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Concentric eyewalls (CEs) associated with tropical cyclones (TCs) expand the area of severe wind (i.e., TC’s
size). Long-lived CEs maintain the large size of TCs, and the intensity of TCs associated with the long-lived
CEs is stronger than that in the short-lived CEs according to previous studies. Thus, it is important for
more accurate prediction of TC intensity to understand the maintenance mechanism of the long-lived CEs.
To clarify the maintenance mechanism for the long-lived CEs associated with an idealized tropical cyclone,
a numerical experiment is performed using a three-dimensional at a high resolution non-hydrostatic model
with full-physics over the long period of 90 days. In this study, long-lived CEs associated with an idealized
TC is successfully represented. The outer eyewall has the differences of weak updraft with outward tilting
structure, in contrast to the structure of the outer eyewall with the eyewall replacement cycle (ERC) which
corresponds to the short-lived CEs. The kinetic energy (KE) budget is employed to diagnose the contraction
of the outer eyewall. In the long-lived CE case, negative contribution to KE tendency due to radial pressure
gradient force above the planetary boundary layer (PBL) in the outer eyewall prevents the outer eyewall
from contracting. The negative KE tendency inside of the outer eyewall due to the negative work is mainly
produced by the outflow above the PBL in the inner eyewall. The outflow is caused by the super-gradient
wind above the PBL in the inner eyewall. Super-gradient wind in the case of the long-lived CE is much
stronger than that in the ERC case. Thus, it suggests that the strong super-gradient wind in the inner

eyewall is an essential factor for the maintenance mechanism of the long-lived CE.
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Table. 1 Configurations in the CReSS model.

Physical processes

1.5-order closure with
turbulent kinetic energy (TKE)
prediction (®

turbulence

cloud Explicit bulk cold rain scheme
(two-moment) (67> 8 9)
The Rapid Radiative
Transfer Model
(RRTM-G) (10, 11)

(long-wave radiation processes)

radiation

surface Aerodynamic bulk

formulation (12

Experimental design

2000 km x 2000 km x 23 km
2 km x 2 km
500 m (average; stretching grid),

domain size

horizontal resolution

vertical resolution

200 m (the lowest grid interval)

SST 26.5 °C (constant)

Initial vortex A weak tropical cyclone

with hydrostatic and

gradient wind balance (13

the maximum wind of 12 m s~!

Initial thermodynamic | A tropical sounding data (14)
field adjusted to the thermal

wind balance

Integration time 90 days

Constant at 15 °N

Coriolis parameter
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Fig. 1 Radius-time cross section of azimuthally av-
eraged vertical velocity at 5 km in height. Dashed
lines denote the times at Tsgr = 0 hour.
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Fig. 2 Time variation of dynamical fields associ-
ated with the eyewall replacement cycle (ERC) af-
ter "SEF2”. Left panels show horizontal distribu-
tion of vertical velocity (m s™') at the height of 5
km. Right panels show radius-height cross section
of vertical (color shade), radial (black contour; 2 m

s~! interval) and tangential (green contour; 10 m

s~! interval) velocities. (a) and (b), (c) and (d),

and (e) and (f) are the snapshot at Tsgr =0, 12 and
22 hour, respectively.

—7, B 3 1% SEF10 1 XY MI B 1) 5% EEEE LS Bl FR
BMNOBF—EE A & RETR DK DR RIZb %2 R U
TW5. Tser = 0 hour {IZHWTERE 50 km A2 IXEHE LY
VRO ERBRIRASFELELTH Y, B 120 km A5EI2E YV
RO ERFRPBEINTOS (K 3a,b). 20 2 20 EFf
Hix 48 R EICPE> THERF UL TH Y, WHIEEEDIHE I
FHEU B (M 3c,def). TREITTHRL, SMUBEE DI
EEEIZIZRSNT, SiTigE D 1281 % 2 EREE D4k
CIFHOMNIZRRE S TWD . LEBEED 24 FFE M EHER LT
772, SEF10 2B 3 2 S EREBIIEAGMIZAHEING ),
P EE 2 D R HERR 12 DT, SefFge O Tl hTn
%, SMUBEEDBIFE 1B 1) D NI & DKELRM O F 4
THBPOEIENEZLND. ZHIEEE 1 km IFOEFRE
B IT2NAIRNOBELIGPOHE»THS. SEF2 (B X
b V) 1) DA IIIMUBEEIE KL 12 BT 0 I AMllaE
D PRI T & OFRNASHE ITHA LT3 (2d). L
MU, SEF10 (BH ML EREE) O5&1E, SMIEEZR RS 24 K



5 LT H, SMUEEE D NAIBESE IZ B W T M oA
FERLNZAW (K3d). ZAUEE X, IMIEEEDOB RIS 1)
% WA E DKZEKMAEER 2 SEF10 THEARATHh-7/2Z L
ZRUTWS. FBEED ERIROMY 2 LiK$ 5 &, SEF2 Tld
Tsgr = 12 hour (ZHWTHMIBEZE & SMUREEE O 1 5 I FF2
EThd (K2d) DIZHL, SEF10 Tl Tser = 24 hour 28
WTHMEEED B FRASMUBEE & O s RIEZ HERF L TV 5
(K 3d). &7, SMUBEZ DM E % iR d % &, SEF2 TlEAfIEE
LLAREDOEETHS (XM 2d) DIZK L, SEF10 TidAh e
ZDHNE D IMINENT WS (K 3d). SEF10 (235135 414
BEZE D Z ORI R RIS I SMUBEE (2B 1 5 AR S JElT
BMBAEZH< T2 T, MIBEEDHELZMZ D & D ITEH
¥ (19),

(a)

200 [°

100

Y (km)

. . . . .
-200  -100 0 100 200
X (km) Radius (km)

Fig. 3 Asin Fig.2, except for the ’SEF10”. (a) and
(b), (c) and (d), and (e) and (f) are the snapshot at
Tser =0, 24 and 48 hour, respectively.

3.2 EBEIRILF—UINZET
ZOMENED I DI U THEFRF LRI T 200 EFINS 72
DIz, EHT XL F—INE (1) 2kD2. M4l (1) Reb e
12, SEF10 (28 1) 2 BB T 3 )L ¥ —DHERIA(LICH 5T EE
HOWBE—EENM 2R U2 DTH D, SMIEEEIZ BUOYB
&V ADVKB (2 & > THE T XV F—DEBE»THhN T
% (M 4a,c) »%, OK /Ot IZAMUEEED AR TA L R>TH Y (X
4d), SMUEEZ ORI OIHE % 151 2\ R >Tnd. 20
BT 3V F —DRBEZEADADZFLZEIZ PTCB 1245
TRINTEY (K 4b), REROE DY 21 TTIEEON
BOESTH 572 (HHE). PTCB 12> ZOADEGIEEITH
fEEEOBERIE LY EIZB 2B IDRNIIL>THEINT
Wiz (M5). ZONMIBEERIZE T B EREE LD E ORN
FEIRAMOER SRR EERT D L TRBREREZ AL M
TE%. TC OESFENTIZAM S OEIMEE S & AR EMEAE

AXRGENFERESR 2016

BRIZEDAMEIDIV AV H, @O0 NERMTHD. 2
A CTERKEMIEER 2 0E T 2R mEERE EH LTS/, X
KON—RIVIHMEATH2HRAROENITIARMS ERD. UL»
U, PHIEEZE D P HI TR N O ACEN IV, K&/ S—k )L
WERENOHBRKIZAD L, WL DEENERRD 720,
N=X VMBI HE2Z T TIEINDS. T2 TERK
INBHENAE S5 TROLNDEHE 2 km BEOARIHENTDH
5. ULAD->T, 2O &SRBV THAIEEEDSI R EE £
TIE, AR EOTEIEE I U THARESOa) ) b
MRELBRD, ZHFEEZERNT VA LY £ REKEEEER
W INE Z L 2ER LTS, M5 TIRHEMIZHMBEED
BEHREE 2B \WT 10 m s~ FEEE OB HEE AR Tspr = 0
hour 75 48 hour M E#MEREUKLIT T2 Z &b nd. 9480
B AMUBEEDONANZ B Y 2 B 3 )V F—DRZ A DAD
FEIFAMEEEOBIEERREBIZE > TRINTVWSE I LIZR
5. ZORENL, EHFMLEBEEINERT S 2O, NHEE
EOBIEEEIREOMRFNBELRER L R 5.

(a) BUOYB (b) PTCB

JH-020 S 1H -020

Height (km)

-0.60 -0.60

-1.00

—-1.00

{H -0.20

Height (km)

1§ -0.60

-1.00

radius (km) radius (km)

Fig. 4 Radius-height cross section of the leading
contributions to contraction of the outer eyewall af-
ter the SEF10 in the energy budget analysis. Color
shadings denote the contributions of (a) BUOYB,
(b) PTCB and (c) ADVKB to the kinetic energy
budget and (d) total kinetic energy budget (m?s~?).
Black and green contours denote K (x10% m?s™2)
and axisymmetric vertical wind (m s™'). These dis-
tributions are averaged over Tsgr =12 to 18 hours.
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Fig. 5 Radius-height cross sections of agradient
wind associated with the CEM after ”SEF10”.
Green and black contours denote the distributions of
azimuthally averaged-vertical and radial winds (m
s71), respectively. Agradient wind is denoted by
color. Red and blue colors correspond to ”super-
? and ”sub-” gradient winds, respectively. (a), (b)
and (c) are identical to the snapshots at Tsgr =0,
24 and 48 hour, respectively.
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