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Abstract

In this studymicrowave satellite producedbest track dataere usedo observe

the changes of intensity and structafehe Western NortHPacific(WNP) typhoons and

the Atlantic(ATL) hurricanesn particular concentric eyewathseqCEs) from 1997 to

2012 Around the globe, mly over the Atlantic andEastern Pacific basins do routine

airborne TC observations lparried out. Previous studydhased airbrne observations

to design KV nax diagram, which can simultaneously show maximum sustained wind

(Vmay and circulation sizeletermined from accumulated kinetic energy.(K) this

study, emilar plots for WNP typhoonswere madewhich areT-V . diagramwhere T is

from cloudtop brightness temperatu(€g) to indicateconvectiveactivity (CA) and to

compensatéhe lack of airborne observations.

CE was objectively defined by 5 criteria: (1) moat exists, (2) most is clear enough,

(3) outer eyewall is strg enough, (4) circulation is axisymmetric enough, and (5) outer

eyewall cad be a spirabut rainband.CEs were divided intoEyewall Replacement

Cycle (ERC), Concentric Eyewall MaintainedCEM), and No Replacement Cycle

(NRC). Each monthwas discerred into warm cold, and normal episodéased on

Ocean EIl Nifio IndeXONI). In this study,climate averagdinear regressiof T was

obtared and t he anomal Yveithe WNPpasin,6EMi armdeadmala s T .

episodeCEshavepositive T There is moe cloud liquid water contentt(, Yin CEs

\Y



than in norRCEs (NCEs), and among CE categorié#s, (Yis higher in CEMcaseghan

NRC and ERC. 3 upper ocean thermal parameters, SST, T100A, and,$Obi=d

that before (after) CE formation, there is moresaiginteraction in NRC (CEM) cases.

In this study, hurricane Wilma (2005) wasalyzedby K&V max diagram and

T-Vmax diagramto observe intensity and structural chargeepeatedlyformed CEs of

Hurricane Frances show hurricane size expands afterr&fR€r than NRCFollowings

are comparisons betwe&Es overWNP and NATL. Firstthe number ofNATL CEs

concentrate almost only in September. SecondATL CE tracks and formation

frequenciesn different episodes have smaller variation tNdNP, which mg due to

smaller influence by ENSO. Third, WNP CEs have higher intensity than Nadl,

among CE categories, CEM (ERC) cases have the highest intensity over the WNP

(NATL) basin. Forth, WNP CEs have larger sthan NATL. Over both basinsCEM

cases havehe highest size of all CEsapid filamentation zone width of each CE

category determines at least 50% of variation of moat width, and obshauacteristic

differenceof T-V hax curve between CE and NCE.

Keyword: microwave satelliteNorth Atlantic concentric eyewall T-Vnax diagram

convectiveactivity, upper ocean thermal parameters
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ANE. A M (Tropical Storm, TS) La Nifa A 19957 YN D7
194 TSY MX 114 A2 MY~ 59 g M| Awn MA TCHj

IR

1.1.2 MB Ju¥n

NI B s> . Mé - 2y 2, VYHT e o

Y*3qpEun foway~ M
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and Powell (199%) Samsury and Zipser (1995) il X V., B 3

Y|

B AS an ny K Y ~nz§£ noy L GO
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D T Y Q n mij pOy)Me i 1 o (Entropyd =Y Mi
K , VERC pP~8B L
Hawkins and Helveston (2008)y " 2 A MbXX N 2w
YW z £ AERG =- GCo1 VERG H . A
PV 37 —€H-Hy . Yd pxvun ERCA
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5



QX k =AY Kossin and Schubert (2001; 2094) 1-4 V°

o M R CD b €= My FMi & Af VY27
o’ 1 bt . 1BY., 1 4% M €= MHMiI &
AR el

Maclay et al. (2008) 2004T Charley M & 20057 Wilma M MK W(
16Y2" "+t - It NRAM Y2" A Vax7kJ1 YT Wima MA
Vmax3 ~ Charley MA CEQ 10MY, " €A M x XD

Ak TAuT €Y u ABt T YPqgu Yf®C MM -
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Mi 1003 200 kme K O F* 3 wY  Mi 1000kmB K/ =
FYOOU sM JDXCOET Yds3 s — M2 L
3, T E A 1| T W uM #E M n XA
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M(CETQ) Xu TC° ME M 10> Y "HW QX 95(105)
N M7 (CE)Kw . YY & ° AM™ 1 T70(76M |
1.2.1.1 M
M° WNPgrP “A mnV N7 ()i y(2ENSOQ vy
3) P . ]
R N - €55 & (National Oceanic and Atmospheric Administration,
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(ol M > L3wYZ ~ o Potential Vima® U W "YZvn
YNnXKEXe MW N ~XdWmEnNn- M 9 3ms¥~ N OHx

Myoow oAy Y/ 1Z€- A 5 -~ 0E€f LTRY B3
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13



Vi A o ( WY, M =y 0byX
CE E | T N X Wi N ytr ° 6D
‘L-l'(’ 1 v €° Q 6 N A t |.|.IZ I_ICYG K'Vmax '|'|'¢"1|7| A

P 2€n. MhBHzeé/bEWL EA <HALzY nXbikeobb

X T-Viax | D Mhhz » EA -HAP2]

@ (2007) B @ 19977 3 2005T XKE N - 1194 TCH o CI
° p M7 Y'HWAWR o~ N n ATs A T
R Y4 & pXEn-n MY N> o 3 A WNP

NATL A YCCIlw Z€E-Q 9 16TA8Y . YCCO @ Tsyz

ACA TVmax ~ ZE- QW M = A A W o °
2 Y o MOAA L)
1.4 |

3 VKO AvnMviaA N AH & \% T U - e
<y M Pz Yy 0 o 2 NA y mGHhA] Tt /.y
nXbike M o NAuné n; CE XEno &nX
bIX o O MM 88 . WLy e oMl " A nu 0
X | L X qamn L

14



3 N Y GA
T 019871 A A XKbike MWe AV _ \% W
T+ LN NKW B MA =M NYW. Knapp et al.

(2013) n InternationalBest Track Archive for Climate Stewardship (IBTrACSy

AM L .0y K. MA €= MY XV NK® ' . v
37 WB A Y moo, M KW MO T M T Hep
se/bEW, ~ F 1 A W A M YOqTAvYn sUA
Kuo et al. (2009) Yang et al. (201A wn Y N - e e M
Rz F 7 Wt - on " Wz VYu T Nu
Te 2 o M OAA i

21 Nw

2.1.1 - e e

Special Sensor Microwave/Imager (SSM/I)Special Sensor Microwave Imager
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4.1.2 Hurricane Frances (2004)
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@ 1-1019977 3 201171 n XKbl X ° M P L ( = Yangetal., 2013)
ERC CEM NRC
Zonal translation Average 4.7 32 4.6
speed (m s™) SD 3.0 2.1 1.8
Meridional translation  Awverage 34 29 48
speed (m s SD 2.5 1.3 22
Averaged translation speed (m sh 59 44 6.4
SD (ms™) 2.9 1.5 2.6
@ 1-2d019977 3 20117 n XKbl X ° no L ( = Yang etal., 2013)

Warm episode Cold episode Normal episode
Month 42 (32) 63 (45) 69 (55)
CE number 38 16 41
CE number / Month 0.90 (1.19) 0.25(0.36) 0.59 (0.75)
Total TC number 98 (95) 115(111) 134 (130)
CE TC number 29 16 32
CE TC number / Total TC number 0.30 (0.31) 0.14 (0.14) 0.24(0.25)
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@ 2-1dbSSM/I Footprint @] ( = Farrar and Smith,1992)
SSM/I
Frequency (GHz) 19.4 22.23 37 85.5
Footprint (kmxkm) 69x43 60x40 37x29 15x13
@ 2-20TMI Footprint @] ( = Kummerow et al. 1998)
TEMM/TMI
Frequency (GHz) 10.65 1935 213 37 855
Footprint (kmxkm) 63x37 30x18 23x18 16x9 Tx5
& 2-3bAYNMHY n A 5 NW |
Program / Satellite Sensor Parameter
SSM/I
Cloud Top Brightness Temperatur
F10. F11F13.
DMSP F14. F15
SSMIS Cloud Liquid Water
F16. F17
Cloud Top Brightness Temperatur
TRMM T™I

Sea Surface Temperature
Aqua AMSR-E Sea Surface Temperature

48




6 4-1b19977T 3 201271 XKE n o MW
TC Number| T Name | - Sateite image Time | Fomaton | Formation | gy | moat | gy | ntensity | Suctura
Radius (km) Width (km)
199807L Georges | 1998091923557 (SSMI) | 15.7N 54.9W 45 40 35 PN Landfall
199905L Dennis 1999082916227 (TMI) 78.4N g 71 66 60 PN Landfall
199908L Floyd 199909130303Z (TMI) 23.6N 700 64 48 56 PN CEM
199909L Gert 1999091905317 (TMI) 24.1N 58.7W 58 68 56 PN ERC
200003L Alberto 200008121009Z (SSMI) 35.9N 55.3W 56 38 44 PN NRC
200013L Isaac 2000092821327 (SSMI) 28N 55.1W 39 35 52 PN ERC
2001-06L. Erin 200109101052Z (TMI) 34.9N 64. MW 50 23 31 PN NRC
2001-07L. Felix 200109140711Z (TMI) 29.3N 46.6\W 44 47 36 PN ERC
2001-15L. Michelle 200111022331Z (SSMI) 18.5N 84W 46 28 31 PP NRC
200213L Lili 200210021254Z (TMI) 24.4N 88.3W 33 58 48 PN NRC
200310L(1) Fabian 200309040104Z (SSMI) | 23.2N 63W 48 32 39 PP NRC
200310L(2) Fabian 2003090422447 (SSMI) 27.1N 64.6W 54 43 40 PN NRC
200403L Charley | 200408131513Z (SSMI) 26.1N 82.4W 18 24 18 PN Landfall
200406L(1) Frances | 200408280945Z (SSMI) 17.2N 51.6W 52 46 48 PP NRC
200406L(2) Frances 200408361021Z(TMI) 19.2N 58.1W 30 39 44 NP ERC
200406L(3) Frances | 200408311043Z (SSMI) 20N 63.5W 71 54 53 PP NRC
200406L(4) Frances | 200409010114Z (SSMI) 20.6N 66.4W 28 27 43 PP ERC
200406L(5) Frances | 200409020001Z (SSMI) 22.2N 71.4W 64 66 57 PN NRC
200409L(1) Ivan 2004090905527 (TMI) 13. 7N 69.5W 33 39 36 PN ERC
200409L(2) Ivan 200409120440Z (TMI) 18.4N 80.4W 43 41 63 PP ERC
200409L(3) Ivan 200409140031Z (SSMI) | 21.6N 85.1W 46 38 40 PN Landfall
200409L(4) Ivan 2004091515127 (SSMI) | 27.9N 88.2W 77 58 44 NN Landfall
200411L Jeanne 2004092305597 (TMI) 25.5N 69.3W 65 53 41 PN CEM
200412L(1) Karl 2004091821027 (SSMI) |  15.9N 40.8W 15 25 28 PP ERC
200412L(2) Karl 200409192303Z (TMI) 16.8N 44.5W 22 27 34 PP ERC
200412L(3) Karl 200409210618Z (TMI) 19.6N 47.3W 43 51 64 PN ERC
200504L Dennis | 200507101232Z (SSMI) |  28.5N 86.3W 27 38 47 PN Landfall
200505L Emily 200507260008Z (TMI) 24.4N 96.1W 32 35 41 PN Landfall
200512L Katrina 200508282133Z (TMI) 27.2N 89.2W 53 35 46 PN Landfall

5C




200518L(1) Rita 200509220003Z (SSMI) |  24.5N 86.9W 33 35 26 PN ERC
200518L(2) Rita 2005092308527 (TMI) 26.5N 90.7W 62 48 51 NN Landfall
200525L(1) Wilma 200510191358Z (SSMI) | 17.3N 82.8W 16 28 27 PN ERC
200525L(2) Wilma 200510261645Z (TMI) 18.6N 85.5W 84 46 48 NN CEM
200608L Helene | 200609191003Z (SSMI) | 24.4N 52.5W 45 60 43 NN NRC
2007-04L Dean 2007082@2356Z (SSMI) | 18.2N 85.1W 35 42 38 PN Landfall
2007-06L Felix 200709040603Z (TMI) 14.3N 81.9W 32 44 51 NN Landfall
200802L Bertha 200807161124Z (SSMI) 26.3N 59.8W 34 48 62 PP CEM
200809L lke 200809071145Z (SSMI) 21N 72.8W 40 33 29 PN Landfall
200903L(1) Bill 200908190931Z (SSMI) 18.3N 55.6W 68 60 65 PN Poor Data
200903L(2) Bill 200908210921Z(TMI) 27.1N 66w 63 38 46 NN ERC
201001L Alex 201006301213Z (SSMI) |  23.5N 95.2W 50 57 55 PP Landfall
201006L Danielle 201008280727Z (TMI) 28.3N 61W 33 28 40 NN ERC
201007L(1) Earl 201008310438Z (TMI) 20.2N 66.4W 26 33 38 PN Poor Data
201007L(2) Earl 201009020601Z (TMI) 28.6N 74.3W 48 44 51 PN ERC
201011L(1) Igor 201009141940Z (TMI) 18.6N 52.8W 56 62 51 PN CEM
201011L(2) Igor 201009172008Z (TMI) 23.5N 60.7W 53 66 68 NN ERC
201112L(1) Katia 201109061509Z (TMI) 34.1N 70 42 54 65 NN ERC
201112L(2) Katia 201109082014Z (SSMI) | 27.3N 66.2W 50 20 30 PN Poor Data
[t - 7 Y A 2ynsey =2un &Y ERCGy CEMy NRC,

51




® 4-2019977 3 201271 XKE n ° y

Repeated CE Formation

Total Images CEImages CE Cases CE TCs
Cases
Twice 7
SSM/1 10343 .
3 Times 1
137 48 32 i
4 Times 1
T™MI 7683 )
5 Times 1
@ 4-3b1997T 3 20127 XKE n ° M P L
Translation Speed (ms™) ERC CEM NRC
Mean 34 1.4 3.2
Zonal
S.D. 2.2 1.2 1.7
. Mean 3.2 33 2.5
Meridional
S.D. 2.6 1.9 3.9
Mean 5.6 3.7 54
Averaged
S.D. 1.6 1.8 1.9
@ 4-4b199771 3 201271 XKE N1 ° N> L
Warm Episode  Cold Episode ~ Normal Episode
Month 42 (32) 71 (47) 73 (59)
CE Cases 18 10 20
CE Cases / Month 0.43 (0.56) 0.14(0.21) 0.27(0.34)
Total TCs 44 (44) 85 (85) 94 (94)
Total TCs / Month 1.05(1.38) 1.20(1.80) 1.29(1.59)
CETCs 8 8 16
CE TCs/ Total TCs 0.18 0.09 0.17

{7

®y Y9 163 3bA Q)
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6 4-5019977 3 2012T XKEn - B 37 y moat <u T -
Inner Eyewall Width (r;) Moat Width (d,) Outer Eyewall Width (w)
=C3 C4 C5 Total =C3 C4 C5 Total =C3 C4 C5 Total
Mean 44.10 50.24 36.00 4577 4233 4581 36.17 43.08 44.00 48.67 35.50 44.98
S.D. 14.07 18.01 12.71 16.18 14.52 1235 4.79 1291 12.18 1096 7.74 11.77
Max 71 84 53 84 66 68 42 68 68 65 46
Min 15 18 16 15 20 24 28 20 28 18 26
® 4-60XKE N © N’ CEM& tA QY B £ v
Vinax (Mms™) | Moat (km) | Outer (km)
CEM(5
CEM = (3) 57.1 51.4 51.6
CE=20h. ERC(17) 59.2 40.7 45.8
Ave. 26.8h. NRC(1 L P
CEM(8
CEM = (8) 58.5 53.0 53.6
CE=15h. ERC(15) 58.8 38.2 43.9
Ave. 23.4h. — 7 i
CEM(18
CEM = (18) 60.2 49.0 48.7
CE=10h. | ERC(10) 54.3 39.6 44.5
Ave. 16.9h. —— .. o
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Intensification Weakening Reintensification Post-ERC
80 390
70 (@) (b) (c) (d)
380
60
il N 370
A e
£ 40 3
=~ @
= 30 360
20
350
10
75 50 25 0 25 50 75 75 50 25 0 25 50 75 75 50 25 0 25 50 75 75 50 25 0 25 50 75
10
18
g {6 o
- @
- =}
5 P o
- -
12

75 50 25 0 25 50 75
distance from center (km)

1 - 1dbHurricane Rita (200%) 700 hPa

-y 2t <y 2t 0

(d)L. ERC(0923 06002)

o =)

75 50 25 0 25 50 75
distance from center (km)

B 2y

e Qud (a)
L ( = Sitkowski et al., 2012)

75 50 25 0 25 50 75

distance from center (km)

2 Yo J 2

54

75 50 25
distance from center (km)

tin, M y =

(0921 19377) (b) ~ (0922 16197 (c)q

t1 B

0 25 50 75

Yt net

(0923 01457y



Altitude (km)
Altitude (km)

16

14}

12}
g1o-’
o8
24

4.

2

c40 6.0 8.0 160 150 14.0 160

Radius (km)
1 - ZbHurricane Rita (200%) 2 Yt t M M1 A
v t <A azimuthalaveragé 1Y = Oy~ MY oYY
A (dBZ)Y leg 1. #fH AgM y leg 3¢ Q4 At M Y leg

2Me X 171t B%YZ Mi K v X L ( = Didlake and

Houze, 2013)
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1-3b - AT QY@ O t¢ Q - Y((O8H L
>. Pn (polygonal) Y (c)48H» L €D n (monopole) QY'l & &’'H

X 1L ( = Schubert et al., 1999)
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RMW~56 km  Vmax~64 ms"

20 30 B —O ) 50

: -v" )
s % A

M RMW ~55.6 km  Vimax ~ 54ms’ |4

s EE
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K (10'® joule)
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Kinetic Energy (J)
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Oceamc Nifo Index (ONI)
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