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֕ᾼ ЛϚứ ḳכ Ȳ ᴖȲɦ ɧᾼ ḥצ ԑȲ ҆ ϱ

ᴩ Ἠ♄ Ϣ ѿ֪ Ȳ֪ᴖ כ ἨϢ ϺṶԈȲ╥ẓצ
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ה Ἤ ѩ Пד ἤ 0.79ȴ 
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Abstract 

Severe sea state may not cause hazards however the rapid change seas may 

bring shipwreck or people loss because they come without any warning. The 

Hazardous and Rapid Change Sea States (HRCS) presented in this study includes the 

Oceanic Freak Waves (OFW), Coastal freak Waves (CFW) and the Rapid Growth 

Waves (RGW). This is the report of works in second year. The working targets in this 

year are to mine the hazardous waves in the field measurements and try to have 

better understanding on their properties; moreover, to discuss methods for 

occurrence probability of OFW estimation and develop a CFW warning system. 

For the work on analysis of oceanic freak wave, 11 shipwrecks hit by freak waves 

were collected in this year. From field data studies, the occurrence probabilities of 

dangerous OFW, derived from 4 data buoys, is about (4.68~14.2)í10-5. In addition, 

the occurrence probability of OFW in typhoon period is 2~7 times higher than in 

non-typhoon period. This study also shows the wave form of freak waves is mostly 

symmetry with close crest and trough heights. Nonlinear wave theory is applied for 

formula to estimate freak wave occurrence probability. The result demonstrates that 

occurrence probability of freak wave is related to two parameters: number of waves 

(N) and kurtosis of water elevation (‘4). Numerical results show the maximum 

occurrence probability of OFW is four times larger than the probability estimated by 

linear theory. Moreover, validation by the continuous measured data at Bisa Harbor 

shows the average root-mean-square-error of occurrence probability estimation is 

18%.  

For the works on analysis of coastal freak waves, 263 cases in recent 14 years 

were collected, where about 70% of events happened in northeast coast and only 

12.5% occurred during typhoon period. The real-time and 6h leading time warming 

systems have been developed by decision tree and cluster analysis methods. The 

buoy data and meteorological forecast data were used for system training. This study 

used the cases occurred within 20km from Longdong Buoy for verification. The 

accuracies of both systems are up to 90%. 

    For the works on analysis of rapid growth waves, 671 cases in the past 15 years 

were collected from Longdong buoy. It was found each case takes 8 hours in average, 

the wave height grows 3.2 times in average, and the average growth rate is 0.26 m/hr. 

In addition, 490 cases in the past 6 years were collected from Penghu buoy. It was 

found each case takes 7 hours in average, the wave height grows 3.8 times in average, 

and the average growth rate is 0.24 m/hr. These results show that cold front from the 
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high pressure coming from the north is the main cause of rapid growth wave 

occurrence. And time difference between two rapid growth wave cases is shorter at 

Penghu. In addition, an empirical polynomial regression had been established by 

front speed, front intensity, and frontal duration. Validation shows the correlation 

coefficient between forecasted and observed increasing wave height is 0.79. 

Keyword: Oceanic Freak wave, Coastal Freak Wave, Rapid Growth Wave 
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Ϛ  ›ṕ 
 

1-1 ￼  

 

ᶾᶾדּ ѡ ѣ ᾼ ḔȲ ֕ᾼ ҠṶ› ῀Ȳ ֵ ϱḳ

ѿ ᵍȴ ᴖȲ כ ϱ֚ ṶԈᾼ ֪Єֵ╥ ắɦ ɧᾼ

Ȳṿᾼ ϱЏᵂ῏ ЛцȲ ᴖ כ ϺȲ֪ױ ᾼ

ᾼ Ȳ ὑ╥ ϱЏᵂ῏ᾼϚЄ ȴӐ Ἤ ᾼ Ϯצ Ȳ

Ϛ ╥ҵ◦Мᾼ ᾌ (Oceanic freak wave)Ȳ ╥╓֯ ◦Мּט Ӣ

ѹѩ›∟ᾌ ẃ Єᾼᾌ Ȳױ ᾌ Ɫ╥ כ ◦М ᴩ ҷṶ

ᾼ ֪ПϚȲֽ 1-1ȷ ϡ ╥ ᴿ› ᾼ ᾌ Ȳᵀ ӢὑῺỴ ȲӐ

ПⱢῺỴ ᾌ (Coastal freak wave)Ȳ Ϸ╥ϒ ϢἬ ᾼ ᾰ Ȳһ

ᾼ Ӣṳ ϱṮị Ȳֽ ! ᷄Лẞ ẃ ȴȲ ֯ Ṯ♄ ᾼϢ

Ἠ ⅎ Ϥ כ ϺȲḕד צ Ԉ ҵ Ӣȷ Ϯ ╥Ἤ

ᾼ≡ ᾌ כ (Rapid growth wave)Ȳצ ϱ֯›Ϛ ẘ ӂ Ȳᵀ֯

вᾌ ⁯ᶶ Ȳ כ ὑϚ Њ ᾼ Ἠ ὰ‍ ѿ Ҁױ ᾓȴױ

Ϯ ꞋⱢḥצ ԑἨюצ ԑᾼ Ȳ ṷ ᾼ Ӣ כ ϱᵂ ᾘ

Ỵ♄ ᾼᵺ ḳ ȲϷ╥Ӑ ṅשׁ ᾼ ȴ 

 

1-1 Є◦М ᾌ ᾼ  
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1-2 ῺỴ ᾌ ( ᾰ טּ( Ϣ ᾼ ᶮ 

ᾌ ╥Ὼדẃ Ṷᾌ ד ṅᾼשׁ   ПϚȴϚ ᴖṕȲ ᾌ

ЛϚứ╥ЄᾌȲҬ ֥ ϱᾼứ Ɫ ᾌ Ȳ ᴖᵠϢҬ Єᾼ

ᾌ Ȳ֪ⱢЄᾼ ᾌ И ὔ כ ȴ Ἇὓ ῏ᾼׁשṅȲ

ᾌ ẓצ ѹ׆ᾼᾌ ếӂỌᾼᾌṖȲ╥Ϛ ‍ ἤȳЛ ᾼᾌ Ȳһҏ

ế ҷᾼ−ּט ȴ ᾌ ᾼ Ӣ ạᴟӭ›ⱢѦỮӑԓ Ȳ֪ױ−

῀һᴶ ᴶ֮ ӢȲϷצϢ ᾌ ᾼ Ӣ╥Ϛ ȴ ᾌ ӭ›

ṳḥצ Ϛᾼ֤ Ȳ Ϡ ᾛṿӣᾼ Freak waveПҵȲצṷѝ Ϸ ПⱢ Rogue 

wave (Dysthe et al., 2008)ȳAbnormal wave (Guedes et al., 2004)ȲМѝϱ ᷂һ

כ ᾌ ȳּט ȳ Ἠ ᶮᾌ ȲӐѝ Ϛ Ɫɦ ᾌ ɧȴ 

ҟȲϢ Ɫ ᾌ ᾼ Ӣ╥ד юᾼȲ ֯ ◦М Ȳ

ϱѷꜜ֢Є ᶁצ ᾌ ҏ ȲֽҖ ȳѡӐ ȳ ᴫ Ғ ѩ

ѿцү  ῺȲϢ ‒ד ᾌ Ҡ ╥і Ἠ ҷᾼҠ ֪Ȳ

ὑ ᾌ ᾼ ế ẃ Ȳֵֽ ֤ᾼ MV Derbyshire Ȳ

һ֯ ד1980 9ѣὑѡӐ Ὼ טּ ҷȲ כ 44ϢײϺȲFaulkner(2000)

ҏᾼׁשṅ ᵫМ╓ҏȲέϚ ᾼЄᾌҠ Ϡ Χέȷ1982ד 2ѣȲϚ

֤Ɫ Ocean Rangerᾼҙ ӂү֯Ғה Є Ȳ84Ϣҷ ȷ2000ד 9ѣȲ

Ϛ Orianac פּ ᴩᴟ ⁮ׄ Ȳ 40ᵢҽ Ȳ

ȷ2005ד 2ѣ Voyager Җ‍ּטҼᴫṸ ᴩẞђ Ȳ ắҽ

Ȳ Ѭ ҷ ϩֻ Њ (Cavaleri and Bertotti, 2008)ȷ2006ד 5ѣᾎ
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Є Pont-Aven ᴩ ֯ᾎ ếᴫ ѲП Ȳּט 15ᴏȳ6

ᾼἡ ȲѬ 15ᴏѿϱᾼ ԓ ѬȲⱶ Ȳ

≡Ό֫ ȴ Dysthe et al. (2008) Ȳ֯ 1969-1994Ὼ ᾼד25 Ȳ

ѷꜜ вԚצ 22 ҽ ֪ טּ ᾼ ֕ ᾓᴖҷṶȴ2008דȲ☼

ϩ ד (Annual Review of Fluid Mechanics)ῶϠϚ Oceanic Rogue Wavesᾼ

ѝ(Dysthe et al., 2008)Ȳ Ϡ ᾼ ᾌ ṅṳשׁ ϠẔМᾼ ȴ

ẃד צ Ӑ ᾌ ᾼ ҏᾪȲֽ Extreme Waves in the Ocean 

(Pelinovsky and Kharif, 2008)ȳRogue waves in the ocean (Kharif et al., 2009)ȴᴞ 2000

ד Ȳḕ Ӧᾎד4 ֯ṅἬ(Ifremer)שׁ◦ Brest ᾼ Rogue Wavesׁש Ḇ

╥ ᾌ ṅᾼשׁ שׁ (Olagnon, 2000; 2004; 2008)Ȳׁש

ᾌ צ ᾼ›ᾘׁשṅȴῺדẃצ ᾌ ᾼ ѝ ῶ ӭѡ ֵȲ ᾌ

ᾼׁשṅ Ởắẞ ᾛ Ȳ ẔМҠ ᾼ דּ╥֪ ᾼ ϩ Ȳ

Ғϱԓ ◦ Ṇ ҒȲ ᾌ ẞᾼ Ϸ ϠȲӐ Џᵂӭ

ПϚ╥ МҶ ᶝᾼ М ᾌ Ӣ ẂȲ һ ᾼ

Ӣכ ֪Ȳ ᴖ ᵗ ᾌ П ȴ 

ᾌ ֯ῺỴ Ӣ Ȳᶺ ‟ Ɫ ᾰ Ȳ ῏ כ ֯ᾼ

֚ ȴ Ȳү ḕדӂᶁצ ϫ ֯ Ỵ ắ ᾰ ᴖ ᾼ ҵ

ṶԈ Ӣ( Ȳ2007)ȴ ᾰ Ϡ Ϣכ ṝ ἤỄᾼ ҷȲϷ Ỵϱ

ᾼ♄ Ϣ ꜛᴖױ֪ ›ἏȲ ᶮМ ὑ Ỵԅ Ṷ ϱϚ ȴֽᴶ צ

Ӕ ᾼ ῀ ᾎȲѿ ю ҵṶԈᾼ ӢȲ╥Ϛ ѹ‎ ḟᾼ ȴ֯

›ϢᾼׁשṅМȲ ᾰ ᾼ ȲצϠ ֵᾼ ȴֽ Ὑԏ (1993)╓ҏү

ҳỂ Ỵ צ Ӣ ᾰ ᾼ ȲT ẔМ╥ѿү ὧҖṔ Ỵ Ӣᾼװ ֵȲ

֯ѣԌϱѿḕד 5ᴟ 7ѣц 10ᴟ 2ѣ Ӣ ֵȷḈ ѝ(1998) Ὑ ᾰ Ҡ

Ӣᾼ ạȲϷ ҏҠ Ӣ ᾰ ṶԈᾼ֮ ủ ȷ ╜ (2001)Ӽ ҏ

ᾰ Ὼצ Ȳ ṶԈ Ӣ ד ᾌПᾌ ד … צ

ȲӼᵛצ ᾌ ӢȴTsai et al. (2004)╓ҏ ЛṾ Ȳ֯Ѭ ϫᴏפּ

ѿϱѹ Ἁị⇔ЄПṮᾌ Ἠ ӰϱȲѹ ᾌ Ὑ Ȳ ὔ Ӣ ᾰ

Ȳѹ Ẃ М Ȳ ᾰ ṶԈ ד ᾼϮ ᾌɎϮ ᾌɏ

Ӣצ ȷ ′ׁ(2002)⁄ Ɫ ᾰ ᾼᶮכ ֪╥ᾌ ᾼ‍ ἤ оȷ „ᶳ

(2006)╓ҏ ȳ ‍ ἤц ἤᾼᾌ ȲẔ Ӣּט ᾌ ᾼ ȷ

(2005) ṶԈ ᾼᾌ Ȳ Ɫ Ϯצ ᾌЛ ứ Ȳ

Ἤ Ϯ ᾌЛ ứ ╥ Longuet-Higgins and Drazen(2002)֯ ⅍ ὙȲ

⁄ᾌᾼ׆ ⇔Ṝ Є Ȳ֯᾿Ӵ ֝דצ‹ ПϤ ᾌȲḕϮ ᾌ Ϛצ

Єᾼᾌ ṳצϱ Ѭ▀Ȳ֪ ױ כ ᾌ(overtopping)Ȳ ⱢϮ ᾌЛ ứ ȴ 
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Ὼ דּ ᾼׁשṅѿ ҵ ᾌ Ӣ ạⱢѻȲֽ Onorato et al. 

(2002)ȳPeterson et al. (2003)ȳPrevosto and Forristall (2004)ȳClausset et al. (2004), 

Porubov et al. (2005)ȳTouboul et al. (2006)ȳChalikvo (2009)ȳTamura et al. (2009)

ѿ ᾌ Ӣ ạȲ҃ ѿἬ ᾼṶԈἨ╥ ₤Ȳ ᾌ

ᾼ Ӣ ạ ҏ֥ ᾼ ὙȴKharif and Pelinovsky (2003) ᾌ ᾼ Ӣ

Ҡ ╥ӦϚ Ἠ ֪ і ᾼ Ȳ ṷ֪ Ҕᵶצᾌ ᾼ Ғȳᾌ☼ᾼ

Фᵂӣȳ֮ᶮד оȳ ᵂӣȳѠ֣иᵉѿцᾌ ᾼЛ ứἤ ȴẔМ֪Ɫᾌ

ạЛ ứ(Modulational instability)і ᾼ‍ ἤᴞ ᵂӣ Ɫ╥

ᾌ ӢכҠ ᾼ ֪Ȳᾌ ᾼ ạЛ ứ╥╓ stokesᾌ ᾌ(Carrier 

wave)ᾼ צ ᾼᾌ Ӣᾼ ╥Л ứᾼȲ Ӧ╥נ Benjamin and 

Feir (1967) ҏȲ֯ ṜϚứ Ԉᾼ Њ ɎᴴᾌɏᵂӣϯȲЄᾌ ᾌ Ɏ

ᾌɏ Њ ᾼ‍ ἤӻФᵂӣȲῴỞ Њ ᾼᴴᾌ ᵧ╓  Ȳ

Єᾌ ᾼ ᾌ ЊȲ ⱢЛ ứ Ȳϭ ПⱢ Benjamin-Feir 

instabilityȴ ạ Ҡ ҏ ›∟ᴴᾌӻ ѻ ᾼᵂӣȲֽὨᾌ Л

Ȳ ∟ᴴᾌᾌ ЊȲ ᾌᾌ ЄȲ᾿ẞῴỞӂ ᾭ Ȳ Ϛ

Л ứ ḇȲ֯ ᾭ ϯ ᾼ ạ Ểᴖ ỞȴⱢϠ ᾌ ᾼЛ

ứ Ȳ‍ ἤ Ϝ Ѡ (Non Linear Schrödinger equation, NLS)Ἠ῏Ẕ

ӔᶮהϷ ṿӣ(Dyshe, 1979)ȲᴖѠ Мᾼה Breather ₤ᾼỦӴІ

ӣẃᵂⱢ ᾼ ᾌ ȴDivinsky et al. (2004)ȳDyachenko and Zakharov 

(2005)ȳZakharov et al. (2006) ῏ ╥ ᾌ Л ứṔ⇔ҟׁשṅ ᾌ Ȳ҃

᷂ ᾌ Ɫ Stokes ᾌЛ ứᾼ о ◕Ȳ Ɫҵ ᾼ ᾌ ╥Ϛ Ὼ

ᾼЄᾌȴ 

ῺỴ ᾰ Ӣ֯Ỵ Ȳ ᴕ ῺỴ ᾼ֮ᶮ Ѭ о ֪ ȲẔכ

ד֪ ὑҵ ᾌ ֵȲ Ϣ(2001) ╓ҏῺỴ֚ ᾌ Ἁị⇔

צ Єᾼ …ȴӐ ῺỴ ᾰ Лѿ Ẕ ạⱢѻ ӭᾼȲᴖ╥ѿ∂Ӵ

Ϛ Ṇ Ɫӭ Ȳᶦ ẁМҶ ᶝד ẃ ᴩ ȴ 

ד2006 4ѣ 5ѡϚ ɦх Ϛ ɧȲϱр ⅎ›Ἇ

ҵ ₣ Ȳϯр֯Ό֫ ȲὑϥўІҵ ҵ Ȳ כ 3ϢײϺȳ1Ϣҷ

Ȳ ѡϱр щ Ȳᵀϯр Ȳ ѹϯ ​ẃȲῴḔ

ᵒשׁ …Ό МȲ טּ Єᾼ ѿ ȴМҶ ᶝ ῶӱȲ4

ѣ 4ѡ ›Ȳᴫ⁮ Ȳ֪ױ ᶝ ᵉ ϱ Ȳ ᴷҖ

Є ϟ Ȳ᾿ẞ 4ѣ 5ѡ Ȳ ⁮ϯ ү ֮ П∟Ȳ ᾼ ֣

ⱢὧҖ Ȳự И ӂᶁ 7 Ɫ 5 ȴ▲כӻ ṅἬשׁ
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ᶾ ṅМїᾼשׁ ҵᾌ Ȳ4ѣ 5ѡϯрᾌ טּ ҏ ≡  כ

Ȳӱἤᾌ 1Њ в 1еѐ≡  כ 3еѐȲכ  3 ПֵȲ ╥

ӢϠӐѝἬ ᾼ≡ ᾌ כ Ȳ≡ ᾌ כ ᾼứ ╥֯ 6 Њ вȲӱἤᾌ

 כ 2 ѿϱȲѹכ ∟ᾼᾌ 1.5еѐѿϱᾼᾌ (ᵨ Ȳφ2007ȷ Ȳ

2008ȷ ⱷⱷȲ2010)Ȳ ᾼ ᾓ֯ ֮ᾌ ≡ Ȳ כ Ϣ

ЛцȲяẔ╥ֹו ἤѩ ᾼ ὰἨЊ₤ Ȳ ὔ כ Ṷ

ԈȴⱢϠ ṷ≡ ᾌ כ Ӣ ᾼщ ￼ ȲӐ МҶ ᶝ

М ҏױ ₤≡ ᾌ כ Ȳ ϚḔ Ẕщ Ṇ ￼ ȴ 

 

1-2 ӭᾼ 

Ӑ ᴩ ⱢҳדȲ Пׁשṅӭᾼ╥ МҶ ᶝ ᾼצ

М › ḳ ἤ ṶԈȲ ҵ◦ ᾌ ṶԈȲ Ṷ ᾌ

Ӣ ȷ ῺỴ ᾌ Ɏ ᾰ ɏȲ∂ӴϚ ῺỴ ṶԈ Ṇ ȷ

ᴟὑ≡ ᾌ כ Ȳ⁄ᶦ Ẕ Ӣ П Ԉ Ἤצ ȴ ᶙכᾼЏᵂ

ӭⱢȸ 

(Ϛ) Ϛד (Бᶙכ) 

1. ҭҵ ᾌ ṶԈ ῺỴ ᾌ ( ᾰ ) ṶԈȴ 

2. ∂Ӵ ᾌ иέѠᾎȴ 

3. ᾌ ṶԈȲ ᴩ иέȲӐד⇔ᶙכϮ ȴ 

4. ≡ ᾌ כ ṶԈ(Ϛ )ȴ 

5. ∂Ӵ ṶԈ נּ П иέȴ 

(ϡ) ϡד 

1. иέҳ ᾌ Ẃȴ 

2. ᾌ Ӣ ȴ 

3. ∂ӴῺỴ֚ ᾌ ה ᶮȴ 

4. ≡ ᾌ כ ṶԈ(ϡ ) 

(Ϯ) Ϯד 

1. иέϮ ᾌ Ẃȴ 

2. ᴩ ᾌ иέ ȴ 

3. ῺỴ֚ ᾌ Пה ȴ 

4. ≡ ᾌ כ ṶԈ(ϡ ) 
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(ҳ) ҳד 

1. ∂Ӵҵ ᾌ ȳῺỴ ᾌ ( ᾰ ) ≡ ᾌ כ ȴ 

2. ᾌ Ѡᾎ ᵂ оᾌ ה ֥ȴ 

3. ῺỴ֚ ᾌ כ ȴ 

4. ạứῺỴ ҵ ᾌ Ӣ ₇ȴ 

 

1-3 Ӑד⇔Џᵂ ӭ 

 Ӑד⇔ ЏᵂиⱢϮ иȲиᵑ╥ҵ◦ ᾌ иέȳῺỴ ᾰ

Ṇ ∂ ≡ ᾌ כ ἤиέȴѻ Џᵂ ӭ Ẕв Ὑֽϯȸ 

(Ϛ) ҵ◦ ᾌ иέ  

1. ҵ◦ כ ṶԈ 

ү Ể ᾼ ϱᵂ Ȳᵀ╥ ϱ Л ᾼҏ ֯ ϱȲ

֯ ֕ᾼ ᾓɎֽ ɏ Ȳ ṳЛ ҏ Ȳḳ Єֵ ѿ ᵍȲчᴖ

ѿ Ṯᾼ╥ּטẃᾼЄ ȲϚ ẞ Є Л≡ᴖ Ӣ ҵȴ ҟ

ϫ(2003-2012)דᾼ ṶԈБὑ Ϛן⇔ד ᶙ Ȳ ϡד⇔ ═

ד ṶԈȲֽצ Ẃᵛ Ϥ вȷ ӭҔ╗ṶԈ Ӣѡ ȳ Ӣ

֮ Ɏ ɏȳṶԈ ȳ ϺἨҷ Ϣ ȳѿц ẃ Ȳ֝

Ɏֽᾌ ɏȴ 

2. ҵ◦ ᾌ  

Ӑ ֯ Ϛ Џᵂד⇔Б ∂Ӵѿ ᾌ ╓ (Abnormal Index, AI)Ɫ

╓ ᾼҵ◦ ᾌ ѠᾎȲ AI 2 Ɫ ᾌ Ȳ Ϛד⇔Бᶙ

כ ᴎ ȳ ♂ үὧҵ◦ Ϯ Мᾼ ᾌ Ẃ

ЏᵂȴӐד⇔ ═ ᴩҫҵҳ (ῧ ȳ ȳὧḘ ϝῖ

)ᾼ ᾌ иέЏᵂȲ֝ Ϸ ҉ Ϛד⇔Ϯ ᾼиέ ᴟ

 Ἁȴד2012

3. ҵ◦ ᾌ иέ 

Ӑד⇔ ᴩ› ҳ ᾼ ᾌ Ẃ иέȴиέᾼ

в Ҕᵶצȸ 

(1) ֢ ᾌ Ӣᾼ (ѣԌ)Ȳ ᾌ Ӣ иӁ ȴ 



 

-7- 

 

(2) ֢ ᾼ ᾌ Ӣ ȴ 

(3) ᾌ Ӣ П ἤȲѩ ‍

П ᾌ Ӣ ȴ 

(4)иέ ᾌ ᾌ иӁȲ ᾌ ᾌ ȴ 

(5) ᾌ Ӣ Пᾌ ἤȴ 

(6)иέ ᾌ ᵑᾌᾼ₤  

4. ᾌ ѠᾎП∂Ӵ 

ᾌ Ӣᾼ ᾌ ᾼ‍ ἤ צ⇔ ȲӐ ᴕ ҵ ῏֯

ᾌ ᾼ Ȳ∂ ᾌ ѠᾎȲṳѿ Ѡᾎ

ᾌ Ӣ Ȳṳѩ Ӧ‍ ἤᾌ Ἤ П ᾌ Ӣ ế ἤᾌ

( иӁ)иέ Ὠѩ Ȳ Ẕ ȴ 

(ϡ) ῺỴ ᾰ иέ Ṇ ᶮП∂  

Ӑ Џᵂ ϡ иⱢῺỴ ᾰ иέ Ṇ П∂ ȲӐד⇔Џᵂ ӭ

Ҕᵶצȸ 

5. ῺỴ ᾰ ṶԈ  

֯ Ϛד⇔ᾼ МȲӐׁשṅ ֢ Ҡ Ἤ ᾼέ ᾰ έṶԈȲӐד

⇔Џᵂ ═ ד Ȳ ᴟюἋᴼᴟ ἉἨד2012 ד2013

ᴩ Ȳṳ Ḇ ᾰ ṶԈ ӢП Ὲ иӁȲḆ ү ῺỴ ᾰ

֚ иӁ Ȳ ẁМҶ ᶝ ᴕ Ω ȴױϚ ◕ Ϡ═ ṶԈד

ҵȲṳ Ἤ ᾼ Ϥ׀ ᾰ МȲѿѠ―∟ ᾼׁשṅṿӣȴ 

6. ᾰ Ṇ ₤∂  

Ӑׁשṅὑ Ϛד МБᶙדכ ֪І ṶԈП иέȴ֯

иέМȲ ᵑứ ќ═⇔ Ҡ‒⇔Ӈ ЄὑἬצ ἤ ὑ 5˖ᾼи◕ӂᶁ ᾼ

1.2 Ȳѿױ Ԉ― ᷄ҏ ᾼ֪І ԈȲ ᷄ҏἬצҠ כ

ṶԈ ӢᾼҠ ֪І∟Ȳ―ԛϚװṿӣ ⁄᷄ҏҠ כ ṶԈ Ӣᾼ

  ԈȲ Ӧ  Ԉᾼ ӴȲ― ứ ҏҠ כ ṶԈ Ӣᾼ ◕Ȳױ

Ϛ ◕ᵛⱢ Ṇ ∂ ᾼӭ ȴⱢ ᾼה ⇔ȲӐׁשṅ ӣḕ

6Њ ⱢϚ ᴯȲӼᵛ ∂ה ᶙכ∟ȲҠᵒ ḕϚ 6Њ в╥ᵡ צ

ᾰ ᾼҠ ȴӐ ҟ ӣḟ иέẒ ᾎȲẃ
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∂ Л֝ ◕ᾼ  ȴה

 

(Ϯ) ≡ ᾌ כ ἤиέ 

7. ≡ ᾌ כ Ẃ  

Ӑ Ϛד⇔Б ᶙכϚ ( ᴎ )ᾼ≡ ᾌ כ Џ

ᵂȴЭד⇔( ϡד⇔) ═ ᴩϡ ᾼ Ȳ ứⱢ ♂

ȴ Ϡ ҏ Мᾼ ≡ ᾌ כ ẂҵȲϷиέ ṷ≡

 כ Ẃᾼᾌ  כ ȳ Ởכ ᾌ ȳ≡ ᾌ∟ כ ȳ≡ Ἃ כ

Ȳиέ ṷ ᾼиӁṳ Ẕ Ȳѿ ὑ ṷ≡  כ ẂצḆֵ

ᾼϠ ȴ 

8. ≡ ᾌ כ Ӣ֪כ  

Ӑ ֯ Ϛד⇔ᾼЏᵂМȲ ᴎ ὨБ ╥ ≡כ  כ

ᾌ ᾼ ֪ІȲ֪ױȲ ϡЏᵂד⇔ ױ֯ ϯ═ ᴩиέȲӐ

≡ ᾌ כ Ӣ›∟П Ȳѻ ╥МҶ ᶝ ẁᾼщ ѿц

֣ Ȳщ Ҡѿ ῀ ∟ᾼщ ԈȲ╥ᵡצ ὂ ╥ ⁮

ϯ Ȳᴟὑ ᾼ ֣ ⁄Ҡѿ ᴩứἤѿцứ ᾼиέȲ ≡  כ

ᾌ Ӣ›∟ ϱ ϩП оȲ ṿ ױ ᾼ …ȲӑẃᵛҠѿ ᾼ

֣ẃ ╥ᵡҠ Ӣ≡ ᾌ כ ȴ 

 

1-4 ҵ◦ ῺỴ ᾰ ḳ ṶԈ  

ᾌ ṶԈ Ҡ ֯ ◦М ӢȲ ᾌ Ӣ֯ҵ◦Ȳ⁄ ϱ

ᾼ ׄԓ כ ȷ Ӣ֯Ỵ Ȳ⁄ṿ֯ ṶѬϱ ᾼ ⅎἨ֯

ϱ ᾼ ⅎӢỄׄԓắẞ№ ȴ ᴖ ṿ ṷṶԈḥצ כ Ἠḥצ

ẞȲ⁄ЛҠ נԉᴶּצ Ȳ֪ױӐ ҵ◦ ῺỴ ᾰ ḳ

ṶԈẒ Ԍиᵑ Ȳѻ Ӧ╜ἈỪѠ ᵫế Ẓ ẃ ȲẔМ

╜Ἀ ᵫѻ ẃᴞ ṥ ȳỴ ᶝȳ◦ ᶝ נּ Ȳ ⁄Ҕᵶ ȳ

І ȴ 

1-4-1  ҟ Ẃ 

֯ҵ◦ ᾼ иἋ Ϛד⇔ᾼ ⁄Ȳ ὑ ᵫἨ МὙ
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Ὑ╥֪ טּ Є ᴖ П ṶԈȲ═ ᾃ Ӑצ⇔ד ὑᴎ ȳ ȳ

ȳ ц ắЄ ᾼ ṶԈȲ ֽϯѝȸ 

ד2007 11ѣ 27ѡϯр 2 45иҿҢȲϚ 1 6Ͼ Пɦ

ɧ 2 5Ͼ ᾼ Ḙц 28֤ Ȳᴩ Ṕҵ 30

Ȳắẞᴏ ᾼҽ – Ȳ Ϣ ҷ֯ ϱȲ ϚѬ

њ דȲ׀ ֽ 1-3ȴ 

ϱ ṶԈȲ Ẕ в ȲӐѝ ứⱢ ᾌ Пכ ṶԈȲӐ

ứ ᵀ ứ ᾌ Пכ ṶԈѿ Ғиέ ȴӐד⇔

12Ԉ ẂȲҔᵶ›כדὨԚ צ 78ԈȲ ὑ  ҳȴẔв Ҕᵶ

ṶԈ Ӣ ȳ ֮ ȳ ȳ Ἠ ϺϢ ȳ ẃ ȳ ᴕП

ȳ ᴕᾌ ȳӂᶁ ȳ ȳ ᴕ ᴯȲԝҏḕϚṶԈד

ѿᵓⱢӐׁשṅиέ ᴕȴ 

    ṶԈᴯ ᵉὑү ҳỂ ȲϷҔᵶҵ ц Ȳ ᴯ

Є ֯ῺỴẞ 6 ҿҢȲᵀӼצ 12 ȳ30 ȳ40 ѿц֯ ῧ ȳ

Ṿ ᾼ֮Ѡ Ȳ ᴯ иᵉֽ 1-4Ἤӱȴ ҟ ẃ֪ד11

Пכ ṶԈԚ כ 494Ϣ ȲẔМҔ╗ҷ צ 162ϢȳײϺצ 34ϢȲẔ

⁄╥ắ Ἠ Ȳ Ϻ ד ϢȲӦ 1-5Ҡכҏ֢ѣԌ Ӣᾼѩ Ȳ

ẔМϫѣԌ 12ԈȳϫϚѣԌ 9ԈȳϫϡѣԌ 7ԈȳϚѣԌצ 15Ԉ Ӣװ Ự Ȳ

ӱ ᾼ ṶԈ ủ ֪ Ьצ ᾼ …ȴᴖү ḕד ȳּוẒủӂᶁ

Ϯᴟҳצ ẃ Ȳᴖ Ἤ ẃᾼ ​Ϸẓצ− ᾼ№ ἤȲ ᴖ ѣ

Ԍ МҠѿ Ȳ Ӣ֯ ֪ ᾌ ᴖ ᾼṶԈצ 9 Ԉ(֯

›∟Ẓщвᾼצ 5Ԉ)Ȳ 14Ԉᴾ Ԉ ᾼ 18%ȲѩẂṳЛ ȲҠ ›

∟Є иᾼ ϱᵂ ᶁБצἬ ἨБ֫ צ ȲϷ ╥ ȲҬ צ ᾼ

ȲҠѿצ ֮ ᵅḳ Ӣȴ 
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1-3 ṶԈ Ẃ 
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1-4 ҟү Пכ ṶԈ Ӣᴯ иᵉ  (2003-2013) 

 

1-5 ҟү כ ṶԈ ӢѣԌ  (2003-2013) 

֯ῺỴ ᾰ ḳ ṶԈᾼ иϷ֝ Ἃ ϱ ᾼ⇔ד ⁄Ȳ ᵀ

ᾼḖ Ȳ ṶԈ ᾎ ⁄ЛԝϤ ᾰ і П ṶԈ МȲד

ֽϯѝȸ 

ד2011 01ѣ 08ѡϱр 7 Ȳ ҖӀϚ֤ḽІ ὣхẞὧҖṔѬ

♂ ₣ Ȳ֪ ЛṾȲẔ҃ ⅎṓҽ Ȳ Є ẻ ᵫȲ

ыЄȳ ы Ȳ2Ϣḥ ẞ ᵫ Ȳ ᾰ Ӊ ȲẔ

ὣх ϩ ϱỴ ֫ϚỄȲЛ ҃⁯ ҽ ᵟ ҷ Ȳ2Њ ∟

ȲБ ḥצӢỄ ȲẔ ȴױ ֽ 1-6ȴ 

 

ϱ ṶԈȲ Ẕ в Ȳ ứⱢῺỴ ᾰ ṶԈȲӐד⇔Ԛ

ẞ 10ԈῺỴ ṶԈ( в ṓ  г)Ȳ ᴟד2000 ד2013 11ѣ 9

ѡ ү ֮ ᾼ ᾰ ṶԈȲԚצ 263 ṶԈ ӢȲӂᶁḕצפּד 19

Ԉ ṶԈ Ӣȷԓ ṶԈ֥ צ 409Ϣ ắ Ȳӂᶁḕצד 29Ϣ ֪

ắẞ ȴԓ ṶԈצ 33Ԉ… Ӣ֯ Ȳᴾ 12.5̟ ȴ ҖӀϢЀ

ֵȲ Ỵ Ӽ Ȳ֪צױ ֵᾼ װ ҷ ἨײϺϢ Ȳ ֽῶ

1-1ȳῶ 1-2Ἤӱȴ 

ἬצṶԈ ṶԈ Ӣᴯ иᵉֽ 1-7Ȳ Ҡ῀Є иᾼ

ṶԈᶁ Мὑү ᾼҖ ὧҖṔ ȴ 1-8 ӱԓү Ỵ ᾰ Ṷ

Ԉ ѣᾼиᵉȲиέ Ὠ ῀ϟѣԌ 47ԈȳϫѣԌ 29ԈȳϫϚѣԌ 32Ԉȳϫ

ϡѣԌ 27ԈȳϚѣԌצ 27Ԉ ӢȲ֥ 162ԈȲᴾ ᾼ 62%ȲҠ Ṷ

Ԉ ủ ֪ צ ᾼ …ȴ 1-9 ⁄ ӱҖ ὧҖṔ ( Җ- -ừ )

ᾰ ṶԈᾼѣԌиӁȲẔ Ӣװ Ɫ 183ԈȲᴾԓү Ӣװ ᾼ 69.6%Ȳ

ᴖẔѣԌиӁ ԓү ṶԈиέ Ὠ ῺȲѿҍщⱢѻ ֻ ủ ȴ 1-10

⁄ ӱ֢ Ӏᾼ ȴ 
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ῶ 1-1 ֢ѣԌῺỴ ᾰ ṶԈ ῶ(2000-2013) 

 
ԓү Ỵ 

Җ Ỵ ὧҖṔ 

( Җ- -ừ ) Ỵ 

 ‍  

  
֥  

‍  

  
֥  

Ϛѣ 27  27 21  21 

ϡѣ 19  19 16  16 

Ϯѣ 13  13 7  7 

ҳѣ 14  14 10  10 

Хѣ 5  5 1  1 

гѣ 12 1 13 5  5 

ϝѣ 13 6 19 5 1 6 

ϥѣ 11 7 18 6 3 9 

ϟѣ 34 13 47 32 5 37 

ϫѣ 25 4 29 23 1 24 

ϫϚѣ 30 2 32 22 1 23 

ϫϡѣ 27  27 24  24 

֥  230 33 263 172 11 183 

 

ῶ 1-2 ֢ ӀῺỴ ᾰ ṶԈ ῶ(2000-2013) 

 ṶԈ 

װ  
Ϣ  

ϺἨҷײ  

Ϣ  

ҖӀ 101 157 88 

Ӏ 53 75 29 

ừ  28 53 28 

ῧ  25 28 15 

үὧ  9 17 8 

⅜ὧ  3 5 4 

Ӏ 8 15 8 

ү⁮Ӏ 4 10 4 

о  9 9 0 

үМӀ 3 7 0 

 18 28 2 

    1 1 1 

ᴂ  2 4 3 

֥  263 409 190 
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1-6 Ϣ Ẃ 

 

 
1-7 ṶԈᴯ иᵉ  
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1-8 ֢ѣԌ Ӣ ᾰ ṶԈװ  

(ԓү ỴȲ2000-2013ד) 

 

1-9 ֢ѣԌ Ӣ ᾰ ṶԈװ  

( Җ- -ừ ỴȲ2000-2013ד) 
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1-10 ֢ Ӏ Ӣ ᾰ ṶԈװ Ϣ (2000-2013) 

1-4-2  ӢП ṶԈ 

(МҶ ᶝӑ ᵉ ) Ȳүὧȳừ Җᶁ Ӣ Є ᾰ

Ἠ Ϣכ ṶԈȴ ṶԈ… Ӣ֯үὧ  ҵȲ

כ 2Ϣҷ Ȳ ṓ  Ϯצ ᾌ כ ṶԈ 78 Ẃȴ Ȳ2013ױ

ד 11ѣ 9ѡϱрּפ 10 Ȳ֯ừ Є ⁄ Ӣ ᾰ ⅎȲצϚϢ

Ϥ МȲ11ѣ 13ѡ Ϻȴײ ᾼщ ѻ ╥ắẞ ҵ Ȳ

Ӧ Ѝ ( 1-11) ӱȲ ὑṶԈ ѡנϱ 6 ›∟ᾌ

Ɫ ȲẞṶԈה6.6ּ ӢП 10 ›∟Ȳᾌ Б  ẞ  צȲҠṓה9.9ּ

Ϥȴ 

 

1-11 Ѝ ᶧ о (2013-11-09) 

ҫϚ ṶԈ⁄ Ӣ֯ Ṕ ӂүḔ ȲṶԈ Ӣ֯ ד2013 11ѣ 9ѡϯ

рּפ 3 ›∟ȲԚצ 16Ϣắ ᾰ Ȳ כ ײ8 8 Ȳ╥צҭѿẃ ᾼ

ᾰ ṶԈȴ ỴṥϢ ῶӱȲ ᾰ Ϣ Ɫ 10ϢȲẔ Ϣ

ṳӑ Ϥ МȲ Ɫ 26֤ ӂүḔ Ȳּט ᾌ ᾰ

Ȳ ֯ Ḥẚ ȴ 1-12Ɫ ṶԈḔ ᴯ Ȳ Ỵּפ 50ᴏȲЬ

ắẞ ᾰ ȴ 

Ȳү ὧҖ צ ṶԈ ӢȲ11ѣ 8 ѡ

21:40ҿҢȲ֯ῧ    Ὼצ Ӗ ắЄ Ȳצ 3Ϣ 1Ϣ

2Ϣҷ ( ᾌ כ ṶԈ 78)ȷ 9ѡϱр 5:45и֯⁮Ѡ Җ  

ῺϷϚ Ӗ Ȳ ᴿ Ϻȷ9ײ ѡ 10 Є Ϸצ ⅎ֯Ỵ

Є ( ᾰ ṶԈ A20131109)ȷϯр 3 17и⁄ Ӣ Ṕ

ӂүḔ 16Ϣ ṶԈ ӢȲӦ⁮ἏҖ═ Ӣ Ṷ╝Ȳ ♂
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ᾼ ӱȲֽ 1-13Ȳ ṔṶԈ Ӣ Ȳӂᶁᾌ פּ 2ᴏȲ פּ 7

ױȲהּ ֯ ᾼὧҖṔוּ ד ӂ ȴT ПѠ֣ᾌ Ȳֽ 1-14Ȳ

ṶԈ Ӣ Ȳ ֮ ᾌ Ẓצ ѻ ԌᾌȲϚכ פּ╥ ᾼה8ּ~6 ȲҫϚ

╥⁄иᾌכ פּ ᾼה15.6ּ (swell)ȲẒ῏֯Ѡ֣ϱּצפ 30⇔ᾼ Ȳ֥

ᾼ ẃᴞὑ ᴯὑ 1600еṭҵᾼ Ȳѹּפ╥ 11ѣ 8ѡМр

›∟֣ү ›ẃȴ ὑ ⅎᴖṕȲ ᾼȲֻ֯щֻרּ╥ Ȳ Ҡ

רּ╥ ᾼȲᵀ һҏ ҍщȲѹוּ֯ ᵬ Ȳ Ҡ ᶮכḳ ᾼ

Ȳ֪ṶԈ Ӣ ᾼ צפּ 5 (10.4m/s)ȲϮ Њ ЄⱢ 6 (12.4m/s)Ȳ

Ҡṓ ╥ Мȷ Ȳױ ѡ( ῴ 7) ╥Њ ȲᵀṶԈ

Ӣ Ȳ ♂ ᴯὑ ᴯ Ȳ Ѭ ѩᵅ ᴯ פּ 1ᴏȲ ᾰ Ḇὔ

Ỵ ỵȴ ֥ѿϱᾼ ӱȲ ȳ ế ᴯᾼ֝ Ӣ╥

ϚṶԈᾼҠױכ ֪ȲҫҵȲ ỵ֮ᶮ ∟ ὔ ҽЄѬῧ(▀)Ϸ

ṶԈᾼױ╥ ֪ȴ 

 

 

1-12 ṔṶ╝ Ӣ֮ ( ᴞ Google earth) 

Ṷ╝֮  
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1-13 ṶԈ Ӣ›∟Ȳ ♂ ᶧ о  

 

 

1-14 Ṕ ᾰ ṶԈ›∟ПѠ֣ᾌ о ȴᴞҿᴟҢиᵑⱢ 11

ѣ 9ѡ 12 ȳ15 17 ПѠ֣ᾌ  
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ϡ  ҵ◦ ᾌ иέ 
 

Ӑ Ἃ ҟשׁדṅȲӐד⇔ὑҟדБῴḔᶙכП ♂ ȳ ᴎ ếүὧ

ҵ◦ Ϯ ᾌ ЏᵂМȲ ד2013 Ḇ ὨȲҫҵȲ

Ӑד⇔ ῧ ȳ ȳϝῖ ếὧḘ ҳ ᴩ ᾌ

ṳ Ẕиέ Ὠȴ 

 

2-1 ᾌ иέѠᾎ 

ᾌ ᾼ Ӣ ạᴟЭЬ ЛὙȲᴖ Ӣ ֪ᾼ ѻ Ϯצ ṅשׁ ȸ

Ϛ╥ Ȳϡ╥ ᴩ ȲϮ╥֯ ⅍ ᴩѬЏ ₤

ȴ ҟצ ֵ ᾌ ᾼׁשṅ╥ѿ ᾼѠᾎȲ ╥֪ⱢҠѿ֯ оᾌ

ᾼ ϯ ᴩ Ȳᵀ╥ѿױѠᾎϠ ᾌ ᾼ Ӣ ạȲṳ ᾎᶙ

ԓ ᾓȷᴖ֯ Ѡ Ӧὑ ᾌ ᾼ ЛὔȲ ᾌ

Ẃиέᾼѝ юȴӐׁשṅиέ ᾌ Ȳ Ϡױ ү Ể ᾌ

ᾼ Ӣ ᶮȲиέѠᾎἋ Ϛשׁ⇔דṅכὨȲ ӣӭ› ᾛṿӣᾼ ╓

(Abnormal Index, AI)ȴ 

 

2-1-1  ᾌ ứ  

ᾌ ḕЊ 10-20и Ѭᴯ оȲ ϱйἨ ϯйᾎҠ

έҏ ᵑᾌ Ȳѿ 10и ᾼᾌ ⱢẂȲḕװ Ҡפּ ậҏ 80-100

ᾌȲ ṷᾌ МȲ Є῏ Ɫ Єᾌ (Hmax)ȲἬצᾌ ЄᴟЊ ᶧ∟

›ϮиПϚ ᵑᾌᾼӂᶁ ПⱢϮиПϚᾌ(H1/3)Ἠ Ɫӱἤᾌ (Hs)ȴSand et al. 

(1990)ứ ╓ҏȲ █Ϛ ᾌ Єὑӱἤᾌ Ẓ ѿϱ Ȳ̓͂ױᾌᵛ Ɫ ᾌ Ȳ

֯Ϛװ Мҏ Ϛ ᾌ Ȳ⁄ ᾌ ӇⱢ Єᾌ ȴKharif et al. 

(2009) ҏ֝דᾼứ Ȳṳ ПⱢ ╓ Ȳֽ(2.1)הȲᵂⱢᵒ ᾌ ПṼ

ȲהМ Hῶӱᾌ ᾌ ȲϷ ╥ !L җ нȲ ᾌ ᵛⱢ ᾌ ȴ 

AI җ 2  where   AI = H / Hs  (2-1) 

‹Ϸ╥ӭ(2-1)ה ṿӣᾼ ᾌ ứ (Dysthe et al., 2008; Stansell, 

2004; Donelan and Magnusson, 2005; Müller and Garrett, 2007)Ȳ и ῏ṿӣ

П Ȳ ֽ Heller(2006) Ɫ AI > 2.2И ὑ ᾌ ȳWolfram(2001)⁄ ҏ

AI>2.3ỞⱢ ᾌ ȴҫҵצ и ῏ѿᾌ ᾼᾌ ⇔ ӱἤᾌ ѩ ᵂⱢ╥

ᵡⱢ ᾌ Пᵒ Ȳ∂ ѩ 1.25⁄Ɫ ᾌ (Müller and Garrett, 
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2007; Dysthe et al., 2008)ȴױҵ AI╓ ᾼứ МȲӱἤᾌ[ה(2-1)] (Hs)Ҡ ֪

Ɫ ѠהᾼЛ֝ᴖצЛ֝ᾼ ѠהȲ ӣ᾿ Ѭ оᾼѠᾎ(ֽ

ϩ Ἠ ᾌᾌ )Ȳӱἤᾌ ╓ᾼ╥ H1/3ȲϷ ╥ϮиПϚᾌ ȷᴖ

╥ Ѭ ⇔ Ғ ⇔ᾼѠה(ֽ )Ȳӱἤᾌ ⁄ ╓Ӧᾌ иἬ

Пᾌ ȲϷ ╥ Hm0ȴ Ẓ ӱἤᾌ (H1/3ȳHm0)Ӧὑ ᾼѠᾎЛ֝ȲẔ

Ὠ צ Ȳᴖױ Ҡ ẞ ᾌ П Ὠ(Liu et al., 2009)ȴҫҵȲ֯

Ѭᴯᵧ иӁᾌ ᵧ иӁᾼ ϯȲHmax/Hsᾼѩ (ᵛ AI ) Ӑ ӭȲ

Ϸ ╥Ἤ ẞᾼᾌ ӭצ (Goda, 2000)Ȳֽ(2-2)הȸ 

 

max 0ln

2s

H N

H
=  (2-2) 

ẔМN0Ɫᾌ ӭȴ 2-1ѿ(2.2)ה … AIѩ ế Ӑ П ᾼ …Ȳ

Ӑ 3000פּ ҿҢ (Ϸ ╥ 500иפּ )ȲAIѩ Ɫ2.0ȴפּ

ᴖϚ ᾼᾌ ѿ 10и Ἠ 20и ⱢѻȲ֯ ϯѿהѠױ йᾎи

ᵑᾌȲḕװ Ἤ Пᾌ ӭ 60~120 ҿҢȲ 2-1Ҡ῀Ȳ ᾼ

AI פּ 1.5~1.6ҿҢȲ֪ױ ӣ AI җ 2 ᾌ Пᵒ ד ֥ ȴ 

 

 

2-1 AIѩ Ӑ צ  

›ѝᾼứ Ȳ ᾌ ד╥ ὑ ᾓ Єᾼᾌ Ȳ ṳ‍ Ὑױ

ᾌ Ӈứ╥Єᾌ Ȳ֯ ӂ ȲҠ 50еиᾼᾌ ᵛҠ Ṝ ᾌ

ᾼứ Ȳ ₤ᾼᾌᵛṿ ӢȲẔ№ ἤṳЛЄȲЄ иᾼ ϱ ᴩ

ҠѿἭắȲ Ӕ ֚כ ᾼ ᾌ ╥ еѐѿϱᾼЄᾌȲ֯ Ӣᾼ Ȳ

ᵛ―╥Є₤ Ἠ ϷҠ ắ ȴ֪ Ӑױ ӣ ᾛᾼ ᾌ Ԉ

!L җ нΦлҵȲԛ Ғӱἤᾌ 1еѐ(ᵛ ᾌ ᾌ 2еѐ)П ԈȲ
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֥ Ẓ ԈП ᾌ ПⱢ֚ ᾌ (Dangerous freak wave, DFW)Ȳ∟ѝӐ

ṅиέἬשׁ П ᾌ ᶁ ֚ ᾌ ȴ 

 

2-1-2  Ѭᴯ ₇  

Ɫӭ› ӣὑ ᾼЏẓПϚȲʌ МҶ ᶝ Ѭᵓ

֯ү ֵצ ȴ ᾌ ᾼѠᾎⱢ Ӧ ῶ

ᾌ ᾼ Ȳּנ ᾼϮ Ғ ⇔ȳ Ԋ(Pitch)ế (Roll) ṔȲ Ѡ

֣ᾌ (Directional spectrum) ᾌ Ȳԛ иḖ ᾌ ȳ ᾌ

ȴӐׁשṅиέ ᾌ ᾼѬᴯ о …Ӧ› ᾼҒ ⇔ (Lee 

et al., 2011; Wu et al., 2010)Ȳ Ԓ ₣᾿ Ғ ⇔(az) ᶶ Ӵ Ḗ Ғ

⇔ (Saz)Ȳֽ(2-3)הȲԛ Ғ ⇔ ⱢѬᴯ (Ś )Ȳֽ(2-4)ה(Ochi, 1998)Ȳ

ԛᵓӣ Ӵ ה(2-5)] ]Ḗ ѬᴯȲ ẞѬᴯ ∟Ҡѿ йᾎ (zero 

crossing) ẞ ᵑᾌ Ȳ֯ᾌ ϱ ϱйᾎ ϯйᾎᾼ Ὠ ЛЄ

(Goda, 2000)ȲᴖӐѝ ṿӣ ϯйᾎȴϯԝהМ NⱢ Ȳ 2-2Ɫ

ϚҒ ⇔ Ở ế ∟Ἤ Ѭᴯ Ẃȴ 

3 Á᷿ ÔÅ ÄÔ (2-3) 

3 3 ɇςʌÆ    (2-4) 

ʂ 3᷿Å Äʂ (2-5) 
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2-2 Ở ₣᾿Ғ ⇔(ϱ ) ∟Ἤ ПѬᴯ (ϯ ) 

ᴩ› иέ Ȳ ᴩ ₇ Ȳ Ԓ ᶙ ⇔ ᴩ Ȳ

ⱢḕЊ 10и Ȳậ Ɫ 2HzȲ֪ױḕ ᶙ ᾼ

 ⇔ Ɫ 1200 Ȳ ЛṜȲ Ѭᴯ Ὠ Ȳֽ

2-3ἬӱȲ֪ױӐѝ ֫ ӑ 1200 ῏ᵔ ЛСиέȴ ȲҒױ ⇔

ᾼ Ϸ Ѭᴯ Ȳ 2-4ⱢẔМϚẂȲ Ѭᴯ о

ᴍеѐȲ ᾓ ЄὙ Ɫ ȲӐѝ ὑױ Лṏ

П ⁄… ₣᾿Ѡ֣ᾼӂᶁҒ ⇔ ֯ g±0.1gПҵᾼ Ɫ Ȳ ѿ

Л֥ ПҒ ⇔ ȴ ₇ Ὠ Ȳѿ ᴎ ⱢẂȲ› Ϛ

ЛṜП ᴾפּ 0.7%Ȳ ϡ Ғ ⇔ Ҝפּ 1.4%ȴ 

ȲӐѝױ Ἤ ПѬᴯ ᴩ₇ Ȳ ᴕ McCowan(1894) ҏᾼ

ᾌ  הꜜ

0.78
H

d
<  (2-6) 

2-5 ӱẔМϚẂȲ Ɫ ᴎ Ȳ Ѭ 18еѐȲ (2-6)

ῶה ᾌ Єὑ 14.04еѐᵛ ᾌ ꜜ Ȳ Л ӢȲᵀױẂ Ἤ

Пᾌ Є 23еѐȲ Л֥ Пᾌ Ȳ֪ױӐẂСѿᵔ ȴӐѝ ᾭױ

ᾓ ӢПҠ ֪Ȳ Њ ᾌ Ҡ῀Ѭ ІҒ ⇔Ɫ 

( ) ( )

( )
( )

sinh
cos

sinh

k z dH
a kx t

T kd

p w
w

+è ø- ê ú= -  (2-7) 

Мה aⱢѬиІ₣᾿Ѡ֣Ғ ⇔ȲHⱢᾌ ȲTⱢỂ ȲdⱢѬ ȲkⱢᾌ Ȳ˖

ⱢṔ Ȳ֯ӂᶁ Ѭ (z = 0) Ҡ  

( )
2

2

2
cos

H
a kx t

T

p
w

-
= -  (2.8) 

ẔМ ( )cos 1kx tw- ¢Ȳ֪ה(2-8)ױҠḂⱢ 

2

max 2

2 H
a

T

p
=  (2-9) 
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ϭ 

2 2
L

2

gT d
tanh

L

p

p

å õ
= æ ö

ç ÷

 (2-10) 

Ҡה(2-9)֫  

max

2
tanh

Hg d
a

L L

p på õ
= æ ö

ç ÷
 (2-11) 

׆ ⇔(H/L)>1/7 ᾌ ᵛ ѹǘŀƴƘ Җ мȲֽױ―Ҡ ẞ  

max

1
~ 0.448

7
a g gp<  (2-12) 

ϱ П Ȳ͂֯ ἤᾌ ᾼ ϯȲѬ І ЄҒ Ɫפּ⇔ 0.448 

gȲЄὑױ ᾌ ᴖЛ֯׀ȴ 2-5 Ẃ ӱ ПҒ ⇔БּפⱢ

Ϛ ϩҒ ⇔Ȳ‍ ᾌ ȲСѿᵔ ȴᴖӐѝП₇ М֪ױԛҒϤ₣

᾿Ғ⇔ Њὑ 0.45gП₇ Ԉȴ 

 

 

2-3  ⇔ Ѭᴯ ПϚẂ 



 

-23- 

 

 
2-4 Ғ ⇔ Ѭᴯ ПϚẂ 

 

 

 
2-5 Ғ ⇔ (ϯ ) ᾌ Л֥ (ϱ )ПϚẂ 

 

 

2-2 иέ  

Ӑׁשṅиέ ⱢМҶ ᶝ ὑү ᾼ ᾌ

ȲМҶ ᶝὑ הӔד1997 Ở Ϛ ᵂ о ᾼ ᵂȲᴟ Ɫד2012

ѦȲМҶ ᶝ Ӂү ҳỂ Ҕ╗ῧ ȳ ᴎȳЊ ȳЄ ȳ

♂ȳ Ѝ ȳүὧҵ◦ȳὧḘ ϟ ȴӐׁשṅ ϚדиέϮ

Ȳ ϡדԛ Ғҳ иέ ὨȲ ẒדἬиέᾼϝ иᵑ╥ ᴎȳ
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♂ȳῧ ȳϝῖȳ ȳὧḘếүὧҵ◦ Ȳ ᴯ ֽ 2-6

ῶ 2-1Ȳиέ ᶁᴞ ỞṤ ἉⱢѦȴӐѝד2012 ֯Л֝ᾼѬ

֮ѝ ϯȲ ᾌ Ӣᾼ ạ Ҡ Л֝Ȳ֪ױ ϝ Л֝

Ѭ Пᾌ ṳ иέ ᾌ Ӣ ᶮȴ 

 

 

 

 

 

 

2-6 ᴯ ӱ  
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ῶ 2-1 Ӑ иέП  

 
Ѭ   

(еѐ) 
  

Ở ֫

 

₇ צ∟ П 

 

♂  30 1998-2012 86,759 82,773 81,375 

ᴎ  17 1997-2012 82,333 77,016 74,046 

үὧҵ◦  5000 
2006, 2008, 

2009-2012 
21,882 17,978 17,897 

*  40 2000-2012 73,154 66,825 66,556 

ῧ *  21 1997-2012 96,226 87,602 85,775 

ὧḘ *  3000 2010-2012 20,185 13,434 13,362 

ϝῖ *  18 2006-2012 52,043 37,869 37,723 

*Ӑד  

 

2-3 ᾌ Ὠ ᾌᶮиέ 

Ӑׁשṅиέѿ› ᾼ AI╓ ӱἤᾌ ᵂⱢᵒ ֚ ᾌ ᾼṼ Ȳϝ

ᾼ ᾌ ᶙ Ὠ ֽ  ϝȲ  ϝП ᾌ М֝ Ϸԝ

ҏ ᾌ Ѭᴯ оП (skewness)ȳ ⇔(kurtosis)ȳ ᾌ֪І(GF)Ȳѿц

ᾌ ᵑᾌᾌᶮП₣᾿ (VMA)ȳѬӂ (HMA)ế׆ ⇔ ᾌ

Ȳ ẁד ṅשׁ ᴕȴ 

 

2-3-1 ᾌ Ὠ 

ᴎ Ѭ 17еѐȲϫгד (1997-2012)֥ צ 74,046 ₇ П

ᾌ ȲԚצ 8,052,745 ᾌ Ȳиέ Ὠ ӱẔМҔᵶ֚צ ᾌ

377 Ȳ Ẕ Ӣ Ɫפּ 4.68 10-5ȲϷ ╥ӂᶁּפḕ 21,000 ᾌ ҏ

ϚװṜѿ ḳ ᾼ֚ ᾌ ȴῶ 2-2 ԝҏ ᴎ ›ϫЄ AIП֚

ᾌ ȲẔМ Є AIѩ Ɫ 2.80Ȳ Ӣὑ 2001/02/08 04 Ȳ Ӣ Пӱἤ

ᾌ Ɫ 2.46еѐȲ ᾌ ᾌ 6.88еѐȲֽ 2-7ȴ  

♂ Ѭ 30еѐȲϫХד (1998-2012)֥ צ 81,375 ₇ П

ᾌ ȲԚצ 6,962,949 ᾌ ȲẔМиέ ֚ ᾌ 602 Ȳ Ӣ
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Ɫפּ 8.64 10-5ȲϷ ╥ӂᶁּפḕ 11500 ᾌ ҏ ϚװṜѿ ḳ ᾼ

֚ ᾌ ȴԝҏ›ϫЄ AIП֚ ᾌ Ȳֽῶ 2-3 ἬӱȲẔМ Є

AIѩ Ɫ 3.04Ȳ Ӣὑ 2000/01/02 02 Ȳ Ӣ Пӱἤᾌ Ɫ 1.01еѐȲ

ᾌ ᾌ 3.07еѐȲֽ 2-8ȴ 

ῧ Ѭ פּ 21еѐȲϫгד (1997-2012)֥ צ 85,775 ₇

ᾌ ȲԚצ 7,049,240 ᾌ ȲҔᵶ֚ ᾌ 580 Ȳ Ӣ Ɫפּ

8.22 10-5ȲϷ ╥ӂᶁּפḕ 12000 ᾌ ҏ ϚװṜѿ ḳ ᾼ֚ ᾌ

ȴῶ 2-4ԝҏ›ϫЄ AIП֚ ᾌ ȲẔМ Є AIѩ Ɫ 3.13Ȳ Ӣ

ὑ 2011/08/04 12 Ȳ Ӣ Пӱἤᾌ Ɫ 1.03еѐȲ ᾌ ᾌ 3.23

еѐȲֽ 2-9ȴ 

Ѭ פּ 40еѐȲϫϮד (2000-2012)֥ צ 66,556 ₇

Пᾌ ȲԚצ 5,837,078 ᾌ ȲҔᵶ֚ ᾌ 381 Ȳ Ӣ פּ

Ɫ 6.52 10-5ȲϷ ╥ӂᶁּפḕ 15000 ᾌ ҏ ϚװṜѿ ḳ ᾼ֚

ᾌ ȴῶ 2-5ԝҏ›ϫЄ AIП֚ ᾌ ȲẔМ Є AIѩ Ɫ 2.76Ȳ

Ӣὑ 2008/07/28 18 Ȳ Ӣ Пӱἤᾌ Ɫ 5.22еѐȲ ᾌ ᾌ

14.41еѐȲֽ 2-10ȴ 

ϝῖ Ѭ 18еѐȲϝד (2006-2012)֥ צ 37,723 ₇ Пᾌ

ȲԚҔᵶצ 3,892,260 ᾌ ȲҔᵶ֚ ᾌ 360 Ȳ Ӣ Ɫפּ

9.25 10-5ȲϷ ╥ӂᶁּפḕ 10800 ᾌ ҏ ϚװṜѿ ḳ ᾼ֚ ᾌ

ȴῶ 2-6ԝҏ›ϫЄ AIП֚ ᾌ ȲẔМ Є AIѩ Ɫ 3.57Ȳ Ӣ

ὑ 207/12/30 11 Ȳ Ӣ Пӱἤᾌ Ɫ 2.10еѐȲ ᾌ ᾌ 7.49е

ѐȲֽ 2-11ȴ 

ὧḘ Ѭ פּ 3000еѐȲϮד (2010-2012)֥ צ 13,362 ₇

Пᾌ ȲԚצ 1,159,852 ᾌ ȲҔᵶ֚ ᾌ 137 Ȳ Ӣ Ɫפּ

11.8 10-5ȲϷ ╥ӂᶁּפḕ 8500 ᾌ ҏ ϚװṜѿ ḳ ᾼ֚ ᾌ

ȴῶ 2-7ԝҏ›ϫЄ AIП֚ ᾌ ȲẔМ Є AIѩ Ɫ 2.75Ȳ Ӣ

ὑ 2011/07/14 22 Ȳ Ӣ Пӱἤᾌ Ɫ 2.66еѐȲ ᾌ ᾌ 7.33

еѐȲֽ 2-12ȴ 

үὧҵ◦ Ѭ פּ 5000 еѐȲгד (2006, 2008, 2009-2012)֥ צ

17,897 ₇ Пᾌ ȲԚצ 1,430,545 ᾌ ȲҔᵶ֚ ᾌ 204

Ȳ Ӣ Ɫפּ 14.2 10-5ȲϷ ╥ӂᶁּפḕ 7000 ᾌ ҏ ϚװṜѿ

ḳ ᾼ֚ ᾌ ȴῶ 2-8ԝҏ›ϫЄ AIП֚ ᾌ ȲẔМ Є AI
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ѩ Ɫ 2.8Ȳ Ӣὑ 2009/11/02 10 Ȳ Ӣ Пӱἤᾌ Ɫ 4.64еѐȲ

ᾌ ᾌ 13еѐȲֽ 2-13ȴ 

 

 

ῶ 2-2 ᴎ ›ϫЄ AIּנ  

Time Hfreak H1/3 AI 

2001/02/08 04:00 6.88 2.46 2.80 

2006/09/16 16:00 3.46 1.31 2.63 

2007/02/03 16:00 2.67 1.02 2.62 

2007/11/07 13:00 4.05 1.55 2.61 

2000/06/11 02:00 3.20 1.26 2.55 

2005/10/31 01:00 3.38 1.36 2.49 

2008/07/18 13:00 4.90 2.01 2.44 

2008/11/14 14:00 2.74 1.13 2.43 

2000/03/13 20:00 2.75 1.15 2.40 

2006/01/27 17:00 2.49 1.04 2.40 

 

ῶ 2-3 ♂ ›ϫ֤ AIּנ  

Time Hfreak H1/3 AI 

2000/01/02 02:00 3.07 1.01 3.04 

2008/02/18 10:00 6.58 2.36 2.79 

2012/08/02 02:00 14 5.02 2.79 

2005/08/31 20:00 14.52 5.57 2.61 

2007/03/10 11:00 3.1 1.19 2.61 

2005/09/26 03:00 3.2 1.23 2.59 

2001/03/26 20:00 3.55 1.37 2.58 

2005/04/02 23:00 4.34 1.7 2.56 

1999/09/03 02:00 3.38 1.33 2.54 

2009/12/06 05:00 4.94 1.94 2.53 
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ῶ 2-4 ῧ ›ϫ֤ AIּנ  

Time Hfreak H1/3 AI 

2011/08/04 12:00 3.23 1.03 3.13 

2007/11/13 15:00 3.32 1.07 3.10 

2011/08/04 23:00 3.85 1.29 2.98 

2009/08/07 11:00 18.31 6.17 2.96 

2005/12/05 06:00 5.31 1.81 2.92 

2011/08/05 03:00 3.29 1.14 2.86 

2011/08/04 03:00 3.27 1.15 2.83 

2010/10/28 22:00 16.35 5.88 2.78 

2011/06/24 16:00 5.36 2.01 2.66 

2012/06/06 22:00 3.37 1.27 2.64 

 

 

ῶ 2-5 ›ϫ֤ AIּנ  

Time Hfreak H1/3 AI 

2008/07/28 18:00 14.41 5.22 2.76 

2012/03/25 16:00 3.04 1.13 2.68 

2012/09/28 12:00 6.27 2.36 2.66 

2010/07/06 05:00 2.75 1.04 2.62 

2007/10/03 10:00 4.2 1.61 2.60 

2012/09/28 12:00 6.27 2.36 2.58 

2006/02/04 14:00 2.81 1.11 2.53 

2007/05/23 05:00 2.92 1.15 2.53 

2010/11/03 18:00 3.38 1.33 2.53 

2005/08/12 21:00 13.65 5.43 2.51 
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ῶ 2-6 ϝῖ ›ϫ֤ AIּנ  

Time Hfreak H1/3 AI 

2007/12/30 11:00 7.49 2.1 3.57 

2012/06/20 19:00 16.70 5.45 3.07 

2010/01/12 11:00 4.98 1.76 2.83 

2008/11/19 17:00 7.20 2.64 2.73 

2008/11/28 01:00 4.14 1.52 2.72 

2009/12/28 05:00 4.32 1.69 2.70 

2006/12/21 12:00 3.98 1.49 2.68 

2007/10/06 12:00 9.55 3.58 2.67 

2007/11/27 04:00 7.86 3.01 2.65 

2009/01/08 05:00 3.82 1.46 2.62 

 

 

ῶ 2-7 ὧḘ ›ϫ֤ AIּנ  

Time Hfreak H1/3 AI 

2011/07/14 22:00 7.33 2.66 2.75 

2011/10/12 11:00 3.80 1.49 2.55 

2010/10/22 14:00 17.62 7.06 2.49 

2011/04/23 11:00 3.30 1.35 2.44 

2011/11/14 10:00 4.00 1.65 2.42 

2011/11/26 01:00 8.83 3.64 2.42 

2012/01/16 20:00 2.66 1.13 2.34 

2010/10/26 10:00 9.04 3.91 2.31 

2011/11/14 22:00 6.13 2.69 2.28 

2011/08/04 20:00 2.63 1.15 2.27 
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ῶ 2-8 үὧҵ◦ ›ϫ֤ AIּנ  

Time Hfreak H1/3 AI 

2009/11/02 10:00 13.00 4.64 2.80 

2012/06/30 03:00 6.97 2.67 2.61 

2012/03/26 10:00 6.95 2.68 2.59 

2010/08/25 23:00 2.41 0.94 2.54 

2011/10/08 23:00 5.32 2.09 2.54 

2010/10/14 21:00 1.95 0.8 2.43 

2006/12/17 00:00 12.53 5.19 2.41 

2006/11/03 07:00 4.87 2.04 2.38 

2012/07/11 07:00 1.72 0.72 2.38 

2006/10/04 14:00 7.73 3.33 2.32 
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2-7 ᴎ Є AI ᾌ ẂПѬᴯ ᶧԝ (a)  (b)  

(a) 

(b) 
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2-8 ♂ Є AI ᾌ ẂПѬᴯ ᶧԝ(a)  (b)  

 

 

(a) 

(b) 
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2-9 ῧ Є AI ᾌ ẂПѬᴯ ᶧԝ(a)  (b)  

 

(b) 

(a) 
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2-10 Є AI ᾌ ẂПѬᴯ ᶧԝ(a)  (b)  

 

(b) 

(a) 

(b) 
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2-11 ϝῖ Є AI ᾌ ẂПѬᴯ ᶧԝ(a)  (b)  

 

 

(b) 

(a) 
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2-12 ὧḘ Є AI ᾌ ẂПѬᴯ ᶧԝ(a)  (b)  

 

(b) 

(a) 
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2-13 үὧҵ◦ Є AIПѬᴯ ᶧԝ (a)  (b)  

 

 

(b) 

(a) 
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2-3-2  Ӣ иέ 

ү Ể ֚ ᾌ Ӣ иέ Ὠֽῶ 2-9Ȳ ᴎ ȳ ♂

ȳῧ ȳ ȳϝῖ ȳὧḘ ȳүὧҵ◦ ѿц∟ѝ

ἬṿӣП + Ӣ֚ ᾌ ᾼ иᵑⱢ 4.68×10-5ȳ

8.22×10-5ȳ8.64×10-5ȳ6.52×10-5ȳ9.25 10-5ȳ14.2×10-5ȳ11.8×10-5ц 12.1 10-5Ȳ

иέ Ὠ ӱȲ Ѭ ȳ ҵ Ȳ֚ ᾌ Ӣᾼ ЄȲẔҠ

ᾼ ֪╥Ӧὑ Ἤ ᾼѬ Л֝Ȳắẞщ ȳ֮ᶮἨẔ֪҃І ȲẂֽ

♂ ὑὧҖṔȲҍủ ắẞὧҖủ Ȳ֮֯ ϱḥ֮צᶮ Ȳ

ὑ᾿ Ȳ֯ὧҖủ ᵬἲϯȲҍủ ᾓ ֕ȷ ᴎ ᴯὑү в

ѹѬ Ȳắẞү Ӑ ᾼ Ȳ ᾓד ӂ ֵȲᵀὧҖủ ᵬἲ Ȳ

ч ȷῧ ᴯὑὧ Ỵ ыӂ◦Ȳ╥ ủ –ү Ẕ ᾼᴯ

ȷ ᴯ ᵨᶚ Җ Ȳױ Ἁ֮ᶮ о Ȳ ќ☼Ϥ–

Ȳѹ ֮ צ Ѝ ֣ Ỵ ֣ᵬȷᴯὑ Ѭ ᾼϝῖ ȲӦ⁮

ẞҖ ᾼ ұᾭ֮ᶮȲ צ −Єᾼ ȷױҵὧḘ үὧҵ◦

ὑү ᴫ⁮ ὧ⁮ Ȳ ὑ Ὅ ȲѹѬ 3000еѐѿϱȲ

ἤᾼ ȲױẒ Пᾌ ᶮכ Лắ֮ᶮ ạȲиέ Ὠ ӱױẒ

Ӣ ᾌ ᾼ ȴϱ Ὑ֢ ᴯ П֮ѝ Ѭѝ ἤȲᴟὑ

ᾌ Ӣ ֢֮֯ צ П ֪Ьצ∕∟ ὙПȴ 

ҵȲӐѝױ ᾌ Ӣ Ȳứ Ɫ Мї

П ᾼ ЊὑϚ ϝ ҙ ᾼ Ȳ ֚ ᾌ

Ӣ Ȳֽῶ 2-9ἬӱȲ Ӣ ᾌ ᾼ ‍Ɫפּ ПẒ

ᴟϝ Л Ȳ ӱ֯ Ȳ Ϡ ֕ᾼ ѿҵȲּט ἤᾼЄ Ӽ

ӢȲ ϱᾼ ᾼ֚ ד ֮Єȴ 

ϝ Ἤ П֚ ᾌ ᾌ ᴩ иέȲֽ 2-14Ἤ

ӱȲῺ М ֚ ᾌ ᾼ ѻ иӁ֯ 2 ~ 4 еѐП Ȳ4еѐ

ѿϱᾼ֚ ᾌ Ӣװ ю( ᴎ ֚ ᾌ ᾌ Юὑ 2~4еѐП

῏ᴾפּצ 80%Ȳ ♂ פּ 65%Ȳῧ פּ 70%Ȳϝῖ פּ 75%Ȳ

פּ 80%)ȲᴖὧḘ үὧҵ◦Ẓ ҵ ᾼ֚ ᾌ иέ Ὠ

›Х צ ᾼ Ȳד Єᾼ֚ ᾌ Ҝ ЄѩẂȲ4еѐѿϱᾼ֚

ᾌ ᴾצ 45%ѿϱ(ὧḘ ֚ ᾌ ᾌ Єὑ 4еѐҜּפ 45%Ȳүὧ

ҵ◦ Ҝּפ 60%)ȴ 

֚ ᾌ ẂṼ ӢѣԌи Ὠֽ 2-15ἬӱȲṳ

Ӣ Ẃѿ ᴥ Ȳ Ὠ ӱ Ϡ П֚ ֻ ὑ ủПҵȲẔ
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г П֚ ᾌ Єֵ ӢὑҍủȲᵀҵ (үὧҵ◦ ὧḘ )

Ӣ֚ ᾌ ᾼ иӁ Л › Мȴ 

Ӑ ֚ ᾌ Ӣ ᾓП …Ȳѿӱἤᾌ Ɫ ᾓ╓ Ȳ

ӱἤᾌ Єῶӱ ᾓ ֕ȲѿϚеѐⱢ Ȳ Ἤצ ∟ Ὠֽ

2-16Ȳиέ Ὠ ӱȲϝ ᾼ֚ ᾌ Ӣ Ԉ Ӑϱ ᾓ

Ẕ Ӣ Ȳ ֯ ᾓ ӂ (Hs ј4еѐ)ᾼ ᾓϯȲϝ ᾼ Ӣ

פּ)Ὼד 1.5%~3.0%)ȷᵀ֯ ᾓ (Hs > 4еѐ)Ȳ ᴎȳῧ ϝῖ

ᾼ֚ ᾌ Ӣ Ғẞ 20%ѿϱȲЛ Ȳ и ᾼЄ ᾌ ᾼ

ю(ֽ ᴎ )Ȳиέ ὨЛ ứἤ Ȳӑẃ═ Ғ Ҡѿ Ғ

иέ ὨᾼҠ‒⇔ȴ



 

-40- 

 

ῶ 2-9 ϝ П֚ ᾌ Ὠ ῶ 

֤  ᴎ ♂ ῧ   үὧҵ◦ ὧḘ ϝῖ + 

 1997-2012 1998-2012 1997-2012 2000-2012 
2006,2008

2009-2011 
2010-2012 2006-2012 

2002/10- 

2002/12 

 74,046 81,375 85,775 66,556 17,897 13,362 37,723 2,760 

Ἤ 

 צ

 

 

 

ᾌ  8,052,745 7,049,240 6,962,949 5,837,078 1,430,545 1,159,852 3,892,260 645705 

֚ ᾌ

 
377 580 602 381 204 137 360 78 

֚ ᾌ

Ӣ  
4.68 10-5 8.22 10-5 8.64 10-5 6.52 10-5 14.2 10-5 11.8 10-5 9.25 10

-5

 12.1 10
-5

 

 

 

 

 

 

 

ᾌ  
40,763 43,112 30,354 33,806 3,599 3,371 14,790 -- 

֚ ᾌ

 
3 10 22 7 3 2 4 -- 

֚ ᾌ

Ӣ  
7.35 10-5 32.9 10-5 51.0 10-5 20.7 10-5 83.3 10-5 59.3 10-5 27.0 10

-5

 -- 

 

‍ 

 

 

 

 

 

‍

ᾌ  
8,011,982 7,006,128 6,932,595 5,803,272 1,426,946 1,156,481 3,877,470 -- 

֚ ᾌ

 
374 558 592 375 201 135 356 -- 

֚ ᾌ

Ӣ  
4.66x10-5 7.96 10-5 8.53 10-5 6.46 10-5 14.0 10-5 11.6 10-5 9.2 10

-5

 -- 
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(a) ᴎ  

 

(b) ♂  

 

(c) ῧ  

 

(d)  

 

(e) ϝῖ  
 

(f) ὧḘ  

 

(g) үὧҵ◦  

 

2-14 ϝ П֚ ᾌ ᾌ иӁ 



 

-42- 

 

 
(a) ᴎ  

 

(b) ♂  

 

(c) ῧ  

 

(d)  

 
(e) ϝῖ  

 

(f) ὧḘ  

 

(g) үὧҵ◦  

 

2-15 ϝ П֚ ᾌ ӢѣԌиӁ( ᴥῶ Ӣ֯ ) 
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2-16 ϝ Ӣ֚ ᾌ Ԉ  

 

2-3-3  ᾌ ᾌᶮиέ 

ᾌ ᶮכᾼ ạצ−ֵ (Dean, 1990; White and Fornberg, 1998; 

Lavrenov, 1998)ȲЛ֝ ạӢכᾼ ᾌ ȲẔᾌᶮӼҠ Л֝(Didenkulova and 

Anderson, 2010)ȲYoshimoto and Kato(2002)иέ ᾌ П ȲЛ֝ᾼӢ

כ ạȲẔѬᴯ оϷצἬЛ֝ȷDidenkulova and Anderson(2010)иέᾌ ᾼ

ᾼᾌ Ȳ ὑῺỴᾼ֯׀ ᾌ ѿᾌṖ₤ⱢѻȲᴖҵ ᾼ ᾌ ѿᾌ

₤ⱢѻȲѝМϷ ҏᾌṖ₤ ᾌ Ҡ Ɫ М(dispersive focusing)Ἤ

ȴӐכ иέϝ ᾼ ᾌ ᾌᶮȲѿ ẁӑẃ ᾌ Ӣכ ạП

ᴕȴ 

ṓП ᾌ ₤ Ẓצ ₤ Ȳ Ϛ ╥ ᾌ ҏ Ϛῖצ ᾼѬ

ȲẔᾌᶮẓצ ᾼᾌ Ȳ ╥ ҟҖ Gormӂү DraupnerӂүἬ

ẞᾼ ᾌ (Sand et al., 1990; Trulsen and Dysthe, 1997)ȷ ϡ ╥ ᾌ ҏ

צ ᾼҎṖҏ ȲẔᾌᶮ ᴿϚ ♂Ϛ Ȳ1943דⅎ Queen Elisabeth

֯ Ἤ ẞᾼ ᾌ (Faulkner and Buckley, 1997)ᵛ ὑױ ȴӐׁשṅ֯

֢иέ МϷ ϱ Ẓ ₤ᾼ ᾌ Ȳ 2-17 2-18иᵑ╥ᾌ

₤ ᾌṖ₤ ᾌ ᾼẕ₤ ẂȲ ṅϷשПҵӐׁױ ᾌ ⇔ ᾌṖ ד⇔

П ᾌ ȲӐѝ ПⱢ ₤ ᾌ Ȳֽ 2-19Ἤӱȴ 

ᵒứ ᾌ ᾼᾌ ⇔ ᾌṖ ⇔ȲӇ ὑᾌ ᴩй Ȳᾌ ᾼй
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ѠᾎȲϚ ӣⱢ йᾎȲẔҠ иⱢ ϱйᾎц ϯйᾎȲGoda(1985) Ɫ

ϱйᾎ ϯйᾎẒ ᾌ й Ѡᾎ ϱἬ ὨҠ Ɫד Ȳ֝Ӑׁשṅṿӣ

ϯйᾎ ᴩᾌ й Ȳ ԒӇ ҏѬᴯᾼӂᶁѬᴯ Ȳ ϯйᾎ╥ᾘ Ѭᴯ

оפ ᷄Ϛדӻὑ Ѭᴯ ᾼ ȲֽẔפ ṛ֣֣ϯȲױ Ҡ ⱢϚ ᾌᾼ

ᵛ ϯй Ȳ Ѭᴯᾼ ԆȲ᾿ẞѬ о ӦӔ Ɫ ԛזּװ

Ѭᴯ ȲҠ ҫϚ ϯй Ȳ Ҡứ ⱢϚ ᾌᾼ Ȳ ϯйᾎἬй

ҏẃᾼᾌȲӇⱢԒᾌṖԛᾌ П₤ Ȳֽ 2-20ἬӱȲ МᾌṖ (Ht) ᾌ

(Hc)П …ⱢӐѝӣẃᵒứ ᾌ ₤ ПṼ ȴ 

Ӑѝứ ᾌṖ ᾌ ᾼѩ (Ratio of Trough height to Crest height, RTC)ᵛ

Ht/Hc Ɫᵒ ᾌ ₤ ᾌ ἨᾌṖ₤ ᾌ ᾼṼ ȴDidenkulova and 

Anderson(2010)∂ ᾌṖ ⇔Єὑᾌ ⇔ 1.5 ѿϱ(RTC>1.5)ⱢᾌṖ₤ ᾌ

Ȳᴖᾌ ₤ ᾌ ⁄╥ᾌ ⇔ЄὑᾌṖ ⇔ᾼ 1.5 (RTC<0.67)ȲЮὑẒ

῏П Ɫ ₤ ᾌ ȲᵛᾌṖ ⇔ ᾌ ⇔ѩ Юὑ 0.67 ᴟ 1.5 П  

(0.67<RTC<1.5) ȴ 

 

 

 

 

2-17 ᾌ ₤ ᾌ ẕ₤ Ẃ 
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2-18 ᾌṖ₤ ᾌ ẕ₤ Ẃ 

 

 

 

2-19 ₤ ᾌ ẕ₤ Ẃ 
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2-20 ᵑᾌ ᾌ ᾌṖ ứ  

 

ҵ֯ױ ᾌ ᾼ МȲ צ ᾌ ӢПѬᴯ ᶧԝכצ ᾌ

ҏ ᾼ ȲɲẂֽ ד2008 2ѣ 17ѡ 22 ♂ ẞПѬᴯ ( 2-21)Ȳ

ӢϚ 3.82еѐᾼ ᾌ Ȳ Ҡ ֯ ᾌ Ӣ› ᾌᾼᾌ

╥  Ȳ֯Ẕ∟ᾼ ᾌᾼᾌ Ϸ ϯ ȲֽצϚ ᾌ ȴTsai et al. 

(2004)╓ҏ ᾌ П Ӣ ᾌצ Ȳ Ὼᾼᾌד Ӣ Ȳ ᾌ

Ӣᾼ ᾼϱсȷMagnusson(1999)Ϸ╓ҏ ᾌ ᾼ Ӣ ֯

ᾌ Ӣ ҒȲ֪ױ ᾌ Ӣ Пᾌ ἤצẔӇ ἤȲ֯и

έᾌ ₤ ᾌ╥ᵡ Ӣ֯ᾌ МϚ֝ Ϥ ȴ 

 

 
2-21 ᾌ ҏ ֯Ϛ כ ᾼᾌ М 
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ᾌᾼѠᾎ−ֵȲ֯ϱ ϷБ҉иᾼ⇔ד ȲӦὑ ᾌ֪І ᾌ

ы ὑ Ȳ֪ױЬ ᾘӣϱ ⇔ד ҏ ἤᵒ ᾼѠᾎȲױѠᾎ… ὑҔ

Ȳѿ ᾌ ᵑᾌⱢ Ȳ֯ ᾌӇⱢ ◕в Є Ȳ

ᾌ Ӣ ẘП›Ϛ ᾌ((Σ ƛҐмΣ нΣ оΧύПᾌ Єὑ ᾌᾌ П 50%Ȳ⁄ ὑ

֝Ϛ ᾌ ȲṼױ Ȳ ᾌ Ӣ∟П ᵑᾌ ((Σ ƛҐмΣ нΣ оΧύӼѿ֝ד ⁄

ᵒᵑȲֽӱ 2-22ἬӱȴױᾎҠѿиέҏ ᾌ צ ›ᾌ(Np)ȳצ

∟ᾌ(Nf)ȲṼӐѝứ Ғ ᾌӐṝ Х ᾌ⁄ ПⱢכ Ȳ чП⁄

ᾌṳ‍ Ӣ֯כ ᾌ вȴ 2-22 (a)МȲМҶ ӱ иⱢ ᾌȲ

צ 3 ›ᾌ(Np = 3)ц 1 ∟ᾌ(Nf = 1)Ȳ Ԛצ 5 ᾌȲⱢϚכ ₤ ᾌ

Ȳ 2-22 (b)֪ ֯ ᾌ ›∟П ᵑᾌꞋᵅὑ ᾌᾌ П 50%Ȳ╝Ɫ‍

כ ₤ ᾌ ȴ 

Ӑѝѿϱ ᵒ ᾌ ╥ᵡҏ ֯ᾌ МȲиέϝ ᾌ Ȳ

Ὠ ӱֽ 2-23ἬӱȲ Ὠ ӱἬצ ᾼ ᾌ ӢὑϚ ᾌ МȲ

ᾌ ᾼ ӭЄֵ╥Ӧ5 Ἤ Ȳϝכ ᾼӂᶁⱢ5.2 ᾌȴӐѝ…

ᾌ ╥ᵡ֯Ϛ ᾌ  (ᴟю Х ᾌ )МȲᴖἏὓ ῏ ṿӣᾼ╥ѿ ᾌ

֪І(ἨẔһ )иέ Ȳẓצ ἤᾼ ᶧԝЬЛ Ὑ ᾌ

╥ Ӣ֯Ϛ ᾌ МȲӐѝѿױ ᾼѠᾎᵒ ᾌ ╥ᵡ Ӣ֯ᾌ МȲ

ױ Ὠ ὑϠ ᾌ ᾼ ἤצἬ ᵗȴ 
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(a) 

 

(b) 

כ 2-22 ᵡᵒᵑӱ  (a)כ ȷ(b)כ‍  

 

 

2-23 ᾌ Ӣ֯כ ᾌ Мᾼᾌ  
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֥ϱ ѿᾌṖ (Hc)ếᾌ (Ht)ѩ ẃᵒứᾌ ₤ἨᾌṖ₤ᾌ ПѠᾎ

ц ᾌ ╥ᵡҏ ֯█Ϛᾌ МПѠᾎȲ ᴩү ᾌ Пи Ȳ

Ӑׁשṅ ү Ể П ᾌ иⱢг ₤ Ȳиᵑ╥כ ᾌ ₤(High 

Crest in a Group, HCG)ȳכ ᾌṖ₤(Deep Trough in a Group, DTG)ȳכ ₤

(Symmetric in a Group, SG)ȳכ‍ ᾌ ₤(High Crest Singular, HCS)ȳכ‍ ᾌṖ

₤(Deep Trough Singular, DTS)ѿцכ‍ ₤(Symmetric and Singular, SS)Ȳֽи

Ἤӱ( 2-24)ȲἬצ Пиέ Ὠֽῶ 2-10ἬӱȲү Ể

П ᾌ ѿḥצҏ ֯Ϛ ᾌМП‍ ἤ ᾌ ᴾᾼѩ Ȳϝ

‍ ἤ ᾌ ᴾפּ 80%ᴟ 90%ҿҢȲ ᾌ Пҏ ᴴ Ϛ ᾌ ῏ ᴾ

3%ᴟ 6%Ȳԛ῏Ȳ ϝ ᾼ ᾌ ╥ѿ ₤Ɫѻ Ȳᶁᴾכ Ἠ

כ‍ ᾌ Ẃ 90%Ȳᾌ ₤ἨᾌṖ₤ ᾌ ᾼѩ  Ὼȴד

 

ῶ 2-10 ֢ г₤и  

  
כ  

ᾌ ₤ 

כ  

ᾌṖ₤ 

כ  

₤ 

כ‍  

ᾌ ₤ 

כ‍  

ᾌṖ₤ 

כ‍  

₤ 

ᴎ 377 
2 

(0.5%) 

2 

(0.5%) 

25 

(6.6%) 

23 

(6.1%) 

21 

(5.5%) 

304 

(80.6%) 

♂ 580 
2 

(0.3%) 

5 

(0.8%) 

43 

(7.4%) 

24 

(4.1%) 

21 

(3.6%) 

485 

(83.6%) 

ῧ  602 
1 

(0.1%) 

0 

(0.0%) 

17 

(2.9%) 

26 

(4.3%) 

49 

(8.1%) 

510 

(84.3%) 

 381 
1 

(0.2%) 

0 

(0.0%) 

27 

(7.0%) 

8 

(2.0%) 

14 

(3.6%) 

331 

(86.8%) 

үὧ 

ҵ◦ 
204 

0 

(0.0%) 

0 

(0.0%) 

12 

(5.8%) 

14 

(6.8%) 

9 

(4.4%) 

169 

(82.8%) 

ὧḘ 137 
0 

(0.0%) 

0 

(0.0%) 

8 

(5.8%) 

8 

(5.8%) 

2 

(1.4%) 

119 

(86.8%) 

ϝῖ 360 
0 

(0.0%) 

1 

(0.2%) 

24 

(6.6%) 

17 

(4.7%) 

27 

(7.5%) 

285 

(79.1%) 
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2-24 ᾌ и  

 

2-3-4  ᾌ Ӣ иέ 

Ɫ ╥ᵡ ᾌ П ӢȲӐ Ӣᾼ ᾌ

ᴩиέȲ ᾌ Ӣ ᾼѠᴯ Ȳ ֯ᴶѠᴯ

ὔҏ ᾌ ȴ 

2-25 ╥ѿ ♂ ⱢẂȲЛ֝ ᾼ ϝ ҙ ȲẔМᾼ

ϝ ҙ …иέ ҟ16דẃ ү Ể П97 ᾼϝ

ҙ (R7)Ȳֽ 2-26Ȳӂᶁϝ ҙ Ɫ 200еṭȴ ϠὧḘ

ȳ Ẃ юЛ Ϥ ПҵȲӐѝḖҏ֢ Ӣ ᾌ П

ᴯ Ȳѿ Ɫ Ȳ › ᴯ ӱὑ ϱȲֽ 2-27Ȳиέ

Ὠ ῀֯ ♂ Ȳ ᴯὑ Ϯ (ᵛᴯὑ ♂Пᴫ⁮Ѡ)Ȳ ♂

Ӣ ᾌ ᾼװ ֵȲ Ғϱ ϡ ᾼ ẂȲ Ԛ ϥכᾼ ᾌ ╥

Ẓױ֯ ӢȲѹ ֯Ϯ ϝ ҙ פּ) 600еṭ)ҵȲ ♂

Ь ҏ ᾌ ȴ֯ ᴎ Ȳ ὑϚᴟϮ ҙ ᾼὧҖѠ֣ Ȳ

ᾌ ᾼ Ӣ − ȷᴟὑ П ᾌ Ӣ ᴯ ṳӑצ

…ȷ֯ῧ Ȳ ᴯὑ ϡȳϮ (ῶӱ ᴯὑү Ἠ⁮

Ѡ )Ȳὔ ᾌ ӢȲϥכᾼ ᾌ ӢὑϚʲϮ ҙ פּ)

200~600еṭ) ȴϝῖ ᾼ ᾌ Ӣѻ ╥ ᴯὑ Ϛ Ȳѹ

ϚʲϮ ϝ ҙ פּ) 200~600еṭ) ȲӼᵛ ֯ү ὧҖṔ Ȳ

ᴖЊὑϚ ҙ П Ὼ П Ӣ Ẃ юȴ үὧҵ◦ Ȳ

ᾌ П Ӣ⁄ѻ ╥ ֯ ϡ Ϸ ╥ ֯үὧҵ◦ ПᴫҖѠ
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ҏ װֵ ȲᴖẔ Ӣ ⁄ѻ ֯Ẓ ϝ ҙ ѿвȲ үὧҵ◦ П

ᾌ ЬЛ ֵȲצ∕ Ḇֵᾼ ∟Ẕиέ ὨḆẓצ ȴ 

 Ӧѿϱиέ Ὠ Ȳ Ϡῧ Ҡ ֣ὧ ыӂ◦Ȳ –

  Ȳ֪֯ױϚ ϝ ҙ в Ӣ ᾌ Ȳѿцүὧҵ◦

ᾌ ֻ ὑ ᾼὧ Ȳѹ ֯ϡ ҙ вПҵȲẔ

ᾼиέ Ὠ Ɫ Ȳŋ ẞ ᾌ Ӣ֯ ֯Ϛ ϝ ҙ

вᾼ Л Ȳדч֮Ȳ ṷ П ᾌ Ӣ Ȳ ᴯ чᴖҏ

֯ѩ ҆Ϣ ҵᾼ֮ Ȳ ֽ ♂ Ӣ ᾌ Ȳ ѿᴯ ᴫ⁮ҵ ᾼ

ֵȷ ᴎ ᾌ Ӣ⁄ѿ ᴯ ὧҖҵ ֵȷϝῖ ⁄╥

֯ү ὧ ҵ צ ᾌ ӢȲϱ ế Є ү Ӑ

  Ȳ֪ױȲӐѝ ṷ ᾌ ᾼ Ӣ−צҠ צ …Ȳצ∕Ὑד

ϚḔ ȴ 

 

 

2-25 ϝ ҙ ӱ (ѿ ♂ ⱢẂ) 

 

 

2-26 1997-2012Ԛ 97 Пϝ ҙ (R7)иӁ 
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(a) ♂ 

 

(b) ᴎ 

 
(c)  

 

(d) ῧ  

 

(e) ϝῖ 

 

(f) үὧҵ◦ 

2-27 ֚ ᾌ Ӣ П … (R7ῶӱϝ ҙ ) 

 

R7 

R7 R7 

R7 

R7 R7 
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Ϯ  ᾌ Ӣ  
 

Ӧὑ ᾌ ᾼ֚ ἤȲ֪ ױ ὑ ᾌ ᾼϠ ѿц ḆⱢ ȴ

Ӧὑ ᾌ ᾼᴩ ạỮӑ Ȳɔ ӣứ (deterministic)ᾼѠהẃ ᾌ

ӢỮЛҠᴩȲѿᶧ (stochastic)ᾼѠהẃ ẁ ᾌ Ӣ ╥ӭ› Ҡ

ᴩᾼѠהȴ ἤᾌ Мᾌ ᵧ (Rayleigh)иӁᾼ Ҡѿᴷ ᾌ

ᾼ Ӣ Ȳᴖ оѿ ἤᾌ ẃ ╥ᵡ֥ ⧵צ ȲῺדẃȲ

Люצ ‍ ἤᾌ ᴷ ᾌ Ӣ ПׁשṅȲӐ ›Ϣׁשṅכ

ὨȲ ‍ ἤᾌ ᾌ Ӣ ȴ 

3-1 ἤᾌ  

3-1-1  ᾌ иӁ 

◦Мᾌ ᾼ Ӣ╥ϫи ᾼȲҠ Ɫ╥Ӧֵ Ἄᾌ ἤ ҒᴖכᾼȲ

Ѭᴯ оҠѿϯהῶӱȸ 

ὤὸ ὥÃÏÓ‫ὸ ‰  (3-1) 

ẔМὥⱢכиᾌ Ȳ‫ⱢṔ Ȳ‰⁄ⱢדᴯṔȴ ἤᾌ Ȳ Ѭᴯᾼ

֥ иӁȲᴖ ᵑᾌᾼᾌ иӁ ֥ иӁ(Longuet-Higgins, 1952)ȴ

ⱢϠḆ ῶӱѬᴯ оᶧԝȲ(3-1)הḂ ֽϯȸ 

ὤὸ ʂὸÃÏÓς“ὪӶὸ ʁὸÓÉÎς“ὪӶὸ (3-2) 

 Мה

–ὸ ὥὧέί ς“Ὢὸ ς“ὪӶὸ ‰  (3-3) 

‒ὸ ὥίὭὲ ς“Ὢὸ ς“ὪӶὸ ‰  (3-4) 
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ὪⱢ ȲὪӶⱢӂᶁ Ȳד ὑϚ ᾌ (spectrum moment) ᾌ

Пѩ ȲὪӶάȾάȴn ᾌ ᾼứ ֽϯȲὛὪⱢ ⇔ẗ ȴ 

ά ὪὛὪὨὪ (3-5) 

ҵȲứױ ᾌҔ RцדᴯṔ‰Ɫȸ 

Ὑὸ – ὸ ‒ ὸ (3-6) 

‰ὸ ὸὥὲ‒ὸȾ–ὸ  (3-7) 

ᵛҠḂ(3-3)הױ֪  כ

–ὸ Ὑὧέί‰ (3-8) 

‒ὸ ὙίὭὲ‰ (3-9) 

ᴖѬᴯ оᶧԝ―Ҡӣ Rц‰ῶӱכ 

ὤὸ Ὑὸὧέίς“ὪӶὸ ‰ὸ  (3-10) 

ѿϱ ῀ȲᾌҔ Rếדᴯ‰ ᴖḂ Ȳ ᾌ иӁⱢ

(narrow banded) Ȳ о╥ד ᾼҠѿἕ ȴ 

ӦὑѬᴯ о ֥ иӁȲ Мї Ȳ–ὸế‒ὸᾼ ᶁ

ὑϚ ᾌ άȴӦὑ%–‒ πȲ֪ױẒ Ҡ Ɫ ӴȲᴖẔ ֥

⇔ẗ ‰цὨ–Ὠ‒Ὑ ὨὙ Ὠ(3-8)הҠѿᵓӣ[(3-11)ה] ה… ḆⱢᾌҔ

ᴯПד ֥ ⇔Ȳֽ(3-12)הȴ 

ὴ–ȟ‒
ρ

ς“ά
Ὡὼὴ

– ‒

ςά
 (3-11) 

ὴὙȟ‰
Ὑ

ς“ά
Ὡὼὴ

Ὑ

ςά
 (3-12) 

ӦὑὙếɮФד ӴȲ֪(3-12)הױҠ ⱢὴὙếὴ‰ד ȴ(3-12)הМṳ

Лᵶ‰ᾼẗ Ȳῶӱὴ‰֯ πȟς“ Ɫ ѹ ⱢρȾς“ȴ֪ױҠ Ὑᾼ
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⇔ẗ ֽϯȲהױϷ Ɫ иӁȴ 

ὴὙ
Ὑ

ά
ɇὩὼὴ

Ὑ

ςά
 (3-13) 

ὑ ᾼ Ȳᾌ ᾼ Є Ӣ֯ᾌ ѿҵ֮Ѡᾼ −ЊȲ֪ױᾌҔ

ὙҠ Ɫ╥ ᵑᾌ ᾼ ȴױҵӦὑ ἤ ᾌ ╥Ӧֵ ᾌ ἤ

ҒᴖכᾼȲ֪ױᾌ ᾌṖᾼ Ӣ Ѿ╥ד ᾼȲᾌ Ϸ֪ױҠѿ Ɫ

Ẓ ᾼ (H=2R)Ȳ҅Ϥ(3-13)הҠѿ ҏᾌ ᾼ ⇔ẗ ȴ 

ὴὌ
Ὄ

τά
ɇὩὼὴ

Ὄ

ψά
 (3-14) 

Longuet-Higgins(1952) ᾌױ ⇔ẗ ҏ ֵᾌ ᾼ ἤȲҔ╗

ӂᶁᾌ цᶁѠ ᾌ ȴ 

Ὄ ὌὴὌὨὌ ς“ά Ⱦ  (3-15) 

Ὄ Ὄ ὌὴὌὨὌ ψά  (3-16) 

Ḃ(3-14)ה כ  ȸהоᾼᶮװ֪

ὴὼ ςὧὼɇÅØÐὧὼ  (3-17) 

 Мה

ὼ
Ὄ

Ὄz
ȲὌzⱢ ᴕᾌ  

ὧ
Ὄz

ψά Ⱦ

ừ
ỬỬ
Ừ

ỬỬ
ứ
ρ

ςЍς
      ×ÈÅÎ Ὄz ά

Ⱦ
–

Ѝ“

ς
         ×ÈÅÎ Ὄz Ὄ

ρ            ×ÈÅÎ  Ὄz Ὄ
ρȢτρφ    ×ÈÅÎ  Ὄz ὌȾ

 

(3-18) 
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ᴖ ᾌװ֪ ὼᾼ ӼҠ Ȳֽϯהȴ 

ὖὼ ὖὼz ὼ ὴὼz Ὠὼz ÅØÐὧὼ  (3-19) 

› ӣὑ ᾼЛ ⁄ᾌȲ ᴖ Longuet-Higgins(1952) ϱ …

ה ṳӑ ᵑ╓Ὑ ȴ∟ẃ Cartwright and Longuet-Higgins (1956)ứ ϠϚ

ᾼ Ȳ ПⱢ (spectral width parameter)Ȳֽ(3-20)הȲ ‭ Ὼὑ 0

Ɫ Ȳᵛᾌ Мὑѻ  ῺȲ ‭ Є ⁄Ɫ ȴ 

‭ ρ ά Ⱦάά Ⱦ            π ‭ ρ (3-20) 

◦ᾼᾌ ὑ иӔѩὑὪ Ȳ֪ױϱהМиӕᾼҳ ᾌ

‍צ Єᾼ Ȳᴖ ‭‍ Ὼὑ 1ȴ 

Tayfun(1983)ế Naess(1985) Ϡᾌ ⇔ ᾌ иӁᾼ Ȳ ⱢӦὑ

ᾌ ᾌṖ ⇔ᾼЛ Ȳ ᾌ HЊὑӂᶁᾌҔ RᾼẒ Ȳ ᾌ

иӁϷ иӁ ȴForristall (1984)Ϸӣ ὑ ᾼ Ԉϯ Ϡ

Tayfun(1983)ᾼ Ȳ ֯ ᾼᾌ ᾓϯ иӁȲṳ Ɫᾌ

иӁ Ӧ ᵄиӁ(Weibull distribution)ῶӱȲֽϯהȲהМ ὼ ὌȾ– Ȳ

ὲ ςȲ’ ЍςȲᵛ ֝ὑ иӁȴ 

ὴὼ
ὲ

’

ὼ

’
ÅØÐ

ὼ

’
 (3-21) 

3-1-2  ὑ ἤᾌ П ᾌ Ӣ  

ᾌ ᾼứ Ɫ Ẓ ӱἤᾌ ᾼ Ȳ֪ױ ᾌ ᾼ Ӣ ᴷ

Ҡѿ ᾌ П ẃ ȴK МᾼØz(3-19)ה ς (ὼ ὌȾὌz)―Ҡ ᾌ

ЄὑẒ ӱἤᾌ П Ȳᵛ ἤᾌ ϯП ᾌ Ӣ Ȳֽה

(3-19)Ἤӱȴ 

ὖ  ὖὼz ς ÅØÐρȢτρφς ḙσȢσ ρπ (3-22) 

Ӧѿϱᾼ Ҡ῀Ȳ֯ ἤᾌ ᾼ ϯȲᾌ ֥ иӁȲ

иӁП иӁҠѿ ҏ ᾌ Ӣ ȲⱢ 3.3x10-4Ȳד ὑּפ 3000

ᾌ М ҏ Ϛ ᾌ ȴױ ᾌ ᾼứ צ Ȳ  3-1Ɫ
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ἤ ϯП ᾌ Ӣ ᾌ ╓ П …ȴ 

ϱ Ȳ МПЍ“Ⱦς(3-18)ה Ϥ(3-17)הᵛҠ ῀ ӂᶁᾌ ᴩ

оПᾌװ֪ иӁȲֽ 3-2ἬӱȲ Мפ Ɫ иӁ Ȳ Ɫ

♂ П Ȳиέ Ὠ ӱ ᾌ Є Ȳ П Ӣ

Єὑ иӁȲױ ὨӼ ֥ Forristall (1984) Пᾌ иӁ

иӁП ȴ 

ϚḔ Ẕ Ӣ ȲӦὑӱἤᾌ Ɫפּ 1.6 ӂᶁᾌ Ȳ֪ױ װ֪

оᾌ Єὑ 3.2 ᵛⱢ ᾌ Ȳ П ὨⱢ 2.0x10-4Ȳ иӁ

П ὨЛ ד ȴ֝Ẕ҃ ῏Ӽ ҏ ᾌ П Ӣ иӁᴷ П Ὠ

Л ȲKimura and Ohta (1994) ҏ ᾌ П Ӣ Ɫפּ 2.8x10-4Ȳᴖ ֵ

›Ϣ֝ ϷᵓӣϠ ᴩ ᾌ Ӣ П ȲStansell (2004) ế

Didenkulova and Anderson (2010)иᵑὑҖ ếᾌ ᾼ ᴩ ṳ Ẕ Ὠ

иᵑּפⱢ 2.9x10-4ѿц 2.4x10-4Ȳᴖ Baschek and Imai (2011)иέּר ὧỴП

ṳ ẞӂᶁ 1.2x10-5П ὨȲὙ Њὑ иӁП ȴMori et al. (2002)⁄

Ɫ ᾌ П Ӣ Єὑ иӁȲ֪ Ӈצױ ὑ ᾌ ᴩḆ Ϛ

ḔПׁשṅȲᴖӦὑ ἤ ПЛ ֥Ȳ֪ױ‍ ἤП Ӈ ԝϤᴕ

ȴ 

 
3-1 ἤ ϯ ᾌ Ӣ ᾌ ╓ П … 
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3-2 ᾌ иӁѩ  ( ȸ ♂  (ד1999-2012

 

 

3-2 ὑ‍ ἤᾌ П ᾌ Ӣ  

ὑ ἤ Ȳᾌ ᾼ иӁϚ Ɫ ֥ иӁȲ ᴖ ◦М

ᾼᾌ ֵ ὑ‍ ἤȲѹЄᾌᾼᾌ ֪‍ ἤᵂӣḆὍЄȲ ᵑᾌᾼᾌ

иӁḆ иӁ(Goda, 2010)ȲӐ ѿ‍ ἤᾌ ᾌ Ӣ

П ȲᵂⱢ∟ Ṷ ᾌ П ȴ 

3-2-1  ᾌ иӁ 

ᾌ ẓצứ ἤ(stationary)ц ἤ(ergodicity)Ȳѹᾌ ὑ Ȳ⁄

ᾌ Ҡ ֝ὑᾌҔ ὙȲ ῶ ѬᴯҠѿӣ Ὑцדᴯ‰ẃῶӱȴ

Longuet-Higgins(1963) ҏϠẒ ‍ ἤ ֯ ‍ ἤᾼ ԈϯẔ ֥

⇔ẗ Ҡῶӱכȸ 

( ) ( )

( ) ( ) () ( )

( ) ( ) () ( )

' ' '2 '2

3
' '

33

0

4
' '

44

0

1 1
, exp

2 2

1 3!
1

3! 3 ! !
                  

1 4!

4! 4 ! !

n nn n

n

n nn n

n

p

H H
n n

H H
n n

h z h z
p

k h z

k h z

--

=

--

=

è ø
= - +é ù

ê ú

è ø
+é ù

-
é ù³
é ù
+é ù

-é ùê ú

ä

ä

 (3-23) 

ѿϱ֢ ╥ – ᾼ оװ֪ Ȳֽ(3-24)ԝἬӱȴẔМὌ╥ n ᾼ

ᴏ ֵ ȲKnm⁄ⱢהȲֽ(3-25)(Hermite polynomial)ה (cumulant)Ȳ
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ѿ(3-26)הῶӱȲϚ ᾼ ╥Ϛ ẁế Ϛ ᾼᾬ Ȳ

ế ᾼ йד ȴ 

– ȷ‒ ȷə nm
nm n m

rms

K

h +
=  (3-24) 

Ὄ ὼ ρ Ὡὼὴ
ρ

ς
ὼ
Ὠ

Ὠὼ
Ὡὼὴ

ρ

ς
ὼ  (3-25) 

ὑ
Ὁ–‒       ŦƻǊ      ὲ ά σ

Ὁ–‒ ὲ ρ ά ρ ρ „      ŦƻǊ    ƴҌƳҐп
 (3-26) 

ӦὑѬᴯ о Ɫ ֥ иᵉȲᵛӂᶁⱢ Ȳ Ɫ m0Ȳ֪ױ

ə00=ə10=ə01=ə11=0Ȳə20=ə02=1ѹ ə21=ə12=ə13=ə31=0ȴẔМ ə30 ὑѬᴯ оᾼ

(skewness, ˃3)Ȳᴖə40⁄Ɫҳ ᾼ Ȳ ֝ὑѬᴯиӁᾼ ⇔… (kurtosis, ˃ 4)

3ȴ ὑ ‍ ἤᾼ Ȳᶺ Ҡѿ ə03=ə30Ȳə04=ə40ѿцə22=ə40/3 (Mori and 

Janssen, 2006)ȴ 

ⱢϠ ῀ᾌ ᾼ иӁȲҠѿᵓӣὴὃȟɮ ὃ ὴ–ȟ‒ Мᾼ(3-23)ה

ᾌכ цדᴯȲẔМᾼὃ╥ о∟Ἤװ֪ ẞᾼ ὃ ὙȾ– ȴױ

ҵӦὑᾌ ᾼ ἤȲ֪ױ ếדᴯҠ ⱢФד ӴȲᴖᾌ ᾼ и

ӁᵛҠ Ӧ ᴯᾼד иᴖ ῀Ȳֽϯהȴ 

ὴὃ ὃɇÅØÐ
ὃ

ς
ρ
ρ

σ
ʆ ρ ὃ

ρ

ψ
ὃ  (3-27) 

ὑ ᾼ Ȳᾌ H' Ҡѿ Ɫ╥Ẓ ᾼ Ȳᴖ҅Ϥ(3-27)הМᵛҠ ῀

ᾌ ᾼ ⇔ẗ ֽϯȸ 

ὴὌᴂ
ρ

τ
ὌᴂὩ Ⱦ ρ ‖ ὃ Ὄᴂ (3-28) 

 Мה

ὃ Ὄᴂ
ρ

σψτ
Ὄᴂ σςὌᴂ ρςψ (3-29) 

֝ Ȳᾌ ᾼ Ȳᵛ █ ⇔ᾼ Ӣ ȲҠѿ Ӧ и ⇔ẗ

⇔ẞ Єᴖ ȴ 
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ὖὌᴂ Ὡ Ⱦ ρ ‖ ὄ Ὄᴂ (3-30) 

 Мה

ὄ Ὄᴂ
ρ

σψτ
ὌᴂὌᴂ ρφ (3-31) 

ᾃ ᾼ╥֯ױ ᾼ ὃцᾌ Ὄᴂ╥ѿ– Ɫ Ἁᾼ оװ֪ ȴ 

3-2-2  Єᾌ иӁ 

иӁṳḥצϱ Ȳꜜᴖ ⇔ Ӵ Ғᴖѿ╓ Ȳ

ᵀЛ Ɫ Ȳ֪ױ Єᾌ Ὄ ╥Ϛ ϱᾼứ Ȳ╓ ӕ М ҏП

Ӑᾼ Є ȴMori and Janssen (2006)Ɫ ᾌ ᾼứ Ȳᾌ Ẓ ӱ

ἤᾌ Ȳ Єᾌ ᾼ иӁ Ӈ╥ ԝϤ ᾼȲᴖ Longuet-Higgins (1952)

Ϸ ҏϠ Єᾌ П ⇔ẗ ȴ 

ᶺ ӕ Мậ N ᾌ Ȳṳ ЄПᾌ ѿὌ ῶӱȲ N ᾌ

МҬצϚ ᾌᾼᾌ ⱢὌ Ȳ⁄ (N-1)צ ᾌ ЊὑὌ Ȳ֪ױ Єᾌ

Ὄ ᾼ ⇔ẗ Ɫȸ 

ὴ Ὄ ὔρ ὖὌ ὴὌ  (3-32) 

ẔМὖὌ Ɫ(3-30)הМᾌ иӁП Ȳῶӱᾌ ЄὑὌ П ȷ

ὴὌ Ɫ(3-28)הП ⇔ẗ Ȳῶӱ ᾌ ⱢὌ П ȴᵓӣ ϱᾼ

Ὼᴿ[ה(3-33)]הȲ N‍ Є Ȳ Єᾌ П ⇔ẗ  Ἤӱȴ(3-34)הֽ

ÌÉÍ
ᴼ
ρ ὖὌ ẢÅØÐὔὖὌ  (3-33) 

ὴ Ὄ
ὔ

τ
Ὄ ▄

╗□╪●

ρ ‖ ὃ Ὄ

Ὡὼὴὔ▄
╗□╪●

ρ ‖ ὄ Ὄ  
(3-34) 

֝ Ȳ Єᾌ ᾼ ӼҠ Ӧ Єᾌ ᾼ ⇔ẗ иᴖ Ȳ

ֽϯהȴ 
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ὖ Ὄ ρ ÅØÐ ὔὩ
╗□╪●

ρ ‖ ὄ Ὄ  (3-35) 

Єᾌ ᾼ ⇔ẗ ὴ Ὄ ῶӱϚ צ N ᾌᾼ М ЄПᾌ

ⱢὌ ᾼ Ӣ Ȳᴖ ῶӱ Ӣ Єᾌ ЄὑὌ ᾼ ȴ ᾌ

Ɫ Ẓ ӱἤᾌ ПЄᾌȲϒᶧԝМᾼ ЄᾌЛϚứⱢ ᾌ Ȳᵀ ᵶצϚ

ᾌ Ȳ⁄ ᾌ ӇⱢ ЄᾌȲ֪ױ ῀ Єᾌ ПиӁצᵗὑ ϚḔ

ᾌ ᾼ Ӣ ȴ 

3-2-3  ᾌ Ӣ  

ἤ Ȳӱἤᾌ Ҡ Ɫ 4.004 ᾼ ᾌ m0Ѡ Ȳᴖ m0

ếѬᴯ оᾼ  ϯȸֽה…

ά – ÌÉÍ
 O

ρ

ὸ
–Ὠὸ –  (3-36) 

ᾌ ᾼ ꜜ ԈⱢẒ ӱἤᾌ (ֽϯה)Ȳ ᾌ Пᾌ Ҡױ֪

Ɫ 8 ᾼѬᴯ оᶁѠ ȴ 

Ὄ ʦὌ ςὌȾ ψά
Ⱦ

ψ–  (3-37) 

ױ֪ ϱה Ϥ(3-35)הȲᵛ оᾼὌװ֪ ψȲҠѿ ῀ ᾌ ᾼ

Ӣ Ɫᾌ ᾼ (N)ế ⇔… (‘)ᾼẗ ȲֽϯהἬӱȴ 

ὖ ρ ÅØÐ ὔɇὩ ρ ψ‖  (3-38) 

ẔМ Ɫ̡Ϛ Ȳד ὑ-8ȴӦױҠ῀Ȳ Ϛ ᾌ ᾼ цѬᴯП ⇔Б

῀ Ȳ―Ҡ ῀ ѬᴯП ᾌ Ӣ ȴ Ȳױ Ἤ╓ᾼ ᾌ

ӇⱢ֢ П Єᾌ Ȳᴖ ᾌ ᾼ Ӣ ⁄Ɫ֢ П Єᾌ Ɫ ᾌ

П ȴ 
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3-3 Ὠ  

3-3-1  Ὠ 

› ‍ ἤ ᾼ Ὠ(ה 3-38)Ҡѿ ῀ ᾌ ᾼ Ӣ ế

Ẓ ד ȲϚ ╥ᾌ ᾼ ӭȲҫϚ ⱢѬᴯ оᾼ ⇔ȴ ὨҠѿ

῀Ȳ ⇔… ό4˃) ЄἨᾌ (N) Є Ȳ ᾌ ᾼ Ӣ (Pfreak)

ЄȲ Ұ Ȳ֯ѬᴯиӁ ׆ Ȳ ᾌ Ӣ ȷ֯Ϛ

ϵ Ȳ ᾼ ӭ ֵȲ ẞ ᾌ ᾼ Ϸ ȴ 

3-3Ɫ֢֯ ⇔… ԈϯȲ Л֝ᾌ ӭ ᾼ ᾌ Ӣ Ȳ

ҠѿḆ ֮ Ȳ ᾌ ӭᾼ ҒȲ ᾌ ᾼ Ӣ ⁄ Ȳ

МЛ֝ иᵑ҅ῶ ⇔… 3.0( ἤᾌȲᾌ ֥ иӁ)ẞ 3.6Ȳ

Л֝ ⇔… ᾼ ὨӼҠ ẞכ ᾌ ᾼ Ӣ ⇔… ᾼ Є

Ἤ Ӣᾼ оȲ ᾌ ẞ 10,000 ȲЛ ⇔… ⱢֵюȲ ᾌ ᾼ

Ӣ Ὼὑ 1ȲϷ ╥ ֯█   Ȳ ẞ ᾌ ᾼ

ῺᴍиПᴍȲ Пӂᶁᾌ Ɫ 8 Ȳ10000הּ ᾌד ὑ 22.2

Њ Ȳ █ϢἨ█ ֯֝Ϛ М 22.2 Њ Ȳ ѾӇứ ᴟ

юϚװᾼ ᾌ Ȳ Ȳױ ᾌ ṳ‍ ֚כ Ȳױ ᾌ Ϸṳ‍╥Ӑ

ѝ› Ἤ ᾼ֚ ᾌ Ȳᴖ ╥ ֥ AIљ2ᾼ ᾌ ȴѿϱ╥Л ⇔…

Ɫֵю ᾼ ὨȲ ṿ Ѭᴯ╥ᵧ ⇔Ȳֽ 3-3Мᾼ ⇔… 3.6 Ȳ

Ҭ ᾌ ӭּפ 2000 ȲẔ Ӣ ẞᴍиПᴍȴ 

ᴕ ⇔… ὑ ᾌ Ӣ ᾼ ἤȲ 3-4 ӱЛ֝ ⇔…

ԈϯȲѿ‍ ἤᾌᴷ ᾌ Ӣ ἤ Ԉϯ( иӁ) Ӣ ᾼѩ

(ֽ (ה3-39 оȲ ѩ ᵛⱢ‍ ἤᾌ ᾌ Ӣ ὑ ἤᾌ

иӁᾼ ȴ 

Ὑ
ὖ ȿ

ὖ ȿ
 (3-39) 

3-4 Ὠ ӱѩ ᶁⱢӔ Ȳ ӱ‍ ἤ Ἤᴷ ᾼ ᾌ Ӣ

ὑ ἤ ( иӁ)ᴷ Ἤ ȲѹױẒ῏П ѩ ⇔… צ ȴ ᾌ

ӭⱢ 100 Ɫפּ) 10и П ) Ȳ ⇔… 3.0 ȲẒ῏ ᵑȲ֪

ױ Ẓ῏ᶁⱢ иӁȲᵀ ⇔… 3.55 Ȳ‍ ἤᾌ Ἤᴷ П

ᾌ Ӣ Єὑ ἤ ᾼ 4 ѿϱȴױѩ ᾌ ӭ ֵᴖ ᵅȲ

ֽȲ ᾌ ӭⱢ 5000 פּ) 11 Њ ) Ȳ‍ ἤ ᾼ Ὠ ᾌ
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Ӣ פּ 20%Ȳ ᾌ ӭ Є Ȳױ Ӣ ѩ ắ ⇔… ᾼ ⇔

ЛὙ ȲӦѿϱиέ ὨҠѿ ῀ ⇔… ὑ ᾌ Ӣ ᾼ ╥ϫ

и ᾼȴGoda(2010)╓ҏȲ ⇔… ᾌ ‍ ἤ ד⇔ Ȳ ⇔… ЄȲ

ᾌ ᾼ‍ ἤ Ȳ Janssen(2003) ҏ ⇔… ‍ ἤ╓ BFI 

(Benjamin-Feir Index) П ᾼ …Ȳֽ М‭ⱢᾌהȲה3-40 ׆ ⇔ȲɿⱢᾌ

⇔ȴ 

‖
“

Ѝσ
ὄὊὍ

“

Ѝσ

Ѝς‭

‏
 (3-40) 

  

 

3-3 ᾌ Ӣ ᾌ ӭ …  
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3-4 ‍ ἤ ἤᾌ Ḗ ᾌ Ӣ Пѩ  

 

3-3-2  ᾌ  

ᾌ ᾼ Ӣ ᾌ (N)ẓדצ ἤȲ ᾌ ֵ Ϸ ╥

  Ȳ ᾌ Ӣ ȴ֪ױȲ ᴩ› П ȲҬ

צ ᾼ И ậҏṜ ᾼᾌ ẃ ᴩ Ȳ֪ױȲӐׁשṅ ӣ

Ӵү ◦Є ◦ Ṇ ╜ ֯‹דֵ + ҵἬ ᾼ

ᾌ ẃ Ṷ Џᵂȴ 

ᴯὑ Ӏ + ὧṮᾌ ҵּפ 150ᴏ ( 3-5М╦ )Ȳ

Ѭ Ɫפּ 27ᴏȲἬ ӣᾼ ⱢἉ ᾼה WH-103 ᾌᾌ Ȳ

ӣПѬ Ɫ 3ẞ 55ᴏȲҠӣẃ ☼ ȳѬ ȳѬ ѿцѠᴯȴ ᾌ

ᾌ ᾼ ╥ᵓӣ ᾌ Ἁ Ἇϱ Ȳ ẞЮ Л֝ (ᵛ ӻ

ꜜ )⁄ ч ȲṳӦ ן чן ֫ẃᾼ ȲᵓӣѬМ ѿ Ἤῧ

ᾼ ᵛҠ ῀ᾌ ȴ Пậ Ɫ 2HzȲⱢ ȲᵀӦὑ

׀ Ȳ ᵂ ᴩ Ȳ й ⱢḕЊ ϮװȲḕװ 20и ȴ 

ӐѝἬ ӣᾼ Ɫ ẞד1999 ◕ȲԚϝד2003 Ѭᴯ о

Ȳֽῶ 3-1Ȳ  щ 59щȲ Ӽצ 34щȲ 3-6ⱢẔМ Ϯ
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П ᶧԝ(59щ)Ȳּמᴥֿ ῶӱצ Ӂ П֤ ȴӐѝ ӦἬ ẞП

Ѭᴯ ᶧԝᵓӣ ϯйᾎй Ɫ ᵑᾼ ᾌ Ȳ ϚḔ Ẕᾌ ȳ

ȴ 

 
3-5 ᾌ ᴯ  (╦ ) 

 

3-6 Data set III ПѬᴯ ᶧԝ 

 

ῶ 3-1 ᾌ ῶ 

Data 

set 

Data period Duration 

(days) 

Data validity Maximum wave 

height (m) 

I 1999/07/16 ς 08/27 43 100% 3.19 

II 2000/07/18 ς 08/30 43 99.6% 6.47 

III 2000/09/01 ς10/29 59 98.6% 9.35 

IV 2001/06/07 ς 07/23 46 99.9% 4.53 

V 2002/07/27 ς 09/10 45 97.4% 8.56 

VI 2002/10/30 ς 12/07 38 100% 6.72 

VII 2003/06/15 ς 07/19 34 99.9% 3.58 

all 1999-2003 303 99.7% 9.35 
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3-3-3 Ὠ иέ 

Ӑѝ ӣ ד1999 ד2000 + ҵᾼ ᾌ ᴩ Ȳv ῶ

3-1Мᾼ data set IȳIIȳIIIȲ Ɫ 145щȴ ῀ ᾌ Ӣ

ᾌ ᾼ Ѭᴯᾼצ ⇔… ᵧӔד ȴ Ұ Ȳ ᾌ ц ⇔…

Є Ȳ Ӣ ᾌ ᾼ ЄȲᴖ Ϸ Ϡדצᴿᾼ ȴӦ

ὑ Ӣ Л Њὑ Ȳ֪ױ ה ҏ ⇔… Єὑ 2.875 П

ᾌ Ӣ Ȳᵛҳ (ə40)Ӈ Єὑ-1/8Ȳ֪ױӐѝ ⇔… ᵅ

ậᴟ 2.9 ᴩ ȷ֝ П ⇔… иӁ ῀ ⇔… Єὑ 3.6ᾼ

ד юȲ֪ױ Є ⇔… ậẞ 3.6ȴ 

П Ὠֽ 3-7Ȳ Ɫᾌ ᾼ Ȳ Ɫ ᾌ

Ӣ ȲЛ֝ ᴥ҅ῶЛ֝ᾼ ⇔… ( 2.9ᴟ 3.6)Ȳ ế ⁄иᵑ҅ῶ

ѿц ȴ МҠ ῀ ᾌ Ṝ Є (Ẃֽ N=10,000)Ȳ

ᾌ ᾼ Ӣ Ὼὑ 100%Ȳױ Ὠ ҵױȴ֝ד Ϡ ҵȲ֝ד

⇔… Ɫ ‍ ἤ Ȳ П ֥ḆҒṏֻȲяẔ╥ ⇔Ɫ

3.1 ȲӦ 

 

ῶ 3-2Ҡ ῀Ȳ Ѭᴯ о ⇔ 4˃ʨ3.0 ȲӂᶁᾼᶁѠ Ɫ 18%Ȳᵀ

⇔… Њ Ȳ Ὠ ЄȲẔ ֪ ϚḔ ȴ 
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3-7 Ὠ 

 

 

ῶ 3-2 ПᶁѠ  

Kurtosis RMSE [%] 

2.9 260.19  

3.0 29.09  

3.1 9.30  

3.2 9.86  

3.3 13.23  

3.4 18.47  

3.5 24.77  

3.6 23.67  

Ӑѝ Ҡ כ П ֪Ȳ֯ὑ Єᾌ иӁ МȲᶺ ῀

Єᾌ иӁҠѿ Ӧᾌ иӁцẔ ᴖ Ȳֽ(3-32)הἬӱȲ Єᾌ

иӁ ᾌ צ ȲⱢ о ȲӐѝ ֯ᾌ N Ṝ Є Ȳ

⁄Ҡѿѿ(3-33)הⱢῺᴿ Ȳה(3-32)֫҅ Єᾌ иӁ иᵑ

 Ἤӱȴ(3-35)הц(3-34)הֽ
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ӭ› ◦ Єֵ ӣ Ȳ ⱢḕϚЊ ϫи Ȳ

ӂᶁᾌ Ɫ Ȳ⁄ϫиה6ּ צᵶפּ 100 ᾌ ȴ֪ױȲᾌ Ɫ N╥ᵡ

Ṝ ЄᴖҠѿῺᴿ ҅П(3-33ה)╥ П Ȳ ṿ Ὼᴿ Ὠ֯Ϛ

ᾌ ӭ Ԉϯ ЄȲ⁄ ╥ ᾌ ᴷ ᾼẃ ПϚȴӐ

ѝѩ ӣ Ὼᴿ ѿцЛ ӣῺᴿ ᴖ᾿ Ѡ ᾼה ὨȲ ῀

╥ᵡ…֪Ɫ ԈЛ ֥ ᴖ ᾼ Ӣȴ 

Ȳ(3-32)ה ᾌ иӁὴὌ (ה(3-28)) ᾌ ὖὌ ҅(ה(3-30))

ϤȲҠ ӑῺᴿᾼ Єᾌ иӁֽϯȸ 

ὴ Ὄ
ὔ

τ
Ὄ ▄

╗□╪●

ρ
‖

σψτ
Ὄ σςὌ ρςψ

▄
╗□╪●

ρ
‖

σψτ
Ὄ Ὄ ρφ  

(3-41) 

ᴖẔ Ɫ 

ὖ Ὄ ρ ρ ▄
╗□╪●

ρ
‖

σψτ
Ὄ Ὄ ρφ  (3-42) 

ᵓӣ(3-42)ה ᴩ ᾌ Ӣ П ( ꜜ ԈⱢὌ ψ)ȲҠ

ᾌ Ӣ ֽϯהȸ 

ὖ ρ ρ ▄ ρ ψʆ  (3-43) 

הױ ѩ Ὼᴿ ᾼ ᾌ Ӣ Ɫ(3-38)הȴ 3-8 Ẓ

Ὠᾼ Ȳ М Ɫᾌ ӭȲ Ɫ װ֪ ѩ((3-43)ה ҟ

П(3-38)ה ѿ(3-38)ה)Ȳиέ Ὠ ӱȲẔ ᾌ ѿц ⇔…

ᾼЛ֝ᴖצἬḂ ȲẔМЛ֝ ᴥῶӱЛ֝ᾼ ⇔… Ȳᶺ Ȳּ֯פ 1000

ᾌѿϯȲ ⇔… Њ Ẓ῏ ЊȲῶӱ ֥Ὼᴿᾼ Ὠȴ ᾌ

Ɫפּ 100ȳ ⇔… Ɫפּ 3.1ϱϯ Ȳ Ὼү Ὼ ᾌ ἤ ȲẔ ᾌ

Ӣ ד פּ 0.03%ȲϚ ᴖṕ Є Ϸ פּ 0.1%Ȳ ױ Ὠᵒ ȲӐѝ
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Ɫ ᾼῺᴿה(3-33) і ᾌ Ӣ ᾼ Ȳᵀױ ד Њ

ṳЛ ȴ 

 
3-8 ᾌ Ṝ ֵПῺᴿה Пכ ѩ  

 

ѿϯ Ὑ ᾌ Ӣ ᾼ ȸ Ɫ Ԇ оȲᾌ Ϛ

Ϛ ҏ ȴᵀ֪Ɫ ᶾ П ạȲṤЭȲЄ иПᾌ ᵂ ╥֯█◕

в(ֽМҶ ᶝ Ɫ 1Њ Ȳѷꜜ (WMO)∂ Ɫ 3

Њ )Ȳ ậϚ◕ (ֽ 10и Ἠ 20и ) Ȳ Ẕӱἤᾌ

Ȳѿױ ҅ῶ ◕в П҅ῶᾌ ȴ 

ѿϱ ὙȲ ӢϠẒ ᾌ Ӣ Пứ Ȳ Ϛ ᾌ

Ӣ Пứ ╥╓֯ ᾼᾌ вҏ ᾌ ᾼ ȲϷ ╥ Ȳᶄ֯

ṓᾌ Л Ϛ Ϛ ֣Ỵ Ȳ Ἦ  Ȳ צ╥ ẞϚכ

ᾌȴKimura and Ohta (1994)Ɫ ḕ 3600 ᾌ ӢϚװ ᾌ ȳ

Baschek and Imai (2011) Єᴫ◦П ᾌ Ӣ Ɫפּ 1.2x10
-5Ȳϱ ṅשׁ

Ἤ П ╥ ᴞὑ ᾌ נּ ȲӐѝ Ɫñױ ᾌМ ᾌ Ӣ  

(Occurrence probability of freak wave in the continuous waves) òȴ 

0ὧέὲ
ᾌ ӭ

ᾌ ӭ
 (3-44) 
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ϡ ᾌ Ӣ ╥ ὑ ᴩᾌ ᵂ ѠהἬứ Ȳһ╥╓֯

װ ᾼ (record)Мҏ ᾌ П Ȳ֪ױӐѝ Ɫñ

ᾌ Ӣ  (Occurrence probability of freak wave in the discrete records)òȲֽ

ϯהȴ֪ Ҡצ Л֝(10и Ἠ 20и )Ȳḕװ Пᾌ ӭצ (ֽ

80 ᾌȳ100 ᾌȳ150 ᾌé)Ȳ֪ױȲ Пᾌ ӭ╥ ױ ᾌ

Ӣ П֪ІȴӦὑ Ἠ ṳ‍Әϵ ֯֝Ϛ֮ ȲᴖẔҏ ᾼװ Ἐ

ᾌ ⱢדᴿȲ֪֯ױ ᾌ ᾼ Ӣ ṳ ҏ ӱ Ȳ ӣ ϡ

ứ ( ᾌ Ӣ ) ֥ ᾭϷѩ ֥ȴ 

0ὶὩὧ
ᵶ ᾌ П ӭ

ӭ
 (3-45) 
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ҳ   ῺỴ ᾰ ה ᶮ∂  

 

4-1  ᾰ ∂ה Ѡᾎ 

Ӑ ᶦ ѿ ♂ щ Ȳẃ∂ Ϛү ὧҖṔ Ỵ֮

ᾼ ᾰ Ṇ ȴӦὑ ᾰ ᾼᶮכ ạ‍ Ȳ ṿӣБ Ӣᾼ ᾰ Ṷ

Ԉẃ иέȲẔ Ӑ Л юѹҠ ҅ῶἤЛṜȲ כ ⇔ ᾼ

Ӣȴᾓѹ ♂ ᾼ Ɫḕ 2Њ Ἠ 1Њ 10и Ȳ ᾰ ṶԈ

Ӣ Ȳ ᾎ ẞ ᾼ נּ ȴⱢּט Ϛױ ạȲӐׁשṅ֯ϱϚד⇔

М ӣ ᾼ + ᾌ ȲԒѿ ⁄᷄ҏҠ כ ṶԈ

Ӣᾼ ԈȲԛṿӣ ⁄᷄ҏ Ԉ  Ȳѿױứ ҏҠ כ Ṷ

Ԉ Ӣ ◕ȲẔ☼ ֽ 4-1ȴ 

֯Ӑ Ϛד ◕ ֯ + Ἤứ ҏᾼҠ ԈԚצ 11 (ῶ

4-1)ȲׁשṅМṿӣ иέȲ Ԉ ֥ῶМᾼ 7 Ԉѿϱ Ȳ

ṶԈ Ӣצ ȴ╝ׁשṅМứ Ҭ ֥ῶ 4-1Мᾼ 7 Ԉѿϱ

ᾼ ◕Ȳ⁄ ◕ ứⱢҠ ṶԈ Ӣᾼ ◕ȴ 

 

∂ה 4-1 ☼ ӱ  
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ῶ 4-1 Ҡ כ ṶԈ Ӣᾼ Ԉ 

… І֪… װ Ԉ 

1 6Њ вᾼӂᶁӱἤᾌ (Hs)  Єὑ 0.2 

2 Єᾌ (Hmax) Єὑ 2m 

3 ӂᶁӱἤ (Ts) Єὑ 7sec 

4 3Њ ӂᶁӱἤᾌ (Hs) Єὑ 1m 

5 Qp Єὑ 2 

6 6Њ ᾼӂᶁᾌ ד … g Єὑ 0.3 

7 ӂᶁѬ  Юὑ 20̄ ẞ 26̄  

8 4Њ в ӢϮ ᾌ  6ѿϱ 

9 3Њ в ֵ ֣ Юὑ 45̄ 135̄  

10 12Њ вᾼӂᶁ ֣ 0¯ 90̄  

11 ᾼӂᶁ  Єὑ 4m/sec 

Ӧὑ ṷҠ ᾼ ◕╥Ӧ + ᾼ ᾼ Ἤ

ứ ᾼȲṳ ᾎ᾿ ӣὑ Ὼ (ֽ ♂ )ȲἬѿӐׁשṅ Ԓ Ҡ

ṶԈ Ӣᾼ ◕Ȳ᾿ ẞ ♂ ᾼ ȲϷ ╥Ҡ כ

ṶԈ Ӣᾼ ◕Ȳԛ Ӧ ᶾ ᷄ҏ֯ ṷӭ ◕Мᾼᾌ ἤȲ ᴖԛ

ѿ ᶾ ẃ∂ Ϛи ᾼ ᾰ Ṇ ȴ 

Ӑ ӣ еҨᾼ SQL Server 2012ⱢӐׁשṅᾼ ȲׁשṅМ

∟ᾼ Ϥ МȲԛ Ӧ SQL Server Data Tools Џẓ ᷄ҏ֢и

ᾼ Ṿ ȲӼҠה Ӧ ЏẓᾼṿӣиέҏҠ כ ṶԈ Ӣᾼ

ԈȲ ᴖṿӣ ה ᾎ ᾿ה ∂ ᶙכȴֽ֯ױ ϱȲᶺ Ҡ᾿

Ԉ ϤȲ Ӧ ᾼה ∟Ȳ―Ҡ ῀ ᾰ ᾼ ҏȴ 

ה  4-2 Ϥ֪Іиέ 

4-2-1  Ҡ כ ṶԈ Ӣᾼ ֪Іиέ 

ṅМשׁ Ӧиέ2000דᴟ2003ד + ᾼ נּ ֮ ᾼ

נּ Ȳѿ ⁄ ᷄ứ ҏҠ ṶԈ Ӣᾼ  ԈȲṼױᶺ Ҡứ ҏ

֝Ϛ ◕֯ ♂֮ Ҡ Ӣ ṶԈȴ Ȳ֯֝Ϛ ◕ + ♂

ᶙצ ᾼ נּ Ԛצ 4021 נּ Ȳиέ Мᾼ֢ ֪І֯צ Ṷ

Ԉ ӢἨ╥ ṶԈ Ӣᾭᾓϯᾼѩ Ȳɪ ѿױ Ɫ ᷄ ᾰ ה

Ϥ֪Іᾼ ᴕȴ 

Ԓиέ ֥Ҡ Ԉ ♂ ᾼӱἤᾌ ӂᶁ ѩ ( 4-2)Ȳᾌ

ᾼ о ֥Ҡ ԈכӔ֣ …ȲṼϱϚד⇔ᾼ ֥Ҡ
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Ԉ Єὑ 7 ṶԈצ ἤ֯׀ȲӼᵛ╥ ӂᶁӱἤᾌ Єὑ 151

еиѿϱȲ⁄Ҡ צ ṶԈᾼ Ӣȴ 4-3⁄иέ ֥Ҡ Ԉ ♂

ӂᶁ ᾼ …ȲӦ М ֥Ҡ Ԉ Єὑ 7 Ȳӂᶁ ֯פּ

6.3 ה6.6ּ ȴ 

 

4-2 ♂ ӱἤᾌ ֥Ҡ Ԉ …  

 
4-3 ♂ ӂᶁ ֥Ҡ Ԉ …  

ҟׁשṅϴ ẞ ᾌ Є ṿӣ ╓ (AI)ẃ ᾌ ᾭᾓȲᴖ AI

ᾼứ ⱢϚ ᾌ נּ МȲ Єᾌ ӱἤᾌ ᾼѩ ȴӐׁשṅ + נּ

МȲ֯ + Ӣᾼ ṶԈԚצ 7ԈȲ Ӣ ᾼᾌ ᾭᾓֽῶ 4-2

Ἤӱȴᶺ ֯ + צ ṶԈ Ӣ ᾼ AIӂᶁ Ɫ 1.664ȷᴖԓ

ᾼ AIӂᶁ Ɫ 1.708Ȳч צ ṶԈ Ӣ ᾼ AI╓ Є(ῶ 4-3)ȴᶺ Ӽ

ѿׁשṅМἬ ᴷ ♂ Ȳצ ṶԈ Ӣ ᾼ AIѩ ȲϷ ֯ԓ

ᾼ AIӂᶁ Ɫ 1.544ȲчᴖЄὑצ ṶԈ ᾼ AIᶁ 1.530ȴ֯ӭ› ◕М

ᾎ ứ AI ṶԈ Ӣ צ ἤȲ╝֯ᴕ Ṷᾼ Ϥ֪ІϱȲṳЛ

ԝϤ AI ᾼה Ϥ֪Іȴ 
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ῶ 4-2 + ṶԈ ᾌ AIѩ  

ṶԈ  Ṷ╝  Hs(m) Hmax(m) AI 

A990919 1999/9/19 0:00 1.37 2.36 1.72  

A000912 2000/9/12 19:35 3.73 5.73 1.54  

A001029 2000/10/29 14:58 3.86 6.73 1.74  

B001214 2000/12/14 9:41 2.94 5.3 1.80  

A001229 2000/12/29 3:00 2.26 4.02 1.78  

A010923 2001/9/23 5:07 3.66 5.56 1.52  

A021110 2002/11/10 7:44 1.34 2.07 1.54  

ῶ 4-3 + ♂ ṶԈ ᴷ ṶԈ ᾼ AIѩ  

 
+  ♂  

 
ԓ צ  ṶԈ ԓ  ᴷצ  

AIӂᶁ  1.708 1.664 1.544 1.530 

 

4-4Ɫ ♂ צ ṶԈ Ӣᾼᾌ ᾿Ѡ ѩ ȲӦ МҠ ҏ

ṶԈᾼ Ӣ֯ᾌ 1.5еѐѿϱצ ЄᾼҠ ἤȷדчᾼӂᶁᾌ ᵅὑ 1.5

еѐȲ⁄ юצ ṶԈ Ӣȴ 

Ṽ 4-5ᾼиέѩ ȲҠכҏ ӂᶁ Єὑ ѿϱȲҠה6ּ ṶԈᾼ

Ӣ צ ЄȴӦὑ ṶԈᾼּנ МȲ ѿϱᾼה6ּ ϷҜЄ

ֵ ȲἬѿ ẃ ╥ᵡצ ṶԈ ӢȲᴿѾ ЛὙ ȴ 

4-6 4-7иᵑⱢ Ѭ צ ṶԈ Ӣᾼѩ Ȳᶺ Ҡѿכ

ҏ ἨѬ ᵅ ȲẔ ṶԈᾼ Ӣѩ ד ȷчПȲ ⇔ Ӣ

ᾼṶ╝ ד ᵅȴ 

4-8Ɫצ ṶԈ Ӣ ᾿Ѡ ѩ Ȳ 1015 ђ ȲẔ

ṶԈᴿѾצ Єᾼ ȴᴟὑᵅ Ἠ╥ ╥ᵡ ҒẔ ṶԈ

Ӣᾼ ȲЬ ϚḔиέИҠ ῀ȴ 

4-9Ɫ ♂ צ ṶԈ Ӣᾼᾌ֣ѩ ȲӦὑ ♂ ᴯ ὑắẞ

֮ ᾼ Ȳԓ ᾼᾌ֣ЄֵⱢҖἨҖҖὧᾼᾌ֣Ȳ צ 10%ҿҢ╥ὧ

⁮ὧᾼᾌ֣ȴ ᴖ иέ∟Ҡ צ ṶԈ Ӣ ȲẔᾌ֣ ѾⱢҖҖὧ֣Ȳ

Ҭצ 20%ҿҢᾼᾌ֣ Җȴ 

ᴕ ֣֯Ҡ ṶԈ Ӣ ᾼᾭᾓѩ Ȳ 4-10╓ҏ ṶԈ Ӣ
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֣ Ѿ ֣Җ ὧҖ֣П ȷדчᾼ ֣ ⁮Ἠ╥ᴫ⁮֣ Ȳ⁄ Ṷ

Ԉ Ӣᾼ ד юϠ ֵȴ 

 

 

 

4-4 ♂ צ Ҡ ṶԈ Ӣᾌ ᾿Ѡ ѩ  

 

 

4-5 ♂ צ Ҡ ṶԈ Ӣ ᾿Ѡ ѩ  
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4-6 ♂ צ Ҡ ṶԈ Ӣ ᾿Ѡ ѩ  

 

4-7 ♂ צ Ҡ ṶԈ ӢѬ ᾿Ѡ ѩ  

 

4-8 ♂ צ Ҡ ṶԈ Ӣ ᾿Ѡ ѩ  
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4-9 ♂ צ Ҡ ṶԈ Ӣᾌ֣ᾶ  

 
4-10 ♂ צ Ҡ ṶԈ Ӣ ֣ᾶ  

ה  4-2-2 Ϥ֪Іᾼ  

ṅМשׁ Ϡ ֪І ṶԈ Ӣᾼ ἤҵȲӼ Ϸ

Ɫ ẃ ᾼה Ϥᾼ ᴕȴӦὑ ⱢḕѡϚ נּ Ȳ ♂ᾼ

Л Ȳׁ֝שṅМиᵑṼẔӭᾼ Ɫ֝ד ◕ᾼ

֥ȴẂֽӐ Ḗḕ 6Њ ᾼи ―Ȳה Ἤצ

ḕכ 6Њ П ᾼ о ȴẂֽ ӱἤᾌ ֪І Ɫӂᶁӱἤᾌ ȳ Єӱ

ἤᾌ ȳӱἤᾌ ᾌ Єϱс ȴ ᶙכἬצҠ ד ֪Іᾼ

Џᵂ∟Ȳԛ Ἤ Ӣᾼԓ ֪І ֥ Ϥ МȲכⱢ

Ϥᾼ ֪Іȴ 

♂ МҶ ᶝ ∟Ȳ ֵᾼ֪

І Ȳṳᴕ ♂ МἬҠה ᾼẞᾼ֪ІȲ ҏῶ 4-4Мᾼ 48

֪І ⱢӐׁשṅ Ṇ Ϥ ֪І ȴ 
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ῶ 4-4 ᵛ ה Ϥ ֪ІцẔ Ὑ 

Ϥ֪І ҅  Ὑ 

ӱἤᾌ ӂᶁ  Hs Avg 6Њ вӱἤᾌ ᾼӂᶁ  

ӱἤᾌ Єϱс  Hs Max Slope 6Њ вӱἤᾌ Єϱс  

ӱἤᾌ Є  Hs Max 6Њ вӱἤᾌ ᾼ Є  

ӱἤᾌ ӂᶁϱс  Hs Slope 6Њ вӱἤᾌ ӂᶁϱс  

ӱἤᾌ  Hs Std 6Њ вӱἤᾌ ᾼ  

ӱἤᾌ  Hs ϯἬ ᾼӱἤᾌ  

ӂᶁ ӂᶁ  Tavg Avg 6Њ вӂᶁ ᾼӂᶁ  

ӂᶁ Єϱс  Tavg Max Slope 6Њ вӂᶁ Єϱс  

ӂᶁ Є  Tavg Max 6Њ вӂᶁ ᾼ Є  

ӂᶁ ӂᶁϱс  Tavg Slope 6Њ вӂᶁ ӂᶁϱс  

ӂᶁ  Tavg Std 6Њ вӂᶁ ᾼ  

ӂᶁ  Tavg ϯἬ ᾼӂᶁ  

ӂᶁ  P Avg 6Њ в ᾼӂᶁ  

Є  P Max 6Њ в ᾼ Є  

Њ  P Min 6Њ в ᾼ Њ  

 P Std 6Њ в ᾼ  

 P ϯἬ ᾼ  

ה3ּ ӂᶁ  w3 Avg 6Њ в ה3ּ ᾼӂᶁ  

ה3ּ Єϱс  w3 Max Slope 6Њ в ה3ּ Єϱс  

ה3ּ Є  w3 Max 6Њ в ה3ּ ᾼ Є  

ה3ּ ӂᶁϱс  w3 Slope 6Њ в ה3ּ ӂᶁϱс  

ה3ּ  w3 Std 6Њ в ה3ּ ᾼ  

ה3ּ  w3 ϯἬ ᾼ ה3ּ  

֣ Wind D ϯἬ ᾼӂᶁ ֣ 

ӂᶁ  Ws Avg 6Њ вӂᶁ ᾼӂᶁ  

Єϱс  Ws Max Slope 6Њ вӂᶁ Єϱс  

Є  Ws Max 6Њ вӂᶁ ᾼ Є  

ӂᶁϱс  Ws Slope 6Њ вӂᶁ ӂᶁϱс  

 Ws Std 6Њ вӂᶁ ᾼ  

 Ws ϯἬ ᾼӂᶁ  

ϯ​  ϯ​  ϯ​ᾼ  

Э╧ϯ​ Ḃ  Э╧ϯ​ Ḃ  Э╧Ẓѡ ϯ​ ᾼ  

Э╧ᵅ ϩ о Э╧ᵅ ϩ о Э╧Ẓѡ ᵅ ϩᾼ  

Э╧ ֣Ḃ  Э╧ ֣Ḃ  Э╧Ẓѡ ֣╥ᵡḂ  

Э╧ о Э╧ о Э╧Ẓѡ ᾼ  

Э╧ ϩ о Э╧ ϩ о Э╧Ẓѡ ϩᾼ  
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Ϥ֪І ҅  Ὑ 

֣ 1 ֣ 1 ᾼ Ở ֣ 

֣ 2 ֣ 2 ᾼ ֣ 

1 1 ᾼᵅ ϩ  

2 2 ᾼ ϩ  

1 1 ᾼ Ở  

2 2 ᾼ  

  ᾼ  

ѡ ϩ о ѡ ϩ о ѡ ϩᾼ ᵅ о  

ѡᵅ ϩ  ѡᵅ ϩ  ѡᵅ ϩ ᾼ  

ѡ ֣Ḃ  ѡ ֣Ḃ  ѡ ֣╥ᵡḂ  

ѡ ϩ  ѡ ϩ  ѡ ϩ ᾼ  

 

ᾼה  4-3 ᴷ 

ṅМ֯שׁ ∂ה ᾼ ◕Ȳᶁṿӣѿ ṶԈᾼ Ӣ ᵡẃ

ᾼה ἤȲ Џẓᾼ Ἠ ∟Ҡ ҏ ᾼ (ῶ 4-5)ȴ 

ῶ 4-5 ṶԈ ӢП  

 
ӑ Ӣ 

  ṶԈ 

Ӣ 

ṶԈ 

ӑ Ӣ 

ṶԈ 
A B 

Ӣ 

ṶԈ 
C D 

ῶ 4-5МȲA҅ῶ ה Л Ӣ ṶԈȲ Ϸ ṶԈ ӢᾼṶ

Ԉ ȷB҅ῶ ה Л Ӣ ṶԈȲ צ⁯ ṶԈ ӢᾼṶԈ ȷ

C҅ῶ ה Ӣ ṶԈȲ ⁯ ṶԈ ӢᾼṶԈ ȷD҅ῶ

ה Ӣ ṶԈȲ Ϸצ ṶԈ ӢᾼṶԈ ȴ 

МҔᵶϠϡ ╓ Ȳᵛ֫  (response rate)ȳч▲ (recall)ȴ֫

╥╓֯ Ɫצ ṶԈ Ӣ ֥МȲֵю╥ ὑ Ӕᾼ ṶԈ ӢȲ֫

҅ῶ ה Ὠ ֻȴ֫ еהⱢ D/(C+D)ȷч▲ᾼеהⱢ D/(B+D)ȴч▲

╥╓֯Ἤצ צ ṶԈ ӢМȲֵצюѩ ҏẃȲ᷄ה ֻȴч▲

╓ Ӑׁשṅ ᵑ Ȳ֫ ἨӔ Лṓ ה ֻȲḆ ᾼ╥ч▲

Ȳֽᴶ᷂ ṶԈ᷄ҏẃḆצ ȴϚ ᴖṕȲ ṶԈ Ṷצ
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ԈȲ ṶԈᴾԓ ᾼ 5%Ȳ Ϛצ צἬ᷂ה Ὠ Ɫḥצ

ṶԈ ӢȲṪ ה צ 95% ᾼӔ Ȳᵀ╥ ᾼ ה

ȴ ṶԈᾼ и Л֝ὑϚ ᾼи Ȳһᾼ ֯ὑ ὑ ṶԈ

Ӣᾼ Ӕ ȴӐׁשṅṼ ᾼ֫ ȳч▲ Ӕ Ȳẃḟứ Ϥ֪І

Ἤṿӣᾼ ᾎȲ ч ᾼ Ӕ Ȳה ֥ ᾼ Ȳ― ṅᾼשӐׁכ

ӭᾼȴ 

ṅМשׁ ᾼה ᴷȲ Ẓ ◕ᵂ Ȳ Ϛ ◕ ӑ ᾼ Ӑᵂ Ȳ

ϡ ᵂⱢ ṿӣȴ Ẓ ᶁ ֥ Ȳ⁄ Ӑכ

ӭ ȴ 

 

∂ה  4-4  

М ∂ ᵛ ȳ6Њ ȳ12Њ 24Њ 4 и Ȳה

֯Ӑד⇔ ◕Бᶙכᵛ 6 Њ › Ṇ ᾼ Џᵂ ῴ ה

ᾼ иέȴӦὑ ∂ᾼה Ԓ Ӧ Ȳ ѿ֢ Л֝ᾼ ֥

Ϥ Ȳѿ᷄ҏ Ṿᾼ ȴἬѿ֯ה ∂ה МȲ ᾼԉ ―╥᷄ҏ Ṿᾼ

Ϥ֪ІȲѿϠ כ ᾰ ṶԈᾼḟứ֪ІⱢᴶ? ᴖ ∂ ҏ ἤᾼ

Ṇ ȴ 

4-4-1  ᵛ ṿӣה ḟ ᾎ 

ӭ›Ӑ Ԓ ᵛ и Ϛῴ ᾼ ∂ה ȴױϚ ◕

ד1999-2003 ♂ נּ Ȳ ֥ᶙכ∟Ԛצ 2897 ᶙ

נּ ȲẔМ ֥Ҡ 7 ԈᾼṶԈּנ Ԛצ 991 ȴ Ἤנּצ

Ϥ ∟Ȳ֯ Мה ӣԓ ᾼ 30% Ɫ ṿӣȲẔ Ɫ Пӣȴѿ

ᶙכ ∂ᾼה ∟ȲЬ ѿ ᾼ נּ ẃ ה

╥ᵡҠᴩȲӐ ᴟד2004 ד2012 ᾼ ṶԈȲṳѩ

נּ ȲԚ ẞ 47 ᶙ נּ ᴩ ה ȴ Мṿӣ SQL2012ᾼ ЏẓȲ

Ϥ ∟Ȳ Ԓ ӣḟ ᾎẃ᷄ҏҠ ᾼ ֪І Ȳῶ 4-6ⱢЛ֝

֪І ṿӣḟ ᾎἬ∂ ᾼᵛ Ȳ֯ה Ӧ ∟Ἤ

ᾼ ѩ ȴ 

М Ϥ֪ІṼẔ ἤ ֥Ȳѿḟ ᾎ ᴩ ∂ה Ȳ

∂ה ѿἬצ ᾼ 70% Ɫ ПӣȲҫҵ 30%⁄Ɫ ȴῶ 4-6

ᵛⱢ Ἤ ѩ ȲẔМ A D Ɫ ה ȷB ⁄ῶӱ ה
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ḥצ ṶԈ ӢȲᵀ Ҡצ צ ṶԈȷC ⁄╥ ה צ

ṶԈ ӢȲᴖ ϱ⁯ḥ Ӣ ṶԈȴᶙכ ᾼה ∟Ȳ―֯ѿ 2004-2012

ד ♂ 20еṭвᾼ ṶԈ Ɫ Ȳ ה צ ṶԈ

ӢȲᴖѹ ϷצṶ╝ Ӣ⁄ѿ D1 ῶӱȷ ה ḥṶ╝ ӢȲᵀ צ⁯

Ṷ╝Ȳ⁄ѿ B1ῶӱȴֵװ Ϥ֪І ԝ ֥ ᴩ Ȳ ẞ

Hs max(6Њ вӱἤᾌ ᾼ Є І֪ױ( ṶԈ Ӣᾼ … ⱢὙ ȲϠ

ᾌ Ɫḟứ ṶԈᾼ ֪І∟Ȳ―֯ ҒϤẔ҃ד ֪І Ȳᶦ ԛ

ᾼה ⇔ȴ װֵ ∟Ȳ ẞṿӣ Hs_max w3_stdẒ ֪І Ɫ

ϤȲҠ ẞ Ṿᾼ Ȳѹѿה Ӽ ẞ ᾼ ἤȴ 

ῶ 4-6 ḟ ᵛ Л֝ Ϥ֪І Ὠѩ  

Ϥ֪І 

Ԉ 
ҏ Ṿ Ϥ֪І 

  

A B C D B1 D1 

ԓ Ҡ ֪І Hs max, wind D, w3 max 555 47 40 227 6 41 

ԓ Ҡ ֪І Hsד  w3 max, wind D 493 84 102 190 13 34 

Hsד ,Tavgד  Hs max, Tavg max slope 555 47 40 227 6 41 

Hsד ,wsד  Hs max, Ws max 555 47 40 227 6 41 

Hsד ,w3ד  Hs max,w3 max 555 47 40 227 6 41 

Hsד , ϩ ד  Hs max, Hs 555 47 40 227 6 41 

Hsד , ֣ ד  Hs max 555 47 40 227 6 41 

Hs_max,w3_std Hs max, w3 Std 529 31 66 243 4 43 

ȸA ҅ῶ ה Л צ ṶԈ Ӣᴖ Ϸḥ ṶԈװ ȷB B1иᵑⱢ ה

ḥ ṶԈװ Ȳᵀ צ ṶԈ ӢȷC Ɫ ה צ ṶԈװ Ȳ

⁯ḥ ṶԈ ӢȷD D1иᵑⱢ ה צᶁ֝ד ṶԈ

Ӣᾼװ ȴ 

ᾼ ᾎ ẞḟ ᾎἬ∂ ᾼᵛ ה ֽ

4-11ȴ М ᾼ иⱢԓ Ȳ Мּמᴥ ᾭ҅ῶҠ ᾼѩ Ȳ

ᴥ⁄҅ῶ ṶԈ Ӣȴ 

Ṽḟ иέ 4-11ḕϚ ԈȲ ҏḕϚ Ԉ Ӣ ᾼ

иᵉȸ 
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· Єӂᶁӱἤᾌ Њὑ 64.2еи Ȳ Ẃ Ԛצ 605 ẔМצ 2

Ҡ Ȳ ẞצ 0.33%ᾼ צ ṶԈ Ӣȴ 

· Єӂᶁӱἤᾌ Юὑ 64.2 105.4еи Ȳ Ẃ Ԛצ 425 Ẕ

Мצ 18 Ҡ Ȳ ẞ Ԉϯ 4.32%ᾼ צ ṶԈ Ӣȴ 

· Єӂᶁӱἤᾌ Юὑ 105.4 134.2еи Ȳ Ẃ Ԛצ 200

ẔМצ 48 Ҡ Ȳ ẞ Ԉϯ 24.0%ᾼ צ ṶԈ Ӣȴ 

· Єӂᶁӱἤᾌ Юὑ 134.2 146.6еи Ȳ Ẃ Ԛצ 93 Ẕ

Мצ 50 Ҡ Ȳ ẞ Ԉϯ 53.76%ᾼ צ ṶԈ Ӣȴ 

· Єӂᶁӱἤᾌ Юὑ 146.6 187.8еи Ȳ Ẃ Ԛצ 202

ẔМצ 143 Ҡ Ȳ ẞ Ԉϯ 70.71%ᾼ צ ṶԈ

Ӣȴ 

· Єӂᶁӱἤᾌ Є 187.8еи Ȳѹ w3_stdЄὑ 1.66 Ȳ Ẃ

Ԛצ 141 ẔМצ 109 Ҡ Ȳ ẞ Ԉϯ 76.94%ᾼ צ

ṶԈ Ӣȴ 

· Єӂᶁӱἤᾌ Є 187.8еи Ȳѹ w3_stdЊὑ 1.66 Ȳ Ẃ

Ԛצ 362 ẔМצ 347 Ҡ Ȳ ẞ Ԉϯ 95.80%ᾼ צ

ṶԈ Ӣȴ 

 

 

4-11 ᵛ ḟ ₤ӱ  
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Ṽḟ Џẓᾼ֪І ⇔иέȲ ẞ֯ᵛ ה Ȳ֪ІṼ ⇔

ԝиᵑⱢ 6Њ в Єӂᶁӱἤᾌ 6Њ в ה3ּ ᾼ ȴϷ ╥ ṿ

ӣḟ ᾎ ᴩ ₤ᾼ∂ Ȳṿӣϱ 2 ֪І―Ҡ ᴩᵛ ∂ᾼה

ȴ 

4-4-2  ᵛ ṿӣה иέ ᾎ 

иέᾎѻ ╥ṿ ᾼד ἤ ҒȲֽ ҠṼ―ױ ᾼ ἤẃ Ẕ

ᴩⱢȴⱢ Ὑ ẞ Ṿᾼ ȲӇה Ḃ ᾼ Ȳ Њќ═⇔ц Є

ᾼ Ϥ֪І ȴⱢṿ Лה ὑ Ȳ Ԓ ה Є Ϥ֪І ứⱢ5ȴ

ῶ 4-7Ɫ иέ Ὠѩ ȴ 

Ӧῶ 4-7 ῀ѿ иέ ᾎ Ṿᾼᵛ ȲẔה 5 Ϥ֪Іиᵑ

Ɫ 6Њ в Єӱἤᾌ ȳ6Њ ӱἤᾌ ӂᶁ ȳ ϯἬ ᾼӱἤᾌ ȳЭ

╧Ẓѡ ᵅ ϩᾼ ᾼ ϩ ȴ֯ ϯȲѿה 47Ԉ

ṶԈ Ȳ Ҡה ҏ 45Ԉȴ▲כ М֢ה ᾼ ἤֽ 4-12Ἤӱȸ 

ῶ 4-7 иέᵛ Л֝ Ϥ֪І Ὠѩ  

Ϥ֪І  
ҏ Ṿ Ϥ֪І 

  

Ԉ  A B C D B1 D1 

ԓ Ҡ ֪І 2 
Hs max, w3 Avg, w3 max,  
w3, Ws max 

433 70 144 222 11 36 

ԓ Ҡ ֪І 5 
Hs max, w3 avg, w3 max,  
w3, Ws max 

472 107 105 185 17 30 

ԓ Ҡ ֪І 10 
Hs max, w3 Avg, w3 max, 
w3, Ws max 

488 98 89 194 17 30 

Hsד ,Tavgד

 
2 

Hs Avg, Hs max, Hs, Tavg max slope, 
Tavg slope 

487 37 90 255 13 34 

Hsד ,w3ד  2 Hs Svg, Hs max, w3 Svg, w3 max,w3 457 35 120 257 6 41 

Hsד ,wsד  2 Hs Avg, Hs max, Ws avg, Ws max,Ws 468 41 109 251 8 39 

Hsד , ϩ

ד  
2 

Hs avg,Hs max, Hs, Э╧ᵅ ϩ

о, 2 
453 11 124 281 2 45 

Hsד , ֣

ד  
6 Hs Avg, Hs max, Hs, ֣ 1, ֣ 2 497 20 80 272 4 43 

Hsד , ϩȳ

֣ ד  
4 

Hs avg, Hs max, Hs, Э╧ᵅ ϩ

о, ֣ 1 
551 85 26 207 8 39 

Hs_max,Hs_std,
w3_std, 2,

Э╧ о 
2 

Hs max, Hs Std, w3 Std, 2, 

Э╧ о 
437 17 140 275 3 44 
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4-12 ᵛ ֢ה ἤ ứ 

Ӧ МҠ῀Ȳ 1ᾼ Ẃ צ 1073 ȲẔМ צ 2.7%Ҡ צ ṶԈ

Ӣȷ 2ᾼ Ẃ צ 955 ȲẔМ צ 71.2%Ҡ צ ṶԈ Ӣȴῶ 4-8

ⱢḕϚ Ϥ֪І֢֯ П ᾼ ἤứ ȴ 

2ᾼ ἤ ֣ צ ṶԈ ӢȲ▲֢כ ֪І ἤ ẞȲ ӱἤᾌ

6Њ ᾼӂᶁӱἤᾌ פּ 110еи ȷ6Њ Єӱἤᾌ פּ 130е

и ȷЭ╧ 2ѡᵅ ϩ о 1ѿϱȷ ϩ 6ѿϱȷ ֥

ϱ ᾭᾓ Ҡ צ ṶԈ Ӣȴ 

ῶ 4-8 ᵛ ה Ϥ֪І ἤ Ὑ 

֪І Ὑ\  1 2 

ӱἤᾌ (cm) 54.84°20.25 167.44°57.69 

ӂᶁӱἤᾌ (cm) 54.93°19.36 166.62° 52.80 

Єӱἤᾌ (cm) 63.28°23.07 195.94°62.33 

Э╧ ᵅ ϩᾼ  -0.05°0.52 0.03°1.33 

ϩ  5.52°0.72 6.79°1.42 
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4-4-3  ḟ ᵛ ѩה  

Ϛ ᴭᾼ ∟Ȳ ẞḟ Ẓ ᾎᾼ Ṿᵛ ᾰ

Ȳῶה 4-9Ɫ 2 ה ∟Ἤ ᾼ ṿӣ ṶԈ

ᴩ ѩ ȴ 

ῶ 4-10 М ѿ ц֫ ᴖṕȲѿḟ ᾎᾼ Ɫ 88.8%

иέ ᾎ 84.4%ẃ ȷ ᴖ֯ ϱȲᶺה ᶦ Ἤצᾼ ṶԈ

ᶁ Ɫ ╓▲Ἤ᷄ẞȲἬѿчה Ϸ╥ᶺ ѻ ᾼӭ ȴ֯ױϚ ◕ϱᾼ Ȳ

иέ ᾎᾼч▲Ɫ 96.23% ὑḟ ᾎꜙֵȲ ᴖ֯֫ ϱ⁯╥

ᵅȴ 

ῶ 4-9 Ẓ ᵛ ה ◕ᾼ ѩ  

 

ḟ ᾎ иέ ᾎ 

◕  ◕  

ӑ Ӣ 

ṶԈ 

(2000-2003) 

Ӣ 

ṶԈ 

(2000-2003) 

Ӣ 

ṶԈ 

(2004-2012) 

ӑ Ӣ 

ṶԈ 

(2000-2003) 

Ӣ 

ṶԈ 

(2000-2003) 

Ӣ 

ṶԈ 

(2004-2012) 

ӑ Ӣ 

ṶԈ 
529 31 4 453 11 2 

Ӣ 

ṶԈ 
66 243 43 124 281 45 

ῶ 4-10 Ẓ ᵛ ה ᴷ Ὠѩ  

 
Ӕ  

(Accuracy) 

֫  

(Response Rate) 

ч▲ 

(Recall) 

ḟ  88.84% 78.64% 88.69% 

иέ 84.46% 69.38% 96.23% 

 

4-4-4  6Њ ṿӣה ḟ ᾎ 

Ɫ ṶԒ ὑ ᾰ ṶԈ ҏ Ȳ МԒ Ҡ ṶԈ Ӣ› 6Њ

ᾼ Ϛ иέȲ ֻ∟Ȳ― Ἤצ Ϥ Ȳԛ

ᴩ Ԉ ᾼ ȲWױ ҏӭ ⁄Ɫ 6Њ ╥ᵡצҠ צ ṶԈ Ӣȴ

Ϛױ ◕ᾼ ᵛ ה Ȳ֝ד ╥ѿ 1999

ᴟד ד2003 ᾼ ♂ נּ Ȳ и⁄╥֯ 2004

ᴟד ד2012 ♂ 20еṭвצ ṶԈ Ӣᾼּנ Ȳ ∟Ҡ
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ᾼ Ԛצ 41 ȴ֯ Мה ӣԓ ᾼ 30% Ɫ ṿӣȲẔ Ɫ

Пӣȴ Ԓ ӣḟ ᾎẃ᷄ҏ 6 Њ Ҡה ᾼ ֪І Ȳῶ

4-11ⱢЛ֪֝І ṿӣḟ ᾎἬ∂ ᾼ 6Њ Ȳԛה Ӧ

∟Ἤ ᾼ ѩ ȴ 

ῶ 4-11 ḟ 6Њ Л֝ Ϥ֪І Ὠѩ  

Ϥ֪І 

Ԉ 
ҏ Ṿ Ϥ֪І 

  

A B C D B1 D1 

ԓ Ҡ ֪І Hs Avg, w3 max, w3 Avg 520 53 77 219 2 39 

ԓ Ҡ ֪І Hsד  w3 Avg, Ws max, ϯ​  544 163 53 109 25 16 

Hsד ,Tavgד  
Hs Avg, Tavg Avg,  
Tavg max slope 

520 53 77 219 2 39 

Hsד ,w3ד  Hs Avg, w3, w3 Avg 520 53 77 219 2 39 

Hsד ,wsד  Hs Avg, Ws max 520 53 77 219 2 39 

Hsד ,windDד  Hs Avg, Wind D 546 66 51 206 4 37 

Hsד , ϩ ד  Hs Avg, Э╧ о, 2 520 53 77 219 2 39 

Hsד , ֣ ד  Hs Avg, ֣ 2, ֣ 1 542 66 55 206 8 33 

Hsד , ϩȳ ֣ ד  Hs Avg, ֣ 2, ֣ 1 542 66 55 206 8 33 

Hsד , ד  Hs Avg, 1 520 53 77 219 2 39 

: A ҅ῶ ה Л צ ṶԈ Ӣᴖ Ϸḥ ṶԈװ ȷB B1иᵑⱢ ה

ḥ ṶԈװ Ȳᵀ צ ṶԈ ӢȷC Ɫ ה צ ṶԈװ Ȳ

⁯ḥ ṶԈ ӢȷD D1иᵑⱢ ה צᶁ֝ד ṶԈ Ӣᾼ

װ ȴ 

М Ҡ ṶԈ Ӣ› 6Њ ᾼ ֪ІȲ Лᶙ נּ

∟ȲṼẔ ἤ ֥Ȳѿḟ ᾎ ᴩ ∂ה Ȳ ∂ה ѿἬצ ᾼ

70% Ɫ ПӣȲҫҵ 30%⁄Ɫ ȴῶ 4-11ᵛⱢ Ἤ

ѩ ȲẔМA D Ɫ ה ȷB ⁄ῶӱ ה ḥצ ṶԈ ӢȲ

ᵀ Ҡצ צ ṶԈȷC ⁄╥ ה צ ṶԈ ӢȲᴖ ϱ⁯

ḥ Ӣ ṶԈȴᶙכ ᾼה ∟Ȳ―֯ѿ ד2004-2012 ♂ 20еṭ

вᾼ ṶԈ Ɫ Ȳ ה 6Њ צ ṶԈ ӢȲᴖѹ

ϷצṶ╝ Ӣ⁄ѿ D1 ῶӱȷ ה ḥṶ╝ ӢȲᵀ צ⁯ Ṷ╝Ȳ

⁄ѿ B1ῶӱȴֵװ Ϥ֪І ԝ ֥ ᴩ Ȳ ẞ Hs Avg(6Њ
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вӂᶁӱἤᾌ І֪ױ( ṶԈ Ӣᾼ … ⱢὙ ȲϠ ᾌ Ɫḟứ

ṶԈᾼ ֪І∟Ȳ―֯ ҒϤẔ҃ד ֪І Ȳᶦ ԛ ᾼה

⇔ȴ װֵ ∟Ȳ ẞṿӣ Hs Avg ֵ װ ֥ᶁҠѿ ẞ֝דᾼ Ṿ

Ὠȴ ṷ иᵑ╥Hs Avgװ w3 max, w3 Avg, Hs Avg Tavg AvgȳTavg max slopeȳ

Hs Avg w3, w3 AvgȳHs Avg Ws max, Hs Avg Э╧ о, 2ȳHs Avg

1 ȴӦὑ֯ḟ ᾎ∂ МȲѻ ֪Іѿḟứ╥ 6Њ ᾼӂᶁӱἤ

ᾌ ȲẔ҃ ᵗ Ҭ֯ὑẦᵗІ и ᾼи ᵒ ȲѿױϚᾭᾓᴖṕȲᴿѾи

֪І ѿЛ╥ыЄȴⱢ֯ ᵂᾼ оП―ȲӐ ӣѿ Hs Avg Ws max

Ẓ ֪І Ɫ ϤⱢ Ṿᾼ ȲẔה ה ӱ Ȳֽ 4-13Ἤӱȸ 

 

4-13 6Њ ḟ ₤ӱ  

ᾼ ᾎ ẞḟ ᾎἬ∂ ᾼ 6 Њ ה ֽ

4-11Ȳ М ᾼ иⱢԓ Ȳ Мּמᴥ ᾭ҅ῶҠ ᾼѩ Ȳ

ᴥ⁄҅ῶ ṶԈ Ӣȴ 

Ṽḟ иέ 4-13ḕϚ ԈȲ ҏḕϚ Ԉ Ӣ ᾼ

иᵉȸ 

· ӂᶁӱἤᾌ Њὑ 56еи Ȳ Ẃ Ԛצ 639 ẔМצ 6 Ҡ

Ȳ ẞצ 1%ᾼ צ ṶԈ Ӣȴ 

· Єӂᶁӱἤᾌ Юὑ 56 90.3еи Ȳ Ẃ Ԛצ 412 ẔМ

צ 36 Ҡ Ȳ ẞ Ԉϯ 8.82%ᾼ צ ṶԈ Ӣȴ 
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· Єӂᶁӱἤᾌ Юὑ 90.3 124.7еи Ȳ Ẃ Ԛצ 263 Ẕ

Мצ 74 Ҡ Ȳ ẞ Ԉϯ 28.2%ᾼ צ ṶԈ Ӣȴ 

· Єӂᶁӱἤᾌ Юὑ 124.7 159еи Ȳ Ẃ Ԛצ 252 Ẕ

Мצ 148 Ҡ Ȳ ẞ Ԉϯ 58.7%ᾼ צ ṶԈ Ӣȴ 

· Єӂᶁӱἤᾌ Юὑ 159 227.7еи Ȳѹ Ws maxЄὑ 8.6 

m/sec Ȳ Ẃ Ԛצ 79 ẔМצ 50 Ҡ Ȳ ẞ Ԉϯ

63.2%ᾼ צ ṶԈ Ӣȴ 

· Єӂᶁӱἤᾌ Юὑ 159 227.7еи Ȳѹ Ws maxЊὑ 8.6 

m/sec Ȳ Ẃ Ԛצ 264 ẔМצ 223 Ҡ Ȳ ẞ Ԉϯ

84.4%ᾼ צ ṶԈ Ӣȴ 

· Єӂᶁӱἤᾌ Є 227.7еи Ȳ Ẃ Ԛצ 119 ẔМצ 77

Ҡ Ȳ ẞ Ԉϯ 64.3%ᾼ צ ṶԈ Ӣȴ 

Ṽḟ Џẓᾼ֪І ⇔иέȲ ẞ֯ 6Њ ה Ȳ֪ІṼ ⇔

ԝиᵑⱢ 6Њ вӂᶁӱἤᾌ ᾼӂᶁ 6Њ вӂᶁ ᾼ Є ȴϷ

╥ ṿӣḟ ᾎ ᴩ ₤ᾼ∂ Ȳṿӣϱ 2 ֪І―Ҡ ᴩ 6Њ

∂ᾼה ȴ 

4-4-5  6Њ ṿӣה иέ ᾎ 

иέᾎѻ ╥ṿ ᾼד ἤ ҒȲֽ ҠṼ―ױ ᾼ ἤẃ Ẕ

ᴩⱢȴⱢ Ὑ ẞ Ṿᾼ ȲӇה Ḃ ᾼ Ȳ Њќ═⇔ц Є

ᾼ Ϥ֪І ȴⱢṿ Лה ὑ Ȳ Ԓ ה Є Ϥ֪І ứⱢ5ȴ

ῶ 4-8Ɫ иέ Ὠѩ ȴ 

Ӧῶ 4-12 ῀ṿӣ Hsד ϩ ד Ɫ Ϥ֪І Ȳ ה

צ ṶԈѹ ӢᾼṶԈԚ 237 נּ Ȳ 13 ה ḥצ ṶԈȲ

ᵀ ϱצ⁯Ҡ צ ṶԈ Ӣȷᵀ ה צ ṶԈ ӢȲ ϱ

⁯ḥ ӢᾼӼצ 188 נּ ȴч ҫϚ ѿ Hsד ֣ ד Ɫ Ϥ֪

ІἬ∂ ᾼ Ȳה ẞ ה צ ṶԈѹ ӢᾼṶԈԚ 231 נּ Ȳ

19 ה ḥצ ṶԈȲᵀ ϱצ⁯Ҡ צ ṶԈȴױ ה

›῏ Ӣѹ ӢṶԈᾼ ἤ ȲɑT ֯ḥ ӢṶԈϱᾼ ⁯Ϸ ҏ›

ᾼ ѩדȴẒה ∟ȲӐ ∟῏Ɫ Ṿ 6Њ ᾰ  ȴה
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ѿ иέ ᾎ Ṿᾼ 6Њ ȲᶁҠᶙԓה ֯ ᴟד2004 ד2012

ᾼἬצ ṶԈȲẔ 5 Ϥ֪ІиᵑⱢ 6Њ в Єӱἤᾌ ȳ6Њ ӱ

ἤᾌ ӂᶁ ȳ ϯἬ ᾼӱἤᾌ ȳ Ở ֣ ֣ ֣ȴ֯

ϯȲѿה 41Ԉ ṶԈ Ȳ Ҡה ҏ 41Ԉȴ▲כ М֢ה

ᾼ ἤֽ 4-14Ἤӱȴ 

Ӧ МҠ῀Ȳ 1ᾼ Ẃ צ 1012 ȲẔМ צ 3.4%Ҡ צ ṶԈ

Ӣȷ 2ᾼ Ẃ צ 1016 ȲẔМ צ 60.4%Ҡ צ ṶԈ Ӣȴῶ

4-13ⱢḕϚ Ϥ֪І֢֯ П ᾼ ἤᾼ ȴ 

2ᾼ ἤ ֣ צ ṶԈ ӢȲ▲֢כ ֪І ἤ ẞȲ ӱἤᾌ

6Њ ᾼӂᶁӱἤᾌ פּ 110еи ȷ6Њ Єӱἤᾌ פּ 130е

и ȷ Ở ֣ ֣ ֣ὧҖ ȷ ֥ϱ ᾭᾓ 6Њ ∟Ҡ צ

ṶԈ Ӣȴ 

ῶ 4-12 иέ 6Њ Л֝ה Ϥ֪І Ὠѩ  

Ϥ֪І  
ҏ Ṿ Ϥ֪І 

  

Ԉ  A B C D B1 D1 

ԓ Ҡ ֪І 2 
Hs max, w3 Avg, w3 max, w3,  
wind D,ϯ​  

458 73 126 212 8 33 

ԓ Ҡ ֪І 4 
Hs max, w3 Avg, w3 max, w3,  
wind D, ϯ​  

522 155 62 130 20 21 

ԓ Ҡ ֪І 10 
Hs_max,w3_avg,w3_max,w3,windD
,ϯ​  

549 106 35 179 20 21 

ԓ Ҡ ֪І

Hsד  
7 

w3 Avg, w3 max, wind D, ws max, 
ϯ​  

487 135 97 150 31 10 

Hsד ,Tavgד

 
2 

Hs_avg,Hs_max,Hs,Tavg_avg,Tavg_
max_slope 

451 21 168 229 0 41 

Hsד ,w3ד  2 
Hs Avg, Hs max, w3 Avg, w3 max, 
w3 

451 44 161 206 4 37 

Hsד ,wsד  2 
Hs Avg, Hs max, Ws Avg, Ws max, 
Ws 

464 45 155 205 5 36 

Hsד ,w3,ws

ד  
2 

Hs max, w3 Avg, w3 max, w3, 
Ws max 

441 69 178 181 10 31 

Hsד , ϩ

ד  
2 

Hs Avg, Hs max, Hs, 2,  

ѡ ϩᾼ о 
431 13 188 237 1 40 

Hsד , ֣

ד  
2 Hs Avg, Hs max, Hs, ֣ 1, ֣ 2 446 19 173 231 0 41 

Hsד , ϩȳ

֣ ד  
2 Hs Avg, Hs max, Hs, ֣ 1, ֣ 2 446 19 173 231 0 41 

 



 

-90- 

 

ῶ 4-13 6Њ ה Ϥ֪І ἤ Ὑ 

֪І Ὑ\  1 2 

ӱἤᾌ (cm) 52.78°19.04 165.33°58.95 

ӂᶁӱἤᾌ (cm) 53.02°18.23 163.30° 54.12 

Єӱἤᾌ (cm) 61.08°21.96 192.06°63.37 

Ở ֣ ⁮ 36.5%ᴫ⁮ 24.3% ὧ 13.7% ὧҖ 73.9%ὧ⁮ 9.2% ὧ 7.8% 

֣ ֣ ⁮ 36.4%ᴫ⁮ 21.7%ὧҖ 18.6% ὧҖ 69.9% ὧ 9.9% ⁮ 9.8% 

 

 

4-14 6Њ ֢ה ἤ ứ 

4-4-6  ḟ 6Њ ѩה  

Л ᾼᾼ ∟Ȳ ẞḟ Ẓ ᾎᾼ Ṿ 6Њ

ᾰ Ȳῶה 4-14Ɫ 2 ה ∟Ἤ ᾼ ṿӣ Ṷ

Ԉ ᴩ ѩ ȴ 

ῶ 4-15М֯ 6Њ ᾼ МȲḟה ה Ɫ 85.04% ὑ и
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έ ᾼה 77.91%ȷ֫ иȲḟ Ɫה 73.99% ὑ иέᾼ 57.18%ȷ

ѿ ц֫ ᴖṕȲѿḟ ᾎᶁ иέ ᾎẃ Ȳױ

Ὠ ᵛ ȴ֝דה ╥ѿḟ Ἤ∂ ᾼ ה Ṿȷ ᴖ֯

ч▲ ӭϱȲϷ ╥Ἤצᾼ ṶԈᶦ ẞȲ֯᷄ה иέ ϱⱢה

92.40% ὑḟ ᾼ 80.51%Ȳ ╥ ╘ 6 Њ ה ╥ѿ Ἤ

∂ ᾼ ה Ṿȴ 

 

ῶ 4-14 Ẓ 6Њ ה ◕ᾼ ѩ  

 

ḟ ᾎ иέ ᾎ 

◕  ◕  

ӑ Ӣ 

ṶԈ 

(2000-2003) 

Ӣ 

ṶԈ 

(2000-2003) 

Ӣ 

ṶԈ 

(2004-2012) 

ӑ Ӣ 

ṶԈ 

(2000-2003) 

Ӣ 

ṶԈ 

(2000-2003) 

Ӣ 

ṶԈ 

(2004-2012) 

ӑ Ӣ 

ṶԈ 
520 53 2 446 19 0 

Ӣ 

ṶԈ 
77 219 39 173 231 41 

 

ῶ 4-15 Ẓ 6Њ ה ᴷ Ὠѩ  

 
Ӕ  

(Accuracy) 

֫  

(Response Rate) 

ч▲ 

(Recall) 

ḟ  85.04% 73.99% 80.51% 

иέ 77.91% 57.18% 92.40% 
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Х  ≡ ᾌ כ ἤиέ 

ᾼᾌ о щ ד Ȳ щ ≡ о Ȳ ϱᾼ Ϸ ≡

ᾼ оȲ ϱ ᴩᾼ כ № Ȳ ᵑ╥Њ ᴯᾼ Ἠ ȴ

(2007)ᾼׁשṅМ Ȳ ѡӂᶁӱἤᾌ 1.5m ѿϱ Ȳ Ӣ ᾼ

ṶԈצὙ Ғᾼ ȴ ᴕᵨ ᵩ(2007)ȳ ⱷⱷ(2010) ṅȲӐשׁ ứ

≡ ᾌ כ Ɫɦ֯гЊ вȲӱἤᾌ  כ 2 ѿϱȲѹכ ∟ ẞ 1.5еѐ

ѿϱ῏ɧȲЊ₤ Єּפ╥ 6 ȲгЊ ⱢЊ₤ פּ 36 ҵ ֫ӕ Ἤ

Ȳ פּ ֝ὑ Ṿ ᴟ ϥўІ П ȴӐ ὑ Бד2012

ᴎ П≡ Ṽᶧ⁄⇔דױᾌȲ כ ♂ Ẓ П

≡  ᾌȴ כ

5-1  ♂ иέ  

♂ ὑ ד1998 ӴȲ ᴯ ֯ 25.0953°N 121°.9225EȲѬ פּ 32

еѐȲ ∟֪ ᵉὍȲẔᴯ Ѭ Эᴯ Л֝Ȳᵀᴯצ

ЛЄȴ ♂ ὑ ד1998 ḕ 2Њ Ϛװ Ȳὑ 2005

ד 10ѣ ḂⱢḕ 1Њ ϚװȴӐ иέ ד1998-2012 Ȳ ד14 Ԛ

ᾌצ 85,983 ȴ 

Ṽ › ≡ ᾌ כ ứ ȲӐ ὑ ד14 ♂ МԚ 671Ԉ

≡ ᾌ כ Ȳӂᶁḕפּד 47 ȲἬצ ♂ П≡ ᾌ כ Ẃ

ֽ  ϝПῶ  7-1Ἤӱȴ 5-1Ɫ ♂ 2008/12/21≡ ᾌᾼ כ ẂȲᶺ

Ҡכẞᾌ Ӧ Ԓ 0.66еѐ֯ 6Њ ẞ כ∟ 2.62еѐȲכ Ϡ 3.9 Ȳ֯ 4

Њ ∟ᾌ ϯ ᴟ 2.26еѐ∟֯ϯ 1Њ ԛכ ᴟ 2.46еѐ֯ϯ 4Њ ᾌ

ϭϱсᴟ 4.63еѐȴ ∟◕ᾼԛכ Ӽ ֥≡ ᾌ כ ứ Ȳᵀ֪ Ẓװ

≡ ᾌ כ ╥ ᾼȲᶺ Ẕ Ɫ֝Ϛ Ȳ֪ױ Пᾌ ֯ 16Њ

в 0.66еѐכ ᴟ 4.63еѐȲכ  Ɫ 7ȴᶺ Ϸ ҏ в֢Њ

Пᾌ  כ ȲẔ Єᾌ  כ Ɫ 0.99еѐ/Њ (ῶ  6-1М 436)Ȳ

Ởכ ᴟױṶԈᾌ ȲẔӂᶁכ  Ɫ 0.24еѐ/Њ ȴ 
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5-1 ♂ 2008/12/21≡ ᾌ כ ᾌ ( ῶ ) 

 

5-2  ♂ ≡ ᾌ כ Ẃ 

Ӑׁשṅ Ɫ≡ ᾌ כ щ ֯׀ …ȲӐ ԝҏ  כ Єᴖ

ѹ ᶙ ᾼ ẂȲ Ẕᾌ ᾼ оṳ Пщ ѩ ȴ 

 

Ẃ 1ȸ2003ד 1ѣ 7ѡ( 153) 

ױ֯ ẂМȲӱἤᾌ ֯ ד2003 1ѣ 7ѡ 2 ≡ Ϡ כ 3.6  ( 5-2)Ȳ

1.22еѐכ ᴟ 3.94еѐȲᾌ  כ Ȳ ЄḕЊ ᾌ ᾼכ  Ɫ 0.58

еѐ/ ȴӦ ᾼщ Ɏ 5-3 ц 5-4ɏҠכҏȲЄ (1046ᴍἂ) ֯

Җ 40⇔Ȳὧ 112⇔Ȳ֣ὧ⁮ Ȳү ắẞ ὧҖủ ȴ 

 

ד2003 5-2 1ѣ 7ѡ≡ ᾌ כ ẂȲּמ Ɫ≡  כ Ở ḇ  

§ 

§ 

 

§ 

§ 
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ד2003 5-3 1ѣ 6ѡ 2 ֮ щ  

 
ד2003 5-4 1ѣ 7ѡ 2 ֮ щ  

 

Ẃ 2ȸ2008ד 12ѣ 21ѡ ( 436) 

ױ ẂБὑ› ȲẔᾌ  כ Ɫ 5-1ȴֽ›Ἤ Ȳᾌ ὑ 2008

ד 12ѣ 21ѡ 18 0.66еѐ Ởכ Ȳὑ 22ѡ 10 4.63еѐȴᾌ כ

  ȲӂᶁḕЊ ᾌ ᾼכ  Ɫ 0.24еѐ/ Ȳ 22ѡ 4 ᾌ ᴟ 2.26

еѐȲ ∟ ҒȲὑ 22ѡ 10 4.63еѐȲ ЄḕЊ ᾌ ᾼכ  Ɫ

0.99еѐ/ ȴӦ ᾼщ Ɏ 5-5ц 5-6ɏ ӱȲצϚ ѡӐ Ἇᴫ

⁮ᾘᴼȲױ ὑ 22ѡ ү Җ Ȳ ҖѠצϚ 1062ᴍἂЄ ֯Җ
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43⇔Ȳὧ 115⇔Ȳ֣ὧ⁮ Ȳү ắẞ ὧҖủ ȴ 

 

ד2008 5-5 12ѣ 21ѡ 8 ֮ щ  

 

ד2008 5-6 12ѣ 22ѡ 2 ֮ щ  

 

Ẃ 3ȸ2010ד 2ѣ 11ѡ ( 510) 

ױ֯ ẂМȲӱἤᾌ 2ѣ11ѡ17ד2010֯ ≡ Ϡ9.4 כ  ( 5-7)Ȳ

0.43еѐכ ᴟ 4.05еѐȲᾌ  כ Ȳ ЄḕЊ ᾌ о ⁄Ɫ 1.25

еѐ/ ȴ ᾼщ Ɏ 5-8ц 5-9ɏ ӱȲ2ѣ 11ѡᴟ 2ѣ 12ѡצϚ

ү Җ ȲҫצϚ 1064ᴍἂЄ Ȳү Ӽắẞ

ὧҖủ ȴ 
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ד2010 5-7 2ѣ 11ѡ≡ ᾌ כ ẂȲּמ Ɫ≡  כ Ở ḇ  

 
ד2010 5-8 2ѣ 11ѡ 20 ֮ щ  

 
ד2010 5-9 2ѣ 12ѡ 2 ֮ щ  

 

§ 

§ 
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Ẃ 4ȸ2010ד 4ѣ 2ѡ ( 523) 

Ẃ 4ᾼӱἤᾌ ֯ ד2010 4ѣ 2ѡ 0 ≡ Ϡ כ 4.8  ( 5-10)Ȳ

0.65еѐכ ᴟ 3.17еѐȲᾌ  כ Ȳ ЄḕЊ ᾌ  כ ⁄Ɫ 1.32е

ѐ/ ȴ ᾼщ Ṇ Ɏ 5-11ɏ ӱȲ֯≡ ᾌ כ Ӣ›ȲӔצϚ

֣ү ȲҫצϚ 1034ᴍἂЄ ֯Җ 45⇔Ȳὧ 105⇔Ȳv ֯ ҡȲ

֣ὧ⁮ Ȳ 15еṭȴ ∟Ȳү ϭắẞ ⇔⁮ϯцὧҖủ

ȴ 

 

ד2010 5-10 4ѣ 2ѡ≡ ᾌ כ ẂȲּמ Ɫ≡  כ Ở ḇ  

 

 

ד2010 5-11 4ѣ 2ѡ 2 ֮ щ  

 

§ 

§ 
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Ẃ 5ȸ2005ד 10ѣ 8ѡ ( 270) 

ѡὑױ ᴎ Ӣ ṶԈȲ ᴎ ɦ  26 ɧ֯ ѡ 4

♂ ҏ ֯Ὼ ЊẪȲẔᵂ ȲЛ ҽ ᴖ Ȳ ở

  3֤М Џ Ȳ3֤ Џּ֪ז Ӣᴪ ϱ Ȳἅ ϱ ᾼ

Ȳ ở  ⁄ЛἅṝϺȴ 

ױ֯ МȲӱἤᾌ ֯ ד2005 10ѣ 8ѡ 0 ≡ Ϡ כ 4.9 Ȳ 0.55

еѐכ ᴟ 2.74еѐ( 5-12)Ȳᾌ Ӧ Ởכ ẞᾌ Ԛ 8Њ Ȳᾌ

Єכ  ⁄Ɫ 0.78еѐ/ Ȳ Ӣὑ 10ѣ 8ѡ 7 ᴟ 8 П ȴ ᾼщ Ṇ

ӱɎ 5-13ɏἬӱȲ֯≡ ᾌ כ Ӣ›ȲӔצϚ Ӕ֣ү Ȳ

∟Ȳү ϭắẞ ⇔⁮ϯцὧҖủ Ȳ ᾃ ᾼ╥ױщ

Ṇ ֯ ᴎ Ϸ Ӣ≡  ᾌȴ כ

 

ד2005 5-12 10ѣ 8ѡ≡ ᾌ כ ẂȲּמ Ɫ≡  כ Ở ḇ  

 

ד2005 5-13 10ѣ 8ѡ 4 ֮ щ  

§ 

§ 
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Ӧѿϱ ẂҠכҏ≡ ᾌ כ ᾼ щ Ṇ צ Ȳʌ ѩ 671≡

ᾌ כ Ӣ МҶ ᶝἬ Ӂщ щ ᾓ∟ȲҠכҏ֢ Ӣ

Ἤᴴ щ Ṇ ѻ Ɫắẞ ᴴ Є ᵐ ⁮ϯȳҬצ ȳ

ҬצЄ ᵐ ⁮ϯцὧҖủ щ Ṇ Ἤ ȴ 

 

5-3  ♂ иέ Ὠ 

5-3-1  ≡ ᾌ כ Ӣ Пщ ᾭᾓ 

5-14Ɫ ♂ ԓ 671 ≡ ᾌ כ ѣԌПиᵉȴױ

ӱ≡ ᾌѻ כ Ӣὑ╡ȳּו ҍủȲ ᵑ╥ 1ѣᴟ 3ѣѩẂ Ȳ ӱ≡

ᾌ כ ủ צ− …ȴӐѝМ╡ủ╥╓ϮѣᴟХѣȲ ủⱢгѣᴟϥѣȲּו

ủⱢϟѣᴟϫϚѣȲҍủⱢϫϡѣᴟ ᾼϡѣȴӦὑד 671 МצЛю ֯

≡ ᾌ כ Ӣ ѽ Ȳ ҟ ѥ ᾼ צ⁄ 377

ᶙ ȴ 5-14Ϸ ҏ 377 ПѣԌиᵉȲᶺ ҠכҏẔиᵉ ԓ 671

иᵉדᴿȴ 

 

 

5-14  1998-2012 ♂ П≡ ᾌ כ ὑ֢ѣԌиᵉ 

Ӑѝ ♂ ӱἤᾌד֢ ҳủ ᶙ ⇔цד⇔ ᶙ ⇔Ȳ

ῶ 5-1 ӱ ♂ М דȳ2002ד2001 ᶙ ⇔Ɫ 81%ȳ88%ȲⱢϠ

иέ Ὠᾼ‒ ⇔ȲӐѝ ᶙ ⇔ ᾼדԌ ԓ ѩ ȴӦῶ 5-1Ҡ

ҏכ ♂ ֯ 2010 ᴟד 2012 ד ᶙ ⇔ Ȳ╝ᶺ ԓ

(1998-2012) 671 ≡ ᾌПᴴ כ щ Ṇ (ῶ ᴟד2010 (5-2 ד2012 171

≡ ᾌПᴴ כ щ Ṇ (ῶ 5-3) ѩ ȴ  
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ῶ 5-1 ♂ ӱἤᾌד֢ ᶙ ⇔ 

 (%) דҍ(%) ԓ (%)וּ (%) (%) ╡ ⇔ד

  95  100  98  93  88 ד1999

  96  100  97  91  97 ד2000

  81  98  56  76  95 ד2001

  88  81  96  86  88 ד2002

  91  98  92  76  98 ד2003

  89  93  93  86  85 ד2004

  90  100  86  80  93 ד2005

  95  100  93  87  99 ד2006

  92  99  98  80  91 ד2007

  99  100  100  97  100 ד2008

  98  100  100  94  100 ד2009

  100  100  100  99  100 ד2010

  100  100  100  100  100 ד2011

  99  100  100  98  100 ד2012

֥  96  90  95  98  95  

 

Ӧῶ 5-2Ҡ῀ 671 ᾼ≡ ᾌ כ ẂМȲ Ӣ֯ҍủᾼצ 247 ȲẔМ

123 ҍủ щ ắẞЄצ ᵐ ⁮ϯᾼ Ȳ╝Є ᵐ ⁮ϯ╥ҍủ

Ӣ≡ ᾌ כ ᾼѻ Ȳ֪Ẕװ 112 ҍủ ╥ắẞ ṳᴴ Є

ᵐ ⁮ϯᾼ צ ȴ Ẃ Ӣֵװᾼủ Ɫ╡ủȲצ 195 ȲẔМắẞ

ṳᴴ Є ᵐ ⁮ϯᾼ ҜϠּפ 50% (95Ԉ)Ȳ֪ ױ ṳᴴ

Є ᵐ ⁮ϯ╥╡ủᾌ ≡ ᾼѻ כ Ȳ֪Ẕװ⁄╥Ҭצ

צ 51ԈȲצ 47Ԉ Ԉ╥ҬצắЄ ᵐ ⁮ϯ ȲҫצẒ Ԉצ ҵ

☼ȷ Ӣּ֯וủᾼ Ẃצ 172 ȲẔ Ӣ ֪ѻ ╥֪Є ᵐ ⁮ϯἬ (69

Ԉ)Ȳắẞ ѹᴴ Є ᵐ ⁮ϯ ᾼщ Ṇ (42Ԉ)Ȳҫצ 11ԈҬ

ắẞצ Ȳּוủᾼ ẂМצ 45 ╥֪ ҵ ☼Ἠ ᵅ

Ἤ Ȳצ 5 Ẃ╥ ֯ϝ ҙ вȷ ủ Ӣ≡ ᾌ כ

ᾼ юȲҬ᷄ẞ57 ẂȲẔ34 Ẃצᴴ ҵ ☼ᾼщ ᶮȲ

ҫצ 13 Ẃ╥ ֯ϝ ҙ вȲ╝ ҵ ☼Ἠ ╥

ủ Ӣᾌ ≡ ᾼѻ֪ȴѿϱⱢԓ כ ᴟד1998) Ἤ(ד2012 ᾼ≡

ᾌ כ щ Ṇ П …ȴ 
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ῶ 5-2 ♂ ᴟד1998 ד2012 671 ≡ ᾌПᴴ כ щ Ṇ  

 ԓ  ᴴ

Є ᵐ

⁮ϯ(F+H) 

Ҭצ

(F) 

ҬצЄ

ᵐ ⁮

ϯ(H) 

ҵ Ἠ

ᵅ

(TY/TD) 

ϝ

ҙ в

(TY7) 

╡ 195 95 51 47 2 0 

 57 1 7 2 34 13 

 5 45 69 11 42 172 וּ

ҍ 247 112 12 123 0 0 

1998-2012 671 250 81 241 81 18 

 
 

ῶ 5-3 ♂ ᴟד2010 171 ד2012 ≡ ᾌПᴴ כ щ Ṇ  

 ԓ  ᴴ

Є ᵐ

⁮ϯ(F+H) 

Ҭצ

(F) 

ҬצЄ

ᵐ ⁮

ϯ(H) 

ҵ Ἠ

ᵅ

(TY/TD) 

ϝ

ҙ в

(TY7) 

╡ 53 21 15 17 0 0 

 12 0 1 0 9 2 

 0 12 19 5 12 48 וּ

ҍ 58 18 1 39 0 0 

1998-2012 171 51 22 75 21 2 

 

Ӧῶ 5-3Ҡ῀Ȳ֯ ♂ ᴟד2010 )ד2012 ᶙ ⇔ ) 171 ᾼ

≡ ᾌ כ ẂМȲ Ӣ֯ҍủᾼצ 58 ȲẔМ 39 ҍủ ╥ắẞЄ ᵐ

⁮ϯᾼ ȲẔװ 11 ҍủ ᴴ Є ᵐ ⁮ϯצ Ȳ

╝ắẞᵐ ⁮ϯ ╥ҍủ Ӣ≡ ᾌ כ ᾼѻ ȴ֪ Ẃ Ӣֵװᾼủ

Ɫ╡ủȲצ 53 ȲẔМѿắ ᴴ Є ᵐ ⁮ϯ (21Ԉ)ѿ

цҬắẞЄ ᵐ ⁮ϯ (17Ԉ) ҜЄֵ ȷ Ӣּ֯וủᾼ Ẃ48צ Ȳ

Ẕ Ӣ ֪ѻ ╥֪Є ᵐ ⁮ϯἬ (19Ԉ)ȲẔװ╥֪ ᴴ Є ᵐ

⁮ϯ(12Ԉ)ц ҵ ☼Ἠ ᵅ Ἤ (12Ԉ)ȷ ủ Ӣ≡ ᾌ כ

ᾼ юȲҬ᷄ẞ 12 ẂȲẔ 9 Ẃצᴴ ҵ ☼ᾼщ ᶮȲ

ҫצ 2 Ẃ╥ ֯ϝ ҙ вȲ╝ ҵ ☼ц ╥

ủṿᾌ ≡ ᾼѻ כ ȴ֪ѿϱⱢ ♂ ᴟד2010 Ἤד2012 ᾼ≡ כ

 ᾌ щ Ṇ П …ȴ 

Ӧѿϱиέ Ὠ Ȳ ♂ ԓ ᾼ≡ ᾌ כ щ Ṇ

(ῶ 5-2)╥ ♂ ᴟד2010 ד2012 ᶙ ⇔ П≡ ᾌ כ щ
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Ṇ …(ῶ 5-3) Ȳ╝∟ ᶺ Ҡѿᵓӣ ♂ԓ ᾼ ẃи

έȴ 

ᶺ ҠѿӦ 5-15 ♂ ᾼ≡ ᾌ כ Ӣ֯ҍủἬᴾᾼѩẂ

ֵȲẔװⱢ╡ủцּוủȲ ủ Ӣ≡ ᾌ כ ᾼѩẂ юȴӦ 5-16 ῀

≡ ᾌ כ ӢЄֵ ╥ắẞ ᴴ Є ᵐ ⁮ϯᾼ ѿцҬ

ắẞЄ ᵐ ⁮ϯ ֵȴӦῶ 5-2 ῀Ȳ ҵ ☼ц И╥ ủ

Ӣᾌ ≡  ᾼѻ֪ȴ כ

Ӧ› иέᶺ Б − Є ᵐ ⁮ϯⱢ≡ ᾌ כ Ӣᾼѻ

֪Ȳ ẒṆ ᴾϠּפ 73%(ῶ 5-2ế 5-16)Ȳҫҵᶺ ᵡ╥כ Ẓщ Ṇ Ϛ

ứ ≡צ ᾌ כ Ӣȴᶺ иέ Пщד2012 Ȳ᷄ҏ֢ủ Ẓщ Ṇ

Ӣᾼ ṳ ≡ ᾌ כ ѩ (ῶ 5-4)Ȳᶺ Ҡכҏ֯ ♂ ד2012

ắẞщ Ṇ ֵ╥֯╡ủ(44Ԉ)Ȳצ 21 Ẃắẞ ᴴ Є

ᵐ ⁮ϯ ȲẔМ 9 Ẃ╥צ Ӣ≡ צᾌȲҫ כ 23 Ẃ╥Ҭắẞ

ȲẔМҬצ 3 Ẃ╥צ Ӣ≡ ᾌᾼȴắẞщ כ Ṇ װ

ֵᾼủ Ɫҍủ(15 Ԉ)Ȳ2012דҍủắẞ ᴴ Є ᵐ ⁮ϯ

Ԛצ 12 ẂȲẔМ 7 Ẃ╥צ Ӣ≡ ᾌȲҫҵ כ 3 Ẃ╥Ҭắẞ

ȲẔМ 1 Ẃ╥צ Ӣ≡ צủМԚוּדᾌȷ2012 כ 12

╥ắẞ ᴴ Є ᵐ ⁮ϯ ȲẔМҬצ 7 Ẃ╥צ Ӣ≡ כ

 ᾌȲҫּוủצ 2 װ ȲᵀꞋḥצ≡ ᾌ כ Ӣȷ2012ד ủắẞ

ᴴ Є ᵐ ⁮ϯ Ҭ᷄ẞ 2 ẂȲ֯ ủМṳḥ᷄צẞ֪

ᴴ Є ᵐ ⁮ϯ Ἤ Ӣᾼ≡ ᾌ כ ȴ Ӧѿϱиέ Ὠ Ȳ

ṳ‍Ἤצắẞ ᴴ Є ᵐ ⁮ϯ Ἠ╥Ҭắẞ Ꞌ

Ӣ≡  ᾌȴ כ

ῶ 5-4 ♂ ≡ד דᾌ כ Пщ Ṇ ῶ(צ≡ ᾌ כ ) 

 ԓ  ᴴ Є

ᵐ ⁮ϯ(F+H) 
Ҭצ (F) 

╡ 44(12) 21(9) 23(3) 

 2 0 2 

 2 (7)12 (7)14 וּ

ҍ 15(8) 12(7) 3(1) 

 75(27) 45(23) 30(4) 
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5-15 ♂ цד1998-2012 ≡ד2010-2012 ᾌ כ ủ Пиᵉ 

 

 
5-16 ♂ цד1998-2012 ≡ד2010-2012 ᾌщ כ Ṇ ѩẂ  

 

 

5-3-2  ♂ ≡ ᾌ כ Ẃ иέ 

Ӑѝ ≡ ᾌ כ Ӣ Ȳ ṶԈᾼᾌ  כ ȳ Ởӱἤᾌ ȳכ

 ∟ Єӱἤᾌ ȳᾌ  כ ȳכ  ȳᾌ ӂᶁכ  ȳᾌ ӂᶁḕЊ

 כ ȳᾌ Єכ  ἤ Ȳ ԝὑῶ  6-1ȴӐ ṷ

ᾼӂᶁ Є Њ ԝὑῶ 5-5 

иέ Ὠ ӱӂᶁ≡ ᾌ כ (duration)Ɫ 8Њ Ȳ   42Њ Ȳ

2Њ ȷӂᶁ Ởӱἤᾌ Ɫ 0.96 еѐȲ Є 4.18еѐȲ Њ 0.22еѐȷӂ

ᶁכ ∟ Єӱἤᾌ Ɫ 2.79еѐȲ Є 11.15еѐȲ Њ 1.5еѐȷӂᶁᾌ

 כ Ɫ 1.83еѐȲ Єכ  7.6еѐȲ Њ 0.76еѐȷӂᶁכ  Ɫ 3.2

Ȳ Єכ  15.5 Ȳ Њכ  Ɫ 2.0 ȷӂᶁᾌ  כ Ɫ 0.26е

ѐ/Њ Ȳ Є Ɫ 1.18еѐ/Њ Ȳ Њ Ɫ 0.06еѐ/Њ ȷᾌ Єכ 
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Ɫ 0.87еѐ/Њ Ȳ Є Ɫ 5.44еѐ/Њ Ȳ Њ Ɫ 0.18еѐ/Њ ȴ 5-17

ᴟ 5-23 ӱϱ иέ ὨȲᾌ  כ ѻ ╥ 6-8Њ ( 5-17)Ȳᴾצ 37%

ᾼ ẂȲẔװ╥ 4-6Њ Ȳᴾ 18%ᾼ ẂȲ8-10Њ Ȳ 10-12Њ иᵑⱢ 16%

6%ᾼ Ẃȷ Ởӱἤᾌ ֯ 0.5-1.0еѐ( 5-18)ѩẂ Ȳצ 57%Ȳ1.0-1.5

еѐ⁄צ 24%ȷᴟὑכ ∟ Єӱἤᾌ ѿ 2.0-2.5еѐ( 5-19)П 24% ֵȲ

1.5-2.0еѐᴾ 22%Ȳ2.5-3.0еѐᴾ 17%ȷᾌ  כ ѿ 1-1.5еѐП 33% ҏ

( 5-20)ȲẔװⱢ 1.5-2.0еѐ 2.0-2.5еѐȲ Ẓ иᵑᴾ 24% 16%ȷ

 כ֯ Ѡ ѿ 2-4 ӢȲᴾԓ 671 ẂП 78%Ȳכ  Ȳᴍи

ѩ ᵅ( 5-21)ȷᾌ ӂᶁכ  ѿ0.1-0.3еѐ/Њ ҏ Ȳּפᴾ70%( 5-22)Ȳ

ᴟὑᾌ ЄḕЊ  כ צ 28%֯ 0.4-0.6еѐ/Њ ȲẔװⱢ 24%֯ 0.2-0.4

еѐ/Њ ( 5-23)ȴ 

ῶ 5-5 ♂ 671 ≡ ᾌП כ  

  כ 
 

( ) 

Ởӱ
ἤᾌ  
(еѐ) 

Єӱ
ἤᾌ  
(еѐ) 

ᾌ  
 כ  
(еѐ) 

  כ
 

ᾌ ӂᶁ
 כ
(m/hr) 

ᾌ Є
 כ  
(m/hr) 

ӂᶁ  8 0.96 2.79 1.83 3.2 0.26 0.87 

Є  42 4.18 11.15 7.60 15.5 1.18 5.44 

Њ  2 0.22 1.50 0.76 2.0 0.06 0.18 

 

 
5-17  ♂ ≡ ᾌ כ иᵉ 
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5-18  ♂ ≡ ᾌ כ Ởӱἤᾌ иᵉ 

 

 

5-19 ♂ ≡ ᾌ כ Єӱἤᾌ иᵉ 
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5-20 ♂ ≡  כᾌ כ иᵉ 

 

 

5-21 ♂ ≡  כ иᵉ 
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5-22 ♂ ≡  כ иᵉ 

 

5-23  ♂ ≡  כ Є иᵉ 

5-3-3  ♂ ≡ ᾌ כ ᾭᾓП … 

(1) ≡ ᾌП כ ᾓ(ӱἤᾌ ) 

♂ 377 ≡ ᾌ כ П Ȳѿ≡ ᾌ כ Ở Ɫ Ȳ

Ẕ›∟ϥЊ ӱἤᾌ ᾼӂᶁ Ɏ 5-24ɏȲᶺ ≡ ᾌ כ

Ở›ӱἤᾌ ӂᶁ צ ϯ Ȳ֯ ≡ ᾌ כ Ở∟ӱἤᾌ ӂᶁ צ
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≡ Ғ Ȳ֯ Ӣ∟ҳЊ ӱἤᾌ ӂᶁ ẞ Ởᾌ Ẓ Ȳ Ӣ∟гЊ

ӱἤᾌ ӂᶁ Б 1.5еѐ ẞᶺ Ἤứ ᾼ≡ ᾌ כ П Ԉȴ 

 

5-24  ♂ ≡ ᾌ כ Ӣ›∟ 8Њ П ᾓ(ᾌ )  

(2) ≡ ᾌ כ П … 

ᶺ ♂ иέἬ ẞ≡ ᾌ כ 377 ᾼ ȲṼ›∟ϥЊ

ӂᶁц Ɏ 5-25ɏȲᶺ ≡ ᾌ כ Ở›ӂᶁ צ

ϱсᾼ Ȳ֯≡ ᾌ כ Ở∟Ȳ ӂᶁ ≡ ҒȲ֯≡ ᾌ כ

Ӣ∟ϡЊ Ở о Єȴ ᶺ ӂᶁ Ἃ ᴟ Ӣ›ϫϡЊ

( 5-26)Ȳ֯≡ ᾌ כ Ӣ›ϫϡЊ Ԛ᷄ẞ 335 Ȳ Ӣ›

ϥЊ (377 )Л֝ᾼ ֪ⱢẔМ42 ֯ Ӣ›ϫϡЊ ᾼ צ Ἤ

ȴ ѩ 5-25 5-26ᶺ ֯≡ ᾌ כ Ở›ϫϡЊ Ӽṳ

Ὑ оȲ╝∟ ᶺ Ҡѿᵓӣ≡ ᾌ כ Ở›ϥЊ ᾼ ẃ иέ

ᵛҠȴ 

 
5-25 ♂ ≡ ᾌ כ Ӣ›∟ 8Њ (377 )вПӂᶁ  
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5-26 ♂ ≡ ᾌ כ Ӣ›∟ 12Њ (335 )вПӂᶁ  

 

(3) ≡ ᾌ כ П … 

♂ 377 ≡ ᾌ כ П Ȳѿ≡ ᾌ כ Ở Ɫ Ȳ

Ẕ֢ ӂᶁ Ɏ 5-27ɏȲ Ὠ ♂ ֯≡ ᾌ כ

Ở›ϥЊ ᴟ›ҳЊ ȲẔ צ сᾼ ȲяẔѿ≡ ᾌ כ Ở∟

гЊ ȲẔ с Ḇᶶȴ֯ ♂ ≡ ᾌ כ ֯ и МȲẔ≡  כ

ᾌ Ở›ҳЊ Ȳ Ҡ Ӕ ү Ȳ֪ ױ ∟Ȳ ― ϱсȴ

ᴖ ᴖṕȲ≡ ᾌ כ П оṳЛ ȴ 

 

 

5-27 ♂ ≡ ᾌ כ Ӣ›∟ 8Њ П  
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(4) ≡ ᾌ כ П … 

5-28Ɫ ♂ 377 ≡ ᾌ כ П Ȳѿ≡ ᾌ כ Ở

Ɫ ȲṼ›∟ϥЊ ӂᶁц ȴӦ 5-28Ҡ῀Ȳ≡  כ

ᾌ Ở›ϥЊ ӂᶁ Ɫϯ Ȳᴟ≡ ᾌ כ Ở Ẕ ӂᶁ

ЊȲ ẞ≡ ᾌ כ Ở∟Ẕ ӂᶁ ϭ ЄȲᴟ≡ ᾌ כ Ở

∟гЊ ȲẔ ᴯ о Ɫ ЄȲ ӂᶁ Ӽс ᴟ ȴ 

 

 

5-28 ♂ ≡ ᾌ כ Ӣ›∟ 8Њ П  

(5) ≡ ᾌ כ ֣П … 

Ӑׁשṅҫиέ ♂ 377 ≡ ᾌ כ Ӣ›∟ᾼ Ȳ֣ṳ ẞ ♂

≡ ᾌ כ ֢ ֣иᵉɎ 5-29ᴟ 5-31ɏȴ ṷ ӱ֯≡ ᾌ כ

Ở›∟ϥЊ Ȳ ֣ꞋѿҖҖᴫ ᴟὧҖ ⱢѻȲѿ≡ ᾌ כ Ở

›ϥЊ ᾼ ֣ᾶ ⱢẂȲҖҖᴫᴟὧҖ Ҝפּ֣ 61%ẞ 71%П ȲẔ҃

ᴾפּ֣ 29%ẞ 39%П ȴT ҖҖᴫᴟὧҖП ֣ѩ ֯≡ ᾌ כ Ở∟Ȳ

⁄ᶶ Ғᴟּפ 84%ẞ 87%П ȲᴖẔ҃ ֣ᾼѩ ⁄֢֯ ד ᵅȴ 

ṅМⱢϠḆשׁ ♂ ᾼ Ȳ֣ʌ ≡ ᾌ כ Ӣ›ᾼ

Ἦ ᴟ›ϫϡЊ иέԚ 355 ( 5-32ᴟ 5-34)Ȳ֯ ≡ ᾌ כ Ở›

ϫϡЊ ᴟϡЊ ҖҖᴫᴟὧҖ Ҝפּ֣ 56%ẞ 72%П ȲẔ҃ Ҝפּ֣

28%ẞ 44%П ȴ֯≡ ᾌ כ Ở∟ȲҖҖᴫᴟὧҖ ֣ᶶ Ғᴟּפ
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75%ẞ 87%П ȴẔ҃ ֣ѩẂּפҜ 13%ᴟ 25%П ȴ 

ѿϱ ֣иέ Ὠ ӱ֯≡ ᾌ כ Ở›ϥЊ ế≡ ᾌ כ Ở

›ϫϡЊ Є Ȳ╝∟ ᶺ Ҡѿᵓӣ≡ ᾌ כ Ở›∟ϥЊ ᾼ

֣ ẃиέȴ 

 

5-29 ♂ ≡ ᾌ כ Ở›֢ ֣ᾶ  

 

5-30 ♂ ≡ ᾌ כ Ở ֣ᾶ  
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5-31 ♂ ≡ ᾌ כ Ở∟֢ ֣ᾶ  
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5-32 ♂ ≡ ᾌ כ Ở›ϫϡЊ ᴟϡЊ ֣ᾶ  
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5-33 ♂ ≡ ᾌ כ Ở ֣ᾶ  

 

5-34 ♂ ≡ ᾌ כ Ở∟ϡЊ ᴟϥЊ ֣ᾶ  
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5-4  ♂ ≡ ᾌ כ Ӣ› ֣ Ẃ 

֪Ɫ≡ ᾌ כ щ Ṇ Ɫד ȲӐѝ᷄ҏ֯≡ ᾌ כ Ӣ›

֣ о щ Ṇ П …Ȳֽϯ Ẃ Ὑȸ 

Ẃ 1ȸ2012ד 4ѣ 25ѡ( 634) 

5-35Ɫ ד2010 2ѣ 11ѡ≡ ᾌПᾌ כ Ȳᶺ Ҡכҏ֯≡

ᾌ כ Ӣ›ӱἤᾌ ṳḥצЄᾼ оȲᴖ ⁄╥֯≡ ᾌ כ Ӣ∟ 2Њ

Иצ Єᾼ оȴӦ 5-36Ҡכҏ֯ ד2010 2ѣ 11ѡ≡ ᾌ כ Ӣ›ᴟ≡

ᾌ כ Ӣ ֣Ɫᴫ Ȳ≡ ᾌ כ Ӣ∟ 4Њ ֣И ᴟҖ ȴӦ

ᾼщ ( 5-37ц 5-38)ҠכҏȲү ắẞЄ ᵐ ⁮ϯц ᾼ

ȴ 

 

 

ד2012 5-35 4ѣ 25ѡ≡ ᾌ כ Ẃӱἤᾌ ц  

 

 

ד2012 5-36 4ѣ 25ѡ≡ ᾌ כ Ẃ ֣ 
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ד2012 5-37 4ѣ 25ѡ 10 ֮ щ  

 

 

ד2010 5-38 4ѣ 26ѡ 10 ֮ щ  






















































































