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Мѝ   

 

(2013) ϠϚ◕ᶶ (Rapid intensification, RI)ᾼ ȴ

֥ Мї(JTWC) 1и ӂᶁ Є ᾼ ᴷȲ 11ѣ 5ѡ 0000 UTCᴟ 11

ѣ 6ѡ 0000 UTCП 1и ӂᶁ Є Ϡ 30 Í Ó Ȳד ὑ Hendricks et al. 

(2010) Ἤứ П RI  19.5 Í Ó ÄÁÙПּפ 1.5 ȴ֯ SSMIS 91 GHz ╦

М ẞ ֯ RI ȲМї⁮ ᾼ ☼ в Ȳ ∂Ӵṳ о

ᾼ ȴ 

ṅⱢϠשׁױ RIП Ȳᴖ Ӧ Hack and Schubert (1986) Ἤ ҏ

ϩ П Ἐ ᴩ ȴױᾬ ứ Ҡӣᴯ כ ᾼ

ȲṳѿҒ Ɫ ⇔ ȴ 

֯ Hack and Schubert (1986)ᾼ МȲ ứ ᾼ Ғ ѿ

Ẕ ȷ֯שׁױṅМȲᵓӣԓᾬ έ ה CReSS (Cloud-Resolving 

Storm Simulator) ᾼ RI Ȳ ẞ ᾼ έ Ȳѿ

Мה ֯ RI ᾼ ϩ Ȳṳ Ẕ иӁѿц ᾼ оȴ 

Ὠ ӱȲ ᾼ ֯RI Мᾼ ⇔ о֝ ẞ30 Í Ó  ÄÁÙȲ

ѹӼצМї⁮ ᾼ ☼в ∂Ӵ ṳ оП Ȳ ᴿȴὑד ᾼ

ϩ иέМȲҠѿ ֯Ẕ RIῴ צ ᾼ ϩ Ȳ

ӱױ ᾼ Ҡѿ−צ ֮ ☼ᾼ Ὅ כ ȲṿṆ ֮

ȴ 

 

ֿ: ȳᶶ ȳRIȳ ϩ ȳ έ  ה
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ABSTRACT 

 Typhoon Haiyan (2013) underwent an extreme rapid intensification (RI) process. 

According to the Joint Typhoon Warning Center (JTWC), one-minute maximum 

sustained wind speed increased 30 Í Ó  from 0000 UTC Nov 5 to 0000 UTC Nov 6, 

which is about 1.5 times the RI threshold, 19.5 Í Ó ÄÁÙ, defined by Hendricks et al. 

(2010). The SSMIS 91 GHz satellite map reveals the process that the convection on the 

south side of the eye contracted, and the eyewall was established and was axisymmetrized 

in RI period. 

 In order to study the RI process of typhoon Haiyan, we apply dynamic efficiency of 

heat developed by Hack and Schubert (1986) to diagnose. Through this concept, we can 

examine the effect of heating on the energy conversion rate, converting total potential 

energy into total kinetic energy. 

 Hack and Schubert (1986) used idealized vortex structure and ideal diabatic heating 

to examine the dynamic efficiency. However, in this study, we simulate the RI process of 

typhoon Haiyan by the Cloud-Resolving Storm Simulator (CReSS) and obtain the high-

resolution structure of typhoon Haiyan, which are more realistic than idealized vortex 

structure, to examine the dynamic efficiency and its structural distribution and its changes 

over time. 

 The results indicate that CReSS model can reproduce the intensity change rate, the 

contraction of the convection on the south side of the eye, and the establishment and 

axisymmetrization of the eyewall. The dynamic efficiency analysis suggests there is high 

efficiency in the early stage of RI, and the vortex structure at this time can efficiently 

convert the latent heat into kinetic energy, which rapidly enhances system intensity. 

 

Key words : typhoon Haiyanȳrapid intensificationȳRIȳdynamic efficiencyȳCReSS 
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1  ›ṕ 

 

￼ṅשׁ 1.1  

 JTWCᾼ ⇔ ᴷȲ ὑ ד2013 11ѣ 5 ѡ 0000 UTCᴟ 6 ѡ

0000UTC ϠϚ◕ᶶ ᾼ ṳ ẞ Ȳ6 ѡ 7 ѡ ⇔Ь═

Ȳὑ11ѣ8ѡ0440 UTC √ Ȳ П1и ӂᶁ 87.5 Í ÓȲ

ϯ ‍ỪѠᾼ Пּנ Ȳṳ כ ἤᾼḳ (Mersereau 2015)ȴ 

 ӭ› ὑ ⇔ оᾼ ἤЬ ╥Ϛ ‍ Єᾼ╚ Ȳ֯ Ito (2016)ᾼׁש

ṅМ Ȳ֯ ᴟד1992 ѡӐד2014 ᾼה П

Ὑצ ᾼ ЊȲᵀ֯ ⇔ П ⁯ḥצ ḔȲяẔ╥ ὑᶶ П

⇔ Ḇצ Єᾼ ᾓȴ ⇔ ПἬѿ╥ ᵺ ᾼ╚ Ȳ ֪╥

⇔ оᾼ֪ ╥ֵ ѐ⇔ӻФᵂӣᾼ ȲҔ╗ ѐ⇔ȳ ѐ

⇔ȳ ☼ѐ⇔ȳ ☼ѐ⇔ ѐ⇔ (Marks and Shay 1998)ȴ 

Ȳ֯ױ֪  ҟᾼׁשṅМȲѻ ѿ ӻФᵂӣȳ Ԉế в ϩ

Ɫ ᾼϮ ֣ẃ ⇔ оȴ֯ ӻФᵂӣѠ ᾼׁשṅ ӱ ◦ᾼ

֫ ᵂӣⱢ Ȳ Ѭ ⁴ᾼ ȲҠѿ ю ◦ϯ ᵐ

ᾼ Ѭ ֥ᴟ ◦ῶ Ȳᴖ ẁ҉Ṝᾼ ṿ ֮ (Shay et al. 

2000; Lowag et al. 2008; Bender and Ginis 2000)ȴ֯ ԈѠ Ȳ ῶ ₣᾿

й ὑ ᾼ ╥− ᾼ֪ (Gray 1968)ȴҫҵȲKaplan and DeMaria (2003)

Ӽ ϠЄᴫ◦ϱ ᵐїᵅ ᾼᵂӣȳᵅ ד ⇔ Єѐ⇔ Ԉ

ѿц ᾼ ῶ Ȳ ṏֻᾼ Ԉ RI Ӣᾼ ȴ 

 ֯в ϩ Ѡ ᾼׁשṅȲWilloughby et al. (1982) Мᾼҵ

в ậ҅в ᾼ ҠѿṿṆ ȴKossin and Schubert (2001)  

Hendricks et al. (2009) ӱ ᴯ ᾼӔ Л ứ כ ᴯ ֥ᴖṿ

Мї Є Ғ ȴSchubert and Hack (1982) ֯ ӂ ᾼ ϯȲ ӱ‍

Ғ ᾼᴯ ѿц ᾼ ὑ ⇔ᾼ ᷊ ᾼṔᴥȲPendergrass 

and Willoughby (2009) ᾼׁשṅ ӱ ὍҒ ֯ Є ҙ в ѩҒ ֯ Є

ҙ ҵḆצ ᾼ Ṇ ᾼй֣ ȴ 



 

 2 

1.2 ӭᾼ 

 ѿϱᾼׁשṅȲRIᾼ ᴿѾắẞֵ ѐ⇔ᾼ Ȳ Єѐ⇔ᾼ Ԉȳ

Мѐ⇔ ꜙᴟẞ ѐ⇔ᾼ‍ Ғ Ṇ ᾼ ⇔ о כ Ȳ

Ғϱḕ Ἤ ᾼ Ὲ Л֝Ȳ֪֢ױ П ѻ RI ᾼ ֪ϷЛ

 ȴ֝ד

 Shu et al. (2011) Ϡ ᴟד1970 Ԛד2007 1214 ȲṼḕ

֯ẔӢỄ М ẞᾼ Є ⇔ᵂи Ȳᴟюצ Ϛװ RI ᾼѩẂ(  

1)ȴ М ӱ כ ᾼṆ МȲ ῺᴍиПϝϫᾼѩẂ֯ẔӢỄ М

ᴟюצ Ϛװ RI Ȳч ẃ ȲּצפᴍиПϮϫᾼ ╥ḥצ

RIᾼ ȲᵀЬ Ҡѿכ Ɫ Ȳ ӱ RIᾼ Ẕצ ἤȴHendricks et 

al. (2010) ⁄ ᴟד2003 ד2008 ыӂ◦ϱᾼ ȲṼ ḕ 24Њ ⇔ ои

Ɫҳ ȲиᵑⱢ RIȳ ȳМἤѿц Ȳṳ RI ᾼ Ԉ Ẕ҃

╥ᵡצ ᾼ ᵑȴ Ὠ ӱӂᶁᴖṕȲ֯ RI П ᾼЄ и

ᾼ ԈȲṳḥצ− ᾼ ᵑȲ҅ῶ Ԉ− ȲṆ ᾼ ⇔Ḃ

ЛṼ ὑ Ԉȴ 

 ᴖ֯ ᾼ МȲ ᴖṕ╥ ὑϚ ҉ḝᾼ (  2)ȳ

ṏֻ ₣᾿ йᾼ (Lin et al. 2014)Ȳ ֯ 11ѣ 3ѡц 4ѡӼ

╥ ὑ ṾП ȲẔӂᶁᾼ₣᾿ й ꜙᴟѩ 11ѣ 5ѡד Њ(  10aּמ

Ἤӱ)Ȳ⁯֯ 11ѣ 5ѡ 0000 UTC ӢϠ ⇔ оᾼ Ȳ Є Ϡ

30 Í Ó ÄÁÙҿҢȲױ о Ɫ RI   ᾼ 1.5ᴟ 2 ȴ Hendricks et al. 

(2010)ᾼ Ὠ ֯ RI›ế RI∟ ὑ Ṿᾼ Ȳ ᾼ

в ϩ ֯ 11ѣ 5ѡᾼ RI М᷊ Ϡ ᾼṔᴥᴖױֽצ Ϣᾼ ⇔

оȴ 

 ⱢϠ в ϩ ὑ RI ᾼ Ȳ Ӧ Hack and 

Schubert (1986) Ἤ ҏ ϩ П Ἐ ᴩ ȴױᾬ ứ Ҡ

ӣᴯ כ ᾼ ȲṳѿҒ Ɫ ⇔ ȴ֯҃ ᾼЏᵂМȲ ứ

ᾼ ᶁлᾼ Ғ ѿ Ẕ Ȳᵀ ѽ ᾼ

‍ Ғ ᾼиӁȴӐׁשṅ ᵓӣԓᾬ έ ה CReSSȲѿѡӐ  

(Japan Meteorological Agency, JMA) иέ ⱢῴỞ Ȳ ᾼ RI
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Ȳ ẞ ᾼ ѿц‍ Ғ Ȳѿ М RI ᾼ

ϩ Ȳṳ Ẕ иӁѿц ᾼ оȲ֝ ϩ

ὑ Ὼ ᾼ П ạȳ ӣἤ ȴ 

 ӐׁשṅԚиⱢг Ȳ 1 ￼ṅשׁ Ȳ 2 Ю ṅМἬשׁ

ṿӣᾼ ȳה ȳ ẃ ṅᾼѠᾎȲשׁ 3 ӱ ᾼ Ὠ

Пѩ Ȳ 4 Ɫ ϩ иέП ὨȲ 5 иέ П П

о Ȳ 6 Ɫ ȴ 
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2  ẃ  ṅѠᾎשׁ

 

2.1 ẃ  

ֽϯ: 

1. SSMISᾼ Ṯ ╦  (Defense Meteorological Satellite Program, DMSP) П

91H ╦ ȴ 

2. Ѭ ԉ  (Tropical Rainfall Measuring Mission, TRMM) ᾼֵ ╦

Ѭиέ 3B42 ȲѬӂ έ⇔Ɫ 0.25Ј  0.25Ј ⇔ȴ 

 

ӐׁשṅⱢϠṿӣ CReSS  (Cloud-Resolving Storm Simulator) ᾼ RI

ȲṿӣᾼῴỞ ֽϯ: 

ד2013 .1 11ѣ 4~11ѡȲḕ 6Њ (0000ȳ0600ȳ1200ȳ1800 UTC) ПѡӐ

 (Japan Meteorological Agency, JMA) П έԓ ᾌ ה  (Global 

Spectrum Model, GSM) иέ ȲѬӂ έ⇔Ɫ 0.5Ј  0.5Ј ⇔Ȳ₣᾿Ѡ

֣Ԛ 23  (1000ȳ925ȳ850ȳ700ȳ600ȳ500ȳ400ȳ300ȳ250ȳ200ȳ150ȳ

100ȳ70ȳ50ȳ30ȳ20ȳ10ȳ7ȳ5ȳ3ȳ2ȳ1ȳ0.5 ᴍἂ )Ȳ Ҕᵶ ϩ

ᴯ ⇔ ( Ú )ȳὧᴫи  ( u )ȳ⁮Җи  ( v )ȳ ⇔ ( T ) цד

⇔( RH )ȴ 

2. ѡӐ  (Japan Meteorological Agency, JMA) П֥Ẇ ╦ế ᴯ ԓ

ѡ ῶ ⇔  (Merged satellite and in-situ data Global Daily Sea Surface 

Temperature, MGDSST) ȲѬӂ έ⇔Ɫ 0.25Ј  0.25Ј ⇔ȲᵂⱢ

ה Ἤ П ῶ ῴỞ ȴ 

 

ה 2.2 Ю 

 ӐׁשṅṿӣѡӐ֤ҡ⅞Є ɎNagoya UniversityɏыῈ֮  ṅἬשׁ

ɎInstitute for Space-Earth Environmental ResearchȲ ISEEɏȲᵛ›ṝⱢ֮ Ѭ

ṅМїɎHydrosphere Atmosphere Research CenterȲשׁ HyARCɏἬ ᾼ

έ ɎCloud-Resolving Storm SimulatorȲה CReSSɏȲ 3.4ᾪẃ ᴩ



 

 5 

ȴ 

 CReSS ה ӣ‍ ϩȳҠ ᾼѠ Ṇה ȲѬӂ ӣқה

ɎCartesian coordinateɏȲ₣᾿ ṿӣѿ ⇔Ɫ ᾼ ֮ Ɏ terrain-

following curvilinear coordinate, ɕɏȲẔứ Ɫȸɕ ὼȟώȟᾀ
  ȟ

ȟ
  

ẔМȲᾀὼȟώⱢ֮ῶ ⇔ȲÚⱢ ה ⇔ȴ ᾼ ֯ѬӂѠ֣Ɫ Arakara-CȲ

₣᾿Ѡ֣Ɫ Lorenzӻ ȴ 

МἬṿӣᾼѠה Ҕ╗ȸה ϩѠ ȳᾭה Ѡ ȳה Ѡ ȳה

Ѡ ȳᴯה Ѡ ȳѬה Ѭ І ếѩѠ ȳѬה І ⇔Ѡ ה

Ȳ֢Ѡ  ϯȸֽה

A. ϩѠ  Ɏequation of hydrostatic equilibriumɏȸה

‬ὴӶ

‬ᾀ
”ӶὫ 

ẔМȲὴ ὴӶὴȭȲ” ”Ӷ”ȭȲὫⱢ ϩҒ ⇔Ɏmᴋs-2ɏ 

 

B. ᾭ Ѡ  Ɏequation of stateɏȸה

” ρ  ρ ή Вή  

ẔМȲὝⱢ ⇔ɎKɏȲ‐ⱢѬ Ὲ ПиІ ѩɎ0.622ɏȲὙⱢ Ὲ П

Ɏ287.05 J kg-1 K-1ɏȲήⱢѬ ȲήⱢ֢ ѬȳԜד ІП ֥ѩȲ֯ МҔᵶה

ѬɎήɏȳ ԜɎήɏȳ​ѬɎήɏȳ Ɏήɏц ɎήɏԚХ ȴ 

 

C. Ѡ  Ɏequation of motionɏȸה

‬”Ӷό

‬ὸ
”Ӷό
‬ό

‬ὼ
ὺ
‬ό

‬ώ
ύ
‬ό

‬ᾀ

‬ὴ

‬ὼ
”ӶὪὺ Ὢύ ὝόὶὦȢό 

‬”Ӷὺ

‬ὸ
”Ӷό
‬ὺ

‬ὼ
ὺ
‬ὺ

‬ώ
ύ
‬ὺ

‬ᾀ

‬ὴ

‬ώ
Ὢ”Ӷό ὝόὶὦȢὺ 

‬”Ӷύ

‬ὸ
”Ӷό
‬ύ

‬ὼ
ὺ
‬ύ

‬ώ
ύ
‬ύ

‬ᾀ

‬ὴ

‬ᾀ
”ӶὄέόώȢύ Ὢό ὝόὶὦȢύ 

ẔМȲὪȳὪиᵑⱢѬӂѠ֣ ₣᾿Ѡ֣ᾼּדѫ ɎὪ ς ίὭὲ•ȳὪ ς ὧέί•Ȳ

•Ɫ ⇔Ȳ Ɫ֮ ᴞ Ṕ ⇔ɏȲὝόὶὦȢὄέόώȢύиᵑῶӱ ☼ ֥ᵂӣѿц zѠ

֣ᾼ ϩ ȴ 
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D. Ѡ  Ɏequation of pressure perturbationɏȸה

‬ὴᴂ

‬ὸ
ό
‬ὴᴂ

‬ὼ
ὺ
‬ὴᴂ

‬ώ
ύ
‬ὴᴂ

‬ᾀ
”ӶὫύ ”Ӷὧ

‬ό

‬ὼ

‬ὺ

‬ώ

‬ύ

‬ᾀ

”Ӷὧ
ρ

—

Ὠ—

Ὠὸ

ρ

ὗ

Ὠὗ

Ὠὸ
 

ẔМȲὧⱢЄ Мᾼ Ȳὗ ρ πȢφρή Вή ȴ 

 

E. ᴯ Ѡ  Ɏequation of potential temperature perturbationɏȸה

‬”Ӷ—ᴂ

‬ὸ
”Ӷό

‬—

‬ὼ
ὺ
‬—

‬ώ
ύ
‬—

‬ᾀ
”Ӷύ
‬—

‬ᾀ
ὝόὶὦȢ— ”ӶὛὶὧȢ— 

ẔМȲὛὶὧȢῶӱ‍ ᵂӣᾼẃ ȴ 

 

F. Ѭ Ѭ І ếѩɎᵛ ’ׂɏѠ  Ɏequations of mixing ratio of waterה

vapor water contentsɏȸ 

‬”Ӷή

‬ὸ
”Ӷό
‬ή

‬ὼ
ὺ
‬ή

‬ώ
ύ
‬ή

‬ᾀ
ὝόὶὦȢή ”ӶὛὶὧȢή 

‬”Ӷή

‬ὸ
”Ӷό
‬ή

‬ὼ
ὺ
‬ή

‬ώ
ύ
‬ή

‬ᾀ
ὝόὶὦȢή ”ӶὛὶὧȢή ”ӶὊὥὰὰȢή 

 

G. Ѭ І ⇔Ѡ  Ɏequation of number density of water contentsɏȸה

‬ὔ

‬ὸ
”Ӷό

‬

‬ὼ

ὔ

”Ӷ
ὺ
‬

‬ώ

ὔ

”Ӷ
ύ
‬

‬ᾀ

ὔ

”Ӷ
ὝόὶὦȢ

ὔ

”Ӷ
”ӶὛὶὧȢ

ὔ

”Ӷ
”ӶὊὥὰὰȢ

ὔ

”Ӷ
 

ẔМȲ ὝόὶὦȢȳὛὶὧȢцὊὥὰὰиᵑ҅ῶ ☼ ֥ᵂӣȳ ᾬ Пẃ ѿц ѬἬ

ᾼכ ȴ 

 ӦὑѿϱᾼѠ Ҕ╗ϠЄה Мᾼ֢ ᾌ Ȳᴖ ṷЛ֝ ᾼᾌ ד֯

ϱצ−Єᾼ ȲⱢϠ Ғ ȲṿӣϠ time-splitting schemeɎKlemp and 

Wilhelmson, 1978ɏ иḔ иⱢЄ ЎÔȳЊ ЎΩ Ẓ ẃ иЛ֝ ⇔ᾼᾌȴ 

 CReSS ὑ ᾬ ᶙԓ ӣҵ ȲᴖЛṿӣ оѠᾎȲ

ᾬ ᾼ оѠᾎѿ Lin et al.Ɏ1983ɏȳCotton et al.Ɏ1986ɏȳMurakamiɎ1990ɏȳ

Ikawa and SaitoɎ1991ɏц Murakami et al.Ɏ1994ɏ Ϣᾼ ѠᾎɎbulk 

parameterizationɏⱢ ȲԚצ ᵐ Ẓ Ҡẁ ӣ ȴ ᾬ П

ᾬ ד Ɏᵐ ɏӱὑ  3ȲẔМήȳήȳήȳήȳήиᵑ҅ῶ
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Ѭȳ​Ѭȳ Ԝȳ ȳ П ֥ѩȲ.5!̔ ῶᵮן оɎdeposition or sorption 

nucleationɏȳ.5#̔ ῶ оɎcontact nucleationɏȳ.5(̔ ῶ֝ о

Ɏhomogeneous nucleationɏȳSP ҅ῶԜ ϡװ оɎsecondary nucleation of ice 

crystalsɏȳVD ҅ῶ ḛד ȳ ȳ ὡ Ɏvapor deposition, evaporation, and  

sublimationɏȳCL҅ῶ֥Ẇן ɎcollectionɏȳAG҅ῶ ɎaggregationɏȳCN҅

ῶ І ɎconvertionɏȳML ҅ῶ ɎmeltingɏȳFR҅ῶ Ɏfreezingɏȳ

SH҅ῶ Ѭ Ɏsheddingɏȴ 

װ ☼ ֥ оѠᾎצ 1ế 1.5 ֥Ҡẁ ӣȲᴖ∟῏ҔᵶϠ ☼

Ɏturbulent kinetic energyȲ TKEɏᾼ ȴ֯Ẕ҃ᾼװ ᵂӣ ȲӐ ה

ᴕ Ϡ֮ῶ Є ȳ ᾼᵂӣӻ ȲᵀЛᴕ ᾼ ᾌ ᵂӣȴ

ҫҵȲCReSS ϷҔᵶϠ֮ה  ȴה

 

2.3  

2.3.1 Ю 

 Ӑׁשṅ╚ ᾼ Ɫ (Haiyan)ȲⱢ ◦ыӂד2013 ủ 28 Ễ֤П

Ȳ╥ ԓ⇔ד2013 ᾼ ȴ JTWC ứ ᾼ ῺМї ═

Ɫ 315 km (ּפ 87.5 Í Ó )ȲⱢ ḧ ᵌиέᾎ(Dvorak Technique)ᾼϱ

Ȳṳѹѿ ᾼᾭ √ ὧ Ȳіע ᴖ֯ ֮ כ ἤᾼ

ḳ ȴᴖ ╥ 11ѣ 2ѡᴯὑ ὧѠᵅ ⇔ ϱȲӦ֣ᴫ ᾼ ֥ᾼ

ѩ- ϩᾌ ϯᾼ ה Ἤ ᴖẃ(Shu and Zhang 2015)ȲJTWC֯ 11

ѣ 3ѡ 1700 UTC᷂ Ӕהс Ɫ ἤᵅ Ȳṳ 31WȲJMA

֯ 11ѣ 4ѡ 0915 UTC Ẕс Ɫ ȲṳỄ֤Ɫ Ȳ 1330Ȳ

11ѣ 5ѡҿҢ Ӣ ⇔ᶶ сП (  9)Ȳṳ֯ 11ѣ 5ѡ 1800 UTC ᴟ

Ȳὑ 11ѣ 8ѡ 0440 UTC √ ὧ ṳắẞע ֮ ȲẔ

Мїᾼ ắẞ Ȳ ⇔ ȴ11ѣ 9ѡ Ϥ⁮ М Ȳ √ Ȳ

ѹ ѿцЄ ԈЛԛќ═ᴖ Ȳ11ѣ 11ѡМї֯ ⁮ Ὼ ע Ȳ

Ӡ ȴ 

 ֯ Lin et al. (2014)ᾼׁשṅМ ױ ᾼ Ɫ Ɫ ᾼ Ȳ

ὑἉ ⇔ᾼᴯ Ȳắẞ ⁮ ᾼ ⁴ὧ ☼і ᴖϚ ֣ᴫἨᴫ
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Җᴫᶶ Ȳӂᶁ Ɫפּ 9 Í Ó Ȳ ◦ῶ ⇔ ὑ 29ЈCȲӂᶁ Ѭ

⁴⇔ פּ 100ᴏȲ ₣᾿ йЊὑ 10 Í Ó Ȳ צ Ṿᾼ ȴ ᴖ

ṕȲ֯ ᾼӢỄ МȲ ◦ ‍ ҉ḝȲᴖѹЄ ᾼ ԈϷ ᵓὑצ╥

П ȴ 

 

2.3.2 Пᶶ  

ứ RIᾼ╓ ȲЄ ҠѿиⱢẒ Ȳ Ϛ ╥ѿ ᴯ в ᾼϯ

Ɫứ ȲҫϚ ⁄╥ ᴯ в ᾼ Ғ Ɫứ Ȳᵀᾬ ϱ Ҡѿ҅ῶṆ

ᾼ ⇔ Ȳᴖứ ᾼ RIᾼ  ⁄╥ṿӣ ᾼѠᾎȲậ ὑӂᶁ 2

ȲϷ ╥ 95 ᴍиᴯᾼ 24Њ ⇔ оứ Ɫ RIᾼ  Ȳ 24Њ

⇔ оЄὑἨ ὑױ  ⁄ ⱢױṆ Ӣ RI П ȲKaplan and DeMaria 

(2003) ậ ᴟד1989 ֮◦Єᴫד2000 ḕ ֯ ϱ ᾼ 24Њ Є

оȲԚ 2621 ӐȲ 95 ᴍиᴯᾼ RI  Ɫ 15.4 Í Ó ÄÁÙȲᴖ Hendricks 

et al. (2010) ӣϠ֝ ᾼ Ѡᾎᵀ ыӂ◦ Єᴫ◦и Ȳậ ᴟד2003

֮◦ыӂד2008 ᾼ ӐȲԚ 1424 ӐȲ ẞᾼ RI  Ɫ 19.5 Í Ó ÄÁÙȲ

ᴖЄᴫ◦֮ Ԛ 732 ӐȲ  Ɫ 18.0 Í Ó ÄÁÙȴҠѿ Л֝ᾼדиѿ

цЛ֝ᾼЄ◦ ȲẔ RIᾼ  ṷצ ᾼЛ֝Ȳ֪ ᾼ ᴯ ὑ

ᴫыӂ◦ϱȲἬѿṼ Hendricks et al. (2010)֯ыӂ◦ϱἬ ҏᾼ  ѿц

JTWCἬ ᴷᾼ Є Ȳứ ҏ ӢRIᾼ Ɫ11ѣ4ѡ0600UTCȴ 

  4Ɫ JMA иέ 200 850hPaиέ Ȳ 200hPa МҠѿ

ѿὧ ☼ѻ Ȳ11ѣ 3ѡ 1800UTCȲּפⱢ RI Ӣ› 12Њ ȲБצὙ ᾼч

Ȳ11ѣ 5ѡ 0000UTCȲRI Ӣ Ȳ ᾼч Ϸṣ ȴ 850hPa 

МҠѿ RI Ӣ› 12Њ Ȳᴫыӂ֮ ᵅ Є Бדצ ҉ṜᾼѬ Ȳ

Мїצ− ᾼᵅ ד ⇔ȲRI Ӣ∟Ȳד ⇔ Єᾼ вצ ѹ М֯

вᾼ ȴ 

 ֯ SSMIS 91GHz ╦  (  5) МҠѿ ֯ 11ѣ 3ѡ 1941UTCȲּפⱢ RI

Ӣ› 12Њ Ȳ ☼ᴯ ѻ Ӣ֯ Мїᾼ⁮ Ȳ ѹ ȴ֯ 11

ѣ 4ѡ 0954UTCȲRI Ӣῴ Ȳ ☼֣Мїв ᴖ МȲ ∂Ӵȴ11

ѣ 4ѡ 2235UTCȲҠѿכẞ ᾼ ☼Ȳ ᶮכѹᶙ ȴ11ѣ 5ѡ 2056UTCȲ
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Ɫ RI ḇᾼ Ȳ ẞ П ЊȲѹҏ ᴿ ᾼ ȴ

TRMM ╦(  6)ᾼ ​ МӼ ֯RI Ӣ›ᾼ ◕Ȳ ​ М֯Мїᾼ⁮ Ȳ

RI Ӣ∟ᾼ ​⁄╥ М֯в ᾼ Ȳ SSMIS 91GHz ╦ ד ֥ȴ 

 ☼ᾼ иӁ ᾼ МȲ ֯ RI ȲצМї⁮ П

☼ в Ȳ ∂Ӵṳ оᾼ ȴ ☼ᾼ Ὅв ᴟ Є ҙ

в⁄ ‍ צ ᾼ Ṇ ᾼй֣  (Pendergrass and Willoughby 2009)ȲᴖṆ

ᾼ ṿṆ вᾼ ἤ ứ⇔ ЄȲҒϱ ᾼᶮכ оȲ ὍҒ

֯ ἤ ứ⇔ Єᾼ  (Schubert and Hack 1982)ȲᶮכӔ֫ ᾼᵂӣȲṆ ᾼ

ἤ ⇔ᶶ сȴӦὑ ᴖṕ⁄╥ ὑϚ ὑ Ԉ

Ṿᾼ Ȳᵀ֯ 11ѣ 4ѡ 0600 UTCИ Ở ӢϠ RIᾼ Ȳ

ᾼ ☼в ȳ ∂Ӵ о в ϩ ᷊ Ϡ ᾼṔᴥᴖ

֯ RI ױֽצ Ϣᾼ ⇔ оȴ 

 

 ṅѠᾎשׁ 2.4

 ӐׁשṅП ȲẔ ᾼ ѿц RIᾼ ֯ыӂ◦ϱȲӦὑ

ϱ ѽȲ╝ṿӣ CReSS ה ᴩ έ⇔ ױ Ṇ Ȳ

ᾼה Ẕ RI ѿᵓП∟ᾼ ϩ иέṿӣȴӦὑ CReSS

ὑМЊѐ⇔ Ϛứᾼצ☼ ϩ(Shimizu et al. 2008; Akter and Tsuboki 2012; 

Wang et al. 2013)Ȳ֪ױ ӣױ ᵂⱢה ПЏẓȴ 

 Ԓṿӣ JMA 0.5ЈП ᵂⱢῴỞ ц ꜜ Ԉ έ⇔Ɫ 5 kmП

1Ȳṳ ᾼ RI ◕ Ȳԛѿ έ⇔ 5 km ᾼ Ὠ

ᵂῴỞ ꜜ Ԉ έ⇔ 2 kmП 2(ῶ 1)Ȳ Ὠ JTWC

ế SSMIS ╦ ᵂѩ Ȳ ה Ὠ ὑ ȳ ☼

ѿц ⇔ оᾼ ⇔ȴ 

 ӐׁשṅⱢϠ Мᾼ RIП Ȳᴖ Ӧ Hack and Schubert 

Ɏ1986ɏἬ ҏ ϩ П Ἐ ᴩ ȴ֪ Ἤ ᾼ П₣᾿ й

Њ(  10)Ȳѹ ᾼ Ɫ Ȳᴖ Ὠ 500 hPa ☼ ḟứḕ

ᾼ МїȲ ה ҏП ѿ Мїᵂ ПӂᶁȲṳ ֢

П ϩ ứ⇔ȳ ἤế ἤ ứ⇔Ȳṳᵓӣ Eliassen-Sawyer ☼Ѡ ᾼ
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ϩ ֪І ‍ Ғ ᾼῈ П оѿцṆ Ȳ

ṳѿ RI Ӣ›ȳRI Ӣῴ ế RI Ӣ∟ ᵂⱢи Ȳ ḕ ◕ᾼ ϩ

ϩ П иӁѿцӂ ϩ֯ RI МἬ ẁᾼ ȴ 

2.4.1 ▀ Мᾼ ϩ еה  

▀ − ֥ṿӣ֯ ᾼṆ ϱȲᴖ Ӕ╥Ϛ ᾼṆ Ȳ֪ױ ӣ

▀ Мᾼ ϩ еהẃ Мᾼה ϩ ȴ 

 ᴕ ӂ ☼֯ f ӂ ϱȲ ạѠ ֽϯἬӱȲ 

֣  : Ὢ ὺ (2.1a) 

й֣  : Ὢό Ὂ (2.1b) 

ϩӂ  : — (2.1c) 

Ѡ  : π (2.1d) 

ϩѠ  : ό ύ  (2.1e) 

ẔМȲᾀ ὧ—ȾὫ ρ ὴȾὴ Ɫ ⇔ (Pseudo-height)Ȳ” ” ὴȾὴ Ⱦ

Ɫ ⇔(Pseudo-density)Ȳόȳὺ ѿц ύ иᵑⱢ ֣ ȳй֣ ѿц₣᾿ ⇔Ȳ

— Ɫᴯ Ȳ‰ Ɫ ϩᴯ ⇔Ȳ  Ɫᴦᵌ ẗ (Exner function)ȲὊ Ɫй֣Ѡ֣ᾼҵ

ϩȲὗ ╥‍ Ғ ȴ 

 ᴖό ὨὶȾὨὸȲ (2.1b) ϱ ὶ ẞ 

ὶ ὶὪ ὺ  ὶὺ Ὢὶ   (2.2) 

ẔМά ὶὺρȾςὪὶⱢ Ṕ ȴ  (2.2) ҅Ϥ (2.1a) ẞ 

                Ὢὺ
ὺ

ὶ
 
ρ

ὶ
ὺὶὺὪὶ  

                                
ρ

ὶ
ὶὺ

ρ

ς
Ὢὶ

ρ

ς
Ὢὶ ὶὺ

ρ

ς
Ὢὶ

ρ

ς
Ὢὶ  

ά Ὢὶ  (2.3) 

(2.3)̔ Ϥ(2.1)ᾼ ạѠ Мṳ ẞ 

֣  : ά Ὢὶ  (2.4a) 

й֣  : ό ύ Ὂ (2.4b) 
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ϩӂ  : — (2.4c) 

Ѡ  : π (2.4d) 

ϩѠ  : ό ύ  (2.4e) 

Ӧ(2.4a) (2.4c)ȲҠѿ ҏ ϩ Ѡ  

  (2.5) 

(2.5)ѿ и  

  (2.6) 

֯ ϱȲứ  

ϩ ứ⇔: ”ὃḧ  (2.7a) 

ἤ: ”ὄḧ  (2.7b) 

ἤ ứ⇔: ”ὅḧ Ὢ Ὢ   (2.7c) 

(2.7)̔ Ϥ(2.4b) (2.4e)ṳ ẞ 

”όὅ”ύὄ  (2.8a) 

”όὄ”ύὃ  (2.8b) 

Ѡ (2.4d)Ȳứ ☼ẗ ‪ 

”όȟ”ύ ȟ  (2.9) 

‬(2.8b) Ⱦ‬ὶ ҟ‬(2.8a) Ⱦ‬z ᾼ и Ȳԛ (2.6) (2.9)̔ Ϥᴖ ẞװ

☼ Ѡ (Eliassen-Sawyer circulation equation) 

╛‪ , (2.10a) 

  ᴖ 

╛ʂ ὃ
ʂ

ὄ
ʂ

ὄ
ʂ

ὅ
ʂ

 (2.10b) 

ẔМ ὄ ὃὅ π Ȳ(2.10b)Ɫ ІȲᴖ(2.10a)ᾼ ꜜ Ԉ֯ Ἁ Ɫ

‪ πȲ ὶO Њ Ȳ‪ᴼπȴ 

 ӂ Ṇ МȲҠѿ ѿϯ Ѡ  

Ὄ ὅ (2.11a) 
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ὅ ὓ (2.11b) 

  ᴖ 

ὖḧḀ”ὅὝ ὶὨὶ Ὠᾀ (2.12a) 

ὑḧḀ  ὶὨὶ Ὠᾀ (2.12b) 

ὌḧḀὅ ὗ” ὶὨὶ Ὠᾀ (2.12c) 

ὅḧḀ ύ—” ὶὨὶ Ὠᾀ (2.12d) 

ὓḧḀὊὺ” Ὠὶ Ὠᾀ (2.12e) 

(2.9)̔ Ϥ(2.12d) ẞ 

ὅ Ḁ — Ὠὶ Ὠᾀ (2.13) 

П∟ (2.13) и и ẞ 

ὅ Ḁ‪  ὶὨὶ Ὠᾀ (2.14) 

ứ Ϛ  … Ҡѿ Ṝ 

╛…  (2.15) 

ԛ ֥(2.10a)ᾼ ꜜ ԈȲ (2.15)̔ Ϥ(2.14) ẞ 

ὅ Ḁ‪╛… ὶὨὶ Ὠᾀ Ḁ…╛‪ ὶὨὶ Ὠᾀ (2.16) 

(2.10a)̔ Ϥ(2.16)∟ԛװи и ẞ 

ὅ Ḁ  ὶὨὶ Ὠᾀ  

=Ḁὗὅ – ”ὶὨὶ ὨᾀḀὊὺ–  ”ὶὨὶ Ὠᾀ (2.17) 

  ᴖ 

–  (2.18a) 

–  (2.18b) 

–
Ḁ  

Ḁ  
 (2.19) 

 ẔМȲ– Ɫ ϩ ֪ІȲ– Ɫ ϩ ֪ІȲẔ Ɫ֯ ᴯ

ϱȲ ‍ Ғ Ἠ Ɫ П ȷ– Ɫ Ṇ ȲẔ Ɫ

Ṇ ‍ Ғ ᾼ Ȳ ҫϚ Ṕ⇔ẃכϷ ╥ ϩ ֪І ‍

Ғ ᾼ ֥ ⇔ȴ 
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 ᴖӐׁשṅⱢϠ Hack and Schubert (1986)ᾼ ѩ Ȳѹй֣Ѡ֣ᾼҵ

ϩ F ‍ Ғ Q֯װ ☼Ἤ ẁᾼ ЄЊȲ֯ 2.10aה Ң ᾼ‍

Ғ ⱢρπȲᴖй֣Ѡ֣ᾼҵϩפּ ⱢρπȲй֣Ѡ֣פּ

ᾼҵϩ ѩ‍ Ғ ЊȲ֪ױӐׁשṅԒἕ й֣Ѡ֣ҵϩ F ᾼ Ȳ

֯ ‍ Ғ Qᾼ ϩ ֪І–иέȲ ϩ ֪І–Пиέ⁄

֯  Ϯ ȴ 

 

2.4.2 ᶧ 

 ⱢϠ ϩ Џẓ ӣ֯ᶙ ᾬ ᾼ CReSS Ἤה ᾼ ὨȲ

ᴖ CReSS Ἤה ҏᾼ כ ϩ ЏẓἬ ᾼ ᶮהȲ

Ẕ ѿц ᾼ ᶧֽϯȸ 

1. ứᴯҏ Мᾼ Мїᴯ ȴ֪Ӑׁשṅ П ₣᾿

й ЊȲѹ ᾼ ⇔ Ȳ֪ױṿӣ 500 ᴍἂП ☼МїứᴯⱢ М

їȴ 

2. ѿ Мїᴯ Ɫ Мїй ҏ ứҙ ᾼ ȴӦὑӐׁשṅ ᾼ

ạȲ֪ױ 1000еṭ Ɫ ᾼҙ ȴ 

3. ѬӂѠ֣Ɫқѫ ᾼὧᴫ֣ ⁮Җ֣ כ ▀ ᾼ ֣ й֣

ȴ 

4. ₣᾿Ѡ֣Ɫқѫ ᾼ כ ⇔ (pseudo-height) 

 ᾀ
ὧ—

Ὣ
ρ

ὴ

ὴ
 

5. Ϯ ᾼ ѿ ⱢМї ӂᶁП ṳ ẞ ᾼҙ

- ⇔ϡ  

6. ҏ(2.7)הМᾼ ֪І A, B, Cѿц ֣ ⇔ ⇔ʃȲẔМ֢ ᾼ

ѠᾎֽϯἬӱȲẔМ n҅ῶ ȷi ҅ῶ ֣Ѭӂ ȷk҅ῶ₣᾿

Ѡ֣ ȴ 

 

ϩ ứ⇔ֽϯהἬӱ: 

Ὣ

—π

‬—

‬ᾀ ȟ

Ὣ

—π

ȟ ȟ

Ў
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ẔМ(i=1, Nȷk=1, nlev)  

ᴖẔМ 
Ὣ

—π

‬—

‬ᾀ ȟ

Ὣ

—π

‬—

‬ᾀ ȟ
  

 
Ὣ

—π

‬—

‬ᾀ ȟ

Ὣ

—π

‬—

‬ᾀȟ
  

 

 

ἤ —ֽϯהἬӱ: 

Ὣ

—π

‬—

‬ὶȟ

Ὣ

—π

ȟ ȟ

Ў
  

ẔМ(i=1, Nȷk=1, nlev)  

ᴖẔМ 
Ὣ

—π

‬—

‬ὶ ȟ

Ὣ

—π

‬—

‬ὶ ȟ
  

 
Ὣ

—π

‬—

‬ὶ ȟ

Ὣ

—π

‬—

‬ὶ ȟ
  

 

ἤ ứ⇔ֽϯהἬӱ:   

 
ρ

ὶσ

‬άς

‬ὶ ȟ

ρ

ὶσ

άς ȟ άς ȟ

Ў
  

ẔМ(i=1, Nȷk=1, nlev)  

ᴖẔМ 
ρ

ὶσ

‬άς

‬ὶ ȟ

ρ

ὶσ

‬άς

‬ὶ ȟ
  

 
ρ

ὶσ

‬άς

‬ὶ ȟ

ρ

ὶσ

‬άς

‬ὶ ȟ
  

 

7. ṿӣ ϩ Џẓ ה(2.15) ẞ…Ȳṳᵓӣ(2.18a) ϩ ֪І

–  

8. ∟ᵓӣ ϩ ֪І ‍ Ғ Ṇ –  

 

ה 2.5 ứ 

 Ӑׁשṅṿӣ CReSS 3.4ᾪᾼֵ їᾪӐ ᴩ Ȳ ῴỞה ꜜ Ԉ

ᾼṿӣⱢ 2.1 Ἤ П JMAԓ ȲѬӂ έ⇔Ɫ 0.5ЈȲ₣᾿ Ɫ 23 Ȳ
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Ϯ ḕ 6Њ Ϛ Ȳϡ ḕ 1Њ Ϛ ȷ ῶ ῴỞ ṿӣ MGDSSTȲѬӂ

έ⇔Ɫ 0.25Јȴѹ М RI ᴖ Ϡ ᾭ ȲиᵑⱢ

Єᾼ 1ế RI Ὲ έ⇔ᾼ 2Ȳױ Ὠ

Ӧ֤ҡ⅞Є ԓ Ѭ ṅМїỉѤếϵשׁ Ἤ ẁȴ(ῶ 1) 

 1ПѬӂ ứ 1280 544ȲѬӂ έ⇔Ɫ 5еṭȲӂᶁᾼ₣᾿

Ɫ 350 еѐȲ₣᾿ Ɫ 80 Ȳ ◕Ɫ ד2013 11ѣ 4ѡ 1200 UTCᴟ 

ד2013 11ѣ 9ѡ 1200 UTCȲԚ 120Њ Ȳ и Ɫ ) הּ 6 иЄḔ ) 

ц ) הּ 2 иЊḔ )Ȳ ᾬ Ɫᵐ ȲϮ ҏ Ɫ  ה21600ּ

(6Њ )Ȳϡ ҏ Ɫ 1Њ) ה3600ּ )ȴ 

 2ПѬӂ ứ 2688 1152ȲѬӂ έ⇔Ɫ 2еṭȲӂᶁᾼ₣᾿

Ɫ 350еѐȲ₣᾿ Ɫ 76 Ȳ ◕Ɫ ד2013 11ѣ 5ѡ 0000 UTCᴟ 

ד2013 11ѣ 9ѡ 0000 UTCȲԚ 96Њ Ȳ и Ɫ ) ה4ּ иЄḔ ) 

ц 1 ) הּ иЊḔ )Ȳ ᾬ ᴕ ᵐ Ȳװ ☼ ֥ᵂӣ

о ⁄ ӣ 1.5 ֥ȲϮ ҏ Ɫ 6Њ) ה21600ּ )Ȳϡ ҏ

Ɫ 1Њ) ה3600ּ )ȴ 
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3  Ὠ 

 

3.1 ⇔ о 

 Ӑׁשṅṿӣ CReSS ᴩ Ȳԛ ϚḔᾼиέП›ȲӇ Ԓ

Ὠ ᴩῴḔᾼѩ Ȳ ה ὑ RIᾼ ╥ᵡẓצ ᾼ ϩȴ  

7Ɫ Ȳ Ɫ JTWC Ṿ Ȳ Ɫ 5 km έ⇔ П ὨȲ Ɫ 2 

km έ⇔ П Ὠȴ ᾼ МїứᴯѠה╥ 500hPaᾼ ☼МїḟứȲ

ᴖ ᾼ 11ѣ 6ѡ 00UTC ỞצҖ ᾼ ᾓȲ ╥ Мᾼ ⇔

Ἠᴯ Җ Ȳ Мᾼ Җצ☼ ᾼ ᾓȴẔ Җ ᾼӂ

ᶁ ЄּפⱢ 2 ⇔ȲᵀӦὑ ᾼᴯ ṝ ᵅ Ȳ

П ᾼ ῶ ӂᶁ פּ 0.5 ЈCȲ ֯ Мᾼ ЛЄȲ֯Ғϱ М

ᾼӂᶁ Ɫפּ⇔ 9 Í Ó Ȳ צ ᾼ ◦ ֫ ᵂӣ ЊȲ ◦

ᾼẁ ᾓ Л ыЄȲᴖ  8 ӱ П Ἤ

ᾼ Є ⇔Ӽ‍ ῺȲד Є ⇔ Ҡפּ ẞ 77 Í Ó ҿҢȲ֪ױ

МҖ ᾼ ╥֯Ҡ ắᾼ вȴ 

 ᴖ М ⇔ ᾼ оӼ╥ ╥ᵡ RI ᾼ ╓ Ȳ֢

ᴯѻ ѿ ᴯ в Єӂᶁ ẃ ᴷ П ⇔Ȳ֪ױӐׁשṅӼѿ

ẃ Ɫ ⇔ оП ȴ  9 Ɫ Є ᶧԝ Ȳ Ɫ JTWC

Є֮ῶ Ȳ Ɫ 5 km έ⇔ П ὨȲ Ɫ 2 km έ⇔ П Ὠȴ

Ҡѿ ẞ ᾼ Є ῴỞ Б ѩ JTWCἬ ᴷЊȲẔ ֪Ҡ

╥ӦῴỞ ᾼᵅ έ⇔ ȷכ М Є ⇔ҏ ֯ 11ѣ 8ѡ 0600UTCϷЛֽ

JTWCἬ ᴷП Є ȲἬѿ М ד⇔ ὑ JTWC╥ ᾼȲ ѿ

Hendricks et al. (2010) ᾼ  Ȳ Мᾼ RI ӢП ד ὑ

JTWCП ᴷ Ϡּפ 2щҙИ ӢȲѻ ᾼ ֪Ҡ ╥ῴỞ ᾼ JMAиέ

έ⇔ ᵅȲῴỞ ⇔Б ѩ JTWCἬ ᴷᾼ Є ȲҒϱ ᾼה

ϩ ϩ Ȳṿ ᾼ ⇔ѿцẔ Лֽ ȴᵀ╥ М

RI ᾼ ⇔ о JTWCἬ ᴷᾼ ⇔ оϫиדῺȲּפⱢ 30 Í Ó ÄÁÙȲ

҅ῶ Ϛứצה ϩ ҏ ᾼ RI ȴ 

  10Ɫ П₣᾿ й Пѩ ȲҠѿ М Ἤ ᾼ
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₣᾿ й Њὑ 10 Í ÓȲ ₣᾿ Ӽӑצ ᾼ ᾓ ӢȲ ᾓ

Є ד ȷᴖ М RI Ӣ ◕ᾼ₣᾿ йד ὑ М RI Ӣ›ЊȲᵀ

М Ӣ RI чᴖ╥₣᾿ йד Єᾼ ᾓȲѻ ֪╥ Мᾼ RI Ἃצ

Ӣᾼ …ȴᵀ Hendricks et al. (2010) Ἤ ᾼ  (ῶ 2) ֯ыӂ◦ᾼ

RI ₣᾿ йӂᶁ Ɫפּ 10.38 Í Ó Ȳῶӱ RI ╥Ҡѿ Ӣ֯₣᾿ й

10.38 Í Ó ѿϱᾼ Ȳ֪ ױ МЊὑ 10 Í Ó ᾼ₣᾿ й ὑ ᾼ

RI ṳЛ ȴ 

 

3.2 ☼ о 

 ᾼ ⇔Лֽ Ἤ ᴷȲᵀ צה ϩ

RI П ⇔ оȲᴖ Ϡ ⇔ϱᾼ о ᴿȲϷד ה ὑ

RI ᾼ ☼ ế ╥ᵡ ᴿȲד  11  12иᵑⱢ 5 km 2 

km έ⇔ М 850-200 hPa Пӂᶁ Ѭ І ֥ѩȲ֯ 11ѣ 6ѡ 1200 UTC (  

11a  12a)ȲּפⱢ М RI Ӣ› 12Њ Ȳ ☼ᴯ SSMIS 91GHz ╦

)ᴿד  5a)Ȳѻ Ӣ֯ Мїᾼ⁮ Ȳ ѹ ȴ֯ 11ѣ 7ѡ 0000 

UTC (  11c  12c)ȲRI Ӣῴ Ȳ5 km 2 km έ⇔ צ ẞ

☼֣Мїв ᴖ МȲ ∂ӴȲҵ צ ​ ᾼҏ Ȳ ᴿȲᵀד

ױ 2 km έ⇔ ᾼ ѩ 5 km έ⇔ ᶙ ȴ11ѣ 7ѡ 0600 

UTC (  11d  12d)ȲҠѿכẞ Мҏ ᾼ ☼Ȳ ᶮכȲᵀ 5 km

έ⇔ П Л╥‍ ᶙ ȴ11ѣ 7ѡ 1800 UTC (  11f  12f)ȲⱢ RI

ḇᾼ Ȳ Мצҏ ᴿ ᾼ ȲT Ẕ ᾼҙ Лֽ ϱ(  5d) 

ἬכẞᾼЊȲ Мᾼה ҙ Ɫפּ 50еṭȲ ╦ ᾼ ҙ Ɫפּ 20еṭȴ

М RI Ӣᾼ ѩ JTWC ȲּפἋ Ϡ 66Њ Ȳᵀ ᾼ

֯ RI ᾼ ☼ ѿц ᾼ о SSMIS 91GHz ╦ ᴿȲד צ

∂Ӵȳв оᾼ ȴ 

  13  14иᵑⱢ 5 km 2 km έ⇔ М 700-300 hPa Пӂᶁ₣᾿

⇔ѿц П‍ Ғ ȲӦὑ צṳḥה ҏ ‍ Ғ Ȳ֪ᴖ ᴕὭḈ

 (1997) Ђ ѝМ ה ᾼ ‍ Ғ Ѡᾎ(  Ϛ)ȲҠѿ ẞ

2 km έ⇔ ѩ 5 km έ⇔ Ḇצ ᾼ ☼ Ȳӂᶁ₣᾿ ⇔ Є
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Ӽ צ Єᾼ‍ Ғ Ȳѹ RI Ӣ ᾼ ☼ М֯в Ȳ ᶮ

ṳвכ ȴ 

  15  16иᵑⱢ 5 km 2 km έ⇔ МП - ⇔ᶧԝ Ȳᴥ

Ɫҙ 100еṭвӂᶁП‍ Ғ Ȳ МҠѿ 5 km 2 km М Є

ᾼ‍ Ғ М֯ 4ᴟ 8еṭȲ5 km έ⇔ ֯ RI› 6Њ Ởצ Єᾼ

‍ Ғ Ӣ(  15)Ȳᴖ 2 km έ⇔ ⁄╥֯ RI Ӣ צ Єᾼ‍ Ғ

Ӣ(  16)Ȳѩ 5 km έ⇔ П Ὠ Ϡ 6Њ ҿҢȲᵀẒ῏ᾼ‍

Ғ ֯ RI Ӣ∟צὙ ᾼ Ғȴ 

 

3.3 Њ  

 ᴖṕȲ ᾼ ȳ ⇔ оế ᾼ ᾼѩ МҠ

ѿ Ȳ Ҡה ֪ῴỞ έ⇔ ᵅȳῴỞ ⇔ ѿц ᾼῴỞ

ᾼ ạȲ Мᾼ ᾎ ẞ Ἤ ᴷᾼ Є ⇔ѿц RI ᾼ

Ӣѩ Ἃ ҏ Ȳᵀ צЬה ẞ ֯ RI Ἤ Ӣᾼ

⇔ оȳ ☼ ȳ ∂Ӵ в П ȴӦὑ 5 km έ⇔ 2 km

έ⇔ צ ẞ ᾼ ⇔Ȳѹ צ ҏ П∂Ӵѿц

в ᾼ Ȳ֪ױϯѝᾼиέ ӣ έ⇔ 2 km έ⇔ ѿц М RI

Ӣᾼ Ɫ Ȳ ᴩ ᾼиέ ȴ 
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4  ϩ иέ Ὠ 

 

 3 ᾼ ὨиέМ 2 km έ⇔ 5 km έ⇔ᾼ МȲ צ

ϩ ẞ RI П ∂Ӵȳ о ⇔ᶶ оȲ֪ױ

Ὲ έ⇔ᾼ 2 km ᴩ ѿц ϩ П иέȴ 

 

4.1 ֪Іиέ 

װ֯  ☼ Ѡ (Eliassen-Sawyer circulation equation)МȲ Іᾼ… Aȳ

B Cиᵑ╥ ϩ ứ⇔ȳ ἤ ἤ ứ⇔ȲẔМȲ ֪І A C

ḟứ М ắẞ‍ Ғ ∟֯(r,z) ϱ ᾼч Ȳ ϩ ứ⇔҅ῶᾼ╥

֯₣᾿Ѡ֣ ᾼ ạ ⇔Ȳ ἤ ứ⇔҅ῶᾼ╥֯Ѭӂ ֣Ѡ֣ ᾼ ạ

⇔ȴ ԒȲ ḕ ֪І֯ М RI› 12Њ ȳ6Њ ȳRI Ӣ RI Ӣ∟

6Њ ᾼᾭ Ȳṳиέḕ ᾼ ἤȴ 

  17Ɫ ϩ ứ⇔ A П иӁȲҠѿכẞ ϩ ứ⇔֯ М

⇔╥ ᾭиӁȲד Є ᾼ ⇔Єּ֯פ 5 ᴟ 6 еṭҿҢȲ ╥ ᾼ ї

Ἤ ᾼכ ȴᴖ֯ RI› 12Њ ȳ6Њ ȳRI Ӣ RI Ӣ∟ 6Њ П

ᾼ ϩ ứ⇔ ḥצыЄᾼ оȲ҅ῶ₣᾿Ѡ֣ᾼ ⇔ о ṳḥצ

ᾼ ᴖḂ ȴ 

  18Ɫ ἤ BП иӁȲҠѿ ἤ֯ RI Ӣ›ṳЛЄ

(  18a  18b)Ȳ RI Ӣ Ȳ ї ᶙ Ȳ ἤϷᶶ Ғ(  18c

 18d)ȴᴖ֯ ה2.15 Ңה П ⇔ ֣ ⇔ П ҿה L ІМᾼ

ἤ B ֽ)֝ד 2.7b ױȲ(ה ⇔ ֣ ⇔ Мᾼ ⇔ Ӽ╥ ᾼ

ὨἬ ẞȲ֪ױ ᾼ Ὠ╥ҔᵶϠ вᾼϯḛ ᵂӣѿц Ὅ

ᾼ ȲᴖӦὑ ᾼ έ⇔ (6Њ )Ȳ֪ ױ ѿ Ẓ ᵂӣᾼ и ȴ 

  19Ɫ ἤ ứ⇔ CП иӁȲ֯ Ӣ RI› 12Њ (  19a)Ȳ

ἤ ứ⇔ ‍ ᾼЊȷ֯ RI› 6Њ (  19b)Ȳ ἤ ứ⇔ Єᾼ

М֯ҙ 25еṭѿвȲ ⇔֯ 4еṭѿϯȷ RI Ӣᾼῴ (  19c)Ȳ ἤ

ứ⇔ Єᾼ Ở ЄȲẔ ⇔Ἃᴼẞ 7 еṭҿҢȷRI Ӣ∟ 6 Њ (  
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19d)Ȳ ἤ ứ⇔ᾼЄЊ ᶶ сȴҠѿ ἤ ứ⇔П иӁ

ᶶ Єѹ Єȴ 

 ḕ ֪І֯ RI› 12Њ ȳ6Њ ȳRI Ӣ RI Ӣ∟ 6Њ ᾼиέМȲ

ἤ ứ⇔ צ Єᾼ о Ȳ ֪╥ Ɫ ᾼ☼ Ȳ

Ȳ∂Ӵ Ȳй֣ ᾼ ֣ ⇔ ᶶצ ᾼ оȷᴖ

ї ᾼ ὑ ϩ ứ⇔ᾼ Мὑ ї Ȳѹ їᾼῈ ▀

ṳЛ ₣᾿Ѡ֣ᾼ ⇔ צ⇔ ᾼ Ғȴ֪֯ױ МȲ ἤ ứ⇔ᾼ о

ד ὑẔ֪҃І װ ☼ Єȴ 

 

4.2 ϩ иέ 

  20Мҿԝ Ɫ П ӂᶁй֣ ȲҢԝ Ɫ ϩ

֪ІȲᴥ Ɫ‍ Ғ ȴҠѿ ֯ Ӣ RI › 6Њ (  20c) Ӣ

RI ῴ (  20e)ᾼй֣ ḥצ−Єᾼ оȲ ═֯ 35 Í Ó ҿҢȲᵀ╥ Ӣ

RI ῴ (  20e)ᾼ Є ҙ вᾼй֣ ⇔ Ғѩ Ӣ RI › 6Њ (  20c)

ẃᾼ Ȳ҅ῶ ἤ ứ⇔ᾼ ҒȲ ד19  ȴᴖ ϩ ֪І֯ḕ

ᾼ Є ᴯὑ 10еṭ ҿҢȲѹ М֯ҙ 50еṭвȲᵛӦ

І(2.15)Ἤ ҏᾼʔ ᴯױ֯ צ Єᾼ ֣ ⇔Ȳױ ᾼ ҏ ֯

ᾼ Hack and Schubert (1986)Ἤ ᴩᾼ ὨדᴿȲṳ֯ 11ѣ 7ѡ 0000 

UTCȲRI Ӣᾼ ϱȲ ϩ ֪І ẞד Є פּ 10%ѿϱȴ 

 Ӧὑҙ 500еṭѿҵᾼ ϩ ֪І ד Мї ЊȲּ֯פ 1%

ѿϯȲѹ Мᾼ₣᾿ӂᶁ Ѭ ІиӁ (  11) 500еṭᾼҙ

вҔᵶϠ ᶙ ᾼ ☼Ȳ֯Ғϱ ⇔ 13.2еṭѿϱᾼ ἤ ứ⇔֯ Ὼв

צ ᾼҏ ȲҠ Л Ṝ Eliassen-Sawyer circulation equation ᾼ І

(2.10b)Ȳ֪ױ  21Мᾼ ậᾼ Ɫ ⇔ 1.5-13.2 km ҙ 500 kmвПӂ

ᶁ ϩ ֪ІȲ ἉᴥⱢמּ М RI Ӣ ◕ȴ Ӣ RI ›ᾼӂᶁ

֪ІЄּפ ═֯ 0.75%ҿҢȲᴖ֯ 11ѣ 7ѡ 0000 UTCȲϷ ╥֯ М RI

Ӣῴ ᾼӂᶁ ֪І Б ẃẞד Є פּ) 1.1%ҿҢ)Ȳṳѹ֯ RI

Ѿ ứױ֯═ ȴ 

  22Мᾼּמ ⱢṆ П оȲ Ɫ ⇔ 1.5-13.2 km ҙ
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500 kmвП‍ Ғ ӂᶁ ȴ МҠѿ Ȳ Ӣ RIῴ ᾼ‍ Ғ

ӂᶁ ẃẞד ᵅᾼ ȲẞϠ RIӒ Иצ ֵᾼ‍ Ғ ὍȲѹ֯ Ӣ RI

›ᾼ 12Њ Ȳ‍ Ғ ӂᶁ Ϸד ЄȲ‍ Ғ ӂᶁ ᴿѾצ

ϚщҙỂצ П Ȳѻ ᾼ ֪Ҡ Ɫ ᾼה ҏⱢ 6) ה21600ּ Њ )Ϛ

Ȳѹ ҏᾼ ⱢϚ ᾼᾭ ᴖЛ╥ ӂᶁᾼᾭ Ȳᴖ ☼ ᾼ ѐ

⇔ЄּפҙЊ ᴟϚЊ ȲἬѿ έ⇔Л ȲҠ ᾎ҅ῶḕ ᾼ‍

Ғ ӂᶁ ᾼ Ȳᴖ Ṇ ᴕ ẞ‍ Ғ ПЄЊ

ѿцҒ Пᴯ Ȳ֪ױ Ṇ ȲϷҏ Ϡ Є ᾼ ȴ

ᵀ֯ МЬҠ ẞṆ ᾼ Є פּ) 1.3%)ҏ ֯ RIᾼ Ȳ ӱ

ᾼ ֪І ‍ Ғ ⇔ ȴ 

  23Ɫ 2 km П ӂᶁП -ҙ ₉ ȲẔМҔᵶӂᶁᾼCAPEȳ

‍ Ғ ȳ Є ҙ ӂᶁ Є ȴ МҠѿ Ȳ Єᾼ

CAPE RI › 6Њ Ở ѹ М֯ Є ҙ вȲṳ֯ RI Ở∟ᶶ

ҷȲᴖ Є ҙ ֯ RI∟ּפ 75еṭв ᴟּפ 50еṭѿвȲ ӂᶁ Є

39.4 ÍÓᶶ Ғᴟ 45.0 ÍÓȲ Єᾼ‍ Ғ ҏ ֯ Є ҙ

в ȴᴖ ᾼ ֯ 11ѣ 8ѡ 0600 UTCБ √ Ȳắẞ֮ᶮ

ᾼ ȲῺ֮ῶ Є ṣ ϯ (ֽ  21)Ȳ Ɫ Ȳ Єᾼ‍ Ғ

Ở֣ҵ ᴖ ȴ  24ᾼᴥ ⁄Ɫ ϩ ֪І ⇔ 1.5ᴟ 13.2

еṭП₣᾿ӂᶁ Ȳ ֯ RI Ӣᾼ Ȳ ד Єᾼ Ἃᴼᴟҙ

100еṭҿҢȴ  23ȳ  24ѿц оᾼиέМȲҠѿ Ἤ

ᾼ CAPE ֯ RI Ở ᶶ ȲⱢ ∂ӴἬṿӣȲᴖ ϩ иέ ӱױ

ᾼ ‍צ ֻᾼ ȲRI Ӣ ᾼӂᶁ ϩ ѩ RI › 12

Њ сϠ 0.35%ҿҢ(  21)ȲҠѿ−צ ֮ Є ҙ вᾼ‍ Ғ

Ṇכ ȲṿṆ ⇔ᶶ сȴ 

 

4.3 ӂᶁ П ⇔  

 ӐЊ ϩ ֪І֯ậЛ֝ ӂᶁ ᾼ ἤȴ ԒȲ  

25Ɫ ϩ ֪І֯Ệứ ⇔Ɫ 13.2еṭ Л֝ҙ вᾼӂᶁ ᾼ

оȲҠѿ ֯ 11ѣ 6ѡ 0000 UTCȳ7ѡ 0600UTCדצ Єᾼ ϩ
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֪Іӂᶁ ҏ Ȳᴖ ӂᶁ ᾼҙ ЊȲ ϩ ֪Іӂᶁ П ҒȲ

҅ῶ ᾼ М֯ Ὼв ᾼ Ȳѹ 11ѣ 7ѡ 0600UTCПד

Є ӂᶁ ҙ ᾼ ЊצḆⱢὙ ᾼ Ȳᴖ RI ›ᾼ 11 ѣ 6 ѡ 1200 

UTC RI∟ᾼ 7ѡ 0600 UTCᾼ ӂᶁᾼҙ Њצ Ғᾼ ȲẔ

700еṭᾼ 0.2% Ғᴟ 100еṭᾼ 1%Ȳῶӱв ᾼ ֪І Ғ

ᾼ ḆⱢᶶ ȴ 

  26 Ɫ ϩ ֪І֯Ệứҙ 500 еṭ Л֝ ⇔ вᾼӂᶁ

ᾼ оȲҠѿ ᴖ ӂᶁ ᾼ ⇔ ҒȲ ϩ ֪Іӂᶁ П

ҒȲ̔ ῶ ᾼ М֯ ᾼ Ȳᴖ RI›ᾼ 11ѣ 6ѡ 1200 UTC

RI∟ᾼ 7ѡ 0600 UTCᾼ ӂᶁᾼ ⇔ Ғצ Ғᾼ ȴᴖ֯ RI

Ȳ ⇔֯ 13.2 12kmᾼ ӂᶁ צ ᾼ Ȳ10.2 9.3kmᾼ

ӂᶁ ⁄╥ Ғᾼ Ȳᵀ о ‍ Њȴ 

 

4.4 Ӕ П ⇔  

 ֯ Schubert and Hack (1982) щ (2015)ᾼׁשṅМȲ ἤ ứ⇔֯‍

Ғ Ἤ ᶝ֮כ ⇔Ḃ ᾼῈ иӁϱП ȲᴖⱢϠ Ӵҏ ἤ ứ⇔П

Ȳ֪֯ױ Eliassen-Sawyer circulation equation ᾼ І(2.10b)МȲỆứ ϩ

ứ⇔(A= constant ḳ . ) ἤ(B = 0)Ɫ Ȳᵛ ⱢӔ ȴᴖ 4.1

֪ІиέȲӐׁשṅᵓӣ CReSS Ἤה ҏᾼ МȲẔ ϩ ứ

צ⇔ ⇔ ᾭἤȲѹẔ ρπÓ .П ᴿȲᴖҙד 50еṭѿ

вצ ї ֯ RI ȲẔ ἤӼ Є(  18)Ȳ Ɫפּ

ρπÓ Ȳ ᾼӔ ṷצ Ȳ֪ױ Ӕ ὑ ϩ

П ȴ 

  27Ɫ ϩ ֪І֯Л֝ П ȲҿԝⱢṿӣ 2 km Мᾼ

ἤ Ἤ ҏᾼ ϩ ֪ІȲҢԝ⁄╥Лṿӣ 2 km Мᾼ ἤ Ȳ

ᵛӔ (B=0)ᾼ ϯἬ ҏᾼ ϩ ֪ІȲҠѿ ֯ RI Ӣ› (  27a ȳ

 27bȳ  27c  27d)Ȳ ᾼ ϩ ֪Іṳḥ֪צӔ ᾼ ᴖצыЄ

ᾼ Ȳᴖ֯ 9ᴟ 12еṭᾼ ȲӔ ᾼ ϩ ֪Іѩ ЄϚṷȲѹ

Ḇ Мὑ їȷRI Ӣ∟(  27eȳ  27fȳ  27g  27h)Ȳᵅ ᾼ ϩ
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֪ІЬ ḥ֪צӔ ᾼ ᴖצыЄᾼḂ Ȳᵀ֯ 9ᴟ 12еṭ Ὼв ᾼ

ȲӔ ᾼ ϩ ֪Іѩ Њ−ֵȲѻ ֪ ╥ RIП∟ᾼ ї

оȲṿ ἤ (  18)Ȳ ᴖ ẞ П Ὠȴ  28Ɫ ϩ ֪

І֯ ⇔ 1.5-13.2 km ҙ 500 kmвПӂᶁ ʂ Ṇ ʂ П

оȲ МҠѿ ҙ 500 kmвӂᶁᾼ ϩ ֪ІѿцṆ ʂṳ

ḥ֪צӔ ᾼ ᴖצыЄᾼḂ Ȳד Ὑ ᾼ ҏ ᾼ Ɫ RI Ở∟

6Њ ȲϷ ╥ 11ѣ 7ѡ 0000 UTCȲᵀẔ Л 0.1%ȴ  27  28

Ҡѿ RI Ӣ∟Ȳ Ӣ ᾼ ἤ М֯в ᾼ Ȳ ὑ ֪І

ᾼ Є и ч ֯ Ὼ в ᾼᴯ Ȳᵀ П‍ Ғ −юҒ

֯ 10еṭѿϱᾼ Ȳ֯₣᾿Ѡ֣ᾼ Є иҏ ֯ 4ᴟ 7еṭᾼ ⇔ҿҢ

(  16)Ȳ֪ױ Ṇ Л Єᾼ−צ ȴ 

 

4.5 Њ  

 ֯ ֪ІᾼиέМҠѿ ϩ ứ⇔ ыЄП оȲ ἤ ứ

⇔⁄֯ RI ᶶ ᾼ ҒȲ ї ∟Ȳв  Ὼᾼ ἤϷ П

ȴ 

 Ḃ ậӂᶁ ᾼ ⇔ МҠѿ Ȳ ậӂᶁᾼ Ḃ Ȳ

ϩ ֪Іӂᶁ оᾼ ṳḥצыЄᾼḂ Ȳ֯ RI Ởᾼ

Ь╥Є сᴟד ȲᵀẔ ѿц о ⁄ ắẞӂᶁ ᾼ Ȳѹӂ

ᶁ ҙ ᾼḂ Ẕ Єȴ 

 ᴖ֯Ӕ П ⇔ М ȲRI Ӣ∟П ї Ȳ Ὼв

ᾼ ἤ ὑ ϩ ᾼ ‍ ᶝ Ȳ֯Ӕ (B=0) ▐ϯ ṿӣ

Ὠᾼ ▐П Ἤ ҏᾼ П ἤȲѻ М֯ в

ᾼᴯ Ȳᴖ‍ Ғ ֯₣᾿Ѡ֣ϱ Єᾼ ѻ М֯М ☼ Ȳ֪ױ ὑṆ

Л Єᾼ−צ Ȳ ӱ ὨМ ᾼ ἤṳЛ

П Ὠ ҽЄᾼכ ȴ 

 ѿϱᾼ ϩ иέᾼ Ὠ ӱ ᾼ ֯ RI Ở ᾼӂ

ϩ צ ֮ ‍ Ғ כ СṆ ᶶ ȲἬ ҏᾼ

ϩ ֪І ẞד Є Ȳ֝ Ϸ Ϡ ӂ ϩ ֯ԓᾬ
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ϯᾼה ᶶ Ȳᵛӂ ϩ֯ ᾼ RI М᷊ Ϡ

ᾼṔᴥȴ 

 ֪Ӑׁשṅӭ›Ҭ ȲӦὑױ ╥ ὑ ◦ ҉ḝ ṏֻ

ᾼ Ԉᾼ ᾓϯȲ Ở Ȳ ∂Ӵṳ оᴖצ RIᾼ

Ȳ֯ RI ᾼ ד ὑ RI דצ‹ ᾼ ȷᴟὑẔ҃ ╥

ᵡ֯ RI ȲӼ צ ᾼҏ ?Ҡ ậḟὑ Ἤ ᾼ Ԉѿц

Ȳ МҠѿה2.17 ֽὨ ẞ ᾼ Ȳ Ϡ ᾼ

֪І–ПҵȲֽὨצ ᾼ‍ Ғ QȲ ϷҠѿ ẞ ᾼ ṿ

Ṇ ȴ 
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5  ἤ 

 ֯ Schubert and Hack (1982) ѿц Hack and Schubert (1986) Ἤṿӣᾼ

иέ╥֯ӂ ᾼ ϯ ᴩ Ȳᵛ ϩӂ ȳ ⇔ ӂ ᾼ Ȳ

ᴖӦ ╦ ᾼ Ὠ CReSS ה ᾼ Ὠ ֯Ẕ Ӣ RI ᾼ

Ɫ ∂Ӵᾼ ȲᵛЛ ᾼ Ɫ ᾼ ȲⱢϠ

ӂ ϩ֯ RI МἬ᷊ ᾼṔᴥѿц иέ֯ ᾼ ϱᾼ

‒ї ⇔Ȳᴖҟ ᾼ Ẕ ⇔ ᾼ Ȳ֪ױṿӣϠ

Miyamoto and Takemi (2013)Ἤứ ᾼ ⇔ɾ ȴ 

 

5.1 ⇔Пứ  

 Ԓ ԉϚ ‰ ӂᶁȲṳҠѿ ẞϚ ӂᶁ ה  ה

ֽϯ(5.1)הἬӱ: 

‰ὶȟ‗ȟᾀȟὸ ‰ὶȟᾀȟὸ ‰ ὶȟ‗,z,t) (5.1) 

ẔМȲὶȳ‗ȳᾀ ὸиᵑ҅ῶ ֣ȳй֣ȳ₣᾿Ѡ֣ ȴ ⇔ɾ ᾼứ ֽ

ϯ(5.2)הἬӱ: 

‎ὶȟᾀȟὸḳ
ȟȟ

ȟȟ ᷿ ȟ,z,t) Ⱦ
 (5.2) 

⇔‎ ҅ῶᾼ╥ḕ ֯Ẕ ᾼҙ ϱἬ ᾼצ ӂᾼ Ȳ‎ Юὑ 0

ᴟ 1П Ȳ ‎ Ὼ 1҅ῶױ ᾼ Ὼ ӂᶁ ȲᵛⱢ ȷ

‎ Ὼ 0҅ῶױ ᾼ ӂᶁ ȲᵛⱢ‍ ȴ 

 ∟ ‎ ѿỆứᾼ ⇔ ҙ ậӂᶁ ẞḕ ᾼӂᶁ ⇔‎Ӷ

Ȳֽϯ(5.3)הἬӱ: 

‎Ӷ ὸ В В ‎ὶȟᾀȟὸȢ  (5.3) 

ẔМȲZ ứⱢ 12еṭȲR ứⱢ 100еṭȲᴖ ҙ 100еṭ Ɫ

⇔ᾼ ֪Ɫ ᾼ Є ҙ Њὑ 100еṭȴ 

5.2 П ⇔ о 

 ⱢϠ П ᾼ ⇔ П оȲ Ϡ ϩ ᾼй

֣ ᴯ ѿц ϩ ᾼ Ѭ І ֥ѩȳϚЊ ​ ‍ Ғ ẃ
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Ɫ⇔ ⇔П ȴ 

  29ⱢӂᶁП ⇔‎Ӷ П о ȲἬ ậᾼ й֣צ ȳᴯ

ȳ Ѭ І ֥ѩ ‍ Ғ ȲҠѿ й֣ ᴖṕ −צ ᾼ ⇔Ȳ

й֣ ᾼ‎Ӷ Ѿ ֯ 0.6ѿϱȲᴖ RI Ӣ∟ 6Њ Ȳй֣ ᾼ‎Ӷ 0.75

сᴟ 0.9Ȳᴖ Ѭ І ֥ѩ ‍ Ғ ᾼ ד╥⁄⇔ ᵅᾼȲяẔ╥

‍ Ғ Ӑϱ ╥ ὑ‍ ᾼᾭ Ȳᴖ Ѭ І ֥ѩᾼ‎Ӷ ⁄╥֯ RI

Иצ ᾼ Ȳᴖᴯ ᾼ‎Ӷ ֯ 11ѣ 6ѡ 0600 UTCѿ›ּפⱢ 0.3ҿҢȲ

ᵀ֯ RI Ӣ› 18Њ Ȳᴯ ᾼɾ Ɫ Ɫ ᾼ 0.5Ȳῶӱᴯ ֯ RI›

Ϛứᾼצ ἤȲᴖ RI Ӣ Ӽ █ṷ ṣ оȴ֯ Miyamoto and 

Takemi (2015)ᾼׁשṅМ ӱẔWRF ה ᾼ ֯ RI Ở› 12Њ Пᴯ

ᾼ‎Ӷ 0.2 сᴟ 0.5ᾼ ⇔Ȳᵛ RI› 12Њ ᴯ Ở оȲẔ

Ὠ Ӑׁשṅᾼиέ ὨדᴿȴᴖϚЊ ​ ᾼɾ ᴯ ᾼ‎Ӷ

‍ ᴿȲד ֯ 6ѡ 0600 UTC Ɫ ᾼᾭ ȲẔɾ 6ѡ 0000 UTCᾼ

0.3 сᴟ 0600 UTCᾼ 0.5Ȳꜙᴟ֯ RI ӢП∟ȲẔ ⇔ ẞ 0.6ҿҢȴ֯

Х МȲᴯ ϚЊ ​ᾼ ⇔ ᾼ о ⇔ Ḇ ὑ

Ẕ҃Ϯ Ȳ֪ ױ ᴯ ϚЊ ​ᵂⱢ ⇔ᾼ ╓ Ȳ

ṳ Ẕ П о ȴ 

  30Ɫ 2 km Мᾼ 850-200 hPa Пӂᶁᴯ 700-300 hPa Пӂᶁ₣

᾿ ⇔Ȳ ֯ RI› 24Њ Пᴯ ☼‍ Ȳᴯ ᾼ ⇔ ᵅȲּפ

Ɫ0.3ҿҢ(  30a)Ȳ֯ RI›18Њ ᴯ ᾼ ⇔ᶶ сᴟ0.52(  30b)Ȳ

ᴖ֯ RI › 12Њ Ȳ ☼ М֯в ⁮ Ȳד Пᴯ ѻ иӁ֯в

ѿц ☼  Ὼ(  30c)ȴ֯ RI › 6Њ Ȳ ☼ Ȳᴯ ṳ М

֯ ї(  30d)ȴRI Ӣ Ȳ ᾼ ☼ Ӣ֯в ⁮ Ȳ ї ᴯ П

ЄȲẔ‎ 0.46 сᴟ 0.51(  30e)ȴRI∟ 6Њ Ȳᴯ Є ѹḆⱢ

оȲ ☼ М֯в (  30f)ȴ  31Ɫ 2 km П - ⇔ᶧԝ Ȳ

ᴥ Ɫҙ 100еṭвӂᶁПᴯ ȲҠѿ ֯ 11ѣ 6ѡ 1200 UTC ᴯ ֯

⇔ᾼиӁϱ ⱢᶁлȲּפ 3ᴟ 4 PVUȲᴖ 6ѡ 1800 UTC Ȳ ⇔ 700ᴟ 400ᴍ

ἂᾼᴯ Ở ҒȲ֯ RIП∟Ȳ ᴯ ⇔ 700-400ᴍἂ Ở֣ϱ ֣ϯ

ἋᴼȲ═ Ғᴟ 6ᴟ 7 PVUȴ 
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  32Ɫ 2 km МᾼϚЊ ​  (ÍÍ ÈÒ)Ȳ֯ RI› 24Њ ПϚЊ

​ М֯в ⁮ ȲᴖẔ⁮ Єᾼ ​иӁṿᾼ ⇔Ҭצ

0.31(  32a)Ȳ֯ RI› 18Њ П ​ ᾼиӁ ḆⱢв Ȳ ⇔ сᴟ

0.51(  32b)Ȳ֯ RI› 12Њ 6Њ П ​ ᾼиӁ М֯в ⁮ Ȳ

ѹ Є(  32c  32d)Ȳ֯ RI Ӣᾼ Ȳ Ở ∂ӴȲ

⇔ сᴟ 0.61(  32e)ȲRI∟ 6Њ П ⇔ꜙᴟ сẞ 0.68(  32f)ȴ 

5.3 Њ  

 ⇔ᾼиέ Ȳ֯й֣ ȳᴯ ȳ Ѭ І ֥ѩȳϚЊ

​ ‍ Ғ Х МȲẔ ⇔ ὑ RI ᾼ Ӣ Ɫצч ᾼ

Ɫᴯ ϚЊ ​ Ȳ֯ RI Ӣ› 18Њ П Б Л Ɫ

П Ȳṳ֯Ѭӂᾼ иέМ ᾼ RI Ӣ∟Ẕ Є сѿц֯₣

᾿ᾼ иέМ М ☼ ᾼᴯ Ԓ ỞЄ Ғȴᴯ ֯Ὲ ᾼиӁѿ

ц ֯ ᾼῴ Ӽ Ѭ І ֥ѩ ‍ Ғ ϩ Ϛ Ɫи

ѹ Ȳᵀ ᾼ Ȳᴯ ṳ כ֥ Ɫצ ᶧѿц ⁄ᾼ

∟ Ӣ RIП ȲᴖϚЊ ​ ⁄╥ҠѿϚứ ⇔ч ‍ Ғ

ᾼЄЊ ᴯ Ȳѿ ‍ Ғ ֯ έ⇔ϱᾼЛṜȴ ᴯ ϚЊ

​ ᾼ ⇔ПиέȲ֯ 11ѣ 6ѡ 0600 UTCП∟ᾼ ӂ ϩᴿѾ֯

ᾼ ⇔ ѿцRIᾼ М᷊ Ϡ ᾼṔᴥȲ֯ Schubert and Hack (1982) 

ѿц Hack and Schubert (1986) Ἤṿӣӂ ϯᾼ иέ Ὠ֯

ᾼ ϱҠѿḆҒצ‒їȴ 
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6   

 JTWCἬ ᴷ П Є Ȳ֯Ẕ ᾼ М ӢϠ֯

в Є ᶶ ᾼ ȲẔ ⇔֯ 36Њ в ᴟ П

⇔Ȳ Hendricks et al. (2010)ׁשṅМἬứ RIᾼ  Ɫ 19.5 Í Ó ÄÁÙȲ

11ѣ 4ѡ 0600 UTC Ở Ӣ RIᾼ Ȳṳ SSMIS ╦ ᾼ

91GHzᾌ◕МҠѿ ֯ Ӣ RI ᵛⱢ ∂Ӵᾼ Ȳ

☼ оṳв Пᴟв ȴⱢϠ в ϩ ὑ

RI ᾼ Ȳṿӣ CReSS ה ѿậ Ɫ Ὼ ᾼ

ѹ ֯Ὲ М ᾼЛṜȲṳ Ӧ Hack and Schubert (1986) Ἤ ҏ

ϩ П Ἐ ᴩ ȴ 

 Ӧѿϱ ᾼ Ὠѿц ϩ иέȲѿϯ Ẕ Ɫ

ᾼ ᵂ ᾼ  : 

1. ᴖṕȲ Ҡѿה ẞ М ֯ RI Ἤ Ӣᾼӂᶁ ⇔

П о 30 Í Ó ÄÁÙȲᵀ Ҡה ֪ῴỞ έ⇔ ᵅȳῴỞ ⇔

ῴỞ ᾼ ạȲ ᾎ ᾼ Є ⇔Ȳṳѹ֯ М Ӣ RI

ᾼἋ ҏ  ( 3 )ȴ 

2. SSMIS ╦ ᾼѩ Ȳ צה ϩ ẞ ֯ RI

Ӣ ᾼ ☼ ȳ ∂Ӵ в П  ( 3 )ȴ 

3. ֪ІиέМȲ ἤ ứ⇔ צ Єᾼ о ȲӦẔ

╥֯ RI ӢП∟Ȳ ἤ ứ⇔צ ≡ ᾼ сȲѻ ֪╥ Ɫ

ᾼ☼ Ṇ Ȳ Мй֣ ᾼ ֣ ⇔ ᶶצ ᾼ оȲṳ כ

֯ ֣ᾼ ϱ ᾼ Ɫᵺ Ȳṿװ ☼ ᾼכ ᵐ⁯ юȲצᵓὑ

ї П Ȳᴖ ї ᾼ ὑ ϩ ứ⇔ᾼ Мὑв Ȳѹ

їᾼῈ ▀ ṳЛ ₣᾿Ѡ֣ᾼ ⇔ צ⇔ ᾼ Ғȴ֪֯ױ

МȲ ἤ ứ⇔ᾼ оד ὑẔ֪҃І ὑװ ☼ Ṇ ⇔Ḃ

ᾼ ╥ Єᾼ ( 4 )ȴ 

4. ϩ иέМȲ ӂᶁᾼ ϩ ֪І֯ 11ѣ 7ѡ 0000 UTCȲ

Ϸ ╥֯ М RI Ӣῴ Б ẃẞד Є פּ 1.1%Ȳד ὑ RI› 12

Њ ᾼ 0.75% сϠ 0.35%Ȳṳѹ֯ RI Ѿ ứױ֯═ Ȳ ӱ ᾼ
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֯ RIῴ П Б ᾼֻ−צ Ȳ ‍ Ғ כ

СṆ ᶶ  ( 4 )ȴ 

ה .5 ᾼ МȲẔ‍ Ғ ֯ҙ 500 еṭвᾼ ӂᶁ צ

צ П Ȳ Ӣ ᴿϚщҙỂ П ᾼѻ ֪Ҡ Ɫ

ᾼה ҏⱢ 6) ה21600ּ Њ )Ϛ Ȳѹ ҏᾼ Ɫ ᾼᾭ ᴖЛ╥

ӂᶁᾼᾭ Ȳᴖ ☼ ᾼ ѐ⇔ЄּפҙЊ ᴟϚЊ ȲἬѿ έ

⇔Л ȲҠ ᾎ҅ῶḕ ᾼ‍ Ғ ӂᶁ ᾼ ȴᴖ Ṇ

ᴕ ẞ‍ Ғ ПЄЊѿцҒ Пᴯ Ȳ֯ Schubert and 

Hack (1982) ѿц Hack and Schubert (1986)ᾼׁשṅМᾼ‍ Ғ Ɫ֯в

ᾼỆứҙ ϱȲѹ ⇔ᾼӔἌẗ ᶁлиӁȲᵀ ה ᾼ Ὠ֯

ҵᾼ Ӽצ‍ ᾼҏ ѿц Ɫ ᾼ иӁȲ֪ױ

Ṇ Ȳҏ Ϡ Є ᾼ  ( 4 )ȴ 

6. Ḃ ậӂᶁ ᾼ ⇔ МҠѿ Ȳ ϩ ֪І֯ҙ - ⇔

ᾼῈ иӁϱȲ ᾼ ϩ ֪Іѻ М֯ Ὼв ᾼ Ȳ֯ RI

Ở Ӣᾼ Ь╥Є сᴟד ȲᵀẔ ѿц о ⁄ ắẞ

ӂᶁ ᾼ Ȳѹӂᶁ ҙ ᾼḂ Ẕ Є ( 4 )ȴ 

7. ֯Ӕ П ⇔ М Ȳ֯Ӕ (B=0) ▐ϯ ṿӣ Ὠ

ᾼ ▐П Ἤ ҏᾼ П ἤȲѻ М֯ в ᾼᴯ

Ȳᴖ‍ Ғ ֯₣᾿Ѡ֣ϱ Єᾼ ѻ М֯М ☼ Ȳ֪ױ ὑṆ

Л Єᾼ−צ Ȳ ӱ М ᾼ ἤṳЛ

П Ὠ ҽЄᾼכ ( 4 )ȴ 

8. ⱢϠ ӂ ϩ֯ RI МἬ᷊ ᾼṔᴥѿц иέ֯

ᾼ ϱᾼ‒ї ⇔ȲиέϠ ᾼ П ⇔ П

оȲ ᴯ ϚЊ ​ ᾼ ⇔ ᾼ о ὑ RI ᾼ

Ӣ Ɫצч Ȳ ѿẔ ἤ ╓ ȲҠѿ ᾼ ֯ RI›

18Њ Б Ɫכ ᾼᾭ Ȳ֯ Schubert and Hack (1982) ѿц Hack and 

Schubert (1986) Ἤṿӣ ϯᾼ иέП Ὠ֯ ᾼ

ϱҠѿḆҒצ‒ї ( 5 )ȴ 

9. ֪Ӑׁשṅӭ›Ҭ Ȳ֯ RI ᾼ ד ὑ RI דצ‹
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ᾼ ȷᴟὑẔ҃ ╥ᵡ֯ RI ȲӼ צ ᾼҏ ?

ᴩḆֵᾼ иέИ ѿ῀ ȴṳ ױ Ҡ ậḟὑ Ἤ ᾼ

Ԉѿц Ȳ МҠѿה2.17 ֽὨ ẞ ᾼ Ȳ

Ϡ ᾼ ֪І–ПҵȲ צ ᾼ‍ Ғ QȲ Ϸ

Ь Ҡѿ ẞ ᾼ ᴖṿṆ ȴ 

 

 Ӑׁשṅѿ ӂ ᾼ ϩ иέЏẓȲ Ἤה П

Ȳ в ϩ ế Ẕᶶ ᾼ ȴ Ὠ ӱẔ צ

֮ ‍ Ғ ⱢṆ ȲצᵓὑẔᶶ ȴ 
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 1 : Ṽḕ ֯ẔӢỄ М ẞᾼ Є ⇔(6-8)ᵂи ȲиᵑⱢ TSs 

(ρχȢς 6-8 σςȢφ Í Ó )ȳTYs (σςȢχ 6-8 τρȢτ Í Ó )ȳSevere TYs 

(τρȢυ 6-8 υπȢω Í Ó ) ȳSuper TY (6-8 υρ Í Ó ) all TCsȲḕ

֯ẔᴞṝᾼӢỄ Мᴟюצ Ϛװᶶ ᾼѩ ȴ( ᴞ Shu 

et al. 2011) 
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ד2013 : 2  11ѣ 5ѡПᴫҖыӂ◦ ◦ ᵶ иӁ(ậᴞ NOAA)ѿц

П JTWC ȴ 
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 3 : CReSS ᵐה М֢ Ѭ(Ԝ)ד І П ᾬ ӱ ȴ(

ᴞ Kazuhisa Tsuboki and Atsushi Sakakibara 2007) 
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 4 : (a)RI Ӣ› 12Њ ד2013) 11ѣ 3ѡ 1800 UTC)П JMA 200 hPaиέ

( Ȳknots) ϩᴯ ⇔ ( ȲmȲ 10 m)ȴ(b)֝ (a)Ȳᵀ Ɫ RI

ӢМ (11ѣ 5ѡ 0000 UTC) ȴ(c)RI Ӣ› 12Њ ד2013) 11ѣ 3ѡ 1800 

UTC)П JMA 850hPaиέ ( Ȳknots)ȳ ϩᴯ ⇔ ( ȲmȲ

10 m) ד ⇔ (ᴥ Ȳ%)ȴ(d)֝(c)ȲT Ɫ RI ӢМ (11ѣ 5ѡ 0000 

UTC)ȴ 

 

 

 

 

 

 

(a) 2013/11/3 1800 UTC (b) 2013/11/5 0000 UTC 

(c) 2013/11/3 1800 UTC (d) 2013/11/5 0000 UTC 

RH(%) RH(%) 
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 5 : (a) 11ѣ 3ѡ 1941 UTC П SSMIS 91GHz ╦ ȴ(b)ȳ(c) (d)֝(a)Ȳᵀ

иᵑⱢ 4ѡ 0954 UTCȳ4ѡ 2235 UTC 5ѡ 2056 UTCȴ 

 

 

 

 

 

 

 

(a) 11/3 1941 UTC (b) 11/4 0954 UTC 

(c) 11/4 2235 UTC (d) 11/5 2056 UTC 



 

 36 

 

 6 : (a) 11ѣ 3ѡ 1800 UTC П TRMM ╦ч П ​  (mm/hr)ȴ(b)ȳ(c)

(d)֝(a)ȲᵀиᵑⱢ 4ѡ 0900 UTCȳ5ѡ 0000 UTC 5ѡ 2100 UTCȴ 

 

 

 

 

 

 

 

(a) 11/03 1800 UTC (b) 11/04 0900 UTC 

(c) 11/05 0000 UTC (d) 11/05 2100 UTC 

(mm/hr) 



 

 37 

 

 7 : (2013) Ȳᴥ Ɫ Мᾼה ◦ῶ ⇔(ЈC)ȴ Ɫ JTWC

Ṿ Ȳ Ɫ 5 km έ⇔ П ὨȲ Ɫ 2 km έ⇔ П ὨȲ

֢ ד 6Њ ȴ 

 

 8 : (2013) ֝(  5)Ȳ Ɫ ◦ῶ ⇔(ЈC)Ȳᴥ Ɫ

ᾼ Є ⇔(ÍÓ )ȲMPI Ѡᾎ ᴕ Bister and Emanuel 1998ȴ 
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 9 : Є ᶧ ȴ Ɫ JTWCП ᴷȲ Ɫ 5 km έ⇔

П ὨȲ Ɫ 2km έ⇔ П Ὠȴ11ѣ 4ѡ 0600 UTCᴟ 6ѡ 0000 

UTCᴊἉᴥⱢ Ӣ RIП ◕Ȳ11ѣ 7ѡ 0000UTCᴟ 8ѡ ἉᴥⱢמּ

М Ӣ RIП ◕ȴ 
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 10 : (a) ₣᾿ й(ּמ ) Є ᶧ ( ᴞ Lin et al. 2014)ȴ(b)֝ (a)Ȳ

ᵀⱢ 5 km έ⇔ П Ὠȴ 

 

 

 

 

 

 

 

(a) 

(b) 
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 11 : (a)5 km М 11ѣ 6ѡ 1200 UTCᾼ 850-200 hPa П₣᾿ӂᶁ Ѭ

І ֥ѩ(g/kg)Ȳ ᴯὑ ѱӔМїȲ ᴯⱢеṭȴ(b)ȳ(c)ȳ

(d)ȳ(e) (f)֝(a)ȲᵀиᵑⱢ 6ѡ 1800 UTCȳ7ѡ 0000 UTCȳ7ѡ 0600 UTCȳ

7ѡ 1200 UTC 7ѡ 1800 UTCȴ 

(a) 11/06 1200 UTC (b) 11/06 1800 UTC 

(c) 11/07 0000 UTC (RI onset) (d) 11/07 0600 UTC 

d
is

ta
n
c
e
 (

km
)
 

d
is

ta
n
ce

 (
km

)
 

 (g/kg )  (g/kg ) 

 (g/kg )  (g/kg ) 

(e) 11/07 1200 UTC (f) 11/07 1800 UTC 

d
is

ta
n
ce

 (
km

)
 

 (g/kg )  (g/kg ) 

distance (km)  distance (km)  
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 12 : ֝ 10ȲᵀⱢ 2 km П Ὠȴ 

(a) 11/06 1200 UTC (b) 11/06 1800 UTC 

(c) 11/07 0000 UTC (RI onset) (d) 11/07 0600 UTC 

d
is

ta
n
c
e
 (

km
)
 

d
is

ta
n
ce

 (
km

)
 

 (g/kg )  (g/kg ) 

 (g/kg )  (g/kg ) 

(e) 11/07 1200 UTC (f) 11/07 1800 UTC 

d
is

ta
n
ce

 (
km

)
 

 (g/kg )  (g/kg ) 

distance (km)  distance (km)  
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 13 : (a)ᴥ Ɫ 5 km М 11ѣ 6ѡ 1200 UTCᾼ 850-200 hPa П₣᾿ӂ

ᶁ‍ Ғ (ρπ +Ó )Ȳ Ɫ 700-300 hPa Пӂᶁ₣᾿ ⇔(1, 3, 5 

ÍÓ )Ȳ ᴯⱢеṭȴ(b)ȳ(c) (d)֝(a)ȲᵀиᵑⱢ 6ѡ 1800 UTCȳ

7ѡ 0000 UTC 7ѡ 0600 UTCȴ 

 

 

 

 

(a) 11/06 1200 UTC (b) 11/06 1800 UTC 

(c) 11/07 0000 UTC (RI onset) (d) 11/07 0600 UTC 

ἕἻ  

d
is

ta
n
c
e
 (

km
)
 

d
is

ta
n
ce

 (
km

)
 

d istance (km)  distance (km)  
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 14 : ֝ 12ȲᵀⱢ 2 km П Ὠȴ 

 

 

 

 

(a) 11/06 1200 UTC (b) 11/06 1800 UTC 

(c) 11/07 0000 UTC (RI onset) (d) 11/07 0600 UTC 

ἕἻ  

d
is

ta
n
c
e
 (

km
)
 

d
is

ta
n
ce

 (
km

)
 

d istance (km)  distance (km)  
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 15 : 5 km М‍ Ғ П - ⇔ᶧԝ ȴᴥ Ɫҙ 100еṭв

ӂᶁП‍ Ғ ρπ+Ó ȴ 11ѣ 6ѡ 0000UTCᴟ 8ѡ 1800UTCȴ 

 

 

 16 : ֝  15ȲᵀⱢ 2 km П Ὠȴ 
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 17 : (a) 2 km М 11ѣ 6ѡ 1200 UTCП ϩ ứ⇔(ρπ Ó )Ȳ ⇔

1.5ᴟ 12еṭȲҙ 100еṭвᾼ ӂᶁ ȴ(b)ȳ(c) (d)֝ (a)Ȳᵀ

иᵑⱢ 6ѡ 1800 UTCȳ7ѡ 0000 UTC 7ѡ 0600 UTCȴ 

 

 

 

 

 

P
s
e
u

d
o
 H

e
ig

h
t 
[k
m

] 
P

s
e
u

d
o
 H

e
ig

h
t 
[k
m

] 

Radius [km] Radius [km] 

A
 [
ρ
π
Ó

] 

(a) 11/06 1200 UTC (b) 11/06 1800 UTC 

(c) 11/07 0000 UTC (RI onset) (d) 11/07 0600 UTC 
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 18 : (a) 2 km М 11ѣ 6ѡ 1200 UTCП ἤ(ρπ Ó )Ȳ ⇔ 1.5

ᴟ 12еṭȲҙ 100еṭвᾼ ӂᶁ ȴ(b)ȳ(c) (d)֝ (a)Ȳᵀ иᵑ

Ɫ 6ѡ 1800 UTCȳ7ѡ 0000 UTC 7ѡ 0600 UTCȴ 

 

 

 

 

 

 

 

 

 

P
s
e
u

d
o
 H

e
ig

h
t 
[k
m

] 
P

s
e
u

d
o
 H

e
ig

h
t 
[k
m

] 

Radius [km] Radius [km] 

"
 [
ρ
π
Ó

] 

(a) 11/06 1200 UTC (b) 11/06 1800 UTC 

(c) 11/07 0000 UTC (RI onset) (d) 11/07 0600 UTC 
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 19 : (a) ᴥ Ɫ 2 km М 11ѣ 6ѡ 1200 UTCП ἤ ứ⇔(ρπ Ó )Ȳ

⇔ 1.5ᴟ 12еṭȲҙ 100еṭвᾼ ӂᶁ ѿȷ ᴥ Ɫ Є

ҙ RMW (km)Пᴯ ȴ(b)ȳ(c) (d)֝ (a)Ȳᵀ иᵑⱢ 6ѡ 1800 UTCȳ

7ѡ 0000 UTC 7ѡ 0600 UTCȴ 

 

 

 

 

 

 

 

 

(a) 11/06 1200 UTC 

(d) 11/07 0600 UTC 

(b) 11/06 1800 UTC 

(c) 11/07 0000 UTC (RI onset) 

P
s
e
u

d
o
 H

e
ig

h
t 
[k
m

] 
P

s
e
u

d
o
 H

e
ig

h
t 
[k
m

] 

Radius [km] Radius [km] 

C
 [
ρ
π
Ó

] 

RMW=74 km RMW=66 km 

RMW=72 km RMW=46 km 
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(a) 11/06 1200 UTC  v [ÍÓ ] (b) 11/06 1200 UTC  ʂ [%] 

af[[ 

(c) 11/06 1800 UTC  v [ÍÓ ] 

(e) 11/07 0000 UTC  v [ÍÓ ] 

(g) 11/07 0600 UTC  v [ÍÓ ] 

(d) 11/06 1800 UTC  ʂ [%] 

af[] 

(f) 11/07 0000 UTC   ʂ [%] 

af[] 

(h) 11/07 0600 UTC  ʂ [%] 

af[] 

Q
 [
ρ
π
+
Ó

] 

P
s
e
u

d
o
 H

e
ig

h
t 
[k
m

] 
P

s
e
u

d
o
 H

e
ig

h
t 
[k
m

] 
P

s
e
u

d
o
 H

e
ig

h
t 
[k
m

] 
P

s
e
u

d
o
 H

e
ig

h
t 
[k
m

] 

Radius [km] Radius [km] 

RMW=74 km 

RMW=66 km 

RMW=72 km 

RMW=46 km 
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  20 : (a) Ɫ 2 km М 11ѣ 6ѡ 1200 UTCй֣ ᾼ ӂᶁ

(Í Ó )Ȳᴥ Ɫ‍ Ғ ᾼ ӂᶁ ( ρπ + Ó )ȴ(b) Ɫ

ϩ ֪І(%)Ȳᴥ ֝(a)ȴ(c)ȳ(e) (g)֝ (a)Ȳᵀѡ иᵑⱢ 6ѡ 1800 

UTCȳ7ѡ 0000 UTC 7ѡ 0600 UTCȴ(d)ȳ(f) (h)֝ (b)Ȳᵀѡ иᵑⱢ 6

ѡ 1800 UTCȳ7ѡ 0000 UTC 7ѡ 0600 UTC ; ᴥ Ɫ Є ҙ RMW 

(km)Пᴯ ȴ 
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 21 : Ɫ 2 km М Є П оȲ Ɫ ϩ

֪І֯ ⇔ 1.5-13.2 km ҙ 500 kmвПӂᶁ ʂ П оȲ

ἉᴥⱢ М RI Ӣ ◕ȴ 

 

 

מּ : 22  Ɫ 2 km М ПṆ ʂ П оȲ Ɫ‍

Ғ ֯ ⇔ 1.5-13.2 km ҙ 500 kmвПӂᶁ 1 П оȲἉᴥ

Ɫ М RI Ӣ ◕ȴ 

 

 

 

 

 



 

 51 

 

 23 : 2 km М ӂᶁᾼ‍ Ғ CAPEП -ҙ ₉ ȴ

Ɫ‍ Ғ ⇔ 1.5ᴟ 12еṭП₣᾿ӂᶁ 5 + È ȴᴥ Ɫ 500

еѐѿϯ CAPEПӂᶁ ȴ᷉ Ɫ Є ҙ RMW (km)Пᴯ ȴ ᴥѝֿ

ⱢῺ֮ῶ ӂᶁП Є ȴ Ɫ RI Ở Ӣᾼ ȴ 

 

 

 

 

5 

5 

5 

5 

5 

5 
5 

5 

5 

5 

5 

5 
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 24 : ֝  23Ȳᵀᴥ Ɫ ϩ ֪І– ⇔ 1.5ᴟ 13.2еṭП₣᾿ӂᶁ

ȴ 

 

 

 

 

 

 

 

 

5 

5 

5 

5 

5 

5 

5 

5 
5 

5 

5 

5 
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 25 : 2 km М ϩ ֪Іʂ ⇔ 1.5-13.2 km Л֝ҙ в

Пӂᶁ ʂ П оȲּמ Ɫҙ 100 kmȲ Ɫҙ 200 kmȲ Ɫ

ҙ 300 kmȲ Ɫҙ 400 kmȲ Ɫҙ 500 kmȲ Ɫҙ 600 kmȲ

Ɫҙ 700 kmȲἉᴥⱢ М RI Ӣ ◕ȴ 

 

 

 

 

ʂ (100 km) 

ʂ (200 km) 

ʂ (300 km) 

ʂ (400 km) 

ʂ (500 km) 

ʂ (600 km) 

ʂ (700 km) 
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 26 : 2 km М ϩ ֪Іʂ 1.5 kmᴟЛ֝ ⇔ ҙ 500 

kmвПӂᶁ ʂ оȲּמ Ɫ ⇔ 13.2 kmȲ Ɫ ⇔ 12 kmȲ

Ɫ ⇔ 11.1 kmȲ Ɫ ⇔ 10.2 kmȲ Ɫ ⇔ 9.3 kmȲ ἉᴥⱢמּ

М RI Ӣ ◕ȴ 

 

 

 

 

 

 

 

 

 

 

 

 

ʂ (13.2 km) 

ʂ (12 km) 

ʂ (11.1 km) 

ʂ (10.2 km) 

ʂ (9.3 km) 
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 27 : (a)ṿӣ 2 km Мᾼ ἤ Ἤ ҏᾼ 11ѣ 6ѡ 1200 UTC

ϩ ֪Іʂ (ᴥ , %)ȴ(b)Лṿӣ 2 km Мᾼ ἤ Ȳv Ӕ (B=0)

(a) 11/06 1200UTC

  

 Baroclinic 
(b) 11/06 1200UTC  

Ӕ  Barotropic 

(c) 11/06 1800UTC  (d) 11/06 1800UTC  

(e) 11/07 0000UTC (RI onset) 

(g) 11/07 0600UTC  (h) 11/07 0600UTC  

P
s
e
u

d
o
 H

e
ig

h
t 
[k
m

] 
P

s
e
u

d
o
 H

e
ig

h
t 
[k
m

] 
P

s
e
u

d
o
 H

e
ig

h
t 
[k
m

] 
P

s
e
u

d
o
 H
e
ig

h
t 
[k

m
] 

Radius [km] Radius [km] 

ʂ Ϸ   

(f) 11/07 0000UTC (RI onset) 
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Ἤ ҏ 11ѣ 6ѡ 1200 UTC ϩ ֪Іʂ (ᴥ , %)ȴȴ(c)ȳ(e) (g)֝

(a)Ȳᵀѡ иᵑⱢ 6ѡ 1800 UTCȳ7ѡ 0000 UTC 7ѡ 0600 UTCȴ(d)ȳ(f)

(h)֝ (b)Ȳᵀѡ иᵑⱢ 6ѡ 1800 UTCȳ7ѡ 0000 UTC 7ѡ 0600 UTCȴ 

 

 

 

 

 

 

 28 : Ɫṿӣ 2 km Мᾼ ἤ Ἤ ҏᾼ ϩ ֪

І ⇔ 1.5-13.2 km ҙ 500 kmвПӂᶁʂ П оȴּמ ֝ Ȳ

ᵀⱢЛṿӣ 2 km Мᾼ ἤ ȲᵛӔ (B=0)ȴᴊ Ɫṿӣ 2 km

Мᾼ ἤ Ἤ ҏᾼṆ ʂ П оȴ ֝ᴊ ᵀⱢ

Лṿӣ 2 km Мᾼ ἤ Ȳv Ӕ (B=0)ȴἉᴥⱢ М RI Ӣ ◕ȴ 
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 29 : ⇔ɾ П о ȴ Ɫй֣ П ⇔ɾ Ȳ ⱢϚ

Њ ​(ϡ )П ⇔ɾ Ȳ Ɫᴯ П ⇔ɾ Ȳ

Ɫ Ѭ І ֥ѩП ⇔ɾ Ȳּמ Ɫ‍ Ғ П ⇔ɾ ȲἉ

ᴥⱢ М RI Ӣ ◕ȴ 
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(PVU) 

(c) 11/06 1200 UTC (d) 11/06 1800 UTC 

(e) 11/07 0000 UTC (RI onset) (f) 11/07 0600 UTC 

d
is

ta
n
c
e
 (

km
)
 

d
is

ta
n
ce

 (
km

)
 

d istance (km)  distance (km)  

ɾ πȢτψ ɾ πȢτφ 

ɾ πȢυρ ɾ πȢυτ 

(a) 11/06 0000 UTC (b) 11/06 0600 UTC ɾ πȢσπ ɾ πȢυς 
d

is
ta

n
ce

 (
km

)
 




















