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Concentric eyewall and
Eyewall replacement cycle

 The inner eyewall of tropical cyclone (TC) gradually disappears while the
outer eyewall moves inward.

e The TC intensity changes drastically.

e 24 percentages of typhoons with concentric eyewall maintained over 20
hours (i.e., without eyewall replacement).

— Yang et al. (2013 2014 MWR)
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Concentric eyewall and
Eyewall replacement cycle

e The inner eyewall gradually disappears while the outer eyewall moves
inward.

e The TC intensity changes drastically.

e 24 percentages of typhoons with concentric eyewall maintained over 20
hours (i.e., without eyewall replacement).

— Yang et aI (2013 2014 MWR)

The result suggests that a TC with concentric eyewall does
not always undergo the replacement cycle.
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Motivation

The maintenance mechanism of long-lived concentric
eyewall is also not clear.

It's believed that the internal dynamics of TC is
important for the mechanism in some studies.

— Kossin et al. (2000), Yang et al. (2013).

We have conducted some numerical experiments of
ideal TC with replaced and long-lived concentric
eyewall, using a three-dimensional, non-hydrostatic
model (Cloud Resolving Storm Simulator; CReSS).

In order to understand the mechanism, we investigate
the general feature of long-lived concentric eyewall.

We focus on the intensity change in the outer eyewall
region due to diabatic heating.



Motivation

(1) Calculating “dynamic energy efficiency” for idealized
TCs with ERC and CEM, using fine resolution data of
CReSS model.

(2) Comparing dynamic energy efficiency of ERC type
with CEM type.

 We have conducted some numerical experiments of
ideal TC with replaced and long-lived concentric
eyewall, using a three-dimensional, non-hydrostatic
model (Cloud Resolving Storm Simulator; CReSS).

e |n order to understand the mechanism, we investigate
the general feature of long-lived concentric eyewall.

 We focus on the intensity change in the outer eyewall
region due to diabatic heating.



Dynamic energy efficiency

e Governing equations (f-plane, axisymmetry)
Radial wind eq. (f + E) v = a—f,
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Dynamic energy efficiency

* Energy budget (whole domain of TC)

% =C+F, Kinetic energy
C;_A — — C + H Potential energy
t

Conversion to kinetic energ

2
T
K:// p%ird'rdz, A= //pC’pT'r‘dirdz, C://p?gw'r‘d'rdz,
0

H = // pQrdrdz,| F = // pvDrdrdz

Diabatic heating

Carrying out some mathematical operations...



Dynamic energy efficiency

* Energy budget (whole domain of TC)

% =|nH — r_;fF + F, Kinetic energy
dfq Conversion to K
Cii_t =|—nnH +7n¢F+ H Potential energy
Ly— 9 0T = Y O(rx)
Ty Or’ - CTyp ror
_ ff T]hpQ?"d?"dz Dynamic energy efficiency

Th = [] pQrdrdz

(of heating source)
Hack and Schubert (1986),
Kuo et al. (2014)



Dynamic energy efficiency

* Energy budget (whole domain of TC)

% =|\nnH|—nsF + F, Kinetic energy

CC;Z Conversion to K for heating

— = |- H|+7;F + H Potential energy
t

This parameter represents the conversion efficiency (%)
to kinetic energy.

In this study, we focus on the efficiency of heating source (n,).

Nh > Kinetic energy (K) = TC intensity

Diabatic heating (H)

1 - n, ¥ Potential energy (K)




Data (ldealized simulation)

e Weak axisymmetric vortex.
— Terwey and Montgomery (2008).

* Tropical sounding data.
— Jordan (1958).

e SST =302 K (Constant).
 Horizontal grid interval = 2 km.
e [ntegration time =500 hour.

e f—plane (15 degree N).

Sweeping parameter is sounding temperature.
e “ST302” experiment = sounding temperature + 3 K.
— ST302 is more stable than CTL.

The definition of our vertical stability : T
T

—SST

top

wop 1S the temperature of the tropopause.
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Data (ldealized simulation)
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Conversion term (ERC)
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Conversion term (CEM)
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Development of typical TC
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Summary

 We calculated “dynamic energy efficiency” for
idealized TCs with ERC and CEM, using fine
resolution data of CReSS model.

e We compared dynamic energy efficiency of ERC
type with CEM type.
 ERC

— The dynamic energy efficiency drastically changed during the eyewall
replacement cycle.

— The dynamic energy efficiency reached the maximum when the inner
eyewall dissipated during the eyewall replacement cycle.

 CEM
— The dynamic energy efficiency did not change, significantly.

— The result suggests that, in ERC (CEM) case, diabatic
heating is actively converted to kinetic energy in the outer
(inner) eyewall region after forming the outer eyewall,
relatively.






Sawyer-Eliassen Equation ({8 E &)
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3RIEBRNERK[ETIL
CReSS (Cloud Resolving Storm Simulator)
(Tsuboki and Sakakibara, 2007)
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PT[K] and Vit[m s~'] (oo0:00)

o JKFFEFEE =2 km.

o SMERT:AERIET (45 B).

o EFTEfEI : 2000 km x 2000 km x 23 km.
o fmE (AL¥g 15° ).
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