[am—

O 0 N N n b

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26
27

AEISEEEXNYVIZIME T HRE S BEIMZ X XY
R E LA BNFFIEXTEE 534
T AR FHF
L JRERMEFQ, M, 510641
2. BRERARIBA¥ARREMBMNE 5FEHFECIZF+F &, X 210044

3. BRGRIBAFARAMFFK, WHE 210044
4, HREEIBAFAFEERNFARFOMEEREZTHEL LT, B 210044

B FAHEAEER TR, X VAR R EE R ERRRIIED FEm R #e U s O R B
THEZWHRHIE. S9REBY, EIHEsEE R RN XU T 2 IR RRE: (1D RZERUIZSRE =L E] 12
km PR ETHE SR LG e, TS 3 0 BT R ARIA A ORI B R, SECRAON A AL RE . A2 A
AR TR KIRIR G A K. LAk, AREXDIAE . B U S A5 A D =) b D) AR Mt T 4 b 2 T8] AR LA
FxE ETHE s R A R R RN . (2D ETHEsh AR RS LTSS R T A X BRI A K. (&
JE RN o8 7 B NER I LTS8 5 HOR, R R R R CRIFRIBATD) 1 LT85 52 B0 R =2 AR AR A
HH I A S M v B AR [ D AR, T IR R IR CRIFREE R 1 - THE 8052 2% 2 m 2 AR FRAR R K5
Wi i iy A 1) ) IR DAY s e 25 T DR AR R K P 70 T3 30 52 380 s XD A (MR8 DTS 32 v /2 AR PR AR TR
I SGURCET) e A XL 2 o AR 2 A0S FRAR ) AL R 0 B et RE A Fe Bl AR DX - (3D AIRJZ KU AR B8 0] 9 21 2= DAAH
X FRIAR RN AE, Ko EIHashRIXEE; &)z OISR BRI ERE ARG, ETHEshE
e ) AR X A2 3l 3R FZRZ R R, ETHEsifz A ss. (4 02N ETHEs I IER 1%
JIRREKAE AR B, @ iFE U EA T, B I N E R EE 2 A &2 DA% Tz s A
JIE IR K AR BN, 35 DR JI LBV NI IE (A 3

REEE PR SMZX EEXADIAE ETHED)

XERT FERS P445, P447 TEAARIREG A

doi: 10.3878/1.issn.1006-9895.2200.20000

Wehs B 2025-01-15; P45 TH AR B 3

YEER/A 7, Lo, TR, Bt EEMFREERSEFMERMYLELN 7. E-mail: beiruoyigiao@163.com

HREHE 2EF, E-mail: liqq@nuist.edu.cn

BB E ERARBIERESTH U2342202. 42175005, | ARESSRABHEIH GRMC2023Q41, | AR A S MHEH L

FHtIi H QH202403

Funded by National Natural Science Foundation of China (Grants U2342202, 42175005), Technology Project of Guangdong
Meteorological Bureau (Grant GRMC2023Q41), Research Project of Guangdong Climate Centre (Grant
QH202403)



28

29

30

31
32
33
34
35
36
37

38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

Characteristics of convective-scale updrafts in the outer core of numerically

simulated tropical cyclones: lower-layer shear versus upper-layer shear

FANG Qiaoxian' LI Qingqging?3*
1.Guangdong Climate Centre, Guangzhou 510641
2. Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters (CIC-FEMD), Nanjing University of Information
Science and Technology, Nanjing 210044
3. School of Atmospheric Sciences, Nanjing University of Information Science and Technology, Nanjing 210044
4. Pacific Typhoon Research Center and Key Laboratory of Meteorological Disaster of the Ministry of Education, Nanjing University of Information
Science and Technology, Nanjing 210044
Abstract The characteristics of convective-scale updrafts in the outer core of tropical cyclones (TC)

simulated under lower- and upper-layer vertical wind shear are compared in this study. Results show that
there are quite a few notable differences between the two experiments. More deep updrafts develop up to
the tropopause in the lower-layer shear experiment, with their top heights above 12 km. Vertical mass
transport, maximum vertical velocity associated with outer-core updrafts are statistically significantly larger
in the lower-layer sheared TC than in the upper-layer sheared TC, which is related to larger convective
effective potential energy, equivalent temperature and water vapor mixing ratio in the boundary layer.
Furthermore, the interaction among the lower-layer vertical wind shear, local wind shear induced by the
circulation of TC and surface cold pools is also favorable to the initiation and development of updrafts. The
radial tilts of updrafts is associated with updraft top height and asymmetric radial flows. Updrafts with top
height above the tropopause dominate in the lower-layer shear experiment, the preferential radial tilt is
radially outward induced by upper-level asymmetric radial outflow in downshear quadrants but radially
inward induced by upper-level asymmetric radial inflow in upshear quadrants. However, in the upper-layer
shear experiment, most updrafts prefer to tilt radially inward in height, the largest proportion of updrafts
originate from in upshear quadrants and downshear right quadrant, another small proportion of updrafts with
top heights less than 8 km originates from downshear left quadrant, which induced by asymmetric radial
inflow at upper-level of troposphere in upshear quadrants and downshear right quadrant, and asymmetric
radial inflow in low-mid troposphere in downshear left quadrant, respectively. In the lower-layer shear
experiment, updrafts in all quadrants tended to move radially inward induced by radial inflow in lower levels.
However, in the upper-layer shear experiment, updrafts in upshear quadrants tended to move radially
outward induced by radial outflow in lower levels, updrafts in downshear quadrants tended to move radially
inward induced by radial inflow in lower levels. In the lower-layer sheared TC, most updrafts exhibit larger
positive thermal buoyancy, larger negative water loading and larger negative dynamic buoyancy, leading to
total buoyancy varying from negative to positive. However, in the upper-layer sheared TC, most updrafts
exhibit smaller positive thermal buoyancy, smaller positive dynamic buoyancy, and smaller negative water
loading, resulting in smaller positive total buoyancy.

Key words tropical cyclone, outer-core, vertical wind shear, updraft
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I #HSUE (Tropical Cyclone, TC) Al KB AW X FISMEZIX TNy . WIZIX FEE
FEIR . AREERIN R, SMZIX GE SCA=R5HR KR LASMX S, Wang, 20090 2SR S
BRIXHR, 1% X 4k bl A 5 B B K XA RS BE (Convective Available Potential Energy, CAPE;
Molinarietal.,2012), fFE{EVFLXHNE R4 (Houze, 2010; Li and Wang, 2012), XL} R 4t
HATREMEK (ZEKAE,2022) & (GREMSE,2023), R (FIRELE, 2017) FRFHERS.

WFFERHT, TC AMEZIX XA R R G BA BB J) 2450, Gl a0 i R ETHEsh (1
PR ETFHZE%); Barnes et al., 1983; Hence and Houze, 2008) FI'F¥Tiz5) (Cheng and Li, 2020). _FTFtia
i BRI E 4 E b E R, (23 B K (Hence and Houze, 2008; Z#E4E, 20200, [7]
BRHRZ AN E . RERKIRI ik, ARFXRRE RGN R BAGERE LU TC AMZ X kK
FRGE KRBT BhAh, TC AMEX R N ETHE 2hiE s a s AaT 515 TC 1 I-3h 713
(R EE, T SE TC BZ5 AR (Wang, 2009; F24F, 2023).

0 H YR RR TR0 TC S5 RIS EAR G LASh, X TC Xt ) th 45 5 2520 (Corboseiro et al.,
2002; Corboseiro and Molinari, 2003; Chen et al., 2006; Kilroy et al., 2014, 2015). BF5t3H], FEXYI
I G TC XM AEX R R, (3 AR Hh7E IS 2 ELA D) AR J5 ) CRIFRIBURED (¥ 2 )
(Corbosiero and Molinari, 2003; FAEFLFIZEHE,2019), H I E KU EER, 0HA R XS FRd b . 2%
(Chen et al., 2006; Li and Fang, 2018). HT4MZIXFEE TC H LGz, 1Z XA E KRG ER
552 B E R YRR, RS RHEA S B B R YRH58Z A ¢ (Li and Fang, 2018), &5k
B XA H A % (Gao et al., 2020; Cheng and Li, 20200 LA AT 7838 & % FH 200~850 hPa
(3 B R D)L RAE TC Prabrsgs, HIFE XIS A E 8BS, DUKIE 200 hPa 5 850
hPa AN SE 8 B2 J2 2 AT R XK B 22 S R RAE PR B 2 EL XY, TV RO 2 ELA DI X TC
TIEENF AR . WEFCRY, 1€ TC MW IIERIN B, MR T a2 R BRI RE, KE2EH
RPIAR R 56 MY 7 A S Lo xRt 2=, EASIR] s B (PR e BRI AR R 5| R b T 74 i 7 2 )
ZE5, MIMEEM TC AN XA TS G, 2023). 7k BIRAE (2024) *F 2006~2019 4 FidkK
TR AR R A AE A PRI R A KT T ST, RIERIZEEARARTIELWT, 4R
iYL EE XTI — D g 8 5 T LD CRIRRIE AT — M 3h, AR T30 & SRR R AR AE
G G PR o ] &M A 25 2 S i B AR S AR B0 F 7 T e bt 3 XU D) AR TC IR IR HE 50
Kilroy etal. (2014) RKIFHEERYAEZN T, TC FFHEN MK FREGRL, 1T fe S E80E R
B RHUEN TR, EIEEh bR R, SFEOSR ARG R DR TR E R IR 3 5 A i
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LA EIEK, EEE M KEE /N (Kilroy and Smith, 2015) . ZEAN R = B 103 BLXBIAE A
TC AMZIX BA AR IR R E S (Gao et al., 2020), X R FUTIE s R E 2 I B 2 5
(Cheng and Li, 2020) . Xt REE FHEshE AR E RS R E LWz —, HaEEEE K/NTE
7~ TC AMZ X AR E K/ (Barnes etal., 1983; Hence and Houze, 2008; J&i#F )6, 20100, AN [H R 1
BT H R YIE T BEXT TC AMZIX R RE LTSN IBN 12 AT SR e AR R, ki 5]
FOOFLRE B GE SRR AR R SRR 22 57, B2 T3 TC G5MANSRIE R AR . BRIEAS R e
(PR8I B ARSI R TC A& X AR BE L FHE 3 M 3h # S R AE (AR 3 — B4R

DL I BIF I8 K 2 28 T BRI 8B EAT TC AMZIX L THZ SRHE 94N 23 H7 (Hence and
Houze, 2008; JE#F ), 2010, 2 0 [ & & 1 EUX D) AR R0 R TC AMEZ X SRR B ETHE S RRAE
(KR BNk I3 HT o AR SR AR KUE AU FER), X L 20 HT v 2 AR 2 3 B XD A8 540 R TC AMEZ X
SHAURE S S RAE R 22 57, FFiE— B iR BuX P 22 R A T Be AL, DUBINRRS TC XAt
KA RS RN, AN ) e B BRI FREE R TC AU SR AL AN TR U 5 i 2 1048
.
2 BURPATT
2.1 BERKXRIEIE T

IR0 R A 56 45 W] K (AR FS 77 P (1) iy SR 0 (Tropical Cyclone Model version 4, TCM4).
WL R, TCM4 #35HZmDN, O8F T EME ST %R, R AL TC 14558
(Wang, 2007; Li and Wang, 2012) LA TC %fitii%3) (Li and Fang, 2018). %K H VY E X A)
B, 22 REMI PRGN 54, 18, 6 F12 km, HIRFIRIR S5 514 241 x 201,
127 x 127, 163 x 163 Fl 313 x313. {EEE I I, #3322, ETEEEHN 27 km. W [A]147 5
6 min. EHHRIGAE S KRR Y, RIFERA IR E AT BT, S0 e i
29°CHIHERIR L 18N°HI P 1 B30, #Iihik e i) KR B4Ry 90 km,  H KPIARGEZ) Y 18 m
sty DI KGR LETE B 7 A - LUESZ 286608, %5 100 hPa Jk/NA Oms . SR Wang (2001) [dEZ
M V7 75 R SR BT 86 0 e B 37 34 113, Dunion (2011) HIIBIF B VE ARIMA I35 . sk

MEESHRENE 1, KT TCM4 BRI TEA I P2 W Wang (2007)

R TOMRRIUSH
Tablel TCM4 model configuration
S i
241 %201 (5—)Z; Ax=54km)
127 x 127 (ZB—JZ; Ax=18 km)

KR

S 163 x 163 (B5=J2; Ax=6km)
313 %313 CGEIUZE; Ax=2 km)

EENEE 32 (0.03~27 km)
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LAV aS 6 min

BUR =y T A % (Langland and Liou, 1996)
EHEL %R BRI EHE ZWEL T % (Wang, 2001)

FEHIRIE 2T 60 NSRBI SS, BT TC O AR FIIAE RN 966 hPa (& 1a), Uik
i CBONBURIE RIS TG Z1, B =01 INAFAEG T B XDIAE . st b 2 AR Z 3 B X350
TC SMZIX _ETHIZENRHERISEN, vert | BRI R (& 1a) , PRI A7 [F) 55 08 1 T B
RAUNAE (10ms ZRAYIAR) S AF TREAT, H I 48 KU AR A Y T B 73 A RARADAN 7] i B2 0 2 X
VIARIAEE, BIXEAA 7 MR BB E 1.5~5.0 km #1 7.3~13.5 km @i/, 205 RAEICE T B XYL
(Lower Layer Shear, LLS) Fl=)Z23E EH X JJ4E (Upper Layer Shear, ULS) 3%, & 1a o[ WL, #E4&
RIS ) 48 NS A LLS B EHR TC SR LB WG o8, -7 K HE M 965 hPa FEIKE
933 hPa, M) TC 3B KM RHRG . EARRYIZMAJG ULS 5 TC MZ iy, (HARLE
92, TC SRJERLSY, 2 48 /N MR AR UK BRI 946 hPa. 18] 1b A1 1c 73709 LLS A1 ULS £
A TC 7258 30 /NN 3 km i 2R IS S 27 Ai ], T RAMZ X AFAE KBRS IRRUE R 5
ISP LS IVE S UV T I E DN (AR
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Fig.1 (a) Time series of minimum sea level pressure (units: hPa), radar reflectivity (colored, units:dBZ) at 3 km height
simulated by TCM4 model after vertical shear are imposed within 48 hours for (b) LLS (c) ULS at 30 hr. The inset in (a)

shows the vertical profiles of zonal winds (units: m s™!) in LLS and ULS.

2.2 xR RE EAEaaYiR Al

RGIFBEE: TC Hift N K S MRHRE EFHES), ASCRH—F ] Goit Al H AR S ) 8 s
WRE _ETHz 5hiR B8 B 5325 (Statistical and Programmable Objective Updraft Tracker, SPOUT; Terwey
and Rozoff, 2014). ZHEVEREW I TC RN K& L FHEEMCHE 3N #HHIE, HAVKIG T Lotz
R ERE e, OAAET SR T AR08 1R . K 2 N SPOUT HIAS SR M ERE, ZBHERE
BERS & FLUUN TC AMZ X IR R E _EJHiZ3) (Li and Fang, 2018).

R2 RFIRRE LA SIS HRERE

Table2 User-specified parameters for the identification of convective-scale updrafts

ZH P NN
RAKE SPOUT HZHMM AL 6 (0.96 km)
IR R SPOUT HiE i . 1E HE 18 (il 14.7 km)
/N T 3 Y5 BRI 1.0ms’!
X Q—P /\Tg.—‘x#‘:l 2 '“X A,A ).E.»‘D
KT H S @%%Imﬁgmmﬁﬁéﬁﬁﬁﬁﬁ E9f54 2 (4
KK
/N L TFHE SRR E T R BN R 4 (1.4~3.1 km)
TELL AN VR = 4 b FHE B ) 5 T3
P FELEF A IR ﬁ;gzmmmﬁm$@m 5 (10 km)
e/NEEEH FEBEPI AN R = 4k _ETHE S /N EE R 6
A SPOUT %4 i i _E Tz h (e Je 2E A s 3 (18 min)

3 gk 5 0

FEWFFORT BEA IR ELAD)AE 0~48 /N, PIAMRES TC AMZIXBIBLT KL 90 km 2F422 41
(IS, AMZX L3RR E ETHEEh (B by ¢, LLS M ULS W6 H) TC 4M%Z X _ETHE3)
AN N 4066 F1 5984, LLS BG RN BN @ s M /b, FTRES MR RGN & A K
CEHAES 3.5 W) PLNNBEANRL TC AMZ X _EFHSSRFIE IS4 W ih R .
3.1 TS MEEREMEFE

PRI RS (8 2), ETHEsh T EAA LA, 73 BT AE 4~6 km AT 12 km LA E,
FURR G BRI R T RIS IR . s, XD E4E IR 220 (Downshear Left, DL) FFX,
P4 (Downshear Right, DR), ¥ K51 X I £l (Upshear Left, UL) A1l X )4 Il (Upshear
Right, UR). ##F ULS k%, LLS k52 & MxR ETHgah (iE>12km) MLLEEK (K 2a.
b)o #hor B MR EFIE BN K R AU K (Convective Bursts, CBs). CBs & XN 2~12km /&
JE () 2B ELIEUE KT 95% i3 (498 7.5 ms™) I EFHZES) (Rogers etal., 2013; Hazelton et al., 2017;

6
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Li and Fang, 2018). £4tif, LLS ' CBs fJLLE K 45%, 1 ULS # CBs lLEKT 40%.
7R, CBs E A G RZI T B A I B i 2%k (Vertical Mass Transport, VMT; & N

T BT s e 2 T W S N BTz gl b A S ] 8 AR i BB A Y 3 ELE Y
i, HHAKXAVMT = pw, pNEAEE, wHEREAE) (Liand Fang, 2018). Eid skt

i 52N _ETHE Bl 0 3 EL5 RS A K TE B 0 ATRE, A LLS 156 i LTz 3 ) 2 BB
ik (B 3a) Mg REEEE (B 3c) WIREOK, BRI BT Sk Al oR T B 2 h
CBs 51k (K 3a. ). MIFTI &, ULS X% CBs [ BLSR S Ak Rl Ko B B, S0
i 0T B IR R e K T B B/ (8 3by Do B 3e A 7R, £ B ah A ar s ar B, A
R R T B B 2 WA K BEE BTSN A AR B, ok BT BB R
Hrr, CBs MUK EF-HEE R . T LLS 5 CBs MILLGIEE, FECRAM B EIHE A
iei S B 72 C €] 3D T L LS SR3 fIXHATE SRR IR, LIS BB HR, 58K CAPE,
T JEAH AR AL Z KRR A EE A ¢ CRAESS 3.5 50D EAMBIE T, EIHssh )55
UK, T AN I B E A R e, H TS AN e R AR E T, 1S LLS ik
W RAEZ M EEMER. NS, ULS 38 TC 4MZIX [ CAPE. 154 ZAH M40 Al 7t JZ7K
FIRE BN, AMT ETHsshi kAR e, ETHias) i3 B i S His I BE AV, CBs (HE
FAXFE AN, d5 R b T e P AR A1

a LLS
12 (a)
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Fig.2 Proportion (units: %) of outer-core updraft top height histogram for (a) LLS, and (b) ULS. UL, UR, DL, and DR

denote and upshear left, upshear right, downshear left, and downshear right, respectively.
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K 3 5MZIX ETHESN (as b) TEVHEEFTEmIE GFEZ, B kgm?s D, (oo d) HRETHEE CRAL:
ms2) A Cev £) HKEFREEEFEE CRAL: km) EHARHEME R LAEE 25%. 50%A1 75% (i sfii. HH, CBs
N THMER, Non-CBs AHAl FFHiEs).

Fig.3 The 25th, 50th, and 75th quantiles of (a, b) outer-core updraft vertically average vertical mass transport (unit: kg m2
s, (¢, d) maximum updraft speed (unit: m s™!) and (e, f) heights of maximum upward velocity (unit: km) over a normalized

updraft lifetime. CBs denote convective bursts, Non-CBs denote the other updrafts.
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3.2 {RHHIE

ANTE] i B A B T AT 26 R TC RA AN RIS A B AR (KD, AE S5 AR
TCH PSS BAMFAE T fEA R . B+ EFH@sh b FTCRERIR A, ERAL R P LT
BRI R R T LA AR CGE SN B THIE B 8 2 H ORI R AR 2 o 18 5 6 A A 2 25 5T R 2
] (6 B B I LU AED AR IR G SCh ETHE 3h i 2 O AR AR 2 D AR ) AL bR 2 22 5
M AR E S R A 2alihie. B4 BSH ETHE S BRI A% % B fli it (Kernel Density
Estimations, KDEs) 75Afi &l HIEI4T] W, PIANRIR ) T2 80 (77 O A RPRFEAR L, 60% LA F Y F
i i v FE 1) ) ) AU R 7 TMURY, 5 TCHME X Y AUE R IA A 5% o AR 6 LR MR 5%, LLS
R ETHss 77 M AR (Bl4a, b)), JCHGRIBA VIR RAE N2 (90~120km) , 5
BRI R A O (), MULSIRES D) i) KR H Ay (B BRIt BT sl i) 75 07 i 1RHE
BN (Ede. d

M, HARE R ETHEsh A R IEAAE R 2R (ES , 5 ETHashf s e
SRB R K. RELLSIRIh TCHR IEsRE BULSIIG 58 (Ella) , IEFRIREIF AT
55 (B, AHZRE R R Z T B2 (3~15 km) FEFEARXSFRAE Al L, 105 5 BR T 37
BEHEE (3~15 km) FEJFRARNR (B ; FERBILLSIRIGAE/E S 2 & KT 12 kmfi 5
FEHER ETHEE) (Bl2a) , X8 EFHEENE S 2 AE R E R, IR SRR P EFHES)
SZRKHAE R AR FRAR 1] H IR S B i AR e 1 A GBS TCARIX —MD iR} (Elsa) , HEE
B PEF1£90~120 kmA1250~350 km (EI5b) ¢ RGN RIRM T2 852 26 E & = B FRAE 1)
NIRRT M0 B o AR 1 FR IX A (PESa) , HRBEA F:4£120~250 km (ElS5b) .

KlScizn, ULSIRER61.5%1 FFHE sh bt 2 1 iR IX Wik, X #4 EFtiash 325k 1 TDR
FIRAE RO RIR, HEBEMFLERAL (150~320km; S . @i HTULSIRE: FIFE Rtz
A, RIZRIEFR T DLGBRATIAZ m 2 A e S AR BR AR 1] R LASE, Hodth SRR i) 2
SR IR AR NI (IR 52 30k o 2 B R RS AR AR i) AL RS, 30 XU ) S FRRFIDR 5 PR K
oy TS A IR (ESe) o th4h, BT DLRIRNHE F A E SR A R Az 7]
R, SRR R AR R R NG, SRR EEHARIS km (EH . HE2b
A, DLARE ETHESY 527.1%, HhTim /T8 kmi) LT 3h 1 Hefl ik 12.4% (E2b) , X
S6 T BRI _EFHE 3 52 B0 UL 2 H A 1 A X AR A ) N D 8 T I v P A2 1 e R DX AR, T T v
KT8 kmit) ETHE B0 52 BIRGiAL2 512 30 00 AR FR AR [ H I R0 5 0 o o A T [ AR, HL R
PAREUME (90~120 km: EI5d) o WL, 61.5%08 m FEAR ) 1) AR X R _ETHZBER TR H TDR%
BRANE KT GBR LS, I8 /N7 >k T DLA R I /N T8 kmi¥)_ETHZES) .
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247

3.3 FHENHHE

WAL, TC AMZIX AR RG I 55 TC AN FRRIL A X (Sawada and Iwasaki, 2010; Li
and Wang, 2012), TAEXFRIRS 5IAEIE E XY R B YIRS fERAIR &R, K ETHEshR# sl
R B iR NAR R A% Bl I FE AN I B Bhad B2 23 il ih il e ey, AR 1m B s B2 e SO SALI TR Y BT
BRI B AL B AR 10 T ) B AR RALRS . DI R Shd e SON BRI R Y _ETHE B
(12 BT 30 BAE T AL A 7 1) b= AR A% CRRARLINT [R] PR 75 A7 £ % e DL S T B FHE 3l O Bl
R EE D .

FEAN TR e P HOFA B 2 LRI AR U T, B THE S AR m B s R E A [ o 028 BRI S T
TC B (B la), AEXFRIRGARESS, SRR AR R TE T (EIg), 3%
FUREANRMFE W, K& ETHeshRm iR X #3) (& 6a). fEm/zHE XYL T, TC #E
Bas (K 1a), AR PRI, AT RRARERE (0~3km) fFERRFIAR, UR REX
MERZE (0~4 km) FAERGERAR AN (BN, SEANFEDTAL M B LT s sh Jr A [,
RIS R -T2 3h 2 B AR R AR X #£3), UR LR EHEsh £ B8 A s (K 6c). ™
MRIEA R AL EXRERE AR AR A (BB, ETiEs) 8 m R IX# 8 (&
Ta\ ¢)s

£ TC NI T, AR Tz sh kA ek sh (K eb. d), BTk
56 TC AMZ X Y] 1) KU B8 A2 B 38 R T iae /s CEIg D, BRIt B THE Bl B DI 1) 8 3 B2 b 244 i 4
KER &S (E 70, O, EHRANMREE N EFHE s 202 R PR S RHE . AT ULS ik
By, LLS W5 H ETHzsshv) m#shid BB ECK, JUHZ DL KR (& 6b). i i A IZ R IR
(1 LS sh B R AR LR AR RNE (90~120km),  BEANECRFIVI ) RGE (IS 52 E s s
DIzl (B 7o). AN, ULS i ETHE sl AR EORAE (150~300 km), BEAE] fA) XU
BN (KIS, Bt ETHEsh il s N (& 7d).
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3.4 JFIHHE

PLES el an, 55 b FHiash e T A AR 2T B AV AR IR ES, 3% WAS A = 1 3 B X ) AR 5
N, LFHEshal e RO AR FRFE SRR . 35 BL R A 30 (Zhang etal., 2000; Houze,
2014):

B=9(z=:) +9("—1)(%)—g(qc+qr+qi+qs+qg) (D
FYAbETA MIEN Rk HE HLAE

Hrp, B NEIRS, gNEIINEE, ©=0286, 0,Mp/ Al NEALRMSENFISHEE,
6, Flip" 73 A REALR AV RN, v @ Gin G5 gz WL UKE By iRE . 77
R (1) MDA EE IS A BRI F1. S0 T A R KA B AT -

Kl 8 I 9 Ny EFHiahiyiE ) GE SCABT S T EIHash ikm 2 s R SR _ETHg sl
% R ARAR 8 AN R /I T BT EMED BRI AT . X EER MR, AL LLS 156 80 H i
ISR SN BORRIIEE,  #R2r EU B ETHE S LS BRI UE (K 8a. 9a); Hrf
SIFIEESBRIIERIE T (B 8cy 9¢) AR, HEFNTESHEKI7E /1771 (K 8by 9b)
MR RAER (K 8dy 9d) %, THRCKIITEN I AT RES T USRS s %, BOKK
B KA BAE ] SRR A B K A % CIEESS 3.5 510180 MEUN S, ULS k5 ETHEsh KA 1
N (B 8g. 9g), ERERD EIHEBN A LRSI /13 71 (] 8by 9b), FE/KHE RAE RN SE
(& 8h. 9h), Bk, ULS k% EIHazh i eid IR E T (K 8ey 9e), HIBX DI IR LJHizs)
HLEEFE IR TN TIGRIR, RUEE RIS T TC AMZIX K ETHE SR TR R IR, 5

Liand Fang (2019) B 745 R —.
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Fig.8 KDE:s plot by quadrant of vertically averaged total buoyancy, dynamic buoyancy, thermal buoyancy and water loading
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Fig.9 KDEs plot by radius of vertically averaged total buoyancy, dynamic buoyancy, thermal buoyancy and water loading
(colored, units: m s72) of updrafts for (a, b, ¢, d) LLS, and (e, f, g, h) ULS.
3.5 YEEHHIAYITIE

FIRGHTER R, EAR S EE XYL T, TC AMZX R -t ia2) A
(REAE, )2 B D) AR 2 3 B DR BREE S A ) T AMZ X IR IS 5 b g sh R AE R R, &
FRIX 2 ST 5N [ B AR A O

AR, REEARNEEREAREZES . RKIR. TR LA R B R AR
At (Doswell, 2001; A1/MNH5E, 2012; Hik S, 2017). HIET ULS 5, LLS k% BAEKN
CAPE (& 102) R il 5 EM S A0E (B 100); BEKI CAPE 24t T R R AR ERE R, B
()32 5 AR 24 R S B 12K S B il T R £, 73 LLS BB 1 BRI Ak (] 8e
9¢), [l P F I BE A R F RSB AE Hiash bk . IR, BRI R KRR A
(Bl 10e) Fpxtiidedi s /KR, KiRME EAHEshm Bk, EXHmE T m R R masn i, it
— RIS NF T, AR L g sh s 4Er . thAh, REBRKEE A (B 12) — s
BN SHRTHER, ARRARZE R EE T3, 5 RRAE KI5 B 2 L R AL, TR iiAt 1
FHigsly, (4153 LFEE) S NS EIE 2 8] 1585, W el SLAE 4 RR SE A 8] (748 505, 2003,
F 5, BOKIIICE T BRI A T XHRRE R G A ZUE (Johnson et al., 2005; 7k %45,
20160, fEf3EE M LFHEE AW & IR R RGP, X ATRER LLS W5 EAHiEsh AN 5
Bl —. SRMFEEARN BT A R T MM RrEEg K, K. bR E MR ER,
BenR i) TS E AT SRIE TR R TS 8N, BRI R K BAE T (B 8d. 9d) AR Fitiash RAERIE.
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315

316

BEAL, BORRIMEK AR A EE RS TA, TSRS FIUEshn Mg, BT H b4
it (Sawada and Iwasaki, 2010; Schlemmer and Hohenegger, 2014; 2 i %, 2023). & ERHIA G SN
SUEERSESE) REadEE, 20230, G ETHEZ BT I LLAE ST (K 8b. 9b). i
AT R ORAMREN R SR & LT, AWHECR ) _ETHE3) (Eastin et al., 2012; Yu and Tsai,
2013), AHT CBs IR EMYERF, CBs %56 1 L THiz 5l i) BT & A1 Ml e K3 B3 B
K (Kl 3a. o), TimBs (K 2a). sAh, Withsh A ERETE BRI 5%AF T X TC AMZ X IR
WSS A EER N, BRI A0 REA ST B XA TC T3R5 E R =i A1) 38 =3 2[5
A Gy L — M A BAE AL (L, 2023), SRR RAGMBARA L, (FHK)ZE
BHRYERSE EHERFIMZX ETHESN R AR IE . (ER R II R I 5% RER R, LLS
RIGRXT IR (K 2a), EFH8sh5mE K (K 3a. o), HA B K] ) 2 5% X - THE 30 i CBs.

MBS, £ ULS ik, CAPE (& 10b). LFZHHAAMR (B 10d). L EKIKIRE L
(K100 PLAACE R E XYL (& 1a) AT EAOK, KAARE R (K 8g. 9g)
BN, KEAERL, RZHE0 6 FHEREES, AR TR L FHZ 3 R R A diRe. tbsh, DL
FIRBHRZ R AR SR (B, A RT TC WZ X AR A KEIRL T (oK di . 55+
B IS, M X AEEBR KB ER S, SR BN (Gaoetal., 20200, AR
H, CBs HILLHIELY, SECETHS ) BB AiA MR KT EUE RV (B 3d. .
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X5, WRIIGRRE) ETHE8)5% 20 Z AR E AR ) RS AR [ [m) A% 50 .

(4 EMLZEERYIEHE T, EFE 510 IR K AR ECK, 3h 703 1L e
NE, FELFEINGEREE S ES)ZEE RIS, E S35 73R K i 5,
TERBUN, /0% DR, BRI EE ) VBN IR A

RSSO IR B AR AN (7] e R AT AR 0] B SR SMZ IXORHRUR BT HZE B 3 #
FRERISZmAR L TRALA, IR 1A 7] e P e BRI R TC W 45 A Al FE AR e B i
TR PR, (HADT AR R T BARBUE B AR B B 45 2R, 5 S bR i s Ui P Ak 1) 2 B A1) 38
IEAFAE— 22, LRy NG SURIMZ X RO R EE TS 3l vl RE 2B AR MRHE, A 1F
BE— BT RAG AW A BB RAURT 78 . BeAh, T8 B XDIAR T ) B 22 5t 2 i Uhe i B AR 1 ™
BRI (Wei et al., 2018; EHRIAHILE, 2013), GIANFESEGRE R, P69 XTIAE LA XA 2E 4 5)
AR U s B85S (Fuetal., 2019), T U0 LG 8l 5 #vi ~Uie s B2 B B ARG, ARG it
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