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Abstract: CoRveetive initiation (CI) means the beginning of strong convective weather activities.
The study of CI nisms is a critical and difficult problem of mesoscale meteorology, and is
critical to improve the scientific knowledge of the evolution of local sudden strong convection and
the nowcasting of strong convective weather. The research results of surface-based ClI mechanisms
and elevated CI mechanisms at home and abroad are summarized. Surface-based Cls usually are
triggered by boundary layer convergence lines. In addition, temperature and humidity disturbance,
instability, misocyclone, vertical shear, topography and other factors also have a certain impact on
the time and position of surface-based Cls. Atmospheric instability is sensitive to the change of
local temperature, especially humidity, and has a great influence on ClI. The interaction of ambient
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vertical wind shear and thermonamic field of boundary, the feedback between vertical velocity and
vorticity of misocyclone, and the thermodynamic effects caused by topography will influence the
surface-based Cls. Most elevated Cls are related to the bores, gravity waves and low-level jets.
The low-level jets transport water vapor upward and northward, reducing the stability of the
environment, and the shear associated with the low-level jets can also produce updraft, which is
important for nocturnal elevated Cl. Convectively generated gravity waves and bores are
conducive to the elevated CI, which can lift the lower atmosphere and reduce the stability.
Elevated convergence and weak but persistent mesoscale lifting are also helpful to increase the
possibility of elevated CI. This article can be used for reference in the Cl-releated research and the
prediction and early warning of local sudden strong convection.

Key words: strong convection, convective initiation, Cl, mechanism study
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SO IR M B R FIERA, WS RNV INEIN "Wl
SRR N R T A PR, AR RS, o Foe kDL RN RAE
18 AR K52 (Lock and Houston, 2014; Houze et al, ZOS eif lustein, 2017, 2018;
Wilson et al, 2018; EEFFFAIJ 553, 2014; DRESE, 2008w AUk, 75 ZEHERH TTHRAN
TR SRR, T Hos R )G EE 5 F . LR, BRI ARRS
AR K, AER BEOCHAL R R JEL N i 30 T SRR AR KPR, H xS Txb i) A4
(Convective Initiation, CI) it g2 EARAH J LI+ LN, el g A2 i 18]
TEA A3 R AT A FE R 3R X IR N

Bl C1 By 22 R AT sg AR Lk 1 7R ’ (R PEAEATXT CI R & 1 B A AR i 41
HAIRK Kbt 2 \ e SR LRI IR TR AT B SRR, th

e REAR T
2006; Wilson,and R@h
2014; Geer
JRISSE, 201

Cl 2SR TTFIETE N HIAR ., AERRIR T C1 X SRR R R IR i T A 1R K 7
By [ A AMR 2 8F 780 75 58 S 5 3R K 735 dBZ 15y CI 134 b5 7 (Roberts and Rutledge,
2003; Roberts etal, 2012; Walker etal, 2012). Mecikalski and Bedka (2006) JJJE-T Hhxk
Fr b FUIEIR Y 2 LA (Geostationary Operational Environmental Satellite, GOES) %kl H
T CI 1 8 NIl AR s (W3R 1), GRELAIATERR . LA SR MR AR &S, 205
IR S, 2 k53T T 1 B 7T (Mecikalski et al, 2008), £ jFiX LTtk Fabr

EENBER T NHEIFEES, 2012, BFAEZ%, 2014; 38855, 2018; JHEEZ, 2019).
% 1 HATEE GOES A% CI RAMFI4E (318 Mecikalski and Bedka, 2006; Mecikalski et al, 2008)
Table 1 The operational criteria of Cl used by the current US GOES (From Mecikalski and Bedka, 2006;

eckwerth et al, 2004, 2019; Weckwerth and Parsons,

s, 2006; Browning etal, 2007; Lock and Houston, 2014; Sunetal,
2017; Yanoetal, 2018; ZFi A%, 2014; HEPFFRIITRN, 2014; 3

al,
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Mecikalski et al, 2008)

Cl I TR HE R 2L A 3R VRN
10.7 pmigJ¥ <0°C
< —4°C/15 min

10.7 i £ 1A IR 1] AR AL A 3
AT /30 min < AT /15 min

6.5-10.7 pmik —-35~—10°C

13.3-10.7 pmifJ¥ % —25~—5°C
12.0-10.7 pmifffE% (GOES-11) —3~0°C
6.5-10.7 pumif £ FA I ] AR 4 4 > 3°C/15 min
13.3-10.7 pumifit FE FFI I ) 28 1 3 > 3°C/15 min

12.0-10.7 pmiE B (i () 45 4k %% (GOES-11) > 2°C/15 min

[E 4ME CIHLELH TS 75 THFF R T K= R B AR, 1
BAREARGEMEME I, 5 TX CLALEFRAAR, A
BERROL T B AIRMEKHE (Weckwerth and Parsons, 2006; Br
%T?E%%?CIHLEEE‘JEEF%IYE,iEiT*%%?&E‘JCIi
2011; FMARAAFIBEALER, 20125 HzkobZ, 2017), (HE
RGMETAE.

Cl W FT 2 B0 IAL Tl T P A £ i)

werth et al, 2019; #7k 64, 2017). K,
B TR 035 S AR R Cl A Re R A R EE, AT

PR “TEZE CI7). HidE CI—fBRAE RA-FIE B2, MR & 2k .
s & R =4 Cl REBIEH I RA, Hadk & 5 e & XA ¢ (Wilson and
Roberts, 2006)5 I AERIE N AL CL ML AR T ORI T R B as, 58 —H A
QB TP L CUHLEE, 55 30 4R s 4e CUNLEE, DU RE e ff) 5o VA 5 A I 20 T A o
Wit =%,

1 #h3E CI B

[ A E X T7 T TR R IT . 2002 4F3E E TR 1 & 4 19 E bRk B4 L 0 H
(International H,0 Project, IHOP), HHAEl%Hbrz — W Ui Z5E 64 3800 CI e
(Weckwerth and Parsons, 2006; Wilson and Roberts, 2006). 2005 4 & =1t 9& [¥ 5 #H T J&

R X AT A2 F 58RI (Convective Storms Initiation Project, CSIP) (Browning et al, 2007)
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A1 2007 4R 5 2= A8 WY H 8 b X T R 0 0 U K ) [ K BF 5 iF Rl ( Convective and
Orographically induced Precipitation Study, COPS) (Wulfmeyer etal, 2011) [(EZEHirz —
WEHEFE ClL TR RLEE, FR BRI S i s AR E AR E R & LT
oL TR R i i k2 31 2 24 A (Marsham and Parker, 2006; Morcrette et al, 2006; Wulfmeyer
etal, 2011; Khodayaretal, 2013). ik, EPNIRZ2=FWIFRE T Ak CI UL 43 b A
HUERAURT 7, F W FE T A [F] s X L i 4 A 5 2 M T S il CI ) 3 L) R BR U 55
2006; P (%%, 2009; FREAGFSE, 2010,2013,2017; EE=%, 2011; fi/hise, 2012; @44
B4, 2012).

11 wEBEAE%

Cl MR RIRE, ANSZZANETIEER, HIAERRIE R
SRR AE. Hrr, IWELREREGAN Cl &k — ik
AT 98 CL 3R WL B 4 & 4 T DAAUR Boeh BN 5 LA FE IR (S
Wilson and Schreiber, 1986; Wilson et al, 1992, 2010; Wilson ler, 1993;8§\eckwerth
and Parsons, 2006; Wilson and Roberts, 2006; Wakmot‘2 W 2010; Alexander et
al, 2018; MRUAFFZE, 2010; T 2%, 2011; &X&FE%, W RRE A S
AFEN RS R IR B KT BIANELE 7y 2k, 7] LUE ROl 72 N AR ZE fisl A ]
T ELF RS S AT AR 3 RS A RE IR/ A TR I ARG 0 1 i 4
HAFEE M, WA FIT ClLFH I (Doswell 11T 2087; Johnson and Mapes, 2001).

T8 (Xue and Martin, a; Hill ev/aly’ 2016), KSJNFEEM (Shapiroetal, 1985), iff
:;Z/MS), WK (Sillsetal, 2007; Wangetal, 2019), i
&S EPRIR (Bantaand Schaaf, 1987; Bennettetal, 2006; Langhansetal, 2011; Houze,
2012; Weckwarth etal, 2014) 5. fREZ B QLA FICT 1R )24 LA R LT
i A H Rodebush, 1948), Jf&BIMEE & XI5 30 704 5 IR Hil 4
AR ZJFRZI W R B E 2 SR XA BAER, SR Bh 2 BLk e B R JE R ) AR
1R = %L (Burpee, 1979; Cooper et al, 1982; Watson and Blanchard, 1984 ). Wilson and Schreiber
(1986) K IUEZ i1 Z M 79%HIXHAT (=30 dBZ) H)A: R A TE 1L TR SR A LI IE, SEXHR (=60
dBZ) U3 N F| 95%, T (KR S AR T 71%00HT AR BUIN SR C A AFE XA - Reif and
Bluestein (2017) 36 [ K- Ji b E AN B 5K 2 76% ) Cl R AEAEITH T AL I . Iwai et
al (2018 MBI FT R B H AR AR T 1 38 1) — AT XU AR VB R s 3 TR s ko 1 — N
XK. Huang et al (2019) X BA & M R AL B X IBT TR B, 44%32 14
W22 57 5 R BRI ITE BB & 2 T LA &% Cll. Abulikemu et al (2019) KIUR 2 4K
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AAE AR IEES XA CL SR XA .

RZWFRERN], AFEL SR AR X 2h ) AT g, Cl &% KAAE
PN B 22 30 FAH HAE AL (Droegemeier and Wilhelmson, 1985a, b; Lee et al, 1991;
Nicholls et al, 1991a; Kingsmill, 1995; Weiss and Bluestein, 2002; Wilson and Roberts, 2006;
Browning et al, 2007; Reif and Bluestein, 2017; Baietal, 2019; Cuietal, 2019; FRFA%F
&, 2010). X AT fE S 1 SR T PR E AR E P G, XA 33 T R
RS _EFHA (Mahoney 111, 1988; Rotunno etal, 1988). Klipfeletal (2012) 7 7 FaE
AR AN S R BRI SRIE R A DX, 124 DI A i R R TR, e S R XU
MEAER, I ik 2z X s 2= RS A il 1 Hieiit. Abulikemu et al @015) K BLAE

KF2E (2007) BFAL T 5000 20T 46 P T SRR SR o G R 1) R B
S0 KA T P X B4 6 B P 2 3. BVt 41 (20199 B0 b o 45 S e A,
R TR 225 M T P S50 T O <
& ¢ 10 km
ec! Vs N\ by
w
. -
' H
“ '.‘
| | ’ “
(@) 4 (C) i

K1 50506 X0 M£, BELKFRIABIENMNE, KOKRRATHEHILCIH
, (b

X, (a) #ik WS, (o) REEMAA (5]E Wilson and Mueller, 1993)
Fig. 1 CI by bgundary. The black solid lines and the black dashed lines indicate the positions of the boundaries and

the moved onesj réspectively. The gray areas indicate the regions where CI may occur. (a) Stationary boundary, (b)

oundary, (c) Colliding boundaries (From Wilson and Mueller, 1993)

K 1 o VI FHIHE CL ATREH IR DXk, #f b R i rl RE i CI, 1Mo CI — i
HELERE S A B JE M, PN AL AR ELAE ] X o e mT REH B CL AL E . (2
AR, W SR AR 2 T RAR B, B0, Nicholls etal (1991a) #&%= K Pu i
(R R SR I, IR EXRTIR A DAFEEATTZ [ 3. Fankhauser et al (1995) BT F XU B AN
T R RIEAE 2 AT LB, B0 st 28 tHUE P Z T8] o A AT TIA IR ROA T A7 B B L T
I, FEE B A — MEALIE M. Abulikemu et al (2016) K ILAEHEILH]—
AR REEA— R VR, SRS EATHIBEIEE 25-30 km, JLANKE L A i A2 N T2
[l
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ST TR ke g BRI T B PR RAR Ay B B L), ELE AN B e s XA L B v B I ) A0
Mo, A2 I CL 744444 (Wilson and Mueller, 1993). flfi1, fE4A LA, KA
R E H EIRET, 78— ik Faif 4 4 I35 H B CI(Wilson and Schreiber, 1986; Stensrud
and Maddox, 1988). WAk, fEBENHIL R ZBIA sA7-A4E, WATRER™E ClL I — R E R
(Wilson and Mueller, 1993; May, 1999; Hane et al, 2002). /NRJEZEZS[E] (JLT2K) Al
) L% (RTERE « A5 R XU 738 A ot 397 e B B T RS, B E B (Mueller et
al, 1993; Crook, 1996; Weckwerthetal, 1996; Murphey etal, 2006).

A REEE IR T YER, ERIE LT T Re A W R i /AR, IXATREAE CI B4
R EEEH . KRBT E DA 0E TGN, I HARWIEE X ST a %
THI CLALE (Al 2). KRS A0 w] LUR B T8l R e R )=
TERERIWEF P WLE] (Mueller etal, 1993; Weckwerth etal, 1996). i
AT BRI )RR 75 2 R 6 () AN AR M, T I 572 J e 1 3 P R P52 ] LA
SEPE (Mueller etal, 1993; Weckwerth etal, 1996). L4 H T 1RGN TR
L EE XM A AR FE TR ) B4 . Woodcock <19§>j§ DA PRI 2R A
Cl W EZEMEH, M 2 4L Z b T, B | T5% B2t = B (Lifting
Condensation Level, LCL), PKlitis < seidid i HAVBmam g sy, b <iart, M
FE R GHAL . Droegemeier and Wilhelmson (#885a) FUREALHT 78 B, 3N MK Z 18 B A 15
XPRIGKE R, AR5 5. Mueller et al (1993 WAE— NI PR PR T iR 2 B
RIS 2-4 T FTREX XA
Leeetal (1991) I Crook (199 » PELER 7&?%?%%%&@%19@4 EaPaF i
R EEREN . MAEL R E

JERITSIRIIDE Ik SE| 8

WEL SR CLI—ANE LR K 1~ B, R 2 iR AT DL i i
HEREEIIXT L 5 /34T (Purdom, 1976). Pielke (1974) KILFHE R, FEIF LR 158 T
Az, PRI IRERT AN FAA [R] T B 1 a5 R0 LI A OR A o A I B 530 A R RS
B ARAN R SE PERE P AV B I AL 484k . Carbone et al (1990) WHIN FIT2 — AN B JXUEE 38
REASTR AL CRRIA WL 2 — R F11¥ 80-150 km ¥ 5 AR [E1), A Rt e S iR AE, A& X
WA AR A F [X 35 . Weckwerth and Wakimoto (1992) & Bi#E K-H % (Kelvin-Helmholtz;
FEME 2 b 1-2 km, £ 3-5 km (ARG, KL S5BFIER) P& —ia (EFHss—MD £
B XUE% B THAL R KM . Kingsmill (1995) %, V& HIIRiA Aok B T Helmholtz Y1384
FasE AU R4/ T 4 kms Fujita, 1981, 1T LAy WF BL 2 fil R R JE 5, Lee and



189

190
191
192
193

194
195
196
197
198
199
200
201
202
203
204
205
206

Wilhelmson (1997a) [EE A3 — 20 B 71X /ME%

, 1993; Crook, 1996).
ANFESE M o 5y M i i v FEE 0 1) XA FE R AN AR

WIARTIZ T, T BRI, & R RIS SRR, mE
LA B RN A, TR BT, IR B ERDN, GETAE
ERR, & ee and Wilhelmson, 1997a). T K HIAEEE P oy M FRI9 B2 A2 1k
HARBURR, A HlR B AR A UK . X2 R R 7KV 45 R T30 1 A B S K < AT P 386 e
T B (RTINS, 2012 KE7KO65E, 2017) o DA AR & P I BB A 78 7T LB 1 2 Helmholtz
(1868), A5 tHPIALA K E ELE P AN AU 2 (A R JE X TR . Rayleigh 1473 sl 2 184
5 DIAEANERE 1 ) — A 00 B SR A i U X (1 T FE JBR 4 _E 25 — 453 = (Rayleigh, 1879),
IMTES) AR BE A IRAR S, TR A [FIIRITE, X5 Helmholtz (1868) I H Hib) A 2
(R AT—%. #lin, Mueller and Carbone (1987) 5T 1 —ANBE KU (1345 11 45 F FIRFAE,
R TR IR S H BT RGEAN R, ERE R4 K-H e, JFRE R
HHR A WIS BN ) Je AL 7%, ARSI C EFHEEh—MD 74 Cl.
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1.2 IKEXRE

JKFEXF i % (Horizontal Convective Rolls, HCRs) L& it 52 A A B e i i3
(LeMone, 1973), HJE sz EHGE &M XA )52 m (Wakimoto and Atkins, 1994), —
LR L DA R WA RS E M HCRs 1) 3 ZE53a L] (Kuo, 1963; Asai, 1970a, b, 1972),
T A LE A 58 I, HCRs JE RS 31 /i A M 21 (Faller, 1963; Lilly, 1966; Stensrud
and Maddox, 1988). {HZ& KZ KT HCRs M FL I, #J1A15h 1A KR e 1t i 3 R /E
%t HCRs HITE G2 L) (Miura, 1986; Kristovich, 1993; Weckwerth etal, 1997).

Wilson et al (1992) K IL{E4R & 45 HCRs PR3 Ak FFH-hnss, fil & 7 #i X . Xue and
Martin (2006b) W7 HCRs 1E TR I AALE, Fovi Ll b a) PR AR B2 ¥ LAED
N 3-T. UL HCRs 5k, EATIM _ETHAA J KBRS, A8 ™ A 9 1 1 4
AT, TRARRBOIR . HCRs [ R UTIRAE M = A 4R, 728 T IEX,
BIE T mRERE AL E . MR A B &R h 1 S BIR AL, BN
A BER S 5K LT A ClLIALE M F, HAR RS i
T CL™ 4. HCRs T2 5 HiAthil FAH HAE Al Cl (!/a' /’%ms, 1994; Atkins
etal, 1995; Fovell, 2005), HHTiL¥&A KT HCRs Sl fillo 3 iTThy Ea it ot .
1.3 WSHE

Wilson et al (1992) FIHF 7t 4h Bk H

Wilson et al, 1992; Arnottetal,
IFRFR A E. Kingsmill (199
K-H ARasE). ER 3 e K
A& Cl PRI e »?/Mnson (1997a, b) MURHIAIL, Z il 5t (13T ]D)
A T AR E M \ I 1 BN ) LR B o AEAE SRR 0 PR B AN 2R R I R 2
X, SRI_ETHAL, RIEE AR 5 13 ClL Canf&] 3b i+ SRS R X 80 . 5
#&, Friedrich 5) RIMBEREL T R — /MR R, — SRS R E
HIAE G o0 () — I, — e AR, 17K 22 e 5 OB ) L S Ui i
OEA, TAZUE 3b Hr GBI AL FR PG T8 A0 AR e 1

T A B TR AR E M KPS AT U™ A 2 B B2 (Miles and Howard, 1964
Mueller and Carbone, 1987; Kingsmill, 1995; Roberts and Wilson, 1995). #4b, T EHIRE
P (Wilson et al, 1992) FI/K-FiREEMIRL (Atkins et al, 1995) 4 ML 1 2 3 B e FE 1)
F B PR o XA FZ B RIS A B8 T i FE T L . 2, Kanak et al (2000)
IR S S R R AL ) T B FE AR OB N . Kanak et al (2000) #1 Shapiro and
Kanak (2002) J548, 7K~F-I ]2 a3 i A, R JE X ANk i T3 B E K
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SRR EEMAARY, A EIR R . R O L S e R S st 1 5 P T A AR KR
JE B CIA K. XL 45 L Ll R FIR XN TR A B M EUE AL 07T (Klemp, 1987).
TR AN B R LA, AR K 2 MR TR 2 S B 3 SR R AR T K
(Wakimoto and Wilson, 1989).

() (b)—

K 3 E—AMNHRIGARES . MM ETHR. (a) 3D B (5] H Lee and Wil
T, +FRREAIN, X FRIEREEREMNE (5] H Friedrich et al,

Fig. 3 Schematic diagrams showing convergence, misocyclones and updrafts algng an odtflow dary. (a) 3D
(From Lee and Wilhelmson, 1997a), (b) 2D, + represents enhanced converg sents enhanced positive
14 EHYIT N

WEFCRIL, P53 B R ) AR 510 5380 713 B ELIC B, 68 OG0 sk A PN 4 ot A B 38
YEF (Droegemeier and Wilhelmson, 1985 ahoney 111, 1988; Rotunno et al, 1988;

vertical vorticity (From Friedrich et al,

Weisman et al, 1988; Weisman and Rotunno, 2004
2012, 2013; MREAFFAIFi0E,
T R4 ke EAE 4 B 32 5 M| Vil Bl 92 1) BT A3 b T 25 S K36 THRR S

ryan etal, 2006; Lombardo and Colle,

HIABERAEATH E B xR (Level of Free Convection, LFC). ifixfT
Cl ™4, JEHRG X 1, R R R AR B RE eI LFC R RE N . 5
4, Johns and Doswell 11 (1992) A1 McNulty (1995) & Hi 0-6 km A 33 H YA, A F] T
% BARBGB R AR I R AR &, TR M B D) AR SR )R X ) A R R
K (Ziegler and Rasmussen, 1998). MREHFFFILiWZ (2012) MIRAUHEFKIL, 0-3 km K2
e B DA N RELE 1 & R 4 e B2 . 1T Abulikemu et al (2019) & BB KUEE _E 5 k) Al iRt
(¥ ETHRAE ClL iR BEAEA, S 2EERDIAE (£43-5km) HRIIERE SR TIX
AN RTERG AR, X 5% A2 DIAR R RKW 2 i¢ (Rotunno-Klemp-Weisman) (Rotunno
etal, 1988) AN, il 123 ENYIARAE CLd R P RfER (& 4D,
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K4 SR KT b 2 0 B XD) 3R SR L i 4L )55 Sk AR B AR AT S e HUR) G _E TR
W TRk BT IR A, AP L 58 1 i ARk R M Z R R R A A h R T BN

ﬁ@ (5] B Abulikemu etal, 2019)

A T 7] Hi

Fig. 4 Schematic model showing the meg

on top of the gust front. The red upward arrow depictSithe forward-tilting updraft at the leading edge of the gust
front. The blue arrow show; ther air streagn gorming from ahead of the gust front. The curved purple arrow

above them repres i/m} nce qf the low-level airflows and the forward-tilting updraft caused by the

positive vorticity asso ymvertical wind shear on top of the gust front (From Abulikemu et al,

2019)

1.5 HBIFHAR

L ik i I B HLE), IXEEHahg i 7 L X ClL I AT et (Banta
and Schaaf, 1987; Kottmeier etal, 2008; Langhansetal, 2011; Houze, 2012; Weckwerth et
al, 2014). iEJLHAER, HEbs EIFRE T 2/ MANFE R 2645 N el k5, s Xl
A5 TR B 925 (Convection Initiation and Downburst Experiment, CINDE) (Wilson et al,
1988), JedsfiefEiEiFIGIFSLE: (Verifying the Origins of Rotation in Tornadoes Experiment,
VORTEX ) ( Rasmussen et al, 1994 ), Xf i A1 F% /K /[N #H 01 H ( Convection and
Precipitation/Electrification, CaPE) (Wilson and Megenhardt, 1997), IHOP (Weckwerth et al,
2004; Wilson and Roberts, 2006), CSIP (Browning etal, 2007), COPS (Wulfmeyer et al,
2011), 9RFE ARG A ZBA# S (Understanding Severe Thunderstorms and Alberta

10
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Boundary Layers Experiment, UNSTABLE) (Taylor etal, 2011), 3% [E KPR & e 0t
506G (the Plains Elevated Convection at Night, PECAN) (Geerts etal, 2017), LA ZRE#H T
Pl 5 T W s A B PR 3 T O HALE 78 1 &Il (Tokyo Metropolitan Area Convection Study for
Extreme Weather Resilient Cities, TOMACS) (Misumi etal, 2019). Fi| X Ei56 1A A1 3k B
HF I BERE, 255 BUB BT 7T, AT AN R 38 B 3 e s A AR AL T gk —
AR O8F SRl 7 UM AR B HE X CI BJ5ZNE (Banta and Schaaf,
1987; Houze, 2012; Kirshbaum et al, 2018). i faj FMIHLELZHLIRIGT (B 5a). 7Rl
WIS, NI T, 227 RS, IR . B, AR KB, S LA TR S XU
PANBF, SIS (Smith, 1979). 55— AMRj AL BT A [F KB

A, RS AR T 4E CL (B Sh), T E B i b R
Iy ARsErE, AR 4 Cl (K 5e), (HRZHFHEEH
ANRSFERRERGILFEERN, SRS SN LR E
HTEXT Cl IR LA AE At SN [F) X B 7 rp U » Thipglifand Cotton (1989a,
b) KA & LK J5 B FR RS 240 (Mesoscale Convective System, MCS) KHL, HiJE
FEIFA B U L S P SR A i T —ANERIT Cl A, Smith et al
(2009) Hff 7 Fiiy 1 X [y b 7 3K R B, 3 AT AT TE P BT YRR THR -
Weckwerth et al (2011) &Kk I CI B8 S XAE R = R Ak A . 7R
FUEER AR, R ERRAE R, EYCRAE TR S . SRR EA]
) LFC I, Xyl . 1ER G s XA LTI . 2 — DN AR R
AFEIFH R EE B, TE AT ClLiaF (Chen et
?{%@Mﬁiﬁuiﬁﬁm%%%%%@%&ﬁ%%%ﬁm%—%
F7=4 CI (Sun and Zhang, 2012; Jinetal, 2013; Lietal, 2017).
R TR 3 B0 L k- SR R S Bl R, IR R S, AT AR IR
ai etal (2020) tHAHLHERINZHL CI &b Tl R4k 100 km 24, JF
32 JRy b b FE R ik 2 S B2 M AR K. Cancelada et al (20200 A IUAHELSFIR, B3R EHM
Cl 4 5 RALE LKL . Branch etal (20200 MR H4F1 ¥ 5 R AL AI E 2 CI Wi A 178
I e VAT L L W I — 17 A
Wang et al (2016) BF5T 17 KL CLALE], KRILF=A Cl 4R A 2 B A R R FE I
77 . Hua et al (2020) W 7E 1 A0 1 8 3 S 22 RO R P K R GE] AL AN G5 (7200 -
SERRIN, BT RRRAE LLos e SR N R R il ok FEAR (B — MR E I AR, KiE
= AT B i o B 3 3 BURHR THE A IO I 2 e PR Ve FIVERT, PR e A — AN R T
Cl FMBAXNAIRER. AR, HTRIE LMK R WRRRES I ER, —

AN i (50,
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336
337
338
339

340

WP JEIARUESE, B3R T B IRR RS, AL T CLIT A ER T2 RS
XS CI 2R B Tk L, 576 B 2 [t — 2Dt 7t

() g (b)

B, (o) FRINTIEFA S s@a i) BT, (d)

B B
P IE] LU VBRI (0 R UL S D Ry (&) W SR8 R, (F) 3 XU s == B i B B3R (Ced 5l
WEM HAh5] & Kirshbaum et al, 2018)

Fig. 5 Schematic of basig/mechanisms of convective initiation over mountains. (a) mechanical lift, (b) lee-side

daytime thermally forced anabatic flow and convection over the crest, (d) nocturnal katabatic
near the mountain base, (e) lee wave, (f) lee-side gravity-wave ascent aloft and upslope flow
from Houze, 2012 and others from Kirshbaum et al, 2018)

SRRV, B A AN EE CIALEERIBE T BT VIR R, AL R R Ea k. i
BB BAF et e | E YRR R EXT Cl B~ nT fEf — & IR .
{ERAR 2 Jay i B ORI SR AR AT E ML IR AN R ARTE 2, PRI 75 ZO0HU 52 A8 J13 AN AN ]
SRR BAR 2= B SERAH RGN, AT 5 AT A7) AL AN A P S8 22 4077 o R BEAT 9500 7 R JEL I Tl
PR, & EALE E IR IRIE G2, = PR M LR RN =3, LR
AR Bl R ER S A T A2 BRI AT REPEAT BARHLA -

flow and convegt

2 BlE]EZE Cl I HLEE
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355
356
357
358
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361
362
363
364
365

366

BRI, 2% MPl—MEERILAZ (Stable Boundary Layer, SBL), ity
R X, AR EAHEIHE SBL 2 b, PRIH 74 548 CI(Reif and Bluestein, 2017; Weckwerth
etal, 2019). EAENRE NFERATEL T Z RN, FEREZERA A W (Weckwerth et al,
2019) . TUHRA [H] i 42 C1RF 0l A RAR I, BRI & 4278 900 £ 600 hPa ™ £E (Wilson and Roberts,
2006), Kt AR Fa w1 2 2 RS AHRFEXT ] CI ) T4 B8 26 22 (Squitieri et al, 2016)

SR (PRI 2R AN B LI v 2 v I 2 4 FR R (R IRLEE L R BE AN X7 2% A4 (Clark et al, 2007).
BAEE 24, RIAXSR RGBT AR 2, Rl e At Y 417 Sk e 1) v i 2 70
REARAIE T, il IHOP Al PECAN. CHMIWEFiR M, A Cl (Nocturnal Convection
Initiation, NCI) S5yiF1E /9% (Koch et al, 2008a, b), LK AKZS SU7 H I Xk i R P Al
W R SR A4 5% (Stelten and Gallus, 2017; Trier etal, 2017; Wilson et al, 2048) . Wilson and

Q&mussen and Houze,
;201849 Weckwerth et al,

XA AT, AT REA HAb 24 CI AR B L A .
21 REER

25 & (Low-Level Jets, LLJs)XﬂﬁI‘ﬂXﬂ‘ﬁE‘J%ﬂiT

JiE
2016; Reif and Bluestein, 2017; Gebauer et al, 2018; Shapir

Trier et al, 2020; Zhang et al, XTI A A AL (Wil 6). LLIs ]
DA AR s AR ANEE e It (MU 0), MR —ARLH L (RKW Hit), 5 LLIs

d

IffREE, CIT
mib)aaw vkl
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374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402

K6 LLI fil Cl R . SR XIS HPE R AR RE OANERIED, SEOFRRAKIN BELRREN
2, LR X RN P r S, £SO XN LL) i, SR AR X 3R R AR AR (51 B Weckwerth
etal, 2019
Fig. 6 Vertical cross-sectional conceptual model illustrating processes and features that may contribute to LLJ-only
NCI.The black area is topography from west to east (left to right). Higher moisture content is indicated in green.
The red elliptic domain and purple elliptic domain indicate southwesterly flow and southeasterly flow, respectively,
with embedded solid red region showing the LLJ core (From Weckwerth et al, 2019)

Gebauer et al (2018) [WAFFT /R, FE—/NoRELmM LLY T WA PR AdeE &, 1£
W b LLJs d5 5 3380 Clo LLIs FIAR P ) K AU THT 2 57 R A8 AR PT RE =2 53— A R TR R
JEI X3k (Trier and Parsons, 1993). LLJs 5 2% &ft (Upper-Level Jets, ULJs) FIR&H
i 2 7E NCI 2 E ZAEF (Moore etal, 2003). 1 km 2 R IR ZE S0 (

PRI INGR TSR (21950 hPa) [HfEs, MEGAHER S ) g AL TR
JZRZ (£ 700 hPa) HIAREL. XFEMMRZESR &b 25 A0 ]
Rﬁﬁﬂo%%,%4%%%%&%&TWMW$R§§V
A BB L], AT B A& Cl.
2.2 ABEREIR

AT BEAE 4 NCI R fid R bt 7 B 5

B E ARSI, 2 P AR SRR K sl , S B R AR AN RE I 52 2 A TR E SR
() T, SR AT RE R R —
Fto 1948 FE— X ™

2006; Martif, apd Johnson, 2008; Coleman et al, 2010; Hartung et al, 2010; Coleman and Knupp,
2011; Watso Lane, 2016). K& T Wilson and Roberts (2006) 2 4b, HAhAF 5T #E 2 1
BT, BB TR A RIS A2 IHOP, AHOCIIE LR IVRA W IRE MCS iR &
Ara] el CI (Wilson and Roberts, 2006; Haghi etal, 2017). A T AR T R 2 ZHIHF 5,
Haghi etal (2017) i IHOP 8L, #E47 1 —ANMBAR AR ELS) /10 R I RS 7T
BIEKAIMOEZ 3] TIRZ 3F (Haghi et al, 2019). jiiEdiaASHR &S, FHA
AR5 (Knupp, 2006; Kochetal, 2008a, b), ¥/ E HIXEE (LFC) FH i)
A& (Convection Inhibition, CIN) (Loveless etal, 2019; Parsonsetal, 2019), /56 T+H%
Syt LFC &, H3L NCI (Haghi et al, 2017; Parsons et al, 2019). it Haghi et al (2017)
FRIAIT 58 2 WIS AL v VL REAEC NS 3 2 AR ELAE P26 173G, VAR BT B & r] DO AR E R 46 T2
LFC, MM ERAERRIEN T, AT ZHAMK BT, X5 Parker (2008) WL —%.
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Parsons et al (2019) WA RKBLIAHE AT LA LLY SLRIVER (Rt CI P24, LU H O sE A7
AR RBE TR S R AR)Z B 0 BRI, S AAER R IR 2 b5 il R (]
7)o

AR — SO S 7o Y T AE TR B AT T A, A R i R e kit R 7 B [
B0 (47 10-100 km), #145 CI (1= A IH K A XE (Haghi et al, 2017). 7£ Blake et al (2017)
(RRAEL A, T R0 ST AT RV B AT PR B AR RS BE T B, 308 T35 JEE o It ) fid R B4 455 S ),
HZ XS B AR AR A (. [FIRE, T4k iR R ARl 514, CI Fise itk
SRR 6 T fid 58 2 HAR R, X R ARMERA € (1) (Parsons etal, 2019).

Lud*ﬁﬂw
~n
LY
. {ﬁ?ﬁﬂw
2 FEI.

'''''''''''''''
.....
.............
---------

Parsons etal, 2019)
d LLJ in CI (From Parsons et al, 2019)

i, £ LR =K Eda] LRI N =2 (Wilson and Roberts, 2006; Haghi etal, 2017; Mueller
etal, 2017).
2.3 ENE

TS K-H 3 ERJEX 2 A 1 25 7 i RIS 9% 72 18] 42 5 WL ¥ (Trexler and Koch,
2000; Richiardone and Manfrin, 2003). X4y 5 EFRATFPURNAHG, FTLLFE 500 m
P 1 km B9 BT, TEEEIER 1-5 mst. SKE TAREE AN EE B THEsh T
DLk % 35 % 3 ( Bretherton and Smolarkiewicz, 1989; Pandya and Durran, 1996; Lane and Reeder,
2001; Lane and Zhang, 2011; Adams-Selin and Johnson, 2013). *tinf LLP=A4: 5 ik, 3
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463

REHUA R ADLEE {6 FH 2 BN ER 2 b RO BN 5 SR 1 AR 2 VR PR DB 2 ) 2 L K A2 7
FEXHREIREE, BRA n=1 B2, A] DUB IR 1) b ZJE 8 30m#™ 4= (Nicholls et al, 1991b).
n=2 AR n=3 B2 1) 3 B 3 MR Z R BERT 2/3 S Z IR, W] BLBIE SR ¥ & 2
FELE NN FAAICZ AL S JI 728, IHEERZREA EFHA, Wk CIN, 35X 74 1 AR
T Cl %44 (Lacetal, 2002; Lane and Zhang, 2011; Birchetal, 2013). A[E# kK%
PR, KK, RSP (Nicholls etal, 1991b). XULHE Jjyk 4 H 1E MCS K
Az, ORI BAR I P A AN R G, Bt 5 MCS IR IR BUA 5%, T Cl — %2 n=2
PR AN n=3 B2 = 77U R f K

Hh 5 JEE (6L 2 B 08 AR B AT TR e IS il R 2L 2 ) I AR A M SR
1983; Uccellini and Koch, 1987). Uccellini (1975) REMS LA BN
K A2 400-500 km, AH3% A5 35-40 m ™, i fil % AT BN OV 2 A7 AE I

9907 th3% I BTN X
RSN AT EE . Clark et al (1986) 21147 F &éﬂuﬁﬂﬁﬁ%g
Xfiit. Weckwerth and Wakimoto (1992) & ¥, 7FHfIA 1S B AR R A 2 R T
K-H W FE I % (nternal Gravity, 1G) HIBRGIEA . K-HEWT S5FEREREE, 5 K-H
VBRSO PRI AR R IRV 14 28 S8 47 A ) (78 o ZJEHE K-H AR XS B R ) )5 A% 3%
I, SR AR LA K-H SRR ETHR — . , BEREEUR I 1G H5FERETAT, 5
IG A Rmnaglt B, ST I KN TR MR A A R S HE S . Lac et al
(2002) FIMLII A I, Hxti e f RALE ™ AR HT VB TR T, 32 Pt
FBRHIPOERS (>15 ms™ i AL

HU S BT By e i S CIER A

SR FRIEG 2 74 0 R AT 2 g gt A b7 25 1 S DR, ER1SLEXot w RATo  7 AE AT 2 7 3
o BT MR LR BAXHAZ 5 R Sl BE AR AL . THOP BIF ST AR IR 45, 292 11
ms?t, R eI 20 mst. n=2 8% n= 3 BAHIE ReE S 24N 15m T
A 10ms™s FEHRE AL TR MR SBL, XHEE 7R xRN, (E X
TRABAT T RE RN A0 2 B AR, BB THRE RS, BeMasEE, AR C
(72 A o IAE B BRI AN BE UL R IX /NI B A M BAEF, ARSRIBIE TR S RI5 20 = 5 )
PR ILAE R (Haghi etal, 2019).
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2.4 Hith

NCI 7] LA A #E—4 MCS Fffif. Keene and Schumacher (2013) & ¥ NCI 7] LLZE MCS
JETH I, ROy SEE, FIAHRLE MCS FIRHRS (PEEradh) KR, VEREA LLI btk
MR AR TBIRFFE T MCS it EIATE M, IF B 5 R AL A E PG Jb R &
75 SR B (0 Ja 367226 T B 285 (Keene and Schumacher, 2013; Peters and Schumacher,
2015, 2016), fE MCS 4%4% J5 [H A T H B NCI YT 8 (Trier et al, 2011), “T"AUHi:
XP A IAE LLY 28 s db e, A5 RER #4455 (Coniglio etal, 2011).

£ PECAN 1056 911a], LI 1] — L8 NCI £ 25 R TR L B i i 7 100-300 km (157401
XA XRRFIAEE A —A LL) R0, FERRI 07 A BRI g X4 il i
W3R, WIRERZE Cl (Moore etal, 2003; Petersetal, 2017).

HRAiAE (Convective Available Potential Energy, CAPE),
NCI F74 (Wilson et al, 2018). 7E IHOP i 4t 2/‘ ‘
(Wilson and Roberts, 2006) . N

Degelia et al (2018) ¥ F] NCI 7= A=t 5 v ROBESS Il B IR S 25 DI AH O, T Wil
N, SHARRTAEE PSSR AT AR 22 (Meist Absolutely Unstable Layers, MAUL) 55
TP PSSR CL ) — AN WWRHE (Trier et al,
B2 BT <A1 CIN 1] 20, X/ s e i WaE . BSE, KT CLRAEZHT &
28 MAUL #4113 A0 CL XM LUK T TR D . =28 MAUL F2& 75 RERf iR —

PR SR R

¥ (Potential Vorticity, PV) 5% (Li and Smith,

m K PFHAEST . Raymond and Jiang (1990) & FIAE—
1AM AT LA A 1 om s (9 B TR, RIS B R V. AEXHAR

R, XA TR AR, AT RE R K A m S B TR B 1 LFC.

bRtz 4 s 7 H A NCI LRI A B EAIDE 7T, 1% 2 RS P AT (¥ 08 I 45 14
FEAAHEATe B, AL 3 B 22 5 (R KT 32 B TR 38 7 A D 4 1) — A 3 B2 A
# (Jirak and Cotton, 2007). MCS it i) NCI B S5 HE G 5%, /KIKZEK AT AR HIA
B4 MCS ZhiZ FIRS, BRI Rl BeA B TR i =4k (Knight etal, 2004). AR (1)4h
S W 360 0 5 43 26 BB R R 75 2 L 2 Wi B VR A T X i

Bk, HATE AT NCIL LR OIS TR Z R, RIVRS 2. %
TR HE SRR AT NCI PR TR — @ IR . (HJ230 A Hofh NCIALHIE A b
TEANWTFC, R GIE 75 2 SE VRS AOUL I R0t = B8 C BEATRIFAE, AT 5 e 8 [ XA R R o I
VTR o

2010), Hilan, X

ANEE P
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3 i

XA R E WA CUALEE AR T 0T FE R g 45, AT LIS 2] LR 451k

(1) i3k Cl —fBAE NFAE B, — el Z e S e SIS g Hions
PR AR RO A7 B e TR0, (E R EL AN e R 5 o U L A B R o IR PN S AN
PeL AR, FEE DA RIMOR AR K R AT CL AT Be A — g s, BRI 5 R)E
R I EAE A A2k Clo o, RARIAFE TEXT CLRISZIIRK, T ASRa e
VXS SR B G H R R AR BB o AN R F AR ELA T I X3, S i Aash Ji AN A e W
WG, AIAAT CLR™ A SA5TE BXYIAE 510 5 38E3h J13m BN LR &, 6 1 fih
RANYEFFBAT AR . 5356, WAL RO i) 3 LR L S i 2 A AR5, R T
Bt AT AU S S R A AR, e CI P A — i

e A2 Clo AR Cl SR B0t H 1H X - P A o
T BRI IR 2 EREIKIR, BRR T M AR

{HZI6H HoAth NCI AL B33
VELH R W X = 42 C1 ATt
Cl 2 H A2 RS
HEHTT,
(D WH9E H AN

Ha? s 2R S LB SR CI1? AR AR ER S 4 CI? BEL7 4
Cl sl id il V IRz A 16T, HEEEXYIZM LR &X CI BREE, (H2 Akt
JE RIS A SEMEM? SRS HZATH sAAE R e 4 CLI— R R,

Z RS R A B 4 B0 CI? HCRS IS ie i FE T 1 () B AR LB R 4 2 3
) LLIs A2 RUBE a8 #4 0VE FER BN 7046 F AR E 4520 CI? I 2 H 2k Cl, i
IS R HE AR IR B AR e FE R, AR R 2R AR Rk ? CI W RAFR B FEVR . T
FNE Sy A b, A U e AT TR RS 2 AT EAE T 2 Cl R AR Z A i 4 MAUL F#4
N1 nmiEf, Rz ClLxF MAUL € B TTRR T3 2 K7 AUt PV 8 S - P Bk
XF Cl KA Z TSN J1 A RS2 2 TERE Y ? SR SSFE 2 51 ClL Wt FL b 7 2558 18, RN 35
TER CIemN KRR L, ClIBEAN S22 ANETFILEER, A BEXNRE A F
Ber) B N e A
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(2) WEFRAFE T HE AR XE CLALH . AEHX R CLALHIAE, &7
LE LML HIRTIAN Cl MBSO T2 B RE e ? fln, AR RE
FRT RN, ERGTHIX, BERNMAELE CI R IE AR E 2, IR BB IEZ AT )
MR B AN R BT B R F R AN [R] S 2 CI 32 ZE R PR BE R A A B e

(3) fnadmE 2 2 FeR I, USRS T CI BB . e F i o ROBE R, 189 S0 25
ERE G B SRS ML IR e, Ml Cl MRS BaE 2R AR, 244
PECAN 454875 [4%1] (PECAN Integrated Sounding Arrays, PISAs) HREE N2 A 5 Sk 1R
A WEBZ S L MRS HBOGEIASE, WK 1L AT 28R, RAE
13 A IO AL R P B R RUBR 2, T B 4 b 2 A 1 I 2 (Weckweertiget al, 2019)
MR TR BRI AW A R AEE D, SR RN 7 i, Ot mnasin, £
B E G FERRNAG, B S PR 2R, e X

et al, 2017; Menzel et al, 2018; Ly#E%E, 2014; b RETR/2008). {HHH ¥
P 7 iR e 22 Bl D AEAE T CI i i 1) R, 5 D] 3 B ik R L JAREHRAE CI B B = T

BRRRALE AL ZE AN IR W DA IR RUBER L AR
PRI & 1A B R A 30 2= B 3G K o 5 AT DU 22 A 3
B8 B H R RIS, e 4 O R R s
(&) RIEFEHPTRIFE AR TR (] 22 73 B R 1) 22 FRUBE R AR A 2K
R HEBUE TR R TR 261, M P 5 R (HAZ, TR AT AT AR 21

CRKBETTER G AL

FUERRIANE CI AL ‘ X o SERR b, WIUAS AR LAY B 6 & (0-36 h)
(R0 IR TR AR AT DRI, DRI RR T AW RN B M A, PR 2 E e B K
o ML, ORI AT RS G A& B A Bin s, B R B e R B R E, RE
A THEATIE ZRZT BT BARIENE, MUEE% ) BRI b R A 75 B TE SRR IR AR & A
EATHRBL 2 R BRE, RIEHL S S P BRE, AT AT AT — M R S5 2R, A
L TE A R AR o T ELVLEABIAY 57 5 10 9K 28 DA B AR B PRk R R 45 0 W LA P SR B A ) 22
R BEAK, —ANL5 M2 2 FEA LI TT AR SRS 1 R85 =) FER it — R 1)
Huse, Il LAy CLATLER 23 b A0 B i 30 Toidie $2 L35 Bl (Gagne et al, 2017; Haghi et al,
2019).

(6) MsREER K TINEME. Cl WA HREED . (R W, HdkE [
HUE RN TR 2 RS ), X X AE CATE BRI R SR IR T AR
FILAE TR AR S G F V) EAE, AT BEARAS A T R FO TR, AT 4 i oot I Y
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566 AL ImAT TR K
567 Mk 1 HEERIER
568 Schedule 1 List of abbreviations
GRNEAT JELAHR AR
BLJ Boundary Layer Jet RS
Convection and oI B KSR
CaPE
Precipitation/Electrification TiH
CAPE Convective Available Potential Energy XA RS
Cl Convection Initiation SHRRIAE
CIN Convection Inhibition bapfiki il
Convection Initiation and Downburst o
CINDE PONTEIERE NN ST
Experiment
Convective and Orographically induced
COPS
Precipitation Study
CSIP Convective Storms Initiation Project
Geostationary Operational Environmental
GOES
Satellite
HCRs Horizontal Convective Rolls
1G wave Internal Gravity wave
IHOP International H,0 Project [ brok B T I H
K-H wave/insability Kelvin-Helmhgltz wave/insability K-H BT € 1
LCL BTSSR
LFC 1 EH XA R
LLJs IR Runt
MAUL IRAS AR E
MCS h REEX R R Gt
NCI P xR A
PECAN the Plaifis Blevated Convection at Night S P R A2 I e et ¥ S 3
PISAs PECAN Integrated Sounding Arrays PECAN [f145:-5 2RI 451
PV Potential Vorticity R AT
RKWtheory Rotunno-Klemp-Weisman theory RKW i
Stable Boundary Layer NS
S Synoptic-system-related Low-Level Jet KRR B
Tokyo Metropolitan Area Convection AR AT P G T A% o R 3R AR i Fr
TOMACS
Study for Extreme Weather Resilient Cities VkoiFinaml
ULJs Upper-Level Jets fieiiats ik
Understanding Severe Thunderstorms and \
UNSTABLE ST B AR R P 52 B S 0
Alberta Boundary Layers Experiment
\ferifying the Origins of Rotation in ™ )
VORTEX T T R 9oL S e
Tornadoes Experiment
569 BBt R A A A S S AL
570 &% 30k
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