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Inner-core Dynamics of an Intense Tropical Cyclone
Simulated by the
Cloud Resolving General Circulation Model NICAM

Takuro AIZAWA

Abstract

00 In this study, the inner-core dynamics for an intense tropical cyclone (TC0813) is
examined, which was simulated by the Nonhydrostatic ICosahedral Atmosperic Model
(NICAM) at horizontal resolution of 7 km. The simulated TC0813 underwent a rapid
intensification stage with minimum central pressure of 927 hPa at the mature stage. To
examine the inner-core dynamics, the structure of simulated TCO0813 is decomposed into
the axisymmetric (mean) and parturbation (eddy) fields.

00 O The overall spin-up mechanism is recognized by the mean process, which is called the
system-scale intensification. However, the various asymmetric processes of the vorticity
dynamics are represented in an inner-core area of the simulated TC0813, such as the
generation of elliptical and polygonal potential vorticity fields along the eyewall and
potential vorticity mixing between the eye and the eyewall. The inner-core region of
TCO0813 becomes barotropically unstable for the rapid intensification stage, and notably
for the mature stage. The eddy kinetic energy is generated through the barotropic
conversion from the mean kinetic energy in the eyewall region. The high-wavenumber
components decay rapidly with the formation of the rapid filamentation zone outside the
eyewall. Therefore, the vortex-Rossby waves of low-wavenumber induced by barotropic
instability become active in the eyewall region. The behavior of the vortex-Rossby waves
increases the tangential velocity due to the eddy momentum flux convergence in the eye
and eyewall regions during the rapid intensification stage, and at the inner-edge area
of the eyewall at the height of 700 hPa. The vortex-Rossby waves of the mature stage
are tightly connected with the perturbations of equivalent potential temperature. The
horizontal gradient of azimuthal averaged equivalent potential temperature becomes

steeper in the region where the vortex-Rossby waves are active, at the same time, a
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primary circulation of the simulated TCO0813 spins up strongly relative to the deepening
of a central pressure. As a result, the primary circulation of the simulated TCO0813
becomes the supergradient in the mature stage.

O 0O This study showed that the vortex-Rossby waves associated with the asymmetric
potential vorticity exist in the intense tropical cyclone simulated by NICAM. That is,
the NICAM is able to represent some of the inner-core dynamics of the mature tropical

cyclone.
Keyword

(tropical cyclone, barotropic instability, eddy kinetic energy generation, asymmetric

potential vorticity, vortex-Rossby wave, supergradinet)
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000000000000000000000000000000000000000
000000000 (BTC)000O0OO0O0O00BTCOOOOOO0O0O0O0OOOOO000OO
000000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000000000000000000000000000000

3.1.2 00000

gobogobboooboboobbbooobbooobbuooobbooboboo
gboogao



W\* 004 (h\* 004

goobooobbooobobbooobboooboboooobbooobbbobo
000 (BCC)ODOODODOOOOTCOOOODUOOOODUDOOODOODUOOOOOoDO
OOoooobooboobobobgooboooBCcCcOobuoboboooooooooooon
gbbobuoooobbobuoooobbbuooooboood

3.1.3 004

00000000000000000000000000000000000000
ooo

CVC = —how' (3.15)
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0375 (K) OOODODODO0OO000000000T=030hr 0003500360 (K)OOODOOO
OObOO0oOobos&0hPaOODOOOOOOOODOOOOODOOOODOOOOODLOOODOO
gbbbuoooobbbouoobobbooodobbbuoooobbbooooboo
ORIOOODDO (T=0480060 hr) OO0 0OCOOOOOOO0O0OOODDOOOODOOOO
0037 (K)OOOOOOO0OoooOoO0O0sMMkm00000000000O0O0OOO
ooooooobosokmO0bDO0OO0O0ObOOO0OOOOOO0ODDbDOOODDbDOODOO
OO000oob0obooobooboooRrRIDODOO0OOO0ODO0O0O00OO0T=084hr OOD0O0O
0038 (K)DODOD0D0000000000000000000050km 000000
O80hPaOODDOODOOUODOOODOODOOODOOOODOODOODODOOODOODOODO
obobobooobobobuoooobobuoboobbonobskmbonoonoon
gboboooobogouoobobbooobobuooobboooobboooboboo
oboboboboobobbooboobobobooboobobooboboon
gbboobboogobbooobbuooobbbuoobbbooobooobboo
gboboogbobobooaoobon

42,5 0000 7,; 000

0480000 80hPa 000D O0OOO0ODOO0OODOODOOOOOT=024 hr OO
OOobOoboboboboo1wkm DO000O00O0O0O0DOODOOOOODOODOODOODOO
O T=030 hr, 036 hr OO0 000000000 O0O0OO0OOO0MMkMmODOOOODOO
gbboodbbooobbboobobbooobbuogbbooobboobboo
OO0D0O0bOoT=042hr DO0OO0OODOOOOODOODODOOODOODODOODOODO
oooboboRrRIoboooboobOoboooboooooooo0km OO oooooon
googbooobooooobooboboobboobbobobooboobbooo
OobooboobooboobooboboboboboboboboboboooboOoRIDO
OOobooboooooooos0kmdbooooooOoobOODOO0ODOODOOoOoDO

16



0000000000000000000000000000000000000 (0
46)00000000000000000 TCOR1I300RIONO00000002000
00000000000000000000000Wang (2008) 0000000000
00000000
004900000000 7; 000000000000RFZO0000000000
Rozoff et al. (2006) 000000 RFZ 007y <30 (min) 0000000000000
00000000000T=060hr 00000000000000000000000
00000000074 <60 (mn) 000000000 150km 00000000000
7y <000000000000000000000000000000000000
0000000000000000000000000000100km 0000000
000000000000000000000000000000000000000
0000000 Wang (2008) J0O000000000000000 2 (m/s)00000
00000000060 15km 0000 Ty 00000 120 (min) 00000000
0 744 <60 (min) 000 00000000000000000000O0O0O0O0O0O00O0O
000000000000000RFZOOOOOOOO

4.3 TCO813 DO ODODOOO

OoooooTecossbooooooooooooooooooboooooooooo
OoobooooboooooooooooobbooobbooooooboOoon TCO813
gbobogobboogbboboobbuooobbooobbooobboooboo
goboboogobboboooobobbuoooobbboooobobon
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(@) 850hPa Fil  T=024hr (b) 850 hPa  Fil  T=030hr (c)850hPa Fil  T=036 hr
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(@ y (PV,~100km) and PV (~100km)
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(b) 6-6, T=024 hr
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T=078 hr
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(b) 500 hPa 6
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(a) Relative Vorticity T=030HR (b) Okubo-Weiss Criterion T=030HR
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(a) Relative Vorticity

T=066HR

(b) Okubo-Weiss Criterion
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(@) Mean-Mean Horizontal (R = 10 - 100km)
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(&) Mean-Mean Horizontal (R = 100 - 200km)
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(a) Barotropic Conversion (R = 10 - 100km)
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(a) Barotropic Conversion (R = 100 - 200km)
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(a) Barotropic Conversion (T=042 hr)
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@ Barotroplc Conversion (T=060 hr)
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(a) Barotropic Conversion (T=084 hr)
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(a) Barotropic Conversion (T=090 hr)

200 > R —
x_

EE 300 ol 0

= 400 : 0=

=500 g?i(; 50

e o 7

5 i =

@© 700 2 o

900 ] ) f L
20 40 60 80 100 120 140 160 180 200

(b) Convective Conversion (T=090 hr)

20—y
©300fF @ ——
= 400
=500
<
5, 600
"o 700
T 800

900

@L

J

60 80 100 120 140 160 180 200

N
o
IN
<]

(c) Baroclinic Conversion (T=090 hr)

200 Fo T T //—-'//———)/
— -
E 300 0
/’_\
e 400 0,

e
S 600

Q
oy &
I s00 | A .
900 k . N\ 0 i ) . . i
20 40 60

80 100 120 140 160 180 200
Radius [km]

5 10 20
[103 m2/ ]

5: T=090 hr D000 () 00000M 0000, () 000000000000
0 0000

76



(a) 925 hPa Be (b) Be (925) - 6e (500)
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(@) y (KE,~200km) and Vt (~200km)
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(a) Total EKE of Vit T=060HR (b) WN 1 EKE of Vt
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(a) Total EKE of Vit T=084HR (b) WN 1 EKE of Vit T=084HR
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(a) Total EKE of Vt
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(a) Total EKE of Vr T=060HR (b) WN 1 EKE of Vr T=060HR
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(b) WN 1 EKE of Vr T=078HR

200 200 7 (/\/ /3
300 300 W w
— / N/
400 400 °/_\\@ "
= R
ESOO 500 [ A XZ__ , /
% 600 600 | /Ljﬂ{//[) @ =
A =
T 700 700 | 0 g/\(f\/ }1 =
800 800 | L ﬂ
900 900 | fﬂ ‘ //ﬂ ﬂ\ .
20 20 40 60 80 100 120 140 160 180 200
(c) WN 2 EKE of Vr T=078HR (d) WN 3 EKE of Vr
— LS —
200 |
aw
300 | :
400 |-
500 |- O“,
600 [- AN \/”
700 :O ~
800 | / E
900 k& L m L L L L L L -
100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200
(e) WN 4 EKE of Vr T=078HR (f) WN 5+ EKE of Vr T=078HR
200 | T T T T T T T T 200 | T T T T w ]|
<
i 2 2 C_ i 633 .
I o 91 3 o<
1
8 400 i \/ < 400 i —_—L/\ ]
%500 : ' . J 4 500} N
= L /'
= O - -
= 600 @ 600 O <
I 700} 1 700} o E
800 | 4 soof .
900 L L m L L L L L L . 900 [ L L L L L L L \A/_\-
20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200
Radius [km] Radius [km]
5 10 20 40 80
[m2/&]

0433: T=078hr OODOODOODOOOODLOOOOOOOOOOOOODOOObLOooDOon
4280000

84



(a) Total EKE of Vr T=084HR (b) WN 1 EKE of Vr T=084HR
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(a) Total EKE of Vr T=090HR (b) WN 1 EKE of Vr T=090HR
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(a) Total Eddy Enstrophy T=078HR (b) WN 1 Enstrophy T=078HR
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(a) Total Eddy Enstrophy T=084HR (b) WN 1 Enstrophy T=084HR
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(a) Total Eddy Enstroph T=090HR (b) WN 1 Enstrophy T=090HR
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() 850 hPa PV WN1 T=060 hr
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TCO0813 Averaged T=072hr ~096hr
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Simulation Time [hour]
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Simulation Time [hour]
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Simulation Time [hour]
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Simulation Time [hour]
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