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Abstract

Abstract

There is a sub-category of extratropical cyclones called “explosive cyclones (EC)”,
which deepens rapidly and has a stronger intensity than that of common cyclones. This
type of cyclones has been a research hotspot of meteorologists for a long time because
of its strongly catastrophability. Based on ERA-Interim reanalysis datasets over the
period 1979-2018, a coded three-dimensional vortex identification algorithm is used to
identify and statistically analyze the ECs in the northern hemisphere (special attention
is paid to the characteristics of EC’s maximum surface wind and vertical extension
which is rarely involved by predecessors), and a 40-yr climatology of ECs has been
obtained. Then, dynamic diagnostics and synthesis analysis are used to explain the
causes of the main temporal and spatial distribution of ECs, and the mechanism of the
explosive development of ECs is discussed from the aspects of commonness. A general
diagnostic method to study the rapid vertical extension of ECs is proposed. The method
is used to diagnose the rapid upward extending process of a typical EC, and the main
mechanism of the rapid upward extending of this type of ECs is obtained. By using
WRF model, a couple of numerical sensitivity simulations is designed to reveal the
influence and the mechanisms of sea surface temperature (SST), topography, ice and
snow coverage on the EC’s main characteristics. The main conclusions are as follows:

The ECs in northern hemisphere EC mainly formed on the ocean and coaster area,
it can be divided into two types: the northern Pacific Ocean — Arctic Ocean type (PAT)
and the northern Atlantic Ocean — Arctic Ocean type (AAT). For the weak ECs, the
number of PAT ECs is larger than that of AAT ECs, and for the stronger ECs, the number
of AAT ECs is larger. The average lifespan of northern hemisphere ECs is 2—7 days,
and for the long-lived ECs, the number of AAT ECs is larger than that of PAT ECs.
There is an obvious seasonal variation of ECs, and more than half of the ECs occurs in
winter. In winter, the latitudinal range of ECs’ formation area is widest, while in spring

and autumn, the latitudinal range is narrowest. From September of the previous year to
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April next year, there is a significant southwestward moving trend of the of the northern
hemisphere ECs’ average formation location.

The ECs is a type of deep vortex system, about 88% of the ECs can extending
upwardly to the level of 500 hPa, and more than 60% of the ECs’ top level can extend
upward to 200-300 hPa, and few ECs which top level lower than 600 hPa during its
whole life cycle. The vertical extent of the EC has obvious characteristics with the
seasonal variation, and the average height of the EC’s top level in winter is lower than
that in spring and autumn. Statistics show that the higher the EC’s top level, the greater
the deepening rate and the lower the central pressure of EC. The average height of PAT
ECs’ top level is higher than that of AAT ECs. Most of the ECs can have a maximum
surface wind speed stronger than 20 m s . In winter, the EC’s maximum surface wind
is stronger than that in other seasons. On average, the maximum surface wind tends to
occur ~49 h after the EC’s formation time, and the maximum surface wind tends to
occur in the northeast quadrant of the EC center. In the past 40 years, the maximum
surface wind speed of ECs in the northern hemisphere has a trend of increasing, while
the location of maximum surface wind tends to move towards the equator and to the
west side of the oceans.

In the explosive developing stage of ECs, convergence plays a major role in the
development of cyclones, while in the middle and upper troposphere, vorticity
advection plays an important role. At the level of 750 hPa (the representative level of
ECs), the divergence of PAT ECs is stronger than AAT ECs, and the vertical vorticity
advection is greater than AAT ECs; At the near surface level (900 hPa), it is obviously
different: the divergence term of AAT ECs is stronger than that of PAT ECs, and vertical
vorticity advection is smaller than that of PAT ECs. The rapid upward extension of a
typical EC is analyzed by using WRF model and vorticity budgets. The results show
that the variation of the ECs top level is similar to its central pressure and the average
vorticity of the EC’s low level. The cyclonic vorticity on the top level of the EC can
effectively indicator for the cyclone’s upward extension. The vorticity budget shows
that the cyclone vorticity transported by the upper-level trough in the upstream of EC

is the dominant factor of the cyclone’s rapid upward extension, the vertical transport of
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vorticity is the secondary advantage factor, while the divergence near the EC’s center
at the top of the cyclone detriment of EC’s upward extension to a certain extent.

The result of sensitivity simulations for topography, SST, and ice and snow
coverage shows that the increase of SST has the greatest influence on the EC. After the
SST is increased, the simulated cyclone’s intensity is stronger, the maximum surface
wind speed is larger and its position is closer to the continent. However, the increase of
SST slows the cyclone’s upward extension; Lowering the topography makes the
cyclone’s track shift upstream, but it has relatively little influence on the cyclone
intensity. The effect of increasing SST on the EC is that it enhances the ascending
motion and the precipitation condensation latent heat. After the lowering the topography,
the wind speed is weak, and the time for maximum wind speed is delayed. The time of
maximum surface wind speed is delayed when the wind is weak on the ground of the
cyclone. The effect of lowering topography on the EC is that it weakens the lee wave
effect of high topography; the influence of removing ice and snow on the track and
central pressure of the cyclone is not significant, but the sea level pressure in the original
ice and snow covered area has decreased. The removal of ice and snow has little effect
on the intensity of the wind on the ground of the cyclone, but in the early stage of the
cyclone development, the location of the gale is more land, which makes it more
catastrophic. The main effect of removing ice and snow coverage on the EC is that it
reduces the surface albedo and thus increases the surface temperature.

Key Words: Explosive Cyclones, ERA-Interim, Maximum Surface Wind, Vertical

Extent, Sensitive Simulation
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SLPrer-SLPcrrr; (g-i) SLPsst-SLPctri; (j-1) SLPice-SLPcrri. £, H, A
F)49R3FM 11 B 13 B 0600 UTC, 14 H 1200 UTC, 15 H 0600 UTC....100

5.6 BLARIGAELIAIFEIK (BB mMM) e 103
57 ZHERWARAHE (10m) KBAIE (a) FAKE (b) (BfL: ms),

HAE (b) HMEkiRE 7SR H RS KRB R, 105
E 58 FHAREMSIEEEME (BAI: hPa) . 106
59 FNEEWLSZATERI (B M2 S ) e 108

510 HFARBUHSKEEEMRRSE (BH%, 2. hPa) FUREWIN (&
gL, B s7). HPEBLKEA LHS, RNRERZAREMNEM

T, ERE&EA RHS, RIAABEAMBAETIZM. e 110
& 511 SEREMEBTUREIIIN (BAL: S2) e 112

#x 21 ARRBASERKSENMEFAES LS. FRINFMELIIBIPEY
MAFEHKR, MR, FIFEED IR PAT 1 AAT BASEMERBEI TKER

0.01, 0.05, FH 0.1 BY B BRI oo et 19
F22 EFR21, BASRTEMRER D e 21
FT23 BFRFT 22, BARKEEB R e 23

Fz 24 BEBEASHRFEANNEFEMNZIAFIRE . CFT, SEEEMAIZI; FET
SEVIRIREZRZ]; MDT, SEEMNARE R AR Z]; MPT, SEESERIKEZI;
LDT, s&EHMNSIEF ORI, #a, “FET-CFT”&R<M CFT 2| FET
THIRTE . F=1TAEMITROMERMAK, RHK, FAFEKS5IZRZR PAT 1 AAT

Z [EB)EFEFT 0.01, 0.05F010.1 BIREMERIG ..o 24
*25 EF23, BAREEINBREZSHENSARABIBED LD T 29
*3.1 [%k21, BEATRREERRERBESHERMEFALLS]. ..o 38
TS50 BUEIRIEIRIT oo 96

X1
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11 AREFEREX

B SREN PSS REEN KRG —, KEILSRZ RS G EH W2
K% (Petterssen A Smebye, 1971; FgiiF 5, 1980: Shapiro Al Keyser, 1990; T
—JC, 2005; Meng %%., 2019; Schultz Z5., 2019). fEHMAhEH, A —MEE
TR, BNATFRA IR NEH” (Sanders F1 Gyakum, 1980). %28
Jig O SR AE RTINS 6] A RS IR H R R, W EOREIR . BT KRR TS
SRR, RPN R E R (ERKEMT I, 1989; (UEH 4%,
1992; Jia f Zhao, 1994; SCUUHFAIFESIIC, 2003; 7 %, 2009; Fu %%,
2014, 2018; AH% %5, 2014; Pang Al Fu., 2017). AT iR IS ie i bk &
JEid#E, Sanders I Gyakum (1980) #H 1A)H O BN FE IS, & X
AER SR INR R AEAIN T 60°N SIS IR, ABEhOSELE 24 /D
N BRSO T % (Bergeron) Lo AAI13EF 0L, M. wR—
SOREHIIIARZR KT 1 DU FE, MR A UiEAN “ K i ” (Explosive Cyclone)

T R BB A O e S (1 TR 5% Z2 80K, T 1981 4F 11 A AR AP —
RIS e, Hops ke R i FE A A I ()8 PR X 3 X A AR (the Limited-Area
Fine Mesh Model, LFM) 58 2=, kA1 SLBR S 0 S K 22148 55 hPa (Reed
A1 Albright, 1986). T4 H 1979 F 2 HILERE K “B%H” <jiE (The
Presidents' Day Cyclone) AR AML, TR AT IR PR K R RG K12 K
. WERE T — RYA KR I (Bosart, 19815 Uccelini 55., 1984,
1985; Whitaker %5., 1988; Hibbard 5., 1989; Bosart Al Sanders, 1991; F{3L
4, 1992 XBRERAECEAE, 2004) . AR, AL Hl &2 51k (Bosart,
198 1) #R 2 B4 [Fl4k (Bosart, 1981) K JZ X3z FK KA 73 (Bosart A1 Sanders,
1991) 4577 HIAEAEAN L Rt U R S Pl R M i) S 2 5L DN o B A B A e
Ry chcisE, AR SN AE N IR R S8 I TR K T LE A T i€ 5 (Benjamin 55, 2018

11 D5 FE= 24 hPa/24 h xsin 60Fsin ¢, FH: ¢ RAE T O F 14 %
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Schultz &%., 2019). BN, XF 1R A AUe I TR 2R WA 1% 0 I A R A
(McMurdie 1 Mass, 2004), KRN THERTRGHEZHLELRRTIA
FFERE (Fu%., 2018). LMEFFFURIL, VF2 R RHEHE o) fgid Bus R SiEr ik
MR E, AR IR AN RUEATRESS, AT A AR AL
T R R AR R B AR ALEE (T —JL, 2005; NI 2%, 2017). fEN—
IR BN = HEIATE R G0, TN BRI FEAT AR 4 T 48 7 B U 1Y) i AP 2 R AIE 5 4
JENLER, JRAREJE I HaE B S AR ar SRR IR R AN, BRI KX ()
SIATRHE B AT AR o SR 10 R A A R A ) R R U 5 4 S5 AR L
BRRINR, AT A R e (R TR 5 AR G I B I i i SR A 2 (K 2% iAok,
fEERRAFERE ST, SomE k. IPCC 5 H RIS Hifl, “7F 21
LR BRARRE T ST, — LSRR AR AR (R A SR AR AT e KR i e [
b, TFIE IR R AU ARG THRAE B AR G 78 I 4 s HL 1 G i 5 AR (a3
A B TR A BRAR R 5 W R AT A SR, R HE IR E

1.2 HEXMRER
121 BEASKEHEXIRE

% T Sanders il Gyakum (1980) #2H ) 60°N [JZHLLE . 24 h B 8] % 1
PRI T AR IR DAL, — e R AN R DO EIRARAEEAT T 21T
an, KT TFER S H B S A R R EL, 8 & BRI U I T 3548 B O
A 60°N, — Loz AR AT 8 X B R e = 8] 3 AT R~ S 26 BE AR NI 225 £
FETFENIRZ . Blln: Roebber (1984) f# 12 1E 42.5°N (IS H 4 B 1T i
R SR IR ; Gyakum (1989), Zhang %5 (2017), FKAERFIERI (2017)
B H 45°N AE RS F A R OAERINEZ; FuG %5 (20200 X5 K
AR PGP DX I RSB 43 S 455N A 50N V2 46 5 SRt B A e ol
AEINEREE o hAh, S 7 BRI HS 7 5 (0 b ) P PR R I e, — 23
AR TR R 8] B SR 2 . 40 Yoshida AT Asuma (2004) {5 12 /NFR) I ]
T E RS . HRANEA R 6 /N AU O R T 10 hPa IR g tRod & e

L http://www.ipce.ch/

2
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fARiE (Reed 5., 1993; Petty Al Miller, 1995).

122 1BRSHEHISIREFE
1.2.2.1 FINEHHE

KT BERANERIIE AL, i TR AR e, Rk, e
AT BRI B AR R AN e MRS T T ZE 5, AR TR B %
RASEFEAE) 2 7 4R K (Blender A1 Schubert, 2000; Lim Al Simmonds, 2002;
Allen %§., 2010; Kouroutzoglou 5., 2011; Neu 4., 2013). Chen %% (1992) %f
19581987 FARLIH 7K IR GETH I, 30 SFIEA 363 MR R4, F
BIFEIECN 121 Ay FAEDE (1993) FE T P R BEM St Fu kI, R
DA PR R SRER AR AR 47 A T TR 955 (1998) IR I s Rk
itk 7 1980-1989 SEHIEA NG, 15 3L FEREEA N A FEMBRL 2 19.8
AN; Lim A1 Simmonds (2002) #F NCEP-DOE I i O 70 & BLAL BRI RS
HEHICEATIEZ 46 45 Yoshida A1 Asuma (2004) 1 il GANAL ForHr#5d 4 1988
3 21996 F 2 H AR VAL A PR A U ST SO, X — I i X
R R AHESEE 224 45 Allen 25 (20100 T 4 FHEHTEEE (ERA-40,
NCEP2, JRA-25 F1 ERA-Interim) A1 3 F g iRl T AL Ge i F AL FRR R A S
TRSERAE T TR I 22 5, S5 R KI, £:T ERA-Interim FiorHrddis, FIFHIX 3 Fi
TR B A 2 3R R U ) SRS E 7l 80.1 AN, 463 AN, H 36.5 AN
Kouroutzoglou 25 (2011) X g (X 40 4EMIGEHAT AR, X — X IR E K
SERTBOK LI/ 5.5 45 Black Fl Pezza (2013) #:-F 1.5°X 1.5°f] ERA-Interim ¥
ST BRI 1980-2011 AFAb BRI R Ui = K X I GE T R I, 32 4R JLF Bk
BRI SE S AN 585 A, AR Z) 2 18.3 1. FuG %% (20200 FJH 1°X
1°ff) ERA-Interim F> T8 RE, HF A T 19792016 FALFEREE L SIE I SE T HRHE,
RIAGPBR AR R SBERIAFARELLI A 103 A, Fo b AR 7 o X I % e
SEATESY N 55 AN K 48 A

MEL BRI ARt RAE RT3 R SRS S Ot FUArAE 22 5, A AT
PARIL, K2 B 7043 B R SR AEEE 20 A2 50 A2 18] IXHRIE T HRK
S —RRAIRE SR ARG
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1222 Z[E S FHHE

£ Sanders l Gyakum (1980) [JHA B ) TAEH, A8 H 1976
9 AZE 1979 4 5 A SHREE S AL BRI R S BE AT gt i, R, BRA
et — R EBIEIRAE A . RATEHEEE e, 07 B Wi F 20 A 26 i TR0
BRI . o, FERSPIEFIRFEPEEI, MR U M R AR R o v
b, FERSFPE X 160°W—170°W ZIHHAE — @i ot . B S A %38 15
VIR FESAIRRIN T 1 R U Hh A3 A E KT AR PR T b B T 23 AT TE B
PER DI RE 55 (Murty 5., 1983; Roebber, 1984; Z=KFHA T —IL, 1989; 5
P, 1992, 1993; Allen 2., 2010; FuG %, 2020),

Chen &5 (1992) H:-T 30 4F ML 7 Bt BREXS 48 LI e R A MU )R A ALE
BEAT ik, R AR LI R 2 A R TR R MU IR X3, — AN A
KHARE, B—ANREILKTPE. Wang A1 Rogers (2001) HHE K PUEER RS
TR AE SR TH AR IR 221 142 18] 43 A7 % 1) 43 s P B P (NWAD , HHAB IS (NCAD
AR ZRAEKPEEE (NEA) =AMX4K. Yoshida Fl Asuma (2004) HREHE &S HEH)
ACUR L BRI FF A PRI R AL, R T ALK PP R SR 4 B =2 TEARTEK
i 2 B 7E S RSO R B (O, 1E AR W KRG AR B 7E PHALARSF R R J& (PO-L),
FAE BORTR JE AR E PE AL AP EE X 38 (PO-0) . 1M Sun 25 (2018) [AFRAHR 45 & A
RIS Z20 (025 (] 43 A 4 K PG PR R UIE 73 AL 26 KBt (NAC), PR FE 7 (NWAD,
b KPEEE (NCA) FIZRIERTEEE (NEA). B T AP PR K TG 2 A X I8 41
Hiyrb i X de A R R SUiE R A . Kouroutzoglou %5 (2011) FlIF 40 4K, 2.5°
X 2590 HEER 1) ERAAQ 43 BT 54 ol by o ifee b X g R S I Gk F SRR B, 1%
X 45k 148 A S0 2 BT 1) T A8 BRAE R P i O AL O 2, = B A 1 IX el ZE R o
Ry IpEE e

1223 ZFHHHEHE

YRS LA W S 2T A3 AR HFAE . Sanders A Gyakum (1980) fi i, db2f
BRI R AESEN 9 A 21 | B, w1 H 3 3 HiZ#imEd .
B, AR G AN TR SR 2 R AAE VR ZEIX — 4 i (Murty 55,
1983; Roebber, 1984; {iE%F1 T —il, 1989; Chen %%., 1992). {HA[FI[X 4.
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AN A5 E (R R R e, HORAE BN TR B 22 5% . 40 Sanders Al Gyakum (1980)
KR, IPPE X IR R ATE 12 A RARZ, KPR R SRTE 2 H KR
%2 LG ZEMERE (1989) XF 19661985 43 IH] b [E 43 0 B &t S BEEAT 4t
T, RIIX— XK ARIER T RS AAE 30°-35°N, i &K= 2 )
ATAE 35°—40°N, {EA-ZF e/ AT VG, M 25°N LRSS 7041, BLANKIN,
30°N DAF I X I R A AE A A G BE R A K SJiE; Chen %5 (1992) X AR IEHY
FRIR RS Gt I, X — IR R AU EE R ATE 12 AR 3 A,
fE 11 AR 3 A RASIRER: TIRHESE (1998) HT 10 K E RS EIE T
AL BRI R SR M GLTH S R I, SRR ZETE 2.0 Bergeron BA_F 1 R S K
AE 10 AL 12 AM1~3 A, 1{E 4 3 9 ARSBEMEREEEAL; 1 Yoshida
A Asuma (2004) 3% P b AT DX Sk A [\ B A% 1)1 K SUIE St R B, O 4%
RAANEAEME RN B A B, X ANEREE 589 177 PO-L 28R R SUIRHE -4 R &
IR, X ESTEINRFE RS 1 PO-O KIBRANEL LT IIRA, Hik
JE B R o
123 BAESRERER RHHE
1231 BESEAXBRHBISER

Petterssen A1l Smebye (1971) K45 | 2RI UK RIIERAL, —3R 2
IR B R T AR (] 11D, B, AURE A — ST e i R R ke e
RIBEEZD T UM B: (D #ltaimgsh, X Fg— % FEl
G, KRS, m e NIE T BRI, B TR 1A S N A T AR
Werh; () PERh—BRE, HRFFRAIERE: (3) B BS RO
i), BRXANEA, FEeAV B FACE G e I R, T8 R T 8 A
XS K LR R A2 IR UL o B AL I e A A R JE L
HERT (B 1L1b), WRREREAS—E FEGEMAAE, M2 SmTils
BT X _EAs s, MTRGRI BRI, (15 EAEghnag, AR T Hm
R R o IR I IR i 3 DR F 2 e J2 PR B~ o

4k, Keyser Al Shapiro (1990) #& i T — Mg b 1) Uie sy (15
1.1c), XISBEMIAREILRE S VU B (1) SBEIIAE RPE B 42 H 58 1
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BeX s (2) TEANENI FIAR B, Bl v R e M I A0 B AN S0 4, TSI
T DX I T TR (3D BEJS, WRE I PG R R IR i B T IR S, MR X 4/
TR T M (4) B, RS FEEEE (bent-back warm front)
AL BT BTG S O TR B O B

A 1.1 BHSEOESER, (a) BURBZIRFSERZEL, #% 83 Bjerknes A Solberg
(1921, & 18); (b) Petterssen & XK B RS HE, % H Petterssen (1956, & 16.7.1); (c)

Shapiro-Keyser #£%4, #%H Shapiro 1 Keyser (1990, & 10.27)
Figure 1.1 Conception models of extratropical cyclones. (a) cyclone presented by the Bergen
school, from Bjerknes and Solberg(1921, their Fig. 18); (b) type B defined by Petterssen,
adopted from Petterssen (1956, their Fig. 16.7.1); (c) Shapiro—Keyser mode, from(Shapiro

and Keyser(1990, their Fig. 10.27).

1232 AHFHRFERELZRIET

DAERIEFE R, 38 BT R T8 R U R R R R BN A%, IR
I PR VB BB T 5 U DG I A B i 1 46 R 3R 3 0] TT S SO PR R e (R
N, 1986 FHAEFAIXIZRLL, 1988;: SGHEHR A T —iL, 1989; KB 45, 1995;
T, 2005; BALIC A, 1999a, by Bl &, 2003; WHH T 2%, 2009; fE
K35 &, 2013),
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BOBEGAT I (1989) sl &5 1 VUG F T8 R U KSR IR =B “ (1)

FREEE EH TR T, (20 ARG AT KA A&, (3) ik E s il
s, (4) KALEA P RCE S @ AHE 7. FRIRRAEH A,
ARG m A, XU S SN TARREREE S T AETIRRR.
e S A R AT R A R ZUK IR BE IR, i R R R R R A, AR T AR S
EIHEZ), BERTERMAEN, BEKRGRE K. FEESE (1992) X 1975-
1984 AR (AL AR PV R SR 7 e AU RSP iR i U iE 3
ARIPZEALSE B2 EIPAE G TR 3, IR SR =2 R R R R AT R A2 R e
TYRBESE (2001) WFACFEERIRTUEER 16 MRR ST E AT 3 KB 1, Xt
LERIL, BB R SIEMEEAIA AP I B 25 5 SR R e T rp o0 5 3 25 4
PR B LSS AU, MR REOR, I H, R ARSI EZ ARG, H
FITF TR HERREAHE.

Chen % (1985) K45/ WRICRALHFIERIRr i, — 2 s[5
PR “ WA (polar low), IX 2R NE 2 K AEAE AT VE AR PP HI R URE
BRI, 5AFAESIAG: T KR H AN “hERES
Jig” (medium-scale cyclone), XI5 H I AR 2 H AP MR ERAR G .
OB A S5 (1993) % AR ZRME X S ) R SRR e T AT S ], 26 K 2 Hus
RAANEIEFE PR A R RS, B Rl s, R U,
FE WA B 10 FR UL R R TR TN 1 PR R R BRI R 5% . Yoshida A
Asuma (2004) Xf PUAb KT 3 AR & b, R KRS 2 TANR
AR TR A AR, SRR I E A B A v

PAE R R SR e I, SUIRHI MO R R 5 S SR A B VIR &R, ML
Sl FrRr St DX AR, E2NIERE R, HaaRlTaiekskE
(Uccellini %%, 1987; Wash %%, 1988; Z= K HT —iL, 1989; Yoshida H1 Asuma,
2004). BELTERZEME (1989) XF 1975—1989 4Frf [ AR #HY R 12 MRE S
TR 3 M R B, 46K 22 BUUNE AR R M R R I A2 T 200 hPa & 73 2t 1 IX A,
HEA—NREEN T X AT O XA SNBSS (1993) AR TEIX
I 93 YRR A Gt o T EIE T EIRBLA

—
=

IE]
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tbAh, WRIBEER W R AR T AR R — N EEF T AR, BE
AURERT R AEAE 0~23 CROYE IR X, LS5 R AR SS AN & CT 1L, 2005),
(ELR SN 1R R R 5 Y T P82 11 D% R AECIT, /U 1A R IR B0 6 O A 7 B i
BAE X1 (Sanders A1 Gyakum, 1980; Chen Z5., 1992). iXAJfE & K ARG E
Bh 2 KA X R A R AN S, A R TR R Z AR AR e B
PR

WU B, 98 FARE TN T R SN IR S B BRI e o B LA =l
ZRER CHAFMXNTRL, 1988; HUHEH M T —I, 1992; Ding fl Zhu, 1994;
AL A, 2001). Chen 55 (1985) THERL 17— > i RUBEFRR AU AR U e X Jaaf
FEHRGE R, ROUGHZAEN 2 52, 48 BRG] fe A2 AU P & e i)
FERT, FHRI, [F AR Aol &, 0T DL P2 R Sk
M R Fie K« Reed A1 Albright (1986) 5 P AL AT E— IR R SER &
I R SR e B R Pl B T B, R, R R R A B U R
HINR B B EAE b4k, WSO AR AN AU R R R B GBS 4%,
1999a, b). Chen %5 (1983) FIHI i REEBUB R A I, U A R T IS4
AV Pt B, 2> HI 39K AR, SO ke 2 (8457 ARS8 5 : Chen Al Dell'Osso
(1987 6f AR 37— VM RS A B0 2 1, V5 i o e K TR ol 5 B2 DR,
(R QRN AN A, TR 208 R HAR L, RIS 2 R 1
I RO e R R, Al i) B I A SR s e AN EE B FEORMEAN T
HRDE (2005) K — PG A PRI R AURE M RS R AT T 13 R AN I 2 ey 42
XGRS, BRI, VRIS R R BT iE ), R B RE
i, PRANREIE RGOS R X PR A AR e, AR T B EEh, AR R R 5,
ARTFAREARIE . ERRBERCR, B0 IE AT 2. Bosart (1981)
X CRGH” SRR AR S AR R AR R A TR R e
PRE R Gyakum (1983) FFHHEMMEL o 7RI J7 R0 ) 2 B4
BEATIZWT, 18 KSR S AR A3 X 2 P50 BT, 06t Pk 5 <%
RAER S AL G > B, BKFM T —IL (1989) X P IL AR P — %
RAERIEUR Fe i FE I e A R B, R BN #GR Ui R e i) £ 2 7, iR
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IR AR E E R T BAEESE (1996) FIFHBUE IR IR PR = st T
PR R AU R e FA KRB

MNATRIL, SR R IEE e J o R 3 P it 5 /R T AN A2 7€ (Bosart, 19815 Roebber,
1984; Jia A1 Zhao, 1994; & IEANKEHT-5F, 1999). Bosart (1981) X} 1979 4 2
AW “Rg 7 SR, AR RGT, AEILSE TORMIFE L T — AR
FIRHE, R EA S e BRAANE HE &, BB FIATEELZ; Roebber
(1984) X 6 4 (B A AT GIHIE I, Tk J B AU AR B DX st ) 67 %
JEIX, H48 R R VIR 2 RUE AR AL BB 2R & RN B RKEM T —
IE(1989) X 26 MERKSFEHRZA G /TR, HRZEIRVE X AR T
SIRIIPOE K JE; Jia Al Zhao (1994) Xf ZR ME—PE KTV (1) — MR R ST 2 W
TS AN R AAE AL SRV I R A Ui AT U, R, PR
HELERMRNE X ;s Twao &5 (2012) XF 1979-2011 SEAZFEFHIL K T RIS 4T
RIS X AR R SR I A TEZ T 22, X PT RE 2 B TRR T i RS
RUE MRS <5 Black 1 Pezza (2013) XF 19802011 b BR IR & et AT 68
I, RIUERR SRAEREE D 1R R KA, SRR R G i
EEEEH

Uccellini 55 (1985) #&iH, Xt/ 047 B BT AL B (P30 2 RAB AL T A% 2 1%
AT RIE G 5 1) B LR R 2 — o BRSNS R R SRR T IX AN IR (Rossa
2, 2000; Fu%%., 2014, 2018; Pang fll Fu, 2017; £E %5, 2019). SAKHEM
PNEGE (19960 AN [F]BE AR I R AL SUIEEAT 1 B JIRFAE S e R 78, R
B RAB AL S TR SR R R I — N EL A 5RAKIIAE (2000) i
AL FEAN E-P @RS W, FUBL T PEAL AT X AN BRSO AT
TR RS F) A, R IR R SR R FE AR e SRS T B AT %, I R IS5 T8 4
RT3 76 H J2 A7 % 1 ot e A SN IR R e AT BB s Fu 48 (2014) Xk
IR — YRR A S R P e JE T R R AT T 12 0 AT, 18 KA PR 51 R
MR ERET S, SHRE R s 15 G G R TS5 bR 2 i

gie bik, WTRURHL, &R SR K R R R %, 2 F R - # vl g
fERE PR A JE . SUmR R SRR BRI R ARGNRZE , MR
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B AT Re e e, DA P A e R i) E L TR REAAAE R =R CT
—j, 2005).

13 HRRAMEIZFEE, FEMRAS, EXETTH, ATaErtlHs
1.3.1 BIFREREIRLSF O @

WRTRTR, R R AR ST T T 2098, AH R S e %28
PRSI AN I H, 1EA—RIREM =R S, i AT
ARAE AR R AUE 1 T ELRFAE S R AL, D% TR R SRR RUX 1) 43 A R A B T
Feo EIXTIXEEEGIIATT,  AVE SCHLR P 32 BB ) R

(1) BRAEAEIY-T4EE (19792018 4F) FEAEMIFIAE{LaSA 2 i alix
e A ) o S R R A4 2

(2) R UNE IR B i 5 4 T i KRG 43 ) B BRI 0 AR 2
395 48 R S AR A SRR AR A TR TR G R 2

(3)  AFEZEHEKANES B RA BRI ? SRR UeE
B R A B4 2

132 FEMRAR

EERTPA_ESR IR R, A SO R A AU

Siit 19792018 4FEAbAEREE R SNE A ARTEBIERIE, 5 32 MR R S e i 1 L
fHFEARFAIE « f3 K RUHARFALE S LT 5 R AU e EERE R R R o F 2 b
HEXT IR SNEHEAT 73 R 7, $87m He R BERFAE, JREE T % R AUl 1 6 15 i
TIAG, 83 B0 02 A BUE B S T B, BiF 5T s AR ML 1) H Tl B f A
W EZ R R o BT DU AR R S R BRI CRAEECH  BREE . ARl AL
BB E KR E AR5 1R S8 46 8Emms) /e
T 7 VRS I DY R R S AR A B 1 A L R

133 BXETRH
B e IR ITE RS B E AN T, B R A I A
B ARV S R T A S S BT R

10
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B BRRANEN B GHRRE: Giit 1979-2018 R[] BRI K e
75 3 HL 3 BN 8 3 A S AL
B BRSO R B S O G T RAE s 0 DU A TR R R e
FLAH R 5 1 R KRR IEREAT GBI 5T
SEIUE RR R MPOE R R A X TAS [F) R R AU EAT & B2 i
TC, SRR LR LI AT SRR R SO RS 52 Wit 7, R
a7~ FAUH 1) A R AL
SR RN B KT R P BB BB, BRI T R T
Wil VKSR TR R SR R AR
BNE GRS BECEN LR, R SCEAENA R A,

1.34 TFREERIEIFT =

AT FE AT B AT s R

(D) HXBRRATEXERARG, 38 H &2 P B S8 Fos i Ui
PONTT%, SRR AEGIHRAEBAT AT ST, RGMIRR TR RN 2R
fiE;

(2 AN o o A0 1 T IR £ BEE R R e IR AR AR AE AT AR 7, AR
BHR, 237 B4,

(2) BRI AN G R SR R 5T, 4B S R SRR R
AR A SR AN B R TR KPR TR TR 0 Fr A X B

11
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F2E BRESERN—RGITHHE

21 5§

WHTFTIR, VEN X — SRR EERTRG, KIHLLK,
1B RSEERRZ B E N AN R B E S E  (Sanders Al Gyakum, 1980; Murty
% ., 1983; Roebber., 1984; {JHE% 1T —IC, 1989; Chen 5., 1992; FFEH,
1993; TiR¥E Z5., 1998; Yoshida A1 Asuma, 2004; Allen %, 2010; Kouroutzoglou
45, 2011a, b, 2013; FKAECRIERI, 2017; FMVIESC %5., 20185 FuG %5., 2020).
MO BB AFAE S AT TR B TT, (H i THIRME. TRl #R . AR
B ER TV R R e b e S Ty AT AE B 2 B I 22 53, A E) STk P ok TR K
SR MG TH G RAFTERT 2 RN, BRI 55 R R 80 5 8 2 — b i
RANER— MG RRAE (BRI RT NI 2 ST R . B AT, &R il
EARVESN AL G T LAER D, REFATA AR T 00, AR BR
JREFRT I e TR ) 7325 5 e 2 R 1Y) ERA-Interim BT 803E, X+ 19792018 4FAL2F
BRIGIR R SERATR U AL, IR B A e — IRGE T RRAE, AT SRR EIAT AR DG B
TR

22 HURINAE
221 {FRKE
A8 A BRI A B B & T 4R A0 (European Centre for Medium Range
Weather Forecasts, LA &% ECMWF) [ ERA-Interim 43 #7 £(#/% ( Simmons %5,
2007 ZEARE A EIN B 1979 45 1 H 1 H & 2019 4F 8 H 31 H. ERA-Interim
fliH IFS Cycle 312 BT RHAEI R SE, Hrb IFS 48K N“Integrated Forecasting
System”, J ECMWF ()ML55 R4t BRI RIS Pt aak 79 A5, #H
JilA 60 J72, HATiJEZKF] 0.1 hPa. ¥ B[] 43 #2978/ o 0T A2
Bl = dh, HBIRKF 3R R 0.75°%0.75°, EE 5N 37 J2 (M 1000 hPa
F 1 hPa). FEIRHML, BAHMCOHE S PEEN ERAS b
(Hersbach %5.,2020), {H i1 T4 & 73 TAE AR, R & AT 1979 4 LAK ) ERAS
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¥4 (BCMWF T 2019 45 1 H 17 HR A 1979 LSk IR, L1 H ERA-
Interim (4. ML, XFTEBAEMERIZE P -a (200-2000 km) A LA ERE
KA A s R S8, 0.75°70 HER 1) ERA-Interim 335 & DAE 7R HAUEIE S RRE . A
ATER A EA: P& (mean seal level pressure, MSLP) F1 1000
200 hPa FIRMINI A E . FITVR9E% (1998). Allen %5 (2010). Fl Zhang %%
(2017) HIBFFERI X HEABL, AT 72 X Sk iR /K-8 B 25°-80°N,  0°-360°
222 SHERANFLEERTE

FLHH X ASURE 1 G vt 43 At 3 R R b T R AREIEAT N IR (Sanders Al
Gyakum, 1980; Murty 5., 1983; FHE5E, 1992, 1993; TiAs% 4., 1998; ik
SERFITYVATE, 2002). XFPT7 R EARUER R, H BT IR E S 2 NN
ZRTR, BAEWAHEN, TiERE T ER. HEE AN TR,
HELLIE R B . REEAR G R E0E . BEE TSI T B 2 R LA R BRHRIE
BORMRRE, HIL T A% SACR T A8, (845 R v SR e e AT Ge it
AT T RTRE . L T RO A R RIS, AE AT R R T I 7 A
BE R BN B AT NAE (Williamson, 1981; Murray A1 Simmonds, 1991).
BEAE, BT AR Gk T 2 0 B A BEAT SR A, AT BT A S A1 T 0 A 1) 28
IRAR KB 7% (The automated Melbourne University cyclone tracking
scheme, Murray Al Simmonds, 1991; Simmonds %%., 1999), #:T =M MK
AR TTE (Lu, 2017). BuAh, BEE N LR GEERIARE, TR H I H
LM A W OSBRI T s, 2017; KE(ES, 20205 Lu 5., 2020).

X AURERE PP 1R ] i B — 0 7 0 AU TR0 R . R, Ui L
VR B A SR MR ARV, A ORI R 2 B N, — R AR AL
o FE e AT BB R W 9 ERIE R (Murray #1 Simmonds, 1991; Grigoriev 4%,
2000; Gulev ., 2001; Lim A1 Simmond, 2002; Zolina 1 Gulev, 2002; Jung
5., 2006; Rudeva Al Gulev, 2007, 2011; FuG %., 2020), 25218 HimE
LI R A B VR N AE B (Sinclair, 1994, 1997; Flaounas %%., 2014; {7{,
2018; Fu SM 4., 20200, MRINESARBRA: AIFEH T RAREN RS,
(EAE TR 48 P 35 s 1 X RS sl Ui A B e s 5 il T RBERUIN R S

13



Ab =B AU DU B B 8 TR AE SR R 1 AT

FRG0, AR TR R ROBE ARG, A (] X 3R X A% 7 % 238 2 A5 P2 f O HR B
fii# (Sinclair, 1997). A, KTABGEREITE, WA ZFITE: T EE
kRt (connected component labeling, CCL) (Hodges, 1994; Inatsu, 2009),
T HE%EZ% (Wernli F1 Schwierz, 2006; Lu, 2017; Qin %%., 2017), #F
8 B B A 3 B R BRI ( Sinclair, 1997), T2 S HE (Rudeva,
2007, 2011) %%,

RN N TAEMZERE b, AR Jang 25 (20200 #2H 1/\ X 3Rt ik
(ﬁ@mwmmMmkmm¥mﬂMJﬂﬂﬂﬁﬁﬁ%¢®ﬁ%oﬁﬁ%f%m
R, FHRJRH A AME TR BAE ik iU O, X AR E D e
JRFRAE B A \ASAS [ 77 1] B v BRI, 4 BT A 7 [ SR B i e i 4 e
BMER, ZARNRE 00 TESR AR, MR AR EN S
TEFEAT IR, LENE A a sE AT, H T RO R 5, U 0 B I X ek
SRS AN ST, 75 5 3 B i SE AR G o A B AR E o O T I IX R
WA ol REt, JFEATE T FmMARER, S %0 ARH0E
(Sinclair, 1997), FEMATREF AT, XF A2 & e K H 25 0~ . XA AL
I RREE RS R O BRI RANA . BEAh, 5 RS B iR X ¥ MSLP £
FERUERG, ASSCHERE, R0 B B0 SE O JE LG 9°0x9°Ti Rl N /b T B 1/3 K
&% IR T 500 me A T X BRI TR IS AT EAEMAIVIB R, AR SCHERRK
AR BT 256 6 /N — VR ) ERA-Interim B SR AR R 3 /N3, R
JERAT R B8R, T SCHITHE 5 20l S35 R A U 8]0 % )5 R 88

AR EIE I BT FH 2 il B v, RI4R T — B 21 B i o oAy B I
Fub i, HEESART NG ENBIE. 5% T LB G, AS0E M40
i 2 e T RO R BR B BRI Y 700 km/3 b (B RE T AU & R R Rk i
FE), G NLEGIE, IR 88 B AT LA 280 S 0 U 1 18

223 BAREERESFTERZIENX
un1.2.1 TR, RTIBER ST TIEINREZRA ZME L. HBERIbMER—
ik, A K Yoshida 1 Asuma (2004) #2H IS FEMNIRZ E X :
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DR = [P [@] @.1)

ﬁ*rﬁ%ﬁﬂ,%ﬁ%¢ﬁ,p%%%;®%ﬁ¥ﬁ%ﬁ,%m%hm,¢
Fe AR TE AR, %58 SCR 12 h (OIS A] 2 11 A EE T Sanders A1 Gyakum
(1980) A58 L, I8 A B (R i RN IR 26 A B Hafs T SE PR KIVRZE, AT g
5 B A B0k S WS I R SR IR R . TR, R T S B e AR A s Ui, A
SORR R AU A A L) R BR E A 24 he

T RIS R R U AE A o SRS [ B B AR AR, A SCSE ST U] AR B
(Cyclone formation time, CFT ) ¥ % K& I} % (First explosive-development time,
FET). #AKINIAR %] (Maximum deepening time, MDT), A% LS K %
(Minimum pressure time, MPT), FIZ&1ERFZ] (Last detection time, LDT) /EN
AR TLANRFAERS 221, 43 7068 JRE T R SRR — IR R B IR 3 — s 3]
BER S HEARIE CEIINRZR > 1 Bergeron) JIIARZRIE B A dy Lk AUBEFT EE B I
SRS BB AR, AU SRS — R B e %)

224 FitH*E

A B G HG I V5 ¢ 5% (Devore, 2004) #8361 Whitney U
fr4e (Mann F1 Whitney, 1947), IXPIANJ77253 70 T PSR AR 22 [8] LU A5 RS- 32
2 A2 5. dnmat B HACTE N 0.1 IR (p < 0.1, i p (HRAEER
BRGSO R, H I R AU 25 5 50 A i o PR 285 SR E ), U Sy i 2
KRHERBGRTREE, SRS REE.

FEAF BN B A b, FRAVEAH T Lee 5 (2007) #2 H 5T 73 BORI 4
ZFLRE B2 1 0e SR S B ik AN P A e v i B L SO R AR AE 02 o 12 SRV ) 3 2
BER SIS BRI — RIVLRE, RIE, KRB & s — AR =7
e IR T DA J5 V20 B AR I R O — A BT 5 O T — ek ] U0 BRI
Z ) Java fRASCHSLE https://github.com/luborliu/TraClusAlgorithm 3K75

2 RS R G R E AR e B 06, ik Bady KR40 N
Fe— AN RAERE A (A 2 J57% (Hoskins A1 Valdes, 1990). B 72 N T
A RS RGN 50h (Lim Al Simmonds, 2002; Koyama £5., 2017).
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JEE BRI R AU DY 4 I ZE T HRAE B R T BT 7

K Bady H K%K op € X WIF (Lindzen A1 Farrell, 1980):
o5 = 0.31f|0v/dz|N 1 (2.2)
Heb, FRBIKSH, v 24K, z Z£FE, N2 Brunt-Viisild %, @]
0, AT W I B R IR R 3l B RV il I B, 0K AR E B AR L

2.3 RITHHE
231 FINEFIFIEILE S
LR IR TIGIE, £ 19792018 £E[A], JbPERILE A 2078 MER

g, FIEEL Y 52 A4, XA EH & T Black 1 Pezza (2013) HISER (24
18 A~ A1) 1 Allen 55 (20100 Z5R (25 36 A~ 1), HIJRALT Fu G %
(2020) MIZEH (£9 103 A D (L E=ANEE R ZFET ERA-Interim F 4047
) G R R I R R R R R T A [F (4B R e 58 SORTAS [R] ) AU 1
AT

0 1000 3000 5000 7000

B 2.1 19792018 SF[EBRIEPIL. FIRRFHERE (B m). XENBEHTTE
IR AAT BERSTEA PAT R SIEHIX . £LER AAT BRSHEM PAT RS HReHIF
W, b2 EE S HRR TR ERRS A &I LA E

Figure 2.1 Explosive cyclone tracks over the period 1979—2018. The shaded area denotes the

terrain height (units: m). The Purple and orange sectors represents AAT ECs and AAT ECs
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area, respectively. The red lines are the average paths of PAT ECs and AAT ECs, with the
stars and circles indicating the average starting and ending locations, respectively.

1 R SR ] A A BB 3 B3 A7 AE 1 b P33 AR 1 b K 93 281 5 KTk = )
X (B 2.0, UG, FEIRRAFR b, AR, W T HETE
PR B A T b (B 2.0 0 ARHEIX — 2 (B 0 AR HRRAE, A6 BRIB R e 4y
FAE K PE—b VK ERY (the northern Pacific Ocean—Arctic Ocean type, LA faifR
PAT) FlIb K PUE—ILVK R (the northern Atlantic Ocean—Arctic Ocean type, LR
{EIPR AAT)PIE o Fort, PAT JR A UGS ML R AR i B DN 25°—-80°N, 100°E-120°W,
AAT 13 R SHERT A AL B A 25°-80°N, 120°W-30°E. 7 B4 H 2, b
BRI SNERR 1A T LR AN DX A0Ah 8 i o g A0 7 8 A R A [X 3 A/
KA, X5 Kouroutzoglou 25 (2011) M7t &5 AR — L.

232 [HEMZBRSIENZEALES

TEAEAYIAERTZ) (CFT), MR SNER A= s B £ B T KT A, HK
FER R B ABERERE A HE (K 22a). Hd, PAT HERAEM R+ O
fLF 135°E, 37.5°N, AAT BEKR BRI A O AL T 74.25°W, 42.75°N. HiI#
JaR A FEEAR 2 5.3 MR, FOHIMEE K. fEVIRIERRZ] (FET),
SHERI AT A 46N, MBS CFT M EmAIL, X 5B KA EERAR
ALBIR AR R (& 2.2b) . PAT JEASUNERN AAT 19 R SR AE 1 i A 0 4331
fiiF 147.75°E, 42°N Fll 59.25°W, 45.75°N, 3 HI%H 5 2 S5 AT — KRR %00
N O ZE 3.8 MEFED . TERCKINIARRZ] (MDT), PAT #BR S AAT RS
TG AR A K, B 0o BT 157.5°E, 44.25°N Fl 57°W, 46.5°N, %
FET I %30 w75 Ak, (Hr O fEAHEE CFT I 20558 (B 2.2¢). —HMAEES
BERT— AR 2R 25 o FE A O SRR 2 (MPT), PAT 1R SUiEfl AAT
PRSI AT EE MDT B Z, A Rrga/, frEEmAIL (B 2.2d).
F PAT 1B R SE, HmirF O T 178.5°W, 51.75°N, XitF AAT @R <ie, H
EHDAL T 32.25°W, 59.25°N. AAT B SUE i Lo Al PAT 48R “Ulie i
A Z AR %, (A2 FREE K (HZEL 7 MG 7ER )G R
Z| (LDT), PAT &AM AAT 1R SIEH) 7 A AU A 2%, (oA E
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JEE BRI R AU DY 4 I ZE T HRAE B R T BT 7

BT — AR B Z 2 AL, AR O BIAL T 167.3°W, 57.5°N Fll 26.3°W, 66.8°N,
Ay PSR BA d B N AAR S 22 B (18] 2.2¢).

(a) CFT (b) FET

AW
9.3°W. 45.8°N)

i - 45W
'.3?‘y}~59.3°.\')

i J ; 2 fé

135E\C\1-j:g.-50.;; 5-1'";593\!1)35\/“' i
T T

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

K22 BRERZIBRSEN RS FERZ]: (a) CFT; (b) FET; (c) MDT; (d)
MPT; (¢) LDT. FARSRRBRIEKREME, TERCAIRE TBRRRENEMEME

Figure 2.2 Spatial distribution of ECs at typical stages. Typical stages: (a) CFT; (b) FET;
(c) MDT; (d) MPT; (e) LDT. The shading represents their occurrence frequency, and the red
text refers to the position of maximum-occurrence-frequency.

BRI F , PAT BRRSUBERI SO b AAT 1K SURE I 9 5 B 5 o X T+ PAT
RERSBERT AAT BEASUIE, 16 MPT B ZI 21, Jemdirb o £ BT SUheis 8 X
BREGVEES, £ MPT I, i o 3 Ueis 3 X3 8, /e LDT, =i
Hhts 32 AL T U B DX AR M o 3028 (B) 73 AR T 5 5 PAT H AU = [ 73 A7 5
(i Fe  EHLAEANRIRFAE R 221 2 18] 9 Bl A2 A6 T K

233 AFRTRESE. MEER. MEGEKENELSESH
MR SRBALIIE AT (£ 2.1) ATUEH, KZHEEKSIER RSO
SRS ATLE 960-980 hPa 2 7], /b Ha = A i 5 A TR] ) s A A O SRR T
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950 hPa /ST 995 hPa, XML | AUhER —EMRIIR ARG Mo LA
AT LUK B PAT T AAT H38 UE ARO AR B8 B AIC A0SR 20 A S BRI PR
H A AR O RE AT B f ven EEBIE AR 2 FE 970-975 hPa VG . JF H., Ak
AAT RS G, P SRR T 960 hPa [ i EL A 22 EE PAT B 51(p <0.05),
XTI UL 7 AAT #3K EEE PAT 1R SUIE a4k, 1245 5 F (Sanders
Gyakum, 1980; TYAE, 1999) HI2E{BL.

K21 AFAFRBRSERESERRENE oA . BRFIME-EFH R,

#ME, ARG RIRR PAT Al AAT B R SEHERIET T KFR 0.01, 0.05, 0.1 KE

Table 2.1 Frequency and percentage of different minimum SLP with different types of ECs.
Values (in the fifth and seventh columns) in bold-italic, italic and bold mean that the

differences between PAT and AAT pass the significance tests of levels 0.01, 0.05, and 0.1,
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respectively; whereas values in normal mean that the differences between PAT and AAT are

not statistically significant.

ALL PAT AAT
A& SLP
CRfZ: EIAD
#HH Bk #H Hrtt #H Hrtt
>995 22 1.1% 9 0.8% 13 1.4%
990-995 75 3.6% 43 3.9% 31 3.2%
985-990 127 6.1% 67 6.0% 58 6.0%
980-985 281 13.5% 162 14.6% 118 12.3%
975-980 360 17.3% 210 19.0% 148 15.4%
970-975 428 20.6% 256 23.1% 172 17.9%
965-970 352 16.9% 182 16.4% 168 17.5%
960-965 226 10.9% 102 9.2% 124 12.9%
955-960 113 5.4% 46 4.2% 66 6.9%
950-955 64 3.1% 27 2.4% 37 3.9%
<950 30 1.4% 4 0.4% 26 2.7%
&it 2078 100.0% 1108 100.0% 961 100.0%

MWABERIINRR R /340 (R 2.2) K&, ALK AR eI £ B IR R4
H17E 1.3 Bergeron LA T, JRAR Ui M %L H BB RN 2 138 K s . BT
TRFAE 1.3—1.4Bergeron Bt AAT 154 <Ue i LA BH 2 KT PAT AHB. I LE A1, Y
AT RS IEAE IR 243 1) 22 7 AN IR . 7% Sanders(1986) LA & Zhang %5:(2017)
KIbRUE, R R SBRIZINIREZ 7 155 (1.00 Bergeron < JNVAEZE< 1.20 Bergeron),

W1 (1.20 Bergeron< f¥RA* <1.40 Bergeron), 5% (1.40 Bergeron< JI{AZE <1.80
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Bergeron) A5 CINPRZE >1.80 Bergeron) VUK. 54K S e didb kR &
e EL] 48.4%, THEAFIRIER R SNEL) 5 BE 27.1%, SRR NEL) G S H
) 19.8%, i IREEA IEL) 5 ELH) 4.7%.

®22 AR 2.1, EASKIMERKS

Table 2.2 The same as Table 2.1, but for the distribution of EC’s deepening rates.

ALL PAT AAT
T R ERE

CHfr: DU )
HH (S HH ot HH Bt

1.0-1.1 574 27.6% 298 26.9% 270 28.1%
1.1-1.2 432 20.8% 230 20.8% 201 20.9%
1.2-1.3 324 15.6% 189 17.1% 133 13.8%
1.3-1.4 240 11.5% 122 11.0% 118 12.3%
1.4-1.5 162 7.8% 90 8.1% 72 7.5%
1.5-1.6 122 5.9% 63 5.7% 59 6.1%
1.6-1.7 85 4.1% 40 3.6% 45 4.7%
1.7-1.8 42 2.0% 26 2.3% 16 1.7%
1.8-1.9 42 2.0% 25 2.3% 17 1.8%
1.9-2.0 22 1.1% 12 1.1% 10 1.0%
2.0-2.1 14 0.7% 7 0.6% 7 0.7%
2.1-2.2 10 0.5% 3 0.3% 7 0.7%
2223 4 0.2% 1 0.1% 3 0.3%
2.3-2.4 3 0.1% 1 0.1% 2 0.2%
>2.4 2 0.1% 1 0.1% 1 0.1%
&1t 2078 100.0% 1108 100.0% 961 100.0%

55 PAT R A msirb L, — M HAFEES, 53— ML F AR
FARHER, 59 AAT R SUIA = mditds, 0L AR o, 4155 2 m il
RSP =R (B 2320 FPEEREEA A I m L, — ML HA
BB, 5 — M TN R R ARSI, (B 2.3b). 5B AUNE, A WA mHiTh

21



AEE BRI R AU DY+ E S8 TR AE B R 1 F

O, BATHIAL B 5 & 9 BE R URRARAL, 73 S T R ) DX 3N V25 9 [X 3B €
2.3¢). W sRER A UNE, Hemi O BT R R A U AR AL, E I A BT
(] 2.3d). SRR AR AU, SR AT T RTERIRIR AL E, XK AR
R PR IE i 5 BA e R S 1k R R VR UL X ek B A S DT R R

(c) 14-18B (d)

02 04 06 08 1 14 18 22 26 3 34 38 42 46 5
23 ARABEERRSRERMCERZR S 9 a, b, ¢ doRRFEE 1.0-1.2
Bergeron, 1.2-1.4 Bergeron, 1.4-1.8 Bergeron, MM >1.8 Bergeron AR R SIE R4 ik
(VAR
Figure 2.3 Spatial distribution of the locations of ECs with different deepening rates.

Where (a), (b), (c), and (d) represents the distribution of ECs with deepening rate of 1.0-1.2

Bergeron, 1.2-1.4 Bergeron, 1.4-1.8 Bergeron, and > 1.8 Bergeron respectively.

(a) 24-48h (b) 48-72h () 72:9h (d) 96-120h

B 24 AR RRRSREBRMERN . RE “+7 MLECERH TRAREHRE
FAL B A A AR
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Figure 2.4 Distribution of the locations of formation of different types of ECs. The black

“+” and the red texts marks the location where the maximum frequency appears.

®23 FAREK 22, EASREWRERIN

Table 2.3 The same as Table 2.1, but for the distribution of EC’s lifecspans.

ALL PAT AAT
PR S

@R ARVINI D)
#H Horkk HH Bk #H Hortl

24-48 176 8.5% 69 6.2% 106 11.0%
48-72 282 13.6% 125 11.3% 155 16.1%
72-96 392 18.9% 197 17.8% 192 20.0%
96-120 372 17.9% 206 18.6% 165 17.2%
120-144 321 15.4% 188 17.0% 133 13.8%
144-168 213 10.3% 136 12.3% 76 7.9%
168-192 143 6.9% 95 8.6% 47 4.9%
192-216 81 3.9% 49 4.4% 32 3.3%
216-240 46 2.2% 24 2.2% 22 2.3%
240-264 25 1.2% 9 0.8% 16 1.7%
264-288 15 0.7% 5 0.5% 10 1.0%
>288 12 0.6% 5 0.5% 7 0.7%
=an 2078 100.0% 1108 100.0% 961 100.0%

Jb BRI S E A ATEE 25 A iy S A B4 0 SIS B £ S b RRAE (3R 2.3).
BRI AE Ay s E B AR AE 48-168 h (5 HEIT 75%) . XS i X EIE T
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AG ISP H A0 78 3 X IR oA G v 3 X ek (&) 2.4b-6), R A AN i 0
O3 T H AL AN PG K PG P B . B 1 2B d SR AE 4872 h [¥) PAT # K Ui
G, RN B 1) AR R IX ek T B T G RSP AN PG . A i SEAE 72-96
h A1 96-120 h B AUIEHT & tull By, 2 36.8% (3R 2.3), 1A= SEAE 264
288 h A1 >288 h HIHE A UEHT & LUl ik (<2%). TXEEACA: i 52 1)Ul i) T
A PE H AR B FR A 35 R AR A

R 2.4 RAFR AN SRR Z BT 7 T r(a] . BRI S, 0T PAT
BRRAE, HMERZ) 220 FFURBR, 2929 h IRFE R K, £)63h LS
JERAG, 20 118 h SHEIH T KT AAT IBRIE, HPH4 ar b B G T PAT

(p <0.01), FENFFAERZIFTE KN B4 : FET (~21 h), MDT (~26 h),

MPT (~59h), 1 LDT (~108 h).

R 24 BRBRSVEHENAFFEN ZIR PN CFT, SRRERMNZ; FET SHEH

UIBREHZH; MDT, SHEIMEREARZ; MPT, SRRSESKHNZ; LDT, BEHl

RIS LR . B, “FET-CFT” &M CFT 2| FET B K [Al. =47 M IAT

WK AHMA, Ak, RS AR PAT fl AAT Z A2 R8T 0.01, 0.05 F1 0.1 ) 23&
EX

Table 2.4 All-event averaged time for different types of ECs to enter their different typical
stages. CFT, cyclone formation time; FET, first explosive-development time; MDT,
maximum deepening time; MPT, minimum pressure time; LDT, last detection time. For
example, “FET-CFT” means from CFT to FET. Values (in the third and fourth lines) in
bold-italic, italic and bold mean that the differences between PAT and AAT pass the

significance tests of levels 0.01, 0.05, and 0.1, respectively.

B (/MF) FET-CFT  MDT-CFT  MPT-CFT  LDT-CFT

ALL 21.8 27.6 60.6 113.4
PAT 22.1 28.6 62.5 118.1
AAT 214 26.4 58.6 108.3
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92 % RN RGO

Zi LRI, PAT A AAT BRI EA A BEARF: (1D SRS, PAT
PERSTRIIBE L AAT B2 (£ 2.3), H, XA SN 72-240 h RS
g, PAT M¥HEZ T AAT, M0 T H &4 ar LK B A iE, AAT #HZ T
PAT (Z1°8 PAT 1 RSHER) 1.4 f5). (2) — &I E, PAT 1R SHEM 154 i s
BT AAT BRI ANE, 1HAZ, 5T B4 A= iy sk (048 2 U CAE i sE e 10 KD
ME, AAT BRSURMEH /& PAT B SIEIL 1.7 £5.

2.3.4 FERRTILSFE

B 2.5 b BRI B RSB I 18] 7 51 1 . NIRRT IR, Jbp BRI
R HIE SR B LI IE,  PAT BRI IIAESIEZ )y 28 1, AAT
PR SRE AL R 24 A

-0.0287x

"\,,"\ O N N
' . O°. OO0 3 0. a\ S\ \\\\‘\ » \\

B 25 JeF3R PAT (BB, AAT CERGLR), FE (HAK) BRIENFERELS
i

Figure 2.5 Annual occurrence frequencies of AAT (purple lines), PAT (orange lines), and

all (blue lines) of ECs in the Northern Hemisphere.
WA AT LTS (B 2.6a-b) B, JLFERIBERSIELE 40 42 0H] T34
i SARE AN K, b PAT R SRR P4 6 500N 4.7 KA, AAT R SiRA
N A4S Ko (ARERSETE 40 AR A4 K AR oy s B it ads . o PAT 1
RAFEFRKAMERN 9.9 K, AAT BRATEFHRKAEMEN 9.8 X, 1E 40 4
], PAT A1 AAT [ KA a2l 0 1 £ 2.6 RAIZ) 1.2 Ko WSS
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Ab =B AU DU B B 8 TR AE SR R 1 AT

A (B 2.6c-d) KE, ToiiE PAT Fl AAT BERSE, S mERESE
RIB A I (B AR IME S8 2B IS . AAT BRI F- T3 B A
SR (<970 hPa) FIAFER/NGALH O E (~948 hPa) IJBE IR T PAT 1 K UHE )
BT O AUE (~973hPa) FIAERR/N AR O A (<953 hPa). Hi-FEPIR
& (B 2.6e-0) M5, PAT R ERIET EIINR A F K INRE7)53) 9 ~1.27
Bergeron f1~1.90 Bergeron. SULAHL, AAT #R S 4R35 N 2 A5 K
IRZ 3 31 N~1.27 Bergeron #1~1.89 Bergeron. PAT Al AAT #& &S g 55 AR
WEHHAEE.
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(a) PAT (b) AAT

mean lifespan
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3 o e O LI o o o o e e A I e 3 LI e e e e e e e N O
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NEHFIFFIHNPIIISLSSS >SS S EEHEHIDNIIIIDYDLSETIIS
S GG x X oS &
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(c) PAT (d) AAT
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950 VV V A\ ‘V

045 1 v = 0.074x +933.11
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935 A1
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280 ——Maximum Deepening Rate 280 - =—Maximum Deepening Rate
===Mean Deepening Rate =——Mean Deepening Rate
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i y =0.001x + 1.8915
y = -0.0002x + 1.9049 220 4 /\/\
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o
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1.60 4

v = 0.00001 x + 1.27701

2.6 BERSEATHEHSE (B day) (a-b), KE (BAL: hPa) (e-d), FIINEER
(BfL: Bergeron) (e-f), HHEFFAFHHIFRS PAT BRSIEH AAT BRI

Figure 2.6 EC’s annual series of lifespan (units: day)(a-b), pressure (units: hPa)(c-d), and
deepening rate (units: Bergeron)(e-f),where the left columns and right colums represents

PAT ECs and AAT ECs, respectively.

235 FTTIL4FE
JE2E BRI R A E B W B T AR E . PAT, AAT Fldb-ERIE & <iE )
AL BRI BRIE SR (R 2.5). AAT MARIbRERIB R ST 1 AERRZ
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(39 B 21.7%0 19.5%), TAE 7 F HBlE D> X PAT BRAAUE, R0
TR AR L A 12 B, 187 A 8 ATHESIEKE. N9 HEIRS 4
5 AR BRAN PAT 18 R SUE (¥ °F 35 A6 L P 5 LI 2 1) 1 P R 3 (173 35 (p < 0.0

(Bl 2.72). TEAHFEIMIERTAIBEE, PAT, AAT FAL BRI R SIEMFI5 4 5 230
H ) ARE T MRS R (] 2.7b), kR iER 0.1, 0.05, 0.1
[ 2 35 MK AR 56
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£2.5 R 2.3, [EANFRFIBRSHERS A RSB E 2 A

Table 2.5 The same as Table 2.3, but for monthly occurrence and frequency and

percentages of different types of ECs.

ALL PAT AAT
A
#HH Bt #H Hrt #H Bt
1 A 405 19.5% 195 17.6% 209 21.7%
2 H 350 16.8% 171 15.4% 179 18.6%
3H 270 13.0% 165 14.9% 103 10.7%
4 H 118 5.7% 71 6.4% 45 4.7%
5H 35 1.7% 26 2.3% 9 0.9%
6 H 6 0.3% 3 0.3% 3 0.3%
7 H 0 0.0% 0 0.0% 0 0.0%
8 H 2 0.1% 0 0.0% 2 0.2%
9 H 63 3.0% 30 2.7% 33 3.4%
10 H 173 8.3% 96 8.7% 76 7.9%
11 A 284 13.7% 156 14.1% 127 13.2%
12 A 372 17.9% 195 17.6% 175 18.2%
it 2078 100.0% 1108 100.0% 961 100.0%

AU O TR AT B IR A A B L Z AL RF R, PAT AT AAT J2%
KA —3. b7 HE 12 H, ARl O UEZH S,
Mo12 HEERER 5 B, SRR OSEEEH BT, PR, PAT
O UE E T AAT AU 0 U (BT 2.7¢, B 2.8). TSR T URNINIRE,
A b R URAE R KT B INIR R AR, 222N i i (&1 2.7d, B 2.9)
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EAFE R, X T PAT BRI, £ 1 H, HIMEFMEMNEL, MR 5
IR IR MR BRACHIH 7 A TR AR 2, =38 2 [ IR R A R gk — 2 AL

330° 50°N
s | (b)
L\I()[ ik P H\"‘\_,)\
o .- 0.05
44°N 4 @ —. -=ia
2300 -g s ———
HoN -
NG e _» 0.01
180° ONTR « y ==~
: 38°N | 01
130° 36°N 4 .
34°N
80° — T 32°N T T T T T T T T T T T
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
(c) Minimum Central Pressure (d) Deepening Rate
985 1.35
1.30 A
980
1.25 A
975 1.20 A
970 - L1519
1.10 A
965 105 4 —=— PAT -=— AAT -== ALL
—=— PAT —=— AAT —=— ALL o
960 1.00 T T T T T T T T T T T
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& 2.7 PAT, AAT MEfIbakB RS HFEERMERIZE (a), GF (b)),
HAfEERET EEERR &S, RPaaERrsEENKT. &8 P REES
B (¢) (BAL: hPa) FISFEIIRZE (d) (BfI: Bergron)

Figure 2.7 The monthly average formation longitudes (a) or latitudes(b) for PAT, AAT, and
their both, respectively, where shading marks those pass the significance test, with the red
values showing the significance level. The monthly average minimum central pressure
(c)(units: hPa) and deepening rates (d)(units: Bergeron).

BEAk, FTRURHL, FER— A by, B B R oL U B e T R R A
Hol U, XA RIE A R (B 2.8). BA b, 58U CIERZE KT
1.3 Bergeron) FT7ERI4:E KIAE 30°—60°N, H.ih PAT M0 AilSmiEg - SRiE RS
JHE PR 20 S TR AT B A 4 (10 o . T 9 PAT R, 442 (DIF),
HAr B B AAE 300-55°N, MAEFS (MAM) FIFKZE (SON), H ALK
2 FE Y 43 I TE 30°-55°N Fll 30°-50°N. X J-3 AAT JRKR U, HAEARALE
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B, 7E4Z=(DIF), HA7 B F AR IE 30°—65°N, 1M 7EHEZE(MAM) FIEKZE(SOND,
e 3 B A= R 46 B 9 [l 9 A AE 30°-50°N 1 35°-50°N,

(a) 6 96 T93
154 g 172 166
ol 2
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, %2 74
= 27 29
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0 -
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Bl 2.8 KB4 (50 [ESEPOSENAFYS GEEER, $AL: hPa), HAF (a)
PAT, (b) AAT. #RERRE T BHE, HA BRIk xR R A RIS R
B, AR B B2 R e 4 SRS 5.

Figure 2.8 Monthly zonal band (every 5° in latitude) averaged minimum central pressure

(shaded blocks, units: hPa) of (a) PAT and (b) AAT ECs. The histograms show the total
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numbers of highest top levels in the corresponding months (above) and specific zonal band

(right).

(a) 6 U5 195

171 165

75-80
7075 1.50
65-70
60-65

1.45
55-60

50-55
1.40
45-50
40-45
35-40 1.35
30-35

2530 130
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1.25

6
(b) 175 292 179

1.20

75-80 1.24

70-75 118 1.19 122 1.19 129 1.25

65-70 125 1.17

60-65 121 128 129 127

55-60 1.20 1.20

1.05

50-55 123 (117 1.29

45-50 1E1S] 1.21

1.00

40-45 122 '1.28 127

35-40 123 128
30-35 125

25-30
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B 2.9 [FE 2.8, EXNSEKIMEE (BAA2: Bergeron)
Figure 2.9 The same as Figure 2.8, but for deepening rates (units: Bergeron).
TN AIUESE, BRSPS IR IR F ML (SST BAED) AR LA VI
2% (Sanders 1 Gyakum, 1980; Chen Z., 1992). N TR 7T IR K S e 715
A ZET RIS B HERAFAER R, T 7% H B SSTHE (K 2.100. M
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R DA (B, T PAT BRARUIE, A9 A BNKREE 4 AEHARAR T ILK

PHEIHRIG A REE R SST BHEERAEL XI5, 1 e 0 8] P rP (IR0 5 [X ity R

I EERR L I G R (18] 2.10a-h) , 3X 5 e -2 67 B e R R RS sl 2 DT 2.7b)
XFF AAT R SUe, M9 HBIREE 4 A A3 A< AL A an 2 A7 AR HER R 5K

AELIX 2k, 17 R 00 )R A B IZR T H K (I 2.10i-p)e W] WL URE LR [ 3 A 55 AT 8

LA AR S DA R

& 2.10 H-FHK 1000-500 hPa HIE K Eady KR (AR, 8. day') F1SST B4
(&fE%, Bfr: 0.1 K (100 km)™)

Figure 2.10 The monthly mean of EGR growth rate 1000-500 hPa (shaded, units: day")
and the SST gradient (contours, units: 0.1 K (100 km)™)
RARHE XSO bRod % e [RI RE B AT B 1) 1) 5% 5 (Yoshida 1 Asuma, 2004,
Iwao %%., 2012). B KSML)ZE (1000-500 hPa) #ix K Eady 3K Z 1% H 7>
i (B 2.10) ATRURIL, X & ZigH 02 R M E I o T EETT . 1X5E
B, AR A2 RAURE R I B 0, R Ui A B R R i 1 S se it i e &=



Ab =B AU DU B B 8 TR AE SR R 1 AT

DRI A 58 2 1) SUE 2

2.4 INEE

FIH 40 4Ef¥) ERA-Interim FRZ0 BT Bk, WA BR0E A SN I TG B AR AE AT
TG T WRFCRIL, 1R e T2 B A T 1 DRI 1 I AR P P bt X AR A
FOA B, BRI o oK P i — ALK RS (PAT) ALK PG PE— LUK B (AAT) .
ALLBRAR RS M TSR N 52 A, oA PAT R SIEMIAESIEL A 28
A, AAT BERSBERIEARELI N 24 Ao BERSBEAEUT 40 SERIAE . AR i
0 Fp 0 SRR A A iy Sl AR AL R A R B3 o o T e AR A 5 R R IR RN
PAT K SURRHIEH T AAT B AUBE: EN T oA UIE,  AAT BRI UIEHY)
BOHZET PAT BRANE. ALFIREBR IR AL dr s/ R 7E 48-168 h, A=fiil
BRAKCAUNE, A AT B A ] T AR BRE TR R E . T AR A SR AE 10 REA I
PR SNE, PAT 1K SEHIE H &5 T PAT; Tnh T-4E d sh il 10 RER R SUE,
AAT R ARHIEH =T PAT.

RS W R AL, SRS, 20 54 2% R e RAEEL
2 (DIF), ZZ=RRKANER TR it ~1.3 Bergeron, P HJmALH Ok
WAL (49971 hPa); £ 25%MIKAFERKEE (SOND, % 20.4% MK EIEHZE
(MAM), XHZ 0.4% I RAETERZ (JJA) (K 2.5). SFEMIZ R 7 A FEERLAN
RZMREIEA G A, ARSI EHE R, MEFERMKE,
AL VG N e WSKAER) 9 HEIRAE 4 A, dbEake M PAT KU
ISP 25 A B2 P ) S (R PSR 50, 175 PAT AAT AL BRI & e (1 P 26 B 17 %
E 5 k5] .
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HI3E RBERSEMNEEMRSHERRAGIFHE

31 5|§

A SR —NME TG S T B R I =4 RS, A A
B, emmEMEEKESRRENEL. —RNE, EAEMKRN, SMEE
A FE SR THE I K, 22 B L T A A T RV R T2 ) G i R T
(Li 5., 2019; Jiang 5., 2021). HiI AU ~UNE B 2 B R AR EAT 7 — 2
WE, ZHEB TR .. B4, Lim A1 Simmonds (2007) DL A% Pepler £l
Dowdy (2020) Xf JL-FAEIRIR A AT TSt e, HaEREHW, R ER
Jie i) B R REIA 3 500 hPa LA bo tbA, BIEIERIN, £ 80% M) UerE K
AR BE = L PRI S . Kouroutzoglou &5 (2012) 4387 1A 21l A ifg X 358 &k
SRR EA, RKILL 57%MHR K e RE A HTH A 2 1] 500 hPa, X8 figfE
i B 7 [ b [RRE AT [ P AR AE o BRARIE S Ui 1 T B 45 T T B AR UL R R
GRIEAS BUR BOREEE, BT TR U, Rl R R URRAE A [F) A i s
B i) 2 B R ARFAE DA TR 2 . WLERBOR,  AHOCHIT 7T A I 2

KRR Tl R i) LB R E R —, KRR RIEH . EIR™
b il M T, X AT AR PR R AR TE A O™ B B (Bosart, 19815 Jia Al
Zhao, 1994; RXHREFALEEME, 2004; SCTTHFAIZEALIC, 2003; Fu %%, 2014;
Brancus Z5., 2019). Brancus 2% (2019) fRi, RSB E KX E R LA
=X BEX, AHEETT N, M Stingjet RHIZIR) L. Martinez-Alvarado
2 (2014) MEER I, 7 Shapiro-Keyser 15 ig (Shapiro Al Keyser, 1990) Hi,
R EBRAELEF AN X, — A2 AE A AT e BE X 19 I% 25 200 X 3k
(Browning, 1971; Harrold, 1973), 55—~ &7E <€) 76 5 0 A G 1 /5 25 4% (bent-
back front) FffiT. J5#APMARK SRS 2B R Ak (Carlson, 1980;
Schultz, 2001) 1 Sting jets (Browning, 2004; Clark 5., 2005). HAl, R&T
A ARD A ER ARIGE B 7T, (EAHR R SR AR R D o KRR E TR
HETEIR R SR AR E 2 KIRIE UL A4 73X EE )22 ] R A [ 25

LRty bR, AT U TR R SNEAS [ A= iy S B 1) T LA R RFAIE 5 KR
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HIGETHARFAE, JF 70 MB35 AR SRR BE VIR 7, AT AE — e REE_EoRh A
WAL -

32 R AIE
321 [EREE

AREAH 6 h —IK, 0.75°%0.75°7r #Z ) ERA-Interim P73 8ds, HIEE
JrE3E 21 )2 (A 1000 hPa £ 200 hPa), HF[AISE 2 19792018 4, 3t 40 4E,
R AR BAAHT 10 m MR F ERIREEASTURZ KF KR & B
LA A T
322 SFEEMRERMPLERZKRRHE

SHF AR, eI L2 )5, U AEEASE, DT
OAHEE, MRB S RA R AR 2 A O SR A0 1 7 AR ],
TASEZ A ORI FIRER I ESSD ke NAREE i M — 8k, 5
I IS A7 34 v P8 AT 0 o /S T e P R PO e S T T L )
E:, B RERRGHITAZR (BAE2D0—RAEmEMmAmEL, Bf
SRR G ERE OS2 A 2 5 FIBARAR R B2 K RN R
kTR TR — N AIE RS (1. % BBt OB e B2 R AR, e AR 40
P 2 18 Jie L PRI 7K B B ST 250 km/25 hPa; 2. FHAT PR SURE AL 35 18 3 3
FRIRH AR S 75%: 1 0 2 [ Ayt A U ) g A 08 8 22 PO % T 45 440 ) Jg - — A b
RE). —NMUREREEMBEERA, "UERNRKZEREE SCHURRZE, <
e (R 55N 2 R e SO AT

E P b THT 5 R JRLT PR 7 SR A R 0 S B b T o0 g e, 48
242000 km 7S FBIE R B ARIX I, 7RI H AR X33 5K 0 10 m XD <
b T S R RIE o b4, SR T SRR ) A iy A B e e R R e R R i
AR, PR R b, 5w U T Z (highest top-level time, HTT),
Al K RE R %] (maximum surface wind speed time, MST), 43 5%F BT/ Jig 2
LA 5 KRR 2 R0 HE B K 10 m JRGE A 221
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3.3 EHMRIFE
331 ARIEHMBBRSENNESH
X 40 AR L BRI TR B R Go 45 R (3R 3.1) KB, 29 88%I 1R

RASNEAE LA Ay s 9 e JE F) 500 hPa LA b, H AL 63.5%M48 K SIEREH &
F 200 hPa LA b, A AF] 2% 8 K% Uie HE B FE4E 700 hPa LR o 3T L HE A5
(R R e RefR e 2 500 hPa DL F, iX AN UG ZEEL Pepler A1 Dowdy (2020) %iit
(120 50% 5 Ui i i J2 VR E) 500 hPa LA I ELBI RS 2, RIUBER ek —
A i P R IR A SN . PRI R SUEAH L, PAT R SR 1 P35 B 2 I 1

(% 3.1, & 3.1 fon, PAT B UREMEE R ETHZ B AAT B ekt
ff FbE sl s R, SRt TSR AU ) AR I SR A . X 3B PAT R R AUiE
T2 Z V08 e AAT BRI EEZ T2 —. 46 66.2%01) PAT K Uit
R 2 3| 200-300 hPa, IXANLLAF)E ST AAT 1K UIERT 60.1%. 296 3%
() PAT & & <Uie & BLAH1 R £E 600 hPa LA T, iX AN U917 AAT R K Uie HH 299 9%
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31 FHR21, EARFEEEMERKEB RSN FER H)

Table 3.1 The same as Table 2.1, but forfrequency and percentage of different vertical

extents of ECs.

ALL
P E R ZIX
CRLAZ: FIHD
HH [Eigae #HH HIrtt #HH ot
1000-900 5 0.2% 2 0.2% 3 0.3%
900-800 17 0.8% 2 0.2% 15 1.6%
800-700 19 0.9% 7 0.6% 12 1.2%
700-600 81 3.9% 26 2.3% 54 5.6%
600-500 119 5.7% 60 5.4% 59 6.1%
500-400 129 6.2% 63 5.7% 65 6.8%
400-300 389 18.7% 214 19.3% 175 18.2%
300-200 1319 63.5% 734 66.2% 578 60.1%
ait 2078 100.0% 1108 100.0% 961 100.0%
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3 mn
-l
1; ﬂ

- i -—-7

3.1 PAT M AAT J& R S HEAERFER 2 f M HATET 2] 200 hPa K PHERERE (R, &
fr: Pas™) WREBHAR, BHHEEARRSET L, AEERES X ISR
POA%RMR: QI, QII, QIII, FIQIV

Figure 3.1 Composite (based on the Lagrange viewpoint) vertical averaged (from surface
to 200 hPa) vertical velocity (shading, units: Pa s™!) of PAT and AAT at typical stages, where
the big white dot shows ECs’ centers, and the white dash lines mark the four quadr

quadrants: Q I, Q II, Q IIL, and Q IV.

332 HwEHEEEMRRBRT

IR B S EAERFER ZI T2 04 (B 3.2) WTLARIL, (R4 seviie,
RANETRERTS, AT E RS, FEEAT 900 hPa LLF (& 3.2a); AUiEdF
URTRIE R IR, AR B A TZ N 1 H AN, — AT 800 hPa LR, fi
v SO TV i ) A RE, WTIAZY 400 hPa )& E (& 3.2b); AUlgik
BB IR, AUt — B m R, HIZE AT 600-300 hPa mfE (K
3.20)s A O S R IR BRI, AU 0 I A RA B Rk, TR 3
i 400200 hPa /&% (& 3.2d); FEUBRAT RS TR, ~UBETHZ s BEAT I 1 B
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B E AT AR ZI L JT U AR A I 20 LR IR & i KN 20 JZ2 ks (1 3.2e0. 4
MgEit, PAT B AU A T B RARH LK (RFMPT) J& 2h /248 1 5y
KIEEMRE, 1M AAT B R UEMUR £ MPT 22| 3h 724778 B e K 3E ELAH R -
X RERAG R R UG AE MPT I 20 B 30 ik 1) FL i K3 LA i

(b)

180 180 l 1000

& 3.2 EAFMBERSETEERKZE24G: (a) CFT; (b) FET; (¢) MDT;
(d) MPT; (e) LDT. BlERINBRAEHHE S L, BERFNEMNTHERR (BAL:

hPa)

Figure 3.2 Spatial distribution of top levels of ECs at different stages: (a) CFT; (b) FET; (c)
MDT; (d) MPT; (e) LDT. The points indicate the surface centers of the ECs, and the colors of
the points indicate their top levels (units: hPa).

MASTFERFAERT Z & 2675 AR TR AL E oA (Bl 3.3) ATRURER: (1) B
HLEET R, SRS & R S BT E2%18 R . Hrp PAT 1B R SE 2 ki
Sk AAT BESHEEWE (B 3.3a, b); (2) BRSUETHE O T Hith i
CMRPE AL E, P KRB 218 200-1000 kmo oA %F F PAT 1R <Uie, 4%
B, AUETTZ O AT O O BE B RROR s (3D ZEARNE AR A SRR, AT
R BERUR, B LB PAT A AAT R SRR TIUZ i 7 Bil#E 900-500 hPa Al
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900-700 hPa, T0i )z Hpta b B b i H 0 K ZIFE 200600 km 2 [8] (& 3.3¢, d), J7
A4y T L o T RS EI PG (1 3.3e, D). BEESBERIKRE, SRINZ B
T (B 3.3a, b), AN T2 7K o O 5 AU 0 0 (1 7K ST B 12938 3 1
K (B 3.3c, ), eI CoAE T b i w14 757 R 7 T 2 A 7 (R 3.3e,
0o MARFEMIRFR IRES,  T0Z O BE RO 0 (I Bize, B BS 2028 400-1000 km
(E 3.3¢c, &, HIM#shB<E bR mibrfE (B 3.3e, D. BES
TRk SR Je, 4T B IR B dR iy, HCT0UZ AL GdEE B b oy, BE B4R
# 200-500km ([ 3.3¢c, &), FFHITAMAHPEILRILE 2RI (K 3.3e, D, X
RRE R AR MR B /N o 2 UATHE T T, AU TOUZ A P T B (1] 3.3,
b, 5 O R B HE— B (1B 3.3¢, dD, A T Aot (R R A (P
3.3e, o
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B 3.3 RHMENZIBRSIEERENZI &4 (8RS MR MR PYEE (a, b)

(BfL: hPa), THEH LAY HIE O RPPHEERE (e, &) (BAL: km), TREHOAHERN

HWEP ORI (e, O AE (AL B, BB 0, W7 RS, £id—

SRR PAT BRSE, HU—FIRAR AAT BREIE. BFERBUNT 5 MOGH NG R

Figure 3.3 Zonal band (every 5° in latitude) average top levels (a, b)(units: hPa), average
distances between the EC’s top center to EC’s surface center during each typical stage (e,
f)(units: km), average azimuth of EC’s top level center relative to EC’s surface center (c,

d)(units: degrees, 0 means degrees north, increases clockwise). Zonal bands where there are

fewer than five ECs are not considered.

333 FTLH

SN FH BB R = 2 v SN BT B R R IR I 0 A (B 3.4a) TS, KHED
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Iy TURAE A Z=(DIF ) A= iy S 1] (4 2 4if1 e v 2 34 21 700450 hPa. 7E K Z=(SOND
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Figure 3.4 Bloxplots of cyclone’s mean top level (a) (unis: hPa) and cyclone’s highest top
level (b) (units: hPa) in each month. The black and red boxplots represents the PAT ECs and

AAT ECs, respectively.

44



53 F BRSO TR B R S R G TR AE

(a) PAT

200

250

iy o o
[=] w [=]
(=1 = f=1

Highest top level (hPa)

500

(b) AAT

200

[
wn
=

"
(=1
[=1

e
L
=

400

Highest top level (hPa)

I
i
=

500

200 4

100 4

151
96

196 194
172 168

73

75-80
70-75
65-70
60-65
55-60
50-55
45-50
40-45
35-40
30-35

25-30

250

250

200

250

211

230

383

200

225 375

217 275

275 270

238 291

304 270

281 301

31 320

207 271

200

250 250 217 350

200 200 300

217 275 250

250 267 387 267 263 383

293 283 294 287 [229 253 200

319 283 272 276 237 254

320 294 261 265 240 205 200

345 329 301 283 228 200 200

374 362 304 257 339

313 311 200 200

267

10

46

190

130

342

97

Jul Aug Sep Oct Nov

Dec Jan Feb Mar Apr May Jun

75

174 204 184

108

0

200

400

75-80
70-75
65-70
60-65
55.60
50-55
45-50
40-45
35-40
30-35

25-30

200

288

231

233 229

200 342

213

200

200

338

233 279

267 314

293 293

232 299

290 304

215 338

200 376

250 242

414 308 400 238

221 259 328 325 350

278 278 296 351 250 300

314 329 345 318 308 233 200

331 324 344 294 277 219 200

313 339 308 273 214

331 379 369 310 263

356 357 290 342 (217 200

414 483 349 307 200

383 233 725

367 300

226

190

161

128

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

0

200

400

B 3.5 #&4W (BS54SR [RBRMRE RGBT, B hwPa) KARSME, K
(a) A (b) 7758 PAT Al AAT R SHE, KEKBIRFRZEHRA K et d 50> T
IAS, EMIRECR B B 4 B R E RIS, 76 D AR B SR e X £
SR g iR N: 0 g =

Figure 3.5 Monthly zonal band (every 5° in latitude) averaged highest top levels (shaded

blocks, units: hPa) of (a) PAT and (b) AAT ECs. Gray blocks indicate that the values are
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calculated with fewer than five cyclones, and the histograms show the total numbers of

highest top levels in the corresponding months (above) and specific zonal band (right).
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Figure 3.6 (a) A scatter diagram between the cyclone average vertical extent (hPa,
horizontal axis) and the average SST of cyclone center (K, vertical axis). The color shows the
circles density. (b) Bloxplots of cyclone center SST (K, vertical axis) distribution in different

maximum vertical extent (hPa, horizontal axis).
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Figure 3.7 (a) A scatter diagram between the average SST gradients of cyclone center (10

K m™!, horizontal axis) and cyclone average vertical extent (hPa, vertical axis) and. The color

shows the dots density. (b) Bloxplots of cyclone center SST gradients (K m™, vertical axis)

distribution in different maximum vertical extent (hPa, horizontal axis).
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Figure 3.8 (a) A scatter diagram between the cyclone average vertical extent (hPa,
horizontal axis) and the minimun pressure of cyclone (hPa, vertical axis). The color shows
the circles density. (b) Bloxplots of cyclone minimum pressure (hPa, vertical axis)

distribution in different maximum vertical extent (hPa, horizontal axis).
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Figure 3.9 (a) A scatter diagram between the cyclone average vertical extent (hPa,
horizontal axis) and the cyclone’s deepening rates(Bergeron, vertical axis). The color shows
the circles density. (b) Bloxplots of the cyclone’s deepening rates(Bergeron, vertical axis)

distribution in different maximum vertical extent (hPa, horizontal axis).
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Figure3.10 (a) A scatter diagram between the cyclone average surface wind speed (m s,
horizontal axis) and the cyclone’s average vertical extent (hPa, vertical axis). The color
shows the dots density. (b) Bloxplots of the cyclone’s maximum surface wind speed (m s,

vertical axis) distribution in different maximum vertical extent (hPa, horizontal axis).
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Figure 3.11 (a) and (b) are the distributions of average maximum surface wind speed (m s~
1) and maximum surface wind speed (m s') during the cyclone lifespan, respectively. (c)
and (d) are the scatter diagrams between the cyclone average maximum surface wind speed
(m s7') and the maximum surface wind speed (m s') of PAT ECs and AAT ECs,

respectively.
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where there are fewer than five ECs are not considered.

L GETt I, U O BT R T B K XGRS Z1) (MST, Maximum surface
wind time [ T A& AR AR R AU AR UG 20 49 h, 12 SUREINR 2 8 K Z (MDT)
AV BRI Z] (MPT) 28] (R 2.4). IXEIRAE, 1ENEE SRR RE RS
ZIZ W0, RERINAR R Ak Bk, HZE TR OB AT 2 4 2 FAR .

343 mANRHIERT L
NS AR iy 52~ 340 IXGH RN AR iy S KRG PR AR 28 7 41 ] 0 (& 3.13a, b)),
7E 19792018 “FEPU-+4E1E], db-ERE RS XGEEIEG I, AR 5% .. PAT

55



Ab =B AU DU B B 8 TR AE SR R 1 AT

BRI AAT 3 R e (AP 2 A 23 I3 K 1 29 0.81 m s f10.16 m s
PAT 1R TIE AT AAT J8  SUREFR A-F- 35085 R XU 3 78K 1 249 1.18 ms™ 1 1.10
ms o BEANERT UKL, 7E 2000 4 i Jo B A Ui ROE B BORFIE: 1979-2000
L AUBRMT AR IR GRHE, HIKBHARE, M 2000-2018 4[4,
AT A i S PB4 IR RN A i Sl R XU 4 S T R K a3 (& 3.13a, b))
NP4 B (4R 55 AT LR B, TR S PAT 362 AAT #BRAie, PY-H4E 8] 11
LR FESS IR, 2B DY 4 AR R e i R XU ) A7 B0 [ 7y [l B 5l (I
3.13¢). MM P340 BE (AR 7 1 [ERE 52 s> BRAREAE, 3 BH I 4 (R R UiE ek
ROE A B PG sl (B 3.13d). 28 BATA, PU-HAREIRIE R S i KU ZE R b,
P05 B AR BE PR PEON RS 21y, A1 X e P 5 0 44080 1 K

344 FTHLTHK

R e PR e R R B A I B ) R AR (B 3.14) . #EFKZE (SOND,
SHEMFRIAGE ML) 19 m s HEMEIZ) 21 ms™'s fE4ZE (DIF), Ay i
[P XGE LN 22 ms™'s fEFZE (MAM), AUiE A iy S 399111459 JXG 32 T Uk
SE20ms™ PUF . ot AAT BRRAUIRAE 1. 24 3. 9. 11 H, PRSI G
KT AAT 1R e . S R e AE i SR i R XU 5, 72 10 H BIK4E 5
F. PAT BRSSO KGR S EH T AAT R Uie (K 3.14b), X
5 B v D 5 PEE A X 8

XF T PAT RS0, MU s K KU IS 30 m s~ MO R AU EZHILEE 10
HAERF 3, AG1E 40°-65°N BIZ L (] 3.15a). o, SR K
oM 31.8ms™, HBLE 2 A4 60°-65°N HILE T . Fa BER IS, R
(25°-35°N) )18 PAT & “SUie (1 3 [ B K AT iA 2 34 ms™ DA B, AR
VP

ST AAT HRRANE, BKREEBT 30 m s (IR R AEFEHDIE A%
KA 3 A CHIELT PAT BRI [ E5 FETE KD, 7E 55°-70°N HZh[a1ai i (E
PAT J RS EIA VB A8 2) (K 3.15b). 5 PAT R SHEA I, K
AE (25°-35°N) HiIX, PAT K& e i K ROE— AR T 29 m s, X3t
BRAEARZE BE X, PAT MR SUNE M iR R R T XU /31 T~ AAT R e

56



5 3 B MRRUR IR ELOP R S 3 A GE TR AE

(a) Mean Wind Speed (m s7') (b) Max Wind Speed (ms™!)

220 | —PAT —aAT 34 1 —pAT —AAT

21.5

21.0 3
30 4
205 20
200 28 1
27
19.5
26
19.0 25 YT T T T T T T T T T T T T T T T
o BADNDD BN DN EAD NS S A
A I A NI AN A
QT ITIITIVTIII TP AR P
(C) Latitude (d) Longitude
65 195
190
60 4 v =-0.0512x + 56.485 185
‘\n
55 175
I
50 4 165
"‘ll
- y =-0.1634x + 323.84
45 1 155 A
. . O 48 58 50 . . F 305
=——PAT =——AAT ‘ =——PAT =——AAT 303
40 T T 45 e+ 300
S N O NI NN DN EN N A A DN A A DN EHA D NS A
O A A B e cH A NN CH A NN AR AN I i el A SN I S AN NI
SFFTFFFIIFFFFFFER 5 SFFFIFIIF I FFFFEF P

K 3.13 BRSEFNTFHRE (a) (BA: ms!) MERKXE (b) (Bhr: ms) KEF
H; BRRIRFIFRZE (o) FPHEE (o) RERH

Figure 3.13 EC’s annual series of (a) mean surface 10 m wind speed (units: m s™') and (b)
maximum surface 10 m wind speed (units: m s!) during the ECs lifespan. Annual series of

mean latitudes (c¢) and mean longitudes (d).
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Figure 3.14 Bloxplots of mean maximum sfurace wind (a) (unis: m s™') and cyclone’s
maximum surface wind (b) (unis: m s™') in each month. The black and red boxplots

represents the PAT ECs and AAT ECs, respectively.
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Figure 3.15 Monthly zonal band (every 5° in latitude) average maximum surface wind
speeds (shaded blocks, units: m s™') of (a) PAT and (b) AAT ECs, where gray blocks indicate

that the values are calculated with fewer than five cyclones, the above histograms show the
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total numbers of maximum surface winds in the corresponding months, and the right

histograms show the total numbers of maximum surface winds in specific zonal band.
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Figure 3.16 Monthly mean 900-hPa BEC (shading, units: W kg™'), where the green arcs
and red arcs outline the latitudinal range of of 45°~70°N and 35°—40°N, respectively. The
black dots mark the locations of EC-associated maximum surface winds.
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fi: km) WHELE, HPLEMBEASHIRR AAT F1 PAT BRSE, FHENLLRLERS
HFALE, “X” R TPIE. BHRT REE

Figure 3.17 Proportions of occurrence of maximum surface winds in quadrants I-1V (Q I-
Q 1V), and the corresponding quadrant-averaged maximum surface winds (m s™) for (a)
PAT and (b) AAT ECs. (c) Boxplot of the distance between the location of the maximum

surface wind and the center of the EC (units: km), where the red and black plots are for AAT

and PAT ECs, respectively, the solid lines within boxes show the median values, and the

crosses show the average values. The outliers are removed.
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Figure 3.18 Composite (based on the Lagrange viewpoint) vertical averaged (from surface
to 500 hPa) baroclinic energy conversion (shading, units: W kg™!) of PATs and AATs at
typical stages, where the big white dot shows ECs’ centers, and the white dash lines mark the

four quadrants: Q I, Q IL, Q IIL, and Q IV.
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Figure 3.19 (a) the proportion of the position of maximum wind in different azimuth (units,
degrees; (b) the proportion of EC’s moving direction at the maximum surface wind time

(MST) in different azimuth.
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Figure 4.1 The correlation coefficient distribution between the mean vorticity of each level
and the surface central pressure during the explosive development of the cyclone.
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Figure 4.2 Composite of vorticity budget terms (units: 10-1° s-2) of PAT ECs for typical

stages at the level of 900 hPa.
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Figure 4.3 Vorticty(units: 10-5s™), divergence (10-°s™) and vertical speed (102 Pa s™') for
PAT ECs at the level of 900 hPa and 750 hPa.
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Figure 4.4 Composite of vorticity budget terms (units: 101 s2) of PAT ECs for typical
stages at the level of 750 hPa.
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Figure 4.5 Composite of vorticity budget terms (units: 107'° s72) of AAT ECs for typical

stages at the level of 900 hPa.
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Figure 4.6 Vorticty(units: 105 s™1), divergence (105 s™!) and vertical speed (102 Pa s™!) for

AAT ECs at the level of 900 hPa and 750 hPa, respectively.

74



54 5 BRI PUE K AL

CFT FET MDT MPT LDT
4.5°
3.0°
1.5°
HAV . . i
-1.5°
3.0°
45°
4.5°
3.0°
1.5°
VAV o @
-15 20
3.0° 15
4.5° 14
13
12
4.5° 11
3.0° 10
1.5° :
TIL -
-1.5 6
3.0° i
4.5 3
2
4.5° 1
3.0° o
1.5° o
0° -3
BT fs B
3.0° -
45 -
-8
4.5° -9
I
1.5° -12
STR [
o W3
-4.5° -25
-30
4.5°
3.0°
1.5°
TOT .
. 3.0°
4.5°

—
-4353.0%150 00 150307 450 45030150 00 150 3.0 457 450300150 00 157307 457 45305050 0° 130 3.0° 45° 45550157 00 1530300 4.5

4.7 AAT BRSIEAE SIFER ZIZE 750 hPa BXAIREBRSZ AR (L. 101%2)

Figure 4.7 Composite of vorticity budget terms (units: 107!° s2) of AAT ECs for typical

stages at the level of 750 hPa.
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Figure 4.8 Lagrangian composite of vorticity budget terms (units: 10° s72) for different

types of PAT ECs at the level of 900 hPa.
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types of PAT ECs at the level of 750 hPa.
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Figure 4.10 Lagrangian composite of vorticity budget terms (units: 107'° s2) for different

types of AAT ECs at the level of 900 hPa.
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Figure 4.11 Lagrangian composite of vorticity budget terms (units: 10-° s-2) for different
types of AAT ECs at the level of 750 hPa.
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2%, (OF@AHERTM 11 B 13 H 1500 UTC F] 15 H 1400 UTC GPM F1 WRF ) (#
FEREK

Figure 4.14 Panel (a) shows the two domains used for WRF simulation, with the red and
black lines representing the cyclones' tracks derived from WREF simulation and ERAS
reanalysis, respectively. The orange circle shows the central region of the cyclone with a
radius of 700 km. Panel (b) shows the central pressure (represented by sea level pressure;
units: hPa) and deepening rates (units: Bergeron) of the cyclones determined by WRF
simulation and ERAS reanalysis. Panel (c) shows the accumulated precipitation (shaded,
units: mm) during the period from 1500 UTC 13 to 1400 UTC 15 November in GPM data.

Panel (d) is the same as (c) but for WRF simulation.
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Figure 4.15 The cyclone's minimum central sea level pressure (the black line, units: hPa)
(a), maximum surface 10-m wind speed (the blue line, units: m s™!) (b), cyclone-averaged
vorticity at 900 hPa (green line, units: 1075 s™!) (¢), and cyclone-averaged divergence at 900
hPa (brown line, units: 1075 s71) during the cyclone's lifecycle, where the red line represents
cyclone's top level (units: hPa), and the number shows the correlation coefficient between the
variable shown in the panel and cyclone's top level. The black lines indicate the cyclone's fast

stretching period.
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Figure 4.16 The cyclone-averaged vertical speed (the green bars, units: Pa s!) (a), vorticity
(blue bars, units: 1075 s71) (b), divergence (brown bars, units: 1075 s™1) (c), and geopotential-

height deviation (orange bars, units: gpm) (d) at the cyclone's top level during its upward
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extending period, where the red line represents cyclone's top level (units: hPa), and the
number shows the correlation coefficient between the variable shown in the panel and
cyclone's top level during the cyclone's vertical extending period. The black lines mark

stages I-111.
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gpm) FRE (AR, B 1057 [a PRIBERK e M X RIIHFE], W EHEE
CGEAN 700 km) FRIZSBEHIH LXK, LAFHLEREERRERSE

Figure 4.17 The cyclone-averaged HAV (the green bars, units: 10~ s72) (a), VAV (the blue
bars, units: 10~ s72) (b), TIL (the brown bars, units: 10~ s72) (c), and STR (the orange bars,
units: 10~° s72) (d) at the cyclone's top level during its upward extending period, where the
red and gray lines represent cyclone's top level (units: hPa) and TOT (units: 10~ s72),
respectively. The black lines in panels (a)—(d) mark stages I-III, and the relative
contributions during stages I-I1I are shown (only in stage II TOT is positive). Panels (e)—(f)
show the horizontal wind, geopotential height (black s, units: gpm), and vorticity (shaded,
units: 1075 s7!) at 500 hPa and 350 hPa, respectively [black crosses in panel (a) show the
corresponding time], where blue circles (radii are 700 km) mark the EEC's location, and the

red open arrows show the input transport of cyclonic vorticity
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FS5E BREASENEERRET

51 5§

UNHT IR, MO UG IRUER R L TR AR IR 1 R AL R R U PR PR A e 32
REAEF= 4 — 54 (Chen 4., 1992; Sanders., 1986; Iwao ., 2012). #{H &
ARG R AR A FE T Bz —, W AR HZ I 7 7 & # (Chen #H
Dell'Osso; 1987). ## (Hirata 55., 2015). HUEHFE (Yamamoto, 2012). ¥
TR (PMEsE %, 2018). =i ain ik (Kuwano-Yoshida F Asuma, 2008)
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=N EEIE PR T R SR BURMERES, R BLEE AT Bl iz, iR
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52 ZERFFE
5.21 ER#E

il R A0 ) ERAS T4 W15 (Hersbach 45., 2020) 3Xzh WRF H{H %
0 ZEIE R T IFSCycled1r2 KA 7r[FfL 248, [FAG T EFE RS BE. §
AURLI L AU 55 22 A s A8 FH s RO ) 2 et |, S IR0 e 2
0.25°X0.25°, FEHEJZIR 37 )=, HTLLF 82K 4 =
522 iRI&t

AW FLAH ] WRF-4.1.4 530 (Skamarock 2%., 2019), UL 4.3 il AR
AR TER G, BT BURPERES, FFFCHE, R, VKB R U T R
ANEE BRI . Forfr, DL 43 AT SRy 2] (CTRL). J34h it T
HIE (TER). #RIRE (SST) MKEE i (ICE) =415 (3% 5.1), TER
56 A6 36 A BB IX (30°—60°N, 92°-55°W ) fit) 1L FF 1 55 ) ek Ay JE ok fr) — 2 (7
5.1); SST i KR IEZEHFEEZE (2018 4 7 H) Wi B B 4
(E15.2); ICE Bk ZE s MR E N 0 (B 5.3). FrA s rslii
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RIS TEIAHIE], 474 13 H 0000 UTC. 1, TER. SST. Al ICE % B K
B2 720, 58 BEA0EE AU I DR XM LU LR ) e K B v )
Mg A E, R X, S5k £ 5 CTRL % —5, ¥#
W 4327,

RS51 HEREB

Table 5.1 Configuration for the numerical experiments.

56 44 7 ECabany
CTRL Xf RS
TER JESEFAREEHLX (30°-60°N, 92°-55°W) MU R AR A ok —2F
SST W HON RIS 7 F T iR
ICE VK7 i O SR E N 0

60°N 60°N

50°N 50°N

40°N

40°N

30°N

20°N 20°N

90°W 80°W  70°W  60°W  50°W  40°W 90°W  80°W  70°W  B60°W  50°W  40°W

HGT M : Topography height (meters MSL)
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B 51 (a) CTRLIRKHEEE (Bf: m); (b) TER REHEEE (Bi: m), &
FEAE N AT HO T K X 35k

Figure 5.1 Topography height (units: m) for (a) CTRL experiment and (b) TER

experiment. The yellow polygons shows the area with modified topography height.
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Figure 5.2 SST (units: K) for (a) CTRL and (b) ICE experiments, respectively.
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Figure 5.3 Physical snow depth (shaded, units: m) and snow coverage (orange contour

lines) for (a) CTRL and (b) ICE experiments, respectively.
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Figure 5.4 (a) Cyclone’s tracks of each experiment; (b) central pressure (units: hPa) for
each experiment; (c¢) distances between the each experiment and the CTRL (units: km); (d)

differences of central pressure between the each experiment and CTRL (units: hPa).
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i) SLPsst-SLPctrL; (j-1) SLPice-SLPcrrLe 72, H, AFIGHIFTR 11 A 13 H 0600

UTC, 14 H 1200 UTC, 15 H 0600 UTC

Figure 5.5 (a-c) The SLP (shaded and contours, units: hPa) of CTRL experiment.
Difference of SLP (shaded, units: hPa) between the exprimental and the CTRL experiment:
(d-f) SLP1er-SLPctrL; (g-1) SLPsst-SLPcrrL; (j-1) SLPice-SLPcrre. The left, center, and
right columns corresponds to the time of 0600 UTC 13 November, 1200 UTC 14 November,
and 0600 UTC 15 November, respectively.
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Figure 5.6 The precipitation (shaded, units: mm) among the experments.
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Figure 5.7 (a) the position and (b) speed (units: m s~') of maximum 10 m surface winds,
where the arrows in figure (b) shows the time of maximum wind of each experiment.
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Figure 5.8 The cyclone’s vertical stretching (units: hPa) for each experiment.
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Figure 5.9 The terms (units: m? s7) of Kinetic energy budget equation.
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Figure 5.10 The cyclone’s top level (thick black lines, units: hPa) and the vorticity budget
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Figure 5.11 The vorticity budgets (units: s2) for each experiments.
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