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1. ╕ⅎ⅜⅝ 

 

 5 ╩ ⌐ ⌐ ∆╢ ה ⅜ ≢ ↕╣≡⅔╡⁸

10 3 ⌐│ ⌐╟╡₈ ⌐ ∆╢ ⅝₉⅜ ↕╣√⁹ ⁸ ⌐ ∆╢

⌐№√∫≡│⁸ │ ↄ⅛╠ ╩ ⌐ ╡ ╣╢⌂≥ ⌂ ≢

╡ ╪≢⅝√╙──⁸ ╩╕≤╘√ ⅜⌂™ ≢№∫√⁹∕↓≢⁸ 10

12 ⌐ ₈ ─ ⌐ ∆╢ ₉╩ ⇔⁸ ⌐ ℮

─ ⌂ ⌐≈™≡ ∆╢≤≤╙⌐⁸

⌐⅔↑╢ ╩ ≡⁸ ₈ ─ ₉⌐≤╡╕≤╘√⁹ 

 ≢│ ⌂ ⅜ ↕╣√⅜⁸ ≢│

⌐⅔↑╢ PSA ─ ⅜ ↕╣⁸ ⌐│ ⌐ ∆╢ ⌐≈™≡

╙ ─ ⅜ ⌂ ⌐№╢↓≤⅛╠⁸ ⌐ ⇔√ ⌐≈™≡

╩ ™⁸ ╩ ╢↓≤╩ ─ 1≈≤⇔≡⁸ 14 16 ⌐ ₈

─ ₉⁸ 18 20 ⌐ ₈ Ɫ◙כ♪

⌂╠┘⌐ ⌐╟╢ ─ ₉╩ ⇔⁸ ⌐⅔™≡ ╩

∫≡⅝√⁹ 

│⁸ ─ ה ─ ╩₈ Ɫ◙כ♪ ─ ₉≤⇔≡╕≤╘√

╙─≢№╡⁸ ⌐⅔™≡ Ɫ◙כ♪╩ ⌐ ∆╢ ⌐ ↕╣╢↓≤╩

≤⇔≡™╢⁹ Ɫ◙כ♪ ≤⇔≡⁸₈ ─Ɫ◙כ♪ ₉≤₈ ≢─Ɫ◙כ

♪ ₉─ 2≈╩ ℮↓≤╩ ≤⇔≡⅔╡⁸₈ ≢─Ɫ◙כ♪ ₉≢│⁸ ⅛╠ 50

─Ɫ◙כ♪ ╩ ℮↓≤╩ ≤⇔≡™╢⁹ 
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2. Ɫ◙כ♪ ─  

 

 Ɫ◙כ♪ PTHA Probabilistic Tsunami Hazard Analysis │⁸

⌐⅔↑╢ ↕≤ ─ ╩ ╘╢ ≢№╡⁸ ─ Ɫ◙כ♪

PSHA Probabilistic Seismic Hazard Analysis ─ ╩ ≤⇔≡⁸ ↕╣≡™╢

(2007)⁸ ה (2006)⁸Annaka et al. (2007) ⁸Geist and Parsons 

(2006)⁸Sugino et al. (2008)⌂≥ ⁹ 

 PSHA │⁸ ∆╢ ─ ⁸ ⁸ ⌐ ∆╢ ⸗♦ꜟ≤ ⅜ ⇔√ ⌐ ∂

╢ ⌐ ∆╢ ⸗♦ꜟ╩ ⇔≡⁸ ─ ≢ ─ ⌐ ─ ⅜

∂╢ ╩ ∆╢√╘─ ≢№╡⁸Cornell(1968)⌐ ╕╡⁸ ≢│ ⌂ ≤⇔≡

↕╣≡™╢⁹ 

PTHA │⁸PSHA ╒≥ ⌐⌂∫≡™⌂™⅜⁸ ╩│∂╘ ⌐ ∆╢

─ ⌐ ∆╢ꜞ☻◒─ ╛⁸ ─ ╩ ∆╢√╘⌐ ≤ ⅎ╠

╣╢⁹ 

PSHA ╙ PTHA ╙⁸ ╛ ⌐ ∆╢ ⅜ ⇔⁸∕─ ╩ ∆╢⸗♦ꜟ⅜ ∆

╢⌐≈╣≡ ∆╢╙─≢№╢⁹╕√⁸ ─№╢∆═≡─ ╩ ⇔⁸

╩ ⌐ ⇔≡™╢ ⅜ ⌂ ≤─ ⌂ ™≢№╢⁹ Ɫ◙כ♪ │⁸

uncertainty ─ ╩ ≤⇔≡⅔╡⁸ ⌐ ∆╢ ─ ╩ ⌐ ⇔⁸

─√╘─ ╩ ∆╢╙─≢№╡⁸ ≢─ ╩ ℮√╘─ ≤ ⅎ╠

╣╢⁹ 

⌂⅔⁸ ≢│⁸ ≢│ ⌐ ∆╢ ⅜ ≢№╢↓≤⅛╠⁸ ⌐

℮ ╛ ∆═╡⌂≥⌐ ∆╢ │ ≤⇔⁸ ⌐╟╢ ╩ ≤⇔√⁹ 

 

2.1 Ɫ◙כ♪ ─ ⌂ ╣ 

 

 ⌐ PTHA ─ ≤⌂∫≡™╢ PSHA ─ ╣╩ ⇔⁸ ⌐ PTHA ≢ ⅜ ╦╢⅛╩ ∆⁹

⌂⅔⁸PSHA ⌐ ⇔≡│⁸ ─₈ ─ ╩ ≤⇔√

2007₉─ ≢⅛⌂╡ ⌂ ⅜ ╦╣≡™╢⁹ 

PSHA ≢│⁸ ─ ⁸ ⁸ ⌐ ∆╢⸗♦ꜟ≤ ≤ ⅜ ⅎ╠╣√

⌐ ╛ ⁸ ☻Ɑ◒♩ꜟ⌂≥ ╩ ∆╢⸗♦ꜟ⅜ ⌐

⌂╢⁹ 

 ─ │ ⌐ ≤⇔≡⸗♦ꜟ ↕╣⁸ ─ ⸗♦ꜟ⅜ ™╠╣≡™╢⁹

Cornell(1968)≢ ™╠╣≡™╢ ≤ ─ ╩ 2.1-1⌐ ∆⁹ 

─⸗♦ꜟ ≢│⁸ ≢ ∆╢ ╛ ⌐ⱪ꜠כ♩ ─ ∂ ≢ ╡ ⇔

⇔≡⅝√ ─╟℮⌐ ≤⌂╢ ─ ⅜╒╓ ≢⅝╢

≤№╢ ─ ≢ ∆╢↓≤⅜ ≢⅝≡╙ ╘ ╩ ⌐

∆╢↓≤⅜ ⌂ ╩ ∆╢↓≤⅜ ⌐⌂∫≡™╢⁹
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↕╣√ ₁─ ─ ≢│ ─ ⅜ ≤ ↕╣╢⁹ 

─ ≤ ─ ≤⇔≡⁸ כ♃ⱥꜞה◓ꜟfiⱬ♥כ◓│≢ ⅜

™╠╣╢⅜⁸ ⅜ ╡ ⇔ ⇔≡™╢ ─ ⌐│ ─ⱴ◓♬♅ꜙכ

♪ ⌐ ∆╢⸗♦ꜟ⅜ כ♃ⱥꜞה◓ꜟfiⱬ♥כ◓⁹╢™≡╣╠™ │ ─ ≢ ⅎ

╠╣╢⁹ 

bMaN -=log  

↓↓≢⁸N │ⱴ◓♬♅ꜙכ♪M ─ ≢№╢⁹ ─ ─⸗♦ꜟ─ ╩ 2.1-2⌐

∆⁹ 

 ─ │ ⱳ▪♁fi ≢⸗♦ꜟ ↕╣≡™╢⅜⁸ ≢│ BPT Brownian 

 

2.1-1 Cornell(1968)≢ ™╠╣≡™╢ ≤  

2.1-2 ─ⱴ◓♬♅ꜙכ♪ ─⸗♦ꜟ ─  



 4 

Passage Time ╛ ⌐╟╢ ⅜ ™╠╣≡™╢⁹  

 ╩ ∆╢⸗♦ꜟ│ ⌐ ≢ ⅎ╠╣⁸ ┌╠≈⅝ │

≢⸗♦ꜟ ↕╣╢⁹ 

⌐ ∆╢⸗♦ꜟ≤ ⌐ ∆╢⸗♦ꜟ⅜ ⅎ╠╣√ ⁸ ─ a

╩ ⅎ╢ ɠ│ ≢ ↕╣╢⁹ 

ñññä ²= dMdHdRMPMHPHMRPRHMaAP
k

k ][][],[],,[nl  

↓↓≢⁸ │ ⁸ɢk│ ─ ⁸ ],,[ RHMaAP ² │⁸ⱴ◓♬♅ꜙכ♪ ⁸

↕ ⁸ ─ ⅜ ⇔√ ⌐ ↕⅜a╩ ⅎ╢ ⁸ ][MP │ⱴ◓♬♅ꜙ

♪כ ─ ⅜ ∆╢ ⁸ ][ MHP │ⱴ◓♬♅ꜙכ♪ ⅜ ⇔√ ⌐ ↕⅜ ≢№

╢ ⅝ ⁸ ],[ HMRP │ⱴ◓♬♅ꜙכ♪ ≢ ↕ ─ ⅜ ⇔√ ⌐ ⅜

≢№╢ ⅝ ≢№╢⁹ 

 ⱳ▪♁fi ╩ ∆╣┌⁸ ⌐╟╡ ɠ╩ t ⌐ a ⅜ ⌂ↄ≤╙ 1

∆╢ ];[ taAp ² ⌐ ∆╢↓≤⅜ ╢  

)exp(1];[ ttaAp l--=²  

⌂⅔⁸ ─ ╩ ⇔≡ BPT ╛ ╩ ™╢ ⌐≈™≡│ 4 ⌐ ∆⁹ 

⅜ PSHA ─ ─ ≢№╢⁹∕╣╩ ╕ⅎ≡ PTHA ≢ Ɫ◙כ♪ ╩ ∆╢

╣╩ 2.1-3⌐ ∆⁹ 

⌂ ╣│╒╓ ∂≢№╢⅜⁸ ─ │ ⌐╟╡ ─ ↕╩ ∆╢↓≤

⅜ ≢№╢⅜⁸ ─ │ ╛ ─ ⌂≥─ ⅜ ⌐ ™√╘⁸ ⌐

≢│ ⌐╟╡ ↕╩ ∆╢↓≤⅜ ⌐ ≢№╢⁹∕─√╘⁸ ⌐╟

╡ ↕─ ╩ ∆╢ ╩ ™╢ ⅜№╢⁹↓╣⅜ PSHA ≤ PTHA ─ ⅝⌂ ™

≢№╢⁹╕√⁸ Ɫ◙כ♪ ≢│ ─ ↕─ ─╖╩ ≤∆╢⅜⁸ Ɫ◙כ

♪ ≢│ ≤ ─ ⌐ ∆╢ ╩ ∆╢√╘⁸ ≤ ─ ⌐ ∆

╢Ɫ◙כ♪ ╩ ∆╢↓≤⅜ ⌐⌂╢⁹ 

2.1-3 ⌐│ ⇔≡™⌂™⅜⁸ ≤ │ ⌡ ╦∑ ⌂√╘⁸ ─ ╙ ∆╢

⅜№╢⁹╕√⁸ ⅜ ⌐ ⇔√ ⌐│⁸ ─ ⅜ ⌐ ╪≢™╢↓≤⅛╠⁸

≤ ⅜≥─╟℮⌂ ╖ ╦∑≢ ∂╢⅛ ≤ ─ ╩ ⌐ ∆╢

⅜№╢⁹↓╣╠⌐≈™≡│ 4 ⌐ ∆⁹ 
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2.1-3 Ɫ◙כ♪ ─ ╣ 

 

 



 6 

2.2 2 ─ כꜞ♠◒♇☺꜡≥  

 

 Ɫ◙כ♪ │⁸ uncertainty ─ ╩ ≤⇔≡⅔╡⁸∕─ ≢

╩ ℮√╘─ ╩ ∆╢╙─≢№╢⁹ 

─ PSHA ≢│⁸ ⌐⁸ ╩ ┌╠≈⅝ aleatory variability ≤

epistemic uncertainty ─ 2≈⌐ ↑≡ ⅎ≡™╢⁹ ┌╠≈⅝│⁸ ─ ╛

─┌╠≈⅝⁸ ↕─┌╠≈⅝─╟℮⌐⁸ ⌐ ⇔≡™╢⅜ ≢│

≤ ⅎ╠╣╢╙─≢№╡⁸ │⁸ ≢№╢⅛⌂™⅛≤™℮ ╛

∆╢ⱴ◓♬♅ꜙכ♪ ⌂≥─╟℮⌐ ⅜ ∆╣┌ ≢⅝╢⅜ ≢│ ⌂

╙─≢№╢⁹ ┌╠≈⅝│⁸Ɫ◙כ♪ ⸗♦ꜟ─ ≢ ↕╣╢┌╠≈⅝≢№╡⁸1 ─

Ɫ◙כ♪ ─ ≢ ↕╣╢⁹ │⁸Ɫ◙כ♪ ⸗♦ꜟ─Ɽꜝⱷכ♃

╛⸗♦ꜟ ⌐ ∆╢ ≢№╡⁸ Ɫ◙כ♪ ─┌╠≈⅝≤⇔≡ ↕╣╢⁹

╩ ∆╢ כꜞ♠◒♇☺꜡≡⇔≥ ⅜ ™╠╣≡⅔╡⁸ ⅜ ⅛╣╢

⌐ ⇔≡ ─ №╢™│ ⌂ ⅜ ↕╣╢⁹ ⌂ ⌐

⇔≡│ ─ ⇔↕─ ⌐ ≠⅝ ╖⅜ ↕╣╢⁹ 

╩ ∆╢↓≤│⁸ ⌐ ⇔√ ─ ╖ ╦∑⌐ ≠⅝⁸

╖ ╩ ∫√ Ɫ◙כ♪ ╩ ∆╢↓≤≢№╢⁹↓╣╩ ⌐ ℮√╘─

─כꜞ♠◒♇☺꜡≡⇔≥ ⅜№╡⁸∕─ │ ⱨꜝ◒♃▬ꜟ ↕╣╢⁹ⱨꜝ◒♃▬ꜟ

Ɫ◙כ♪ Ɽכ☿fi♃▬ꜟⱢ◙כ♪ │⁸Ɫ◙כ♪ ─ ⌐ ⇔≡⁸

꜠ⱬꜟ╩ ∆╙─≢№╢⁹  

⌐כꜞ♠◒♇☺꜡  ∆╢ ≤⇔≡⁸ ─ ╖ ╦∑⌐ ⇔≡Ɫ◙כ♪ ╩ ⇔

≡ ∆╢ ≤⸗fi♥◌ꜟ꜡ ⌐╟╡ ⌂ ─Ɫ◙כ♪ ─◘fiⱪꜟ╩ ⇔

∆╢ ⅜№╢⁹ ─ ╖ ╦∑⌐ ⇔≡Ɫ◙כ♪ ╩ ∆╢ │⁸ ─

⅜ ↄ⌂╢≤ ╖ ╦∑ ⅜ ⌐⌂╡∆⅞╢ ─ ╖ ╦∑ ─ ≤⌂╢ √╘⁸

⌐ ⌐⌂╢ ⅜ ™⁹ ⌐│ ⌐ ∆╢Ɫ◙כ♪ ╩ ⇔≡⅔⅝⁸∕

─ ╖ ╦∑╩ ╘╢ ⌐ ╩ ™⁸Ɫ◙כ♪ ─ ╖ ─ ╖─ ⌐ ∂≡◘

fiⱪꜞfi◓∆╢ ⅜ ≤ ⅎ╠╣╢⁹ 

 ⸗fi♥◌ꜟ꜡ ╩ ≤∆╣┌ ╩₈ ─ ₉ ⅎ┌ ╛

≢ ∆╢↓≤╙ ≢№╡⁸ ⌐₈ ⌂ ₉⌐∆╢ │⌂™⁹ ⌐₈

─ ₉╩ ╘╢≤⁸ ─Ɫ◙כ♪ ⅜ ≢⌂ↄ ⌐⌂╢⁹∕─√╘⁸ ─

Ɫ◙כ♪ ╩ 1 ↔≤⌐◘fiⱪꜟ≤⇔≡ ∆╢↓≤⅜ ⌐⌂╡⁸ ╩ ∆╢ ╩

⌐ ∆╢ ⅜⌂ↄ⌂╢⁹ 

 ≤ ⌐ ╩☺כⱷ▬─כꜞ♠◒♇☺꜡╢∆ 2.2-1 ⌐⁸

ⱨꜝ◒♃▬ꜟⱢ◙כ♪ ─ ╩ 2.2-2 ⌐ ∆⁹ 2.2-1(4)│ ─ ⌐ ⇔⁸

╩ ⌐ ⇔√╙─≢№╢⁹ 
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2.2-1(3) Ɫ◙כ♪  ☺כⱷ▬─כꜞ♠◒♇☺꜡─

A1

A2

A3

B1

B3

B2

C1

C2

C3

D1

D2

D3

A2B2C2D2

A2B2C2D1

A2B2C2D3

2.2-1(2) ⌐  ☺כⱷ▬─כꜞ♠◒♇☺꜡╢∆

A1

A2

A3

B1

B3

B2

C1

C2

C3

D1

D2

D3

A2B2C2D2

A2B2C2D1

A2B2C2D3

2.2-1(1) ⌐  ☺כⱷ▬─כꜞ♠◒♇☺꜡╢∆

A1
B1 C1 D1

A2 B2 C2 D2
A3 B3 C3 D3

A2, B2, C2, D1

A2, B2, C2, D2

A2, B2, C2, D3
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2
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-1
(4

) 
⌐
∆
╢

Ɫ
◙
כ
♪

꜡
☺
♇
◒
♠
ꜞ
כ
─
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2.2-2(1) Ɫ◙כ♪ ─ ─  

(a)     (b)     (c) ≤ 50 ─  

2.2-2(2) Ɫ◙כ♪ ─  
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3. ⸗♦ꜟ ─ ⅎ  

 

 ≢│⁸ 5 ≢ ╩ ≤⇔√ Ɫ◙כ♪ ─⸗♦ꜟ╩

⌐ ∆⁹ Ɫ◙כ♪ ─⸗♦ꜟ│⁸ ≢│ ⅝⌂ ⅜ ∂⌂™↓≤⅛╠⁸

─╖╩ ─ ≤⇔≡™╢⁹ 

 ⁸ ◘▬♩≢│⁸ Ɫ◙כ♪ ─⸗♦ꜟ⅜ ↕╣≡™╢⁹ ≤ ╩

⌐ ∆╢√╘⌐│⁸ ⸗♦ꜟ≤ ⸗♦ꜟ╩ ⇔≡ ≈─ ⸗

♦ꜟ⌐∆╢ ⅜№╢≤ ⅎ╠╣╢⁹ 

 ⸗♦ꜟ─ │ ⌐ ℮ ⅜№╢⅜⁸ ⌂ │ ─╟℮⌐ ⅎ╠╣╢⁹ 

ה ⌐ ⇔≡│ ─ ⅜ ≢№╡⁸⸗♦ꜟ ╙ ≢№╢≤ ⅎ╠╣╢↓≤

⅛╠⁸ │ ⸗♦ꜟ╩ ⌐∆╢⁹ 

ה ⌐ ⇔≡│⁸ ⌐ ╕╣⌂™₈ ₉─ ─ ╙ ≢⅝⌂™ ⅜ ™↓

≤⅛╠⁸ ≤⇔≡ ∆╢ ⅜№╢₈ ₉─ ╩ ∆╢⁹₈ ₉─

⅜ ─⸗♦ꜟ ≤ ⇔≡™╢ │⁸ ⸗♦ꜟ╩ ⌐∆╢⁹₈ ₉

─ ⅜ ─⸗♦ꜟ ≤ ⇔≡™╢ │⁸ ─⸗♦ꜟ╩ ⇔≡⁸

─ ╙ ⌂╟℮⌐ ∆╢⁹ 

 ⸗♦ꜟ⅜ ↕╣╣┌⁸ ─ ≢ ─ ─ ⅜ ⇔√ ⌐⁸ ⸗♦ꜟ╩

⇔⁸ ⌐╟╡ ─ ↕ ⅜ ≢⅝╢⁹ ↕─ ╙

№╢™│ fiכꜞ◓ ⁸ fiכꜞ◓ ╩ ™≡

≢⅝╢⁹∕─↓≤⌐╟╡ ≤ ─ ╩ ∆╢↓≤⅜ ⌐⌂╢⁹ 

 ─↓≤⅛╠⁸ ⸗♦ꜟ╩ ∆╢√╘⌐ ⸗♦ꜟ≤⇔≡ ⇔≡⅔ↄ ⅜№

╢─│⁸₈ ₉≢╙ ⅝⌂ ╩ ∂╢ ⅜№╢₈ ₉⌐ ∆╢⸗♦ꜟ⁸ ⅜ ⅎ

╠╣√ ─ ↕ ─ ⁸ ⌐ ∆╢ ≤ ╖≤ ⅎ╠╣╢⁹ 

 

3.1 ─⸗♦ꜟ  

 

 ⌐ ⇔≡⸗♦ꜟ ⇔⌂↑╣┌⌂╠⌂™ │ ─ ╡≢№╢⁹ 

ה  ⅜≥─ ≢ ∆╢─⅛  

⌂℮╟─≤ה  ─ ⅜≥─╟℮⌂ ≢ ∆╢─⅛ ⱴ◓♬♅ꜙכ♪  

⌂℮╟─≤ה  ≢ ∆╢─⅛ ≤┌╠≈⅝  

≈─ ≢ ─ ⅜ ∆╢ │ ─ 3 ╩ ∆╣┌╟™⅜⁸ ─

☿◓ⱷfi♩⅜№╡⁸№╢ ⌐│ ≢⁸№╢ ⌐│ ─☿◓ⱷfi♩⅜ ⇔≡ ∆╢╟

℮⌂ ⌐│╙℮ ⇔ ⌐⌂╡⁸ 

ה  ☿◓ⱷfi♩⅜≥─╟℮⌂ ≢ ∆╢─⅛ 

ה  ⌐ ∆╢☿◓ⱷfi♩─ ╖ ╦∑⌐│≥─╟℮⌂╙─⅜№╢─⅛ 

ה  ⌐ ∆╢☿◓ⱷfi♩─ ╖ ╦∑│∕╣∙╣≥─╟℮⌂ ≢ ∆╢─⅛ 

ה  ⌐ ∆╢☿◓ⱷfi♩─ ╖ ╦∑│∕╣∙╣≥─╟℮⌂ ─ ╩≥─╟℮⌂
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≢ ∆╢─⅛ 

╩ ∆╢ ⅜№╢⁹ 

 

(1)  

 ⌐ ⇔≡│⁸ ⌐ ⅜ ⇔≡™╢ ⌐│№╕╡ ⅜⌂™⅜⁸♥◒♩♬◒

☻ ⌐ ╣┌ ∂╟℮⌂ ≢№╢⅜⁸ ⅜ ⇔≡™╢ ≤∕℮≢⌂™ ⅜№╢

⌐│ ≢⌂™⁹↓─╟℮⌂ │⁸ ™─ ╛ ─ ⌐ ╠╣╢⁹↓

─╟℮⌂ ⌐ ≢כꜞ♠◒♇☺꜡│≡⇔ ∆╢─⅜ ≤ ⅎ╠╣╢⁹ 

 ™─ ╛ ⁸⅔╟┘ ⌂≥≢│⁸ ⅜ ∆╢

⅜ ⌐ ↕╣≡™╢ ╩╕√™∞ │⌂™ ⅛⁸№╢™│ ⇔≡™╢⅛⅜ ⌐⌂

╢⁹↓─╟℮⌂ ⌐ ≢כꜞ♠◒♇☺꜡╙≡⇔ ∆╢─⅜ ≤ ⅎ╠╣╢⁹ 

 

(2) ⱴ◓♬♅ꜙכ♪  

 ⌐╟╢₈ ₉≢│ ─ⱴ◓♬♅ꜙכ♪╩

≈─ ⌐ ⇔≡™╢⅜⁸ ⌐│ ≈─ ⌐ ↕╣⌂™≤ ⅎ╠╣╢↓≤⁸╕√ ⌐ ⇔

≡ⱴ◓♬♅ꜙכ♪─ ⅜ ⅝™↓≤⅛╠ⱴ◓♬♅ꜙכ♪─ ╩ ⅎ╢⁹ 

 ⱴ◓♬♅ꜙכ♪─ ⅜ 0.3 │№╡∕℮⌂↓≤╩ ♩ꜝⱨ─ ⌐⅔↑╢∆═╡

─ ⅜ ⇔≡™╢⁹ ♩ꜝⱨ ™ ─☿◓ⱷfi♩ ╩ 3.1-1 ⌐⁸ ⌐⅔↑╢

∆═╡ ─ ╩ 3.1-1⌐ ⅜♃כ♦⁹∆ ⌂ ─ 3 ─◘▬◒ꜟ≢⁸∆═╡ ─ │

2☿◓ⱷfi♩≢ 1.6 ⁸ 4☿◓ⱷfi♩≢ 2.1 №╢⁹ ⅜ ∂ ⁸∆═╡ ⅜ 2 ⌐

│♪כꜙ♅♬◓ⱷfi♩ⱴכ⸗⁸≥╢⌂ 0.2 ⅝ↄ⌂╢⁹ 4 ☿◓ⱷfi♩≢─ ⅛╠╖≡⁸ⱴ

─♪כꜙ♅♬◓ ⅜ 0.3 │№╡∕℮≤ ⅎ╠╣╢⁹ 

 ⱴ◓♬♅ꜙכ♪─ ⌐ │№╢≤ ╦╣╢⅜⁸╒╓ ∂ ⅜ ⇔√≤ ⅎ╠╣╢

─ ─ ╩ 3.1-2⌐ ∆⁹ⱴ◓♬♅ꜙכ♪ │ 0.3 0.6 ─ ⌐ ⇔

≡™╢⁹ 

 ─↓≤⅛╠⁸ⱴ◓♬♅ꜙכ♪─ ≤⇔≡ ⌐ 0.3≤ 0.5╩ ⇔√⁹ │

⌐╙⁸ ╛ ⌂≥⅜ ⅎ╠╣╢⅜⁸№╕╡ ⅛⌂ │ ≤ ⅎ≡⁸

≤⇔√⁹ 

 ⱴ◓♬♅ꜙכ♪ ╩ ╘╢√╘⌐│⁸ ─ ─ ⅜ ─≥↓⌐ ⇔≡

™╢⅛╩ ╘╢ ⅜№╢⁹ ⌐ ⇔≡ ⅜≤╡℮╢ ╩ 3.1-2 ⌐ ∆⁹

≢ 8 ─ ⅜№╢⅜⁸ ⌐ ╘╢─│ ≢כꜞ♠◒♇☺꜡⁸≢─⌂ ∆╢─⅜

≤ ⅎ╠╣╢⁹╕√⁸ 3.1-2─ ─ 3 │⁸ ─ ⅜ 1 ⇔⅛⌂™≤⅝─ ≤⇔

≡ ∆╢ │№╢⅜⁸╟╒≥─ ⅜⌂™ ╡ ⌐↓℮∆╢ ⅜⌂™ ╡ ⁸▪fi◔כ

♩─ ≢│ ≤∆╢↓≤⅜≢⅝╢⁹ 

 

(3) ≤┌╠≈⅝ 

 │₈ ─Ɫ◙כ♪ ₉⌐╙₈ ≢─Ɫ◙כ♪ ₉⌐╙ ≢№
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╢⅜⁸┌╠≈⅝│₈ ≢─Ɫ◙כ♪ ₉∞↑⌐ ≢№╢⁹ 

 

≤ BPT  

 ─ ─⸗♦ꜟ │ ╛ BPT Brownian Passage Time 

⌐╟╡ ╦╣╢⁹ │ ≢№╢⁹BPT │ ⌐№╕╡⌂∂╖⅜⌂™⅜⁸

─₈ ⌂ ─ ⌐≈™≡₉ 2001 6 ⌐⅔™≡⁸₈

⅜ ⇔╛∆™≤™℮ ⅛╠ ⇔≡™ↄ↓≤⅜ ≢№╢≤ ⅎ╠╣╢₉≤

≠↑↕╣≡™╢ ≢№╢⁹ 

 BPT │⁸₈ⱪ꜠כ♩ ⌐╟╢ ⌂ ⌐⅔™≡⁸ ∆╢ ≢─

─♩ⱬfi▬כ꜡☻╛ ⌂≥Ⱪꜝ►fi ≤⇔≡ ↕╣╢ ─ ⅜ ╦╢ ≢⁸

⅜ ⌐ ⇔⁸ ⅜ ∆╢ ⅜ ∆╢ ₉≤™℮ Ⱪꜝ►fi

╩ ╕ⅎ√⸗♦ꜟ≢№╡⁸ ≢ ∆╢≤ ─╟℮⌐⌂╢ Ellsworth et al. (1999)  ⁸

Matthews et al. (2003 )⁹ 

Y(t)=ɠ t ə W(t)  

↓↓≢⁸Y(t)│ ⁸t │ ⌐ Yf⌐ ⇔≡⅛╠─ ≢№╡⁸Y(t)⅜ Yf⌐ ∆╢≤

⅜ ⇔⁸Y ≤™℮ ⌐ ∟╢⁹ɠ t ⅜ ⌂ ⌐╟╢ ⁸ə W(t)⅜ ─

⌐╟╢ ≢№╢⁹W(t)│ ⌂Ⱪꜝ►fi ⁸ə│ ≢⌂™ ≢№╡⁸ə2 │ ≤

┌╣╢⁹ 

 ⌐ Yf⌐ ⇔≡⅛╠ ⅜ ⇔≡⅛╠ ⌐ Yf⌐ ∆╢ ⅜ ∆╢ ╕≢─

t ─ ⅜ Brownian Passage Time ≤ ┌╣╢⁹ ─ │ ─ ≢

ⅎ╠╣╢⁹ 

{ } { })2()(exp)2(),;( 222
1

32 ttttf mampamam --=  

↓─ ─ │ɡ⁸ │(ɡɖ)2≢№╢⁹╕√⁸ɠ╛ə≤ ─ ⅜№╢⁹ 

lm )( 0YYf -=  

{ }2
1

0)( lda YYf -=  

32

0)( ldYYf -=  

⌂⅔⁸BPT │⁸ ─ ≢│⁸ ●►☻ ╛꞉ꜟ♪ ≤╙ ┌╣⁸ ─ ╛

─ ⌂≥⌐ ↕╣≡™╢⁹ 

 BPT ─ │ ─ ╡≢№╢⅜⁸ ⌐│ BPT ≤ ⌐│ ⅝⌂ ™

│⌂™⁹∕─ ╩ 3.1-3⌐ ∆⁹ 

 ─ ⅜♃כ♦─ №╢ ⁸ ─ │ 

ä
=

=

n

i

i

n

T
m

1

ln
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≢№╡⁸BPT ─ɡ │ 

ä
=

=

n

i

i

n

T

1

m  

≢№╡⁸≥∟╠╙ ⌐╟╡ ╘╠╣╢⁹ 

 ─┌╠≈⅝╩ ∆╢─│⁸ ≢│ ɨln⁸BPT ≢│

ɖ≢№╡⁸ ─ɨln│ 

ä
=

-
=

n

i

i

n

mT

1

2

ln

)(ln
s  

BPT ─ɖ│ 

1
1

1

2 -=ä
=

n

i

i

n

T
ma  

⌐╟╡ ╘╠╣╢⁹ ⌐╟╢ ╩ 3.1-3 ⌐ ∆⁹ɨln ─ ⅜ ⇔ ↕

™⅜ │╒≤╪≥ ∂≢№╢⁹↓─ ⅛╠│┌╠≈⅝─ │ 0.2 0.4 ≢№╢⁹WGCEP(1995)

│◌ꜞⱨ◊ꜟ♬▪⌐⅔↑╢ ⌐⅔™≡ɨln╩ 0.5±0.2≤⇔≡™╢⁹↓╣╠─ ⅛╠⁸┌╠≈

⅝⌐ ∆╢ ≤⇔≡│ 

     0.2⁸0.3⁸0.4 

⅜ ≤ ⅎ╠╣╢⁹ 

 

─ ─  

 ─ ⌐♃כ♦⅜ ≠™≡™╢ ⌐│ ⌐ ≠⅝ ╩ ∆╢─⅜

≢№╢⁹ 

─ ─ ⅜ ≢ ⅜ xo─ ⁸xo x─ │♀꜡⁸ │ 

n

s
 

≤⌂╢⁹ɨ│ ─ ≢№╢⁹ ♃כ♦─ ⅜ ⌂™↓≤⅛╠⁸ ≤⇔≡

⇔√ ⌂ ╩ ♃כ♦⁸┌╣™ ⌐ ∂√ ─ ⅜ ≢⅝╢⁹ 

 ≢ ╩ Tm ≤⇔⁸ ⅜♃כ♦─ 1 ─ ⁸┌╠≈⅝⌐╟╡ ─

± ─ │ 

     ɨln 0.2─ 0.82Tm 1.22Tm 

     ɨln 0.3─ 0.74Tm 1.35Tm 

     ɨln 0.4─ 0.67Tm 1.49Tm 

⅜♃כ♦⁸⇔╙⁹╢⌂≥ 5 №╢≤∆╢≤ 

     ɨln 0.2─ 0.91Tm 1.09Tm 

     ɨln 0.3─ 0.87Tm 1.14Tm 

     ɨln 0.4─ 0.84Tm 1.20Tm 

⅜♃כ♦⁸╡⌂≥ 1 ─ ╟╡╙ ─ ⅜ ↄ⌂╢⁹ 
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ⱳ▪♁fi≤⇔√ ─  

 ⅜ⱳ▪♁fi≤⇔≡ ⅎ╠╣╢ ♃כ♦╙ ≢ ╕╢ ─ ⌐ ≠™

≡⁸ ╩ ∆╢↓≤⅜ ≢№╢⁹ 

 ⱳ▪♁fi ─ │ ⅜ ⅝ↄ⌂╢≤ ⌐ ⇔ↄ⌂╡⁸ X─

│ 

XX°  

≢ ↕╣╢⁹X ⅜ ↕™ ─ │ Weichert(1980)⌐╟╡ ⅎ╠╣≡™╢⁹∕╣╩ 3.1-4

┘ 3.1-4⌐ ∆⁹ 

 ⅎ┌⁸400 ≢ 3 ─ ⅜ ⇔≡™╢ ⁸3 ─ │ 3.1-4⅛╠ 1.37 5.92

≤⌂╢⁹↓╣│ ⅜↓─ ─ ⌂╠┌⁸400 ≤™℮ ≈─◘fiⱪꜟ≢ 3

∆╢↓≤⅜ ⅎ╠╣╢≤™℮↓≤≢№╢⁹↓╣╩ ∆╢≤⁸ ─ │

68 292 ≤⌂╢⁹ 

 

(4) ⌐ ∆╢⸗♦ꜟ 

♩ꜝⱨ ™─ ≢│⁸ ⌐ ∆╢☿◓ⱷfi♩─ ╖ ╦∑⅜ ⇔≡™╢⁹↓─

╟℮⌂ │ ╛ ה ≢╙ ╠╣╢⁹ ≢│⁸ ─ ≤ ╡─

⅜ ⇔≡ ∆╢ ╛ ₁⌐ ∆╢ ⅜№╢↓≤⅜ ↕╣≡™╢⁹ ה ≢

│⁸400 500 ─ 6 ⌐ 1 ─ ≢⁸ ≤ ─☿◓ⱷfi♩⅜

⇔√ ⅜ ⇔≡™╢≤ ↕╣≡™╢⁹↓─╟℮⌂ ─ ╩ 3.1-5 ⌐ ∆⁹↓℮⇔

√⸗♦ꜟ╩WGCEP(1995)│◌☻◔כ♪⸗♦ꜟ ⸗♦ꜟ ⁸ ה (2000)│ ☿◓ⱷ

fi♩⸗♦ꜟ≤ ╪≢™╢⁹ 

 ⌂ │ ─ ⅛╠ ∆╢↓≤⅜ ≤ ⅎ╠╣╢⅜⁸₈

≢─Ɫ◙₉♪כ─ ⌐⅔™≡⁸ ╖ ╦∑↔≤─ ╩≥─╟℮⌐ ∆╢⅛≤™℮

│ ⇔≡™⌂™⁹ ☿◓ⱷfi♩─ ⅜⁸ ☿◓ⱷfi♩─ ≤┌╠≈⅝⁸

⅛╠ ╘╠╣╢≤⇔≡⁸∕╣╩☿◓ⱷfi♩─ ╖ ╦∑ ─ ⌐₈ ₉∆

╢ ⅜ ≢№╢⁹ 

⌐╟╢₈ ₉≢│ 

  ᵑ ⌐ ⌐ ∆╢ ╩ ╘╢ 

  ᵒ ╘√ ⌐ ─ ⌐ ≠ↄ ╩⅛↑╢ 

≤™℮ ╩ ™≡™╢⁹ 

WGCEP(1995)≢│ 

  ᵑ ⱴꜟ♅☿◓ⱷfi♩ ⌐│ ─ ─ ╩ ⅎ╢ 

    T ⌐ ⇔≡™╣┌ 0.5n/T ╩ ⅎ╢ 

  ᵒ ◦fi◓ꜟ☿◓ⱷfi♩ ⌐│ ─ ╩ ⅎ╢ 

  ᵓ ╡─ │ ⅜ ⌐⌂╢╟℮⌐⁸ ⅝⌂ ╩ ⇔≡⁸ ∆╢ 

≤™℮ ╩⇔╘⇔≡™╢⁹ 
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ה  2001 ≢│⁸WGCEP(1995)╩ ∆╢ ≤⇔≡ 

  ᵑ ⱴꜟ♅☿◓ⱷfi♩ ⌐│ ─ ─ ╩ ⅎ╢ 

    T ⌐ ⇔≡™╣┌ 0.5n/T ╩ ⅎ╢ 

  ᵒ ◦fi◓ꜟ☿◓ⱷfi♩─ ⌐│ ⌐ ⌐⅔™≡◦fi◓ꜟ≢ ⇔√ ╩

⅛↑√ ╩ ⅎ╢⁹ 

  ᵓ ╡─ │ ⅜ ⌐⌂╢╟℮⌐⁸ ⅝⌂ ╩ ⇔≡⁸ ∆╢ 

≤™℮ WGCEP ╩ ⇔≡™╢⁹ ה 2001 ⌐╟╢ ⁸ ⁸

─ ╖ ╦∑ ─ ⌂ ─ ╩ 3.1-5⌐ ∆⁹ 

 ⌂⅔⁸ ה 1998 │ ╩ ⅎ╢ ⅎ ╩ ⇔≡™╢⁹ ─ ⅜ ☿◓ⱷfi♩

─ ╩ ∆╢╟℮⌐ ╩ ╘╢─⌐ ⇔⁸ ה 1998 ─╟℮⌐ ─

╩ ⅎ╢≤ ☿◓ⱷfi♩─ │ ∏⇔╙ ↕╣⌂ↄ⌂╢⁹ 

 ⌐⁸ⱴꜟ♅☿◓ⱷfi♩ ─ⱴ◓♬♅ꜙכ♪╩≥℮ ╘╢⅛≤™℮ ⅜№╢⁹ 

☿◓ⱷfi♩─ ─ ⅝↕⅜ ⌐№╕╡ ⇔⌂™ ⌐♪כꜙ♅♬◓ⱷfi♩ⱴכ⸗⁸│

⇔≡│ ─♩ⱷfiכ⸗ ⇔ ╦∑⅜ ⌂─≢⁸ ☿◓ⱷfi♩─⸗כⱷfi♩ⱴ◓♬♅ꜙכ♪

╩ ⇔⁸∕╣╩ ⇔№╦∑╢↓≤⌐╟╡ⱴꜟ♅☿◓ⱷfi♩ ╩♪כꜙ♅♬◓ⱷfi♩ⱴכ⸗─

∆╢↓≤⅜ ≤ ⅎ╠╣╢⁹ ♩ꜝⱨ ™│↓─Ɽ♃כfi─ ⅜№╢≤ ⅎ╠╣╢⁹ 

 ☿◓ⱷfi♩─ ─ ⅝↕⅜ ⌐╟╡ ⅝ↄ ╦╢ ⌐│⁸ ☿◓ⱷfi♩≤│ ⌐⸗

─♪כꜙ♅♬◓ⱷfi♩ⱴכ ╩ ∆╢ ⅜№╢⁹ ה │↓─Ɽ♃כfi⌐ ™≤

ⅎ╠╣╢⁹ 
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3.1-1 ♩ꜝⱨ ™ ─☿◓ⱷfi♩  

 

 

3.1-1 ♩ꜝⱨ ™─ ─∆═╡ ─  

 


