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Мѝ  

ḳἤ ☼ Ԝ ṶԈֻ ὑү ủȲֽᴶ ױ щ ṶԈ ᴩḆᶶ ȳ

ᾼ ȲⱢ › ᶝ‎ сᾼ ϩȴӐׁשṅᵓӣМҶ ᶝ МїἬṿӣᾼ

☼ ӂү(System for Convection Analysis and Nowcasting, SCAN)ҭṶԈȲ ᴩ

үד2018~2011 ủ(5~8ѣ)ὑЛ֝щ Ṇ ( )ц֮ (Җ ц⁮ )

ϯᾼ ☼ иέȲẃ∂ ☼ ᵛ ₇Ȳṿ ḳ ứצ ϱ

ᾼṼ ȴױҵȲן ד2020~2011 ᾼ ủԜ ṶԈᾼӭ Ȳѿ SCANṆ ֯

ү ֮ Ԝ ᾼ ϩȴ 

Ὠ ӱȲү ủ ☼ ᾼ ⇔иӁѿ 2~10 m/sỰֵȳ Єч

М֯ 45~55dBZȳӢỄ ⁄ѿ 1Њ ѿвⱢѻȴױҵȲиӁ֯ ϱᾼ ☼ ⇔

ד ֮ϱᾼ ☼ ⇔ⱢᶶȲ֪ױӦ щ ӢП ☼ ⇔ ד ὑв

щ ӢכП ☼ ȴʉѩ ϚЊ ᾼ Ȳ⁮ ֮ ᾼ ѩҖ Єȳ

щ Ṇ ϯᾼ ѩ Єȴᴖ ֣ Є Ȳ֝ד Ὠѻ ắẞ щ

Ṇ ☼Ἤѻ ȴӐׁשṅ ϚḔ ֥ ҟ ᾼ ☼ (Potential Track 

Area for Storm, PTAS) – (Wind Speed Probability, WSP)ʒ Ȳᵓӣ

ἤ∂ ☼ – (Storm Threat Optimal Probability, STOP) ₇ȴ

Ὠ ӱȲ ₇ὑὔắ ☼– ֮ ᾼ ֯ 10%ѿвȴױҵȲ ищ Ṇ

Ἤ∂ ҏПᵛ ֯Ϛ ☼ ⇔ϯ(10 m/s ѿϯ)ṳ ыЄ ȴᴖ Ԝ

ϩᾼѠ Ȳ › SCANṆ ὑԜ ṶԈᾼ (lead time)ѿ 15и ѿвỰ

ֵȲѹצϡЄ ȸ(1) иӭ ṶԈӑ ѿц(2) ֵȴӐׁשṅиᵑ ҏ

(1)ѿԜ ӭ Ὠϯ   ѿц(2)ѿү Ὲ Ӕ SCAN Ṇ

￼ ⇔ ⇔ Ḃ ∂ ȴ Ȳѿ ☼ ᵛ ὑԜ ϱᾼ ӣἤȴ 
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Abstract 

System for Convection Analysis and Nowcasting (SCAN) is one of the operational forecast systems 

used by the Central Weather Bureau (CWB), which can provide storm cells and hail information. This study 

presents an 8-year analysis of summer storm cells in Taiwan (from 2011 to 2018, May-Aug) based on the 

SCAN, discusses the characteristics of cells under different weather systems (synoptic or weak synoptic), 

and geographical environments (north or south of Taiwan). The statistical results of storm track errors are 

used to establish the storm cell nowcasting, in order to define 0-1-hour severe storm warning area and 

quantitatively improve the warning capability of severe weather. In addition, this study also collected summer 

hail events from 2011 to 2020 in Taiwan to check the hail warning capability of the SCAN. 

The results show that the cell speed in Taiwan is mostly 2~10 m/s, the maximum reflectivity is 

concentrated at 45~55dBZ, and the lifetime is mainly within 1 hour. The cells that come from the ocean 

(synoptic) will have a higher moving speed than those generated in the inland (weak synoptic). Comparing 

the one-hour forecast error, the error in the southern region is higher than the error in the northern region, the 

error in the synoptic day is higher than which in the weak synoptic day, and the latitude and longitude errors 

are roughly the same. Furthermore, the statistical results are dominated by the synoptic weather. Construct 

the Storm Threat Optimal Probability (STOP) forecast using the statistical data. The verification shows that 

the forecast error of the product is within 10%. Besides, the forecast results in the different weather systems 

are nonsignificant differences in most cases (below 10 m/s). In terms of hail warning, the lead time of hail 

that SCAN can provide is around 15 minutes, and there have two major warning problems: (1) some hail 

cases were not warning in the SCAN system, and (2) there are too many false alarms. This research proposes 

(1) lowering the warning threshold based on the statistical results of the hail report and (2) correcting the 

default value of the SCAN system by using the sounding data in Taiwan to solve the problems. Finally, 

confirm that the probability forecast can be used for hail warning. 

  



iii  

 

 

  Ӣ♄ ֽϚ ᵛ ᾼ Ȳ֯ ֽ ᴿѓᾼ МȲᶺ Ϡ ᾼ ᷉

╚ ȲṳḆҒ ῀ẞᴞАᾼЛṜȴἬἅצ ֵ ẦᵗᶺȳⱢᶺ ẃ ԏᾼϢ Ȳ

ᶺצ⁞ ҏ Бϵᾼ Ȳᵘϩ ᴞАᾼ ȴ 

 

 Ԓ ᵑ ᶺᾼ╓ ƄƄ ᴔ ֯ Ẓד С ᾼᶺ ֵѠ֣ȲЛ

Лᴞ‒ᾼᶺȳ ᶺϚḔḔ ‍ȴϷ כ ⅍ᾼ ׁ ᴔ ȳ

ᴔ ѿц ү ᴔ Ȳ֯group meetingц ϱ ᶺ ֵ ᾼ῀ ц ȴױ

ҵȲḆϫи Є■ Ỡ  Ȳ ╥ їᾼⱢҵᴩᾼᶺ ẁ ֵ ᾼ╓ ц

ᵗȲḥצϡᴯᾼќ═Ȳ Ԍ ѝ―ḥצ ӢᾼҠ ἤȴϷ ◕ ᾼ ᴴƄƄӞ ȳ

ȳ ׄȳ ȳ ᵆȳῆ ȳІ ......ȲЛ ╥ӂ ᾼדФ ц щȳϚ֝

♄ ᾼẦᵗ ȳӼἨ╥ ᵫ›ᾼ иṹ ӻ☼ Ȳ ╥ᶺ ◕ѡІ ϫи

ᾼ֫ ȴ ⅍ᾼᵗ ѿц  Ờ Ȳ ╥ẦᵗӉ ֵ ⅍вѿцҏ

ᾼЄЊṶ ȴᴖ ∟ȲϷ Ѐ ỗ ẁ ֵ ᾼ∂ ȳ ᶝ

ẁ ṅשֵׁ ѿц ȲṿӐׁשṅ ѿ ᵓᶙכṳ ϚḔᶙ ȴ 

 

 МḕϚᴯ ᴼњẦᵗᾼϢȲ֪Ɫצᵃ ᾼ֯׀Ȳṿ ◕ ҉ Ϡᴥ

ᾼ ȴ 
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Ϛ   

1.1 ›ṕ ѝ ֫  

  ү ֮ ủ Ȳѻ ᾼ​ủᴯὑ ủ5ᴟ8ѣȴ֯ױ Ȳү ὔắẞ

Ṇ ȳᴫ⁮ ☼ȳ ѿцр∟ ☼ щ ȲѹҠ ὑ Ѭ Мᴴ

Ԝ ᾼ Ӣ(Chen and Chen 2003; Chen et al. 2007; Lin et al. 2011; Chen et al. 2016)ȴӦὑ

в֮ Ȳḕ ױ ☼ṶԈ Ӣ Ȳ і ѬȳЁӰ☼ ḳ Ȳ ᴖ

ӢỄ ׄԓᾼ№ ȴֽᴶ Ғ ☼ ᾼϠ Ȳѿ ϚḔ Ṯḳ ᾼᵛ

(Nowcasting)ȲⱢ › ṅשׁ ᴯ ᾼϚЄ╚ (Potts et al. 2000; Novo 

et al. 2013; Jung and Lee 2015; Hou and Wang 2017; Kato et al. 2017)ȴ 

 ֯ ϱȲ Ҡѿ ẁ Ὲ έ⇔ᾼϮ (ӂᶁ 6-7 и Ϛ 250 е

ѐ έ⇔П )Ȳ ὑῈ ѐ⇔ Њѹ═ ᾼ ☼ẓצṏֻᾼ ϩ(Han 

et al. 2008; Han et al., 2009b; Jung and Lee 2015; Kato et al. 2017; Capozzi et al. 2018; Chung 

and Yao 2020; del Moral et al. 2020)ȴԓ ֢  Б ὑ иᵑ ҏ

ӣὑ ֮ᾼᵛ Ṇ Ȳ ѠᾎҠ иⱢѿϯϡ ᵑ: (a) ›∟ ᾼ

֫ᾌ ד ἤȲ ֫ᾌ ӑẃ ᾼɦ ɧ(ῶ1. 1)ȷb) 

☼ ᴩ ц Ȳ ᴩ ☼ ᵛ ᾼɦ ӭ ɧ(ῶ1. 2)ȴӭ›֯ү

МҶ ᶝὑ ᵂ ϱἬṿӣᾼ ☼ ӂү(System for Convection Analysis and 

Nowcasting, SCAN)і ᴞּר ⅍(National Severe Storm Laboratory, 

NSSL)ᾼWDSSṆ Ȳѻ Ӧ Ϭ ѿц Ὲȳ֮ ȳ

֥ᴖכȴ ☼ᾼ Ȳṿӣ ☼ ц ᾎ(Storm Cell Identification and 

Tracking algorithm, SCIT) (Johnson et al. 1998)ȳԜ ᾎ(Hail Detection Algorithm, 

HDA) (Witt et al. 1998)ѠהȲ ӑẃ0-1Њ ☼ ᾼ ѿцԜ ᾼҏ

ȴ 
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ῺדвȲБצ ֵ ֮ᾼᵛ Ṇ Ȳ ᴩ ἤ ☼♄ ᾼ

ἤиέȴẂֽ: Potts et al. (2000)иέ ☺ ủ щ ϯᾼ ֫ᾌиӁ ᾓȷ

Han et al. (2009b)ҖṺцщ☿֮ ủ ☼ ᾼ ѿц ⇔ ȷForesti et al. 

(2018)☼ ὑ ЂֵЍ֮ᶮᵂӣϯᾼ   ᾓȷdel Moral et al. (2020)

ᴫ ѲҒ ҼṸ֮ ḳ ☼ ᾼ ῈиӁ ᴩ ȴױҵȲNovo et al. (2013)Ḇ Ϛ

Ḕ ᴷṆ ҡђ​ủ ☼ ᾼ1Њ ῶ ȴױṷ ὨꞋҠᵂⱢ

ṿӣ ֮Ṇ ᴩ ☼ Ṯḳ ᵒשׁ ᾼứ ᴕṼ ȴᴖ ү ᴩПSCANṆ

Ȳ⁄צ Ϣ(2006) ​ủṶԈ ☼ ȷ Ϣ(2008)р∟ ​ ȷ

ѿц (2011)H П ☼ иέȴϱ ṅБῴḔשׁ SCANṆ

Є ү ֮ ᾼ ☼ Ȳ ᴖȲӦὑӭ› SCAN Ṇ Мצ ֵ ц 

ứЬᾘӣ Ṇ ἬṿӣПҖּר ἤȲ╝צӇ דֵ иέ ᴩ

ᴷц ḂȲṿẔḆ ӣὑ П ȴ 

ϱ ӭ Ȳ (2020)ṿӣSCANṆ ᶙכϠү (8ѣ~5ד2018~2015)ד4

☼ ᾼ ἤиέȲṳ ҏѿϯ : (1) ☼ ֯Ὲ иӁϱ ὔᴯὑЍ Ȳѹ

Єֵ ☼ ӢỄ ѾЛẞ 1 Њ ȷ(2) Җ ד ⁮ ֮ Ḇ ὔ ẞ

⇔ ᶶП ☼ Ȳѹ Є֫ᾌ Ὑ Мὑ 45̡55 dBZ П ȷ(3) ѩ ϚЊ

Ȳ⁮ ֮ ПϚЊ   Җ ֮ ᶶȳ ⇔ ᶶП ☼  

Ӽ ᶶȴ ṅБשׁ ϱ ҭ ∂ ☼ (Potential Track 

Area for Storm, PTAS)Ȳṳѿ10 ẔҠᴩἤȴ ᴖȲ ṅṳӑשׁ Л֝щ

₤ ϯᾼ ☼ ᴩиέȲѹЬҠ ϚḔᵓӣ ҭ Ṝѿ ẁḆֵ

ᾼ ₇ȲẂֽ: ☼ – (Storm Threat Optimal 

Probability, STOP)ȴ 

 ҫҵȲSCANṆ ү Ԝ ṶԈᾼ ϩӼⱢ ᴩ ᴷᾼ иȴ Ԝ

ṶԈ֯ү ֮ ⱢṇṓȲᵀẔЬҠ כ ᵂᾬȳᴩϢȳ П∂ᾬ Ϛứ ⇔

ϱᾼ Ȳ֪ױ Ԝ ṶԈП ӼⱢᵛ МЛҠἕ ᾼϚ ȴ֯ ҟ

ᾼׁשṅМ(Wapler 2017)Ȳ ᵓӣ֫ᾌ ⇔ȳМѐ⇔ ȳ с ⇔ ᵂ
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Ɫ   Ȳѿ ᾼṔ⇔ ṷױ Ҡ ẁᾼԜ ṶԈ ȴᴖ֯ү Ȳ

›Ԝ Ӂ ԈⱢ SCAN Ṇ ֝ Ṝȸ Ԝ (POSH)ʨ50ȳԜ

 POHʨ80ȳ Єᴷ Ԝ ѐЉ(MEHS)ʨ1.5ѿц֫ᾌ (dBZ)ʨ60 (  2018)ȴẔМȲ

(2013) цӭ›POSHȳMEHS ϱἬṿӣᾼ 0̆ -20̆ ⇔ЬⱢҖּרП ȴ 

ϱἬ Ȳӭ›ү צ Ԝ ứϚ   Ȳᵀӭ›ЬỮӑ   Ҡ

ẁᾼ ȳ ἤ ᴩԓ ἤᾼ ᴷȴṳѹȲӦὑԜ ᾼ Ӣ ד☼

Ȳ╝╥ᵡҠ ϚḔ Ԝ ☼ – ֥Ȳѿứ ϱ Ԝ Ṷ

Ԉḳ ȲӼⱢ ᾼ ȴ 

 

ṅӭשׁ 1.2 ѝ▐  

  Ӑ ṅӭשׁ ⱢᵓӣSCANṆ Ἤ ẁᾼ ☼ Ԝ Ȳ ᴩү ֮ ☼

ᵛ ᶾ ᾼ ȳѿцԜ ṶԈ ϩᾼ ᴷ Ḃ Ȳѿ ẁᵂ ᴯᵓӣ Ṇ

ᴩ щ ᵛ ᾼứ ᴕṼ ȴ ☼ ᵛ ᾼ и Ἃ

(2020)ᾼׁשṅȲ ϚḔ Л֝щ ₤ ϯᾼ ☼ ᴩиέȲӦ

(PTAS) ϚḔ –כ (STOP)ȷᴖ Ԝ ṶԈ ϩ ᴷᾼ иȲ⁄

ѩ ү ῺדԜ ӭ ṶԈ SCANṆ Ԝ ᾼѠה ᴩȴׁשṅԚиⱢҳ

: Ϛ ц ҟׁשṅМБᶙכᾼῴḔЏᵂȴ ϡ Ὑ ẃ ṅѠשׁ

ᾎȲҔᵶSCANṆ Ἤ ẁᾼ ☼ (SCIT)цԜ (HDA) ȳ ☼ ᵛ ᾼ∂

ѠהȳѿцԜ ϩ ᴷ Ḃ Ѡᾎȴ Ϯ Ɫ ὨиέȲҔᵶ2011~2018

үד ủ(5~8ѣ) ☼ ᾼ ἤиέȳ ☼ ᵛ ᾼ∂ Ὠȳכ

ד2020~2011 ү ủԜ ṶԈ ϩ ᴷ Ḃ ∂ ȳѿц ☼ ᵛ ὑԜ

Мᾼ ӣȴ ∟ ҳ Ɫ ӑẃ ȴ 
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ϡ  ẃ  ṅѠᾎשׁ

2.1 ☼ ӂүṆ SCAN (System for Convection 

Analysis and Nowcasting) 

  ☼ ӂү(System for Convection Analysis and Nowcasting, SCAN)і ᴞּר

⅍(National Severe Storm Laboratory, NSSL)ȲⱢМҶ ᶝ ᵂ

ᴯ ᴩӣὑ щ ᵛ ᾼ ᵗЏẓȴSCANṆ ѻ ֥ ȳ Ȳṳ

ϚḔ ֢ ᾎ ậ ☼ᾼᵛ ȴӐׁשṅ ṿӣӦ ☼ ц ᾎ

(Storm Cell Identification and Tracking algorithm, SCIT)ẞᾼ ☼ ᴯ ȳѿ

цӦԜ ᾎ(Hail Detection Algorithm, HDA) ҏᾼԜ цԜ ЄЊȴ 

2.1.1 ☼ ᾎ SCIT (Storm Cell Identification and 

Tracking) 

 ☼ ᾎ(Storm Cell Identification and Tracking algorithm, SCIT) 

(Johnson et al., 1998)ҠӦϮ ҏ ☼ Мїᴯ Ȳṳ ֝Ϛ ☼

ὑד вМїᴯ ᾼ оȲ ᴷ֢ ☼ ᾼ Ѡ֣ц ⇔ȴSCIT ᾎᾼ ᴩ

☼ ֽϯ( 2. 1): 

(1) Ϛ ( ☼ ) 

ҏ Ϛ֫ᾌᾌḇ МȲᴟюצ 2 ֥ ֫ᾌ ᵅ  (30dBZ)Ȳ

ѹ ֣ ⇔ 1.9 kmѿϱП ȴ 

(2) ϡ ( ☼ ) 

֥Ϛ Ԉᾼ ☼ ᴟ֝ϚԊṔП ϱȲ ҏϡ ד ֫ᾌ
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ѠᴯṔ Њὑ1.5ęѹ Єὑ10 km2П ȴ 

(3) Ϯ ( ☼ ) 

֯ἬצԊṔϱᶙכϚ ȳϡ ∟Ȳ ϡ ☼ Ѭӂ Л 10 kmȳ₣

᾿ Л 4 kmѹԊṔ Њὑ 3.0ęȲ֥ẆⱢ֝Ϛ ☼ ȷᵀ ☼ ᾼ

Ὼ(₣᾿ Њὑ 4 kmȳѬӂ Њὑ 5 km)ȲЛᵓὑ Ẕ Ȳ⁄

ҟ ῏Ȳ Ɫ ᾼ ☼ ȴᶙכϱ ☼ ∟Ȳ ѿ ☼ ᷾ ᴟ

ϡ ӂ ϱᾼ ҏ їȲѿứ ҏ ☼Мїᴯ ṳ С ☼ ȴ 

(4) ☼  

ѩ ֵ Ἤ ẞᾼ ☼ Ȳ ֝Ϛ ☼ ὑЛ   (20 

min)ᾼ вצϡ ѿϱ Ȳ⁄ ᴩ ȴ ᶙ ∟ ṿӣ2 ~10 ᾼ ☼

ҭ ֣ Ȳѿ ЊӂѠᾎ ᴩ ἤ ֥Ȳ ậ ☼ ᾼ Ѡ֣ц

⇔ ȴ 

2.1.2 Ԝ ᾎHDA (Hail Detection Algorithm) 

Ԝ ᾎ(Hail Detection Algorithm, HDA)ѻ ☼ ᾼ Є֫ᾌ (ὤ)ȳ

Є֫ᾌ ⇔(Ὄ)ȳ֫ᾌ ⇔(Ὄ )ȳ 0 ⇔(Ὄ ᴈ)ц -20 ⇔(Ὄ ᴈ)

Ȳ ᴩԜ (POH)ȳ Ԝ (POSH)ȳѿц Єᴷ Ԝ ѐЉ(MEHS)ᾼ

Ȳ֢ ӭᾼ еֽהϯ: 

(1) Ԝ (Probability of Hail, POH) 

Ԝ (POH)ᾼЄЊậḟὑ 45dBZ⇔ 0 ⇔ᾼ (Mather et al. 1976; 

Foote and Knight 1979; Waldvogel et al. 1979)ȴ Ϛ ☼ П45dBZ⇔ ὑ

0 ⇔1.4 kmѿϱ Ȳ ѿ 2. 2Пפ ה… ẞԜ ȴ 

(2) Ԝ (Probability of Severe Hail, POSH) 

Ԝ (POSH)Ҡ ϯԝ Ḗה… : 

╟╞╢╗ςω ÌÎ 
╢╗╘

╦ ᴈ
 υπ                          (2.1) 

ẔМȲὛὌὍ Ɫ Ԝ ╓ (Severe Hail Index)Ȳṿӣ ⇔ ᴯⱢеѐ: 
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╢╗╘πȢρ ᷿ ὡ Ὄ
ᴈ

 Ὁ ὨὌ                        (2.2) 

ᴖ Ὁ ̔ῶHailfall Kinetic EnergyȲ ֫ᾌ ⇔ Ғᵧ╓  : 

Ὁ υ ρπ ρπȢ  ὡ ὤ                       (2.3) 

ὡ ὤ╥֫ᾌᾼẗ Ȳѹ ứ Є֫ᾌ (ὤ)ɑ ὑ40 dBZЛ Ԝצ Ӣ: 

ὡ ὤ

πȟὪέὶ ὤ τπὨὄὤ

ȟὪέὶ ὤ τπͯυπὨὄὤ

ρȟὪέὶ ὤ υπὨὄὤ

                 (2.4) 

ҫҵȲ ὡ ᴈ ᾼ еֽהϯἬӱ: 

╦ ᴈ υχȢυ Ὄ ᴈ ρςρ                            (2.5) 

ᴖ ὡ Ὄ ⁄Ɫ Є֫ᾌ ⇔(Ὄ)֯ 0ÁC-20ÁC⇔(Ὄ ᴈ & Ὄ ᴈ) ᾼ : 

ὡ Ὄ

πȟὪέὶ Ὄ ᴈ

ᴈ

ᴈ ᴈ
ȟὪέὶ Ὄ Ὄ ᴈͯ Ὄ ᴈ

ρ ȟὪέὶ Ὄ Ὄ ᴈ

                  (2.6) 

⇔֯ 0ÁCѿϯ Ɫ 0Ȳᴖ֯-20ÁCПϱⱢ 1ȴ 

(3) Єᴷ Ԝ ѐЉ(Maximum Expected Hail Size, MEHS) 

Єᴷ Ԝ ѐЉ (MEHS, Witt et al, 1998)ȲӦ ὛὌὍ Ḗ : 

╜╔╗╢ςȢυτ ╢╗╘Ȣ                          (2.7) 

Ɫױ Ҡ ᾼ Є᾿ (inch)Ȳ SHI╓ Ȳ ὔ Ӣ ЄᾼԜ ȴ 

 

2.2 ☼ ᵛ  

Ӑ ѿSCANṆ П ҭ ☼ ᵂⱢ∂ ☼ ᵛ ₇ᾼṼ ȴ

2. 3ⱢSCANṆ ὑ20188דѣ24ѡ0811 UTCᾼ ҭ Ȳ ☼ ᾼᵛ

ȲSCANṆ Ҡ ẁ ϯ ☼ ὑӑẃ15ȳ30ȳ45ế60и ∟ᾼᴯ Ὠ(azm15, 

rng15; azm30, rng30; azm45, rng45; azm60, rng60)Ȳ ᴖȲϱ ὑ∟ ӣ Ꞌ ӱ

Ɫ (N/A)Ȳ╝צӇ ᴞᴩ ᴩ᾿ ҵἋᾼѠה ᴩ ҭ ȴӦὑ

☼ ẃᴞὑḕ5~8и Ϛ ᾼ Ȳ ẞ Ϛ ☼ ᾼḕи Ȳ

⁄Ӈ в ᴩ ȴϮװӾ ẗ (cubic spline)Ҡѿ֯’ ᾼ֝
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вᾼ Ɫ ἤ оȲḖҏӂ ᾼв Ὠȴеֽהϯ: 

ώ ὥὼ ὼ ὦὼ ὼ ὧὼ ὼ Ὠ              (2.8) 

ẔМȲώ Ɫḕ ᾼ ȲὼⱢḕ ᾼ ȲὼⱢ ḖẔ ᾼ Ȳὥ ὨͯⱢḕ

Ẕ П ȴ ҏ ὥ Ὠͯ ∟ȲᵛҠḖ ḕи ᾼ ȴ 

Ɫ ϚḔ ☼ Ҡ ḳᾼ ȲӐׁשṅ ᴕ ᴩ ᶾ Ȳ

ѿ ҭ ∂ ҏҠứ ᵧ Л ứἤᾼ ₇(Chase 1969; Hope 

and Neumann 1970; Jarrell et al. 1978; DeMaria et al. 2009; Kishimoto 2010; Kawabata and 

Yamaguchi 2020)ȴẔМȲМҶ ᶝӭ›֯ Ѡ ד ᴞ 2003צ Ӂᾼ

(Potential Track Area, PTA)ȷὑ 2007 ד ᾼ –

(Probabilities of Strike, POSȷ  2006ȳ  2007)ȷѿц 2011 ד ẁᾼ –

(Wind Speed Probability, WSPȷ Ϣ 2011)₇ȴ֯ϱ ₇МȲPTA Ἤ

ẁᾼ ⱢⱢӑẃ в̪ МїҠ ᾼ ɧȷWSP ⁄ ẁӑẃ в

ɦ – ֢֮ᾼ ɧȴ (2020)Б PTA₇ῴḔ ☼

(PTAS; 2.2.2)ȲӐׁשṅ ֥PTASП WSP Ȳ ӣὑ

☼ ᾼ – (STOP; 2.2.3)ȴ 

2.2.1 Ὑ 

Ɫ ү ủ ☼ ὑЛ֝щ Ṇ ( )ѿц֮ (Җ ц⁮ )

ϯᾼ ȲӐׁשṅṿӣSCANṆ 2011ᴟ20188~5דѣᾼ ☼ Ȳṳиᵑѿ

цѡ и⁮Җ֮ цщ Ṇ ȴ ӣ ᴯ иӁ ֽ 2. 4Ȳ ӣХиЍ

(RCWF)ᵂⱢҖ ֮ ȳϝῖ (RCCG)҅ῶ⁮ ֮ ᾼ ἤȷᴖ щ Ṇ и

ȲМҶ ᶝḕѡ Ṽ כ ѡ ​ȳ ȳᵅ ᾼѻ щ Ṇ Ӂщ

ᾓ ȲӐׁשṅ М ҏắẞ ȳ Єѐ⇔щ Ṇ ᾼщ ᵂⱢ ѡȲ

Ẕ щ ⁄иⱢ ѡȲ и ṓῶ2. 1ȴи Ὠ ӱ: 2011~20188~5דѣԚצ

343щᾼ ѡȳ641щᾼ ѡȴẔМȲ ѡѿ2012דц5ѣԌỰֵȲṓ 2. 5ȴ

ᵓӣи Ὠиέ ☼ ὑЛ֝щ ₤ ц֮ ϯ╥ᵡ ῶ ҏЛ֝ᾼ ȲṳṼ

ἤ∂ ☼ ᵛ ₇ȴ 
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2.2.2 PTAS (Potential Track Area for Storm) 

  (2020)ᾼ ☼ (Potential Track Area for Storm, PTAS)₇ѻ ᴕ

(Potential Track Area, PTA)ȲҠѿ ẁᾼ Ɫӑẃ вɦ ☼

МїҠ ᾼ ( )ɧȴ ᾎҠᵧ Ϛ ᾼ

  ᾓȲצ о ПЛ ứἤṳ ẁḆֻᾼṮḳ Ṽ ȴМҶ ᶝ֯∂

PTA Ȳ иכ Vʧ5ktȳ5<Vʧ10ktȳ10<Vʧ15ktȳ15<Vʧ20ktȳ

V>20 kt Х Ȳ ṶԒ ҟХדвЛ֝  ϯ ế ᾼ

ȲӦЊẞЄậ›70%ᾼ ῶȴ Ȳ⁄᾿ Ṽ ӭ ᾼ ⇔ᴟ

ᵑậ Ȳṳѿױ Ɫҙ ( 2. 6)ȴ 

 PTAS Ȳ (2020)Ṽ 8ѣᾼ~5ד2018~2015 ☼ ἤȲ ☼

иⱢVʧ5 m/sȳ5<Vʧ10 m/sȳ10<Vʧ15 m/sȳ15 m/s<VȲṳ ҏП⁮ҖѠ֣

(ώѠ֣) ὧᴫѠ֣(ὼѠ֣) Ɫ ṭ (euclidean distance): 

ὈὍὛ ὼ ώ                           (2.9) 

ᶙכ ∟Ȳ ᴕ ᾼѠהậ›70% ∂ῶȲכғ∂ PTAS ( 2. 7)ȴ 

2.2.3 – STOP (Storm Threat Optimal Probability) 

  ὑӐׁשṅМ П – (Storm Threat Optimal Probability, STOP)

Ҡѿ ẁᾼ Ɫӑẃ вɦ ☼ – ֢֮ᾼ ɧȲד ὑ

ᾼPTAS₇ȲҠѿ ϚḔὑῈ ϱứ ᵧ ắ ☼ № ᾼҠ ἤП

ֵ Ȳ∂ Ѡᾎ⁄ѻ ᴕ Ϣ(2011) ᾼ – (Wind 

Speed Probability, WSP) ₇ȴWSP Ѡᾎ ӣ֯ Ȳ Ԓ ҟ вד

12ȳ24ȳ36ȳ48ȳ72ȳ96ц 120Њ Ԛ 7 ◕ ᾼ Ȳ иⱢ

ɦ ֣ (along-trackerrorȷAT)ɧцɦ ֣ (cross-track errorȷCT)ɧȴ Ȳṿӣ

֮қ ᾎ ᴩḕ ◕ ᾼ Ἴ (ATȳCT Ӵ )ȲѹὑἼ ᴕ

›∟ ◕ ᾼד ἤȴ Ἴậ1000 ∟Ȳ ֥ Ӣ1000כ

Ȳֽ 2. 8 aȴ ∟Ȳѿ  0.5ïȲ֯ᴫҖыӂ◦ᾼ в(100-180EȲ
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0-50N)᷄ ḕ Ѡ  120 еṭвᾼ (m)Ȳ П ѩ

(m/1000*100%)ᵛ҅ῶױϚ П – ᴷ ȴṼ ֢ ᾼ–

ȲӢכ WSP ( 2. 8 b)ȴ 

 ☼ STOP ᾼ Ȳ ᴕ ᴩ WSP ѿц и ☼ PTASᾼ

ᾎȲ Ԓ֝ ☼ Ṽ иⱢVʧ5 m/sȳ5<Vʧ10 m/sȳ10<Vʧ15 m/sȳ15 m/s<V

ҳ Ȳ ҏ ҭ МӢỄ  60 и ѿϱП ☼ Ȳ Ӧ95%‒

∟Ȳ׀ậ ☼ ὑ10ȳ20ȳ30ȳ40ȳ50ȳ60 и  ϯᾼɦ ֣ (Meridional 

Track Error:MT)ɧ ɦ ֣ (Zonal Track Error:ZT)ɧ(v xȳyѠ֣ )Ȳ֢ ⇔ ᵑ

П ṓῶ2. 2ȴ ᴩ Ȳ ᴟ вἼậ1000ҭ ☼

(xȳyѠ֣ Ϛ֝ ᴩἼ )ȴἼ ѠהиⱢѿϯϡ (ꞋṿӣPRNG Ӣ )ȸ 

1. ֮қ ᾎȸ ὑг ◕иᵑ ᴩ Ἴ Ȳѹᴕ ›∟ ◕ ᾼ

ד ἤ(ḕװ ᴩἼ Ȳ ᴞ М ҏ ›Ϛ ◕П Ѡ֣ ꞋЛЄ

ὑ 4еṭП ☼ ᵂⱢἼ ӕ )ȷ2. ҭ Ἴ ᾎȸ ̓ Ἴậ Ӑ(v ḕװꞋ

᾿ Ἴậ Ϛ ҭ ☼ г ◕ᾼ )ȴᶙכ Ἴ ∟Ȳ ѿ᾿ ҵἋ Ɫ

Ӣ1000כ Ȳṳѿ 4 еṭ Ȳ֯ ᴯ 200еṭ в

ᾼ ᷄ ḕ Ѡ  4 еṭв(Ἤ ứП ☼ – ҙ )ᾼ (m)Ȳ

ṳ֝ ѿ П ѩ(m/1000*100%)– ȲӢכSTOP ₇ȴ 

2.2.4 Ѡᾎ 

 ὑPTAS ϩᾼ Ȳṿӣ ᾎ(Categorical Verification)МПҠ

(Probability of Detection, POD)Ȳ ᴷӑẃ в ☼ Мїᴯ ╥ᵡᶄ ὑPTASἬ

П в: 

ὖὕὈ                          (2.10) 

ӑẃ П ☼ Мїᴯὑ в⁄ⱢHitȲчП֯ ҵ⁄ⱢMissȴ

ῶ ṾȲPOD (v ỄМ ) Ὼ1ȲчП⁄ Ὼ0ȴ 

ᴖ ὑSTOP ϩᾼ Ȳ ѿ ҭ █Ϛ ᾼ– ὖ Ȳ╥ᵡ



10 

 

֥ ắẞ– ᾼ (ὖ ᴩ ȴ ᴩ Ȳ Ԓ ứϚ Ȳ

ϱᾼ ҭӂᶁ– : 

ὖ
В

                              (2.11) 

ϱהМȲὊ̔ ῶḕϚ ὑ ứ ϱᾼ– Ȳὓ҅ῶ ẞ

ắ– ᾼ ȴ M МȲẔד ☼

ᾼ NȲ ҏ ắẞ– ᾼ : 

ὖ ρππϷ                           (2.12) 

ϡ῏ד Ȳ ᾼ– Ȳ ד ⱢӔ ҅ῶ ᴷȲчП⁄Ɫᵅᴷ: 

Ὁὶὶέὶὖ ὖ                           (2.13) 

ҵȲⱢױ ᵍ Ϛ Ȳ֪ ЛṜᴖ Ȳ╝ ὑ Ϛ֝

Ὼ ȴ 

 

2.3 Ԝ ṶԈ  

2.3.1 Ԝ ṶԈן  

Ɫ ᴷSCAN Ṇ ὑԜ ṶԈᾼ ϩȲצӇ Ԝ Ԝ

ṶԈ ᾼ ἤ ᴩѩ ȴ Ὼדּדᶾᾼ Ȳ ẃ ֵԜ ṶԈ ѿ ӭ ṳᵛ

ϯẃȲ ן Ἤ ᾼ щ ṶԈѿ ӭ ṶԈ ᾼѠהϷ

ὑҠᴩȲẂֽ: RasmussenϢ(2014)ᴞ  ᶪц Ἦְᾼ Мן ☻ѬȳԜ ế

ṶԈѿ ᴩиέȷWapler (2017)⁄ ☺ щ (ESWD, European Severe 

Weather Database)Ἤן ᾼԜ ṶԈѿ ᴩԜ   ᾼ ᴷȴ 

ӐׁשṅᴞМҶ ᶝ(  2018) МȲן 2011ᴟ2020ד 5~8ѣү Ԝ

ӭ ᵫȲṼӭ П ậԜ ȳ֮ Ԝ ᾿ ЄЊ( ѝֿצ ᾼ

ѿῶ 2. 3 ᴩ ) Ȳṳ ϚḔ ѡἬ ӁПщ ᵫậ щ Ṇ ȳṼ

ӭ ֮ᴷ Ἰ ⇔Ȳ ѩ ӭ ṶԈᾼ Ὲ ѿцSCANṆ П Ȳ᷄
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֢ӭ ṶԈ ᾼ ☼ Ȳ ҏПӭ ṶԈֽῶ2. 4ȲԚ46צ ȴ 

2.3.2 Ԝ ϩ ᴷ 

ү ӭ› Ԝ ᾼ Ӂ ԈⱢ SCAN Ṇ ֝ Ṝȸ Ԝ

(POSH)ʨ50ȳԜ (POH)ʨ80ȳ Єᴷ Ԝ ѐЉ(MEHS)ʨ1.5ѿц֫ᾌ (dBZ)ʨ

60ȲⱢ ױ   ֯ү ᾼ ӣἤȲӐׁשṅ ӣ ן2.3.1 П ҭṶԈȲ

ᴕWapler (2017)ᾼѠᾎȲѿϯה ᴩԜ   Ҡ ẁᾼԜ (lead time): 

ὰὩὥὨ ὸὭάὩὝ  Ὕ                    (2.14) 

ẔМȲὝ  ⱢṶԈד П ☼ נ SCANṆ   ᾼ ȲὝ ⁄Ɫӭ

ẞԜ ᾼ ȴ ὰὩὥὨ ὸὭάὩⱢ Ȳ⁄҅ῶ ṶԈכғ SCANṆ › ȴױѠ

ה Ҡӣὑ ᴷ ›   ὑЛ֝Ԝ ṶԈᾼῶ ȲT ᾃ ὰὩὥὨ ὸὭάὩҠ ắӦӭ

ᵫἬ ẁᾼԜ ӭ (Ὕ  ) ȲẂֽ: Ӣὑᵅ Ἰ֮ ᾼԜ ṶԈҠ ֪

ϢЀ ֵᴖ ὔ ӭנ ẞȲ֪ᴖ ὰὩὥὨ ὸὭάὩ Ἰ֮ ȴ 

2.3.3 Ԝ ϩḂ  

  Ӧὑ › SCAN Ṇ   ц ứᾼṼ ⱢҖּר ἤȲ╝ Ḃ

Ṇ ὑү ᾼԜ ϩȲ⁄Ӈ ү ᾼ ἤ ᴩ Ӕȴ  

ᾼ ȲҠ ӭ ᾼ ȳѿц иӑכғ Пӭ ṶԈ ֪ ᴩ ᴷȷ

ᴖ SCAN Ṇ в ứȲ⁄ ᴕ (2013)ῴḔ ᾼѠᾎȲѿү ᾼӂᶁ Ὲ

Ḇ  SCAN Ṇ ￼ ᾼ0 -20 ⇔(Ὄ ᴈȳὌ ᴈ)∟Ȳ ᴩPOSHȳMEHS

ᾼ Ȳṳ Ӕ∟ᾼԜ ᾓ╥ᵡצἬḂ ȴ Ѡ2.7~2.1ה2.1.2ֽהȲ

МἬṿӣᾼSHIиᵑ ӣѿϯϡ Ѡᾎ ᴩ и: 

╢╗╘  πȢρz Ὄ  - Ὄ ᴈ)zὡ Ὄ Ὁz                  (2.15) 

╢╗╘
Ȣ 

ᴈ ᴈ
ᶻ

ᴈ
Ὄ ᴈz Ὄ Ὄ ᴈ            (2.16) 

ҟׁשṅ (2013)ἬṿӣᾼѠהⱢ(2.15)הȲᵛע и ᾿ ᴩ ȴ ὌЮ

ὑὌ ᴈͯὌ ᴈ ȲӦ Ѡה ҏП SHIҠ Ἤצ ȴӐׁשṅ ὑὌЮὑ

Ὄ ᴈͯὌ ᴈ ṿӣ(2.16)ה ᴩ Ȳṳѩ ϡ ѠהἬ ҏП
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ῶ ȴᴖӣὑḆ SCANṆ ПὌ ᴈȳὌ ᴈ Ȳ⁄Ṽ ᴯ иᵑ ӣЛ֝

ᾼ ҭ Ὲ Ȳ ṓῶ2. 5ȴ 
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Ϯ  Ὠиέ 

  Ӑ Ԓ ד2018~2011 5~8ѣᾼ SCANṆ ☼ ᴩ ἤиέȲ

Л֝щ Ṇ ( )ѿц֮ (Җ ц⁮ )ϯᾼ Ȳ

ҔᵶῈ иӁȳ ἤȳ֫ᾌ ⇔ѿцӢỄ (3.1)Ȳṳѿ ҭ ☼

Ὠ∂ ☼ ᵛ ₇Ȳѿứ ϱ ḳ (3.2)ȴᴖ ὑ

ᾼ иȲPTAS ӣ (2020)ṿӣП щ ѬṶԈȲѿϠ ищ Ṇ Ἤ∂ П

₇╥ᵡҠ ẞḆֻᾼ ȷSTOP⁄ ὔắ ☼– ᾼ֮ ᴩ (3.3)ȴ 

 ϡ и ү Ԝ ϩиέȴ Ԓ 8ѣSCANṆ~5ד2020~2011

ᾼԜ ᾭᾓȲṳṼ צ ҏḂ Ѡ (3.4)ȷ ⁄ ᴩԜ

☼ ᵛ ᾼ ֥Ȳѿ ҭ STOP ₇ὑԜ ϱᾼ ӣἤ

(3.5)ȴ 

3.1 ֵ ד ☼ ἤиέ 

 Ԓ ☼ иӁ ᴩ ȴӦ 2.2.1 ὙҠ῀Ȳ ѡⱢ

ѡ ᾼ2 Ȳᵛ―ֽױȲ ѡᾼ ☼ ЬὙ ѩ Ḇֵ(ῶ3. 1)ȴҫҵȲҠ

ҏᾼҖ ֮ ☼ ⁮ ֮ юȲױ ὨҠ ⱢХиЍ Ἰ

ד ϝῖ Ἤ ȴױҵȲҖ ֮ ѡ ☼ ѡ ☼ ᾼᴾѩⱢ64%ȳ

36%Ȳ⁮ ⁄Ɫ57%ȳ43%ȲҖ ֮ ѡ ☼ ᴾѩ Ҡ ὑ Ṇ ☼

ѻ Җү Ἤ ȴ иӁ ᾓȲҠѿ ẞҖ ֮ ѿц щ ϯצḆ

ѩẂᾼ ☼ ᴯὑ ◦Ȳױ ὨҠ ὑ щ Ṇ ᾼѻ ֮ ᴯὑ ◦Ȳѿц

Җ ד ⁮ ֮ ḆֵѩẂᾼצ ☼ ẃᴞ щ ᾼ ╝ȴ ὑ ֮ϱ ☼ ᾼ

Ὲ иӁ ȲҠ щ ☼ ᾼῈ иӁ Ɫ ᾛȲᴞᾘ ֮ иӁᴟЍ

Ὸ ịϚ ( 3. 1 b, e)ȷ щ ᾼ ☼ иӁ⁄ѿв Ѝ Ɫ ֵȳ֣ҵ

юȲẔМҖ ֮ ѻ ‭ ֯үҖִ֮יϚ ( 3. 1 c)ȳ⁮ ֮ ⁄иӁὑү ᴫ⁮



14 

 

Ѝ  Ὼ( 3. 1 f)ȴ 

  Л֝ ԈП ☼ Ӣכ ( иӁ)ц ᴩиέȲֽ 3. 

2ȳ 3. 3ȳ 3. 4ȴӦ 3. 2ѩ Л֝щ Ṇ ϯᾼ ☼ Ӣכ ( ᴥ )ȲҠѿ

ѡᾼ ☼ Ӣכ Ὼᾘ ֮ ( 3. 2 b, e)Ȳᴖ ѡᾼ ☼ Ӣכ

⁄ᴯὑв Ѝ  Ὼ( 3. 2 c, f)ȴ ϚḔѿ ⇔ẗ (number density function)

☼ ᾼῈ иӁ ᾓ( 3. 3)ȲҠѿ ẞẔᵧ ᾭᶮהиӁȲѹиӁ ᾓ

Ὑ ֮ᶮד ȴ֯ ԈϯȲ ὑ Ṇ ᾼҖ ֮ ὧҖ Ὸ ( 3. 3 b)ȳ

ѿц ὑᴫ⁮ ☼ᾼ⁮ ֮ ᴫ⁮ Ὸ ( 3. 3 e)Ϛ Ὑצ ֵᾼ ☼Ӣכȷᴖ

֯ ԈϯȲ ⁄ѻ М֯ Ἰד ПЍ ֮ ( 3. 3 c, f)ȴ ☼

ᾼ Ȳ 3. 4 ӱ щ ☼ ЄֵиӁ ц ֮ ◦ ( 3. 4 b, e)Ȳ

щ ᾼ ☼ ⁄ѻ Ӣכ  Ὼ ( 3. 4 c, f)ȴױҵȲ Ҡѿ ẞ⁮Җ

֮ ☼ ῴӢ∟ᾼ ᾓӼ Ἤצ ȲҖ ֮ ☼ ḆЄ ⇔ᾼ֣ҳ ϥѠ

( 3. 4 a, d)ȴ 

 ☼ ᾼ ⇔иӁ ᾓȲ 3. 5 ӱҏẔ иӁ ѻ ếщ Ṇ

ד ȴ֯ щ ϯȲ ☼ ⇔֯10 m/s ϱϯȷᴖ֯ щ ϯȲ ☼

⇔ѿ 5 m/s ѿϯⱢѻȴ ֢ Ԉϯᾼӂᶁ ⇔Ὲ иӁ ᾓ( 3. 6)Ȳ и

Ӂ ӱҏᴯὑ ᾼ ☼ ẓצḆЄᾼ ⇔Ȳᴖ ☼ Ὼ ֮Ѝ ⇔ Њ

( 3. 6 a, d)ȴ ὑ ֮ ṳ иЛ֝щ ₤ ȲҠѿכẞ щ ϯП ☼

֯Ἤ֮צ ᾼ ( 3. 6 b, e)ꞋὙ ὑ щ ϯᾼ ☼ ( 3. 6 c, f)ȴ ֥›

П ☼ Ὲ иӁ ( 3. 1ȳ 3. 2)ȲҠѿ ῀Л֝щ Ṇ ϯ ☼ ᾼ ѻ

ắ ₤щ Ṇ ᾼ ֮ Ἤ ȴ щ ☼ ẞᴞ ϤП ц

Ṇ Ȳ֪ױ צ ᶶᾼ ⇔ȷᴖ щ ẞᶝ ֮ ὑ ֮ϱ П ☼

Ṇ Ȳ╝ ⇔ ȴ 

Л֝ Є֫ᾌ   ϯȲ⁮Җ ☼ ᾼ Ὲ иӁ ᾓ( 3. 7)ȴӦὑҖ

֮ ᾼ (RCWF)Ἰ Ȳᴖ ֫ᾌᾼщ Ṇ ᾼ ⇔ЄֵЛ Ȳ֯ ֫ᾌ 

ϯҖ ֮ ( 3. 7 a) ẞᾼиӁ ⁮ ֮ Њ( 3. 7 e)ȴ   ȲҠѿ
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ᾃ ẞ Єֵ ᾼ ☼ П Є֫ᾌиӁЄֵ֯ 45ʤMaxdBZʧ50 ( 3. 7 c, g)Ȳ

ѹ֯ ᾼиᵉѩẂדῺȴᴖ MaxdBZ>50ᾼ ☼ ᵑ ( 3. 7 d, hȳ

3. 8)Ȳү  Ὼ ив ֮ צ ᾼѩẂ( : ὑ Мї ᾼ Ӣ

ѩẂиӁᾼҠ ֪Ɫ Ϛ Мᾼ ☼ ыюἬ )ȴ ֥ ☼ ⇔

֫ᾌ ⇔ᾼиӁ ᾓ( 3. 9)ȲЄֵ ☼ ᾼ ⇔Ɫ 2~10 m/sȳ Єч ⁄

М֯45~55 dbZȴӦὑ ắ щ ☼ Ἤѻ Ȳ щ ᾼ Ὠ Л

ищ Ṇ ᾼ ᾓ ᴿ( 3. 9 a, b, d, e)ȷ щ צ⁄ ֵ֫ᾌ ⇔ (MaxdBZ>50)

ᾼ ☼ ( 3. 8ȳ 3. 9 c, f)Ȳ֫ױᾌиӁ ᾓ Ɫ ԈϯֵⱢр∟֮ᶮҒ ᶮ

ᾼכ ☼Ȳ֪ᴖדצ ԈϯḆֵ ֫ᾌ ҏ ȴ 

иέ ☼ ᾼӢỄ Ȳ 3. 10 ӱ ☼ ӢỄ ᾼ иӁȴҠѿ ѿϚЊ

Ɫ ᴯ ᴩи ȲЛ ⁮ ╥Җ ֮ Ȳ ☼ ӢỄ ѿ 0~1 Њ ỰֵȲӢ

Ễ  ᾼ ᵑ ю( 3. 10 a, d)ȴ ὑ0~2 Њ Ȳ ⁮Җ֮ щ Ṇ и

Ɫ 4 ᵑ ᴩ ( 3. 10 b, c, e, f)ȴҠѿ ẞ ☼ ӢỄ ᾼ иӁ

Ἤ֮֯ Ɫד ȲҖ ПиӁ ᾓЄὂṼ ⱢӢỄ  П юȳ⁮ ⁄ѿӢ

Ễ  30 и П ☼ Ɫ ֵȴ 

 ԛẃ ☼ ᾼ ἤ ᴩиέȲѿᵂⱢ∂ ☼ П ȴ 3. 11

 0-1 Њ ᾼ ȴXѠ֣(ὧᴫ֣)цYѠ֣(⁮Җ֣)ᾼ Ὠ ӱȲ

Л ⁮ ἨҖ ᾼ ☼ ȲXȳY Ѡ֣ϱᾼϚЊ ד Ὼ( 3. 11 a, b)ȴ

ϚḔ ӂᶁ Ȳṳѩ ⁮Җ ѿцЛ֝щ Ṇ ᾼ ȴҠѿᾃ

ẞ⁮ ֮  ᾼ ᾓꞋѩҖ ( 3. 11 c)Ȳᴖ֝Ϛ֮ ϯ

щ ᾼ ⁄ ѩ щ Є( 3. 11 d)ȴ 

 ϯẃȲⱢϠиέ ╥ᵡ ☼ ᾼ ⇔ᴖЛ֝Ȳ ☼ иⱢ Vʧ

5 m/sȳ5<Vʧ10 m/sȳ10<Vʧ15 m/sȳ15 m/s<Vҳ ᵑȴ 3. 12ӱ֢ ⇔ ᵑ› 

70%ᾼ ☼ ӭȲ֯Єֵ Ԉϯ 5~10 m/s ᾼ ᵑ צ ֵᾼ ☼ ȳẔ ᵑϷ

Ϛứᾼצ ☼ Ȳ צ Ԉϯ ⇔ Єᾼ ᵑ ☼ Ὑ ю( 3. 12 c, 

f)ȴ 3. 13ӱϠЛ֝ ⇔ ᵑᾼϚЊ ›70%Є ȴЛ ԈϯȲ
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Ꞌᵧ ҏ ☼ ᾼ ⇔ ᶶ Ȳ᾿ ҵἋ Ғᾼ ᶶȴ

☼ ֝ד⇔ Ȳ⁮ ֮ ᾼ ϚứѩҖ ЄȴױҵȲ и⁮Җ֮ Ἤ ẞᾼ

Ὠ( 3. 13 a, d)ắẞ щ Ṇ ☼ ᾼ ἤἬѻ ( 3. 13 b, e)Ȳᴖ

щ Ṇ ☼ ⁄֯15 m/s<VᵑϯצὙ ḆЄᾼ ( 3. 13 c, f)ȴѿ ᾼṔ

⇔ᴖṕȲ щ ☼ ᾼϚЊ ὑ щ ☼ ( 3. 11 d)Ȳ

⁯ ֯15 m/s<VᵑМ ẞ щ ☼ Ὑ ѩẔ҃и Є( 3. 13 c, f)ᾼ

֪ȲҠ Ɫ֢ ⇔ ᵑ Ӑ ᾼ Ἤ ȴ щ ☼ ֯ ⇔ Њᾼ ᵑ

ϯצ ὑ щ ☼ ᾼ ȲᵀӦὑ ᵑП Єὑ 15 m/s<V

ᾼ ☼ ӭȲ╝ױ ṳЛ Ὠȴ 

 ᴕ  2006 ᾼѠהѿ ֣ц ֣ ( 3. 14) 95% ( 3. 15)Ȳ

ѿּמ(Vʧ5m/s)ȳ (5ʤVʧ10m/s)ȳ (10ʤVʧ15 m/s)ȳ (V>15 m/s)҅ῶЛ֝ ⇔

ᵑᾼ Ȳ ᾼиӁ╥ᵡצ ֣ ứᾼ ȴẔ Ὠ 3. 11 a, bМ Xȳ

Y Ѡ֣ϚЊ Ὼᾼד ᵭ֥Ȳ ᴖṕ ֣ ֣ ЄЊЄ Ȳ֝ד

ֵᵧ Ӕ ᾼ ᾓ( 3. 15)Ȳѹ Ὠ ѾӦ щ Ἤѻ ȴ ᴖȲҠѿᾃ

ẞ֯ ⇔ Єᾼ ᵑМ(V>10 m/s)Ȳ иӁצ ⱢὙ ᾼи ᾓ( 3. 14)Ȳ

иӁ Ɫ Җ( 3. 15)ȴױ Ὠ҅ῶ: ѿ ищ Ṇ ᾼ ∂Ӵ

₇ ȲҬ֯צ ⇔ ὑ 10 m/sѿϱᾼ ☼ И צ ⱢὙ П Ȳ

ᴖȲױ ☼ ֯ щ М Ɫюṓȴ 

3.2 ☼ ᵛ П∂  

  3.1ᾼ ὨȲ ᴩ ☼ PTAS STOP₇ᾼ∂ ȴᵛ

ᾼ ᴩ☼ ֽ 3. 16Ȳ֯ ᴩ ☼ ᵛ ȲꞋ ԒᴩṼ ӭ ☼ ᾼ

ᴩ᾿ ҵἋ Ȳѿ ᴷӑẃϚЊ в ☼ ᾼМїᴯ ȴ ᴩPTAS

Ȳ Ṽ ☼ ᾼ ⇔Ȳ ậ ҭ ( 3. 13ȷ ṭ )W Ɫҙ Ȳ

ậӑẃ в ☼ МїҠ ᾼ ( )ȷᴖ ᴩ STOP Ȳ⁄

Ṽ ☼ ᾼ ⇔Ȳᴟ ҭ М ᴩ װ1000 Ἴ ȴ ᾿ ҵ
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Ἃ Ἤ П ☼ ӑẃ Мїᴯ ѿױ ( 3. 14ȷx, y ) ᴩӂ Ȳ ậ

1000 ȴ ∟ ֢ ắ – ᾼװ Ȳѿ ậ ☼ – ֢

ᾼ ȴ 

 Ϛ ☼ ᾼ ӱ ֽ 3. 17Ȳ֯ױṶԈМȲPTAS ὑ › ṳӑ

ғכ ( ὑּמ Пҵ)Ȳᴖѿ1000װἼ ȳ4еṭ ☼ –

ҙ ứӢכПSTOP ⁄ѿᵅ– ẞױ ☼ Ȳѹϡ Ἴ ѠהӢכᾼ

Ὠṳ ȴ ϚḔѿ ⇔ ϡ Ἴ Ѡᾎ: 1. 3. 18Ɫ╥ᵡṿ

ӣ‒ ᾼ Ὠ Ȳ ᶙԓӑ ᴩ (a, d)Ȳ ϡ῏ὑ

20% ѿϯ Ὠᵧ ᾼ ᾓȷᴖ ѿ95%‒ ЄП Ϛ

(b, e)Ȳ ᾼ Ὠד ӑ (a, d)צὙ ᾼן Ȳᵀ ֮қ Ἴ ᾎЬ

צ Л (ὑ 10% вᶈ 0% ᾼ )ᾼ ᾓ Ӣȷ Ɫ ’ϡ῏

Ὠן Ȳѿ95%‒ Ἤצ (c, f)ᾼᵂᾎ Ɫ ȴ2. 3. 19

ⱢЛ֝ ☼ – ҙ ứϯᾼ ὨȲ – ҙ ᾼ ЄȲ – Ἤ

ᾼ ҒȲᴖϡ Ἴ Ѡהὑ֝ד– ҙ ứϯП Ὠṳ ȴ

3. 3. 20ⱢЛ֝Ἴ װ ᾼ ὨȲὑ10ȳ100ȳ1000Ἴ װ Ԉϯиᵑ ᴩ3

װ Ӵ Ȳ Ὠ ӱѿ Ἴװ10 ᴩ ϫиЛ ứȷᴖ Ἴװ100 ⁄֯

ứȲᵅ ⁄ЬצἬ ȷ ᴩ Ἴװ1000 ∟ᾼ Ὠ Ϡ 10%

ѿϯᾼ ҵ Лӂ ᴖצṷ ҵȲẔ ᾼֵװ ὨꞋϫиדᴿȴ

ṿӣ ҭ Ἴ ᾎ Ȳ Ὠ Ἴ װ Ғᴖן ᾼ ᾓ ѩṿӣ ֮қ ᾎἼ

ẃᾼὙ ȴ ϱἬ ȲӦϡ Ἴ ѠהӢכП STOP ὑ › 95% ȳ

װ1000 Ἴ Ԉϯᾼ Ὠ ЛὙ Ȳ֪ױҠᴕ Ԓ ӣἼ Ѡדה

ѹ Ὠ ὔן ᾼ ҭ Ἴ ᾎ ᴩSTOP ȴ 

דҵȲױ ὑ ẁ ᾼPTAS ȲὑӐׁשṅМ ПSTOP₇Ҡ

ϚḔ ẁ– ᵂⱢ ᴕ Ȳ ᴖȲӦὑSTOPᾼ ☼ ẞЄ ҭ

ᾼ Ἴ ѿц έ⇔ᾼ ȲẔ Л ֥ᵛ ϱ Ҡ ᶶ

ᾼ ԈȴⱢ ḟױ ȲӐׁשṅ ϚḔ ѿѿϯϮ Ѡᾎ ᾼ Ὠ: (1)ю
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Ἴ װ ȷ(2) ḳҠ ἤ ᾼ ☼ (Ó50dBZ)ᴩSTOP ȷ(3)ԒᴩӢכ

STOP ṳὑᵛ ᾿ ӣȴѠᾎ(1) Ὠֽ 3. 20ȲҠ ю

Ἴ װ Ҡ Ὠ ἤ ЄȲ╝Л ӣȴѠᾎ(2)Ҡ Ȳᵀ

ὑ֝ ֵצ ☼ҏ ᾼ ( 3. 21)ᴖṕȲЬ Л ֥ ȴѠᾎ(3)

ԒᴩӢכЛ֝ ⇔ϯᴞ(0,0)ᴯ ֣Ӕὧ ᾼ ( 3. 22)Ȳὑ ᾿

ӣ ӭ ☼ ῺПד⇔ ὨȲṳṼӭ ☼ ᾼᴯ ц Ѡ֣ӂ ц

ױ ὨȲכὨṓ 3. 23ȴ Ὠ ӱȲӦѠᾎ(3)ӢכПSTOP ѠᾎПἬ

ᴿȲⱢד ᾼ ȴ ᴖȲӦױѠᾎἬӢכПSTOP ᾼ ἤ

ắạὑ ӣᾼ ╥ᵡẓ҅צῶἤȲ╝ ὑӢכ ᾼ› ЏᵂМ Ҡ и

Л֝ ⇔Ȳѿ ᵍ֯ᵛ М ӣ Єᾼ Ὠȴ 

ϚḔѿ ищ Ṇ ᾼ ∂ ᵛ ₇ȴѿSTOPП ὨⱢ

Ẃ( 3. 24)Ȳ ищ Ṇ Ἤ∂ ҏПᵛ ֯ 10 m/s ѿϯṳ ыЄ Ȳױ Ὠ

Ҡ 3.1П ἤדẻ ( 3. 14~ 3. 15)ȴױҵȲӦ3.1П ☼ ⇔

Ҡ῀ȲЄֵ ☼ ⇔Ꞌᵅὑױ ( 3. 12)Ȳ╝֯Ϛ ᾓϯ ᵑ

ѿ ищ Ṇ П ᴩ ☼ ₇ᾼ∂ Ȳױ Ὠ ὑ 3.3 PTAS

и ϚḔ ȴ 

3.3 ☼ ᵛ П  

  Ɫ ϚḔ 3.2МȲɦѿ ищ Ṇ ∂ П ☼ ₇Ȳ֯Єֵ

ᾓϯ ӑ и῏ḥצ ɧױϚ ȲӐׁשṅ ӣ ᾼ֝ד(2020) щ

ѬṶԈ ᴩ Ȳֽ ῶ3. 2ἬӱȲМҶ ᶝꞋ ṷṶԈױ ӁЄ ​ᵛ ȴ

3. 25Ɫṿӣ Ở ( )ѿц ищ Ṇ ( מּ ȷ )

ᴩPTAS ᾼPODῶ ȴẔМȲ֯ (c)ȳ(e)ȳ(f)ԈϯȲ ищ Ṇ ∟ᾼPTAS

ѩ Ԓӑ и῏Є(֪ ҭ )Ȳױ PODῶ Ὑצ

сȲv ҅ῶ ищ Ṇ ПPTAS Ҡ ẞḆֵ ☼ ȷᴖ֯ (a)ȳ(d)ȳ(g)ȳ(h)ȳ

(i)ȳ(j)ԈϯȲ ищ Ṇ ∟ᾼPTAS ѩ Ԓӑ и῏Њ(֪ ҭ
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ᵅ)Ȳױ PODῶ Ь ѬӂȲ⁄҅ῶ֝ד═ Ԓӑ и῏ ứᾼ

ЄȲ ищ Ṇ Ҡ ᵍ (v Єᾼ )ȴ Ὠ ӱȲ ╥ᵡṿ

ӣ и∟ᾼ Ȳ∂ ҏᾼPTAS PODῶ Ꞌדᴿȴ֪ױȲҠѿ 3.2М

ɦ֯Ϛ ᾓϯ ᵑѿ ищ Ṇ П ᴩ ☼ ₇ᾼ∂ ɧᾼ

ȴ 

 ҫҵȲ Ӑׁשṅ ПSTOP₇ᾼ ῶ ᴩ ᴷȴ ӣὔắ ☼– ᾼ

үҖв ֮ ᵂⱢ Мї ȲṳϚ֝ 4kmῺ Пῶ Ȳӱ ṓ 3. 26ȴ

иᵑ 2019ц2020ד Ó40dBZ Ó50dBZП ☼ Ὠ ᴩ Ȳ

Ὠֽ 3. 27Ἤӱȴѩ ֢ Ὼ ᾼ Ȳ ᴖṕ ֯10%ѿϯȲ

ᴖȲ – Є Ȳ ᴷᾼ ᾓ ȴЛ֝֫ᾌ  цדԌꞋצϱ

ᾓȲᴖ ӣὑ ᾼ ֵ (ֽ 3. 27 c)Ȳ֢ ᾼ Њȴ

Л֝ – ᾼ ☼ ҏȲֽ 3. 28ȲҠѿ и ☼ ֯

ϯ ( צ( Ȳ ᴩ ∟ӑ ϚЊ ― ȴӦὑ ᴩ 0-1Њ STOP

Ȳṳӑᴕ ☼ › ᾼ ᾓȲ╝ױҠ Ɫ – ᴷᾼ ֪ПϚȴ

ắạὑ ›SCANṆ ᾎ ☼ ᾼӢ ц ȳӼ ᾎ֯ ᴩ ϯ ῀

☼ ӢỄ Ȳ╝ӭ› Ἤצ ☼ ᴩ1Њ ȴ 

3.4 Ԝ ṶԈ ϩ ᴷ Ḃ  

֯ϱ 3.1~3.3ᾼ◕ МȲБ ᾼњᾎϠ ү ☼ ᾼ Ȳṳ ϚḔ

ױ ∂ ҏҠ ẁ ☼ ֯Ὲ ϱ– ᾼSTOP ȴᴖֽᴶ ֫ᾌ

Ḇ ȳҠ Ԝ ṶԈᾼ ☼ ᴩ ȲӼⱢ иέц ᾼ Ȳѿϯ Ԓ

SCANṆ ὑ ҭԜ ṶԈᾼ ῶ ᴩ ȴ 

ὑׁשṅ Ἤן ᾼ46 ҭԜ ӭ ṶԈМ(ῶ2. 4)ȲẔМ13ⱢҖ (RCWF)

ȳ25Ɫ⁮ (RCCG) ȳ ⁄ӑ ֯ SCANṆ М᷄ẞד ☼ (None)ȴ

ӭ П Ȳֽ 3. 29ȲҠ Ԝ ӭ ѿ 6~7ѣȳү 15~16

Ự ȷֵ⁮ ⱢҖפּ ᾼ2 Ȳ ѾꞋиӁὑᵅ Ἰ ȷщ Ṇ ѿ Ɫ Ȳֵ
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ѹԜ ᾿ ӂᶁ Ɫ1.7 cmȴӦὑԜפּ ӭ ṶԈᾼן ắạὑ ҭṶԈ Ӣ֮ ᾼ

ϢЀиӁֵ ȲϢЀиӁ ֵᾼᵅ Ἰ֮ Ԝ ṶԈ ὔ ӭ ṳ Ȳ֪ױӐ Ὠ

҅ῶӭ ᾼ Ȳᴖ‍ ү Ԝ ҭṶԈᾼиӁ ȴ 

Ɫ ᴩԜ   Ҡ ẁᾼԜ (lead time)Ȳᴞן П ҭ МȲ

ҏצԜ ӭ ᾼ (ῶ2. 4Мѿ* ᾃ)ȴ֯ ṅשׁ ן ᾼ46ṶԈМȲ

Ԛצ 25 ṶԈ ױ֥ Ԉȴ ṷṶԈᾼױ ᾭᾓȲẔМצ 14 (56%)ṶԈ כ

ғ(ῶ3. 3)ȳ11(44%)ṶԈ ҷ (ῶ3. 4)ȴ֯ ғᾼṶԈМȲlead timeѿ15иכ

ѿвỰֵ( 3. 30)Ȳ иӁ Wapler (2017)ὑ Ԝ ᴩlead time

ᾼ Ὠ ᴿȲѹꞋⱢᵅ Ἰ֮ ᾼӭ ṶԈȴױҵȲỮҠᾃ ẞщ Ṇ Ɫ ᾼ

lead timeꞋ  ȳԜ Ӣ› Ӂ ᾼװ Ϸ ֵ( 16ȳ23)ȴ Ẕ

ҷ ᾼ ֪Ȳ ϠҠ ắẞ έ⇔( 26) (

15)ᾼ ạȲ ᴖ SCAN ЛṜҵȲ Ҡצ ╥Ԝ ӭ ᵫᾼ Л

ҷ ( 20ȳ41)ȴ ױ ṶԈ∟ȲҠѿ ὑԜ Ӣ›ᾼ Є

  Єֵ ЛЄȲẔМϭѿ MEHSц dBZ ὑ֢ṶԈМ ὔ

ӑ   ȴ֯Ԝ ӭ ᵫᾼ МȲү Ԝ ṶԈᾼӂᶁ᾿ ЄЊּפⱢ0.67 inch 

(1.7 cm)Ȳ MEHSḂѿױ ᵂⱢ   Ȳ⁄Ҡ ṷӑױ ṶԈȴᴖ dBZ

ᾼ иȲѿ Ԝ ᾼ ϱ(Wapler, 2017)ⱢẂȲ ṿӣ55ц60 dBZϡ ◕ᾼ 

ᵂⱢ Ṽ ȴ֪ױȲױ ӼҠ ᴕ Ѡה   ᴟ55 dBZȲױ ―ҠṿױṷṶԈ

Ṝ Ԉȴ 

ѿҫϚṔ⇔ƄƄԜ ӁᾼỄМ ᴩ ȴᴞ SCANṆ ҭ М

ҏ ẞ ᾼ ☼ Ȳ ֮ ☼ ╥ᵡדצ ᾼԜ ᵫȲṳ ϡ῏

ѩ Ȳᴍиѩ ҅ῶ ᵅȴῶ3. 5 ӱȲ֯Ữӑ Ḇ Ὲ ϯ

›ȲSCANṆ ү Ԝ ᾼ ֵȲ֯Ḇ Ὲ∟⁄ҠЄ ᾭױ

ᾓȴ ᴖȲױ ϷҠ ṿ Ԝצ   ҷҟ ԒҠכғ ᾼ ϩ(ῶ3. 

6)ȲЄֵ ṶԈ֯ Ӕ∟ lead time ȳӼἨ╥֯ Ӕ∟ ᾎ ẞȴѩ ṿӣ

Л֝ иѠᾎ(2.15הȳ2.16ה)Ἤ ҏᾼ ӔכὨȲ Ὠ ӱ ע(2013) и Ѡᾎ
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ה) 2.15)ὑ с ỄМ ȳ ю ᾼ Ὠ ֻȲᵀ֝ Ϸ Ⱬ ḆֵԜ

ᾼ ϩȴ ϱἬ Ȳ ᶦ ᵓӣү Ὲ ӔSCANṆ Ȳ― ứ

  Ȳ ᴖȲױ ן Ḇֵ ҭṶԈ ᴩ ѿᵂⱢ֙ ȴ 

3.5 v ὑԜ П ӣ 

  ֯3.4 ҭԜ ṶԈᾼ МȲБῴḔ ῀ ᴩ   Ҡ ẁᾼlead time

פּ Ɫ 15и ȴ ᴖȲױⱢ ᴕ Ԝ ›ֵю ᵫԜ ᾼҏ ȲỮӑᴕ

Ὲ ϱᾼ ȴӭ›֯ ᵂ ϱṿӣSCANṆ ᴩԜ Ȳ ῀

ẞ   ᾼ ☼ ὑ ϯц ҟ ᾼᴯ Ȳ╝ ѿ ᵒ ᴶ Ɫ

ӁԜ ᾼ֮ ȴ֪ױȲ ☼ ᵛ ᶾ Ԝ ֥Ȳ―Ҡ ϚḔ

ẁԜ ֯Ὲ ϱᾼ ᴕṼ ȴ 

 Ӑ 3.2МḂṏП STOP ӣὑ 3.4М 14 ϱכғ ᾼ

Ȳ ᴖȲắạὑᵛ ᾼ ᴩ ☼ Ȳ╝֯ѿϯϡ ᾓ ᾎ ᴩ: 

(1)   П Ɫ ☼ Ϛ ȳ(2)   П ☼ Ӣ ȴ֯

ױ ᾓϯȲԚ3צ ṶԈ( 14ȳ18ȳ31)֪ ᾓ(1)ᴖ 6и ИҠ ᴩSTOP

(v lead time)ȲӼצҫҵ3 ṶԈ( 02ȳ16ȳ40)֪ ᾓ(2)ᴖ ᾎ ȴ ӣҠ

ӣᾼ נ ᵂⱢ Ở Ȳ10ṶԈᾼSTOP Ὠṓ 3. 31ȳ 3. 32ȴ

Ὠ ӱȲЄֵ Ԝ ӭ ֮ ᴯ֯ – ᾼ Ȳ╝ ☼ ᵛ

₇ҠӣὑԜ ȴ 
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ҳ  ӑẃ  

4.1  

  ֻ ὑү ủᾼ ḳἤ ☼ Ԝ ṶԈ ậḆᶶ ȳ ᾼ ȲӐ שׁ

ṅѻ МҶ ᶝὑᵛ ᵂ ϱἬṿӣᾼSCANṆ Ȳѿ Ṇ Ἤ ẁП ☼

Ԝ Ȳ ᴩ ҭṶԈ ἤиέȲṳ ☼ П Ȳ

ѿ Ὠ∂ ☼ ᵛ ₇ṳѹСѿ оȴҫҵȲ SCANᾼ ҭּנ ӭ

ᵫ ֥Ȳ Ԝ ᾼ Ҡ Ḃ ᾼ иȴׁשṅכὨֽϯ: 

Part I. ☼ ἤиέ 

(1) Ἃ (2020)ᾼׁשṅȲ ᴩ ☼ ὑЛ֝щ Ṇ ( )ѿц֮

(Җ ц⁮ )ϯᾼ иέȲṳ ᴟ2011~20188~5דѣȴ

ᴖṕȲ и⁮Җ֮ ᾼ Ὠ ҟᾼ4ד Є֝Њ Ȳ ☼ ⇔иӁѿ

⇔иӁѿ2~10 m/sỰֵȳ Єч М֯45~55dBZȳӢỄ ⁄ѿ1Њ ѿвⱢ

ѻȴ 

(2) Л֝щ Ṇ П ᾼ Є ᵑⱢ ☼ иӁᴯ цӂᶁ ⇔Ȳ

М ◦ᾼ щ ☼ Ḇᶶᾼצ פּ)⇔ 10 m/s)ȲӢכᴯ ц

Ѡ֣ ֮Ѝ П ☼ ⇔  ȴ(m/s 5פּ)

(3) ϚЊ П Ὠ ӱȲ⁮ ֮ (RCCG)ᾼ ЄὑҖ

֮ (RCWF)ȳ щ Ṇ ϯᾼ ⁄ Єὑ щ Ṇ Ȳѹ ֣ ֣

ЄЊЄ  ȴ֝ד

(4) ☼ Ṽ ⇔иⱢ Vʧ5 m/sȳ5<Vʧ10 m/sȳ10<Vʧ15 m/sȳ15 m/s<V

ҳ Ȳŋ ☼ ᾼ ⇔ ᶶ Ȳ̓ ҵἋ Ғᾼ ȴʉ 

(5) Ὠ ѾӦ щ ☼ Ἤѻ Ȳ юצ ☼ ֯ ⇔

Єᾼ ṶԈМ(V>10 m/s)ᵧ ҏ иӁ Ɫ Җᾼ ᾓȴ֪ױȲѿ ᵂ
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ᴯᾼṔ⇔ᴖṕȲ Ϛ ⇔ Ԉᾼ ☼ ᵒ Л ᵑ и ȴ 

Part II. ☼ ᵛ П∂  

(1) ᴕ ᴩ WSPᾼ ᶾ ȳѿц (2020)∂ ☼ PTASᾼ ⇔и

Ȳ ד8 ☼ Ὠ∂Ӵ ☼ – (STOP) ₇ȴ Ὠ

ӱȲSTOPҠ ẁד PTAS ₇Ḇֵᾼ Ȳ ᴖ ₇Ἤ ᾼ

ЄȲ╝צӇ ԒᴩӢכ ᾼѠה ḟױ ȴ 

(2) STOP ⇔ ӱȲӦ ҭ Ἴ ᾎ(̓ Ἴậ )ӢכП

ד ֮қ Ἴ ᾎ(г ◕иᵑἼ )Ḇὔן Ȳᴖϡ῏֯4 еṭ έ

⇔ȳ1000װἼ ứϯᾼϚЊ Ὠ ЛЄȴ 

(3) ищ Ṇ Ἤ∂ П ₇ ֯ ю ὑ10 m/sᾼ ☼

ṶԈ Иצ ᵗȲ֯ Єֵ ḳἤ ☼ṶԈ Ȳ╥ᵡ ищ Ṇ П

Ἤ ҏᾼPOD Ὠṳ ȴ 

(4) ᴖṕȲ1Њ STOP ֯ὔắ ☼– ᾼүҖв ֮ ᾼ ֯

10%ѿвȲ ᴖȲ֯ ☼ נ ᾼ ᾓϯȲSTOP Ὑצ ᾼ ᴷ ȴắ

ạὑ ›SCANṆ ᾎ ☼ ᾼӢ ц ȳӼ ᾎ֯ ᴩ ϯ

῀ ☼ ӢỄ Ȳ╝ӭ› Ἤצ ☼ ᴩ1Њ ȴ 

(5) STOP ₇ ϚḔ ӣὑԜ ϱᾼҠᴩἤȲӦԜ ҭṶԈᾼ

Ὠ Ȳ צ₇ ϩ ẁԜ ֯Ὲ ϱᾼ ᴕṼ ȴ 

Part III. Ԝ ṶԈ ϩ ᴷ 

8ѣү~5ד2020~2011 (1) Ԝ ṶԈᾼ ᾓ Ὠ ӱȲ ›  

Ҡ ҙפּ ѿϱᾼԜ ṶԈ ẁ15и ҿҢᾼ ȴ 

(2) ḟ иԜ ṶԈӑ ᾼ ȲҠѿᴕ ѿԜ ӭ ṶԈ ϯ

MEHS  ᴟ0.67 inchȳϯ ֫ᾌ  ᴟ55 dBZȷҫϚѠ Ȳ ḟSCANԜ

ֵᾼ Ȳ⁄Ӈ Ὲ ᾼѠה ȴӦ

ὑϯ   Ҡ ϱсȳ Ὲ⁄ ṿḆֵṶԈ ᾎ Ȳ֪

Ӈצױ ן ḆֵדԌᾼԜ ṶԈ ᴩ ᴷȲṳѿ ᴯᾼ Ḗḟứ ᾼѠ֣ȴ 
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4.2ӑẃ  

 ӭ›ᾼׁשṅכὨȲ ᴷ ϚḔ с щ ṶԈᾼᵛ ϩȲ ҏ

ѿϯ ҠἋ ПЏᵂ ӭ: 

(1) Ӑׁשṅ П ☼ ₇(STOP)Ȳ ϚḔὑ ᴕ ☼ ᾼӢỄ

⇔ о ᾓȲṼ ☼ ᾼБ֯׀ ậЛ֝ Ȳѿ ᵅ ᴷ ᾓȴ 

(2) ӭ›STOP Ἤ ứП ☼ – ҙ ỆứⱢ4 kmȲӑẃҠ ☼ ὑ

Мᾼ ᾓ ᴩ Ȳѿ Ḇ ֥ ᾓᾼ ȴ 

(3) ӣὑ∂ PTASȳSTOP ᾼ ☼ ҭ ȲҠ ϚḔ ᴕẔ҃

֪І ᴩ иȲẂֽЛ֝ ☼ ֪ ȴ 

ן (4) ḆֵԜ ṶԈѿ ᴩ   ᾼ ᴷȲѹҠ ϚḔ ᴕESWD (European Severe 

Weather Database) Ἤן ᾼӭ ṶԈ ᴩ ₇ (quality control)ȴ 

(5) SCAN о ᴩ ֥ȲӦԜ ṓ ҏḆֵѹ

Ḇ ᾼ ҭԜ ṶԈ ᴩиέȲѿ ậḆṾП ᴕ ȴ 

(6) ϚḔиέSCANṆ Ἤ ẁП ☼ ⇔ȳ ȳМѐ⇔ ᾼ

ἤȲ ṷױ ὑ щ ᵛ ϱҠ ẁᾼṮḳ (lead time)ȴ 

(7) (ֽ :ӢỄ 2Њ ҙѿϱᾼ ☼ ) ᴩ иέׁשṅȲϠ ױ

ṶԈᾼ֪כ ☼ ἤȲѿ ϚḔ ӣὑױ ᾓᾼ ₇ȴ 
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 ῶ 

ῶ1. 1 ṿӣᵛ Ṇ Ϛ ȸɦ ɧԝῶȴ 

Ṇ  ԓ֤ ᴕѝ  

MAPLE 
McGill Algorithm for Precipitation nowcasting using 

Semi-Lagrangian Extrapolation 

Germann and Zawadzki 

2002 

STEPS Short-Term Ensemble Prediction System Bowler et al. 2006 

SWIRLS 
Short-Range Warnings of Intense Rainstorms in 

Localized Systems 
Wong et al. 2006 

WDSS-II  
Warning Decision Support System-Integrated 

Information 
Lakshmanan et al. 2007 

 

ῶ1. 2 ṿӣᵛ Ṇ ϡ ȸɦ ӭ ɧ Ṇ ԝῶȴ 

Ṇ  ԓ֤ ᴕѝ  

SCAN System for Convection Analysis and Nowcasting 
Kitzmiller and 

Breidenbach 1993 

TITAN  
Thunderstorm Identification, Tracking Analysis and 

Nowcasting 
Dixon and Wiener 1993 

WDSS Warning Decision Support System Eilts et al. 1996 

CARDS Canadian Radar Decision System Joe et al. 2003 

ANC NCAR Auto-Nowcaster system Mueller et al. 2003 

TIFS Thunderstorm Interactive Forecast System Bally 2004 

RDT Rapidly Developing Thunderstorms algorithm 
Morel 2002 

Brovelli et al. 2005 
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ῶ2. 1 ѡи Ѡהȴ 

  

/  

(ҵ ☼/ҵ Ṇ)  

ἤᵅ (ҵ ☼)  

ᵅ Ṇ 

ᵅ  

⁮Ѡ Ṇ 

ᴫ⁮ ☼ 

☼ Ṇ 

ыӂ◦  

ᴫ⁮ / ⁮  

Ẕ҃ 

 

ῶ2. 2 STOP П֢ ᵑ ȴ 

 щ Ṇ  V Ò 5 m/s 5 < V Ò 10 m/s 10 < V Ò 15 m/s 15 < V 

RCWF 

All 13,083 16,039 7,817 5,554 

ѡ 5,686 9,825 6,189 5,085 

ѡ 7,272 6,014 1,447 410 

RCCG 

All 19,077 28,527 13,317 6,125 

ѡ 7,842 16,945 9,730 5,023 

ѡ 10,783 11,041 3,507 988 

 

ῶ2. 3 Ԝ ѐЉ ד ᴷЄЊȴ 

 Ԝ ᾿ (cm)  Ԝ ᾿ (cm) 

Ӱ ЄЊ 5.0 ὀ╓ЄЊ 3.0 

10аЄЊ 2.7 ῧӢЄЊ 1.0 

1аЄЊ 2.0 ⸗ ЄЊ 1.8 

ЄЊ 1.0 ᴏ ЄЊ 0.5 
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ῶ2. 4 2011ᴟ20208~5דѣԜ ӭ (*ᾃ῏Ɫӣὑ ϩиέП

)ȴ 

 
ѡ  

(TST) 
ӭ ֮  щ Ṇ  

Ԝ ᾿

(cm) 

Ἰ ⇔

(m) 
 

רּ  2011/08/18 01   3.0 (ὀ╓) 100 ѿϯ RCCG 

*02 2011/08/18 17:00 ⁮᷾ Ṗ  ӑ῀ 200~1000 RCCG 

03 2011/08/27 ϯр Ὥҡᵾ ( ) ӑ῀ 100 ѿϯ RCCG 

04 2012/07/16 ϯр Җ Ὥ  ӑ῀ 100 ѿϯ RCWF 

05 2013/06/04 ӑ῀ ЄүҖ ( ) ӑ῀ 300 ѿϯ RCWF 

*06 2013/07/01 17:20 ⁮᷾ ṭ  ӑ῀ 500~1000 RCCG 

07 2013/07/07 ϯр Җ Ὥ  
<1.0 

(< ) 
100 ѿϯ RCWF 

*08 2013/07/08 17:03 оῂ   ӑ῀ 100 ѿϯ RCWF 

09 2013/07/09 ӑ῀ ү⁮Ӏ  ӑ῀ 100 ѿϯ RCCG 

10 2013/07/09 ӑ῀ ⅜ὧṭ   1.0 100 ѿϯ RCCG 

*11 2013/07/30 16:10 Җ ἇ  ӑ῀ 100 ѿϯ RCWF 

*12 2014/07/04 13:30 Ѝ  5.0 (Ӱ ) 200 ѿϯ RCCG 

13 2015/07/23 ϯр ᴎ֮   ӑ῀ 200 ѿϯ RCCG 

*14 2015/07/28 14:40 ЄүҖ  ӑ῀ 300 ѿϯ RCWF 

*15 2016/05/05 15:00 ֥ Ѝ  0.8 (⸗ ) 3000 ҿҢ RCCG 

*16 2016/05/11 16:40 ⁮᷾Ѭṭ ( ) 1.0 300 ҿҢ RCCG 

17 2016/05/13 ϯр ⁮᷾‒ /Ѭṭ  2.7 (10а) 300~1500 None 

*18 2016/06/20 16:30 М   ӑ῀ 300 ѿϯ RCCG 

19 2016/07/18 ϯр үҖ⁮ /ᴄѦ  ӑ῀ 100 ѿϯ None 

*20 2016/07/24 15:00 ⅜ὧ ᾙ ḋ  ӑ῀ 100 ѿϯ RCCG 

21 2017/06/09 ϯр ⁮᷾ ё  ӑ῀ 200 ѿϯ None 

22 2017/06/12 16:00 үМ   1.0~2.0 200 ѿϯ None 
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*23 2017/06/13 15:40 Җ ὰ  ( ) 5.0 100 ѿϯ RCWF 

24 2017/06/29 ϯр ›   ӑ῀ 100 ѿϯ RCCG 

*25 2017/07/12 13:30  ṭЍ  ӑ῀ 1000~2000 RCCG 

רּ 15:00 2017/07/15 26*   1.0 ( ) 100 ѿϯ RCCG 

27 2017/07/15 ӑ῀ Ὥҡᵾ  2.7 (10а) 100 ѿϯ RCCG 

28 2017/07/18 15:00 Ѭϱḋ  1.0 ( ) 100 ѿϯ None 

29 2017/07/19 ϯр   
1.0  

(ⱶ ) 
100~300 RCCG 

30 2018/06/27 15:30 ⅜ὧӀ   2.0 (1а) 100 ѿϯ None 

*31 2018/06/29 13:00 Җ ἇ  ӑ῀ 100 ѿϯ RCWF 

*32 2018/07/08 16:15 ⅜ὧ О  2.0 (1а) 100 ѿϯ RCCG 

*33 2018/08/05 15:00 ⅜ὧ ᾙ  1.0 100 ѿϯ RCCG 

34 2019/06/06 р∟ ⁮᷾ ở   0.5 (ᴏ ) 300~1000 RCCG 

*35 2019/06/07 15:00 
Ӏ/ׄ /  

 
 1.0 ( ) 200 ѿϯ RCWF 

36 2019/06/07 15:00 Ὥўг  ӑ῀ 200 ѿϯ None 

*37 2019/06/07 15:30 ᴎ   ӑ῀ 1500 ҿҢ RCCG 

*38 2019/06/07 16:00 ⁮᷾ ᴃ   1.0 (ῧӢ) 500~1000 RCCG 

*39 2019/07/31 16:00 
⁮᷾Ӏ/ ᴃ/  

М  
 0.8 (⸗ ) 100~1000 RCCG 

*40 2019/08/01 16:00   0.8 (⸗ ) 200~300 RCWF 

*41 2020/06/27 16:00 ᴎ Ӱ׆   2.7 (10а) 1600~2000 RCWF 

*42 2020/07/11 15:20 үὧ Ὑ Ѝ⅞  2.5 ( ) 3000 ѿϱ RCCG 

43 2020/07/18 ϯр ֥ ЍҖ   ӑ῀ 3000 ҿҢ None 

*44 2020/07/25 13:57 ׄ  1.0 1500 ҿҢ RCWF 

45 2020/08/16 ϯр ỳЍ  ӑ῀ 100 ѿϯ RCCG 

*46 2020/08/18 17:00 ầ  ( ) 3.0 (ὀ╓) 500 ѿϯ RCWF 
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ῶ2. 5 Л֝ ὑḆ SCANṆ ￼ ἬṿӣПү ӂᶁ Ὲ ȴ 

 ХиЍ  

(RCWF) 

ϝῖ  

(RCCG) 

֤ 
44920 

(ὰ ) 

99744 

( ) 

 
 ד 2019~2011

( 5~8ѣ) 

 ד 2015~2014

( 5~6ѣ) 

ẃ  
CWB 

(ḕѡ Ὲ ) 

SoWMEX 

(ᴫ⁮ ☼ ) 

╗ᴈ 5181 (m) 5242 (m) 

╗ ᴈ 8545 (m) 8561 (m) 
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ῶ3. 1 Л֝щ ₤ ֮ П ☼ ц иӁȴ 

 щ ₤  ☼  
֮ ѩẂ 

(%) 

◦ ѩẂ 

(%) 

RCWF 

 19624 25.4 74.6 

 10997 38.9 61.1 

RCCG 

 22697 32.1 67.9 

 16828 41.0 59.0 

 

ῶ3. 2 ӣὑPOD П щ ѬṶԈȴ(ẃ ȸ  2020) 

   (UTC) щ ₤  ⇔ (m/s)  

(a) 

RCWF 

2017/06/13 18:00 ~ 06/14 

12:00 

 

( ) 
13.15 Њ 

(b) 2017/07/07 06:00 ~ 13:00 
 

( ) 
 ֝ד 6.31

(c) 2018/08/03 05:00 ~ 10:00 
 

( ☼) 
5.11 ὍЄ 

(d) 2019/06/13 16:00 ~ 23:00 
 

(m ) 
16.98 Њ 

(e) 2019/07/02 05:00 ~ 12:00 
 

(ɑ ☼) 
8.15 ὍЄ 

(f) 

RCCG 

2017/07/08 06:00 ~ 13:00 
 

( ) 
5.11 ὍЄ 

(g) 2017/07/24 06:00 ~ 12:00 
 

( ) 
3.97 Њ 

(h) 
2018/08/23 00:00 ~ 08/24 

09:00 

 

( ἤᵅ ) 
10.16 Њ 

(i) 2019/07/19 11:00 ~ 17:40 
 

( ☼) 
6.95 Њ 

(j) 
2019/08/12 18:00 ~ 08/13 

06:00 

 

( ☼) 
8.46 Њ 
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ῶ3. 3 Ԝ ғṶԈϚכ ῶȴ 

 ѡ  
ӭ  

(TST) 
ӭ ֮  щ Ṇ װ    

lead 

time 

02 2011/08/18 17:00 ⁮᷾ Ṗ  RCCG 1 -8 

06 2013/07/01 17:20 ⁮᷾ ṭ  RCCG 1 -6 

08 2013/07/08 17:03 оῂ   RCWF 2 -11 

11 2013/07/30 16:10 Җ ἇ  RCWF 1 -66 

12 2014/07/04 13:30 Ѝ  RCCG 2 -15 

14 2015/07/28 14:40 ЄүҖ  RCWF 3 -18 

16 2016/05/11 16:40 ⁮᷾Ѭṭ ( ) RCCG 6 -52 

18 2016/06/20 16:30 М   RCCG 3 -27 

23 2017/06/13 15:40 ὰ  ( ) RCWF 3 -35 

31 2018/06/29 13:00 Җ ἇ  RCWF 3 -14 

32 2018/07/08 16:15 ⅜ὧ О  RCCG 2 -11 

33 2018/08/05 15:00ҿҢ ⅜ὧ ᾙ  RCCG 1 -26 

40 2019/08/01 16:00   RCWF 3 -26 

46 2020/08/18 17:00 ầ  ( ) RCWF 2 -20 
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ῶ3. 4 Ԝ ҷ ṶԈϚ ῶȴ 

 
ѡ  

ӭ  

 

(TST) 

ӭ  

֮  

щ  

Ṇ  
 ҷ ֪  

15 2016/05/05 15:00 ֥ Ѝ  RCCG 
Ϛ SCAN  

( ắЍ   ) 

20 2016/07/24 
15:00ҿ

Ң 

⅜ὧ ᾙ

ḋ 
 RCCG Ԝ ӭ צ  

25 2017/07/12 13:30  ṭЍ  RCCG 
ӑ    

(POSH: 30, MEHS: 0.75, dBZ: 55) 

רּ 15:00 2017/07/15 26   RCCG 
ӭ  ֝ד

( έ⇔ЛṜ) 

35 2019/06/07 15:00 

Ӏ/

ׄ /

 

 RCWF 
ӑ    

(MEHS: 0.75) 

37 2019/06/07 15:30 
ᴎ

 
 RCCG 

ӑ    

(POSH: 40, MEHS: 0.75, dBZ: 55) 

38 2019/06/07 16:00 
⁮᷾ ᴃ

 
 RCCG 

ӑ    

(dBZ: 59) 

39 2019/07/31 16:00 

⁮᷾Ӏ/

ᴃ/М

 

 RCCG 
ӑ    

(MEHS: 1.0, dBZ: 58) 

41 2020/06/27 16:00 
ᴎ ׆

Ӱ  
 RCWF Ԝ ӭ צ  

42 2020/07/11 15:20 
үὧ Ὑ

Ѝ⅞ 
 RCCG 

ӑ    

( Є) 

44 2020/07/25 13:57 ׄ  RCWF 
ӑ    

(MEHS: 0.75, dBZ: 55) 
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ῶ3. 5 Ὲ Ӕ›∟ Ԝ   П ☼ ц ỄМ ȴ 

Ӕ› 
 

( / ) % 

Ӕ∟ 
 (2.15 ה)

 
( / ) % 

Ӕ∟ 
 (2.16 ה)

 
( / ) % 

RCWF 26 66 17 % 5 16 38 % 16 40 23 % 

RCCG 40 105 15 % 20 40 33 % 21 74 15 % 

ALL  66 171 16 % 25 56 34 % 37 114 18 % 

 

ῶ3. 6 Ὲ Ӕ∟ ҭԜ ṶԈ lead timeоȴ 

 
ѡ  

ӭ  

(TST) 
ӭ ֮  щ Ṇ   

ה 2.15 

Ӕ∟ 

lead time 

ה 2.16 

Ӕ∟ 

lead time 

02 2011/08/18 17:00 ⁮᷾ Ṗ  RCCG -8 -8 

06 2013/07/01 17:20 ⁮᷾ ṭ  RCCG None -6 

08 2013/07/08 17:03 оῂ   RCWF -11 -11 

11 2013/07/30 16:10 Җ ἇ  RCWF None -66 

12 2014/07/04 13:30 Ѝ  RCCG None -8 

14 2015/07/28 14:40 ЄүҖ  RCWF -6 -12 

16 2016/05/11 16:40 ⁮᷾Ѭṭ ( ) RCCG -52 -52 

18 2016/06/20 16:30 М   RCCG -27 -27 

23 2017/06/13 15:40 ὰ  ( ) RCWF -18 -35 

31 2018/06/29 13:00 Җ ἇ  RCWF -8 -8 

32 2018/07/08 16:15 ⅜ὧ О  RCCG None None 

33 2018/08/05 15:00ҿҢ ⅜ὧ ᾙ  RCCG None -26 

40 2019/08/01 16:00   RCWF None None 

46 2020/08/18 17:00 ầ  ( ) RCWF -14 -14 
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2. 1 SCIT ᾎ ☼ ☼   ứȴ 

 

 
2. 2 Ԝ Ӣ (POH)ȴ 
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2. 3 SCAN Ṇ ὑ 20188דѣ24ѡ0811 UTCП ҭ ☼ ȴ 
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2. 4 ӣ ᴯ иӁ ȴ 
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2. 5 ѡ(Synoptic) (Weak Synoptic)ѡ иӁ  ȴ(a)Л֝דԌȲ(b)Л

֝ѣԌȴ 
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2. 6 (PTA)ӱ ȴ( ẃ ȸМҶ ᶝ) 

 

 

2. 7 ☼ PTASӱ ȴ Ɫ ῴỞ Ȳּמ Ɫ᾿ ҵἋ ц

Ȳ Ɫ ҟ Ȳ ⱢӑẃϚЊ ȴ(ẃ ȸ  2020) 
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2. 8 ѿ ֮қ ᾎ∂ П WSP ȴ(a) ӱ Ȳ(b)– ӱ

ȴ 
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ד8 1 .3 ֮ ☼ ὑ4 km x 4 kmέ⇔ϯП Ὲ иӁȴϱⱢRCWFȳϯⱢRCCGȲӦҿᴟҢиᵑⱢἬצѡ (a, d)ȳ

ѡ(b, e)ȳ ѡ(c, f)ȴ 
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ד8 2 .3 ☼ ὑ4 km x 4 kmέ⇔ϯП Ὲ иӁȲѿ ᴥ ӱ Ҝѩ›40%П ȴϱⱢRCWFȳϯⱢ

RCCGȲӦҿᴟҢиᵑⱢἬצѡ (a, d)ȳ ѡ(b, e)ȳ ѡ(c, f)ȴ 
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ד8 3 .3 ☼ ὑ4 km x 4 kmέ⇔ϯП ⇔ẗ Ὲ иӁȴϱⱢRCWFȳϯⱢRCCGȲӦҿᴟҢиᵑⱢἬצ

ѡ (a, d)ȳ ѡ(b, e)ȳ ѡ(c, f)ȴ 
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ד8 4 .3 ☼ ὑ 3. 2 ῴӢ∟ᾼ ȲѿЛ֝ ᴥ иӦЛ֝ ỞП ȴϱⱢRCWFȳϯⱢRCCGȲӦҿᴟҢи

ᵑⱢἬצѡ (a, d)ȳ ѡ(b, e)ȳ ѡ(c, f)ȴ 
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ד8 5 .3 ☼ ⇔ иӁȴϱⱢRCWFȳϯⱢRCCGȲӦҿᴟҢиᵑⱢἬצѡ (a, d)ȳ ѡ(b, e)ȳ ѡ(c, f)ȴ 
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ד8 6 .3 ☼ ὑ4 km x 4 kmέ⇔ϯПӂᶁ ⇔Ὲ иӁȴϱⱢRCWFȳϯⱢRCCGȲӦҿᴟҢиᵑⱢἬצѡ (a, d)ȳ

ѡ(b, e)ѡ(c, f)֮ ☼ ȴ 
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ד8 7 .3 ☼ Л֝ Є֫ᾌ   ϯȲ ☼ ὑ4 km x 4 kmέ⇔ϯᾼ Ὲ иӁ ᾓȴϱⱢRCWFȳϯⱢRCCGȲӦ

ҿᴟҢиᵑⱢMaxdBZʧ40 dBZȳ40ʤMaxdBZʧ45 dBZȳ45ʤMaxdBZʧ50 dBZȳ50ʤMaxdBZȴ 
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ד8 8 .3 Є֫ᾌ MaxdBZ > 50П ☼ ὑ4 km x 4 kmέ⇔ϯᾼ Ὲ иӁ ᾓȴϱⱢRCWFȳϯⱢRCCGȲӦҿᴟ

ҢиᵑⱢἬצѡ (a, d)ȳ ѡ(b, e)ȳ ѡ(c, f)ȴ 
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ד8 9 .3 ☼ ֫ᾌ ⇔ иӁȴϱⱢRCWFȳϯⱢRCCGȲӦҿᴟҢиᵑⱢἬצѡ (a, d)ȳ ѡ(b, e)ȳ ѡ(c, f)ȴ 
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ד8 10 .3 ☼ ӢỄ иӁȴϱⱢRCWFȳϯⱢRCCGȲӦҿᴟҢиᵑⱢἬצѡ (a, d)ȳ ѡ(b, e)ѡ(c, f) 0~2Њ

ȴ 
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ד8 11 .3 ☼  0~1 Њ ᾼ ȴϱ ⱢX(ᴥ)ȳY(ּמᴥ)Ѡ֣П Ȳϯ ⱢRCWF(ᴥ)ȳRCCG(ּמᴥ)ӂᶁ

ȴ(a) RCWFȷ(b) RCCGȷ(c) Ἤצѡ ȷ(d) ѡ( ) ѡ( )ȴ 
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Л֝ד8 12 .3 ⇔и П70% иӁȴϱⱢRCWFȳϯⱢRCCGȲӦҿᴟҢиᵑⱢἬצѡ (a, d)ȳ ѡ(b, e)ȳ ѡ

(c, f)ȴ 










































