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Abstract 

 In this study, microwave satellite products and best track data were used to observe 

the changes of intensity and structure of the Western North Pacific (WNP) typhoons and 

the Atlantic (ATL) hurricanes in particular concentric eyewall cases (CEs) from 1997 to 

2012. Around the globe, only over the Atlantic and Eastern Pacific basins do routine 

airborne TC observations be carried out. Previous study had used airborne observations 

to design K-Vmax diagram, which can simultaneously show maximum sustained wind 

(Vmax) and circulation size determined from accumulated kinetic energy (K). In this 

study, similar plots for WNP typhoons were made, which are T-Vmax diagram where T is 

from cloud-top brightness temperature (TB) to indicate convective activity (CA) and to 

compensate the lack of airborne observations. 

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

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

eyewall canôt be a spiral-out rainband. CEs were divided into Eyewall Replacement 

Cycle (ERC), Concentric Eyewall Maintained (CEM), and No Replacement Cycle 

(NRC). Each month was discerned into warm, cold, and normal episodes based on 

Ocean El Niño Index (ONI). In this study, climate average linear regression of T was 

obtained, and the anomaly is symbolized as ȹT. Over the WNP basin, CEM and normal 

episode CEs have positive ȹT. There is more cloud liquid water content (#,7) in CEs 
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than in non-CEs (NCEs), and among CE categories, (#,7) is higher in CEM cases than 

NRC and ERC. 3 upper ocean thermal parameters, SST, T100A, and UOHC, showed 

that before (after) CE formation, there is more air-sea interaction in NRC (CEM) cases. 

  In this study, hurricane Wilma (2005) was analyzed by Kô-Vmax diagram and 

T-Vmax diagram to observe intensity and structural change. 5 repeatedly-formed CEs of 

Hurricane Frances show hurricane size expands after ERC rather than NRC. Followings 

are comparisons between CEs over WNP and NATL. First, the number of NATL CEs 

concentrates almost only in September. Second, NATL CE tracks and formation 

frequencies in different episodes have smaller variation than WNP, which may due to 

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

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

(NATL) basin. Forth, WNP CEs have larger size than NATL. Over both basins, CEM 

cases have the highest size of all CEs, rapid filamentation zone width of each CE 

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

difference of T-Vmax curve between CE and NCE. 

 

Keyword: microwave satellite, North Atlantic, concentric eyewall, T-Vmax diagram, 

convective activity, upper ocean thermal parameters 
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Ϛ  ›ṕ 

￼ṅשׁ 1.1  

  ᴫҖыӂ◦╥ԓ Ӣכ ӭ ֵᾼЄ◦Ȳ ὑὧṸᾘ ֢ כ ֵ

ἤḳ Ȳ ὑ Ṯ ḳ ᾼ МȲẔϚ╥ ᵶЛ ứἤ ᴩ

ȲҫϚ―╥ ὑ ⇔ᾼ ᴷȴ2009 ד ᴩᾼ HFIP (Hurricane forecast 

Improvement Project) ֯ вד5 ю ᾼӂᶁ ȳ ю 20% 7щѿ

ϱ ⇔ Ȳ֯ ⁄вד10 ю 50% ⇔ Ȳ֢ Ὼ ẃṆד20 Ẕһ

Ѡᾎȳ ᾼ Ḕ Ȳ ὑ ᾼ Ь ᾎᴍиПᴍ Ȳ

ᵀБ צ ᾼ ḔȲ ὑ ⇔ᾼ ᴟЭ⁯Ьצ∕Ғ (Emanuel (1999), 

Bender and Ginis (2000), Emanuel et al. (2004))ȴ ⇔ѻ иכҵ ѿ

цв ϩ֪ Ȳ֪ױᵓӣ ѷ҅ ╦ ᶾ Ȳ ӢỄ М ⇔

оṳ Ἠ ṅẔ ֪Ȳ Ҡѿם ⇔ ᾼ ḔצἬ ȴ 

1.1.1 ҵ Ԉׁשṅ֫  

1.1.1.1 Є ◦  

  Ӣ Ἤ ᾼҵ ѻ ЛҵѾ╥Є ế ◦ȲẂֽ ᾼЄ ד

⇔(Relative Humidity, RH)ȳ ЊᾼЄ ₣᾿ й(Vertical Shear)ȳ ᾼ ◦ῶ

⇔(Sea Surface Temperature, SST) Ԉ ὔ ═Ἠᵗ  ȲDeMaria and 

Kaplan (1994) ᾼ Statistical Hurricane Intensity Prediction Scheme (SHIPS)―╥ᵓ

ӣ 850-200 hPa₣᾿ йȳ200 hPa ☼Ṕ ᾼ ֥ Є

֪Іế SSTȲ ᾎ(Climatology)ế═ ᾎ(Persistence) Єᴫ◦ ⇔

ᵂ ȲKnaff et al. (2005)⁄ ᾎ SHIPS ыӂ◦ ⇔ᾼ Statistical 

Typhoon Intensity Prediction Scheme (STIPS)ȴ Lin et al. (2005)ᾼ Ȳ
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⇔ᾼ ◦ ԈЛ SSTᴖБȲᴖ╥ ϱ Ѭ ϩ ⇔ᾼḂ

צ (Bender and Ginis (2000), Shay et al. (2000), Cione and Uhlhorn (2003), 

Goni and Trinanes (2003), Emanuel et al. (2004))Ȳ ◦ϱ иᵛ ῶ Ẕϯּפ

200 m ᾼװ ῶ (Sub-Sea Level)ȲҠ ֥ ⁴⇔(MLD)ȳ 26̆

⇔(D26)ȳ ◦ ᵶ (Oceanic Heat Content, OHC) Ầᵗᵒ װ ῶ ᾼ

ϩ ȴYang et al. (2013)ѿ STIPS М 850-200 hPa₣᾿ йȳᵅ М RHȳ

SSTȳOHCế Є ֯ ⇔(Maximum Potential Intensity, MPI) ᴫҖыӂ◦Л֝

(Concentric Eyewall, CE) Ἤ ᾼ ֪ІȲ ṓ 3.3Њ ȴ 

1.1.1.2 ᴫҖыӂ◦ ҖЄᴫ◦ Ӣ П … 

  ֯ El Niño Southern Oscillation (ENSO)Л ᾼӂ иד Ȳыӂ◦Ҕᵶ

ếῺῶ ᾼ◦☼ᴟ◦ ϱЄ ᾼ Ȳ╥ ֯Ṛ ῶ ᾼ ☼Ӧὧ֣ᴫ Ȳױ

ᾼ ῶ ⇔╥ὧᵐᴫ ȴыӂ◦ Єᴫ◦ Ὑ ᾼ֮ ὑ ᾼ

⇔Ȳ ֣ ᾼᴫҖыӂ◦(Western North Pacific, WNP)ϱ

(Tropical Cyclone, TC) ѿצ  ᾼ Ἠ Ȳ ENSO♄ כ El Niñoᾭ

Ȳыӂ◦ὧ ȳᴫ ᵐȲ ῶ Ѭҏ ֯ ὧ Ȳ╝ӂᶁӢכᴯ

Ἇ ӂᶁӢכᴯ ὧ⁮Ѡ ȳ ӢỄ  Ȳᴖѹ֯ 9ѣᴟ 11ѣ Ӽ

ὔἏὧҖ ȷЄ ȳ ◦ ☼Фד ȲṚ  ῺῺ◦ ֣ᴫᵬ

ἲᾼ Њ ₣᾿ й ЊȲ╝֯  כ М╥ ᵅ  ᾼ ᶮȲṿ

⇔ӂᶁ ȴLa Niña чПȲ ӂᶁӢכᴯ ἏᴫҖѠ ȳ Ὼ

Ȳ ᾼӢỄ ȳ ⇔ Ȳ9ѣᴟ 11ѣ֣ᴫᴩᾼ ѩẂ Ғ(Chia and 

Ropelewski (2002), Wang and Chan (2002), Camargo and Sobel (2005))ȴ 

  ҖЄᴫ◦(North Atlantic, NATL)ӂ иד Ṛ  Ὼᾼ ◦ῶ ⇔ Ϛ

╥ᴫ ὧᵐȲדч֮֯ El Niño Ӧὑᴫ ῶ ⇔с Ȳ ᴖ ҒЄᴫ◦Ṛ

 Ὼ ֣ᾼ ῶ ⇔ ⇔Ȳԛ Є װ ☼ ṿ ₣᾿ й ⇔ ֝ ҒȲ֯
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 כ М᷊   ᾼṔᴥȷ֯ La Niña ᾼЄᴫ◦Ȳᴫ Ѭᵐ⁯ѿ

Є Ԉ ὑ TC (Gray (1984), Goldenberg and Shapiro (1996), Dielke and 

Landsea (1999))ȴẂֽ El Niño ᾼ ȲЄᴫ◦ϱד1997 ҬצӢכ 8 Ҡѿ

ӔהỄ֤ᾼ (Tropical Storm, TS)ȷ La Niña ᾼ ϠכȲᶮד1995

19 TSȲ Мצ 11 כ Ȳᴖ 5 ╥ ȴӐׁשṅМᾼ TCᾛ╓

TS ȴ 

1.1.2 в Ԉׁשṅ֫  

  ⇔ Ḃ ᴞ ֵМѐ⇔ ϩȳ ϩ֪ ȲἨ╥ ѐ⇔ ֪

Ȳꜙᴟ╥ἒױП ӻФᵂӣȲᴖ ế П ᴯ ֥ȳ ᶮכѿц

(Eyewall Replacement Cycle, ERC) ╥в ṿ ⇔ Ἤצ

Ḃ ᾼ ֪ȴ Ԓ╥ ᾼ֪כ ȲNong and Emanuel (2003) Ɫ ◦

Є П ᾼ֥ᵂ╥ ᵓ֪Ȳ Мїѿҵᵅ ꜜ ☼і ᾼ ӻФᵂӣȲ

☼∟ ȳ Ḇ Ӕ֫ Ғ ☼ȳɲ ҵכ ȲױⱢWISHE (Wind-Induced 

Surface Heat Exchange) ạȴHuang et al. (2011)ѿ‍ӂ ϩᾼ Ἐ ПȲᵛ

ҏᾼ ꜜ ϱй֣ ᾘҙ Ѡ֣ ѹ ȲϭЛ ҉ᾼв☼ṿй֣

ὑ ☼ Ғ Ὑ Ȳ⁄ ᾼכ ⇔ Лӂ Ҡ ҵ ᶮצכἬᵗ ȴ

Montgomery and Kallenbach (1997)ȳPeng et al. (2009)⁄╥ѿᾌ ᾼ ҏ Ӧ

вᴖҵ ᾼ Ђѩᾌ(Vortex RossbyWave)֯ ꜜҙ (Critical Radius)Ἤ

Ӣᾼᾌ Ȳ о∟ᶮכҵ ȴMoat╥вȳҵ ᾼ ☼Ḁạ

Ȳ ᴴ Мѐ⇔ϯḛצ ȲKuo et al. (2004)ᾼ ӻФᵂӣ ȲṿӣвⱢ

Њᴖ ᾼ ȳҵⱢЛ ⇔ Ȳ Мї ᴞᶺ ═ȳmoatẓצṮѦ ד

Ф֥Ẇᾼғ ҵȲМї ḆҠ ҵ ⇔ Ἦᴼȳ оᶮכҵ ȴ

Kuo et al. (2008) ⇔ (Vorticity Skirt)Ғ֯Мї Є═ ҙ ҵȲ

Ὑ Мї ╥ moat ⇔ כ ȴTerwey and Montgomery (2008)
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ҏ ᴿᾼ ֥ἤᾼ ᾎȲBSA (ɓ-Skirt Axisymmetrization Formation 

Hypothesis)╥╓ ☼ ὔ֯ Мїҵ ᾼ ᾭо (Filamentation Time) ȳ

☼Ҡӣᴯ (Convective Available Potential Energy, CAPE)Єȳ ☼Ḁạ(Convective 

Inhibition, CIN)Њᾼ Ȳ ☼ Ӣᴯ ế Мї  Ὼ ֥Ȳ⁄

ᾼῈ ѐ⇔ҠѿὍЄ ֵȲ ὔᶮכᵅ ☼ԛ WISHE ạᶮכҵ

ȴ ҉ȲDodge et al. (1999)иέ ד1998 Gilbert ╓ҏ moat

иᾼ ֫ᾌ₣᾿ ₣᾿ иέҠṓȲּ֯פ 4.5 kmᴟ 5.5 km ᾼ‐

(Bright Band)ϱѠצϱс ȳϯѠצϯḛ Ȳ ӱ ☼Ӕ ḀạȲᴖѹⱢ ᾭ

Ѭ ἤȲױҵ ⇔ȳ ד Ɫפּ 8°CȲ МїП ⇔ȳ ֝Ȳ

Ḇ Ὑmoat вᵶϯḛ ȴHence and Houze (2012)ɔӣ TRMM ᾼ Precipitation 

Radar (PR) ן ₣᾿ Ȳ ᾼҵ Ҡ ╥ ᵅ ᾼ

​ о ᴖӢכȴ 

  Ẕװ╥ ὑ ᾼ ȲWilloughby et al. (1982)ȳBlack 

and Willoughby (1992) ẞCEɲ ERCצ∟כ ӢȲBarnes et al. (1983)ȳBarnes 

and Powell (1995)ȳSamsury and Zipser (1995) ҵ צ ṿ֣в ᴟ

в ᾼѬ ắẞ  ᴖҷҟ Ȳ֪ᴖẕ₤ ᶮכ∟ Ѿ Ӣ

ERCȴSitkowski et al. (2011, 2012)ᾼ ῶᵧ Rita ѿ ᾼв

ϩȳ ϩ Ȳ иⱢ (Intensification)ȳ (Weakening)ȳ

ԛ (Reintensification)ȳERC∟(Post-ERC)Ԛ4 Ȳֽ 1-1Ȳ ϩϱҠṓв

Є═ Ғᴟҵ ᶮכ∟Ȳ Њếв ᾼҵ ᶁлоȲ

ԛ ֥ⱢϚ ֫сȳҙ ѩ Ԓв Єᾼ Ϛ Ȳᴖד ᴯ ὑERC∟

Мї ҵצὙ ⇔Ȳ ӱ ∟ᶮכᾼ вҵῈ ҉и ȴ

ϩϱҠṓӦ Ԓ Мї ⇔ ȳ ᵅȳד ⇔ᵅᾼ ᶮȲ в ᾼ

Ȳ ⇔ ᵅȳ с ȳד ⇔ сȲᴟ ᾼ Ϛ ∂ӴᶙԓȲМїד

⇔Иϭϯ Ȳṳѹ῀ ᾼв Ь֯׀ Ьצ Єᾼ ἤ ứ⇔Ȳṿ
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ᾼϯḛ ☼Ҡѿ ’ ֯ МїȲṿ ∟Ь ∂ӴϚװᶙ ᾼ

☼ȴDidlake and Houze (2013)ѿ Ϭ έ2005דRita ​ ᾼ

ϩ ṳ ҏ Ἐ )ה 1-2)Ȳв ҵ ​ ϯ ᾼ Ṇ ᾭἤȲ

ᾭ​ ӦὑṔ ׂ⌡ й֣ ☼ȳ Ғ​ ᴯ ═ ἤȲҠ ᵓᶮצ

ҵכ Ȳ ᾭ​ П ᵐ⁯ϷὑМᵅ і ҵ ᵅ (Entropy) ☼Ȳױ

Ҡ ‚ṿERC ᴩᴖв ȴ 

  Hawkins and Helveston (2008)цᶮכ ᾼ ЬҠצ ֵЛ֝ ᴥи

ȲẂֽẕ₤ᾼERCȳ ═− Ϛ◕ ȳERC֪ Ἠ ֪ ᾎ

ᴩȳ ҙ −ЄἨ−Њȳֵ Ȳ╝Ϸשׁצṅ ERCᾼ

ѐ⇔ȲTerwey and Montgomery (2008)ȳQui et al. (2010)ȳZhou and Wang (2009)

ѿ Ѡᾎ ҏERC ѐ⇔ּפⱢ6ᴟ18Њ ȲKossin and Sitkowski (2009)

ֵ Ꞌ֯12Њ в ᴩERCȲKuo et al. (2004)Ӧ2007דLekima ֫ᾌȳ

Willoughby and Black (1996)Ӧ1992דAndrew Ȳ╓ҏ2װERC Ẃ

Ꞌῧ 6Њפּ ȴYang et al. (2013)― Ṽ ᾼЛ֝ ᴥи

ᵂ3 Ȳиᵑ╥в ὑҵ ᶮ20∟כЊ в ậ҅ᾼẕ₤ᾼERCȳ

═20Њ ѿϱ(ӂᶁ31Њ )ᾼCEM (Concentric Eyewall Maintained)ȳҵ ᶮכ

∟20Њ вᴞᴩ и ᾼNRC (No Replacement Cycle)ȴ 

1.1.3 ⇔ оׁשṅ֫  

  ӭ› ֵ ⇔и ֵ╥ ӣ ☼ Є═ (Maximum 

Sustained Wind, Vmax) ᵂⱢ ⇔ ҒᾼṼ ȲẂּֽר Мї Ӕ

ṿӣᾼ―╥ Ṽ-ṟ и (Saffir-Simpson Hurricane Scale, SSHS)ȲẔԚצ

0ᴟ 5Ԛ 6 ȴSchubert et al. (1999)ɔӣ ⇔ ᾼ Ȳ ӱ ᶶ

(Rapid Intensification) Ҡѿ ֪ὑ ⇔ ֪Ӕ Л ứ ֥ᶮֵכṔᶮ

(Polygonal) Ȳԛ כ֥ ᶮ(Monopole) Мѐ⇔ᾼ Ȳֽ 1-3Ȳ
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ױ Ὠ╥צ ќ═ᾼȲֽ Kossin and Schubert (2001; 2004)Ȳ 1-4 ӱ֯

ᶶ М ⇔ᴿѾ᷊ Њ Є═ ȳ ҒМї ᾼғ Ȳ2῏

о֯ ϱϷ‍ …( 1-5)Ȳ֪ױ Ӵѿ Є═ ἨМї

ᵂ ⇔╓ ṳ‍ ҉иȴ 

  Maclay et al. (2008)ѿ2004דCharley ế2005דWilma Пѩ Ẃ(

1-6)Ȳ2 ῏ꞋⱢ– ᴵ ṭ ᾼא Ȳ2 ῏ᾼ VmaxדҟЛ Ȳᵀ Wilma ᾼ

Vmaxҙ Charley ᾼ ѾЄϱ 10 Ȳ֪ױ Єᾼ ☼ ᴵא כ

ᾼḳ ╥ᾌцד Є ц ḆⱢ ȲϷԛװ ὙḟứϚ П ⇔

Є═ Ɫᴕ ҵȲӼ Ẕ Є═ Ἤ֯ҙ ȳ ⇔Ἠᶇ⇔

ϱ ȲѠ ḆֵѠᴯᵒ Пɦ ⇔ɧếἬἋᴼᾼ ḳ ⇔ȴKantha (2008)

ế Powell and Reinhold (2007)Ꞌ ҏ и ӣѩ SSHSᴕ Ḇ҉иᾼ╓ Ȳ

Kantha∂ Ϛ Ӿ֮ ⇔и Ȳᴕ ⇔ ϩᾼ ϩП

…ȲֽױϚẃ Ϡ ЬҠѿ Ӵ’ ϯẃȲᴖѹ ЄЊϷҠ

ѿ Ϥᵒ ⇔ᾼ֪ ПϚȲPowell and Reinhold⁄∂ ☼МїϚứҙ в

(ѿϯ , K)Ҡѿ ᵂᵒ ☼ ἤ ϩᾼ ȴ 

  Ooyama (1969)כғ֮ӣ ᾼ ȳ ϩ ⇔ ӂ Ϯ ה

ҏ ӢỄ ( 1-7)Ȳ ẔϚẕ₤ᾼ М Мї֢ҙ в

ᾼ оȲҠѿכҏ Ӕ֯ ֢ҙ в ᶁ֯ ҒȲᴖכ ∟ Ὼ

Мї 100ᴟ 200 kmв K Ở Ғꜙᴟ юȲ Мї 1000 kmв K ⁄╥≡

ҒȲӦὑ ☼ דӂѠӔכ Ȳ╝ҙ в ― ᵧ כ ∟

☼֣ҵЄ ᾼ ᶮȴ ֝ ẁ ☼ ☼Ὲ М иӁᾼ

ȲMaclay et al. (2008)ѿ ᴟד1995 ◦Єᴫ◦ếὧыӂד2005

ϱ ӢỄ МȲ Мїҙ 200 kmв K ᵂ ȳVmaxᵂ ᾼϡכ֥ ᴯד

(K-Vmax Diagram)Ȳ ױ ᾼ Ṿ פ Ȳֽ 1-8Ȳ ҏϚ ֽ SSHS 6

ᾼ и (Kinetic Energy Hurricane Scale, KEHS)Ȳԛ Ӵҏẃὑדᴯ
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М ᾼ Є═ ӣϱ SSHSȲ―ᶮכϡ и ֽ 1-9Ȳḕ ẞ

Ϛ ц Є и Ȳ╝ ᴟẔ Є ⇔ ȲἬ ᾼ Є

Њ Ḇצ ϚḔᾼ ἘȲḆ ֯ᾼ ἤȴ 

  Musgrave et al. (2012) Ooyama Ὠᵓӣ K-Vmax Џẓᵂ Ȳ ẞϚ

ẕ₤ ῴӢẞ כ М ᾼפ ṛ Ȳ K-Vmax ѩ щѝכ ϱ

ᾼ (Hertzsprung-Russel Diagram)Ȳ 1-10ϱЛ֝ иᵑҠ ẞЛ֝

₤ᾼ ȲҫӼ ӱҏ ⇔ צ оᾼ цẔ∟ Ҡ

Ӣᾼ П K-Vmaxפ ȴMaclay et al. (2008) ӢỄ М

ᾼ Kô-Vmaxפ ȲKôⱢ Ȳv Vmaxϯ ӂᶁ ᾼ Ȳ

ֵ Ӣ ᶮכᾼ ȲẔפ ῶ ҏ█ϚỆứ Ϛ Л֝Ȳ

╝ϷҠѿ Kô-Vmax Ϡ МKế Vmax Ϛ ᾼ Ȳֽ 1-11ȴ

CEᶮכц ERCצҠ ╥ ᾼ כ ạПϚȲֽ Sitkowski et al. (2011) Ὑ

ḕϚװ ERC∟ ᾼ ѩ Ԓᾼв ҙ ЄȲMaclay et al. (2008)⁄ Ὑ

ЛϚứ Є═ ╥ ҒᾼȲᵀ֯ ѐЉꞋכצ ȴ 

  Yang et al. (2013)ׁשṅМᵓӣ ᾌ ╦ ‐⇔ ⇔(Cloud-Top Brightness 

Temperature, TB) T-Vmax ȲT҅ῶ ☼ ⇔(Convective Activity, CA)Ȳ Ҡ

ѿ ẞ ᴿ K-Vmax ᾼ ὨȲϚ ӢỄ М ⇔ ֢ᴞ   ᶮȲ

ẁ ⇔ ᵂ ᴕȴ 

1.2 ᴫҖыӂ◦  

  Ӑׁשṅ ὑֵװіӣ›ϢᾼׁשṅСѿ҅ ȸ (2012) Ђ ѝῶӱⱢ

(12)ȲYang et al. (2013)ῶӱⱢY(13)ȲYang et al. (2014): Long-Lived Concentric 

Eyewalls in Typhoon Soulik (2013)ῶӱⱢY(14)SȲYang et al. (2014): Relationship 

between Concentric Eyewalls Typhoons and ENSO in the Western North Pacific Basin

ῶӱⱢY(14)Eȴ 
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1.2.1  

  (12)ȳY(13)Ἠ Y(14)Eѿⅎ Ѡᾎᵒ ᴟד1997 צWNPἬד(2012)2011

⇔ Ἠ ᾼ TCȲ Мצ 77(84) ╥ӢỄ Ӣכ ᾼ

(CE TC)ȷצṷ TC ֯ӢỄ М ᶮכ ȲἬѿԚצ 95(105)

(CE)Ҡẁ Ȳל ắ ֮ ᾼ ϯ 70(76) ȴ 

1.2.1.1  

  ֯WNPϱᴩ ᾼ иᵑṼ Л֝(1)ủ ȳ(2)ENSOᾭ ȳ

(3) ᴩ ȴ 

רּ   ◦ Є ᶝ(National Oceanic and Atmospheric Administration, 

NOAA) ϯᾼ Мї(Climate Prediction Center, CPC)ậ Niño 3.4

(5
Ǔ
N-5

Ǔ
S, 120

Ǔ
W-170

Ǔ
W) ◦ ╓ (Oceanic Niño Index, ONI)Ȳֽ 1-12Ȳ

ṳѹ Y(13)ᾼ Џᵂ ONI 3 ѣ ӂᶁЄὑ ὑ+0.5
o
C Ɫ (Warm 

Episode)ȳЊὑ ὑ-0.5
o
C Ɫᵐ (Cold Episode)ȳЮὑМ ⁄ⱢӔ (Normal 

Episode)Ȳṿӣӂᶁ ONIѿ― ѣ Є ד WNP TCᾼ ȴ CE

֯Л֝ủ ᶮכ›∟ 24Њ ᾼᴯ ⇔иӁ ( 1-13)ȲԚи 4ѣᴟ 6ѣ

Ɫ╡ủȳ7ѣᴟ 9ѣⱢ ủȳ10ѣᴟ 12ѣⱢҍủȲ ủ CE ᶮכᾼ ⇔

⇔ ЄȲ֯ 150
Ǔ
EѿὧЬצ Д CE Ȳҫҵ֯╡ּו 2ủ Ȳ ᶮכ

ᾼӂᶁ ⇔ ᵅȲ ủ⁄ᶮכᾼӂᶁ ⇔ ȴ 

  CE ֯Л֝ ENSOᾭ ϯᶮכᾼ ⇔ ( 1-14)Ȳ CE ᶮ

ᾼכ ⇔ ⇔Ϸ ЄȲ ֯ El Niñoᾭ ϯȲыӂ◦ὧ Ѭד ѩӔ

ếᵐ Ȳ֪צױ ֵᾼ ᶮכ ᾼ Ἠ╥ Ȳᴖ צ ֵ

ᾼ ᶮכὑὧ ȴ 

  Л֝ CE ᶮכᾼ ⇔ ( 1-15)ȲCEM ֵ М֯WNPᴫ

ᶮ140)כ
Ǔ
Eѿᴫ)Ȳֽῶ 1-1Ȳ֣Җᾼ ⇔╥ 3 ₤М ЊᾼȷNRC ѩ
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Ẕһ ₤ ὔ֯ ⇔ᶮ18)כ
Ǔ
NѿҖ)Ȳ֣Җ ⇔ ЄȴҠ ֪Ɫ CEM֯

ϱӢ׀  Ȳ ṿ ⇔ӂᶁ ȲᴖЄ и NRCҠ ὔắẞЄ

ᾼ₣᾿ йἨ╥ ᵅᾼ SST ȴ 

1.2.1.2  

  ֯ WNPϱ иᵑ┬(1)דиȳ(2)ѣиȳ(3)ӢỄ

Ἤ Є ⇔ȳ(4)Ӣכ CE ᾼ ⇔ȳ(5)CE═ (Duration Time) ᴩ

ѿ CEᾼᶮכ ȴ 

  ᾼד о( 1-16)Ȳ Ӣ֯ᵐ ᾼ

юȲ ֵӢכὑӔ (ֽ ד2003 ⱢװȳẔ(ד2005 (ֽ ȳד1997

ד2002 ȴῶ(ד2004 1-2 ӱ ȳᵐ Ӕ ᾼἬצѣи ӭȳ

ȳ ȳ ȳѿцӢכѩẂȲל ḥצ Ӣכᾼ 1

ѣᴟ 3 ѣ Ȳ Ӣѣиᾼֵ Ṽᶧ╥Ӕ ֵὑᵐ ȳԛֵὑ Ȳᵀ╥

ḕ ᶮכⱢ ᾼѩẂ Ȳḕ ѣиӢכ ȳ ế

ᾼѩẂ ȴҠ ֪Ɫ WNPὧ SST Ẕһ Ȳ ᾼ

ѣиȳӢכ ᾼ юȲ⁯Ьצ ѩẂᾼ Ӣכ ếᶮכ ȴ

Y(14)E ӂᶁד ONIиᵑế Cat. 1ᴟ Cat. 5 TC ӭȳCat.4ᴟ Cat. 5 TC ӭȳ

CE ӭȳCE TC ӭᵂד ἤиέȲ ӂᶁ ONI ԓ ⇔ TC ӭᾼד

ἤЛ Ȳ CE Ἠ ᾼ TC ӭד ἤ Ȳᴖӂᶁ ONI CE TC ӭП

ד … (Coefficient of Correlation)╥ ᾼ 0.72 ( 1-17)ȴ 

  ᾼѣ о( 1-18)Ȳ֯ 7ѣᴟ 10ѣП ᶮכ ᾼ

ֵȲѹ ֵѣи Ӣכ ⇔֯ Cat. 4ế Cat. 5ᾼѩẂ 50%ȴЛ

╥ (Cat. 4ᴟ Cat. 5)Ἠ (Cat. 2ᴟ Cat. 3)ᾼ Ȳɲ כ ⇔ ѣиӂᶁ

⇔֯ 7ѣᴟ 9ѣ Ȳᴖ֯ 5ѣᴟ 9ѣП Ȳ ᾼ Ӣכ ⇔ѩ Ȳ

Ҡ ӦὑМ ⇔ Ṇ ֯ ᾼ М᷊ ϚứṔᴥȴ 
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  ┬ Л֝ӢỄ Є ⇔ᾼ ( 1-19(a))Ȳ֯ ד(16)15 Ԛ

צ 347(372) Ȳ М 77(84) ȳЄּפ Ɫכ22% Ȳ Мϭּצפ 85%

ӢỄ Є ⇔ ẞCat. 4ѿϱȲиᵑ╥ 34(37) ẞCat. 4ȳ32(34) ẞCat. 5Ȳ

ЊҠᶮכ ᾼ ⇔Ɫ Cat. 2ȲᴖѹӢỄ Є ⇔ ЄȲכⱢ ᾼ

ѩẂ Єȴ 

  ┬ Л֝Ӣכ CE ⇔ᾼ ( 1-19(b))Ȳ ӱ

Ҡѿ֢֯ Л֝ᾼ ⇔ϯӢכȲӦὑ и ֯ӢỄ צ 2 ѿϱװ

ӢכȲ֯ ד(16)15 Ԛצ 95(105) Ȳ Мּצפ 62%ᾼ ֯ Cat. 4

ѿϱᶮכȲױᴍиѩѩ 4-5ᵅȲ ӱ ЛӇ ӢכὑӢỄ Є ⇔Ȳ

ϭ ЊҠᶮכ ᾼ ⇔Ɫ Cat. 1ȴѿϱ Ӣכ ᾼ Ὠ Kossin 

and Sitkowski (2009) Єᴫ◦ᾼ ◦ᴿȸЄᴫד 7ѣᴟ 9ѣ ὔҏ

Ȳּפ 1/3ᾼ ֯ӢỄ ӢכᴟюϚװ ȲẔМּפ 70% ЄӢ

Ễ ⇔ ֯ Cat. 3ᴟ Cat. 5ȴ 

  ┬ Л֝═ ᾼ ( 1-20)Ȳ16ד WNPἬצ

צפּ 53%═ ֯ 0Њ ᴟ 10Њ П Ȳᴖ═ 30Њ ᾼѩ

Ẃ⁄צ 10%Ȳ═ Ȳ ᾼѩẂ ЄȴY(14)E ENSOᾭ

Ɫ ᾼWNPȲӦὑ ὑד ṏֻᾼ Ȳ╝ѩ ὔҏ  

ӢỄ ѿцϚ װֵ ᾼ ȴ 

1.2.2 ⇔ о  

ṅשׁ(12)   WNP ᾼ ⇔ оȲѿ CEᶮכ›∟ 60Њ ⇔(V)ế

оȳ оᾼװ֪ ⇔(V*)ᾼ ᶧԝ ᴩ Ȳ ‍ (non-CE, NCE)

ѩ Ȳ‍ ⁄╥ậӢỄ Є ⇔›∟ 60Њ ⇔ ᶧԝȴ֯WNP

ϱ ⇔ о иᵑ (1)Cat. 4ᴟ Cat. 5ȳCat. 2ᴟ Cat. 3ȳ ȳ‍

ӻϿ Ȳ(2)Л֝ ENSOᾭ Ȳ(3)Л֝ CE ᴩ ȴ 
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  Cat. 4ᴟ Cat. 5ȳCat. 2ᴟ Cat. 3ȳ ȳ‍ ⇔ оᾼӻ

Ͽ ( 1-21)Ȳ ‍ ѩȲד ═ Є ⇔ᾼ ד  Ȳ

CEᶮכ›∟ ⇔ о Њᴖ‍ᶶ Ȳᴖϭ ᾼ CEᶮכ›∟ ⇔

о Ѿ ═ϚứȲѩ ᾼ CEᶮכ∟ ⇔ ȳ Ḇ ȴ 

  Emanuel (2000) ҏᴫҖыӂ◦ 73 ȳЄᴫ◦ 56 ế ᵂ Ȳ

ᵓӣ JTWCц NHCᾼ Best Track иέẒЄ◦ ᾼ ⇔ оȲ ᾼ

ԈԒ ắ ֮ ᵐ Ѭ ᾼ Ȳԛ῏ ӢỄ МȲ ẞ

Ϛװ ›∟ 3щȲẔ ϱ Potential VmaxᵅὑӢ  ῏ȲẔׁשṅ

ӱᴫҖЄӂ◦ Ӣ  ⇔ӂᶁѩЄᴫ◦ פּ 3m-s
-1Ȳᴖѿ 0Њ

ᵂ оᾼᵧ Ȳ⁄╥ẒЄ◦ᾼ ⇔ о₤ ⱢדᴿȲ ẞ

›ȳ∟ᾼ о иᵑⱢḕѡ 0.32ȳḕѡ 0.14ȴKnaff et al. (2003)

⁄╥ г Єᴫ◦ᶁл (Annular) Ȳ ҏ ֯ ᾼ ◕ ⇔

о Ɫ ȴ (12) ϱ EmanuelᾼЄᴫ◦ (EA)ȳыӂ◦ (EW)ế Knaff 

et al.ᾼ (AH) ὨȲ WNP 15דᾼ ȳ‍

֥Ẇ ᴩ ѩװ֪ ( 1-22)Ȳ ‍ ӂᶁ פ⇔ (WNPAC non-CE)

EWפ ₤ ᴿȴ 

  ֯Л֝ ENSOᾭ ϯᾼ ⇔ о( 1-23)Ȳ Ӣכᾼ

Ҝפּ ᾼ 41%Ȳӂᶁ ⇔ ȲӔ Ӣכᾼ Ҝפּ ᾼ 42%Ȳ

֯ CEᶮכᾼ ⇔Ҭѩ Є 0.5 ms
-1Ȳᵀ╥ ֯Ẕһ ⇔ѩӔ

ЄȲᴖѹ֯ Ӣכᾼ ⇔ о֯ CEᶮכ ›∟ ѩ Њȳ

═Ẕ ⇔ȷᵐ Ӣכᾼ Ҝפּ ᾼ 17%ȲẔӂᶁ ⇔ Ȳѹ

⇔ о֯ CEᶮכ ›∟ ѩ Єȳ Л ═Ẕ ⇔ȴ 

  Sitkowski et al. (2011) ẞ ᾼ ⇔ оצ−Єᾼ ⇔ȲЛ֝CE

ᾼ ⇔ о( 1-24)ȲERC Ҝפּ ᾼ53%ȲCEMּפҜ23%ȲᴖNRC

Ҝ24%ȲẔCEMפּ ᾼӂᶁ ⇔Л ֯CEɲ Ἠ∟Ȳ‹כ Ὑ ѩẔһ ₤
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ȲṳѹẔ ⇔֯CEɲ ∟כ Ἠ 24Њפּ═ ȷERCếNRC ֯CE

ᶮכ›ӂᶁ ⇔ о ᴿȲᴖNRC֯CEɲ ᶶ∟כ ȲERCếNRC ֯CEɲ

48Њ∟כ ҿҢ ԛצ ᾼ ȴ 

1.2.3  

ṅWNPשׁ(12)   ᾼ Ȳиᵑ (1)в ҙ (r0)ȳmoat ⇔(d0)ȳ

ҵ ⇔(w0) CEᶮכ ⇔(Vmax)ᾼ …Ȳ(2)Л֝ ENSOᾭ Ȳ(3)Л֝ CE

ᴩ Ȳԛѿ T-Vmax ᵧ ⇔ ᾼ ȴ 

  в ҙ (r0)ȳmoat ⇔(d0)ȳҵ ⇔(w0) CEᶮכ ⇔

(Vmax)ᾼ …( 1-25)Ȳr0ȳd0 w0ἒױП ╥Ӕד Ȳ Мѿ d0 w0ד ἤ

ֻȲḟứ… (Coefficient of Determination, R
2
)Ɫ 0.55Ȳϭ 3 ӱ

ᾼ Vmax ᾼ … Ɫ ד Ȳד ἤЛṾȲῶӱѩ ᾼ Ȳ

ѐЉӂᶁ ЊȲѩ ᾼ ȲӂᶁѐЉ Єȴ 

  ֯Л֝ ENSOᾭ ϯᾼ ( 1-26)Ȳ֯ ᾼ ӂ

ᶁ moat ⇔ȳҵ ⇔ ⇔ Ẕһ 2 ᾭ ЄȲӔ ᾼв ҙ ȳ

moat ⇔ ҵ ⇔ ᵐ Єȴ 

  Л֝ CE ᾼ ( 1-27)Ȳҵ ⇔ ѩ moat ⇔ Ȳ

Ἤצᾼ CEM ӂᶁ moat ⇔ȳҵ ⇔ ⇔ ЄȲᴖ ERCȳNRC

moat ⇔ȳҵ ⇔ ӂᶁ ⇔⁄ЄЊד ѩ ЊȲӂᶁᴖṕȲCEM

moat ⇔ếҵ ⇔Єּפѩ ERCế NRCЄ 50%ȲCEM ṷ Ӕ

ᵓὑẔצ╥ П ═ȴRozoff et al. (2006) ҏ ᾼ Vmaxҙ ҵ ᶶ

ᾭо (Rapid Filamentation Zone)Ȳᶶ ᾭо ╥╓ ᾭо ѩ ☼

ѐ⇔(ּפ 30и ) Ȳ֪ᴖӦἮᴼᵂӣѻ ᾼ ȲẔᵂӣҠ ֽ֝ϯḛ

ᵂӣȲ moatᶮכế צ═ ȲKuo et al. (2012)ɔ ӣ ד2008 Sinlaku

Ȳ ᾭо ϩҠ ὑḀạ ☼ế ҵ ​ − ȴ 1-28
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ⱢἬצ ȳERCȳCEMế NRC ╦ ᾼ оװ֪ moat ⇔ѿц ֪

оװ ᾭо ⇔ … Ȳ3 CEᾼ ᾭо ⇔ꞋҜ moat ⇔ ⇔ 50%ѿ

ϱᾼѩẂȲᵀṳЛ҅ῶϯḛᵂӣ ὑ moatᾼ ѩ ᾭо ϩЛ Ȳᴖ╥֯

ᾼ МȲϯḛᵂӣ ֪Ɫ ☼ ứ⇔ᴖ ᶝ ֯ ☼ Ȳṳ‍ᶁлиӁὑ

moat (Schubert et al. (2007))ȴ 

  ѿ T-Vmax ᵧ Л֝ CE ⇔ ᾼ ( 1-29)ȲT╓ᾼ

╥ ‐⇔ ⇔ ￼ П ȲT Єῶӱ ☼ ⇔Ἠ╥ ☼ᾼ

Єȴ WNPԚד16 38 ȳ51 Ӕ ȳ16 ᵐ Пӂᶁ T-Vmax

ȲҠѿכẞ ᾼӂᶁ CA ế Vmax ⇔ѩẔһ 2 ᾭ Њȴ 15(16)

Ԛד 9 Cat. 4ᴟ Cat. 5ᾼ NCEȳ37(39) ERCȳ16(18) CEMȳ17(19) NRC

Пӂᶁ T-Vmax ȲҠѿכẞ‍ ӂᶁ ᶮ╥ ȷצӢכ

ᾼ ERCế NRC ӂᶁפ ṛ֣иᵑ╥ ế Ȳ2῏ӢỄ

Є ⇔ Ӕֻ╥ CEᶮכП ȲERC CEᶮכ∟ᾼ CA ᶮכ›ЄȲדч

֮ NRC CEᶮכ∟ᾼ CA ᶮכ›ЄȷCEM ӂᶁ T-Vmaxפ ╥

ȲẔᶮכ CE∟ȲVmaxế CA Ҡѿԛ ҒϚ◕ (12ᴟ 24Њ )И Њȴ

‍ T-Vmaxפ Ὑצ ᵑȲ╝ T-Vmax ╥Ҡѿӣẃ

Л֝ ӢỄ М ⇔ оᾼЏẓПϚȴ 

ṅשׁ 1.3 ӭᾼ 

  ֯ Hawkins and Helveston (2004) ҏȲ ᾼ (120 kts) ҏ

ᾼѩẂȲѿᴫҖыӂ◦ 80% ȲẔһṼᶧ╥ὧыӂ◦ 60%ȳЄᴫ◦ 40%ȳ⁮ҙ

30%( 1-30)ȲHawkins et al. (2006)ׁשṅМ цᴫҖыӂ◦ϱ ᾼ

ѐЉ ѩЄᴫ◦ϱᾼЄȴ в Ȳ Ὼ ֮ Ҡѿ ᵗ Ȳ

ᴖ֯ ◦ϱᾼ ╥ ⇔ѥ ᾼȲ֯◦ ϱ иȲѩẂ ᾼᴫҖыӂ

◦ϱנБ ѦẂᴩἤ Ȳ֯Єᴫ◦ϱצ ᾼ ᴩȲЛ ṳЛϚ
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ứ ֮ ᾼ ὁ (ֽ )Ȳ֪ױ ⇔ȳ   оЬצ

ϚḔ Ὲ ȴ ╦ צ и Ȳᵀ ֯ Бכ

ⱢҠ֝ ֢Є◦ϱ Ṇ ᾼ ᵗЏẓПϚȲϭ K-Vmax ╥Ϛ ӣ ᾼ

Ṕ⇔ ◦Єᴫכ ɦҔᵶѐЉЄЊ Ἐᾼ ⇔ɧᾼЏẓȲ֯ᴫҖыӂ◦ϱϷБ

צ T-Vmax ᷊ כ ɦҔᵶ ☼ Ἐᾼ ⇔ɧᾼṔᴥȴ 

  ᴂ (2007) Ђ ѝ ᴟד1997 ◦ҖЄᴫד2005 119 TCѿѻ Ѡה

ᵒ ҏ ȲἬѿӐׁשṅ ѻ ԓ ᾼ TB ᾌ ╦

ҏ Ȳⅎ ứ ҏҖЄᴫ◦П Ȳ Ӣכ ӭ ֵᾼWNP

NATL ᾼ ȲϚѠ ѩ ẒЄ◦Ὼ פּ ᾼד16 ȲϚѠ ӣ TBцẔ

Ἃᴼᾼ T-Vmax ֯ẒЄ◦ϱѩ ⇔ ϱᾼ ֝ȷ ѿϱ ◦

ϩ Ȳ ◦ ᾼ …ȴ 

1.4 ѝ▐  

  ϡ ԒЮ ӐׁשṅМṿӣᾼ ἤἨ҅ῶ Ȳ ╥ ὑ ‐⇔

⇔ȳ М Ѭᵶ ȳϱ ◦ ϩ ᾼ ȳ ӣѠᾎȷ Ϯ ⁄ᵧ

ᴫҖыӂ◦ ӣϱ ᾼиέ ᶮȷ ϚḔ ҖЄᴫ◦ếᴫҖ

ыӂ◦ϱ ѿц ⇔ оП ֝ѩ ᾼ и ὑ

ҳ ȷ ∟ Х ╥ԓѝ ȴ
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ϡ  Ὑ Ѡᾎ 

רּ   ὑ1987ד Ѧ ᴫҖыӂ◦ Ẃᴩἤᾼ Ȳ ѿ

╦ ȴ Ҡѿ ẞ ᾼ ☼ ȲẂֽKnapp et al. 

(2013)ṿӣInternational Best Track Archive for Climate Stewardship (IBTrACS)ẁ

ᾼ ʟ цה… ᴷ ᾼ Є═ Ȳ צ Ҡѿ᾿

֢ҙ ѿвᾼ Ȳ ѩ ֢ П Ҡѿ П ד Ἠ╥

☼ѐЉЄЊȴ ᴖ ╦ ⁯ ᾎ ẁ ᾼ Ȳὑ╥Ӑׁשṅ ᴕṳἋ

Kuo et al. (2009)ȳYang et al. (2013)ᾼׁשṅȲ ‐⇔ ⇔ М

Ѭᵶ ╦ ₇ᵂⱢ ⇔ оП ҅ЏẓȲṳ ╦ ч

◦ ϩ ◦ ᾼ ȴ 

2.1 ẃ  

2.1.1 ‐⇔ ⇔ 

  Special Sensor Microwave/Imager (SSM/I)ế Special Sensor Microwave Imager 

Sounder (SSMIS)╥ ד1987 ֯ NOAA ᾼ Defense Meteorological Satellite Program 

(DMSP) ϯ ὑ ╦ϱᾼ ᾌ ȲTRMM Microwave Imager 

(TMI)╥ ​ ԉ (Tropical Rainfall Measuring Mission, TRMM)▐ ᵅ

Ṕ ╦ϱᾼ ᾌ ȴ רּ ⅍ (Navy Research Laboratory, 

NRL)Ҡѿ᾿ ϯ F11ȳF13ȳF14ȳF15 ֵ ╦ϱ SSM/I TMIȲ ן

ᾌ Ἤ ᾼᴫҖыӂ◦ 85GHz ᾌ ╦ ȴϯ Ɫ NRL, 

Marine Meteorology Division in Monterey, California ᾼ Tropical Cyclone Ȳᵛ

http://www.nrlmry.navy.mil/tc_pages/tc_home.htmlȴ 

  Ӧ Farrar and Smith (1992)ȳKummerow et al. (1998)ȳHawkins et al. (2011)ᾼ
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Ю Ȳ ᾌ ῶҠ῀ SSM/Iᾼ έ⇔ 12.5 kmẞ

50 kmȲ 19.35GHzẞ 85.5GHzȲ Ɫ 1394 kmȲᴖ TMI ᾼ έ⇔

5 kmẞ 37 kmȲ 10.65GHzẞ 85.5GHzȲ Ɫ 759 kmȲἬѿ

έ⇔ѩ SSM/IḆṾȴSpencer et al. (1989) 19.35GHzȳ37GHzȳ85.5GHz 

3 Л֝ ᾌ МȲѬ֯ דếỆד ᾓϯᾼ ᵮן… ц … Ȳ

ᾼѬד ὑᵅ ᾌѻ ᴩᵮןᵂӣȳ ᾌ⁄ ᵮןế ȲỆדᾼ

Ѭ ὑ ᾌ Ѿѿ ⱢѻȲṳѹᵮןц ᾌ ế ​ ᴖ

ҒȲ Ἠ ​ Є ȲỆדᾼѬ ᾌ Ὑ Ғȴὑ╥ ◦

ᾼ Ἠ ​ ☼ Ȳ(1) Ԓ Мᵅ Ѭ ᵮן

ԛ Ἠ Ȳ(2)ԛᴟ Ԝ Ȳ(3) ∟ ╦ ᾼן ׀

ᵛҠ Ɫ ‐⇔ ⇔Ȳ ᾼ׀ юȳ‐⇔ ⇔ ᵅȲֽ 2-1ȴҫҵӦὑ

ᾼ ן (Footprint) ЊȲֽῶ 2-1ȳῶ 2-2Ȳ╝ ӣ έ⇔

ѹ ὔ Ԝ ᾼ 85.5GHz ᾌ Ґ ☼ ᾼ҅ῶἤȴ 

  SSM/Iᾼ ᾌ ᴞ ד1997 Ở ẁȲṳ ᴟד2003 ד2009 ẞ SSMIS

═ ᴟЭȲ֯‐⇔ ⇔ᾼᴥ ϱȲNRL Ӽ ẁ ‐⇔ ⇔ᾼᾪӐȲѿᵓ

ӑ ᾼ ☼ȴTMI ⁄╥ ῏ᴟЭȲ2ד1998 ẁᾼ ᾌ ╦

╥ ҭ ϵᾼȲӐׁשṅМ֝ ṿӣ SSM/Iц TMI Ҡ Ғ έ⇔Ȳ ᵒ

ᶮכ ȴ 

2.1.2 М Ѭᵶ  

  Ѭᵶ (Liquid Water Content, LWC)╥╓ ᴯ Ἠ Ὲ МἬᵶᾼ

Ѭ Ȳ ᴯⱢ g-m
-3Ἠ g-kg

-1Ȳ Ѭ (Liquid Water Path)⁄Ɫ Ѭᵶ

֯ ϱᾼ иȲ ᴯⱢ g-m
-3Ἠ mmȴRosenfeld and Lensky (1998)Ὑֽϯȸ

(1) ὒ ᾼᾼ ☼ П LWCҠѿ╥ ᾭ LWCᾼ 10 ҿҢȷ(2)LWC ֪Ɫ

Ἁ ⇔ế֯ Мᾼ ⇔ ᴖ Єȷ(3)֯ МЛ֝ ֽ о ȳ ​
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ᾼ LWC Л ȴ֝ NASA MEaSUREs ӣ Remote Sensing Systems (RSS) 

ד20 Ḃṏᾼ ᾎȲѿẓᾬ Ϛᾼч Ѡה ẁԓ ◦ϱᾼ ₇Ȳ

ԚצῺῶ 10еѐ (10-m Surface Wind Speed)ȳЄ ₣᾿▀в Ѭ ᵶ

(Columnar Atmospheric Water Vapor)ȳЄ ₣᾿▀в М Ѭᵶ (Columnar 

Cloud Liquid Water, CLW)ȳѿц Ѭ ​ (Rain Rate)ȴӐׁשṅ RSS

(ftp://ftp.remss.com/ssmi)ϯ ᴟד1997 ᾿₣֯ד2012 ϱ иᴖ ᾼ CLWȲv

Ҕᵶ F10ȳF11ȳF13ᴟ F15ϱХ▐ SSM/Iѿц F16ȳF17ϱẒ▐ SSMISὁ Ἤ

ᾼ ╦Ȳ╥ 0.25⇔Ė0.25⇔Ὲ έ⇔ȳϚѡ ԓ ԚẒװП ◦ϱᾼ

֮ Ȳѿḕ 0.01 ᴏᵂⱢ Ӑ ᴯȲצ -0.05 ᴏᴟ 2.45 ᴏȲῺ ֮

25 kmв ȴ ӭ› CLW( Ѭ)Ьὔ ​Ѭ Ȳᵀṿӣ CLWϚ צ ᴿ

TB ῶ ☼ᾼғ Ȳ Пҵױ Ҡѿ ☼Ể ᾭ Ṇ ҏ

Ѭᾼֵ циӁ ᶮȴ 

2.1.3 Ṿ  

  ӐׁשṅМᴫҖыӂ◦ Ṿ (Best Track) ᵫ ╥ ֥

Мї(Joint Typhoon Warning Center, JTWC)ậ ȲЄᴫ◦ Ṿ ╥Ӧ

Мї(National Hurricane Center, NHC)ậ ȴ ὑ ⇔ѿцᴯ ᾼ

иέȲᴞ 1900ȳ1930҅דиᵑҒϤ ѡ ֮ ȳ Ὲ

ӔПȲᴖ 1940ᴟ ҒϤ҅ד1980 Ȳ1950҅דᴟЭ⁄צ ѿ

Ӕ Ṿ Ȳ᾿ẞ ҅ד1970 Ғ ȳ ῶ ⇔иέѿ Ӕ

֯ ◦ϱ ᾼ ⇔Ȳ ӔЏᵂИ ѩ ԓ ȴ 

  ᴟЭ ᾼ ӔЏẓ ὑ ҒϤᾼ҅ד1960 ╦ ȲẔẃ צ

SSM/IȳQuikSCATȳMODIS Ȳᴖ ὑ ⇔ ӔᾼѠהѻ ╥ṿӣ

Dvorak (1975) ῶᾼ Dvorak Technique (DT)Ȳ ὑБ ứ╥ ᾼṆ ứ

Ẕ T number ế Current Intensity (C. I.) NumberȲḟứ T Number ᴕּמҵ ц
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Ҡṓԏ ╦ ( 2-2ȳ 2-3)Ȳиέ ᾼ₤ Ȳᵛᵒứḟứ ⇔ȳй

⇔ȳМї ☼ (CDO) ⇔ Мї (CF)Ἠҵ ​ (BF)ᾼ

DT ȳḟứ ⇔ᾼ E ȳḟứ Ể ☼ ⇔ᾼ EA Ȳᵓӣ DT

ế ҵמּ ῶѩ ∟ḟứᾼ PT Ȳ Ӕ ҟ ⇔

оᾼMET ȲИ╥ ∟ T Numberᾼ ₤ȲⱢϠ ю֪ ᴷ ᾭ

ᴖі Ἤ Ӕכᾼ C. I. Number╥ӭ›ḟứ ⇔ᾼ ╓ ȴ

Ҡᵓӣ …ῶ ҏ ῺМї Є═ ц ӂ ȲϷҠѿҵἋ

ӑẃᾼ ⇔ оȲЛ ѿϱϚṆԝ МȲ ֵḔ ϢⱢѻ ᾼᵒ

Ȳ Ӈ ẓ ҉Ṝᾼ И ҏצ ȳ ȳ Ὼᾼד ⇔ᴷ ȴ 

  ֯ Dvorak TechniqueП∟ Velden et al. (1998) שׁ Ḃṏכѿѻ ϢЏ Ϥ

Мїȳⅎ иέⱢ ᾼ Objective Dvorak Technique (ODT)ȲOlander 

et al. (2004) ᾼ╥ МїḔ ϷӦ ᴩᾼ Advanced objective Dvorak 

Technique (ADT)ȴ ậ ᾼּמҵ ᴞ ᵒ ⇔ѿиέ

⇔ȲODTҬ иέ ἨМ⇔ ѿϱ ⇔ᾼṆ Ȳᴖ ADT Ҡѿ

ᵅ ȳ Ἠ ⇔ ѿϱᾼṆ ȴ 

  ֯ Dvorak TechniqueФד ᵗϯȲṿ Best Track ḆҒ Ὼ

Ȳӭ› JTWCế NHC ὑ ế Ἤ Ӂᾼ Є и╥ḕ 6Њ

Ϛװᾼ Ȳᴖ NHC ֯ Ὼ ֮ ҒⱢḕ 3Њ ϚװȴӐׁשṅМ ậѿ

12Њ ᵂⱢиέ ᶮכц ᾼ ѐ⇔Ȳᴖ JTWCế NHCᾼ

έ⇔ иέЏᵂ╥Ṝױ ᾼȴ 

2.1.4 ◦ ϩ  

  ϱ ᴫҖыӂ◦ ⇔ Ἤӣᾼ╥ ȳ ◦ (Mooring)ȳ

AXBT (Airborne eXpendable Bathy Thermograph) ѠהȲᵀ ṷ Ἤ ὨП

Ὲ έ⇔ṳЛṜѿ҉ииέ ᾼ Ȳϭ ᾎ♆ ṅשׁ
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ҏ Ȳ╝ ậ Ἁϯ ◦ Ḇ╥ ϱҒ ȴὑ╥ ╦ᶾ ᾼ Ḕ

ṅשׁ ◦ ᾼ€ Ȳᵓӣ ה NOAA/AVHRR ҵמּ Ѭ ᶾ ч

ᴫҖыӂ◦ϱ ◦ ϩ ȲӦὑ ắẞ ᾼД Ȳϭ ᾎ

ἒױи Ȳ֯ Ἁד1997 ᾼᶾ П› ╥ϚЄᵺ ȴ 

  TRMMȳAMSR-E (Advanced Microwave Scanning Radiometer for the Earth 

Observing System)ỞᵓӣҠּז ᾼ ᾌ ╦ Ѭῶ ⇔Ȳѿ

ᴩᴶ оȲ RSS ϯ (ftp.ssmi.com)Ȳῶ 2-3 Ӑ

ṅἬṿӣПשׁ ╦ ẃ ȴPun et al. (2007)ѿӱ ҏ TLM_WNP 

(Two-Layer Method for the Western North Pacific) ᵂ Ȳֽ 2-4Ȳ Ѡᾎ

ṿӣ 0.25 kmĖ0.25 kmП έ⇔Ȳ ᾌ ╦ SSTȲTOPEXế JASONẒ

╦ Ѭ ⇔ ӂ (Sea Surface Height Anomaly, SSHA) Ȳ NOAA

שׁ ᾼẒ ◦ ϩ (Two-Layer Reduced Gravity Scheme)ה D20Ȳᴖ

D20Ϸ Ɫϱ ◦ᾼ⁴⇔Ȳ ᵓӣ D20ế ӂᶁ D20 D26ѩ Ҡѿ

ҏ D26Ȳϭᶮכ ẔМϚ ϩ ԈⱢ SST ὑ 26̆ ѿϱ(Palmen (1948), 

DeMaria and Kaplan (1994, 1999))ȲἬѿᴷ D26 ὑׁשṅ Ϛứᾼצ⇔

ἤȴᴖ ֥ ⁴⇔(Mixing Layer Depth, MLD)╥ẃᴞὑ NRL ẁᾼѣӂᶁ ȲҒ

Ϥ SSTế MLD ᾼ ṿ ᵧ ҏϱ Ѭ ⇔ ȲẂֽ ῶ 100еѐ

ӂᶁ (T100A)ȲӦὑ SST╥ẃᴞ ᾌ Ȳ╝ ᴩ ᾼ ◦ Ҡ

ѿЛắ ֵ Д ᴖ ậ ȴ 
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2.2 ╦ ᾼ  

2.2.1 ѿ ‐⇔ ⇔ᵒ  

  NRL ϯ ᾼ ᾌ ╦ ╥ѿ R(ּמ)ȳG( )ȳB( )Ϯ ᴥ כ 800Ė

800 ᾼ jpeg Ȳ ṷ ╥ᵓӣ Poe (1990) ẞᾼ Backus-Gilbert Theory

ᴖכᾼ έ⇔ Ȳᴖ Hawkins et al. (2004, 2006) ẞṿӣ ᾼ 85.5 GHz

Ḇṿ έ⇔ ẞ 1ᴟ 2 kmȲ֪ױ ֥ᵧ в ȴҫҵӦ

ὑ ╦ᾼᴩ ⇔(Swath Width)ѩ ЊȲ Ϛщֵװ ֝Ϛ

ᾼ┴ ȲЬҠ ֯ԓ ֮ ϱ█ṷ Ἤצ Ȳᴖ ᾼ и⁄Ӧ

ῺᾼҠṓԏἨּמҵ ֝Ḕ ╦ ẃ (Hawkins et al. 2001)ȴ Ϯ ᴥ

ѿḕ Ɫ ᴯ ᴥ Ɫ RȳGȳBПи ȲҠṓԏἨּמҵ ᾼ и╥

ᴊ ᴥ ȲẔ R G ȳB ȲҫҵӪᴥᾼ֝ד Ỵ ц ⇔ П RȳG

ế B ᶁⱢ 255Ȳ╝Ҡᵓӣ ṷ ἤ ϯ ᾼ МҠṓԏȳּמҵ ȳ Ỵ ц

⇔ ԓ ∟Ȳԛ RȳGȳB ḕ ᴥ ҏ֢ ד ᾼ TBȴ 

  TB ЊҠ ☼₣᾿ ☼ ֯Ϛ Ȳṿӣ Y(13)ᾼⅎ Ѡᾎᵒ

╥ᵡכӴȲ ᾌ ╦ ϱ Мїѿ JTWC ẁᾼМїⱢѻȲ

ϢⱢ Ȳ֪Ɫ JTWCἬ ẁᾼ╥ᵅ МїȲᴖ ╦Ἤὁ ᾼ⁄╥ М

їȲЛϚứ ᵅ ֯₣᾿ϱ ȴ Мї֣ҵ иᾼ 8 ѠᴯМȲӇ

☼ ȸ(1)צ moat Ȳᵛᵒứ 150 kmвᾼ֢ ѠᴯϱȲ╥ᵡӦв

ᴖҵ TBᵧ Њ - Є - Њ ПиӁȷ(2)צὙ moat Ȳᵛᵒứ TB Є

Ẓ Њ ╥ᵡ Єὑ ὑϚ Њ ᾼ ȷ(3)ҵ ☼ ȳ

⇔ Ȳᵛᵒ ҵ ᾼ TB╥ᵡᵅὑ 230Kȷ(4) о ⇔Ȳᵛᵒứ 8 ѠᴯМ

╥ᵡצ 5 Ѡᴯ Ṝѿϱ 3 Ԉȷ(5)ҵ ☼Ɫҵ ᴖ‍ ​ Ȳᵛ

ᵒứḕ БҠ ╥ ѠᴯМв ҵԉ2 ֣ Њ Њὑ50 kmȲ
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Ṝѿϱ 5 И ứ Ɫ ȴѿϱ (4) ᴕ оḔ ╥

5/8 Ȳѩ Hawkins et al. (2004)ᾼҙ Ȳֽ ὨḂӣḆ ᾼ 6/8 Ȳ

⁄ ᴟד1997 МҬד2011 צ 65 Ȳ ȳҠẁׁשṅᾼ

юȲ֪ױ ứ 5/8 ╥Ҡѿ҉Ṝ ạ ☼ ȲӼҠѿ҉צṜ

ѿ ᴩ ᾼ᷉ ȴ 

  ֯ 8 ѠᴯϱҠ֢ ҏ TB ֣ҵᾼ ȲⱢϠѠ― ậȲ ứⱢ

0 km Ở֣ҵᾼҙ Ȳ ứⱢ ᾼ TBѿ ẞ ☼ ⇔ ȳἬ TBפ

ᴯ ᾼ Ὠȴ ὑ כ ᾼ ȲҠ ϚḔ Ẕв ҙ ȳ

moat ⇔ ҵ ⇔(Kuo et al. (2009))Ȳ Y(13)֯ ᾌ ╦ ϱἬᵂứ Ȳ

Ӧ Мї֣ҵẞ в ‐⇔ ⇔ Њ (TB_inner)ᴯ ∟Ȳὂ TB = 0.5ůinner+ 

TB_innerᾼᴯ Ɫв ҙ (r0)ȷ r0 ֣ҵṼᶧ moatМ‐⇔ ⇔ Є ȳ

ҵ ‐⇔ ⇔ Њ (TB_outer)∟Ȳὂ TB = 0.5ůouter + TB_outerᾼᴯ ȲẔ r0ᾼ

Ɫmoat ⇔ȷ ∟ TBʿ0.5ůouter+ TB_outer֣ҵᴟ TB < 0.5ůouter + TB_outer

ᴯ ᾼ Ɫҵ ⇔ȴ ҏ Ṝϱ ◕ 5 Ԉ ᾼ r0ȳd0ế w0ṳӂ

ᶁПȲᵛҠӣ ṷ о ᾌ ╦ ϱᾼ ☼ЄЊȴ 

  Maclay et al. (2008)ѿ 200 kmҙ в иᾼ ᵂⱢ

⇔ ⇔ᾼЏẓȲ Musgrave et al. (2012)ӣᾼ 1000 kmҙ в ᴿѾ

И ҏϚ Ḇᶙ ᾼ ☼ Ể Ȳ ᴖ ЬצẔᶝ ἤȲ

╝ Y(13)ѿцӐׁשṅМ ὑ ‐⇔ ⇔ȲӾ Maclay et al. (2008) Мїѿҵ

  Ꞌ 400 kmᾼ ᶮ ᴩ Ȳ Ϡ ᾼWinnieד1997 ц Amber ֪Ẕҵ

Ἤ֯ҙ ‍ ЄȲṿӣ 600Ė600 km
2ᾼ ᶮПҵȲẔ Б Ṝ Є и

ᾼ ☼ȴד ὑ ȲӐׁשṅ ☼ ⇔Ȳᵛ ᶮв TBӂᶁ

› 5% ӂᶁП Ȳ › 5% ӂᶁ ᵂ╥ вᾼ￼ ‐⇔ ⇔

(4 )Ȳל ￼ ‐⇔ ⇔ᾼӭᾼ╥ ᵍЛ֝ ⇔ ῶ Л֝צ ᾌ Ἤ כ

ᾼ Ȳѿ ☼ ⇔ế Є═ ҏᾼדᴯ Ɫ T-Vmax ȴT = CA = |4ï4 |
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ᾼ Ѡה ḕ ╦ ϱᾼ ẞϚ 4ц CAȲ4 Њế CA

Є҅ῶ в ☼ ȲἨ ☼ᾼ ЄȴӐׁשṅ ‍

╚ ӢỄ Є ẘȳ ╚ ᶮכ ẘȲѿ 12Њ

Ɫ ȳ›∟ 48Њ ᾼ ᾌ ╦ ᵂⱢ ѻ ȴ 

2.2.2 М Ѭᵶ  

  RSS ϯ ᾼ ╦ ₇ȲⱢ ╦Ϛщиᵑ ϯ ◕(Descending 

Pass)ếϱс◕(Ascending Pass) Ẓװᾼԓ ֮ ֽ 2-5Ȳ╝֝Ϛ ֮

צ Ɫפּ 12Њ ᾼẒ ȲЛ ֝ ֪Ɫᴩ ⇔Њᾼ ╝Ȳ Ϛ ╦

ᾎ ҏᶙ ԓ Ȳ DMSPֵ ╦―ҠѿФד ҉ ᾼ

֣ȴӐׁשṅМѻ ѿ JTWC ẁᾼ МїⱢМїȲ  Ꞌ 400 km ᶮв ҏ

╦ ᾼ Ȳ╚ ếἬ ‐⇔ ⇔ ẘ Ὼᾼ М Ѭᵶ

Ȳṳ в М Ѭᵶ ӂᶁ(#,7)Ȳ#,7Є҅ῶ М₣᾿ ᾼ

Ѭᵶ ֵȲἨ╥₣᾿ ֵᾼ М Ѭᵶ ἬҜ Єȴ 

2.2.3 ◦ ϩ  

  Pun et al. (2007) TLM_WNPѠᾎ ҏᾼᴫҖыӂ◦װ ῶ ϩ

П ⇔ѿ᷄ҏ Ѡᾎ ӣᾼ ◦ ѣиȲᵓӣNOAA/GTSPP (In-situ) 

5ѣẞ10ѣדᴟ2005ד2002 ủ ᾼ ◦ ⇔ Ȳṳи4כ иᵑ

ȴṼ ᴫҖыӂ◦Л֝ ◦ иכᾼSNPG (Southern part of the North Pacific 

Gyre, 122
Ǔ
E-170

Ǔ
E, 9

Ǔ
N-18

Ǔ
N)ȳ ☼ ᾼSERZ (South Eddy-Rich Zone, 122

Ǔ
E-170

Ǔ
E, 

18
Ǔ
N-25

Ǔ
N)ế NERZ (North Eddy-Rich Zone, 140

Ǔ
E-170

Ǔ
E, 30

Ǔ
N-40

Ǔ
N)ȳ IERZ 

(Intermediatezone between the two Eddy-Rich Zones, 130
Ǔ
E-170

Ǔ
E, 25

Ǔ
N-30

Ǔ
N)Ȳ

ПSST Ὠדѩ Ȳӂᶁ (Difference)ế (Bias)ꞋЊὑ0.5̆ ᾼ
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ếѣиИ ӣȲ Ὠ ӱᴫҖыӂ◦⁮ SNPGếSERZᾼ5ѣẞ10ѣȳҖ IERZ

ếNERZᾼ7ѣẞ10ѣ╥ ⇔ ᾼ ѣи( 2-6)ȴ 

  Pun et al. (2007)ɔ ӣTLM_WNPѠᾎ ҏᾼ έ⇔ⱢḕщϚ Ȳ

Л ᾼ ѣи ∟Ȳѻ ӣJTWC ẁᾼ МїⱢМїȲ╚ ếἬ

‐⇔ ⇔ ẘ ᾼ ᴩ ᴯ Ȳᵛ╚ ‐⇔ ⇔ ѿḕ12Њ Ɫ

ȲᴖϚщᾼ ◦ ϩ Ҡѿ╚ҏ2 ᴩ ᴯ Ȳắ ὑ ᾼ έ

⇔Ȳᵧ ᾼ ᶧԝ ὨҠ ֣ӂ оȴӐׁשṅѿ  Ꞌ400 km ᶮв

вSSTȳT100AếUOHCПӂᶁȲ ◦ ⇔ ὑ ⇔

оП ᴶצ …ȴ
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Ϯ  ᴫҖыӂ◦ Пиέ 

3.1 ѿ‐⇔ ⇔иέ 

  ⱢϠ ᾎ Kô-Vmax ӱ ế Є═ ԓ ӂᶁ

ᾼ ȲӐׁשṅ ȹT-Vmax Ȳ ᴟד1997 צWNPἬד2012

ếẔһ Cat. 4ᴟ Cat. 5‍ ȲCEᶮכἨ ӢỄ Є ⇔›∟ 2щȲ

ḕ 12Њ ᾼ T VmaxȲϱ ԓ ᾼ ֯ 3-1ế 3-2 ѿ ᴥ ῶ

ӱȲ҅ῶ ӂᶁȲ Пϱ T ᾼ ӂ (ȹT)ⱢӔȲПϯ⁄Ɫ ȴѿϯ 2◕ и

ᵑ (1)Л֝ ENSOᾭ ȳ(2)Л֝ CE ᾼ ᴩ ѩ ȴ 

  ֽ 3-1Ȳ ᶮ їᾼ ӱ҅ῶ ȳӔ ếᵐ T Vmaxӂᶁᾼ

Ȳ ᶮ ӱϱ₣᾿ Ѭӂ ╥֢ᴞᾼ ȴ 38 ӂᶁ Vmax

ЄȳȹTⱢ Ȳῶӱыӂ◦ ֯ El Niño ᾭ ᾼ ☼ ⇔

ӂᶁᵅȲᵛ ד☼ Л Ἠ╥ ☼ᾼ Њȷ51 Ӕ ӂᶁ ȹT

ⱢӔȷ16 ᵐ ӂᶁȹT ѾⱢ Ȳῶыӂ◦ ֯ La Niña ᾭ

☼ ⇔ ӂᶁדῺȴ ☼ ⇔ ᵅȳӔ ☼ ⇔ ᾼ

Ҡ ֪Ȳ֪ⱢWNP ◦ ֝ᵅ Є ⇔ ╥ὧ ȳᴫ ᵐȲ

ӢכⱢ ᾼᴯ Ҡ ὧȲצ  ᾼ Ἠ Ҡẁ Ȳᵀ כ

ẞᴫ ᵅ Ҡ ╥  Ẕ ☼ ᾼ֪ ПϚȷᵐ WNPὧ ᵐȳᴫ

ȲҠ ӢכⱢ ᾼᴯ ᴫȲ כ ὔ ẞṏֻᾼ ☼

Ȳᵀ╥Ϸ ὔ ֮Ȳ╝ ӂᶁ ☼ ⇔ṳЛ ӂᶁ ȷӔ ᾼ

Ἠ ֪Ɫצ Мᾼ  ⇔Ȳᴩ ᴟᴫҖыӂ◦צ Мᾼ ṳ ֥

כ ᾼ ⇔ȲἬѿ ӂᶁ ☼ ⇔ѩ ӂᶁ ȴ 

  ֽ 3-2Ȳ ᶮ їᾼ ӱ҅ῶ ERCȳCEMế NRC T Vmaxӂᶁᾼ

Ȳ ᶮ ӱϱ₣᾿ Ѭӂ ⁄╥֢ᴞᾼ Ȳ Бל ắ ֮
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ᾼ 18 CEM ӂᶁȹTⱢӔȲῶӱ ═ ϵ ᾼ

☼ ⇔ ӂᶁ Ȳᵛ ☼ Ἠ ☼ Єȷ39 ERCế 19 NRC

ӂᶁȹT Ὼ ӂᶁᵀ Ȳῶӱ ☼ ⇔ ӂᶁᵅȴ 3-1ế

3-2ᾼ Ҡṓ ⇔ П ⇔ЛЊȲᴖѹ ȹT֢ Ӕצ Ȳ

ᵀȹTЄЊ ὨẔ Л‍ ȲӦὑȹTᾼῶ ṳЛ KôṪ Ὑ Ȳ

ᾼȹT-Vmaxפ ―ḥצᵧ ὑӐѝМȴ 

3.2 ѿ М Ѭᵶ иέ 

3.2.1 М Ѭᵶ ‐⇔ ⇔ П  

  ϱϚЊ ṿӣ ╦ ₇ Мᾼ ‐⇔ ⇔ Ϡ ☼ ☼ἤ Ȳ

Spencer et al. (1989) TBᵅὑ 255KⱢ ☼ ȲY(13) TBᵅὑ 230 K Ɫ ☼ȳ

TBЮὑ 230 Kᴟ 270 K Ɫ ☼Ȳṳѹ ᴟד1997 WNPד2011 ☼

ế ☼ Є ⇔Ἠ CEᶮכ›∟Ҝԓ ☼ѩẂᾼ оȲ 16 CEMế

37 ERC ӂᶁ ☼╥Ҡѿ ҒἨ ═ᾼȲ17 NRCế 9 NCE ӂ

ᶁ ☼╥ ЊᾼȲᴖ 4 ᾼ ☼ ╥ ЊᾼȲֽ 3-3ȴⱢϠϠ CEᶮ

Ẕв∟‹כ ѬᾼиӁ ☼ᾼ ᶮȲὑ╥ױ ᵓӣҫϚ ╦ч

₇ᵂⱢ ЏẓȲv М Ѭᵶ (CLW)ȴ ד2001 33 Faxai Ȳ

Ӕױ ȳẕ₤ ERC CEᶮכ›∟ 2щȲѿ 12Њ Ɫ ᾼ М Ѭ

ᵶ ‐⇔ ⇔ Фדѩ Ȳ Є ϱ‐⇔ ⇔ ϱ ☼ TB ᵅȲ

CLW ד ȷ‐⇔ ⇔ ϱ ☼ Ἠ╥ moat TB Ȳ CLW ⁄ и

ЬҠ ═ Ȳֽ 3-4Ȳ֪ױ CLW ЛҬ ӱҏ֪ ☼ с כ Ѭᾼ

ȲᴖѹϷ ☼ МЄ Ἠ оכ Ѭᾼ ȴ 
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3.2.2 П М Ѭᵶ ᶧԝ 

ᴟד1997   לWNPד2012 ếӢỄ М נ ᾼ Ȳ

34 ERCȳ17 CEMȳ14 NRCế 40 NCE ӂᶁ#,7 ᶧԝᾼ

ῶ ȴ ӂᶁᾼ#,7(ᴊ )ѩ‍ ᾼ( ) פּ 0.15 mmȲ М

ᵧ ֢ ᾼ (Standard Error of Mean, S.E.M.)Ȳᴖ ϫиЄᾼ

Ὠ―ḥצᵧ ֯ Мȴ 3-5 3-3ѩ Ȳ֯ МȲCEM ᾼ

ӂᶁ#,7ֽ֝ ☼ѩẂȲ Є ϱ ѩ ERCȳNRCᾼЄȷERCᾼ ☼ѩẂ

Є ϱѩ NRCᾼЄȲᵀ ERCᾼ#,7⁯ѩ NRCᾼЊȴ 3῏Ȳ֯ CEᶮכ›ᾼ

12Њ ȲCEMế ERCᾼ#,7Ӕ֯ ҒȲᴖ NRCᾼ⁄╥ ЊȲѿ CEM о ⇔

ЄȲᴖѹӢכ ∟ᾼ CEM ӂᶁ#,7 ═Ϛ Ѭӂ ϵ ȴ

ᴕ 1.1.2 ẞ Didlake and Houze (2013)ᾼ Ἐ Ȳᴟὑה NRC╥ᵡ֪Ɫ CEᶮ

כ #,7Ӕ֯ юȲ҅ῶ ᵐ⁯ ᾼ ЛṜѿṿв Ȳ ⧵צ

Ḇ ϚḔ₣᾿ ϱиέИ ȴ 

3.3 ѿ ◦ ϩ иέ 

  ҵ ὑЛ֝ ᾼ ȲY(13)ṿӣ Statistical Typhoon 

Intensity Prediction Scheme (STIPS) Ȳ CEᶮכ›∟Ϛщ ϱ֢

֪ІȲCEM Ἤ ӂᶁ SSTד ȳ850-200 hPa₣᾿ й Њȳ

850-700 hPaế 700-500 hPa RH ȳOHC Ȳ ᾼצᵓ ֪ІϷ Vigh et 

al. (2012)ׁשṅМ ẞȲЄᴫ◦ TCᾼ ᶮכế צ═ ᴿᾼ Ὠȴ צ CEM

ᾼӂᶁMPI֯ᶮכ ›∟ ═֯ ѬӂȲNRCчПȳERCМ Ȳ

700-500 hPa RHӂᶁ ╥ NRC Юὑ CEMế ERCП ( 3-6)ȴ 3

ȲЄֵ CEM ὑצᵓ ԈМȲ╥в ϩ ҵ Ԛ֝Ầ

ᵗ ═П ȲERC ⁄╥ М ᵑצᵓἨЛᵓ֪ Ȳ╝Ҡ ╥ѻ
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Ӧв ϩ ⇔ ᾼ ȷᴖ NRC ⁄╥ С Ԉќ

═ᵓЛꜙṜ ᾼ ȲẔᶮכᴯ ӂᶁ ⇔ ѹ֣Җ ᶶȲ֪֯ױ ὔ

ắ ₣᾿ й Лᵓ Ԉ М ṿҵ ᾎ  ќ═ȴ 

ᴟד1998   צἬד2010 ֯ TLM_WNP ӣ ȳѣиᾼ WNP

ȲԚ 21 ERCȳ9 CEMȳ10 NRC Ȳ ϱ ῶ╥ CEᶮכ›∟ 2

щḕ 12Њ ᾼ 9 ȲCEⱢ Ӣכ ȲCE-12ȳCE+12иᵑῶӱ

Ӣכ›ȳ∟ 12Њ Ȳѿױ ȷ ϱ Ԛצ 3 ҅ῶϱ ◦ ϩ ᾼ

Ȳиᵑ╥ѿ ⇔ц ᵧ ᾼ SST (˘)ȳT100A (˘)ȳUOHC (kJ-cm
-2

)Ȳḕ

ѿ ERC( ᴥ)ȳCEM(ּמᴥ)ȳNRC( ᴥ) 3 и ȷḕ ϱиᵑ

צ 3 Ȳᴥ ᾼⱢѿ LagrangianѠה ϱ 9 ϩ

ᾼ оȲẔһ 2 ϱ 9 ϩ ᾼậ ֮ ᴯ ᴥ ῏Ϛ Ȳ╥ CEᶮ

∟‹כ 2 щᾼ ȲЛ֝ᾼ╥Ȳᴥ М ῏ 9 ᾼậ ѩᴥ ῏

Ϛщ(1 day before)Ȳᴖᴥנ ῏⁄╥ậ ѩᴥ ῏  Ẓщ(2 daysנ

before)Ȳ ҠѿϠ (1)֯ Ὼ›ẒщᴟϚщ Бắẞ ᾼᶝ֮ ◦ ϩ

Ȳ╥ᵡ ∟ẃ כ ᾼ ȲἨ╥(2)ɕ ֮ ◦╥ᵡ֪ⱢЛ֝ ᾼ

ᴩ ȲᴖצЛ֝ ⇔ᾼ ϩ оȲѿϯиᵑ╥ (1)ế(2) ᾼ

Ὠȴ 

  ֢ ӂᶁ SSTȳT100AȳUOHC( 3-7ȳ 3-8ȳ 3-9)Ȳ Мḥ

ᵧצ ᴖ ϫиЄᾼ ὨȲᴖ╥֢ ᾼ Ȳכẞȸ(1)֯

Ὼ›ẒщᴟϚщȲCEM ֯ CEᶮכ›(CE-48ẞ CE) ᴩ ᾼᴯ ϱȲ3

ϩ Ѿ ᴰЛ Ȳᵛּמᴥᴥ ῏ М ῏ Ѿ ȷERCế NRC

чПȲ3 ϩ Бצϯ ᶮȲᵛ ᴥȳ ᴥᴥ ῏ М ῏Б и Ȳ

ᴖѹ NRCϯ ֵȴ֯ МȲ Ԓ ϚᴟẒщ∟ ᴯ ᾼϱ

◦ ȲCEᶮכ›ȲҬצ CEM ϚᴟẒщ∟ ϱᾼ ḥצыЄ оȲ

Ҡ ֪Ɫ ẞᾼ Ѭ ẓצ ᾼ Ѭ ȲϷҠ ֪ⱢϚᴟẒщ∟ ᾼᴯ
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ϯ ы Лắ ȲЛ Y(13)ᾼ ȲCEMᾼ ⇔Ɫ 3

М ῏Ȳ╝ẃᴞ ◦ Л ᾼ Ѭ ἤȲҠ ╥

Ɫ ═  ϵᾼ CEM Ὑ ᾼќ═ϩ ȲᴖЄ ᵂ

ӣ Ҡצᾼᵐ⁯(Cold Wake)Ȳכ ╥ Ӣ Л ֽ ᴩᾼ NRC ᾼ

֪ПϚȴ 

  ӂᶁ SSTȳ T100Aȳ UOHC ( 3-10ȳ 3-11ȳ 3-12)⁄╥ѿ 2 days before

Ɫ Ȳ1 day beforeế Lagrangian ϩ ϯ ᾼ Ȳכẞȸ(2)֯ Ὼ›

ẒщᴟϚщ(ᵛ )ȲCE-48ẞ CE Ȳ3 ϩ ѿ NRC ϯ ЄȳCEM

ЊȲCEẞ CE+48 Ȳ3 ϩ ѿ CEM ϯ Єȷ֯ ῺϚщ

›ᴟᴩ ϯ(ᵛ )Ȳ3 ϩ ѿ NRCế CEM ϯ Єὑ ERCȲҠṓ

CEM ֣ ◦ ậЄ Ȳѿ ◦ ϩ Є ᵐ⁯ȴERCế NRC ѿϯ

0.2̆פּ ᴟ0.3̆ ȳ5 kJ-cm
-2ᴟ10 kJ-cm

-2ᾼ ⇔ ϚᴟẒщ∟ ᴯ ᾼSSTȳ

UOHCȲЛ֝ᾼ╥ȲNRC ֯ CE-48ẞ CEᴩ ᴯ ◦ᾼ Ԓ ᶮ╥ּפ 29.5̆

ᾼ SSTȳ110 kJ-cm
-2ᾼ UOHCȲ ERCȳCEM פּ 29.0̆ ᾼ SSTȳ95 kJ-cm

-2ᾼ

UOHC ЄȲҠ NRC Ϛщ›ẞᴩ ϯ ֢ ȲSSTȳUOHC⁯Ϸ

ȲֵҠ ֪Ɫ ẞᾼ Ѭ М Ѭ ד ѽȲT100Aצ ᴿᾼ о ᶮȴ

ѿϱ Ὠԛװ ӱ ᾼ ◦ῶ ὑ ӢכἨ Ệ Ȳװ ῶ ϩ

Ṝ Ϸ╥Л ἕ ᾼ ֪ ȲᴖѹЛ֝ ϱ ◦

ϩ ⇔Л֝ȴ 
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ҳ  ҖЄᴫ◦ ᴫҖыӂ◦ Пѩ  

  Hawkins and Helveston (2004)ế Hawkins et al. (2006)ᾼׁשṅ Ὑṿӣ ᾌ ╦

ȲҠѿѩ ҟḆԓ ᶮכ ᾼ ѩẂȲKossin and Sitkowski 

(2009)Ϸ ц ⇔ ȳ ὔᶮכ ȴ (12) ὑᴫҖыӂ◦

Ἤ ᾼ Ԉ Ӑṝ ⇔ц оᵂϠ ᾼד15 Ȳ ᵑ╥

Ȳѿϯ ҏ 2 ҖЄᴫ◦ϱ ᾼ Ȳṳ֝ (12)ѿⅎ

Ѡᾎᵒứҏ ᴟד1997 ҖЄᴫ◦ᾼד2012 Ȳ ᴩ ȳ ⇔ế ϱ

ᾼ Ȳṳ ṅẒЄ◦М ϱᾼ ֝ȴ 

4.1 ҖЄᴫ◦ иέ 

  ᴞ ╦ᶾ ḆҒ ц Ȳ›ϢБ דֵ ᾼ ӣȲяẔ╥ ᾌ

ᾌ◕ ᵑ ֥ӣẃ Ṇ ȲϷ֯Ὲ ế έ⇔ϱ Ṝ

ᾼ ȴⱢϠ֝ ⇔ оצἬ Ϡ Ȳ֯Єᴫ◦ϱ

צ K-Vmax ᾼׁש ᵓӣȲᴖ֯ᴫҖыӂ◦ϱ⁄צ Џᾼ֝פ T-Vmax Ȳ

֯Ẓ ᴯד Мᾼṛ֣ϭᵑẓ Ȳ╠ Єᴫ◦ϱצϚ ᾼ ᾌ ╦ Ȳ

―ҠѿϚ ᵒ ҏḕ ӢỄ ᾼ‐⇔ ⇔ȳ ☼ ⇔Ȳ ᴫ

Җыӂ◦ᾼ Ӵ֯Ԛ֝ᾼ ЏẓϱȲ― Ḇצᵗὑѩ ẒЄ◦

ᾼ ֝Ȳѿϯиᵑ╥ ᾌ ╦ ֯Ẓ Мᾼ ӣȴ 
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4.1.1 Hurricane Wilma (2005) 

  Wilma ╥ӢỄ Є ⇔ ẞ 160 ktsȲ Є═ ֯ 24Њ П Ӧ 60 kts

Ғᴟ 150 ktsȲ 10ѣ 18ѡ 06Zᴟ 10ѣ 19ѡ 06Z ᶶ ᶮכ

ȲᴖѹⱢЄᴫ◦ϱצҭѿẃ Њᾼ TCȲᵛ֯ 10ѣ 19ѡ 12Z в ᾿

Њᴟּפ 3.7 kmȲ֯ ᾌ ╦ М ѿ ᵑȴMaclay et al. (2008) Wilma

ᾼ Kô-Vmax ȲӐׁשṅϷѿ Wilma ⱢẂᵂ ȴ Ԓ֯ 4-1Мכẞ Tȳ

Vmaxế#,7ᾼ ᶧԝȲ Wilma Ӕ֯ CEᶮכ› 36Њ ᴟ› 12Њ Vmax

ᶶ ȲT ế#,7Ӽ֯ Ғȷ Vmax ЄϷᶮכ (ᶮכ› 12Њ

ᴟᶮכ CE)ȲTצ ᾼ ᶮȲᴖ#,7⁯═ Ғȷ ∟ᴟᶮכ∟ 12Њ Ȳ

ϯ ȳT ȳ#,7юѿ ᴩ Ȳᴟᶮכ∟ 24Њ ҿҢȲᶙכ Ϛ

װ ERCȴ 

  Wilma ᾼ T-Vmax Kô-Vmax ᵂѩ Ȳֽ 4-2ȲT-Vmax ϱḕ

᷉ ◕ פּ 12Њ ȲAȳBȳCȳDҳ ẞ Kô-Vmax ϱᾼ 4 Ȳи

ᵑ҅ῶ CEӢכ›ȳӢכ ȳ Ở ȳᶙכ ȴKô-Vmax ϱכẞ

A ẞ B ᶮכ ᾼ Ȳ ֯ Ғᴖ ⁯╥ ѩ֝ ϯᾼ ӂᶁ

Ḇᵅȷ Bẞ C Ӣ Ȳ ֯ Њᴖ ⁯╥ ֫с ҏ ӂ

ᶁȷ Cẞ Dᶙכ Ȳ ϭ֣ϯ ȴ֯ T-Vmax ϱᾼ A ẞ B ◕Ȳ

֯ Ғᴖ ☼ ⇔Ӽṣ ҒȷB ẞ C ◕Ȳ ☼ ⇔Ь ҒϚ◕ ∟

Њȷᴖ Cẞ D ◕Ȳ ☼ ⇔ Ғȴ ֥ 2 Ȳ ֯ᶮכ

Ȳ2 ☼Ὑ ҒȲ ᴖẔ ☼ѐЉҠѿ ӂ Ɫ ᾼ Ѡ

Ȳ ῀ѩ Ẕһ TCȲWilma ֯ᶮכ Ϛứצ☼ ⇔ᾼ ȷᴖ

֯ Ȳ ☼ ⇔ṷ Ғ∟ϯ ȲҠ ӱвҵ ☼ ֥

ЊȲ֯ ϱ Ϸכצẞ ӂ ỞЄὑ Ȳ Ὑ Ӑ ᾼ БצѩẔһ

TC ҵ ᾼ ᾓȷҵ ậ҅в ᶙ ȲҬ Ϛ ṿ ☼ ḆЊȲ

֯ ϱϭ ЊȲ ẰюϠϚ Ἠ╥ ☼ϭԛװ ȴ 
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4.1.2 Hurricane Frances (2004) 

  Frances ╥Ӣ ֯ El Niñoדȳ 8ѣц 9ѣȳӢỄ Є ⇔ Cat. 4 

(125 kts)ᾼ ȲNHC Tropical Cyclone ReportМ ẞȲFrances ӢỄ

М Ϛ ᴭȳ2װѿϱᾼ ERCȴ ⅎ ứ ᵒ Ȳᴞ 8ѣ 28ѡ 0945Z֯

50
Ǔ
W ⇔ Ὼᶮכ Ϛװ ∟Ȳϭ Ѿḕ Ϛщ֣ᴫᶶ 3

Ǔᴟ 5
Ǔȳ

֣Җ פּ 1
Ǔ―ᶮכϚװ ȲԚ נּװ5 Ȳ› װ4 ═

Л 10Њ ȴWilloughby et al. (1982) ẞ ϱ ד1980 Allen ⇔

֯ Cat. 5ᴟ Cat. 3П ẃ֫ ᶮװֵכ Ȳ֯ӐׁשṅМ כᶮװ5

ЄЊᵧ ֯ 4-3Ȳ› כᶮװ2 ᾼ ⇔ Ɫ Cat. 3Ȳᶮכ∟ҵ

ᾼ о ᶮ⁄Ɫ NRCế ERCȲ∟ כᶮװ3 ᾼ ⇔ Ɫ Cat. 4Ȳ Ḇ

Ȳᶮכ∟ҵ ᾼ о ᶮ⁄Ɫӻ ᾼ NRCȳERCế NRCȴ 

  Sitkowski et al. (2011) ẞ ERC∟ ᾼ ѩ Ԓв ҙ ЄȲ Ὑ

Ҡצ ╥ Єᾼ ȲY(14)Sиέᾼ2013דWNPϱSoulik

Ȳֽ 4-4Ȳ╥ Ӣ װ2 ᾼϚ  ӢỄ Ȳᴖѹױ װ2 ═

20Њ ȲⱢ CEM ȲӦ r0ȳd0ế w0כẞ ϡװв ҙ ѩ Ϛ

ᾼװ ֵȲᴖ moatếҵ ⇔⁄ оЛֵȴᴖ Frances Ϸ╥ Ӣֵ

װ ᾼ ӢỄ Ȳ ᴥ ẞכֿ װ2 ERC Ȳв ҙ Ɫ 30 km

ế 28 kmȲ֢ᴞϯϚװ Ӣᾼ МȲв ҙ ҒⱢ 71 kmế 64 kmȲ

moatếҵ ⇔Ϸ צ ЄȷNRC Ӧὑв ӑ ậ҅ȲϯϚװᶮכ

ԒѐЉᾼв ֝ҵ ֣в ᴖ r0 Њȴ װ5 CE ḥצ ẞ

⇔ Cat. 5ȲᵀῴỞӢכᴯ ѩ ὧ ȳ ═ ȳ֣Җ и юȳắ

֮Д Лֵ Ҡצ ╥ Frances Ϣּנ ᾼ֪ ȴ 
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4.2 ҖЄᴫ◦  

4.2.1  

  NRL ϯ ᴟד1997 ◦Єᴫד2012 Ṇ ᾼ SSM/I TMI

ȲẔМ SSM/Iᴞ ד1997 4 ȳTMI ᴞ ד1998 12 Ở ẁ ȲӐׁש

ṅϚԚ 10343 SSM/Iȳ7683 TMI ѿ Y(13)Пⅎ Ѡᾎᵂᵒ Ȳֽ ῶ 4-1ȳ

ῶ 4-2Ȳᵒ ҏ 48 ȳ137 ᾼ Ȳи ὑ 32

МȲצṷ ֯ӢỄ М ᶮכ ȲἬѿԚצ 48 Ҡ

ẁ Ȳ ᵑ╥ ד2004 Frances צ דȳ2004װ5 Ivan צ כᶮװ4 Ȳ

נᾼּװֵ ֯ᴫҖыӂ◦МṳЛ ṓ ȴ 

4.2.1.1  

  ֯Л֝ủ ᶮכᾼ ⇔ ( 4-5)ẃכȲԚи 4ѣᴟ 6ѣⱢ╡

ủȳ7ѣᴟ 9ѣⱢ ủȳ10ѣᴟ 12ѣⱢҍủȲ ᴖὔṓ֮╡ủ Ҭצ 6ѣᾼϚ

ȳҍủ Ҭצ 10ѣȳ11ѣ 4 ȲẔһ 43 ԓ Ӣכὑ ủȲӦ

ὑ ᾼҽЄ Ἤѿ֢ủ ѩ ȴЄᴫ◦ Ӣכᾼ Ю֯פּ⇔

40
Ǔ
Wẞ 95

Ǔ
WȲᴫҖыӂ◦ Ӣכᾼ ⇔ Ϸ֯ 55

ǓҿҢȲЛ Єᴫ◦Ӣכ

ᾼ Ю֯פּ⇔ 13
Ǔ
Nẞ 36

Ǔ
NȲѩᴫҖыӂ◦Ӣכᾼ ⇔ ֣ҖἋᴼּפ 3

ǓȲӂᶁӢ

כ ⇔ϷѩᴫҖыӂ◦ פּ 1
Ǔȴ 

  ֯ ENSOᾭ ϯᶮכᾼ ⇔ ( 4-6)ẃכȲᵐ ế ᾼ

Ӣכ ⇔ӂᶁ֯ 66
Ǔ
WҿҢȲѿᵐ ⇔ ȳ ⇔ Ɫ МȲ

иᵑⱢ 10.0
Ǔế 4.1

ǓȲ Ҡ ֪Ɫ Є ֣ ☼ѩ ⁬Ȳќ

֣Җи ѩ юȲᴖᵐ NATL ᴫ Ὼ ֮ᾼЄ

ϩ ȲҠ ṿ Лὔᴫᴩᴖ ֣ҖȴӔ ᾼ Ӣ ⇔ӂᶁ֯

75
Ǔ
Wȳ ⇔֯ 26

Ǔ
N ҿҢȲѩẔһ 2 Ḇ Ὼ ֮ϷḆҖ Ȳꜙᴟצ ὑ 35

Ǔ
N
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ᶮכ ᾼ Ẃȴ 

  Ӧὑ NATL ϱᶮכᾼ ӭ Ӑѩ WNPюȲϭל 16 ֮ ᾼ

∟Ȳ3 ӭБ ϯ 32 ȴ ᶮכᾼ ⇔ѿцᶮכ›∟

24Њ о ( 4-7)МҠכẞȲERC ╥ 3 Мѩ ЄᾼȲᴖ CEM

ЊȲ ᴩ ȳ ֣ế ֣ ӂᶁế ֽῶ 4-3Ȳ֯ ERCѠ ȲWNP

ӂᶁ ֣ ᴩ NATL ҏ1.3 ms
-1Ȳ֯ NATLϱCEMếNRCѠ Ȳ 

CEM ֣ ᴩ ὑ ֣ȳNRC ֣ ᴩ ᵅὑ ֣Ȳᴖ֯WNPṓẞᾼ

ᶮ⁄чПȲЛ ϱ Ὠ ⧵צ ҉ Ӑ ȴ 

4.2.1.2  

  ֯ כᶮד ӭᾼ ( 4-8)МȲҠṓEl Niño ᴩᾼ2002דȳ

ᾼכӢדȳ2009ד2006 ӭ юȲ ֥ NATL ϱЄ ☼₣᾿ й 

ᾼ Ȳ ENSOᾼᾭ и ᶮכ ᾼ ὔ ᵡȲ⁄Ҡ ῶ 4-4 כ

ẞ Ȳḕ ѣӂᶁҠӢכ 1.38 ế 0.56 ȷᵐ Ȳḕ ѣ

ӂᶁҠӢכ 1.80 ế 0.21 ȷӔ Ȳḕ ѣӂᶁҠӢכ 1.59

ế 0.34 Ȳ╝ NATL ϱ Л ὔ֯ ӢכȲᵀϚӎ

ѿӢכȲ ҏ ֯ 3 ENSOᾭ Мᾼ Ȳ ֪Ɫ ᵌὢЄ

₣᾿ йᶮכᾼ ═ ᴫᴩȲҠ Ҡѿ ẞḆ ᾼ ѬᴖἋᴼẔӢỄἨ

⇔Ȳ ᴖḆ ὔᶮכ ȴNATL иד Мѿ ד2004 Ɫ ȲЛᵀᶮכ

ᾼ ӭ Ϛ ֵПҵȲ ᴯ Ἤ Ӣᾼ װ Ϸ╥ ד16

М ֵᾼȲ ϱЛ ֥ ᾼЄ Ȳ⁯ ҺṎҏ ד 14 Ȳ

⧵צ֪ ϚḔиέ Ӣ Ἤ֯ ⇔ȳЄ ◦ ϩ ȳ ᴩ

⇔ ҵ Ἠв Ԉȴ 

  ѐ⇔ ᴟ ѣ ( 4-9)ȲҠṓ NATL ᶮכ ᾼѣии

Ӂ֯ 6ѣᴟ 11ѣȲṳѹ М֯ 9ѣȲ48 צ Ϛҙ 28 ╥֯ 9ѣ ӢȲ
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М 9ѣȳ10ѣ֯ ⇔ Cat. 4ѿϱᶮכ ᾼѩẂ 50%ȴᴫҖыӂ◦ᾼ

ӢכѣииӁ֯ 4ѣᴟ 12ѣȲ ֵ֯ 8ѣᴟ 10ѣȲ Єᴫ◦ 9ѣҐҏП

иӁצ ȲᴖᴫҖыӂ◦⁄╥ 5ѣȳ6ѣȳ8ѣ ҵ֯ ⇔ Cat. 4ѿϱᶮכ

ᾼѩẂ 50%Ȳ ױ Єᴫ◦ 9ѣȳ10ѣҵẔһѣиᶮכ Ȳ╥

ᵡЛꜙ ẞ Cat. 4ѿϱ ⇔ȲҠ Ӧὑ ֵѣиᾼ ӐыюᴖЛ ҉иȴ

ẒЄ◦П᷉ Фѩד Ȳ Ԛ Ɫ 8ѣế 9ѣ Cat. 4ế Cat. 5ᾼ ᶮכ

ᾼ ⇔ Cat. 2ế Cat. 3ᾼᵅȲ֯ 2 ѣȲCat. 4ế Cat. 5ᶮכ ֯פּ⇔

20
Ǔ
NȲCat. 2ế Cat. 3⁄ּ֯פ 25

Ǔ
Nȴ 

ᴟד1997   ד2012 NATL Ԛצ 233 ȲӦ 4-10(a)ȲӢỄ Є

Ɫ Cat. 5 ⇔ᾼ NATL Мצ 78%ɲ כ Ȳ ЊҠᶮכ ᾼ

⇔Ɫ Cat. 2ȷ 4-10(b)Ȳᶮכ ⇔῏ȲNATL Мּצפ 56%ᶮכ

⇔ Cat. 4ȳCat. 5ȲϭẒЄ◦ Њᶮכ ⇔ Ɫ Cat. 1ȴ 4-11

Ɫ צἬד16 NATL Ṽ ═ ᾼ   П Ȳ 62%

ᾼ ═ ֯ 0ᴟ 10Њ П ȲWNP⁄╥ 53%ȷWNP ═

30Њ ᾼѩẂ 10%Ȳ NATL ᾼ 2%ȷNATL ═

Њὑ 20Њ ᾼѩẂѩWNPֵȲЄὑ 20Њ ᾼѩẂѩWNPюȲẔМϚ Ҡ

֪╥ NATL יִ ⇔ ȲCEᶮכ∟ Ҡ ὔ ц ֮ᴖ ᶮȴ 

4.2.2 ҖЄᴫ◦ ⇔ о  

  NATL ᾼ ⇔ ои כ Cat. 4ế Cat. 5ȳCat. 2ế Cat. 3ȳ ȳ‍

ӻϿ ȲṳϷѿ оȳ оᾼװ֪ ⇔(V*)ᵂᵧ Ȳ֯ 4-12 ϱ

Cat. 4ế Cat. 5ӂᶁ‍ Є ⇔ѩ ᶮכ ⇔ Єּפ 5 ms
-1ȲCat. 2ế

Cat. 3ӂᶁ‍ Є ⇔ѩ ᶮכ ⇔ Єּפ 3 ms
-1Ȳᴖ Cat. 2ᴟ Cat. 5

ᾼ‍ ѩצᶶ ếᶶ ᾼ Ȳ ד ӂ ᾼ ⇔

ҒἨ ẁ ҉Ṝᾼв ѿᵓᶮכ ȴ (12) WNP 15ד
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ѩ ȲCat. 2ᴟ Cat. 5ӂᶁ ⇔WNP 4 ms
-1ȲNATL ‍ Є ⇔

ᶮכ ⇔ЄȲᵀ֯WNP⁯Лṓױ ᶮȴҫҵȲNATL ᶮכ ∟

Ὑצ⇔ Л ᾼ ȲҠ ╥֪Ɫ NATL ᶮכ ∟ ὔắẞ ֮

ᾼ ȴ 

  ϱ EmanuelᾼЄᴫ◦ (EA)ȳыӂ◦ (EW)ế Knaff et al.ᾼ

(AH) ὨȲ Ӑׁשṅ NATL 16דᾼ ȳ‍ ᾼ ֥Ẇ ᴩ ֪

ѩװ Ȳ 4-13 ϱ 0Њ Ɫ ӢỄ Є ⇔ȳ ᶮכ ⇔ȳ

Ἠ ᶮכ ⇔П ẘȲNATL ‍ ӂᶁ(ATL Total)Ȳ

֥Єᴫ◦ ӂᶁ(EA)פ ₤ ᴿȲ 0Њ ѿ› ATL Totalѩ EAЄ

ᴖѹ о ȲӦὑ EAᾼ ӐМḕ Ҭ ϚװȲᵀ ATL Totalᾼ

ӐМḕ Ҡ֪ ᶮכᾼװ ᴖ ╝Ȳװֵ ATL Totalפ ԛ

Ґװ Єᴫ◦ ᶮכ П› ⇔ Њᾼ Ȳϭּמᴥ ҅ῶЄᴫ◦

ȳ ᴥ ҅ῶЄᴫ◦‍ Ȳ ᶮכ װ֪ ѩ‍

Є פּ 0.1ȴҫҵȲ AH פ ᾼ ӱ ֯ ◕ о Ẕһ

Ɫ ȴ 

  ›Ϛ◕ ‍ NATL П ∟Ȳ 4-14ԛ

Ṽ Ἤ ȳᵐ ἨӔ ᵂ ᵑᴖ ֢ᴞᾼ ế װ֪ оȴ

МҠṓᵐ ᾼ ⇔ṼᶧѩӔ ế ЄȲ0Њ ᵐ ếӔ ȳ

Ӕ ế ᾼ ⇔ЄЊ ЛЄȲּפ ╥ 0.7 ms
-1Ȳᴖ⁯֯-24Њ

ᵐ ế צ 7 ms
-1ᾼ ȳ֯ 6Њ ᵐ ế צ 4 ms

-1ᾼ ȴ

ᶮכ Л֝ ENSOᾭ П Њȳᶮכ›∟ Єᾼ Ȳ֯WNP

ϷצṓẞȲᵀ֯ᴫҖыӂ◦ϱ⁄╥ ᾼ ⇔ṼᶧѩӔ ếᵐ ЄȲ

El Niñoד ֥ᴫҖыӂ◦ ȳЛᵓЄᴫ◦ П ᾎצ ȴ֯

װ֪ ᶧԝϱϚ ӱ CEᶮכ› о ᾼ ȴ 

  NATL ϱ 17 ERCȳ5 CEMȳ10 NRCᵂ ⇔ о ⇔ᾼ ᶧ
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ԝиέȲ 4-15МҠṓ 0Њ ERCᾼӂᶁ ⇔ѩ CEMּפЄ 2.5 ms
-1ȲCEM

ѩ NRCּפЄ 1.5 ms
-1Ȳױ WNPϱ CEMѩẔһ 2 Єפּ 5 ms

-1ЛϚ Ȳᵀ֯ð

36Њ CEMᾼ ⇔ϭ ERCȲK ╥ CEM ӭыюѿ ҅ῶἤЛṾȴ 

4.2.3 ҖЄᴫ◦  

  ὑ NATL ѿц WNPᾼѩ Ȳֽ 4-16ȳῶ 4-5ȲⱢ

Єᴫ◦в ҙ (r0)ȳmoat ⇔(d0)ȳҵ ⇔(w0) ᶮכ ⇔(V)ᾼ

…ȴӂᶁᴖṕ NATL r0ѩWNPּפЄ 15 kmȷNATL w0ѩWNPּפ

Њ 10 kmȷᴖ ⇔ Cat. 5ếЊὑ ὑ Cat. 3ᾼ NATL d0ѩWNPּפЊ 7

ᴟ 10 kmȲCat. 4ᾼ NATL d0ѩWNPּפЄ 3 kmȴṳѹ R
ẞכ2 NATL ế

WNP ╥ w0ế d0ד ἤ ֻȲⱢ 0.55ế 0.43Ȳᴖױ 3 ӱ ᾼ

V ᾼ … Ɫ ד ȲҬ╥ד ἤ֯ẒЄ◦ ЛṾȴ 

  4-16῀ NATL doế w0ד ἤ ֻȲὑ╥ 3

иᵑᾼ ᶮכ Vmaxȳdoế w0 כ 4-17Ȳ֯ ϱῶ ᾼ ֿᵧ

ӂᶁ ֽ֝֯ 4-15Ἤṓѿ ERC ЄȲWNPϱ ERCҵӂᶁ Vmax ѩ NATL

Єּפ 5 ms
-1Ȳᴖ NATL П doế w0ῶ ѿ CEM Ẕһ 2 Єפּ 5 kmᴟ 10 kmȲ֯

WNPϷ╥ CEM ᾼѐЉ ЄȲṳѹWNPᾼ 3 ӂᶁѐЉЄЊ ѩ

NATL ᾼּפЄ 5 kmᴟ 10 kmȲ ӱWNP ᾼ ╥ ὑ Є צ

Ἤᵗ ȴӭ› CEMᾼᵒᵑѠה╥ ═ 20Њ ѿϱȲЛ ֯ NATL

ϱ╥ᵡ Ẕứ ДЊ ѿ Ғ CEM ᾼ ὨȲЬ ᴩ ⇔

ȴ֯ ῶ 4-6ᵧ ѿ ═ 15Њ ѿϱế 10Њ ѿϱиᵑ ᴩ ᾼ

ȸ(1) 20Њ ᴟ 15Њ ᾼứ Ȳ ṿ CEM 5 Ғ

Ɫ 8 ȳERC 17 юᴟ 15 Ȳױ ѩẂ ᴿ WNPПѩẂȲϷ

CEM ᶮכ ӂᶁ ⇔ Ғ ERCᾼד ȷ(2) ᴟ 10Њ ᾼứ Ȳ ṿ

CEM ҒⱢ 18 ȳERC юᴟ 10 Ȳױ ѩẂБ WNPПѩẂȲ
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ᵀ CEM ᶮכ ӂᶁ ⇔ ὑ ERCȴ2 Л CEMẓצ Є

moatȳҵ ⇔ᾼ Ȳ֪ױ ѿϱ Ȳ NATL ᾼ CEMứ ứ֯

═ 15Њ ѿϱế 10Њ ѿϱП ȲЄ Ҡѿ ᴿWNPᾼ CEMứ

ứ֯ ═ 20Њ ѿϱȲ ⇔ế ᾼ ȴ 

  4-18Ɫ NATL Ἤצ ȳERCȳCEMế NRC ╦ ᾼ оװ֪

moat ⇔ѿц оװ֪ ᾭо ⇔ … ȲERCế NRCᾼ ᾭо ⇔ꞋҜ

moat ⇔ ⇔ 50%ᾼѩẂȲ юᾼ CEM⁄Ҝ 80%ȴ ד16 NATL Ԛ 11

Cat. 4ᴟ Cat. 5ᾼ NCEȳ17 ERCȳ5 CEMȳ10 NRC Пӑắ֮ᶮ

ᾼӂᶁ T-Vmax ( 4-19)ȲҠѿכẞЛ ╥‍ Ἠ ӂᶁ ᶮꞋ╥

ȷERCế CEM ӱӢỄ Є ⇔ Ӕֻ╥ CEᶮכП Ȳ

2 ὑ CEᶮכ∟ᾼ CA ᶮכ ═ 12Њ ᴖ∟ ЊȷNRC ⁄ ӱᶮכ CE

∟ 12ᴟ 24Њ Ȳצ Vmax Њц CA Ғᾼ ᶮȴ 

4.3 ҖЄᴫ◦ ᴫҖыӂ◦ П  

  ֯ ϱȲWNP ᶮ֯כЛ֝ủ ᾼ иӁȲ ủ(7ѣᴟ 9

ѣ) ᶮכᴯ ѩ╡ủ(4ѣᴟ 6ѣ)ȳҍủ(10ѣᴟ 12ѣ) ҖϷ ὧȷNATL

╡ủȳҍủ ыюȲ ᾎ ủ ᴩѩ ȴWNP ᶮ֯כ

Л֝ ENSOᾭ ᾼ иӁȲ (ONIЄὑ ὑ+0.5) ᶮכᴯ ὧȷ

NATL ȳӔ ếᵐ П Ὑ иӁ ȴWNPЛ֝ CE

ᶮכᾼ иӁȲCEM ᶮכᴯ ᴫȷNATL ᾼ ERCȳNRC

Ὑ иӁ ȲCEM ⁄ ӭыюᾎ ᴩѩ ȴ֯ẒЄ◦ϱ CEM ӂ

ᶁ ╥ 3 М ᾼȴ 

  ֯ ϱȲWNP Ӣכ Ȳḕѣᶮכᾼ TC ӭȳḕѣᶮכᾼ CE

ӭếḕ TCᶮכⱢ CE TCᾼѩẂ ѿ ȷNATL ḕѣᶮכᾼ TC

ӭѿᵐ ѩẂ Ȳḕѣᶮכᾼ CE ӭếḕ TCᶮכⱢ CE TCᾼѩẂЬѿ
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ȲЛ NATL ϱ ֯ 3 ENSOᾭ П Ὑ иӁ Ȳ

Ӣכ ἒױ ϷѩWNPᾼЛὙ Ȳ╝ NATL Ҡ ѩWNPắẞ Њᾼ

ENSO ȴWNP иӁᾼѣиֵ֯ ủȷNATL ⁄Ὑ М֯ 9ѣȴ

ẒЄ◦┬ӢỄ Є ⇔ᵂ ȲꞋ╥ӢỄ Vmax ЄȲTCכⱢ CE TCᾼ

ѩẂ ЄȴẒЄ◦┬ᶮכ ⇔ᵂ ȲꞋ╥ ⇔Ɫ

Cat. 4ᾼ ѩẂ ЄȴWNP ═ ȲCE ѩẂ ЄȲ

NATL Ӽ ȲҬ╥ ═  ═ ᾼѩẂ ḆЄȴ 

  ֯ ⇔ о ϱȲ WNP ⇔ѩ NATL ЄȷWNP

⇔ѩ‍ ЄȲCEᶮכ›∟ ⇔ оϷѩ ȲNATL ᾼ(Cat. 4ȳ

Cat. 5)ế ᾼ(Cat. 2ȳCat. 3) ⁯иᵑѩ֝ ⇔ᾼ‍ ЊȲCE

ᶮכ› ⇔ о Ȳᶮכ∟⁯Л ȲҠ ֪Ɫắẞ ֮ ȴWNP

⇔֯Л֝ ENSOᾭ ᾼ ᶮȲ CEᶮכ Пҵ ⇔ ЄȷNATL ⁄╥

ᵐ ֯ CEᶮכếᶮכ›П ⇔ ЄȴWNPЛ֝ CE ⇔ᾼ

ᶮȲCEM ⇔ ȷNATL ⁄╥ ERC ֯ CEӢכ ⇔ ȴ 

  ֯ ϱȲẒЄ◦ᾼ в ҙ (r0)ȳmoat ⇔(d0)ȳҵ

⇔(w0)ế Є═ (Vmax) 4῏ἒױП ѿ w0ȳd0ד ἤ ֻȲWNP

ᾼ r0ȳd0ȳw0ế VmaxЄ ϱѩ NATL ᾼЄȴWNP֯Л֝ ENSOᾭ ᾼ

ȲѐЉѿ ЄὑӔ ȳԛЄὑᵐ ȴẒЄ◦Л֝ CE ᾼѐЉ

ϱѩ Ȳ ╥CEM ӂᶁѐЉ ЄȴӦ оᶶװ֪ ᾭо ⇔ ᴩѩ Ȳ

ẒЄ◦ 3 CEᾼ ᾭо ⇔ꞋҜ moat ⇔ ⇔ᴟю 50%ȲNATL ᾼ CEM

ꜙᴟ 80%ȲἨ ╥֪Ɫ ӭыюȴ֯ T-Vmax ϱȲẒЄ◦ᾼ NCEếẔһ

CEᾼפ ṛ֣ Ὑ צ Ȳᵀ╥֢ CEᾼפ ṛ֣ ֯ẒЄ◦ϱԚ ἤ⁯

ϷЛЄȲWNPᾼ CEM ὑ CEᶮכ∟Ȳ ⇔ ☼ ⇔ Ҡѿԛ ҒȲERC

ế NRCὑ CEᶮכ∟ ⇔ ☼ ⇔ ֯ ЊȷNATL ᾼ ERCế CEM ὑ CE

ᶮכ∟ ⇔ Њȳ ☼ ⇔ ═ȲNRC⁄╥ ⇔ Њȳ ☼ ⇔Ὑ Ғȴ
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Х   

  ֯ ⇔ Ḕד Єᾼ Ὲ￼ ПϯȲӐׁשṅ ⇔

ᾼ йϤȲ֪ Ɫ ҟׁשṅ ⇔ϯϚ Ệứᾼứ ᴿѾצṷᵺ Ȳ

ӭ›ֵӣ ☼ Є═ ᵂⱢ ⇔ṳСѿи Ȳᵀ֯ ϱȳ ϱ ӱ

֯Ḃ Ȳ ⇔ȳМї ᵅ ϷצἬ оȲ ṷ П ╥ᵡצФד

ἒױᾼ …ȲϷБצ ֵ ῶ ҏ Ȳᴖắẞ ṷ ֥ἤ Ἤ ẞ

ᾼ ὨȲ―ч╣֯ ☼ ϱȲẂֽѐЉЄЊȳἨ ᾼ ȴ Є═

╥Ϡ ϩ ᾿ ᾼ ȲЛ ☼ѐЉЄЊἨ╥ᶇ⇔Ϸ Ϥ

ϩ֪ МȲK-Vmax ế Kô-Vmax Ҡѿ֝ כ ế ☼ѐЉ֯

ӢỄ Мᾼ оȴ֢֯Є◦ϱҬ ⇔ ᾼ ― צ ᶮכ Ȳᴖᶮ

כ Ẕ∟ ᴩᾼ Ȳ כ Ȳ ⇔ᾼḂ Ϸ

ЛҠиȴ֪ױȲӐׁשṅ ֯ᴫҖыӂ◦ếҖЄᴫ◦ϱ ⇔ ѿ

ᾌ ╦ ᾼԚ֝ ȲҫҵȲҵ иᾼϱ ◦ ϩ П

…Ϸ֯Ӑѝ ᵧ ȴ 

  ֯ ╦ᶾ П›Ȳ ᾼצ Ἠ ṳЛ ԓ ᾼ ẞἬצ◦

ϱ Ȳ1990҅דѿ∟ ᾌ ╦ᾼ ȲӦὑ ᾌ Ӑṝ

ἤȲҠѿѩּמҵ ếҠṓԏ ὑ ☼Ḇẓ҅ῶἤȲῈ ȳ έ⇔Ϸ҉ṜȲ

ױ֪ ᾌ ╦ ᵓӣẃׁשṅ ☼ȴ (12)ȳY(13)ế Y(14)Eѿⅎ

ứ ᵒ ҏᴫҖыӂ◦ Ȳ ᴩЛ֝ủ ȳЛ֝ ONIи ᾼ ENSOᾭ

ếЛ֝ CE ᴩ ȳ ȳ ⇔ оế ᾼиέȴӐׁש

ṅ ᴟד1997 ד2012 ᴫҖыӂ◦ ᴩ ҉иέȲ᷄ҏ ӂᶁ

T-Vmax Ȳ ӂᶁ Vmax ЄȳȹTⱢ ȲӔ ӂᶁȹTⱢ

ӔȲᵐ ӂᶁȹT ѾⱢ ȷCEM ӂᶁȹTⱢӔȲERCế NRC ӂᶁ

ȹT Ὼ ӂᶁᵀ ȴӦ М Ѭᵶ ᾼиέȲ ӂᶁ#,7ѩ

‍ פּ 0.15 mmȲЛ֝ П ⁄╥ CEM ӂᶁ#,7Ṽᶧѩ
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NRC ȳϭѩ ERC ȴӦ ӻФᵂӣᾼиέȲ ֯ Ὼ›Ẓщ(2 days 

before)ᴟϚщ(1 day before)ȲCE-48ẞ CE ȲSSTȳT100AȳUOHC 3 ϩ

ѿ NRC ϯ ЄȳCEM ЊȲ CEᶮכ› Лắ ᵐ⁯ᵂӣ ᾼ

ᶮ ὔᶮכ CEM ȲᴖЄ ᾼ ᵂӣᾼ ⁄ ὔᶮכ NRC ȴCEẞ

CE+48 Ȳ3 ϩ ѿ CEM ϯ ЄȲCEM ◦ ậ ֵȷ

֯ ῺϚщ›ᴟᴩ ϯ(Lagrangian)Ȳ3 ϩ ѿ NRCế CEM ϯ

Єὑ ERCȲҠṓ CEM ═ ϵ ȲҠ ד Є ◦

ᾼќ═Ȳ֪ױϱ ◦ ϩ ὑ ӢכⱢᴶ Ҡ צ Ȳᴖ

ѹЛ֝ ϱ ◦ ϩ ⇔Л֝ȴ 

  цԓ ᾼ ᾌ ╦ Ȳ ẁ֢Є◦ ѩ ᾼ

Ȳ֯ҖЄᴫ◦ϱȲWilmaế Frances╥ 2 Ȳѿ Kô-Vmax ế T-Vmax

Ҡ Wilma Ȳ П ⇔ȳ ѐЉế ☼ ⇔ᾼ  ȷ ὑ Frances

Ȳ5װ П ⇔ ᶧԝ ӱ ERCṿ ֣ҵכ ȲNRC⁄

ᵡȴ ҖЄᴫ◦ ᴩЛ֝ủ ȳЛ֝ ONIи ᾼ ENSOᾭ ếЛ֝ CE

ᴩ ȳ ȳ ⇔ оế ᾼиέȲ ᴫҖыӂ◦(WNP)

ҖЄᴫ◦(NATL) П Фדѩ ѻ ȸ(1)NATLצ ᾼ

Ṽ Л֝ủ ȳENSOᾭ ế CE ᵂ ᾎὙ ҏכ ᵑȲ֪Ɫ ֵ

М֯ ủ(яẔ 9ѣ)ȳắ ENSO Ҡ ЛЄế CEM ӭыюȷ(2) NATL

Ӣכ ֯Л֝ ENSOᾭ ϯἒױ ѩWNPЛὙ ȲҠ ắẞ Њᾼ ENSO

Ȳᴖ NATL ═  ═ ѩẂ ѩWNPЄȷ(3) WNP

ӂᶁ ⇔ѩ NATL ЄȲ МWNPЛ֝ CE ⇔ѿ CEM ⇔

ȷNATL ⁄╥ ERC ֯ CEӢכ ⇔ Ȳϭ NATL ὑ CEᶮכ∟ ⇔

ϯ ⇔ṳЛ ȲҠ ắẞ ֮ ȷ(4) WNP ӂᶁ ѐЉѩNATL

ЄȲẒЄ◦ 3 CE ╥ CEM ѐЉ ЄȲ ╥ оᶶװ֪ ᾭо ⇔Ҝ

moat ⇔ ⇔ᴟю 50%Ȳ ╥ NCEếẔһ CEᾼ T-Vmaxפ Ὑצ ᵑȴ
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ῶ 1 - 1ȸ1997דᴟ ◦ᴫҖыӂד2011 ᴩ ȴ( ᴞ Yang et al., 2013) 

 

 

 

ῶ 1 - 2ȸ1997דᴟ ◦ᴫҖыӂד2011 Ӣכ ȴ( ᴞ Yang et al., 2013) 
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ῶ 2 - 1ȸSSM/I Footprint ῶȴ( ᴞ Farrar and Smith,1992) 

 

 

 

ῶ 2 - 2ȸTMI Footprint ῶȴ( ᴞ Kummerow et al. 1998) 

 

 

 

ῶ 2 - 3ȸӐׁשṅМἬṿӣᾼ ╦ ẃ ȴ 

Program / Satellite Sensor Parameter 

DMSP 

SSM/I 

F10. F11. F13. 

F14. F15 

SSMIS 

F16. F17 

Cloud Top Brightness Temperature 

Cloud Liquid Water 

TRMM TMI 

Cloud Top Brightness Temperature 

Sea Surface Temperature 

Aqua AMSR-E Sea Surface Temperature 
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ῶ 4 - 1ȸ1997דᴟ ◦ҖЄᴫד2012 ԝῶȴ 

TC Number TC Name Satellite Image Time 
Formation 

Latitude 

Formation 

Longitude 

Inner 

Eyewall 
Radius (km) 

Moat 

Width(km) 

Outer 

Eyewall 
Width (km) 

Intensity 

Change 

Structural 

Change 

1998-07L Georges 19980919-2355Z (SSMI) 15.7ǓN 54.9ǓW 45 40 35 PN Landfall 

1999-05L Dennis 19990829-1622Z (TMI) 78.4ǓN 90ǓW 71 66 60 PN Landfall 

1999-08L Floyd 19990913-0303Z (TMI) 23.6ǓN 70ǓW 64 48 56 PN CEM 

1999-09L Gert 19990919-0531Z (TMI) 24.1ǓN 58.7ǓW 58 68 56 PN ERC 

2000-03L Alberto 20000812-1009Z (SSMI) 35.9ǓN 55.3ǓW 56 38 44 PN NRC 

2000-13L Isaac 20000928-2132Z (SSMI) 28ǓN 55.1ǓW 39 35 52 PN ERC 

2001-06L. Erin 20010910-1052Z (TMI) 34.9ǓN 64.7ǓW 50 23 31 PN NRC 

2001-07L. Felix 20010914-0711Z (TMI) 29.3ǓN 46.6ǓW 44 47 36 PN ERC 

2001-15L. Michelle 20011102-2331Z (SSMI) 18.5ǓN 84ǓW 46 28 31 PP NRC 

2002-13L Lili  20021002-1254Z (TMI) 24.4ǓN 88.3ǓW 33 58 48 PN NRC 

2003-10L(1) Fabian 20030904-0104Z (SSMI) 23.2ǓN 63ǓW 48 32 39 PP NRC 

2003-10L(2) Fabian 20030904-2244Z (SSMI) 27.1ǓN 64.6ǓW 54 43 40 PN NRC 

2004-03L Charley 20040813-1513Z (SSMI) 26.1ǓN 82.4ǓW 18 24 18 PN Landfall 

2004-06L(1) Frances 20040828-0945Z (SSMI) 17.2ǓN 51.6ǓW 52 46 48 PP NRC 

2004-06L(2) Frances 20040830-1021Z (TMI)  19.2ǓN 58.1ǓW 30 39 44 NP ERC 

2004-06L(3) Frances 20040831-1043Z (SSMI) 20ǓN 63.5ǓW 71 54 53 PP NRC 

2004-06L(4) Frances 20040901-0114Z (SSMI) 20.6ǓN 66.4ǓW 28 27 43 PP ERC 

2004-06L(5) Frances 20040902-0001Z (SSMI) 22.2ǓN 71.4ǓW 64 66 57 PN NRC 

2004-09L(1) Ivan 20040909-0552Z (TMI) 13.7ǓN 69.5ǓW 33 39 36 PN ERC 

2004-09L(2) Ivan 20040912-0440Z (TMI) 18.4ǓN 80.4ǓW 43 41 63 PP ERC 

2004-09L(3) Ivan 20040914-0031Z (SSMI) 21.6ǓN 85.1ǓW 46 38 40 PN Landfall 

2004-09L(4) Ivan 20040915-1512Z (SSMI) 27.9ǓN 88.2ǓW 77 58 44 NN Landfall 

2004-11L Jeanne 20040923-0559Z (TMI) 25.5ǓN 69.3ǓW 65 53 41 PN CEM 

2004-12L(1) Karl 20040918-2102Z (SSMI) 15.9ǓN 40.8ǓW 15 25 28 PP ERC 

2004-12L(2) Karl 20040919-2303Z (TMI) 16.8ǓN 44.5ǓW 22 27 34 PP ERC 

2004-12L(3) Karl 20040921-0618Z (TMI) 19.6ǓN 47.3ǓW 43 51 64 PN ERC 

2005-04L Dennis 20050710-1232Z (SSMI) 28.5ǓN 86.3ǓW 27 38 47 PN Landfall 

2005-05L Emily 20050720-0008Z (TMI) 24.4ǓN 96.1ǓW 32 35 41 PN Landfall 

2005-12L Katrina 20050828-2133Z (TMI) 27.2ǓN 89.2ǓW 53 35 46 PN Landfall 
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2005-18L(1) Rita 20050922-0003Z (SSMI) 24.5ǓN 86.9ǓW 33 35 26 PN ERC 

2005-18L(2) Rita 20050923-0852Z (TMI) 26.5ǓN 90.7ǓW 62 48 51 NN Landfall 

2005-25L(1) Wilma 20051019-1358Z (SSMI) 17.3ǓN 82.8ǓW 16 28 27 PN ERC 

2005-25L(2) Wilma 20051020-1645Z (TMI) 18.6ǓN 85.5ǓW 84 46 48 NN CEM 

2006-08L Helene 20060919-1003Z (SSMI) 24.4ǓN 52.5ǓW 45 60 43 NN NRC 

2007-04L Dean 20070820-2356Z (SSMI) 18.2ǓN 85.1ǓW 35 42 38 PN Landfall 

2007-06L Felix 20070904-0603Z (TMI) 14.3ǓN 81.9ǓW 32 44 51 NN Landfall 

2008-02L Bertha 20080710-1124Z (SSMI) 26.3ǓN 59.8ǓW 34 48 62 PP CEM 

2008-09L Ike 20080907-1145Z (SSMI) 21ǓN 72.8ǓW 40 33 29 PN Landfall 

2009-03L(1) Bill  20090819-0931Z (SSMI) 18.3ǓN 55.6ǓW 68 60 65 PN Poor Data 

2009-03L(2) Bill  20090821-0921Z (TMI)  27.1ǓN 66ǓW 63 38 46 NN ERC 

2010-01L Alex 20100630-1213Z (SSMI) 23.5ǓN 95.2ǓW 50 57 55 PP Landfall 

2010-06L Danielle 20100828-0727Z (TMI) 28.3ǓN 61ǓW 33 28 40 NN ERC 

2010-07L(1) Earl 20100831-0438Z (TMI) 20.2ǓN 66.4ǓW 26 33 38 PN Poor Data 

2010-07L(2) Earl 20100902-0601Z (TMI) 28.6ǓN 74.3ǓW 48 44 51 PN ERC 

2010-11L(1) Igor 20100914-1940Z (TMI) 18.6ǓN 52.8ǓW 56 62 51 PN CEM 

2010-11L(2) Igor 20100917-2008Z (TMI) 23.5ǓN 60.7ǓW 53 66 68 NN ERC 

2011-12L(1) Katia 20110906-1509Z (TMI) 34.1ǓN 70ǓW 42 54 65 NN ERC 

2011-12L(2) Katia 20110908-2014Z (SSMI) 27.3ǓN 66.2ǓW 50 20 30 PN Poor Data 

ʆⱢѠ― ῏ Ȳ Ἁ ᴥȳּמᴥȳ ᴥиᵑῶӱ ERCȳCEMȳNRCȴ
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ῶ 4 - 2ȸ1997דᴟ ◦ҖЄᴫד2012 ȳ ế ӭȴ 

 

 

 

ῶ 4 - 3ȸ1997דᴟ ◦ҖЄᴫד2012 ᴩ ȴ 

 

 

 

ῶ 4 - 4ȸ1997דᴟ ◦ҖЄᴫד2012 Ӣכ ȴ 

 

ʆ╗ ῶӱל 1ѣᴟ 3ѣᾼ Ὠȴ
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ῶ 4 - 5ȸ1997דᴟ ҖЄᴫ◦вד2012 ҙ ȳmoat ⇔цҵ ⇔ȴ 

 

 

 

ῶ 4 - 6ȸҖЄᴫ◦ ֯Л֝ CEMứ ϯᾼ ὨȲ╗ в ֿⱢ ȴ 
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1 - 1ȸHurricane Rita (2005)П 700 hPa ⇔ в ϩȳ ϩ Ȳϱ ᴊᴥ Ɫй֣ ȳ ᴥ Ɫד ᴯ Ȳϯ ᴥⱢמּ

⇔ȳ ᴥⱢ ⇔ȳ ᴥⱢ ἤ ứ⇔ȴ ϱ Ԛиכ(a) (0921 1937Z)ȳ(b) (0922 1619Z)ȳ(c)ԛ (0923 0145Z)ȳ

(d)∟ ERC (0923 0600Z) ȴ( ᴞ Sitkowski et al., 2012)
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1 - 2ȸHurricane Rita (2005)П ​ ϩ ȲⱢ Ɫ Мїᾼ

ȳ Ɫ ⇔ᾼ azimuthal average Ȳ ᴥ ῶӱ ֣ Ȳ ῶӱ

֫ᾌ(dBZ)Ȳleg 1Ɫ ☼ἤ ᾼϱ ȳleg 3Ɫ ᾭἤ ᾼϯ Ȳleg 

2Мᵅ צ ⁬ϯ в☼ȲẔ Ҡ ṿв צ ȴ( ᴞ Didlake and 

Houze, 2013)
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1 - 3ȸ ⇔ П ὨȲ(a) Ở ⱢϚ ᾭ ⇔ Ȳ(b)8Њ ∟

Ṕᶮ(polygonal)ֵכ Ȳ(c)48Њ ∟ ếכ ᶮ(monopole)ɲ ᾭȲױ ӑ ậἬ

צ ȴ( ᴞ Schubert et al., 1999)

(a) 

(b) 

(c) 
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1 - 4ȸ 1-3 Ὠ֯ ϱ╥ ṓ ᾼȲϱѠⱢ Hurricanes Guillermo 

(1997) U-shaped Ȳ ẞ 1-3(a) ⇔ ᾼ ȴϯѠⱢ Hurricane Isabel (2003)

╦ Ȳ ẞ 1-3(b)ֵ Ṕᶮᾼ ȴ(иᵑ ᴞ Kossin and Schubert, 2001ȳ

2004)
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1 - 5ȸ ⇔ ⇔ȳй֣ оП ὨȲ (Ἠ )

ӱⱢῴỞ Ȳּמ (Ἠ ) ӱⱢ 48Њ ∟Ȳ Ὑ ᾎӣ Ϛ ᶙ

ӻ҅ ᾼ ⇔ оȴ( ᴞ Schubert et al., 1999)
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1 - 6ȸ(a)Hurricane Charley (2004)ȳ(b)Hurricane Wilma (2005)П ╦ Ȳ2῏

Є═ ЊȲ Є ҙ ד⁯ Ὼ 10 ȴ( ᴞ Maclay et al., 2008)

(a) 

(b) 
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1 - 7ȸ ӢỄ Мҙ 100ȳ200ȳ500ȳ1000 kmв П оȲ

Ϥכ פּ) 134Њ ∟)Ȳҙ 200 kmв Ӕ֯ ЊȲᵀ 1000 kmв

⁯Є Ғȴ( ᴞ Ooyama, 1969) 
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1 - 8ȸ1995דᴟ Єᴫ◦ếὧыӂ◦ϱד2005 ӢỄ МȲ Мїҙ 200 km

в ᵂ ȳ Є═ ᵂ ᾼϡכ֥ ᴯד (K-Vmax diagram)Ȳ Ɫ

Ṿ פ ȲⱢ ӂᶁȴ( ᴞ Maclay et al., 2008) 
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1 - 9ȸ Ɫ SSHSȳ Ɫ KEHSᾼϡ и ȴ( ᴞ Maclay et al., 2008) 
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1 - 10ȸ Ooyama (1969) Ὠᵓӣ K-Vmax ᵂ Ȳ ϱ ⱢϚ ẕ₤

ῴӢẞ כ ᾼפ ṛ Ȳ K-Vmax ѩ щѝכ ϱᾼ

(Hertzsprung-Russel diagram)ȲЛ֝ ᴥ Ҡ ẞЛ֝ ₤ᾼ Ȳ

ᴥ ῶӱ ⇔ צ оᾼ ȴ( ᴞ Musgrave et al., 2012) 
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1 - 11ȸ ӂế Є═ ᾼKô-Vmax diagramȲכ֥ ᵑ╥ Hurricane Katrina 

(2005)ế Hurricane Wilma (2005) ӱ  כ ╥ ᾘ█ פ ᴩȴ(

ᴞMaclay et al., 2008) 
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1 - 12ȸ1950דᴟ ד2010 ◦ ╓ (Oceanic Niño Index, ONI) о ȲYang et al. (2013) ONIϮ ѣ ӂᶁЄὑ ὑ+0.5
o
C

Ɫ (Warm Episode)ȳЊὑ ὑ-0.5
o
CⱢᵐ (Cold Episode)ȳЮὑМ ⁄ⱢӔ (Normal Episode)ȴ 

( ᴞ http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml)
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1 - 13ȸ1997דᴟ ◦ᴫҖыӂד2011 ᶮכᴯ ѿцᶮכ

›∟ 24Њ Ȳ ᴥȳּמᴥц ᴥ иᵑῶӱ 4ѣᴟ 6ѣȳ7ѣᴟ 9ѣȲ10ѣ

ᴟ 12ѣᾼ ȲМїᾼצӉ ῶӱ ⇔Єὑ ὑ Cat. 4ȲϮṔᶮῶӱ

Л֝ủ ᾼ ӂᶁ ᶮכᴯ ȴ( ᴞ (2012) Ђ ѝ) 
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1 - 14ȸ1997דᴟ ◦ᴫҖыӂד2012 ᶮכᴯ цᶮכ ›

∟ 24Њ Ȳּמᴥȳ ᴥѿц ᴥ иᵑῶӱᵐ ȳ ếӔ ᾼ

ȲМїᾼצӉ ῶӱ ⇔Єὑ ὑ Cat. 4ȲϮṔᶮῶӱЛ֝ ENSOᾭ ᾼ

ӂᶁ ᶮכᴯ ȴ( ᴞ Yang et al., 2014 (E)) 
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1 - 15ȸ1997דᴟ ◦ᴫҖыӂד2011 ᶮכ›∟ 24Њ

⇔Ȳ ῶӱ ᶮכ ȲМїצ Ɫ ᶮכ ⇔ Cat. 4ѿϱȲERCȳ

NRCế CEM иᵑ╥ ᴥȳ ᴥцּמᴥῶӱȴϮṔᶮῶӱ ᶮכ ếᶮכ∟

24Њ 3 ᾼӂᶁᴯ ȴ( ᴞ (2012) Ђ ѝ) 
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1 - 16ȸ1997דᴟ ◦ᴫҖыӂד2011 ӭ ד ᾼ оȴּמᴥȳ

ᴥц ᴥиᵑῶӱ ȳᵐ цӔ ȴ( ᴞ (2012) Ђ ѝ) 
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1 - 17ȸ1997דᴟ ◦ᴫҖыӂד2012 ȳ ӭế ӭ ӂᶁ ONIᾼד ἤȴ( ᴞ Yang et al., 2014 (E)) 
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1 - 18ȸ1997דᴟ ◦ᴫҖыӂד2011 ֯Л֝ѣиϯᾼ ӭ ⇔и

ӁȲѿцᶮכᾼ ⇔ оȴ ᴥȳᴊᴥцӪᴥ  иᵑῶӱ Cat. 5ȳCat. 4ѿц

Њὑ Cat. 4ȴᴍиѩῶӱ Cat. 4ѿϱᾼ ֯ ѣиᾼѩẂȲ ᴥ ῶӱ

⇔֯ Cat. 4ѿϱᾼӂᶁᶮכ ⇔Ȳᴊᴥ ῶӱ Cat. 2ế Cat. 3ᾼӂᶁᶮכ ⇔ȴ(

ᴞ (2012) Ђ ѝ)
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1 - 19ȸ1997דᴟ ᴫҖыӂ◦Пד2011 ȸ(a)Ɫ ֯Л֝ӢỄ

Є ⇔ᾼ ӭцѩẂȷ(b)Ɫ ֯ᶮכ Є ⇔ᾼ ӭцѩẂȴ

( ᴞ (2012) Ђ ѝ) 
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1 - 20ȸ1997דᴟ ◦ᴫҖыӂד2011 Л֝ ═ ᾼ ӭ ѩ

Ẃȴ( ᴞ Yang et al., 2014 (S)) 
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1 - 21ȸᴫҖыӂ◦ ‍ế(ᴥמּ) ( ᴥ) ᾼ ⇔(V)ц оװ֪

⇔(V*) оȲ0 ╣ẞ ᶮכ Ἠ‍ ӢỄ Єᾼ ⇔ȲTotal⁄╥ Cat. 

2ᴟ Cat. 5ᾼ ȴ( ᴞ (2012) Ђ ѝ) 
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1 - 22ȸᴫҖыӂ◦ оװ֪ ц‍ ᾼӂᶁ оװ֪ ⇔(V*)Ȳ

МϷҔᵶ Emanuel (2000)ׁשṅЄᴫ◦(EA)цᴫҖыӂ◦(EW)ḥצ ẞᵐѬц

֮ᾼ ӂᶁ оװ֪ ⇔Ȳѿц Knaff and Kossin (2003)ׁשṅ annular hurricanes 

(AH)ᾼӂᶁ оװ֪ ⇔ȴ( ᴞ (2012) Ђ ѝ) 
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1 - 23ȸᴫҖыӂ◦ ȳᵐ(ᴥמּ) ( ᴥ)цӔ ( ᴥ) ᾼ ⇔

(V) оװ֪ ⇔(V*)ȴ( ᴞ (2012) Ђ ѝ) 

 

 

 

 

1 - 24ȸᴫҖыӂ◦ ERC( ᴥ)ȳCEM(ּמᴥ)ц NRC( ᴥ) ᾼ ⇔(V)

ế оװ֪ ⇔(V*) оȴ( ᴞ (2012) Ђ ѝ) 
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1 - 25ȸᴫҖыӂ◦ moat ⇔(d0)ȳв ҙ (r0)ȳҵ ⇔(w0)ѿц ᶮ

כ ⇔(Vmax)ᾼ … ȴּמᴥȳ ᴥц ᴥиᵑῶӱ Cat. 5ȳCat. 4 ế Cat. 

3 ѿϯȴ( ᴞ (2012) Ђ ѝ) 
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1 - 26ȸᴫҖыӂ◦ ȳᵐ(ᴥמּ) ( ᴥ)цӔ ( ᴥ) ᾼ moat 

⇔(d0)ȳв ҙ (r0)цҵ ⇔(w0)ȷ М ӱל ắ ֮ Ϛװȳ

ϡװế Ϯװ ѐЉᾼ Є Ȳɲ ế ϱѠ ֿⱢ ӭȴ

( ᴞ Yang et al., 2014 (E)) 
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1 - 27ȸᴫҖыӂ◦ moat ⇔ ҵ ⇔ … ȴ ᴥȳ ᴥц

ᴥמּ иᵑῶӱ ERCȳNRCế CEM ȲϮṔᶮⱢ֢ ӂᶁ ȴ( ᴞ

(2012) Ђ ѝ) 
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1 - 28ȸᴫҖыӂ◦(a)Ἤצ ȳ(b) ERCȳ(c) CEMц(d) NRC ᾼ װ֪

о (d0/r0)ế (dft/r0) moat ⇔ … Ȳd0ȳr0ế dftиᵑῶӱ moat ⇔ȳв

ҙ цᶶ ᾭоᾼ ȴ( ᴞ (2012) Ђ ѝ) 














































































