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Fig. 1 The polygonal eyewall with 6 mesovortices of
hurricane Isabel (2003). (From Fig. 1 of Kossin and
Schubert (2004))
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Fig. 2 The time evolution of vorticity field. Low vorticity values are shaded blue and high values are shaded red.

(From Schubert et al. (1999))
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Fig. 3 Energy diagram for the EXP-1(left) and
EXP-2(right). The energy transfer values are

normalized with each maximum value. (From Kwon
and Frank (2005) )
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Fig. 4 Radar echo from the Okinawa Weather
Surveillance Radar at 1000UTC 5 September 2004.
Typhoon Songda has double eye structure.
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Table 1 Configuration of this numerical simulation.
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Microphysical Scheme WSMS5 WSMS5
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Fig. 6 Time evolution of the eyewall of simulated typhoon Songda. Shaded color denotes hydrometeors of cloud water,

cloud ice, rain water and snow at a height of 0.5km. Contour line denotes sea level pressure. Blue circle denotes
centroid center. Red circle denotes minimum pressure center. (a)1200UTC, (b)1220UTC, (¢)1240UTC, (d)1300UTC,

(€)1320UTC and (f)1340UTC.
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Fig. 7 Tracks of typhoon Songda from JMA(Japan
Meteorological Agency) best track analyses (red line)
and the model output (black line). Number symbols
denote the positions every 24h, with the
corresponding date and the time given (0OUTC).
Blue line denotes the position of minimum sea level

pressure center.
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Fig. 8 Time series of the center pressure of typhoon
Songda from JMA best track analyses (red line) and
the model output (black line). The latter line draws
from 12h in a simulation time when the simulation of

second domain begins.
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Fig. 9 Shaded in color is the hydrometeors. Vector
are the asymmetric winds relative to the moving
typhoon at a height of 0.5km. Blue circle shows

typhoon center.
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Fig. 10 Energy flow diagram. MPE, EPE represent
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kinetic energy and perturbation kinetic energy,
respectively. The energy produced by diabatic

heating flows in MPE or EPE.
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Fig. 11 The spatial distribution of time averaged
each energy [J/kg]. MPE, EPE, MKE and EKE are
indicated by green line (contour interval: 200
[J/kg] ), blue line ( 1 [J/kg] ), black line ( 500
[J/kg] ) and red line ( 20 [J/kg] ), respectively.
Shaded color denotes hydrometeors corresponding

to typhoon’s eyewall.
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Fig. 12 The spatial distribution of time averaged each
energy conversion [J/kg/s]. MPE—EPE ( baroclinic
energy conversion ), MKE—EKE ( barotropic energy
conversion ), MPE — MKE and EPE — EKE are
indicated by green line ( contour interval: 0.002
[J/kg/s] ), black line (0.01 [J/kg/s] ), orange line
(0.05 [J/kg/s] :solid: positive, 0.01 [J/kg/s]

dash : negative) and blue line (0.01 [J/kg/s] ),
respectively. Shaded color denotes hydrometeors

corresponding to typhoon’s eye-wall.

54 BREZEMFEHLEIRILF—ZEHBREDE
Lkl

AECIX, 5.3F L FEEROFIEE VT, BRARE
DI HBT D=0V F — IR OZE W] 43 4 % R 6D T2 1%
RERT,

JIE £ = 3 L % — 75 #2 5’ (MKE — EKE)(Fig. 120 &
BNI2EATICIEDO E— 2 03 5, 1T HIZEER
TkmERT0kmIZH D b DT D, T AT R EGE D
KT T ISR E WVEEIRIC KR LTV B, 268 8T B IE
FEH12.5km¥EEE 100km DAL ED D TH D, Zh 52
EATIXEKED 3 & K< ITH Y, AREBEEMTT
BEABOER = R X —NEELOER = R L F—IC
I BHRENTNWDZ ERbN5D,

{EE = % L % — 25 #3358 (MPE— EPE)(Fig. 12 D fE A1)
Wt 8 T & D R 13km A2 140kmiZ B — 2
N D, mKRMIF0.01[I/kg/sRETH D,

MPE7» 5 MKEIZ & #i & b = )L ¥ — A i
(Fig 12D REFNZM DO = F )L X —ZFHB LY & &N
%<, BELEIIHMLTNDDONSND, KKRIE
V3 9 10km 2 % 130km (2 38 W T 0.2[)/kg/s] F2 JE T
o, £, ROFIZIFAOEE L H D,

EPE? L EKEIZ A #i S L 5 = R /L ¥ — 28 #fa 3
(Fig. 120 #4138 K9 sSkm B 120kmis B — 27 23 R
bND, FKRMIX0.03[I/kg/s] TH D,

Time Averaged ENERGY Source [J/kg/s]

15
10
T
=
ki
N [ 5%
4.5
4.0
5 3.5
3.0
25
2.0
15
1.0
0.5
0.1
0

20 40 60 80 100 120 140 160 180
R [km]

Fig. 13 The spatial distribution of time averaged each
energy source [J/kg/s] by diabatic heating. —»MPE,
—EPE are indicated by green line ( contour interval :
0.05 [J/kg/s] ), blue line ( 0.01 [J/kg/s] ),
respectively. Shaded color denotes hydrometeors

corresponding to typhoon’s eye-wall.
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The energy analysis of Typhoon SONGDA(2004) with a polygonal eyewall

Keisuke Nakamichi* and Tetsuya Takemi
*All Nippon Airways Co., Ltd.

Synopsis
In this study, we simulate Typhoon Songda(2004) which had a polygonal eyewall with a regional
atmospheric model to elucidate the spatial distribution of each energy and energy conversion around its
eyewall under a realistic meteorological setting. The simulated results indicate that there were energy
exchange produced by mesovortices in the lower layer of the troposphere and by diabatic heating in the
middle and the upper layer. We conclude that there is a close relationship between the energy conversion and
the wavenumber of typhoon eyewall in the lower layer of the troposphere.

Keywords: Typhoon, Mesovortex, Polygonal eyewall, Asymmetric structure, Energy analysis, WRF
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