ful)]. R 5T, 22(6):637-642. Wang F,Chen D S,
Cheng S Y, et al,2009. Impacts of air pollutant transport based
on air trajectory clustering[ J]. Res Environ Sci,22(6) :637-642
(in Chinese).

TER B 25 B R B, 48,2018, B Z= V13 b X I8 IXC 2% T 19 4 31 43 #r
[1]. K% .44(6):771-780. Wang L Y,Chen Y, Xiao T G,et al,
2018. Statistical analysis of warm-sector rainstorm characteris-
tics over the southern of middle and lower reaches of the Yangtze
River in summer[ ] ]. Meteor Mon,44(6) :771-780(in Chinese).

REEAE AE R 7 £ A 58,2023. 35 11 4R KK E SRR AE AT 2
BRI ]. A% .49(2) :213-223. Wei Y H,Hua J J, Wang
Y,et al, 2023. Statistical characteristics and convection indica-
tors of hailstorm over Tianjin in recent 11 years[ ] ]. Meteor
Mon,49(2) :213-223(in Chinese).

IRIE L HEE BT S, 55,2018, 5. 77 M Ryt 58 R AR K B T RUBE AR
fiE R A3 AT LT, R4 4. 76 (4):511-524. Xu J, Bi B G,
Chen Y. et al, 2018. Mesoscale characteristics and mechanism
analysis of the unexpected local torrential rain in Guangzhou on

7 May 2017[J]. Acta Meteor Sin,76(4) ;511-524(in Chinese).



%A

A8 g 2« M I TRUNT B2 X 2% TR PR O 2 B e LB IR 2 e 0 A 483

Wk 1A e, 45 2013, AR B X5 T Y — R IR Z T 0 3 A
RHLRICT]. & A 4. 32(4):1050-1061. Xu Y. Yan J H, Wang
Q Q,et al,2013. A low-level gravity wave triggering mechanism
for rainstorm of warm zone in South China[ J . Plateau Meteor,
32(4):1050-1061(in Chinese).

IR SR T B kA T L S L 2019, T B KU RT I X — R 55 R A A
TR DX RE KB R AR A L) ] 3R T K L 38(6) 1 597-605. Ye
L M,Wu N G,Zhang H L,et al,2019. Analysis of the influence
of sea-land breeze and topography on the extraordinary heavy
rain in warm sector under a weak weather background[]]. Torr
Rain Dis,38(6) :597-605(in Chinese).

B R, LSS R, A, 2018, 2017 AR5, 77T M AR R B T A R R
JERFAE 43 AT 5 0 B W) AR LT . #0234 (6) : 791-805.
Zeng Z 1.,Chen Y,Zhu K Y,et al,2018. Mesoscale characteristic
analysis and primary discussion on the formation of the 7 May
2017 torrential rainfall in Guangzhou[ J]. ] Trop Meteor,34(6) :
791-805(in Chinese).

JEE L K AR, BT B, 2020, 3R F K- ME R K H I R IAH R
TAP AGCM4. 1 XF P4 b K- P FAAH A0 I AP Al LT 1. AR
2,44 (5):1141-1154. Zhou Y, Zhang H, Zhang K W, 2020.

Evaluation of simulated tropical cyclones over the western

North Pacific with TAP AGCM4. 1 based on K-means method
[J]. Chin J Atmos Sci»44(5):1141-1154(in Chinese).

Chen X C,Zhang F Q,Zhao K, 2016. Diurnal variations of the land-
sea breeze and its related precipitation over South China[]]. ]
Atmos Sci,73(12):4793-4815.

Du Y.Chen G X, 2018. Heavy rainfall associated with double low-
level jets over Southern China. Part [ :ensemble-based analysis
[J]. Mon Wea Rev,146(11) :3827-3844.

Du Y.Chen G X, 2019. Heavy rainfall associated with double low-
level jets over Southern China. Part [ : convection initiation[ J].
Mon Wea Rev.147(2) :543-565.

Nakamura J,Lall U,Kushnir Y,et al,2009. Classifying North Atlan-
tic tropical cyclone tracks by mass moments[J]. J Climate, 22
(20):5481-5494.

Tu C C,Chen Y L,Chen C S,et al,2014. A comparison of two heavy
rainfall events during the terrain-influenced monsoon rainfall ex-
periment (TiIMREX) 2008[J7]. Mon Wea Rev, 142 (7) ; 2436-
2463.

Zhang M R,Meng Z Y,2019. Warm-sector heavy rainfall in southern
China and its WRF simulation evaluation: a low-level-jet per-

spective[ J]. Mon Wea Rev,147(12) :4461-4480.

(AR SCTT G - A BE O



