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│∂╘⌐ 

( ─ ─ ה ⌐ ∆╢ ) │⁸

⅛╠ ╕≢⁸ ─ ≤⇔≡ ⇔√╙─≢№╢⁹ 

─ ⌐№√╢ ─ │⁸↓╣╕≢─ ─≤╡╕≤╘≤⌂╢╟℮⁸

╕≢─ ┘ ╩ ⌐ ⇔⁸ ─ ┘ ╩ ⌐≤╡╕≤

╘╢⁹⌂⅔⁸ ⅛╠ ⌐ ∫√ ─ ⌐≈™≡│⁸ ╣╩ ⅛╡╛∆ↄ∆╢ ⅛

╠⁸ ⌐ ╘√⁹ 

 

1.  ─  

1.1.  ┘  

⁸ ─ │ ⇔⁸50 ─ ⇔√ ⅜ ─ ╩

╘╢↓≤⅛╠⁸ ─ ╛ ─ │ ⌐ ═≡ ⇔⁸ ⁸

⇔≡™╢ ╛ ⅜╙√╠∆ ╛ ⌐╟╢ ╩ ה ∆╢╙─≤⇔≡⁸

─ ─ ה ⌐ ∆╢ ─ │ ╕∫≡™╢⁹ ≢⁸ ─

│ ⌐ ∆╢╙─≢№∫≡⁸ ─ │ ─ ⌐ ⇔⌂™≤™℮

⌂ ╙№╢⁹ 

↓─╟℮⌂ ╩ ╕ⅎ⁸ ─ ─ ╛ ⌐ ∆╢ ↄ ⌂ ╩ ⇔⁸

─ ∆╢ ─ ⌐ ∂√ ─№╡ ─ ⌐╙ ∆╢╟℮⁸

⌐⅔™≡│⁸ ─ ─℮∟ ⌐ ╛ ⌐ ∆╢

⌐≈™≡ ⌐ ∆╢≤≤╙⌐⁸ ─ ⌐ ℮ ╛⁸ ⁸ ─ ⌐╟╡

⌂╢ ─ ∕╣∙╣⅜ ∆╢ ─ ⌐≈™≡ ╩ ™⁸╕√⁸∕╣╠─

╩⁸ ─ ⌐ ∆╢ ─ ≤ ╠⇔ ╦∑⌂⅜╠ ⅛╡╛∆ↄ ⇔⁸

╩ ℮↓≤╩ ≤⇔≡ ∆╢⁹ 

1.2.  ─  

─ │⁸ ─ ≢№╢ 2020 ⌐⁸ ─ ─ ⌐

╢ ─ ─ ╛ ה ─ ⌐ ∆╢꜠ⱦꜙכ 2.1.1 ╩ ™⁸ ─ ≠

↑╩ ⌐⇔√ ≢⁸ ─≤⅔╡ ⇔√⁹ 

ה · ה ≤™℮ ─ ⌐ ⌐ ╢ ╩ ⌐ ∆╢ ╩

⇔⁸ ─ ╩≤╡╕ↄ ⌂ ┼─ ⌐ ∆╢╙─≤∆╢⁹ 

· ≈─ ⁸ ⁸ ⁸ ⌐≈™≡ ╩

℮⁹ 

· ♄ⱶ ⁸ ─ ─№╢ ╩ ≤⇔≡ ⌂ ╩ ℮⁹ 

· ─ ⌐ ╩ꜟ♦⸗fiꜛ◦כ꜠ꜙⱵ◦╢№≢ꜟכ♠⌂ ∆╢⁹ 

· ─ ⌐ ∆╢ ⌂ ה ─ ╩ ≤⇔≡ ∆╢ │⁸

⌐ ╦╢ ╛ ╩ ≤⇔√ ≤∆╢⁹ 
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1.3.  ┘ ─  

⌐⅔↑╢ ┘ ⅛╠ ╕≢⌐⅛↑≡─ ─ ╩  1-1

⌐ ∆⁹ 

 

 1-1  ⌐⅔↑╢ ┘ ─  

│⁸₈ ─ ─ ה ₉≤₈ ─ ⌐ ╢

─ ₉─ ⅝ↄ ≈─ ≢ ↕╣╢⁹ 

─ ⌂ │⁸ ⸗♦ꜟ╩ ™√ ┘ ≢№╢⁹ ⌐≈™≡│⁸

─ ╛ ≤ ─ ⌐ ∆╢ ╩ ℮√╘⁸  1-1─ 1-a 1-g

─ ≈─ ⌐ ∆╢ ╩ ⇔√⁹ │⁸ ─ ╛ ⸗♦ꜟ─ ╩ ╢

√╘─ ─♃כ♦⌂ ╩ ⌐ ⇔√⁹ ⁸ ⌐ ⇔√ ╛

⌐ ∆╢ ┘∕╣╠⌐ ∆╢ ─ │⁸ ┼

╩ ™ ⇔√⁹ 

│⁸ ─ ╩ ╕ⅎ√ ─ ⌐≈™≡⁸ ╛ ╩ ⌐ ─

⅛╠ ╩ ⇔⁸ ─ ╡ ╖⌐ ╢╕≢⁸ ⌐ ⌂ ─ ╩

⇔√⁹ 

╕√ ↔≤⌐⁸ ⇔√ ╛ ─ ╩≤╡╕≤╘╢√╘─₈ ─

₉╩ ℮≤≤╙⌐₈ ≤╡╕≤╘₉╙ ⇔√⁹ 
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2.  ─ ┘  

2.1.  ⸗♦ꜟ ה ⌐ ╢  

2.1.1.  ─ ╩ ╢ ─ ⌐ ∆╢꜠ⱦꜙכ 

─ ≢№╢ 2020 │⁸ ─ ─ ⌐ ╢ ─ ─

╛ ╛ ─ ⌐≈™≡ ⇔⁸ ─ ≠↑╩ ∆╢√╘─꜠ⱦꜙכ╩

∫√  2-1 ⁹ 

⌐╟╢≤⁸ ⅛╠ 12 2000 ⌐⅛↑≡│⁸ ⇔√ ≤ ⌐╟╢

╩ ⇔√⁸™╦╝╢ ─ ⌐╟╢ ─ ⅜ ≢№∫√⁹ ™≢⁸

13 ⁸23 ─ ≢│⁸ ⌂ ≢│Ⱨכ◒ │ ⅝ↄ│ ≢

⅝⌂™↓≤╛⁸ │ ─ ⌐ ╢≤↓╤⅜ ⅝™ ≤™∫√↓≤⅜ ∂╠╣╢

⌂≥⁸ ─ ⅜ ╩ ↑⁸↕╠⌐ │⁸ ≢ ─ ⌐ ℮ ─

╛ ⌐╟╢ ─ ⅜ ≤⌂∫≡⅝√↓≤⅛╠⁸ ─ ⅜ ⌐ ╓∆

─ ╛⁸ ⸗♦ꜟ╩ ™√ ⅛╠─ ⌂ ─ ⌐ ╦╢ ⅜ ╦╣

╢╟℮⌐⌂∫≡⅝√⁹ 

 

 

 2-1 ─ ─ ╩ ╢ ─ ─  

╟╡  

 

⌐ ╦╢ ─ ⅝≤⇔≡│⁸ ─₈ᵑ ה ₉ ⅜ ↕

╣≡™√ 1980 ⌐⁸ ≤⇔≡ ╩ ⇔╟℮≤™℮ ⅝⅜№╡⁸ │ ⇔⌂⅛∫

√╙──⁸∕─ ⁸ ⌂≥⌐╟╢ ─ ─ ⌐╙ ⇔↕╣╢ ≢⁸ ─

─ ה ╩ ─ ≈≤∆╢ ⅜ ↕╣√⁹ ≢⁸↓╣╕≢─

─ ⌐ ∆╢ ה │⁸∕─ⱷ◌♬☼ⱶ⅜ ≢№╢↓≤ ⌐╟╡⁸ ⌂

⌐ ⅛∆↓≤⅜ ⇔ↄ⁸∕╣╠─ ─ ה ╙ ⇔™ ≢№∫√⅜⁸

│ √⌂ ⅜ ↕╣⁸ ⌐ ↑√ ⅝╙ ⌐⌂∫≡⅝√≤↓╤≢№╢⁹ 
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2.1.2.  ─ ≤ ─ ╩ ⇔≡™ↄ ─ ⌐≈™≡ 

─꜠ⱦꜙ⁸╡⅔≥─כ ─ ─ ⌐⅔™≡│⁸ ─ ⌐╟╢ ™╩

≤⇔√ ─ ⅛╠⁸ ─ ⁸∆⌂╦∟ ⁸ ⁸ ⁸ ≤™∫√

⌂ ≤⁸ ⁸ ≤™∫√ ≤ ⌂ ╦╡─№╢ ╩ ⌐ ⇔≡™ↄ ⅜

≤ ⅎ╠╣╢╟℮⌐⌂∫≡⅝√  2-2 ⁹ 

 

 2-2 ─ ⌐⅔™≡ ∆═⅝ ⌂  

₈ ╩≤╡╕ↄ ─ ≤ ─ ₉,  

55 ◦fiⱳ☺►ⱶ₈ ≤ ╩ ⅎ╢ 2017 ₉ 

 

─ ⌂ ╩ ⇔√ ⌐⅔™≡│⁸ ₁⌂ ╩Ɽꜝⱷכ♃⌐ ≢⅝╢◦Ⱶ

─ꜟ♦⸗fiꜛ◦כ꜠ꜙ ⅜ ≤ ⅎ╠╣⁸ ⁸ ⸗♦ꜟ╩ ™√◦Ⱶꜙ꜠כ◦ꜛfi⌐╟

╡⁸ ⅛╠─ ⌂ ─ ╩ ╖╢ ╙ ⅎ≡™╢⁹⇔⅛⇔⁸ ה

ה ─ ╩⸗♦ꜟⱤꜝⱷכ♃⌐ ⌐ ∆╢ ⌐≈™≡│ ↕╣≡™⌂™↓≤⅛╠⁸

⌂╢ ⅜ ≢№╢⁹ 

↓╣╩ ╕ⅎ⁸ ⌐⅔™≡│⁸ ה ה ─ ╩⸗♦ꜟ⌐ ⌐ ↕∑╢√╘⌐

⌂ ♃כ♦⁸ ┘ ─ ╩ ∫√ ≢⁸↓╣╠╩⸗♦ꜟ⌐ ⇔⁸◦Ⱶꜙ꜠כ

◦ꜛfi⌐╟╡⁸ ─ ╩ ∆╢√╘─ ⌂ ─ ╩ ∆↓≤≤⇔√⁹ 
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2.1.3.  ─  

⌐⅔↑╢ ─ ─ ה ⌐ √∫≡│⁸ ─ ∆╢ ⌐╟∫

≡╙√╠↕╣╢ ה ╛⁸ ─ ┘ ⌐⅔™≡ ∆╢ ≤™∫

√ ⌐ ⇔⁸ ─ ⅛╠⁸≥─╟℮⌐ ⌐ ⇔≡™↑╢⅛─ ⌐ ∆╢╟℮⁸

─ ⁸ ⁸ ─ ™⅜ ⌐ ╓∆ ⌐ ∆╢⁹∕─

⌂ ≤⇔≡│⁸ ⁸ ⁸ ⁸ ─ ⅜ →╠

╣╢⅜⁸↓─℮∟⁸ ≤ │ ─╙─≢№╢↓≤⅛╠⁸ ≈⌐ ⇔

≡ ∆╢⁹ 

⌐⅔↑╢ ─ ─ ─ ≤ ╩ ∆╢≤⁸ ─≤⅔╡≤⌂╢⁹ 

ₒ ≈─ ─ ₓ 

▬ ─  

꜡ ─ ─ ─ ה ─ 40 ─  

Ɫ ⅛╠─  

ₒ ≈─ ₓ ≤ ╩  

ᵑ  

ᵒ  

ᵓ  

2.2.  ⸗♦ꜟ  

╕≢⌐ ═√ ┘ ╩ ╕ⅎ⁸ ≢№╢ ⌐│⁸ ∆╢

⸗♦ꜟ╛ ─ ⁸ ⌐ ∂√⸗♦ꜟ ⌐ ∆╢ ╩ ∫√⁹

⌐⁸∕╣╠─ ─ ┘ ⌐≈™≡ ∆╢⁹ 

 

2.2.1.  ⸗♦ꜟ─  

♄ⱶ ⌂≥⁸ ─ ─№╢ ╩ ≈─ ≤⇔≡ ─ ╩ ∆

╢√╘⌐│⁸ ⸗♦ꜟ─ ⅜ ≢№╢⁹ ≢ ∆╢ ⸗♦ꜟ─ ⌐ √╡⁸

⌐ ⇔√ⱳ▬fi♩│ ─≤⅔╡≢№╢⁹ 

 

ₒⱳ▬fi♩ ⸗♦ꜟ≢№╢↓≤ₓ 

⁸ ⁸ ╛ ⌂≥─ ⌐⅔™≡ ₁⌂ ♃▬ⱪ ╛ ≢ ⇔≡™

╢ ─ ⌐≈™≡⁸∕─ ⌂ ╩ ≢⅝╢ ⸗♦ꜟ≢№╢↓≤⅜

╕⇔™⁹ 

 

ₒⱳ▬fi♩ ─Ɽꜝⱷכ♃⅜ ╖ ╕╣≡™╢↓≤ₓ 

─ ╛ ⅜ ⌐ ⅎ╢ ─ ╩ ≤∆╢√╘⁸ ⁸

⁸ ─ ⌂≥⁸ ⌐╟∫≡ ⌂╢≤ ⅎ╠╣╢ ╩∕╣∙╣Ɽꜝⱷכ♃
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⌐ ≢⅝⁸▬fiⱪ♇♩≤⇔≡ ⌐ ™ ╩ ≢⅝╢⸗♦ꜟ≢№╢↓≤⅜ ╕⇔™⁹ 

 

ₒⱳ▬fi♩ ⌐ꜟכ◔☻ ∂√ ─ ⅜ ≢№╢↓≤ₓ 

⌐⅔↑╢ ⌂ ⁸ ─ ⌂▬ⱬfi♩⌐⅔↑╢ ⁸ ╩

╘√ ─ ╩ ≢⅝╢↓≤⅜ ╕⇔ↄ⁸ ─ ⌐ ∂≡⁸◦Ⱶꜙ꜠כ◦ꜛfi─

ה ⌂≥ ╩ ⌐ ≢⅝╢⸗♦ꜟ≢№╢↓≤⅜ ╕⇔™⁹ 

 

ₒⱳ▬fi♩ ─ ⅜ ≢№╢↓≤ₓ 

⅛╠ ┼ ∆╢ ╩ ∆╢√╘⁸ ┼─ ⌂≥╩ ╗⁸ ⅜ ≢

№╢⁹ 

 

─ ⁸ │╛╛ ⌂ⱪ꜡◓ꜝⱶ≤⌂∫≡™╢╙──⁸™∏╣─ ╙ √

⇔⁸ ⌐╙ ↄ─ ה ≢ ↕╣≡™╢ SWAT The Soil & Water Assessment Tool

⸗♦ꜟ╩ ∆╢↓≤≤⇔√⁹SWAT ⸗♦ꜟ─ ⌐≈™≡│ ╩ ↕╣√™⁹ 

 

2.2.2.  ─  

≢│⁸ ≤∆╢ ─ ╩ ╡ ↑╢↓≤≤⇔√⁹ ≈│⁸ ╛

◙כ꜠ ⌂≥╩ ⇔≡⁸ ─ ≤ ≤─ ⌐≈™≡ ⇔⁸Ɽꜝⱷכ♃

─ ╩ ℮√╘─ 10ha ─₈⸗♦ꜟ ₉╩ ⇔⁸╙℮ ≈│⁸ ⸗♦ꜟ≢

─ ╩ ≡⁸ ─ ╩ ℮√╘─⁸10,000ha ─ ─₈ ₉≢

⇔√⁹ │⁸  2-3⌐ ∆≤⅔╡⁸ ≈─ ╩ ⇔√⁹ 

 

 2-3 ─ ╟╡         

↓╣╠╩ ╕ⅎ⁸ ≢│⁸ ─ ╩ ─ ⌐⅔↑╢ ⱳ▬fi♩≤ ⅎ⁸

─ ⌐ ╢ ─ ⌐≈™≡  2-1⌐ ⇔√⁹ 

─ ♄ⱶ ⁸ ─ ♄ⱶ ⁸ ◔

◔ ♄ⱶ ─ ≢№╢↓≤ 

╛♄ⱶ ─♃כ♦ ⅜ ≢ ─⇔╛∆™╙─≢№╢↓≤ 

─ ⅜ ⇔╛∆™╙─≢№╢↓≤ 

┼─ⱥ▪ꜞfi◓⌐ ≠ↄ⸗♦ꜟ ≤⇔≡─ ⅜№╢↓≤ 
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 2-1 ⌐⅛⅛╢ ─ ⌐ ∆╢  

 

 

⌐⁸ ⌐≈™≡ ╩ ∆⁹ 

 

♄ⱶ ≢№╢↓≤ 

⌐⅔↑╢ ≤⇔≡⁸ ─ ♄ⱶ ⁸ ─

♄ⱶ ⁸ ◔ ◔ ♄ⱶ ─ ≢№╢↓≤⅜⁸ ─ ⁸ ↕╣≡

™╢⁹ ⁸ ─♄ⱶ ⅜ ↕╣≡™╢ ≤⇔≡⁸ ─↓≤⅜ →╠╣╢⁹ 

· 19 ⌐╟╢ ⌂ ⅜№∫√⁹ 

· ≢│ ─ ⌐ ╩ ╣≡⅔╡⁸⸗♬♃ꜞfi◓♦כ♃─ ⅜

╠╣╢ β ☿fi♃⁸כ ─ ⌐╟╢ ⁹ 

· ▬ⱷכ☺─ ⅝╛∆™ⱷ☺ꜗכ⌂♄ⱶ╛ ⅜ ∆╢⁹ 

 

╛♄ⱶ ─♃כ♦ ⅜ ≢ ─⇔╛∆™╙─≢№╢↓≤ 

╛♄ⱶ ─♃כ♦ ─▬ⱷ⁸│≡⇔≥☺כ♄ⱶ ⌐⅔↑╢ 40

≤ ─ ╛ ─ ╛ ─ ⁸ ⸗♦ꜟ─◐ꜗꜞⱩ꜠כ◦ꜛfi⌐⅔

↑╢ ⌂≥⅜ →╠╣╢⁹ 

⌐│⁸ ≤ ─ ╛ ─ ≤─ ™⅛╠⁸ ≤ ─ ╩ ⇔√

╩⸗♦ꜟ⌐ ∆╢√╘⁸ ╛♄ⱶ ⁸≡™≈⌐♃כ♦─ ─ ⁸ ⅜ ≢№╢

↓≤⅜ ≢№╢⁹ 

· ▪ⱷ♄☻♦כ♃⌐╟╢ ה ┘ ⌂ ─ ─  

ה · ─ ⌐⅔↑╢ ─ ≤ ─  

· ♄ⱶ ─ ה ─  

· ─ ה ⌐⅔↑╢♄ⱶ ╩⸗♦ꜟ┼ ∆╢ ─  
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─ ⅜ ⇔╛∆™╙─≢№╢↓≤ 

│⁸ ─ ⅜⁸ ╛ ─ ⌐╟╡⁸ ─№╢ ≤

⇔⁸ ╕∫≡™╢↓≤╩ ≢⅝╢≤ ≢⅝╢◄ꜞ▪≢№╢ ⅜№╢⁹ ⅎ┌⁸ ─

╩ √⇔≡™╢↓≤⅜ ╕⇔™⁹ 

· ─ ⅜ ⌐ ╘╠╣≡™√ ≢№╢↓≤ 

· ╛ ⁸ ⅜ ≢№╢↓≤ 

· ─ ╛ ⌐╟╡⁸40 ─ ─ ⅜ ≢№╢↓≤ 

 

↓╣╠⌐≈™≡│⁸ ⅛╠ ─ ─╒⅛⁸ ♃כ♦ ⅜ ≢

№╢↓≤⅜ ⅛∫√⁹√∞⇔⁸40 ╒≥ ⅛╠─ │♃כ♦─≡ ─♃כ♦⁸╘√™⌂™≡∫

™ ─ ─ ⌐│⁸ ─ ⅜ ≢№╢≤ ⅎ╠╣√⁹ 

40 ─ ─♃כ♦ ⌐≈™≡ ⅜ ≢№╢ ─ Web ◘▬♩₈

ה ⱦ☻₉כ◘ https://mapps.gsi.go.jp/maplibSearch.do#1 ╩ ⇔√ ─

⁸ ≤⌂∫≡™╢ ≢│⁸1970 ─ הכꜝ◌ ⅜

≢№╢↓≤⅜ ⅛∫√⁹ 

 

 2-4 ₈ ה  ♩▬◘ⱦ☻₉Webכ◘

 

┼─ⱥ▪ꜞfi◓⌐ ≠ↄ⸗♦ꜟ ≤⇔≡─ ⅜№╢↓≤ 

≢│⁸₈ ─⸗♬♃ꜞfi◓ ₉╩ ⇔≡⅔╡⁸ ─ ⌐ ⇔™

☿fi♃כ─ ╛⁸ ⌐⸗♬♃ꜞfi◓ ─ ≢№╢ ≢

ה ╩ ™⁸ ⌐ ╩ ∆╢⁸ ─ β │

⌐ ⌐ ─ ⌐≈™≡ⱥ▪ꜞfi◓╩ ∫√⁹∕─ ⁸ ─

⅜ ╠╣√⁹ 

· ♄ⱶ ⌐№╢ ≢│⁸ ─♃כ♦ ⅜ ≢№

╢⅜⁸ ⅜ ≢№╢↓≤╛⁸ ◔ ♄ⱶ ⅜ ⇔™♄ⱶ≢№╢
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√╘⁸ ─♄ⱶ ─♃כ♦ ⅜ ⌂™⁹╕√⁸2019 ─ ⌐╟╡⁸

2020 ─ ≢│▪◒☿☻ ─ ⌐⌂∫≡™╢⁹ 

· ♄ⱶ ⌐№╢♯♃ⱡ ╛ⱨ♅♆ꜞ ≢│⁸

≤ ⁸ ─♃כ♦ │ ≢№╢⅜⁸ ─ ⌐╟╡ Ɽ♃כfi⅜

≢│⌂™↓≤╛⁸◦◌ ─ ╙ ™↓≤⅛╠⁸ ─ ⌐ ⇔≡™╢

≤│ ™ ™⁹ 

· ♄ⱶ ⌐№╢ ≢│⁸ ─♃כ♦ ⅜ ≢№╢╒

⅛⁸ Ɽ♃כfi⅜ ─√╘⁸ ⌐ ⇔≡™╢⁹ 

 

↓╣╠─ ─ ⁸⸗♦ꜟ ≤⇔≡│₈ ₉⅜ ≤ ⅎ╠ⅎ√⁹ 

╕√⁸ ─ ≤⇔≡│⁸ ╩ ∆╢ ♄ⱶ ⅜ ≤

ⅎ╠╣√⅜⁸ ⌐⅔™≡⁸ │⁸ ─ ╩ ╗ 1,016 km 2

101,600 ha ─ ⌂ ≢№╡⁸ ─ ⌐ ╦╢ ╙ ↄ ╕╣╢↓

≤⅛╠⁸ ⸗♦ꜟ⌐╟╡ ╩ ╖╢⌐│ ⌂ ≤│ ™ ™≤─ ⅜ ↕╣√⁹∕─

√╘⁸ ─ │ ↑⁸ ⌐⅔™≡ ⌐╟╢ ⌂≥─ ⅜⌂ↄ⁸ ─ ╛

♄ⱶ ─♃כ♦ ─ ⅛╠ ⌂ ≤⇔≡⁸ ≢№╢ ♄ⱶ ╩ ⇔√⁹ 

↕╠⌐⁸ ⌂≥─ ⌐╟╡ ™ ≢ ⅜╖╠╣√ ⅜⁸ ╩ ≡ ⇔√ ╩

∆╢ ≤⇔≡⁸ ⌐⅔™≡⁸ ♄ⱶ ⅜┤↕╦⇔™≤─ ⅜ ↕╣√↓≤

⅛╠⁸ ╙ ≤⇔≡ ∆╢↓≤≤⇔√  2-5⁸  2-2 ⁹ 

 

 2-5 ─  
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 2-2 ♄ⱶ ─ ┘♄ⱶ  

 ♄ⱶ ♄ⱶ 

   

 111.66 km 2 11,166ha  156.45 km 2 15,645ha  

   

   

♄ⱶ  1955  1979  

 616,100 3 54,500,000 3 

ה ─  ⇔ ╡  

─ ⌂  ⁸ ⁸   

 94.1 105.07 km 2  94.4 147.64 km 2  

 44 46.51 km 2  30 44.29 km 2  

 

  

 

─╟℮⌐⁸♄ⱶ─ ≢№╢↓≤⁸ ⸗♬♃ꜞfi◓⌐╟╢♦כ♃─ ⁸ ⁸

ꜟכ◔☻ ╩ ⇔⁸ ╩ ╗⸗♦ꜟ ≤⇔≡⁸ ─⸗♬♃ꜞfi◓ ≢№

╢₈ ₉⁸ ─ ─ ╩ ℮ ─ ≤⇔≡₈ ♄ⱶ ₉ ┘

₈ ♄ⱶ ₉╩ ∆╢↓≤≤⇔√⁹ 
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2.3.1.  ╩ ╕ⅎ√⸗♦ꜟ  

2.1≢ ═√ ≈─ ─ ┘ ≈─ ⌐ ≠ↄ ≤⁸2.2≢ ⇔√⸗♦ꜟ

┘ ╩ ╕ⅎ⁸ ⌐ ∂≡ ∆╢ ─№╢⸗♦ꜟ─ ⌐≈™≡ ╩

∫√  2-3 ⁹ 

─ ─ ⌐ √∫≡│⁸ ─ ⅜ ™ ⌐⅔↑╢ ─ ≤

≤─ ⌐≈™≡⁸ ⅜♃כ♦ ∆ ≤⸗♦ꜟ ≤─ ╩ ╢ ⅜№╡⁸

─ ♄ⱶ ⁸ ♄ⱶ ⌐≈™≡│⁸ ╩ ⇔√Ɽꜝⱷכ♃

⅜ ⌐⌂↕╣╢╟℮ ⇔⁸₈ ⸗♦ꜟ₉∞↑≢⌂ↄ⁸ ─ ╩ ↕∑√₈

⸗♦ꜟ₉╙ ⇔⁸Ɽꜝⱷכ♃ ╩ ℮↓≤≤⇔√⁹

℮⁹                                                                                                                                                                                                                

 2-3 ─ ┘ ╩ ╕ⅎ≡ ∆╢⸗♦ꜟ 

 

─ ▬ ₈ ─ ₉│⁸ ─ ─ ╕√│⁸ ⌂ ◦♫ꜞ

○╩ ─ ⁸ ⁸ ⌐ ∆╢Ɽꜝⱷכ♃⌐ ⇔⁸ ⅜

⌐ ╓∆ ─ ╩ ℮╙─≤⇔≡⁸₈ ה ⸗♦ꜟ₉ ⁸₈ ⸗♦ꜟ₉≤∆

╢⁹ ≤₈ ה ⸗♦ꜟ₉≤⇔√⁹ 

─ ꜡ ₈ ─ ₉│⁸₈ ⸗♦ꜟ₉≤⁸ 40 ─ ╩╙≤⌐

∆╢₈ ⸗♦ꜟ₉⅛╠ ╠╣╢ ╩ ⇔⁸ ─ ⅜ ⌐ ╓∆ ╩ ∆╢╙

─≤⇔≡⁸ ⸗♦ꜟ│⁸₈ ה ⸗♦ꜟ₉≤₈ ה ⸗♦ꜟ₉⁸₈ ה ⸗♦ꜟ₉

≤₈ ה ⸗♦ꜟ₉≤⇔√⁹ 

─ Ɫ ₈ ⅛╠─ ₉│⁸ ⌐ ⇔≡ ⇔√ ⌂≥⌐╟╡ ⇔

√ ⅜⁸ ╩ ≡ ⇔√ ⌐ ┼ ╓∆ ╩ ∆╢╙─≤⇔≡⁸1980

╕≢ ⌐ ⅜ ⇔≡™√ ─ ♄ⱶ

╩ ≤⇔≡⁸₈ ה ⸗♦ꜟ₉≤₈ ה ⸗♦ꜟ₉╩ ⇔⁸↓╣╠╩

⌐ ™╢↓≤≤⇔√⁹ 

  

() 
ṕ Ṋ

Ṗ

() 
ṕ Ṋ

40 Ṗ

() 

ṕ Ṋ Ṗ

ṕ
Ṗ
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2.3.2.  ◦Ⱶꜙ꜠כ◦ꜛfi ─  

1  ⱪ꜡☿☻─  

SWAT ⸗♦ꜟ≢│⁸  2-4─≤⅔╡⁸ ⱪ꜡☿☻ ⌐ ⅜ ↕╣╢⅜⁸ ≤

⌐≈™≡│⁸∕╣∙╣  2-5⁸  2-6 ⌐ ∆≤⅔╡⁸ ─ ⅜ ≤⌂∫≡™

╢⁹ 

 

 2-4 SWAT ⸗♦ꜟ⌐⅔↑╢ ⌂ ⱪ꜡☿☻ ┘ ↕╣╢ ─  

ⱪ꜡☿☻ ↕╣╢ ─  

 

 
 

  

┼─  ─ ⁸  

┼─  ⁸  

┼─   

 

 2-5 ─  

○ⱪ◦ꜛfi ♃▬ⱪ  

Ɑfiⱴfiה⸗fi♥▫כ☻ 

Penman-Monteith  

· ─ ≢№╢ Penman ⌐ ⱪ꜡

☿☻╩ ⇔√ ≢№╡⁸ ≢ ⅜ ╣≡™╢ ─

─ ≤⇔≡ ⁹ 

· r a≤ r c─ ⌐ ⅝╩ ↄ

│ LAI ╩ ™╢ ╙№╢ ⁹ 

· ─ ─ ╩ ≤∆╢√╘⁸ ≢─

⌐│ ╩ ╗ ⅜№╢⁹ 

· ⁸ ⁸ ⁸ ╩♃כ♦─ ⁹ 

ⱢכⱩꜞכ◓☻ ◘ⱴ♬ 

Hargr eaves and Samani  

· ≢─ꜝ▬◦ⱷכ♃⌐╟╢ ╩ ⌐ ⅛╣√

⁹ 

· ─ ה ה ⅛╠ ╩ ⁹ 

ⱪꜞכꜝ▬♥הכꜞ♩☻כ 

Priestley -Taylor  

· ─ ⅝™ ה ≢│ ╩

∆╢ ⁹ 

· ⁸ ⁸ ╩♃כ♦─ ⁹ 
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 2-6 ─  

○ⱪ◦ꜛfi ♃▬ⱪ  

 כⱩ♫fiⱣכ◌

Curve  Number  

· ₁⌂ ה ≢ ⌂ ─№╢ ╩ ╢

√╘⌐ ↕╣√ ⁹ 

· ⁸ ♃▬ⱪ⁸ ─ ⌐ ∂≡ ↕╣≡™╢

╩₉כⱩ♫fiⱣכ◌₈ ™≡⁸ ⌐ ≠ↄ ⌂ SCS 

curve number equation ⌐╟∫≡ ∆╢⁹ 

· ⅛╠─ ─ ╩ ∆╢↓≤│≢⅝⌂™⁹ 

· ⁸ ⁸ ≢─ ⅜ ⁹ 

fiכꜞ◓ ▪fiⱪ♩ 

Green Ampt  

· ─ ╩ ≤⇔√ ─Ɽꜝⱷכ♃╩ ™╢ ⌂ ⌐

╟╢ ⁹ 

· ▬fiⱪ♇♩♦כ♃≤⇔≡ ╩♃כ♦─ ≤∆╢⅜⁸

─ ╩ ∆╢↓≤⅜≢⅝╢⁹ 

· ─ ⌐ ∆╢Ɽꜝⱷכ♃⅜ ≤ ⌐ ↄ

∆╢√╘⁸SWAT ─ ╩☻כⱬ♃כ♦ ⌐ ⇔≡⅔ↄ

⅜№╢⁹ 

· ⁸ ⁸ ⁸ ≢─ ⅜ ⁹ 

 

≢│⁸ ─ ─╒⅛⁸ ≢─ ⁸ ⁸ ⌂≥─ ▬fiⱪ♇♩

⅜♃כ♦ ╡ ╖≢№∫√↓≤⅛╠⁸ ─ ⌐│⁸ Ɽꜝⱷכ♃ ⅜ ╙ ™Ɑ

fiⱴfiה⸗fi♥▫כ☻ ⁸ ה ─ ⌐│⁸ ≢─ ╩ ≤∆╢◓ꜞ

fiכ ▪fiⱪ♩ ╩ ∆╢↓≤≤⇔√⁹ 

2  ◦Ⱶꜙ꜠כ◦ꜛfi ⁸ ⌂≥ 

SWAT ⸗♦ꜟ─◦Ⱶꜙ꜠כ◦ꜛfi ╛ │⁸  2-7─≤⅔╡ ⇔√⁹ 

 2-7 ⸗♦ꜟ─  

⸗♦ꜟ 
   

     

ⱪ꜡◓ꜝⱶ─Ᵽכ☺ꜛfi SWAT2020, rev.681, 64 -bit  

⸗♦ꜟ─  2013 2016 1978 2016 1978 

▬fiⱪ♇♩

─♃כ♦

 

♇▪ⱶכ◊►

ⱪ 
2011-2012 2013-2014 1976-1977 2013-2014 1976-1977 

◐ꜗꜞⱩ꜠כ

◦ꜛfi 
2013-2014 2015-2017 1978-1980 2015-2017 1978-1982 

Ᵽꜞ♦כ◦ꜛ

fi 
2015 2018-2019 1981-1982 2018-2019 1978-1982 

◦Ⱶꜙ꜠כ◦ꜛfi  2013-2014 2015-2019 1978-1982 2015-2019 1978-1982 

─  ⌐ ∂≡ ⁸ ⁸ ⁸ ⅛╠  

 4 0-15°/15-30°/30-45°/45°  

⌐ ↕╣√ HRU1  178 626 630 1,448 1,540 

 

 
1 HRU : Hydrologic Response Unit ─ ⁹SWAT ⸗♦ꜟ⌐⅔™≡⁸ ─ ⅜⌂↕╣╢

⁹ ⁸ ♃▬ⱪ⁸ ♃▬ⱪ ─ ⅜ ≢⁸ ∫√ ╩ ∆≤ ⅎ╠╣╢ Ⱪ

꜡♇◒⌐ ⅛ↄ ↕╣√╙─⁹ 
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⌐⅔↑╢ ⌐≈™≡│⁸ ╛ ─ ⅜♃כ♦ ⌂ ╩ ⇔≡

╩fiꜛ◦כ꜠ⱶ▪♇ⱪ₉≤│⁸◐ꜗꜞⱩכ◊►⁸₈⅔⌂⁹√⇔ ∆╢⌐ √╡⁸№╠⅛∂╘

─▬fiⱪ♇♩♦כ♃╩ ⅎ╢↓≤⌐╟╡⁸ ╩ ⌂ ─ ⌐ ↕∑╢√╘

─ ≢№╡⁸™╦╝╢ ─ ⅝╩∆╢ ≢№╢⁹ 

╕√⁸ ─ │⁸ ⁸ ⁸ ⁸ ─ ≢ ∆╢↓≤⅜ ≢№╢⅜⁸  2-3

⌐ ─≤⅔╡⁸ ⌐ ∂≡ ∆╢↓≤≤⇔√⁹ 

2.4.  ⸗♦ꜟ ┘  

⌐⁸ ⁸ ─⸗♦ꜟ ה ⌐ ╢ ⌂ ⁸ ┘ ⌐≈™≡

╩ ∆⁹ ─ │⁸ ╕≢ ⁸ ╩ ⇔√╙─≢№

╢↓≤⅛╠⁸ ─ ┘ ⌂ ⌐≈™≡│⁸₈3. ─ ⸗♦ꜟ ┘

₉⌐ ⇔≡ ∆╢↓≤≤∆╢⁹ 

 

2.4.1.  ─  

≢№╢ │⁸ ⌐ ⌐ ╘╠╣╢ √⌂ ─ ⁸

─ ⁸ ⸗♦ꜟ ┘ ─ ⁸ ─ ⁸⸗♦ꜟⱤꜝⱷכ♃⌐ ∆╢

⁸ ─ ╩ ∫√⁹ 

⸗♦ꜟ⌐│SWAT⸗♦ꜟ⁸ ⌐│ ⁸ ♄ⱶ ⁸ ♄ⱶ ╩ ⇔

√⁹ 

⸗♦ꜟ─▬fiⱪ♇♩≤⇔≡ ⌂ ⌐≈™≡│⁸ ─ ⁸ ⁸ ⁸

─ ≈─ ≢ ╩ ∆╢↓≤≤⇔√⁹ ╛ ≤ ⌂╡⁸ │ ⅛╠ ╩

╢↓≤⅜ ⇔⅛∫√√╘⁸ ╩ ⌐⁸ ◙כ꜠ ╩♃כ♦ ™√ ⌂ ⌐

╟╡ ─ ╩ ∫√⁹ 

⸗♦ꜟⱤꜝⱷכ♃─ ⌐⅔™≡│⁸SWAT ⸗♦ꜟ⌐│⁸ ⁸ ⁸ ⁸

⌂≥⁸ ₁⌂ ⱪ꜡☿☻╩ ∆╢√╘─ ⅜ ╖ ╕╣≡⅔╡⁸∕╣╠⌐ ™╠

╣╢Ɽꜝⱷכ♃╙ ↄ ⇔≡™╢⅜ ─  5-2 ⁸ ⌐ ⌐ ╩

℮Ɽꜝⱷ⁸≡⇔≥♃כ ╛ ⌐╟╢ ─ ™╛ ╩ ∆╢↓≤⅜≢⅝⁸

─⇔╛∆™ Ɽꜝⱷכ♃╩ ⇔√⁹SWAT ⸗♦ꜟ⌐⅔↑╢ ─ ⌐│⁸

LAI Leaf Area Index; ⅜ ⅝ↄ ⇔≡™╢↓≤⅛╠⁸ ≤ LAI ─ ⌐

∆╢ ╩ ∫√⁹ 

─ ─ ╣│  2-6 ⌐ ∆≤⅔╡≢⁸╕∏⁸ ─ ⌐ ╢ ≤⇔≡⁸

ᵑ ⌐ ∆╢ ╛⁸ ─ ⌐ ™╢ᵒ ─ ╩ ™⁸∕─

╩ ⌐⁸ ≤ LAI ─ ⌐ ⇔⁸ᵓ ╩ ∫√ ≢⁸ᵔ Ɽꜝⱷכ♃

─ ⌐ ∆╢ ╩ ∫√⁹ ⁸ ╟╡ ╠╣√ ╛ ╩⁸ ╩

≤⇔≡ ⇔√ SWAT ⸗♦ꜟ⌐ ⇔⁸◦Ⱶꜙ꜠כ◦ꜛfi╩ ⇔√⁹ 
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 2-6 ⌐⅔↑╢⸗♦ꜟ ה ─ ╣ 

─ ⁸ ─ ⅜ ⇔√⁹ 

 

ᵑ ─ ⅜ ≢№╢ 

ᵒ ─◦Ⱶꜙ꜠כ◦ꜛfi ⁸ ⅜ ≢⌂™ 

ᵓ SWAT ⸗♦ꜟ≢ ↕╣≡™⌂™ ⱪ꜡☿☻ ⅜ ∆╢ 

ᵔ ⌐ ╢▬fiⱪ♇♩♦כ♃─ ⅜ ≢№╢ 
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2.4.2.  ─  

 2-7 ⌐⁸ ─ ≈─ ╩ ╕ⅎ⁸ ⌐⅔↑╢⸗♦ꜟ ה ⌐ ╢

≤ ╣╩ ∆⁹ 

 

 2-7 ⌐⅔↑╢⸗♦ꜟ ה ⌐ ∆╢ ┘ ─ ╣ 

─ ╩ ╕ⅎ⁸ ⌐ ⸗♦ꜟ≤ ה ⸗♦ꜟ─ ╩ ∫

√≤↓╤⁸ ᵑ⌐≈™≡│⁸ ─ ≥♃כ♦ ╠⇔ ╦∑⁸ ─

⅜ ↕╣√╙──⁸ ╩♃כ♦◙כ꜠ ⇔√ ─ ⌐≈™≡│⁸╟╡ ⌂♦

╩♃כ ™╢↓≤≢ ⅜ ≤ ⅎ╠╣√↓≤⅛╠⁸ ╙ ⇔≡ ╩ ∫√⁹ 

ᵒ⌐≈™≡│ ⌐ ╛ ─Ɽꜝⱷכ♃ ⌐╟╡⸗♦ꜟ─ ╩ ↕∑

╢↓≤⅜≢⅝√╙──⁸ ─ ─ ™╩Ɽꜝⱷכ♃⌐ ↕∑╢ │ ⌐ ≢⅝√

≤│ ⅎ∏⁸ ⅝ ⅝ ⁸ ⅜ ≤ ⅎ╠╣√⁹ 

ᵓ⌐≈™≡│⁸ ⌐│⁸ ─℮∟ ─ ⅜⁸ ≢│ 15 ⁸

ה ⸗♦ꜟ╛ ה ⸗♦ꜟ≢│ 40 ≤⁸ ─ 20 30 ≤ ⅜╖╠╣√⁹

↓╣⌐ ∆╢ ⌂ ≤⇔≡⁸SWAT ⸗♦ꜟ─ ⱪ꜡◓ꜝⱶ ⅜ ─ ─

⌐ ⇔√ ≤⌂∫≡™⌂™ ⅜ ↕╣√⁹↓─ ≤⇔≡⁸ ─

⌐ ↕∑√⁸LAI ≢│⌂ↄ ╩ ≤⇔√ ─ ⱪ꜡◓ꜝⱶ╩ ∆╢ ╩

⇔√⁹ 

ᵔ│⁸ᵒ≤ ⇔√ ≢№╢⁹ ≤─ ╠⇔ ╦∑⌐╟╡⁸ ⇔√ Ɽ

ᵒ◦Ⱶꜙ꜠כ◦ꜛfi
⁸ ⌐ ∆╢

┼─

(3) ─ ⇔

▬. ─ ─ ╛
⌐╟╢ ⌐ ╢

ה ה ה

⸗♦ꜟ

(6) ─
─

(7)Ɽꜝⱷכ♃

(4) ─
ᵑ ─ ⅜

⌂↓≤┼─

ᵓ ↕╣≡™⌂™ ⱪ꜡
☿☻┼─

─ ─ ⅛╠─

(2)▬fiⱪ♇♩♦כ♃─ ה

(1)⸗♦ꜟ ה ─

(5)
─

(8) ─

(9) ─▬fiⱪ♇♩ה
Ɽꜝⱷכ♃─

(7)Ɽꜝⱷכ♃
─Ɽꜝ

ⱷכ♃╩

ᵔ ⌐ ╢▬fiⱪ♇♩♦כ
♃─ ─ ⅜ ⌂
↓≤┼─

ₒR2 ─ ₓ

▪. ╖⸗♦ꜟ─
⅔╟┘
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ꜝⱷכ♃ ⁸ ⌐│ ─ ⅜ ╘╠╣√╙──⁸ ♃▬ⱪ⅜

∂≢№╣┌∕─ ─Ɽꜝⱷכ♃ │ ∂≤™℮ ≤⌂∫≡⅔╡⁸₈ ─ │ ─

⁸ ⁸ ⌐╟∫≡ ⌂╢₉≤™℮ ≤ ╠⇔ ╦∑╢≤⁸

─ ™╩Ɽꜝⱷכ♃⌐ ⇔⅝╣≡⅔╠∏⁸ Ɽꜝⱷכ♃─ ⌐ ↑√↕╠⌂╢ ⅜

≤ ⅎ╠╣√⁹ 

≤⇔≡⁸ ╛ ⌐♃כ♦ ≠ↄⱤꜝⱷכ♃─ │ ╪∞╙──⁸ ⌐

╛ ≤™∫√ⱪ꜡☿☻⌐ ∆╢Ɽꜝⱷ⁸│≡™≈⌐♃כ ╛ ⁸ ⌐╟

╢ ™╩ ⌐ ≢⅝√≤│™ⅎ∏⁸ ╙ ⅝≈≠⅝ ╩ ℮↓≤≤⇔√⁹ 

⸗♦ꜟ ─ ≤⇔≡│⁸ ⌐ ⇔√ ⸗♦ꜟ⌐≈™≡│⁸ ─≤⅔╡⁸

─ │ ╪∞╙──⁸ ⌐ ╩ ≤⇔√SWAT⸗♦ꜟ─◦Ⱶꜙ꜠כ◦ꜛfi⌐⅔™≡

⅜ ⌐ ↕╣╢ ᵓ⌐ ⌐≈™≡│ ─╕╕≢№╡⁸ ─

ⱪ꜡◓ꜝⱶ─ ⅜ √╣╢ ≤⌂∫√⁹╕√⁸ ה ⸗♦ꜟ⁸ ה ⸗♦ꜟ╩

⇔⁸ ≢ ╠╣√ ╩╙≤⌐⁸ ─ ╩ ℮↓≤⅜≢⅝√⁹ ה ⸗

♦ꜟ⌐≈™≡│⁸ ⌐ ≢№∫√⅜⁸ ⌐⅔™≡⁸₈ 1970

80 ─ ╛ ╩╟╡ ⌐ ™╙─⌐∆═⅝₉≤™℮ ⅜ ↕╣√↓≤⅛

╠⁸ │ ╩ ™√ ⌐ ∆╢↓≤≤⇔⁸ ↕╣√ ─

─ ╛⸗♦ꜟ┼─ ⌐≈™≡│ ⌐ ℮↓≤≤⇔√⁹ 

2.5.   

2.5.1.  ─  

SWAT ⸗♦ꜟ⌐⅔™≡│⁸ ─ⱪ꜡☿☻⅜ ⌐ ↕╣≡™⌂™↓≤⅛╠⁸

─ ⱪ꜡◓ꜝⱶ╩ ⇔⁸ ─ ╩ ⅎ⁸Ɑfiⱴfiה⸗fi♥▫כ☻ ╩ ≤⇔⁸

─ ⌐♃כ♦ ≠⅝⁸ ⌐ ≢⅝╢ ⸗♦ꜟ─ ⌐ ╡ ╪∞⁹╕

√⁸ ⸗♦ꜟ─ ⌐ √╡⁸ ≢ ─ ─♃כ♦ ╩ ∫√⁹ 

 

 2-8 ⱪ꜡♇♩─  
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 2-9 ⱪ꜡♇♩ ─ꜝ▬◦ⱷכ♃─  

2021 ₩12 ─ ─ │ 0.13₩2.47 mm/ 0.89±0.52 mm/ ≢№

╡⁸ Sun et al. 2016 ─ ⌐ ™ ≤⌂∫√  2-10 ⁹ 

 

 2-10 2021 ₩12 ⌐⅔↑╢ ≤ ─  

 

╕√⁸ ⇔√⸗♦ꜟ P95 4.14 ╩ ™≡⁸

╩ ⇔√≤↓╤⁸0.00₩3.16 mm/ 0.63±0.55 mm/ ≤⌂╡⁸ ⌐ ™ ≤

⌂∫√⁹↓─√╘⁸ ⇔√⸗♦ꜟ│ ─ ╩ ∆╢↓≤⅜ ≤ ⅎ

╠╣√⁹ 

  

N

10m

10m

1 3

2 4

5
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2.5.2.  ─  

≤ ⁸ ⌐≈™≡╙ ⅛╠ ⌐⅛↑≡⁸

╩ ⌐ ╩ ∫√⁹2021 ₩2022 ─ ─ │ 0.1₩2.8 mm/

1.3±0.6 mm/ ≢№╡⁸ Sun et al. 2014 ─ ⌐ ™ ≤⌂∫√  2-11 ⁹ 

 

 2-11 2021 ₩2022 ⌐⅔↑╢ ≤  

╕√⁸ ⇔√⸗♦ꜟ P91 4.3⁸P92 4.4 ╩ ™≡⁸

╩ ⇔√≤↓╤⁸1.0±0.8 mm/ ≤⌂╡⁸ ≤ ™ ⅜ ╠╣√⁹ 

 

2.5.3.  ⌐ ∆╢  

⌐ ╢▬fiⱪ♇♩ ─ ╩ ∆╢√╘⁸ ⌐⁸ ⌐⅔™≡ ⇔√

≢⁸ ⌐ ∆╢◘fiⱪꜟ ╩ ∫√⁹ 

 

 2-12 ◘fiⱪꜟ╩ ⇔√ ≤∕─  
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⌐⅔↑╢ ◘fiⱪꜟ─ ≤ ╩ 2-8 ⌐ ∆⁹ ╛

│⁸SWAT ⸗♦ꜟ⌐ ⇔≡™╢Ɽꜝⱷכ♃ ≤ ≤⌂╡⁸Ɽꜝⱷכ♃ ⌐≈™≡ ─

⅜ ≢⅝√⁹ 

 2-8 ⁸ ─ ┘  

 

⌂⅔⁸ ─ ≤⇔≡⁸ ─ ╙ ∫√⅜⁸ ⌐≈™≡│ ─

╩ ↕╣√™⁹ 

 

2.5.4.   

│⁸ ⇔√ ─ ─ ─ ≤∆╢√╘⁸╕√⁸

⌐⅔↑╢⁸ ─ ≤ ─ ╩ ⌐ ∆╢ ─ ⌐ ∆╢√╘⁸

─ ╙ ╘≡ ♃כ♦┘ ╩ ∫√⁹ 

─ ╛ ─ │⁸₈3.4.4. 1 1 ⌐⅔↑╢ ─ 3

₉≢ ═╢⁹ 
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2.6.  ─ ┘ ╕≤╘ 

─ ⁸ ─ ┘ ╩  2-9⌐ ⇔√⁹ 

 2-9 ┘ ⌐⅔↑╢ ┘  

    

 

Å ⌐ ╘╠

╣╢ √⌂ ─  

Å ─  

Å ⸗♦ꜟ ┘ ─

 

Å ─  

Å ⸗♦ꜟⱤꜝⱷכ♃⌐ ∆╢

 

Å ⁸

─  

Å  

Å ≤ LAI ─ ≤╡╕

≤╘≤Ɽꜝⱷכ♃  

Å LiDAR ⌐╟╢

 

 

Å ⸗♦ꜟ⌐╟╢  

Å SWAT ⸗♦ꜟ ─

⁸

⁸ ─

 

Å ♦כ♃─  

 

Å ♦כ♃ ⁸

♃כ♦ ה ─

 

Å LiDAR ╢╟⌐♃כ♦

ה  

Å ה

 

Å Ɽꜝⱷכ♃─  

Å ♦ כ ♃ ≤

LiDAR ─♃כ♦ ⌐ ∆

╢  

Å ─Ɽꜝⱷכ♃

ה ⁸ ⁸

⁸ ─  

Å ♦כ♃─  

 

Å ה ⸗♦

ꜟ⁸ ⸗♦ꜟ⌐

╟╢  

Å ─ ─

SWAT-Forest ─

 

Å ─Ɽꜝⱷכ♃─

ה

⁸  

Å ♦כ♃─

─  
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3.  ─ ⸗♦ꜟ ┘  

3.1.  ≤ ⌐ ∆╢  

╕≢─ ┘ ⁸ ⌐⅔™≡ ─№∫√ ⌐ ∆

╢ ─⸗♦ꜟ ה ─ ≤ ⸗♦ꜟ⌐≈™≡  3-1⌐ ⇔√⁹ 

 3-1 ─⸗♦ꜟ ה ⌐⅔™≡ ∆═⅝ ┘ ⸗♦ꜟ 

No.  ה   ⸗♦ꜟ 

ᵑ 

♄ⱶ

≢ ⇔

√

 

Å ♄ⱶ ─ ─

╩ ⇔√ ⌐

⅔↑╢⁸ ╛ ─

─ ⅜ ⁹ 

Å ≤ ╠⇔ ╦

∑⌐╟╢ ╛

─ ─ ⁹ Å  

ᵒ 

─

 

Å ⸗♦ꜟ▬fiⱪ♇♩≢№╢

─ ≢№╢₈

₉│ ─

≢ ⇔≡™╢⅜⁸

ה ה ⌐ ∂√

─ ⅜ ≢⅝≡

™⌂™⁹ 

Å ⁸

⌐⅔↑╢

─ ≤⁸

≤─ ⁹ 
Å  

Å  

ᵓ 

SWAT ─

ⱪ

꜡◓ꜝⱶ 

Å ╛ ⌂≥

─ ⱪ꜡☿☻⅜⸗♦ꜟ ≢

⌐ ↕╣≡™⌂™⁹ 

Å ─ ⌐≈™≡⁸ ↕

╣√ ─ ⅜ ≢

⌂™⁹ 

Å SWAT ⸗♦ꜟ⌐⅔

↑╢ ┘ Ɽ

ꜝⱷכ♃─ ⁹ 

Å SWAT ┼─

ⱪ꜡◓ꜝⱶ─ ╖ ╖ 

 

ᵔ 

♦

─♃כ

 

Å ⌐ ∆╢ ♄

ⱶ ─

⅜ 0.8≤ ™⁹ 

Å ♦כ♃╩ ≢

 
Å ה

 

Å ה

 

ᵕ 

─

 

Å ╛ ⅛╠ ╠╣

≡™╢ ≤◦Ⱶꜙ꜠כ◦ꜛ

fi─ ⅜ ⇔≡™⌂™

≤⁸ ─ ≢

⅜ ≢⅝⌂™⁹ 

Å ♦כ♃─ ה

╩ ™⁸∕─ ≤

⸗♦ꜟ ╩

⁹ 

 

ᵖ 

Ɽꜝⱷכ♃

 

Å ╛ ⌐

∆╢▬fiⱪ♇♩הⱤꜝⱷכ

♃ ⌐ ─ ⅜ ↕╣

≡™⌂™⁹ 

Å ה

ה ─Ɽꜝⱷ

♃כ  

 

Å Ɽꜝⱷכ♃⌐

─ ╩ ∆╢↓≤─

⌐≈™≡ ≢№╢⁹ 

Å Ɽꜝⱷכ♃

⌐ ─ ╩ ∆

╢↓≤─ ≤

⌐ ∆╢ ⁸
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3.2.  ┘  

─ ─ ה ⌐ ╢ ⌂ ┘ ⱨ꜡כ╩  3-1⌐ ∆⁹ 

 

 3-1 ─ ─ ה ⌐ ╢ ⌂ ┘ ⱨ꜡כ 
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3.3.  ▬fiⱪ♇♩♦כ♃─ ה  

⸗♦ꜟ─▬fiⱪ♇♩№╢™│⁸◐ꜗꜞⱩ꜠כ◦ꜛfi ┘⁸Ᵽꜞ♦כ◦ꜛfi ┘⌐⁸

⌐ ─♃כ♦⌂ ╩  3-2⌐ ⇔⁸ ─♃כ♦ ה ⌐≈™≡ ═╢⁹ 

 

 3-2 ⸗♦ꜟ ⌐ ♃כ♦⌂ ┘  

 

 ꜟ♦⸗  ♃כ♦

 ♃כ♦

 
    

 

 

 

 

 

 

 

 

 
 

▪ⱷ♄☻ 

⸗
♦
ꜟ
▬
fi
ⱪ

♩ 

 

- ủ ủ ủ ủ 

 

☿fi

 כ♃
ủ - - - - 

  - - - - - 

 DEM  

5m ⱷ♇◦ꜙ

╩ 20m⌐ ⇔≡  
 

 

- ủ ủ ủ ủ 

☿fi

כ♃ 1m ⱷ♇◦ꜙ╩ 5m

⌐ ⇔≡  

ủ - - - - 

 
 

20 ─ 1

  

 

ủ ủ ủ ủ ủ 

 
☿fi

 כ♃
ủ - - - - 

 

 

 

 
ה

 

ủ ủ ủ ủ ủ 

 - ủ ủ - - 

 - - - ủ - 

5 ─ 1

 

 

☿fi♃כ 1293 ⁸

2 ⁸ 3

 

 ủ ủ ủ ủ ủ 

◙כ꜠

 ♃כ♦

H20

┘ ꜠

◙כ  

 

ủ ủ - ủ ủ 

R01 

⌐⅔↑╢ ◙כ꜠

 

ủ ủ - ủ ủ 

 ☿fi♃כ  

 

- - - - ủ 

2010

 

 

- - - - ủ 

 

 

☿fi

 כ♃
⸗♦ꜟ 

◐ꜗꜞⱩ꜠כ

◦ꜛfiהⱣꜞ

fi⁸ꜛ◦כ♦

 

ủ     

♄ⱶ

 

 
 ủ ủ   

♄ⱶ

 

 
   ủ ủ 
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3.3.1.  ♃כ♦ 

1 ♃כ♦  ─  

─ ≢│⁸ ⅜ ™ ╒≥ ⅜ ⅝ↄ⌂╢ ⅜№╢2⅜⁸ ⌐ ╢▪

ⱷ♄☻ │⁸ ─⇔╛∆↕─ ⅛╠⁸ ─ ≢╙ ▪◒☿☻─⇔╛∆™

─ ⌐ ↕╣≡™╢↓≤╙№╡⁸↓─╟℮⌂ ─ ⅛╠ ╘╢ │⁸

╟╡╙ ≤⌂╢ ⅜№╢⁹↓─ ≢ ↕╣√ ╩SWAT⸗♦ꜟ─▬fiⱪ

♇♩≤⇔≡ ─ ™ ⌐ ∆╢≤⁸ ╟╡╙ ⌂™ ⅜ ⅎ╠╣╢↓≤≤⌂

╡⁸ ⅜ ⌐ ↕╣╢⌂≥⁸◦Ⱶꜙ꜠כ◦ꜛfi ─

╩ ↕∑╢ ⅜ ⅎ╠╣√⁹ 

↓─↓≤⅛╠⁸ ─ ♄ⱶ ≤ ♄ⱶ ⌐⅔↑╢ ╩ ⇔⁸ ─♦

≥♃כ ⇔⁸ ╩ ∫√⁹ ה ─ ◦Ⱶꜙ꜠כ◦ꜛfi ⌐⅔↑╢ ♄ⱶ ─

│ 0.81⁸0.80⁸ ♄ⱶ ─ │ 0.78⁸0.82 ≤⌂╡⁸☻◑ ⌐⅔↑╢

─ 20% ≤ ≤╩ ∑√ ⅜ ─ 30% ≤™℮

─ ≤ ╠⇔ ╦∑╢≤⁸ 0.80 │╛╛ ≤ ╘╠╣√  3-3 β ─ ≢

⅜ ⁹↓─√╘⁸▬fiⱪ♇♩ ╩ ↕∑╢ ╩ ℮↓≤≤⇔√⁹ 

 3-3 ─  

2   

─√╘─ ⁸≡⇔≥♃כ♦ ♄ⱶ ┘ ♄ⱶ ⌐ ↕╣≡™╢▪ⱷ

♄☻ ─ ╩♃כ♦─ ⇔√⁹ ⌐│⁸  3-2 ⌐ ∆≤⅔╡⁸ ♄ⱶ ≢│

─ ⁸ ─ ⁸ ─ ─ ╩♃כ♦ ⇔⁸ ♄

ⱶ ≢│ ─ ⁸ ⁸ ⱡ ⁸ ─ ⁸

─ ─ ╩♃כ♦ ∆╢↓≤≤⇔√⁹ 

 

 

 
2 ╠ 1995 ₈ ≢─ ⌐ ∆╢ ₉ 

⸗♦ꜟ  
  

    
 

 
    

 

 

 2015- 2019 1978- 1982 2015 2015- 2019 1978- 1982 2015 

mm  2,438  2,091 2,445 2,727 2,362 2,739 

mm  1,986 1,681 1,954 2,124 1,944 2,157 

 0.81 0.80 0.80 0.78 0.82 0.79 
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 3-2 ⌐ ™√ ♃כ♦ ─ ♄ⱶ ⁸ ♄ⱶ  

 

│⁸ ─ ≤ ╩Ɽꜝⱷ⁸√⇔≥♃כ ╠ 1995 2⌐╟╢

─ ╩ ™≡ ╘√⁹ 

 

 

P mm  

P0 h0─ mm  

C   1.0×10 3  

z m  

P │ ↕╣√ ─ mm ⁸P0 │⁸ h0 m ⌐№╢ ⌐⅔↑

╢ m ⁸C  │ 1.0×10 3 ⁸z │ ╩ ™√™ ─ m ≢№╢⁹

SWAT ⸗♦ꜟ≢│ ╩ ⌐▬fiⱪ♇♩∆╢ ≤⌂∫≡™╢↓≤⅛╠⁸ │

⌐⅔↑╢ ─ ╩ ⌐ ⇔√⁹ 

3   

─ ─ │⁸ ─ ╟╡╙ ™↓≤⅛╠⁸ ─ ─ ⅜

╟╡╙ ↄ⌂∫√⁹∕─ ⁸ ╙ 0.6 0.7 ≤ ⌂ ≤⌂∫√  3-4 

⁹↓─↓≤⅛╠⁸SWAT ⸗♦ꜟ─ ▬fiⱪ♇♩⌐│⁸↓╣╠─ ↕╣√ ♃כ♦

╩ ∆╢⁹ 

  3-4 ─  

⸗♦ꜟ   

   

    
 

 
    

 

 

 2015- 2019 1978- 1982 2015 2015- 2019 1978- 1982 2015 

mm  2,998  2, 665 3, 023 3,179 2,776 3,233 

mm  1,986 1,681 1,954 2,124 1,944 2,157 

 0.66 0.63 0.65 0.67 0.70 0.67 

ὖ ὖ ὅᾀ Ὤ ρ 
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3.3.2.  ─  ♃כ♦

 ⁸ ⁸ ⁸ ⌐≈™≡─ ╩♃כ♦ ⇔√⁹ 

⌂⅔⁸ ┘ ≢♃כ♦ ─№╢╙─⌐≈™≡│⁸SWAT ⸗♦ꜟ⌐ ╖ ╕╣≡™╢

₈ ♃כ♦ ◦☻♥ⱶ₉╩ ™≡⁸▪ⱷꜞ◌ ☿fi♃כ The National Centers 

for Environmental Prediction ⅜ ⇔≡™╢ ◦☻♥ⱶ Climate Forecast 

System Reanalysis ╩♃כ♦─ ⇔√⁹ 

╕√⁸ ▬fiⱪ♇♩─ ⌐│⁸ ─ ה ┘ ─ ╙ ≤⌂╢√╘⁸

│♃כ♦─╠╣⧵ DEM ⅛╠ ⇔√⁹ ┘ │⁸  3-5⁸  3-6 ─ ⌐

∆≤⅔╡≢№╢⁹ 

⇔√ ⁸ ⁸ ─♃כ♦─ ╩ ≤⇔≡⁸ ⌐ ∆⁹ 

 

 3-5 ┘ ⸗♦ꜟ  

 

₈×₉│ ⌐⅔™≡│ ⁹♃כ♦™⌂™≡╣↕ ⁹ 

 

 

 3-6 ┘ ה ⸗♦ꜟ  

 

 

1  ♃כ♦ 

⇔√ ─♃כ♦ ≤⇔≡⁸ 1978 1982 ≤ 2015 2019 ─◦Ⱶꜙ

fiꜛ◦כ꜠ ⌐⅔↑╢ ─ ─ ╩  3-3⌐ ∆⁹ 

ה ≤╙⌐ ⅛╠ ⌐⅛↑≡ ⅜ ⇔⁸ ⁸ ⌐Ⱨכ◒╩ ⅎ⁸∕─ ⁸

⌐⅛↑≡ ∆╢ ⅜╖╠╣√⁹ ⌐⅔↑╢ │ 10ϴ≤ ⇔≡™╢⅜⁸

│ ─◦Ⱶꜙ꜠כ◦ꜛfi ⅜ 22ϴ≢№╢─⌐ ⇔⁸ ─◦Ⱶꜙ꜠כ◦ꜛfi

≢│ 25ϴ ≤ ╠⅛⌐ ↄ⌂∫≡™╢↓≤⅛╠⁸ 40 ≢ ⅜ ⌐№╢↓

≤⅜╖╠╣√⁹ 
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 3-3 ⌐⅔↑╢ ─  

◦Ⱶꜙ꜠כ◦ꜛfi ⁸ ◦Ⱶꜙ꜠כ◦ꜛfi  

 

2  ♃כ♦ 

⇔√ ─♃כ♦ ≤⇔≡⁸ 1978 1982 ≤ 2015 2019 ─◦

Ⱶꜙ꜠כ◦ꜛfi ⌐⅔↑╢ ─ ─ ╩  3-4⌐ ∆⁹ 

⁸ ≤╙⌐ ≢│ ⅜ ⅝ↄ⁸ │ 40 ╩ ╢ ╙╖╠╣√⅜⁸ ⌐

⅛↑≡ ₁⌐ ⅜ ↕ↄ⌂╡⁸80 ╩ ╢ ⅜ ↄ╖╠╣√⁹∕─ ⁸ ⌐⅛↑≡ ⅜

⅝ↄ⌂∫√⁹ 

 

πмл

л

мл

нл

ол

ṓ
ᴛ
όϴ
ύ

╦ Ḣ τΣΪϥᵃẠЄЬвй˔Єдрṍḧ όмфту˙мфунύχ ỡΰθṓᴛ

πмл

л

мл

нл

ол

ṓ
ᴛ
όϴ
ύ

╦ Ḣ τΣΪϥᾝ ЄЬвй˔Єдрṍḧ όнлмр˙нлмфύχ ỡΰθṓᴛ
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 3-4 ⌐⅔↑╢ ─  

 

3  ♃כ♦ 

⇔√ ─♃כ♦ ≤⇔≡⁸ 1978 1982 ≤ 2015 2019 ─◦Ⱶꜙ

fiꜛ◦כ꜠ ⌐⅔↑╢ ─ ─ ╩  3-5⌐ ∆⁹ 

◦Ⱶꜙ꜠כ◦ꜛfi ⌐⅔™≡│⅔⅔╗⌡  m/s ≢ ╩ ⇔⁸ ◦Ⱶꜙ꜠כ

◦ꜛfi ⌐⅔™≡╙⅔⅔╗⌡  m/s ≢ ⇔≡™╢╙──⁸  m/s╩ ╢ ╙ ↄ

╖╠╣√⁹↓╣│ ⅛╠ ⌐⅛↑≡ ⌐ ⅜ ⇔√↓≤╛ ⅜ ⇔√↓≤⌐

╟∫≡ ─ ∆╢ ⅜ ╘╠╣⁸ ™ ⅜ ™≡╙ ≢ ∆╢

√╘⌐⁸ │ ─◦Ⱶꜙ꜠כ◦ꜛfi ╟╡╙  m/s╩ ╢ ⅜ ⌂™ ≤⌂

∫√↓≤⅜ ⅎ╠╣╢⁹ 

 

л

нл

пл

сл

ул

млл

ד
ό̋
ύ

ᴱῢᾰḢ τΣΪϥᵃẠЄЬвй˔Єдрṍḧόмфту˙мфунύχ ỡΰθ ד

л

нл

пл

сл

ул

млл

ד
ό̋
ύ

ᴱῢᾰḢ τΣΪϥᾝ ЄЬвй˔Єдрṍḧόнлмр˙нлмфύχ ỡΰθ ד
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 3-5 ⌐⅔↑╢ ─  

◦Ⱶꜙ꜠כ◦ꜛfi ⁸ ◦Ⱶꜙ꜠כ◦ꜛfi  

 

3.3.3.  DEM♦כ♃ 

SWAT ⸗♦ꜟ≢│⁸DEM ╠⅛♃כ♦ ─ ╩ ─ ≢ ⇔⁸▬fiⱪ♇♩≤⇔

∆╢↓≤⅜≢⅝╢⁹DEM ꜟ♦⸗⁸│≡™≈⌐♃כ♦ ─ ╩ ╘╢ ⅛╠⁸

⸗♦ꜟ≢│⁸ ☿fi♃כ⅛╠ ↕╣√ m ─ DEM ╩♃כ♦ m⌐⁸

ה ⸗♦ꜟ≢│⁸ ♄►fi꜡כ◘♪כⱦ☻3⌐╟╡ ⇔√ m

─ DEM ╩♃כ♦ 20m⌐ꜞ◘fiⱪꜞfi◓⇔≡ ™╢↓≤≤⇔√⁹ 

⌐⅔↑╢ ─ ⅎ ≤⇔≡⁸ ◦☻♥ⱶ⌐ ∂√ ⌂≥─ ⌐⅔™≡⁸

0 15° ⁸ 15 30° ⁸ 30 35° ⁸

35° ─ ≈─ ⌐ ∆╢↓≤⅜ ≢№╢⅜⁸ ─ ─ │

⌐№╢↓≤⅛╠⁸ ≢ 15°─ ≤⇔⁸0 15°⁸15 30°⁸30 45°⁸45°

─ ≤⇔√  3-6 ⁹ 

 

 

 
3 ♄►fi꜡כ◘♪כⱦ☻, https://fgd.gsi.go.jp/download/menu.php  

л

м

н

о

п

р

όƳ
κǎ
ύ

╦ Ḣ τΣΪϥᵃẠЄЬвй˔Єдрṍḧ όмфту˙мфунύχ ỡΰθ

л

м

н

о

п

р

όƳ
κǎ
ύ

╦ Ḣ τΣΪϥᾝ ЄЬвй˔Єдрṍḧόнлмр˙нлмфύχ ỡΰθ
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 ♄ⱶ ה  ♄ⱶ ה  

 
 

 

 

 

 3-6 ⸗♦ꜟ─
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3.3.4.  ♃כ♦ 

⁸│♃כ♦ ─⇔╛∆↕╛⁸ ─ ╩◌Ᵽכ⇔≡™╢⅛╩ ⇔⁸

─ ה 4⌐╟╢⁸20 ─ 1 ─

GIS ╩♃כ♦ ⇔√⁹⌂⅔⁸ │⁸ │≢♃כ♦ ⅜ ─ ♃▬ⱪ

≤⌂∫≡™√⅜⁸ ∆╢ ⌐ ∆╢Ɽꜝⱷכ♃ ─ ╩ ⇔⁸

☿fi♃כ╟╡ ↕╣√ ─ ╩ ⇔⁸╟╡ ↕╣√ ╩

⇔√⁹ 

⸗♦ꜟ≢ ⇔√ │⁸  3-7 ─≤⅔╡≢№╢⁹⌂⅔⁸↓─ │⁸SWAT

⸗♦ꜟ⌐ ╖ ╕╣≡™╢ ≥☻כⱬ♃כ♦ ☻כⱬ♃כ♦⁸╡⅔≡⇔ ≢ ⌐

↕╣√ ⌐ ∆╢ ⅜⸗♦ꜟ▬fiⱪ♇♩ ≤⇔≡ ⌐ ™╠╣≡™╢⁹↓╣╠

─▬fiⱪ♇♩ │⁸⸗♦ꜟ─ ╩ ╘╢√╘─◐ꜗꜞⱩ꜠כ◦ꜛfi ╛Ᵽꜞ♦כ◦ꜛfi

⌐╟╡ ⌂ ⌐ ↕╣╢ ⅜№╢⁹Ɽꜝⱷכ♃ ─ ⌐≈™≡│ 5 ≢ ∆

╢⁹ 

 

 
ה 4 , https://nlftp.mlit.go.jp/kokjo/inspect/inspect.html  
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ה ꜟ♦⸗ ⁸ ה ⸗♦ꜟ  ⸗♦ꜟ 

 

 

 

 3-7 ⸗♦ꜟ─  

  

ᶬ 3 

ᶬ 2 

ᶬ 1 

ᵥ  

⁷Щϼ  

ᶬ  

ᶬ  

ḵ  
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3.3.5.  ♃כ♦ 

╠⅛ꜟ♦⸗⁸│♃כ♦─ ↕╣╢ ≤ ⇔≡ ╩ ℮ ≢ ⇔

√⁹ ⌐⁸ ⁸ ♄ⱶ ⁸ ♄ⱶ ─ ≡⇔≥♃כ♦ כ♦√™

♃─ ╩ ∆⁹⌂⅔⁸ ─ ≥♃כ♦ ─♃כ♦ ⌐≈™≡│⁸₈4.3

⌐⅔↑╢ ─ ⸗♦ꜟ ≤─ ≤⇔≡ ₉⌐ ∆╢⁹ 

 

1   

│⁸ ☿fi♃כ⅛╠ ↕╣√⁸ ─ ≈─

─ 2013 ⅛╠ 2014 12 31 ╕≢─ ╩♃כ♦ ™√⁹  3-8

⸗♦ꜟ─ │⁸ ─ ≢№╢ No.4─ ≤⸗♦ꜟ

No.4─ ⌐ ⌐⅔↑╢ ≤ ╠⇔ ╦∑╢↓≤≢ ⇔√⁹

⌐ ╩♃כ♦ ⇔⁸ ⌐│ ≡™≈⌐♃כ♦ ⇔√⁹ 

 

 3-8 ⌐⅔↑╢  

 

2  ♄ⱶה ♄ⱶ  

♄ⱶ ┘ ♄ⱶ │⁸ ─╟℮⌐ ⌐ ⅜ ⇔⌂™√

╘⁸ ╟╡ ↕╣√₈♄ⱶ ₉╩₈ ⌐⅔↑╢ ₉≤ ⅝ ⅎ

≡ ╩ ∫√⁹ ≤ ⌐⁸ ⌐ ╩♃כ♦ ⇔⁸

⌐ ≡™≈⌐♃כ♦ ⇔√⁹ 

  

No.4

No.1

No.3

No.2
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3.3.6.  ♃כ♦ 

│⁸ ⁸ ≤ ∑≡⁸SWAT ⸗♦ꜟ─ ⌂▬fiⱪ♇♩─ ≈≢№╢⁹

≢│⁸ ⌐⅔™≡ ⌂╢ ≢ ⇔≡™╢ ⌐ ⇔⁸↓─▬fiⱪ♇♩

─♃כ♦ ╩₈ ₉≢│⌂ↄ⁸ ╩ ≤⇔√₈ ₉⌐ ⅝ ⅎ╢

↓≤≤⇔√⁹  3-9⌐│⁸ ⌐ ⌂ ┘ ╩ ∆⁹ 

─ SWAT ⸗♦ꜟ ה ⌐ ⌂⁸ ⁸ ♄ⱶ ⁸ ♄ⱶ ─

─ │⁸ ≢№╢ ⅛╠ ╘≡⅝√⁹ │ ⌐⁸

⌐ ♃כ♦─◙כ꜠ ⌐╟╡ ─ ╩ ∫√

─ ─ ╩ ™⁸ ♄ⱶ ─ ─ ה⇔ ⁸

─ ⁸ ⌐ ⇔√ ─ ─ ╩ ∫√⁹ 

 

 
 3-9 ⌐ ╢ ┘  

1  ⌐ ∆╢  

⸗♦ꜟ─▬fiⱪ♇♩≤⇔≡ ⌂ ⌐≈™≡│⁸ ─ ⌐ ⅝⌂

╩ ╓∆≤ ⅎ╠╣╢₈ ₉⁸₈ ₉⁸₈ ₉ ⌐│ ⌐ ∆

╢ ≢№╢⅜⁸ ≢│ ⁸↓─╟℮⌐ ∆╢⁹ ─ ≈─ ≢ ∆╢↓

≤≤⇔√⁹ 

♃כ♦ ⅜ ⅝ↄ⌂╡∆⅞╢≤ PC ─ ⌐ ∆╢ ╙ ↄ⌂╢↓≤⅛╠⁸

─ ╩ ⌐⁸ │₈☻◑₉⁸₈ⱥⱡ◐₉⁸₈ ₉─ ⁸ │₈0 10 ₉⁸

₈10 20 ₉⁸₈30 40 ₉⁸₈40 50 ₉⁸₈50 ₉─ ⁸ │

₈ ₉⁸₈ ₉⁸₈ ₉─ ≤⇔√⁹ 

↓─╟℮⌐⇔≡ ⇔√ ה ה ─ ╩ ╖ ╦∑⁸  3-7 ─╟℮⌐

♪כ◖ ⇔√ ה ה ─ ─♪כ◖ ⅛╠⁸ ─₈ ╩₉♪כ◖
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⇔⁸∕╣╠╩ SWAT ⸗♦ꜟ≢─ ♃▬ⱪ≢№╢₈crop ID₉⌐ ↕∑╢⁹₈crop ID₉

│ ≢ ⌐ ⇔√╙─≢№╡⁸cropID ⌐ ⌐ ∆╢Ɽꜝⱷכ♃ LAI

─ ⅜ ↕╣≡™╢ ⁹↓─ ⁸ ≢ 36 ☻◑ 18⁸ⱥⱡ◐ 18  ⁸ ≢ 

 ─  38  ─ ⅜♪כ◖ ↕╣√⁹╕√⁸ ─ ⌐╙ ⌂

crop ID ╩ ╡ ≡√⁹ 
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 3-7 ─  
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2 ♃כ♦   

─ ⌐│ ⌐ ╩ ⇔⁸ ─ ╛ ─ ─ ⌐

│⁸ ╩ ⌐ ™╢↓≤≤⇔√⁹╕√⁸ 1970 ⌐ ♄ⱶ

⌐⅔™≡ ↄ ⇔≡™√ ─ ─√╘⁸ ─ ╛ ─

╩ ⇔√╒⅛⁸ ─ ─ ⌐│ ╩♃כ♦◙כ꜠ ™√⁹ 

─♃כ♦─╠╣↓√⇔ ╩ ⌐ ∆⁹ 

 

1   

♄ⱶ⁸ ♄ⱶ ─ ⌐⅔™≡ ⇔√⁸ ⁸ ┘

─ ─ ╩  3-10⌐ ∆⁹ 

 

 3-10 ♄ⱶ⁸ ♄ⱶ ⌐⅔™≡ ⇔√  

⌐⁸ ─  3-11 ≤⁸ ─  3-12 ⁸  

3-13 ╩ ⌐∕╣∙╣ ∆⁹ 

 

♄ⱶ  

♄ⱶ  
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 3-11  

 

 
 

 3-12 β │  

 

♄ⱶ  

 

♄ⱶ  

♄ⱶ  
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 3-13  

 

2   

1/2.5 ─ 1999 2004  3-14 ≤ 1/5

─ 1981 1982  3-15 ╩∕╣∙╣ ∆⁹ ─ ⌐

1/2.5 ─ ╩⁸ ─ ─ ⌐│ 1/5

╩ ⇔√⁹ 

 

♄ⱶ  
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 3-14 1/2.5 1999 2004  

 

♄ⱶ  

♄ⱶ  
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 3-15 1/5 1981 1982  

  

♄ⱶ  

♄ⱶ  
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3  2010  ⌐╟╢  

♄ⱶ ─ ≤⇔≡⁸ ☿fi♃כ╟╡ 2010

⅜ ⇔√ ⌐╟╢ ─ ╩ ↑⁸ ⌐♃כ♦ ─

⁸₈∟℮─♪כ◖ ₉╩ ⇔≡ ⇔√  3-16 ⁹ 

 
 

  

 

 

 
5

 

 15  

16  

 25  

83  
 84  

 

 

H22  
 

H23  
 

 
23 24

 

 3-16 2010 ─ ⌐╟╢  

 
5 ⌂≥ ─  ⱶ♥☻◦♃כ♦

♄ⱶ  
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4  1970  

⌐╟╡⁸ ─ ⌐ ™√ 1970 ─ ╩  3-17⌐ ∆⁹ 

⌂⅔⁸ ⌐ ⇔≡™╢ │⁸ ─ ⌐ ⇔√ ╩

⇔≡™╢⁹ 

1970 ─ ≢│⁸₈3.4.3. 1 2 ᵑ ─ ה ⸗♦ꜟ▬fiⱪ♇

─♃כ♦♩ ₉⌐ ↕╣≡™╢ ─ ⌐⅔↑╢ ⌐

™√⁹ 

 

 1974 1978  

  

 TIFF  

 
   

CKT -77-02_030_0006 CKT -77-02_030_0011 CKT -77-02_030_0015 

 3-17 1974 1978  

 

  

 

♄ⱶ  
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5  ♃כ♦◙כ꜠ 

⌐⅔™≡│⁸ m 2 √╡ ─ ─ ♃כ♦◙כ꜠

╟╡ ╩ ↑√₈ 20 ┘ ◙כ꜠ ₉

♃כ♦ ─ ⅜ ≢№∫√↓≤⅛╠⁸ ─ ⌐ ─♃כ♦ ⌐╟╡ ⇔

√ ╩ ⌐⁸ ₈ ₉⁸₈ ₉⁸₈ ₉ ─ ╩ ∫√⁹∕─ ⁸

⅜ m 2 √╡ ─╟╡ ⌂ ♃כ♦◙כ꜠ ╟╡ ╩ ↑√

₈ ◙כ꜠ ┘ ₉ ♃כ♦

╩ ⇔⁸ ⌐ ┘ ╩ ∫√⁹ 

3.4.  ─  

3.4.1.   

╩ ∆╢√╘─ ≈─ ─℮∟⁸ │⁸ ╛ ≤ ⌂╡⁸

⌐ ⅜ ™ ⁸ ╩ ╢↓≤⅜ ⇔⅛∫√↓≤⅛╠⁸ ─⸗♦ꜟ

≢№╢ ⌐≈™≡│⁸ ♃כ♦◙כ꜠ ⌐╟╡ ╩ ⇔⁸ ─

◐ⱥⱡה◑☻ ╩ ⌐ ≢ ⇔√☻◑⁸ⱥⱡ◐

 3-8⁸  3-9 ≤ ╠⇔ ╦∑⁸ ╩ ≡│╘╢↓≤≤⇔√⁹ 

│⁸ ≤ ─ ⅛╠₈ ₉⁸₈ ₉⁸₈ ₉⅜ ≢⅝╢╟

℮⌐⇔√╙─≢⁸↓↓≢ ™╢ ╙ ╡╟♃כ♦◙כ꜠ ╘√⁹ 

 3-8 ☻◑─ : ⁸ : ⁸ :  
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 3-9 ⱥⱡ◐─ : ⁸ : ⁸ :  

 

⌂⅔⁸ ♄ⱶ ┘ ♄ⱶ ⌐≈™≡│⁸ ╩◌Ᵽכ≢⅝╢ ♦◙כ꜠

⅜♃כ ≢⅝⌂⅛∫√↓≤⅛╠⁸ ⌐ ┘ ⅛╠ ╩ ↑√

─ ─ ╩ ⌐ ╩ ╡ ≡√⁹⇔⅛⇔⌂⅜╠⁸ ♄ⱶ ⌐

≈™≡│ ⁸ ≢│№╢╙── ─♃כ♦◙כ꜠ ⅜ ≢№∫√↓≤⅛╠⁸

⌐⅔↑╢ LiDAR ─♃כ♦ ─ ╩ ≤⇔≡⁸ ≤ ⁸

♄ⱶ ─ ╩ ∫√ ⌐≈™≡╙⁸ ╛ ─ ┘

∕─ ─ ╩ ∫√⁹ ⌐≈™≡│₈3.4.4 ⇔√ ─ ─

₉≢ ═╢⁹ 
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1   

1  LiDAR ♃כ♦ ⌐╟╢  

⇔√ LiDAR ⁸│♃כ♦ ─≤⅔╡⁸ ╟╡ ╩ ↑√₈ 20

┘ ◙כ꜠  ⁹╢№≢♃כ♦╢╟⌐₉

LiDAR │♃כ♦ ─ ≢♃כ♦ ↕╣≡⅔╡⁸ ⌂≥⅛╠ ↕╣√꜠

⅜◙כ ⌐ ∆╢╕≢─ ⌐ ≠⅝⁸ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹

─⧵│◙כ꜠√⇔ ⌐╟∫≡ ↕╣⁸ ─ ≢ ⇔√╙─│

⸗♦ꜟ DSM; Digital Surface Model ⁸ ⌐ ⇔√╙─│ ⸗♦ꜟ

DTM ; Digital Terrain Model ─ ⌐∕╣∙╣ ™╠╣╢ ₁ , 2012 ⁹ ⌐

⅔™≡│ DSM ≤ DTM ─ ⅜ ─ ↕╩ ⇔≡⅔╡⁸ ⸗♦ꜟ DCHM ; 

Digital Canopy Height Model ≤⇔≡ ─ ╛ ─ ⌐ ™╠╣≡™╢  

3-18 ⁹ 

ⅎ┌⁸№╢ ⌐⅔↑╢ DTM ─ ⅜ 1,500m⁸DSM ─

⅜ 1,520m ≢№∫√ ⁸∕─ ─ DCHM ─ ↕ │∕╣╠─

1,520m ð 1,500m ─ 20m≤ ↕╣╢⁹ 

 

 3-18 ⸗♦ꜟ DCHM ─ ▬ⱷכ☺ 

 

╡╟◙כ꜠ ╩ ╘╢ │ ∆╢⅜⁸ ≢│⁸ ♁ⱨ♩ R

─ LiDAR ♃כ♦ ─☻◒ꜞⱪ♩≢№╢₈rLiDAR 6₉ ┘▪ⱷꜞ◌

USDA Forest Service ⌐╟∫≡ ↕╣⁸ ≢ ↕╣≡™╢ LiDAR

♃כ♦ ♁ⱨ♩►▼▪₈FUSION/LDV v3.70 7₉╩ ™√ ╩ ╖√  3-19 ⁹ 

⌐ ∆╢⁸ ─ ⅝⌂ ╣│ ─≤⅔╡≢№╢⁹ 

 
6 R Documentation, rLiDAR version v0.1.1, 

https://www.rdocumentation.org/packages/rLiDAR/versions/0.1.1  
7 FUSION, the latest version, http://forsys.cfr.washington.edu/fusion/fusionlatest.html  



 

48 

 

 

ᵑ LiDAR ╩♃כ♦ ™√ ⸗♦ꜟ(DCHM)─  

ᵒ DCHM ╩ ™√  

ᵓ ↕╣√ ⌐╟╢ ה ─  

 

 3-19 ⇔√ ─ ◙כ꜠  

⌐⁸ ─ ╩ ∆⁹ 

ᵑ ♦כ♃ ♥◐☻♩ⱨ□▬ꜟ ╩ las ─ⱨ□▬ꜟ⌐  

ᵒ DTM ┘ DSM ╩  

· ArcGIS ─ Las dataset to Raster ╩  

ᵓ DSM ≤ DTM ─ ╩  

· ArcGIS כ♃☻ꜝ─ ╩ ™≡⁸0.5m ⱷ♇◦ꜙ─ DCHM ╩כ♃☻ꜝ

 

ᵔ DCHM ─☻ⱶכ☺fi◓  

· rLiDAR Gaussian filter ⁸Window size × ≢☻◒ꜞⱪ♩ ⁹ 

· FUSION Saga GIS⌐≡ Gaussian filter ⁸Window size 3×3  

ᵕ DCHM ╡╟כ♃☻ꜝ ─  

· rLiDAR  Local maxmum  

· FUSION Watershed  

0.5Ỳ0.5Ỳ

²ƛƴŘƻǿ ǎƛȊŜ рȄр

DTM DTM
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ᵖ ⇔√ DCHM ╩ ⌐ ─  

· rLiDAR ☻◒ꜞⱪ♩⌐╟╡▪►♩ⱪ♇♩↕╣╢ ⁸

╩  

· FUSION  

-  ArcGIS ─ Raster to ASCII ╩ ™≡ DCHM ╩כ♃☻ꜝ ASCII

─♥◐☻♩ⱨ□▬ꜟ⌐  

-  ◖ⱴfi♪ⱪ꜡fiⱪ♩─cd ≢FUSION/LDV ♁ⱨ♩─ ╩ ⇔⁸

FUSION/LDV ─ ASCII2DTM ─◖ⱴfi♪ꜝ▬fi╩ ™≡ DCHM ╩

FUSION/LDV ≢ ╖ ╘╢ DTM ⌐  

-  DTM ⌐ ⇔√ DCHM ╩ ⱨ□▬ꜟ≤⇔≡⁸FUSION/LDV ─

TreeSeg ╩ ™≡ ╩ ⁹ 

-  FUSION/LDW ─ TreeSeg ⌐│ Watershed ≤ ┌╣╢ ▪

ꜟ◗ꜞ☼ⱶ⅜ ↕╣≡⅔╡⁸ ─ ╟╡ ™ ╩ ⌐ ∆╢

↓≤⅜≢⅝╢ │ m╩ ≤⇔≡ ⁹ 

ᵗ ↕╣√ ⱳ▬fi♩♦כ♃ shape ╩ GIS ≢  

ᵘ ⌐ ╕╣╢ ⱳ▬fi♩♦כ♃ ⅛╠ ╩  

· ⱳ▬fi♩♦כ♃ ╩ ─ ha ≢ ⇔≡ LiDAR ⱬכ☻─

╩  

 

2  DCHM ≤ ─ ⌐╟╢  

⌐⅔™≡⁸ ─ ─ ─ │⁸LiDAR ─♃כ♦

DCHM 8 Digital C anopy Height Model; ⸗♦ꜟ ⅜ ⌐ ⌐⌂╢ ╩

≤⇔≡ ╩ ∆╢ ╩ ™√⅜⁸ ─ ╩ ∆╢√╘─ ⱬ

─☻כ ⅜♃כ♦ ∑∏⁸ ─ ⅜≢⅝≡™⌂⅛∫√⁹ 

∕↓≢⁸ ≢│ ≢ ⌐≈™≡◘fiⱪꜞfi◓ ╩ ⇔⁸LiDAR

─♃כ♦ ≤ ─ ╩ ⌐ ⇔√⁹⌂⅔⁸ ⌐≡

⇔√ LiDAR ─ │⁸ ≤ ⁸ /m2 ≢№╢⁹ 

│ 2021 18 ⌐ ⇔√⁹ ╩ ∆╢√╘─ ≤⇔≡│

₈ -ESSED ─ ₉≤ ┌╣╢◘fiⱪꜞfi◓ ╩ ⇔√⁹↓─ │⁸

─ ⌂ ⅛ ─ ⱪ꜡♇♩╩ ⇔⁸ ⅛╠ ⌐ ™ ╕≢─ ╩

⇔⁸∕─ ╩ ™≡ ╩ ∆╢ ≢№╢⁹↓─ │⁸

⅜ ↄ⁸ ─ ─ ⅜ ╠╣╢↓≤⅛╠ ⇔√╙─≢№╢⁹ 

≤∆╢ │⁸ ⌐ ↕╣≡™╢Ⱬ◒♃כꜟ √╡ ╩♃כ♦─

 
8 DCHM ≤│ Digital Canopy Height Model ⁸ ⸗♦ꜟ─↓≤≢⁸ ⸗♦ꜟ Digital 

Canopy Surface Model⁸DCSM ─ ⅛╠ ⸗♦ꜟ Digital Elevation Model ⁸DEM ─

╩ ⇔ ™≡ ╘╢⁹ 
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⌐ ─ ╩ 100⁸100 200⁸200 300⁸300 400⁸400

500⁸500 600m3/ha ⌐ ⇔√ ─◐ⱥⱡה◑☻⁸ ⌐ ⅛╠ ⇔√⁹

│ ≢ ⇔⁸ ⌐≈⅝ ≢ ╩ ∫√⁹ ⌐⅔↑╢

╩  3-10≤  3-20⌐ ∆⁹ 

 3-10 ⌐⅔↑╢ ─ ≤ 

LP ╡╟♃כ♦ ⇔√ DCHM  

 
⌐╟╢ 

 

DCHM  

m  
DCHM  

(m) 
DCHM  

 (m) 

☻◑ 376 38.1 18.1 10.4 

☻◑ 299 38.7 17.5 10.2 

☻◑ 335 32.4 15.8 9.1 

ⱥⱡ◐ 1031 27.4 13.8 7.7 

ⱥⱡ◐ 1179 30.9 13.9 8.2 

ⱥⱡ◐ 1755 21.3 9.3 5.5 
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◒ꜝ☻ ↑≤ ─  

⌐≈⅝ ≢ ╩  

LiDAR ╠⅛♃כ♦ ⇔√ DCHM  
 

 3-20 ≤ DCHM  

 






















































































































































































































































































