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Characteristics of Low-Level jets over the West Coast of Guangdong
Province during the first rainy season in South China and its influence on

Orographic Precipitation

Chen Xiaoging®?, Cai Jingjiu?, Wu Naigeng®*, Chen Zhenquan3, Ruan Huihua?, Guo Jie?, Zhang
Dong?

1 China Meteorological Administration Hydro-Meteorology Key Laboratory, Beijing 100081
2 Guangdong Meteorological Data Center, Guangzhou 510641
3 Guangdong meteorological Observatory, Guangzhou 510641
4 China Meteorological Administration Tornado Key Laboratory, Guangzhou 510641
Abstract In this study, based on the Hailing Island wind profile radar observation data,
precipitation data of Automatic Weather Station and ERA5 reanalysis data during the first rainy
season of 2014-2016 in South China, we investigate the structural characteristics, diurnal
variation characteristics and formation mechanism of low-level jets (LLJs) over the west coast of
Guangdong Province. The effects of low-level boundary layer jets with different intensities on the
temporal and spatial distribution of orographic precipitation in three key regions of Guangdong
are also discussed. Results show that: (1) Based on the classification criteria of LLIs proposed in
this study, the cumulative occurrence probability of LLs is 21.2%. Most LUs fall into the class 1-3
category, and class 4 is less common. 77.1% of the speed of LLIs are less than 14 m*s?, 84.7% of
the direction of LLJs are southwest. Most of the vertical shear of wind speed below the maximum
wind speed of LUs are between (5~25) X 103s. The height of the maximum wind speed of
LLJs show a bimodal structure, and most of LLIs appear in the boundary layer within 1 km. (2)
The synoptic-system-related LLJs (SLLJ) show a nocturnal peak, while the boundary layer jets (BLJ)
show a double peak at midnight to the early morning and afternoon. The inertial oscillations
triggered by the local-scale land-sea breeze circulation is responsible for nocturnal peak of BLJ.
The pressure difference between the low latitude Asian continental low pressure and the
Northwest Pacific Ocean high pressure near the surface, plays a key role in the formation of BLJs
with different intensities. The development of continental low pressure during daytime is the
main reason for the formation of afternoon peak of strong BLJ. (3) The influencing mechanism of
BLJs on the distribution and intensity of orographic precipitation in Guangdong Province is
complex. The orographic precipitation on the windward slope of large scale mountains dominates
the inland of northern central Guangdong and coastal areas of eastern Guangdong. The stronger
the BLJs, the stronger the orographic precipitation. The locations of the heavy orographic
precipitation along the east coast of Guangdong are stable, while the inland orographic
precipitation center in northern central Guangdong moves northwest with the intensification of
BLJ. In the coastal area of west Guangdong, the windward slopes and the downwind slopes of the
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the medium and small-scale mountains, the lee-side wake convergence area of the terrain can
produce obvious orographic precipitation. The heavy orographic precipitation must occurs under
the background of suitable low-level inflow wind speed. (4) Under the influence of different
intensity BLJ, the orographic precipitation in the inland regions of central and northern
Guangdong shows a bimodal structure in the afternoon and in the morning. While the
precipitation intensity of the afternoon peak is about twice that of the morning peak, the
precipitation intensity of the bimodal peak increased with the strengthening of BLJ. As the
intensity of BLJ increases, the diurnal bimodal structure of precipitation evolves into trimodal
structure in the eastern coastal area of Guangdong Province. Under the influence of weak or
strong jet stream, the precipitation in the west coast of Guangdong shows bimodal or trimodal
structure, while under the influence of class 3 BLJ, it shows a single-peak structure at noon.
Keywords low-level jets, orographic precipitation, structural characteristics, diurnal variation
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1 5]

T M X TR R R O R X 2 — . SRR (4-6 A BRIk
T 2 2 XK 1 55— BL (Ding etal., 2005) , % mE 4G KA RGHE
EHBIRZM (Luo etal., 2017) , HBOVIUMIRE/KE S2F B BKER —FEA. K
TR (Low-Level Jets, LL) SHFEFHTTUHRW KR AR BEVIHEEK, GitiR
R, K2 80% 4 B T T 2 Rl R AR B A 102 SOt 0 B (P 35 5 555 1980
M Bt 80 AFEATTR, Hemg b X 1)< G ARl A F AR A S It o B AN 5 R ok
AR RO I TR GE R, 1981) , EARAS 202 M5 5 W iR
—/NEERAR .

WEJLHE, B SR 5K R REETHRE 7 KRE I A B ot
RILME B X ENA AR R, FHELXSRAGAEETTT N EEAZ
HYE, BRXRZECE (700~850 hPa) f77E 2R 04, fE 500~1 000 m 4 5t
JEEAFAERB AR 25 RO, A )2 UM 25 U0n] A i VIV 8 W PR R AR R H B3
I CEPEE, 1986) . Chenetal. (1994) HRHE(RZS S BLAI & B I
FALHRAR 2 2 R A AR, — 2 HILE 600~900 hPa Z i), A RS
RIZERGMRIUCE TR CRXCRERRATEN) « 52 I 900 hPa LA R
MRS, A 32 KRIE R ARGAIL FE LRI . Duetal. (2014)
T 2006-2011 4F 5-7 A 9 km 2R 1 WRF H USRI AR 48, #F9E T 3K
EM 2 SRR 2 A AFE, SRR 2R EE SR T EAR R 5w
FREZRAC A X, il 52 S0t B L A i BT b X, TR
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SURLH PR ZR ALV L P B i AT R AR SR R TURUE R GL B Du and Chen (2019)
FIH 21 4K ERAS FEA BT ELHE AT TRMM T2 (K BRI L T b X I R E &
AR AUB B S R AE A oS BRI K RS2, 4 H I 52 SR AL T
WAL 221 950 hPa BT, KR H AL T-Rifi I 2% 1) 850~700 hPa JZ ik Z
(), P92 Bl e T RRRE R AR Bl A K s 5 e 6 v e 7 1 2 [) 23 A
FMHZAL . Livetal. (2020) 3T ECMWF 2 ERE A TR EIRIR T 7 R A
e RN T 2 R AR P AR P S 48 H P e e T 2 R R RS R 2R R i 30 DA O,
T VA 7 i (X AR i e 7K PR 77 A 20 5 = B m R AR e X7 B 2 2, RIS 511G
J2 T AL R A 5 R i e 22 1) XL oy B e 5 A R AL EIAE ] - Liand Du (2021)
EEXT SR ST TR DS Y (R B R AR X B /D A FHBILAIEEAT 7T,
AR BEBREPRBEWI IR TR, BAEE K AEELRESRE B,
MRASTH I MO AR TR (RXO BWARE, BARTUSRSH
THI 28 T ) 2R 3R BB U)o i — AP WE SR W, Mg i o iy P A7 AE P S R B
G T B B ZR A PN, X SCRIRE H F A neR, SRR R X
S NCRE LG 5, K R e S T SR T I SR SR H X RS OB s 6Tt
MR KB WER KK ILFFEN (Duetal., 2022) .

B, HTRMESRREZ, EFERA RERIRT 2R SEKRRMAKRE
FE T o3 WA 2 O B 20 M O SRR TT R, AF S B SR AE R IR 2
TUAFFAE R AT REAETE — 282 . B, T ERAS FRor A BUE 4R M 12 h % AT
4D A2y [AIAK, J= T ERAS Bdl SR 15 s i B i R 1 0 2 SRR A PA(E 17: 00 LST S
05: 00LST (Jethi} LST=UTC+8h, F[FED) J§—/HIRERIRE D> (Dongetal.,
2021; Duetal., 2022) , XAE—EREJE LREMA [ 210 57 = S0 A A S50 H AR
WRAE AR M . D9, AHOCH ST I8 D) 75 SN (8] 32 71U Bk SR . FR 8 e
IS 25 43 A 1R Y 5% XUBR 2k 7 98 1) H IR AIR 2 S s R 3 4 T AR FLiE . Du
etal. (2012) F|F 2008-2009 45 i WUJF L F7 1L BRI 78 1 Eig X B =8 &
T LA, RIAZH KT ROEAE T BT [F) EAEE A KAE L, F3 % REid 5t
2R KRS 2R, Miao etal. (2018) FT P4 A& A7 (1 XUEE £ 7 ik 3t ot b 43
AT 7 ALTORA) P 1 XA S S0 AR AR AL, A T e i K XU A T L7 ) 2
RRIELEN, HRAEMRRYE SAAEREZER . shuetal. (2019) FIHPEEH
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I 5 KR 2 TR IA BERL M 1 14 SRR SORURHE, 8 HH A TR IR T SR AR R AE
WRT 2= XU SRR R . SR, H AR T RUBR 2 B8 SR L B 0] A R
R SRS AR AE LA AT G AR LR 0 23 BT it e AT e

7T, He R X S 2R M TR AR SR PR XU AR ELAE X i ok oo e T
F A AR A A B A P o MR /K AR Bk SC 48 32 L iy T2 52 M T 7 A2 BB 4 5
[y R HpE KL FE (Houze, 2012) . Linetal. (2001) WfFLFRM, EH A FT HE
B /K A BE 25 A B3 BEUH A BT SR AOAR S SO SR A ANASE A LR — A
FERIR ARG W T KRRk, Bk 5 A AR AR X, TR /R
FERNLRT S, K& T R AELE LTI (Sinclairetal., 1997) . Luo et al.
(2017) FJH 1981-2012 4 [F Z My HDUL I b BORLEEAT Ge vt 20 #r, i HE A R VY
B /K Bk 1000 mm PA_E B = KSR 7K At 73 0 67 7 1 2R 3 R 34 X3 e 00 g 2 2R
VU VGV AN B G A G B X — e 1], s BRIk 0 2 5 U 0 i R
e 7 SR B iR a8 A 5% I, A 23 s R SR YR T F WA R T 5 R AR
A LW IR E SR/ N R EARME (RARRGE=10m =st) , 1E
e ¥ T L DX LA i P X R R AR R e T R R OB (Wang et al,
2014; Wuand Luo, 2016; Liuetal., 2018; Yinetal., 2020) . 4RIEHT FE
52 S A T R B, 45 v DL R SRR T R AR B Vi ik R E
7P SRER B AR MR AR R 4R T BRI A e o BLAh, ERRE K H AR AR B2
FIX I AT 2 5% (Jiang etal., 2017; Chenetal., 2018) . Tk X
HMBATARZ I P 2= R SR, i X R Bk AT . 2= KR BRI, BRVE =M
P it 2% A 30 L Jik DX ) B K AR IAE 1 A8 A A7 AE X 5 4], 0 5 /- PR B 6 555
PRNA R, RIEHIAEERRRR, 55 E TR REIBIEINE A 2% (Chen et
al., 2015) o IA4E A7 AN S 475 W] DS e 6 pig A 0 DX B /K R i FEE R [ A4k, 3G
HE 2 23 X R A 425 ) A B 2= UG H A2 A I £ 2281 (Chenetal., 2017)
Rao etal. (2019) WFFT 1 AN[A 9 B2 P4 R 2= XU S5t T BRI = A i A kb 12 DX A0S i
HIAS1A) 70 AT H AR AE SRR SE BN, 35 H P g A Bl T R A 32 U 1
WIIVERIsEE , BE A PREE XU 38 0, M a& s 2l ssia bl s, &
R R FRD R R A A e Ja 3 v TR R R o SR, DR/ ) 22 T (R AR B AR A AE
HALA%, H BT SET AN R 5 B AR S SR B TR B K R S IR AT AT SR AN RIS 4
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HR AN AT 5T T RIS .

AN, ASCR A AL AL 72 SR ERAIX (Duetal., 2014) FRIEH)
J7 AR BV I I XU 2k 7R T8 TR = AE I Bk}, IR AR I B P i IR SR S
TAFAE S HARACHFAE S L s AR BUEEA E, 458 T AR B R i B 30
KLUt 3 K BEREAT ERAS FRO0MT BCdE 8, Rl & B M 3 1248 71 AN ) 56 P e 1
BN AR R MR K O XA B 23 A R JE N H ARG o AR ST
T R HE— 20 N R i R SR R AR B N R I Bk sEma AR, O
S AHE R T R U 5 B K R SR LB IR SO

2 FRERHZE

2.1 BEH

AT B 2014 - 2016 SRR RN (4 A1 H-6 30 H) , kH
IEpAg XA

(1) B RKEHTHERS (21° 34" 15”7 N, 111° 51’ 34" €, 1+
PR SRR, BRI ERL 10 km) [ L 5t E TWP3 AU RURRZK 7 1k SR EL ) 7K P
KGR EER, e KGR 2 <1.5 m/s, MATIEIRZE<10° . Z&&T
2013 4F 7 H 4 HIERREANS51847, 18] 73 9434 5 min, BRG]y 100~
5910 m, EHL 100~3030 m = EIL 41 EHIKF RGBT 7T, BHYDXUER 2k
R IRAEAN [F) AR N 4RI e B AN R, Heh 100~1960 m & R FH RS 0
(EHEAPERN60m, 1£322) , 2070~3030 m & ERKHEHEN GEE S
FH12om, L9 o MHBRKER EMINE), EH 1 h-FETREET T
UEAh, WRYEATIESE (2018) $& R F 7K R ) 2 B — B 56 0T 18 B ~F- 251
R BT B A ], B — 2 BKT RO R B AR E I K T H T RE
KRG ELARAAA ) 3 A5, FRic e IR B kP, AR
Y RGE R 2 SR AE 20% LA BRI SRIME RS, I e 5. ik, 7ERFAR
I B (1) 6552 h LU EE | 6274 25 RO ER 2

(2) ERAS £ERF #1554 (Hoffmann et al., 2019), /K V43 #E 3 4 0.25°
X0.25° , WEZHEEN 1 h, AFEEFHAE XHRAOIEE . A e
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BERKEERE. SRR I AL & L S i & .

(3) )" ARE AR B ORI TR G A BB A 2000 £ ST H 30
SRty 55 1 SRl A X3t ) [13F 1 h Bk Bk Beet, ot/ REE L
B ARG N> ARAFAE, BT ZBMEAR(E A 0.025° X0.025° 7K HE A% i Kdhe .

(4) EEEFRMERYIFEEHE 0 (The National Geophysical Data Center) F
K I¥] ETOPOL A BRI s FEMla e i “ e ” hiAs, 2R3 #8R N 19007
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Bl 1 A R R X R oA B (B mD CBHYLME R &5 RUBR AR 7 ak F B (6 [ s R
A. B, C =AMHIRAEARASCORVE R 2R = R T B K O e DOE, TR B8N £ 2Ly
A P TR bR D
Fig.1 Topographical map of Southern China (shading, m). The yellow dot marks the location of the
Yangjiang wind-profile radar. The boxes A, B and C represent the three major topographic

precipitation centers in Guangdong. The major mountains in Guangdong are shown in blue font.

2.2 R 2NHIEX

H A BRAS [A) X 2 S B R B Y KOG i DL BT A ELY)
B —EZ5, &5 NIE, RS 2GIE SCHARIZRRGE— bsitE Gl 5,
2014) . HETHIRAIWAR T SUREIH =S80y & SORRGEM AR K
WG 75 R RGE TR B YIRS . Hor, o8 2 8 )52 Bonner (1968) /£ 7T 55 K
P JEAR S B B AL 5 AR S S v, BRI PR 1.5 km w1 B A e K

m%vmax&%im:‘lgiﬁﬁam%%Av (AV=VmaX—Vmin; :/H\:E'jvmmy\j%j(mjgﬁ
Bl 3 km WHJERDRGE) , BRI D N=ATEH: V=12 m +s, AV
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=6m st NE—FhrlE: V=16 m s, AV=8m *st, N T HFrHE: Vi
=20m st AV=10m = st NE =R, e, AR FAREE & X
KA FOIRIUAT T R AE 25 PR 30 B3k 4 R A SR I =S 0 AT 7 AR )
W MR . B, Chenetal. (2005) FERFFT & V8 HE X AR 25 2RI R R 25 8%
YU 7] L EfH 52 600 hPa. Miao etal. (2018) {EMFFEALE AT I Hb X A 2= i i
BT TS AMEEAE: Vi=10m * s, AV=5m s, MIfi#E Bonner
€ XA B R 2 SR bRiE . Wei etal. (2013) . 3K#E%%F (2020) + Cuietal.
(2023) 73 FIFERF AT = AP0 55 S0 R 3TV B I bl R KT I 3 H e 56 b X
BRERRFFAERS, XV FIAV FRTEE M T 3& 080, b 88 — S AR v [
B 6mestoi8me«st, HIMZATHMNHEZREG “SR7 4MKET S
Wi, CARIESETH 73 b7 0 2801

Jy—J7M, Duetal. (2022) MIBFEFUHA AT A GV #E %5 850 hPa LU T
JER I ZEA T RGE AT 0~6 mes?. Baietal. (2021) BF7CIAAEFGIEZ T
X R AAEARZ VTR RIE ST, 255 BT B 3 X -1 25 2 XU 5 2k
AR EN RIS 2R “ 87 R, HE KK N 6.7 mest. 54k,
7 JE BIE i Al L X LR R S B (X B2 I A2 (Wang etal., 2014; Wuand
Luo, 2016; Liuetal., 2018; Yinetal., 2020) , 52 m KA B A 2 H
WA 5 St/ R E AR (RORXGE =10 m < s, (HIERR X B A EK
JRRE AT ARG SR, DRI BE bR SO T BRSO Sl i, DA 2 X e
MR EK AT K ZhE BIRIER, A SCHE Miao et al. (2018) 5& X HEF |,
TREAVmax=10. 12, 16 m *s? ZANEELR, S5G H R i AR 1 B XGE BR 2R 1 4E 5
B Vimax FEIRECAY 8 m s, IR THUE X : (1) R 20T B A BRI
&, BIRUAAT 90° ~270° ZIal. (2) #FEHL 3 km 5 B T A FIV ax FIAV
RANEARZS RURRI A AN (LULL L2, LU3 AT LLA)  FHRLFV max 7331
=8, 10, 12. 16m*s?, [HIFAV 537=4. 5. 6. 8m *s1, FERLA 2AE
APAEERERRT R T, BARSENEEAAERE 1hath. 3 SRH
U fi R R HE B ) s P82 8 SO RO B, 2 S e B L ILFE BE LT 1 km DA
AR AL S E IR (BL) , R0 e IR RE BT 1 km~3 km IR R S

SR (SLLY) 5 AH R HCRE E R R 2 S 2 D9 DY S 45 2% BLIN A ( =
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1234) . (4) ZHEFEMSE (2014) SRS RS T IR E L — KPR
SRS BRI AN T 4h, AR H A HIELL 4 h BRAS

S, EEEER, Wit AR H .
1 AR BB E GRYE 1 h WL BERD

Tabel.1 Classification and occurrence times of low-level jets based on 1 h data

BT WRIEVa AV RIS RS S RAERE 0~1km 1~3km
F IME G bR CHED)  BU RAERE  SLL RAEREL

(FEAZ: mes) CHED CHED

LUl 8<Vax<10, AV=4 577 339 238
BV =10, 4<AV<5 (9.2%) (58.8%) (41.2%)

LLJ2 10<Vj<12, AV=5 339 221 118
BV =12, 5<AV<6 (5.4%) (65.2%) (34.8%)

LU3 12<Vj <16, AV=6 334 252 82
BV =16, 6<AV<8 (5.3%) (75.4%) (24.6%)

L4 Vimax =16, AV=8 75 58 17
(1.2%) (77.3) (22.7%)

3 BREZ=SRSGIToT
3.1 | RET RER A RHE

FE 5 AT BT AR S R B RFIE BT, B 5ok 77 Azt XA 2 XU 1 AR L
FEARHIE . B 2 45 tH 1 W FUIN B BV XUER 2 7 A 0~3 km e 22 30 L1 ~F 341 KU
H A AR ], 7 A s U A B 2 1) AR AAFAE . 300 m DA s B XU H A8
AR N, EARYERETE 4~5.5 mest Z[H], 300 m DA b B 3 [l p XU 52 A
FI R 95 B IE) AN om A& %, et 500 m BT s 2R AR H % Ja 5 5 B S 19
TR — N RGEM KA R, ICHEAEEA 00: 00 IAFIIE(E 6.8 mes?, JF4EHF
I H AT, 1500 m DAL 5 B2 2 B XSG I 1) J5 500 m BT = B2 2~3 h,
FRERITBE (03: 00 BiJE) 7F 2500~3000 m =52 H B T 53 — AN K K AE
O (8.7mest) o Ah, H%EEZE BB (18: 00~22: 00) , 800~1200m
151 B SR ICAF A — A 5.5 mes™ 2 I KU AR AME oty IS B I 31 1 2
JRGH S AR 52 51 18 K 5 /N BRI RT3, U 5 J= A D S ) B0 KU L
AngEikg o IARZS RGN [A] AR RFIE RS, #74& Blackadar (1957) 2 Hi HBE
RGHW: ARUF MRS, EHEIR, KE/NTHFER. HHEZG,
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Fig.2 Daily height—time cross-sections of wind speed calculated from Yangjiang wind-profile radar

data during pre-rainy season of 2014-2016 in Southern China.

3.2 IR RESRGHIFT

BEXSHIEFUIN BN 6274 56 3 1h ~F 3 R 80l e AT ik Mg ik, 15 5
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Fig.3 Histogram of low-level jets (a) jet speed, (b) jet direction, (c) jet shear.
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Fig.4 Stacked histograms of the height of the low-level jets (LLJs) maximum wind speed.
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Fig.5 Diurnal variation histograms of LLJs occurrences in four different categories (a)the
synoptic-system-related low-level jets, abbreviated as SLLJ, (b) the boundary layer jets,
abbreviated as BLJ.
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Tabel.2 Date information in four boundary layer jet categories

AL H 3 H# (EAHD

/HEC(HD
BLI1 20140426+ 20140502 20140503 20140505, 20140515 20140524, 20140525 .
(39) 20140529.20140531. 20140601 20140602 . 20140603 20140604 20140611
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20150510.20150530.20150531+20150603 20150605 20150606+20150613

20150616.20150617+20150621+20150626+20150627.20160503.20160525-
20160531, 20160616. 20160617, 20160630

BL2 20140407 20140506 20140512 . 20140516 20150502 . 20150509 20150520~
(19) 20150525 20150527 20150601 . 20150607 20150608, 20150609 20150611
20160418, 20160429, 20160505, 20160526, 20160614
"""" BU3  20140406.20140511.20140517. 20140518 20150403 20150501 20150506
(22) 20150508 20150514, 20150515, 20150516 20150517 20150518, 20150519
20150526 20150528, 20150529, 20150602 20150610 20160509, 20160512
20160615
"""" BU4  20140510.20140513.20140514.20140521. 20140522 20140523 20150418
(8) 20150419
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Fig.6 Composite daily height—time cross-sections of average velocity (unit: mes™?) calculated from
Yangjiang wind-profile radar data in four boundary layer jet categories (a) BLJ1 day, (b) BLI2 day,
(c) BLJ3 day, (d) BLJ4 day, (e) BLJ3 previous day, (f) BLJ4 previous day.
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Fig.7 Composite distribution of average (08:00~0700 ) sea level pressure (unit: hPa), horizontal
winds of 950 hPa (vector and color contour, unit: mes), geopotential height of 500 hPa (unit:
gpm) in four boundary layer jet categories. (a) BLI1 days, (b) BLJ2 days, (c) BLI3 days, (d) BLI4
days.
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Fig.8 Composite distribution of average sea level pressure (unit: hPa), horizontal winds of 950 hPa
(vector and color contour, unit: mes™), geopotential height of 500 hPa (unit: gpm) in BLJ3 days.

(a) 08: 00 LST, (b) 12: 00 LST, (c) 16: 00 LST, (d) 00: 00 LST.
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on 12 May 2014 to 0800 LST on 15 May 2014.
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Fig.10 Composite distribution of 24h accumulated precipitation (unit: mm) and horizontal winds
of 950 hPa (vector, unit: m*s™) in four boundary layer jet categories. The hatched area indicates
the terrain at altitude of above 200 m. (a) BLJ1 days, (b) BLJ2 days, (c) BLJ3 days,(d) BLJ4 days.
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Fig.11 Composite distribution of the vertical integral of moisture fluxes (unit: kg * m™ * ),
convective available potential energy (CAPE, unit: J * kg), convective inhibition (CIN, unit:J = kg™?)
in four boundary layer jet categories. (a, e, i) BLI1 days, (b, f, j) BLJ2 days, (c, g, k) BLI3 days, (d, h,

[) BLJ4 days.
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WeRHZERE, FEASEIREH 2 K TARBERZ 10 b2, JCIHAE LLBKES — AN BEUH A0 X
B, W SBEEKPGERIESE (Buzzietal., 1998; Doswelletal., 1998) . It4h,
AR SR AR L, R T R I, 6 R B K I o A R AR
Fi (Colle etal., 2005; Baietal., 2021) . A% E SO W AEAFRE LA )E 2R
TN, 32 UL R SR T 7 A s R ) SR b A K I G

5.2.1 EditiAMGMX (A X)

A X EREKTE B B ROK, X 5IZM XML R A K. R
RERIL= AR, o X 22 A koA s b, Lk 18 DR /N2 iR 22 b 43
A, EERTL = AP 55 AR 08 00 Ll BKOR e ZR 58 N e K I\ b e, AR T
EAR)E R BIEFERRE R GRS EF. £ BUL H, WX AR =S
LSS, (EAE BRI\ 1 AN RIBHE TR SRR, TR R T VEEH)T H) 8 mm
PA BB (B 10a) 5 5 320/ W X U IR LG, B0 B3 T s
IKISEIRALS . 72 BU2 H, K tH AR BRIVE = A WHZR 638 Ll ik X ) X,
Wab (E10b) , 5 Chenetal. (2015) W 7¢HE 7 128 RUIE BRI P B K Rk 4=
ERX 8, BRI, SHRA R AR BUL HAT FTE/N, X A K I R i O AR
FIRI AT E A B R XU (B 12a) LR RIS BE /s (B 12d) .
f£ BU3 H, BEE SRR ZE— 2, WU\ DR, SRR TR
ETH PR i T R T) PN AR N B B, SO R R AR B SR 1GR3 )2 s i UG
BLI2 H [ & ml A B R4 B (B 12b) , XHRANHIRER LA E (K 120)
MR K H L B A X ZR R I P JE ARG HEE (] 100) o 438 30 mm PA_E 5 fE
KA AT, R IR KGR A F 22 5 T mRI WA 1 3 7 T B 30 P (IR L T b=
JUFLAE L Dk 26— A BEOR B30 RIS, K8 IE B 9 i35 (Buzzi et al, 1998; Doswell
etal, 1998) . ff BU4 H, Zh/j4E& FAAXNRA R gERE— D s (Bl 120) ,
BB KI5 nas, RO B S BUS HEARMRFE—8, VKT hE
UR 3 R IR R I B2 (] 10d) o 5 Z TR BIRTLE, BRI = AP 5 v
Pl X R AR L+ 1 B 7K BH BI85, IX 5 b aa i DX 52 21 e R ol # ) e s A
x (F120)

RTINS IR SRAE R R R A A6 T 12 X b 7 [ KR B ) 2
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(a)BLJ2-BLJ CAPE & LI950 (b)BLJ3-BLJ2 GAPE & LI950 (c)BLJ4-BLI3 GAPE & U950

105E 110E 115E 120E  10SE 110E 115E 120E  105E 110E 115E 120E
BT T T T T . [ CEEEEENEEEEEEEENEC | CEEEEEEEEEERESEC. |
-800 -400 0 400 BOD g 800 -400 0 400 800 Jig' 800 -400 0 400 BOO Jkg'
(d)BLJ2-BLJ1 CIN & U1000 (e)BLJ3-BLJ2 CIN & U1000 (f)BLJ4-BLJ3 CIN & U1000

.....

r
L v, Y
T T

105E 110E 115E 120E  105E 110E 115E 120E  105E 110E 115E 120E

| ——— ] ST T T 171 T | ]
300 150 0 150 300 Jkg" -300 150 0 150 300 Jkg' 300 150 0 150 300 Jkg'

510
511 K12 MAMWAELIL TR R A SRR ZEY (a-o) XHRAMALRE ORE, HA7.

512 Jekgl) . 950 hPa X (K&, Bfi: mest) ; (d-f) XHmilmlae GEG, B ) kgh.

513 1000 hPa K (RE, HAL: mesD
514 (a, d) BL2 H-BU1 H (b, e) BL3 H-BL2 H (¢, ) BL4 H-BU3 H
515 Fig.12 The composite differences in (a-c) convective available potential energy (CAPE, shading,

516 unit: J * kg?) and horizontal winds of 950 hPa (vector, unit: me*s™), (d-f) convective inhibition (CIN,

517 shading, unit: J * kg?) and horizontal winds of 1000 hPa (vector, unit: m*s-1) between the two
518 adjacent boundary layer jet categories. (a, d) between BLJ2 days and BLJ1 days, (b, e) between
519 BLJ3 days and BLJ2 days, (c, f) between BLJ4 days and BLJ3 days.

520 5.2.2 EFRGHMEX (B X)

521 B X FHRHIE (L>100 km) ELHE AR AL- 74 B A ) (R 248 1L ik 5 PG - AR g 78
522 [AIPRIRA B L K, SEEAE LU RK S UESEERE L A B L ik 3= D4 0k WE U8 1) 4 4 3R 1336 m
523 980 m, P A LU KAA s R MR WA I Kb T ) Bl O T ) RV . 2 IAFUZ BRI R
524 A BT KA TR R R AR AR IR, 12 5 KAER X & (Wang et al.,
525 2014; Duetal., 2020ab) . B /B JfEHIAh, WO\ IR IE 78 Z 4 Rt KIx “ i
520 F7 M€, @I PHZE RIS TR R & (45 Rt 5 8 (Duetal., 2020b) .
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fEBUL HEg RS = T (B 13a) , ZXWiERI-FErER, FBKERE
M55, KECKT 10 mm, BRI\ 3T A i 122 300 JR3ge 52 00 H 01 A 1) 3 T P Kk 14 i
LA, 10 mm DL AR REK R 32 B S 06 L KR R 000300 UL e B L ik ot e
30 A R TR, i T 3 ) 5 3 52 950 hPa A<t 77 [ ] ] S IR b T
IKEF%IX . BL2 H5 BUL HAHEL, FEAEEAAA BT, JCHZLEMAL Lk T i
A L RO W 0 4R o 03 X Ak b T2 B K S W S, B K R OB IE 16 mm DA
(E 13b) , BLB XA 0 fER BUL HA BTV, TEAS T HUE I M (10 52 2R
e X B (] 12a) 38 BB J346 T Inas LSO i il ge ik (8] 12d) 2
JR RSB IR ) R IR . BU3 H 5 BU2 HAREL,  SELE L BK 45 B 030 X 47K 2
FM5R, 20 mm LA ERBRIAT SR LK AT, B ARGV R A 1 A e 38 i i
BHic (B 13c) , B KISGilE nT VR 45 F Hh e x2S 2 78 2 7w RER TR e &
SR R R A 3G R (I 12b) , G o 4| 6 B IS AT 185 DR (E 52 i 5/ (I 12e);
AL, 16 mm S5 P 7K 28 B A 4832 0 1L Bk AU ZR e 1 30-40 km IR I 1LY
A BE -5 B K il 0 74 1 S JRAE LU T HERR T IR ZR B 9 JE AT 9K (Du et al., 2020b) .
fE BU4 H, KABIHIF— 2 E (1200 , HBREKEE— DGR (&
13d) , 20 mm PA_ERSRET T RO RV PIEL, PHBCR A ) PR U7 a9 FE, R
75 i ity ) M RSP B HE B 30 mm AR IBR B K, TR RGR T M T30 XU 3
JIHRTFHERIZ A1, & 5 18] B RN SRS 5 N ERG 21 5 BE 4 72 e 3 BN 5 I s A %
(Chenetal., 2015) ; TZARBIM A 20 mm DL EamfE/K R E ARG 040, FE
HH ILAE B BE L kB2 Gl s KA A T W U B0 ) R T Ui 2R AL AT IRV [X 3
X BT NI AL 8 SIS AT R e B L, E R IR AE R R R 1
DB K o

PRI, AEA )56 B ARG N AL 2R M U [X it e T2 7Kk 3 2 LH R
TE 7R 75 198 2 L K )3 A A LL ik b2, oV XA N R, 9 DX L % i P B
VLB B BRI G R . UbAh, £ 4 SUAFZE 2, SR AR AR AT R I
(1) e BH LU, 5t R B3 7K G HA IRLLE T B L ks R — 0]
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(a)BLJ-1 Day

235N — 5N
¥ 3 ﬂ y ._._'-"
23N # 23N
22.5N - f 225N -+ ¥
114.5E 115.5E 116.5E 114.5E 115.5E 116.5E
23.5N
23N &
T { 225N - f
114.5E 115.5E 116.5E 114.5E 115.5E 116.5E

2 6 10 14 18 22 26 30
K13 KK 10, EACEE R (RURIER XA 100 m DA B EZHIE . MR IE 7
XA 400 m DA b m g Kl 13a WALt = T AR MRS . 35 0 = M AR E R LD
Fig.13 As in Fig.10, but for coastal areas of east Guangdong. The dot and hatched area within the
contours indicates the terrain at an altitude of above 100 m and 400 m respectively. The red
triangle represents the Emeizhang Mountain and the yellow triangle represents Lianhua

Mountain in Fig.13a.
5.2.3 EFAFHEX(C X)

C XL A B R G Lk, T 2R B SR s 23 B AR 3 2 AR AIGZ /R
JEHTE, WRTE 1km BAR, JUZEA T 5-50 km Z[0],  H/N OB HI Y 628 7 g 2
o LAl 2 R v % RN T BRPIAE FH AN /T 240 (Liv etal., 2018; Lietal, 2021) .
FEH A AT B “ 57 G5 ROAR)Z O g KGR E S RE e R, I8 I <0

(Froude HUKT 1) iy B phise 2 b/ RUBE L BKB I, 7230 RIHATHE . B
R B2 Lk ETHIX 8 KR R A X 2 R R AR 15 K X (Bai et
al., 2021) o 1T ERAS FRor AT BURM ) PR TN i/ ROBE OB IR, A/
T TE PE R 7 2 1 10 S DG A 2 o /N JRUPE - TS o 7K R B2

B 14a HbRIE T REAK AR B R R DU Ab L CRBEIRIL (MDD | b
th (M2)  EHI (M3) BB (M4A) , FEIE570E 674 m. 982 m. 581 m.
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480 m. fE BLI1 HAI BLI2 HiZX /K IHES, BESHRE NG AR T R i
IR THiE R Kt mEs (Bl 14a. b) o £F BUL H, HuER/KHgIE £ ZH Bl
fE M1, M3 XX . M2 R X 78 BU2 H, MUK G
F B IE R TR LR M1 m U R, EIRHE B K KB IX 5 Bai et al.
(2021) 457 - P8 2 0T A ey K XA & B8 BLI2 HI4 52 XU 4% BLIL
HAEWTHFHIXE 1~2 m « s IR, (E VR X 0 R A 2 e B isss
12a) , PIULPIE A H KR Z AR 78 BU3 H, R 5= N B TE R
A A A BE#R I BN K (B 12b) , M1 R M4 B (0 H T B K 7E 1L R K
W RE (B 140 , 28R BT LN RR XA R R, X2 H T 2
B /N ROBE T ]SRN Z 9] R IR R E RO N A 2 A naids & X, 24 L X
WSS HHATHR A T HRA, X R iR shid b, o bk XU 52 2 1 ik
W S AR A X RS R S i Rod T RE R (Baietal., 2021) o K, sl
FK Rt ST R BRAE AR T 18 AT — 0 J2 e AEASHE R, M2 L b
T B 7K Fp s 2 T H BLEE 00 300 U L ik B, R T M2 RS (K&
40km, FEZ)30km) , WS (EWE982m) , WA EANRLERGT L, #
RIEAS G TR K . BeAh, M3 AR M5 K HO TR G AT BES M3 2840 1L
FKPIIAE 5 W 30 T Ty ) R 56 K. £ BUA H, @itk — 0 W35 s,
C XM R K e BU3 HA FriRss (& 14c, d) , X H T X0 0 i 5E i)
R (B 120) RORHRA B RERINRN (B 126, Ti5IES RiA e & AR 5
SRR 5T R B B R A I s E A ¢ (Duetal., 2022).
RS AT ET RN, S R /N RUBE T R R R ki B K Ok AR R e Y
Mo S FR R, N BT R (L~50 km) HJLliHL, s REK O 3
FEI RIBE AN L K b2 o TR T ROBE SR /NS R EIR  Ll R B /K o0& T
WAETE KR K N RIRE G X . ERILT2RE RN, CXS2hEEETd
S AR BRI A P 58 T B /K A A 0 PR 2 N TR T 55 R AE
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(b)BLJ-2 Day

22 5N 22 5N
22N 22N
215N 4+ 215N 4+

112E 112.5E 113E 113.5E 112E 112.5€ 113E 113.5E

(c)BLJ-3 Day (d)BLJ-4 Day
22.5N ~guuay — 225N P—
22N 4 22N
k= 2 A i B

o15N Ai-4 4 & ¢ oiEN L — o~ o

112E 112.5E 113E 113.5E 112E 112.5€ 113E 113.5E

[ [ [ T [ ]

2 6 10 14 18 22 26 30 ™M

K14 28 13, (ENBEPEREHIX, MI1-M4 AR PG rhs )R HL
Fig.14 As in Fig.13, but for coastal areas of west Guangdong. The labeled M1-M4 represents four

small and medium scale mountains.
5.3 A5 B BRI REK H 2L KIS

H TR FBK R B 2% L va X 2748, BRI 200 70k S E iR 2 K
KT BeAh, B BT T A = A1 X R K S T, R
B KRR AR H 5 0 — IR B KA R AR [ 20 (K] 10, 12, 13) , #CRTRH
X 358~ 35) Bt 7 AL SR A AL S Bl b T2 B 7K P B0, 426 St AN [ i B 972 vt
I AR OB X R K H AR R s AT 0. 18] 15 4 T ARG R 2
I H A AT XIS E N B KR ], BT IR R

(1) AIX (& 15a) « fEAFGRESREE T, A XHNBKFEETFE
U T B R () R 5 ), N AT U e FE 240 O LR DG TR I e, L RUUER g /K it 82 247 i
#BURBRE INGR T K . Rao etal. (2019) FEMFFEAS [A) 32 % 7 1 25 KU BRYT. = £
I A B b TR X 3ORHR H AR A 2 I, 48 H R T 5 0 3 30 546 T A0 78 2 R kA
o, e KUK IR R AR 0 S 2 s TR R R, AR ST 7 1 g /K Ve i 0 B A
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VRHIE, 40 BLUA H rusAE KR4 BUL HIY 3 5. Ik4h, £ BU1-3 H,
XLV R K H IR (KB ), 43 ) HE BRAE 17: 00~18: 00 J% 06: 00~07: 00,
B7E BUA4 H, XUEREK IS AERT T 1~2 he EREFEERE, A XA BU2 H
A DNEE N F (12: 00~14: 00) F%/KIE{H, 5 Chenetal. (2015) Hff
10 2 A BRI B = A 3 DX 2R A 0 368 X35 P o JE 28 B 7K/ i DAL S B (1]
— 3, HATSC 5.1 758530 B th 2 I 345 B e 7 rh O S T BR VT = A i L X
FRALMD XY . H— 5T, 7€ BU4A H, AXMKE LS (10: 00 Fi)5) BAFAE
—MEIKIGIRAAE , 1X 5 4.2 IR AL 5 SURAE 700 m S A B 14
m « st DL AR OK XU Hh i B R i 31 J sl FR A O

(2) BIX (Bl 15b) : 7EBUL H, FE/AKEIH NFME RSN, HHE
KB Y, FEKEE KB E 55024 0.50 mm < ht (15: 00) . 0.43mm * h'
(03: 00) , X B XS 4 (8] s AR 25 S sh i 46 FHE S5 B R R BRER S n
WAL T 5 R RO E KRB Y . 7E BU2 H, FERRIA—F— R
W ZE L), M TR 38 KB 7 iR R F G5, B0 R R BHAR S IR RE, A J5 oK
WEAE K Z 1.32 mm « h? (15: 00) , S RUEEIBIEAHE, [ 0.52mm « h?
(07: 00) , “FJRUEHLERIEMEKR 1501 E. 72 BU3 H, /K 2EIH EHAH
M = IELE R (BEEIALT 0.8mm « WL ftE) , 5 BU2 HAHLG /U fE I )52
0T 1 2h, RGN ERE R, (HAE BRI B (23: 00 BJo) HIFN T
—ANFRIBE KR, XRVEBRTRE ST, BERIEES WL IERK. 7
BU4 H, FE/KWRIN =LK, AR RIEER S BU3 HAHMF, {H. L
WUEAE N (B 52 /T 1 3h: Bb4h, RRFEAKIRINKR, ¥oANTiE. BEmS, £58
TORIEOLY, B ysRia e RIAIAGRBEE HEE 55, TERL TN R IR iR IEAH 2 1
W2t o S UL P IR IN 5, G2 2 RUAE S ARV I H R oK K3l 040 T aita
VERZWT 5 32, Bk HARAG ) g I 8] B P S 3 e R, BB K e LI &5
AR Ry = 25 4

(3) CIX (K 15¢) : 7£ BU1 HAIBU2 H, HFHERE RN XGE 5
N, BEAREAARIRES, EATI AT U I 2 E R R g (18: 00~20: 00) FlEL R
kI (05: 00~07: 00D . fE BLI3 H, {7 SIRAERT— KA 2 2K H R FREE
1h5R (W 4.2 5000, R 2RKEN G THRiE eI R, Ui, B
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IKERRITAEIG R, FHEP P AR R B fom, N/FRIZHIIS, SO0 &K
WL, IR BONREIR, EEAREE Dt ft. £ U4 H, B ouuik
IRIMBL T = S5H, Al BAE R B E B RORRR, (R SR I = N
AR (B 6d) Brtiazn 1K INsE SIEE M. thAt, BT ERI
T REROR, PR S B, Bk F2 08 S i HH IUAE =

a}Region A
g 15
E
310
£
205
0.0
08 11 14 17 20 23 02 05
b)Region B
g L5+
E
=
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£
2 os
0.0
08 11 14 17 20 23 02 05
c)Region C
EAEE N BLj1
£ mm Bij2
3 1.0 mm BL]3
e = B4
205
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o8 11 14 17 20 23 02 [15]
Timefhour (LST)

K 15 REEHIDFZE SR H =4 T XT38 0 Z N R EAEE T B CGARL: mm) (a)
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Fig.15 Histogram distribution of the average rainfall amount (unit: mm) of different regions in

four boundary layer jet categories . (a) Region A, (b) Region B, (c) Region C.

6 B&5iTie

ARLFF 2014~2016 FAEFEFTHIE (4~6 H) T HRATHIL TR 5 XERZ
FROBWLI BERE 2R A B B T E SO0 R K BERET ERAS FE AT BRI
Yo, i 1B PEIE RS SRS MRHE . HASRRIE S FE L], IFRT T
A Ti) 8 PRV R 1 IR N T AR =R B K 0 X 3R B K 2 A iR E
HAR G sEm, 73t LT 4518

(1) FET AR I SR DU S A b, B P 4 XA B
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FAFRAEMEN 21.2%, Hrb 13 IR 2R K AEMFEE S, 4 ZILTZRBEN
FWo KERIF (77.1%) ARTF SIREIIEAEL 14 mes?, 84.7% LA S A ]
NPEE R, SRR T RO B AR RE T (5~25) X102 Z[A], (K% 2
o di R R L UL o 2 SR L EE R 45 4, 2 UEAE Y WLAE 400 m~900 m /=%, K
WA HBILAE 1800 m~2200 m i 5 o IR B IR KT/ HILAE 1 km DAL A Z,
LEA AT 5 58.8%~77.3%. FEFE SURIEN R, LA E TR LR, KRR
i EEIRN o

(2) RATAKEIBER BB B S5y, RS R s, FLig
{ELIN[E] H A BE 5L o 0 5 2 R R AE SO R Gy, 0 T) U A HH ILAE b~ AR
BHR, B R R Rl & B IR G HLEE O¢, F R IR 32 5 H A
T BRI REY, 1%, 2 Sl RS0 H A BURGE H AR DL R
WA R, IR E RS E S 3 . 4 ZULRE S H A BURGERR T B
VEARZ 36 P )R TRT U AR DA AR, A R 1 B B A A TR UG o 3/ b T AT PR 1R 26
SZ I R Bt I 45 P A A 356 3o T vy s 79 A4 v I AL 2 96 1) ) s ) 22 0 A [ i o2
VG0 5 SR BGER A O AR T, 1 R R B S I 3 B A8 SE. 9 K
G s BUE PE g R i S Z 2R (34, 490 PRk E2E A,

(3) BYGIfg /5= RN T ZR B B K RS2 BLH B A . FEAN R SR E &
WHE ST, ARSI IR AR RNFHIE L, =S5 X B K
THARRHAEAT I 32 22 57t o vl 30 1 i AP0 B8 R e DX 3 DA DR R L Jk e 368 XS AR 1
ik BRI KON, SRR 2R, IR K. tAh, B b
W B bt T2 B /K Hh Lo 2 S U R PR R T PG B, SR B RRRAS I (i X
WA 12 m/s KA B, HUERKP OB TRE. Sk, BRI R
KA OVE X AT E, (HAE 4 R IRE FT, SRR K Al ik 259 e 2
e ST LK PR o G g o IS P /)N RUPE I T 0] J e 7K oo R BRGER A o 2
TERT, M RIHRFHAL . R ) Ll kR b2 F U R it & DX H g oK
B X, SR B K TE A GRS ARG (12~16m « s Bt F A

(4) fEE P AL ARG X IR, A FSREE TR SR T, 1% X B KIS
PRI R R LS, B/ R IR FE L g BRI A, HOBUIEE 7K 5 2 35 B
F ST AN SR TG K . BB ARV X, 1 92 H L T X KB R T
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T MR B K A G AR RAE e A RN
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