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I. ─  

┘ │⁸ ⌐≤∫≡ ⌂ ┘ ─ ≢№╡⁸∕─

╩ ⅜ ⇔ↄ ⇔⁸ ─ ⌐ ∆═⅝╙─≢№╢⁹⇔⅛⇔⌂⅜╠⁸ ─

╛ ─ ⌐ ™⁸ ─ ⁸ ─ ╛ ─ ─ ⅜

⇔⁸ ─ ╛ ─ ⅜ ╠╣╢ ≢⁸ ╩│∂╘≤∆╢

─ ⅜ ╖⁸ ─ ⅜ ╠╣√⁹↓╣╠─ ⌐ ╖⁸ ┘ ╩

⅛⌂ ≤⇔≡ ∆╢↓≤╩ ≤⇔≡⁸ ┘ ⅜ ⇔≡⁸ ─ ─ ┘

┘⌐ ─ ⌐╟╢ ─ ╩ ∆╢√╘⁸ 14 ⌐₈ ┘

╩ ∆╢√╘─ ⌐ ∆╢ ₉ ₈ ₉≤™℮⁹ ⅜ ╘╠╣√⁹ 

⌐ ≠⅝ ╘╠╣╢₈ ┘ ╩ ⌐ ∆╢ ₉⌐⅔™

≡│⁸₈ ─ ─ ⌐ ∆╢ ₉≤⇔≡⁸₈ ⁸ ⁸ ─ ─ ⌂

╛⁸ ─ ╩ ∂≡ ╩ ⌐ ∆╢√╘─⅝╘ ⅛⌂

╩ ∆╢≤≤╙⌐⁸ ⌂ ─ ≤ ⌐╟╢ ─ ≠ↄ╡

─ ⌐ ╘╢⌂≥⁸ ∆═⅝ ⌐ ∂√ ⌂ ─ ה ╩ ╡⁸ ┘

⌐ ∆╢ ─ ─ ∆╢ ╩ ⌐╦√╡ ⌐ ↕∑╢₉

≤↕╣≡™╢⁹ 

╕√⁸ 23 ─ ⌐╟∫≡ ⌐ ⅜ ↕╣⁸ ╩₈ ┘

╩ ∆╢√╘─ ⌐ ∆╢ ₉⌐ ↕╣╢≤≤╙⌐⁸ ┘ ⅜

℮ ─ ≈≤⇔≡⁸ 18 ⌐₈ ┘ ─ ⌐ ∆╢

─ ⌐⅔↑╢ ≤ ─ ≤─ ⌐ ∆╢ ₉⅜ ↕╣√⁹ ↕╠⌐⁸

⌐╙ ⅜ ↕╣⁸ 25 ≤⇔≡₈ ה

│⁸ ⁸∕─ ─ ─ ╩ ⅛╡╛∆™ ≢ ∆╢╙─≤∆╢₉⅜

↕╣√⁹  

↓╣╩ ↑⁸ ⌐│⁸ ⌐ ← ≡─ ⌐≈™≡⁸ ⅜ ⌐ ╓∆

─ ╩ ⇔≡™ↄ↓≤╩⁸ ─ ≤⇔≡™╢⁹  
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II.  ─  

╩ ⇔≡ ⅛╠ ╕≢ ∆╢ ╛↓╣≤ ⌐ ∆╢ │⁸

╛ ─ ⌐ ╩ ⅎ℮╢⅜⁸ ⌐╟╢ ─ ┼─ ╩ ∆╢√╘⌐│⁸

─ ⱪ꜡☿☻╛ ⅛╠─ ─ ⌐≈™≡ ה ╩ ℮

⅜№╢⁹ 

↓─√╘⁸ 24 ╟╡ ╛ ─ ─ ╩ ⇔⁸ 27

⌐ ─ ⁸⸗♦ꜟ ─ ┘ ⸗♦ꜟ─ ╩ ∫√⁹ 

 

≢│⁸ ⅜ ⌐ ⅎ╢ ╩ ∆╢√╘⌐ ⌂ ≤⇔≡⁸ ─ ╩

→≡™╢⁹ 

ה ⅝⌂ ╩ ≤⇔≡⁸ ⸗♦ꜟ╩ ™≡⁸ⱴ◒꜡ ה ⌐ ∆╢▪ⱪ꜡

⅜♅כ ≢№╢⁹ 

ה ─ ⌐ ∆╢≤™℮ ⅛╠│⁸ ≢ ₁⌂ ─ ⌐⅔↑╢

╛ ─ ╩ ℮▪ⱪ꜡כ♅╙ ≢№╢⁹ 

↓╣╠─ ╩ ╕ⅎ⁸ ⅜ ⌐ ╓∆ ─ ≤⁸ ≢─

⌐╟╢ ╙ ╕ⅎ√ ⌐╦√╢ ⌂ ╩ ℮√╘⁸ ─ ה ⅜ ↄ⁸

GIS≤╙ ⌂SWAT⸗♦ꜟ╩ ∆╢↓≤≤⇔√⁹ 28 ⅛╠⁸ ⁸

┘ ╩ ⌐ SWAT⸗♦ꜟ1─ ה ╩ ╘⁸ ─

⁸ ה ⁸ ⌐ ⅎ≡⁸ ≢─ ⌐

╢ ⌐≈™≡─ ה ╩ ∫√⁹ ┘ ─ ⌐≈™≡│⁸ ─≤⅔╡

≢№╢  II-1⁹ 

 

  

                                                   
1 Soil And Water Assessment Tool▪ⱷꜞ◌ USDA-ARS⌐╟∫≡ ↕╣√⁸

─ ה ה ─ ╩ ∆╢↓≤╩ ≤⇔√ ⸗♦ꜟ⁹ ─ ─ ה

─√╘⌐⁸1992⅛╠ 2010─ ≢ ╙ ⌐ ↕╣√⸗♦ꜟ≤ ╦╣≡™╢ Wellen et al. 

2015⁹ 
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 II -1 ─ ─ ╩ ╗  

 

282016  

⌐ ∆╢ ⸗♦ꜟ≤⇔≡ SWAT⸗♦ꜟ─ ╩ ∆╢≤≤╙⌐⁸ ⌐ ∆

╢ ─℮∟⁸ ⌐ ╢ ⅜ ⌂ ≢№╢ ╩ ≤⇔

≡ ⇔√⁹╕√⁸SWAT⸗♦ꜟ ⌐ ⌂ ⁸ ┘ ─

─ ╩ ∫√⁹ 

 

292017  

╩ ⌐ ⌐ SWAT⸗♦ꜟ╩ ⇔⁸ ⌂ ╩ ⇔≡⁸ ⅛╠

∆╢ ╛ ⌐≈™≡─ ╩ ⇔⁸ ─ ≤ ≤─ ⌐≈™≡

╩ ∫√⁹ 

 

302018  

─ ™ ⌐⅔↑╢ ╩ ╕ⅎ⁸ ⸗♦ꜟ─ ה ╩ ™⁸⸗

♦ꜟ─ ╩ ↕∑√⁹ ⸗♦ꜟ⌐╟╢◦Ⱶꜙ꜠כ◦ꜛfi⁸◦♫ꜞ○ ⌐╟╡⁸ ─

⌐≈™≡ ─ ⅜ ╠╣√⁹ 

 

2019  

⸗♦ꜟ ≢ ╠╣√▬fiⱪ♇♩╛Ɽꜝⱷכ♃ ⌐ ∆╢ ╩╙≤⌐⁸

┘ ⸗♦ꜟ╩ ⌐ ⇔√╒⅛⁸ ⸗♦ꜟ⌐≈™≡│⁸ ─ ╩ ⌐
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∆╢√╘⁸ ≢─ ╛ ⸗♦ꜟ─ ╩ ∫√⁹ 

 

2020  

⸗♦ꜟ ≢ ╠╣√ ╩╙≤⌐⁸ ┘ ⸗♦ꜟ╩ ⌐ ⇔√╒

⅛⁸ ⸗♦ꜟ⌐≈™≡│⁸ ⌂╢ ⌐ ╡ ╖⁸3 ─ ╩ ה ⇔⁸

╛ ─ ⌐≈™≡ ⇔√⁹╕√⁸ ─ ה

⌐⅔™≡⁸ ─ ╩ ∫√⁹ 
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III.  ─  

. ─ ⱨ꜡כ 

│⁸ ⌐ ∆╢ ─ ┼─ ╩ ⇔⌂⅜╠⁸↓╣╕≢⌐ ⇔√ 3

⁸ ⁸ ⌐ ╢⸗♦ꜟ⌐≈™≡ ─ ╩ ╢↓≤╩ ≤⇔≡

╩ ∫√⁹ ⌐⅔↑╢ ─ ⱨ꜡כ≤ ─ │ ─≤⅔

╡≢№╢  III -1 ⁹ 

 

 

 

 III -1 3 ⌐⅔↑╢ ⱨ꜡כ 
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. ─  

ה ⌐ ← 9≈─ ─℮∟⁸ 2 ╕≢⌐⁸ ⁸ ⁸

─⸗♦ꜟ ╩ ╘≡⅝≡⅔╡⁸ │⁸↓╣╠─⸗♦ꜟ─ ╩ ╢⁹ ⌐⁸

⁸ ⁸ ─ ╩ ∆⁹ 

 

  

─ │⁸  III-2─≤⅔╡≢№╡⁸ ─ ♄►fi꜡כ◘♪כⱦ

☻⅛╠ ╠╣╢ 10mⱷ♇◦ꜙ♦כ♃╟╡ ⇔√ 30m ─DEM≤ ≤ ⌡ ╦∑

≡ ⇔√⁹ ─ │⁸ ≢ ╙ ↄ 1,791m⁸ ™≢ ≢

1,231m⁸ ≢ 1,086m≢№╢⁹ 

 

 

 III -2  

 

╕√⁸ ─ │⁸  III-3─≤⅔╡≢№╢⁹ ⅛╠ ⁸

⁸ ⌂≥─ ◄ꜞ▪⌐⅔™≡│ 20° ─ ⅜ ╩ ╘╢

⁸ ╛ ה ⅜ ↄ ⇔≡™╢ ⁸ ─ ⅛╠ ⌐⅛↑≡│⁸

⌂ ⅜ ⅜∫≡™╢⁹ 



7 

 

 

 III -3  

 

  

ⱷ♇◦ꜙ♦כ♃ 100mⱷ♇◦ꜙ ╟╡ ⇔⁸SWAT⸗♦ꜟ▬

fiⱪ♇♩≤⇔≡╙ ⇔≡™╢ │⁸  III-4─≤⅔╡≢№╢⁹ │⁸

⅜ ╙ ™ 72.9%⁸ ™≢ ─ 70.5⁸ ─ 56.1≤⌂∫≡™╢⁹

⁸ ⌐⅔™≡│⁸ ⅛╠ ⌐⅛↑≡⁸ ה ╙ ↄ ⇔≡⅔╡⁸∕─

│∕╣∙╣⁸ ≢│ 11.9 ⁸5.3⁸ ≢│ 17.2⁸14.8╩ ╘╢⁹ 
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 III -4 SWAT⸗♦ꜟ▬fiⱪ♇♩⌐ ⇔√  

 

  

20 ─ 1 ─ ╟╡ ⇔√ │⁸  III-5

─≤⅔╡≢№╢⁹ ⁸ ─ ┘ ⌐⅔™≡

⁸ ⁸ ─ ≢│ Ⱳ◒ ─ ⅜ ⇔≡™╢⁹ 

 

 III -5 20 ─ 1 ─ ⌐╟╢  
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.  

 ⸗♦ꜟ─ ≤ ┼─ ▪  

1  ─ ╛ ─ ה⇔  

↓╣╕≢─ ─ ╛ ─ ─ ⌐ ≤ ─

⌐│⁸ ─ ╛ ╩ ╗ ≤ ╠⇔≡⁸ ─ ™╙

─⅜ ╠╣╢↓≤⅛╠⁸⸗♦ꜟ─ ╩ ℮⁹⌂⅔⁸ ╖─ ה ה ⸗♦

ꜟ⌐≈™≡│⁸ ─ ⅜ ⁸ ─℮∟ ─ ⅜ ╙ ↄ

╠╣╢√╘⁸ ⌐ ─Ɽꜝⱷכ♃ ⌐≈™≡│⁸3 ≢ ⌂ ╩ ™⁸◐ꜗ

ꜞⱩ꜠כ◦ꜛfiהⱣꜞ♦כ◦ꜛfi ─ ╩ ╢⌂≥⁸⸗♦ꜟ ─ ─ ⌐ ∆

╢⁹ 

 

2  ─ ─ ╡ ™─  

SWAT⸗♦ꜟ⌐⅔↑╢ │⁸ ⅜╙√╠∆ ─ ⌐╟╡⁸ ⌐ ⌐

∆╢ MUSLE⸗♦ꜟ 2⌐╟╡ ╩ ≤⇔≡™╢⅜⁸ ≢◐ꜗꜞⱩ꜠כ◦

ꜛfi⌐ ™≡™╢ SS♦כ♃ ╠⅛☻כⱬ♃כ♦ ⌐│⁸ ⌐

∆╢ ⌂ ╙ ╕╣≡™╢ ⅜№╡⁸⸗♦ꜟ ≤─ ╩ ∆╢

⅜№╢√╘⁸ SS♦כ♃ ─ ─ ─ ─ ⌐≈™≡ ╩

℮⁹╕√⁸ ⅜ ↕╣√ ⁸SWAT⸗♦ꜟ≢ ↕╣╢ ⌂ ─

≤─ ╩ ∆╢ ⌐≈™≡ ╩ ℮⁹ 

βSSsuspended solids⌐ ∆╢ 2mm 1um ─ ⁹ ╙

╗⅜⁸ ≤ ─ │ ⌂√╘⁸ ≢│ SS╩ ≤⇔≡ ╡ ∫≡™╢⁹ 

 

3  ─ ⁸ ─ ⌐╟╢  

SWAT⸗♦ꜟ≢│⁸ꜞ fi ┘ ─ ╩ ה ⌐ ∆╢↓≤│ ≢№╢

⅜⁸ ╛ ─ ─ ≤⇔≡⁸ ה ≤™∫√ ─ ⌐≈™

≡╙ ∆╢↓≤⅜ ╕⇔™↓≤⅜⁸ ─꜠ⱦꜙכ╛ ─ ┼─ⱥ▪ꜞfi

◓ ≢ ╠⅛⌐⌂∫√⁹╕√⁸ │ ⌐ ⇔≡⅔ↄ↓≤⅜ ╕⇔™≤─ ╙ ≡

™╢⁹↓─√╘⁸ ─ ╩╙≤⌐⁸↓╣╠─ ─ ╩ ╖╢⁹ 

 

 ─ ▬  

┘ ⌐⅔↑╢ ⁸ ─ ⁸ ⁸ꜞfi ─ ╩

™⁸ │ ⌐⁸ │ ⌐ ∆╢⁹ 

╕√⁸ ─⸗♦ꜟ ─ ה ⌐ √╡⁸ ─ ≈≢№╢

⌐≈™≡ ה ה ─ ה ╩ ™⁸∕─ ⌐≈™≡ ∆╢⁹  

 

 ─  

─ ╩ 9 ⱨ◊כꜝⱶ 20223 ┘ 4 ה▪☺▪

                                                   
2 ─ ⌐╟╡ ↕╣√ ⁹ ⁸ ⁸ ⁸ ⁸ ⌐ ∆╢ 5

≈─ ⌐╟∫≡⁸ ⅜╙√╠∆ ⌐╟∫≡ ∂╢ ─ ─ ─√╘⌐

≢ ↄ ™╠╣≡™╢⁹ 
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◘Ⱶ♇♩ 20224 ⌐⅔™≡ ∆╢√╘⁸ ─ ─ ╛⁸

─ ─ ⌐ ╢ ╩ ℮⁹ 

 

 ─  

4 ⅛╠⌂╢ ╩ ⇔⁸ 3 ─ ╩ ∆╢⁹ 
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.  

⌐⅔↑╢ │⁸ ─≤⅔╡≤⇔√⁹⌂⅔ ⌐ √∫≡│⁸ ╩

⌐ ∆╢↓≤╩ ⌐ ┘ ╩ ∆╢≤≤╙⌐⁸ ↔≤─

⌐│⁸ ╩ ⇔√⁹ 
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IV. ┘ ⌐⅔↑╢  

.  

SWAT⸗♦ꜟ│⁸ ה ─ ╩♃כ♦ ™√◐ꜗꜞⱩ꜠כ◦ꜛfi╩ ℮↓≤

≢ ⅜ ≤⌂╢⁹↓─√╘⁸ ┘ ⌐ ╢ ≤⇔≡│⁸

⅜ ≢№╢ ┘ ─ ⌐╟╡ ≢№╢ ⌐⅔™≡

╩ ⇔⁸ ─ ╩ ⇔√⁹ 

⌂⅔⁸ ⌐ ∆╢ ⅛╠─ ─ ≤™℮ ⅛╠│⁸ ─ ⌐

∆╢ ⌐ ∆╢↓≤⅜ ≢№╢↓≤≤⁸ ─ ≢─ ╩ ≡™╢↓

≤⅛╠⁸ │≡™≈⌐fiꜞה ה ─ ─ ╩ ∆╢≤≤╙⌐⁸SS⌐≈

™≡│ ⌐⅔↑╢ ╩ ∆╢√╘⌐⁸∕─ ╙ ⇔√⁹ ─

╩ -1 ┘ -2⌐ ∆⁹⌂⅔⁸ ┘ ⌐≈™≡│⁸ DVD≤⇔√⁹ 

 

1 ┘  

─  ┘  

 8 7 ⁸11 26  2  4  

 
8 6 11 30  ─  

2 ↔≤⌐ 1  

 

2  

  

N  

T-N ┘ ─ ─  

O-N ⁸ NO3-N ⁸ 

▪fi⸗♬▪ NH N ⁸ NO2 N  

D-N ⁸ P-N  

ꜞfi P  

ꜞfi T-P ┘ ─ ꜞfi─  

ꜞfi O-P ⁸ ꜞfi I-P  

ꜞfi D-P ⁸ ꜞfi P-P  

SS  SS ─ ⁸  

 

  

ה ─ ⁸│≡⇔≥♃כ♦ ⅛╠─ ⅛╠ ┼─ ─

⌐ ╩♃כ♦╢ ™╢ ⅜№╢√╘⁸ ─ ⅜⌂™ ╩ ∆╢ ⅜№╢⁹↓─

√╘⁸ ─ ⅜⌂ↄ⁸⅛≈⁸ ⅜ ≤⇔≡ ╩⇔≡™╢ ≢№

╢ ─ ה ╩ ≤⇔≡⸗♦ꜟ╩ ⇔√⁹↓─√╘⁸ ─ ─

⌐≈™≡╙⁸↓╣╠─ ≢ ℮↓≤≤⇔√⁹ │⁸ 1⁸ 2─≤

⅔╡≢№╢⁹ 
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1 ≤ ─ ה  

 

 

2 ≤ ה  

 

 ─  

─ ⌐№√∫≡│⁸ ─ ה ─ ⅛╠ Ᵽ◔♠≢ ╖ →╢

≢ ⇔√⁹ ─ ╩ 3⌐ ∆⁹ 
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3 ≢─ ─  

 

 ─  

─ ⌐≈™≡│⁸ ─ ≢ ╩ ⇔√ ≤ ⌐⁸

⌐╟∫≡ ╩ ∆╢ ╩ ⇔√⁹ к 4⌐ ∆╟℮⌐⁸

─ │⁸ ⌐╟╢ ─ ─ ⌐ ∫≡ ⇔⁸ ─ ⌐ ™

≤╒≤╪≥ ∂ ⌐ ╢↓≤⅜ ╠╣≡™╢⁹↓╣│⁸ ─ ⌐╟╢ ⅛╠─ ה

─ ≤⁸ ⌐ ⇔≡™√ ה ─ ⅜ ⇔≡™╢√╘≤ ↕╣

╢⁹ 

 

 

4 ─ ≤ ─ 20018  

HP< http://www.ffpri-skk.affrc.go.jp/sj/sj30p4.htm> 

 

↓─╟℮⌂ ╩ ╕ⅎ⁸ ─Ⱨכ◒╩ ⌐ ⅎ⁸ ─ ╩ ⌐

≢⅝╢╟℮⌐∆╢√╘⁸ ≤ ⅜ ⇔√◦☻♥ⱶ╩ ⇔⁸ ⌐╟╡

⅜ ∆╢ ⅛╠ ↔≤⌐ ∆╢↓≤≤⇔√⁹⌂⅔⁸ ≢│ ─

▬ⱬfi♩⌐⅔™≡⁸ 24 │ ꜞ♇♩ꜟ ─ ⅜ ≢№╢⅜⁸ ─

≢│ ─ ╙ ≢№∫√↓≤⅛╠⁸ ⌂◘fiⱪꜟ ╩ ╢√╘⌐
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─ ╩ ꜞ♇♩ꜟ≤⇔⁸ ↔≤─ ≤⇔√⁹╕√⁸ ╩ ∆╢ ≤⇔≡│⁸

┘ ─ ⁸ ╩ ╕ⅎ⁸ ⁸ ≤╙⌐ 3.0m ─

⌐ ∆╢↓≤≤⇔√⁹ 

─ ╩ к 5⌐ ∆⁹ 

 

  

5 ─ ⁸  

 

.  

╩ 3⁸ ─ ╩ 4⁸SS─ ╩ 6⁸ 7

⌐ ∆⁹↕╠⌐ 5⌐ ─ ╩ ∆⁹ 

⌂⅔⁸ │ ⇔√ ╩ ─№╢ ⌐ ⇔≡ ⇔√ ≢№╢⅜⁸

pH ┘ EC ⁸▬○fi ⌐≈™≡│⁸ ─ ≤─ ⅜ ╗↓

≤ ⌐╟╡ ∆╢√╘⁸ ≢ ╩ ∫√⁹↓╣╠─ │ к 3⌐ ∑≡ ∆⁹

≤⇔≡│⁸ ≤╙⌐⁸ ─ ⅜ 11 ╟╡╙ ™ EC≤⌂∫√⁹ 

 

  

 

 11  

    

 
8 7  

12 35  

8 7  

10 40  

11 26  

13 50  

11 26  

10 00  

     

 33.5ϴ 29.6ϴ 16.2ϴ 14.6ϴ 

 31.3ϴ 28.5ϴ 13.5ϴ 13.4ϴ 

pH 7.92 7.79 7.81 7.74 

EC 20.5 mS/m 27.3 mS/m 16.14 mS/m 13.96 mS/m 

 

⌐⁸ ─ ╩ к 4⌐ ∆⁹ ╩ ∆╢≤⁸ D-N⁸D-P

─ ─ │ ↕™⅜⁸ P-N⁸P-P ⌐≈™≡│ ─ ⅜ ╟╡╙ ™
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⅜ ╠╣√⁹∆═≡─ ─ ≢№╢ SS⌐≈™≡╙⁸ ⌐ ─ ⅜

╟╡╙ ™ ≤⌂∫≡™╢⁹ 

╕√⁸D-N │ NO-3 ⌐⁸P-N │ O-N

⌐ ™ ≤⌂∫≡™╢↓≤⅛╠⁸∕╣∙╣ ⅜№╢╙─≤ ↕╣╢⁹ ⌐⁸D-P

ꜞfi │ I-P ꜞfi ⌐⁸P-P ꜞfi │ O-P ꜞfi ⌐ ™ ≤⌂∫

≡⅔╡⁸↓╣╠⌐≈™≡╙ ⅜№╢╙─≤ ⅎ╠╣╢⁹ 

 

  

mg/L 

  11   

     
 

T-N  1.23  1.04  1.08  1.26  0.01 

O-N  0.40 0.13 0.18 0.10 0.01 

NO3-N  0.74 0.87 0.85 1.14 0.01 

NH4-N ▪fi⸗♬▪  0.07 0.03 0.03 0.01 0.01 

NO2-N  0.019 0.006 0.021 0.006 0.001 

D-N( ) 0.88 0.92 0.96 1.18 0.01 

P-N( ) 0.35  0.12  0.12  0.08  0.01 

T-P ꜞfi  0.134 0.043 0.084 0.075 0.005 

O-P( ꜞfi) 0.054  0.012 0.026  0.022 0.005 

I-P( ꜞfi) 0.080 0.031 0.058 0.053 0.005 

D-P( ꜞfi) 0.070 0.030 0.048 0.042 0.005 

P-P( ꜞfi) 0.064  0.013 0.036  0.033 0.005 

SS 8 3 4 2 1 

 

SS─ ╩ 6⅛╠ 9⌐ ∆⁹ ≤ ╩ ∆╢≤⁸ ─

⅜ ╟╡╙ ─ ⅝™ ⅜ ↄ⌂∫≡™╢⁹╕√⁸ ─ ⌐≈™≡│⁸ ≈─

Ⱨכ◒⅜ ╠╣≡™╢↓≤╙ ≤⇔≡ →╠╣╢⁹ 

↕╠⌐⁸ к 5⌐ ─ 17 14 18 12 ⁸ ╩ ∆⁹

≤ ⌐⁸D-N │ NO-3 ⌐⁸P-N │ O-N

⌐ ™ ≤⌂∫≡™√⁹ ≢⁸D-P ꜞfi ≤ I-P ꜞfi ⁸╕√⁸

P-P ꜞfi ≤O-P ꜞfi ⌐≈™≡│⁸ ╒≥ ⌂ │ ╠╣⌂⅛∫√⁹  
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6 SS─ ⁸  
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7 SS─ ⁸11  
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8 SS─ ⁸  
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9 SS─ 11  
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5  

mg/L 

 
8/17 8/17 8/17 8/17 8/17 8/18 8/18 8/18 8/18 8/18 8/18 8/18 

14:00 16:00 18:00 20:00 22:00 0:00 2:00 4:00 6:00 8:00 10:00 12:00 

T-N 1.76  2.37  2.18 2.11 2.23 2.42  1.83  1.75 1.59 1.54 1.55  1.54  

O-N  0.97 1.67 1.44 1.31 1.39 1.49 0.94 0.85 0.67 0.60 0.58 0.57 

NO3-N 0.78 0.70 0.74 0.80 0.84 0.93 0.89 0.90 0.92 0.94 0.97 0.97 

NH4-N 0.01 - - - - - - - - - - - 

NO2-N 0.002 0.002 0.001 0.001 0.001 - - 0.002 - - - 0.001 

D-N( ) 0.95  0.97  0.98  0.99  1.04  1.17  1.04  1.05  1.04  1.05  1.07  1.06  

P-N( ) 0.81  1.40  1.20  1.12  1.19  1.25  0.79  0.70  0.55  0.49  0.48  0.48  

T-P 0.246 0.651 0.550 0.354 0.404 0.597 0.219 0.198 0.112 0.109 0.075 0.070 

O-P( ꜞfi) 0.100  0.373 0.299 0.210 0.208 0.326  0.092 0.075 0.046 0.045 0.027  0.023 

I-P( ꜞfi) 0.146 0.278 0.251 0.144 0.196 0.271 0.127 0.123 0.066 0.064 0.048 0.047 

D-P( ꜞfi) 0.047 0.035 0.024 0.028 0.025 0.033 0.022 0.024 0.019 0.016 0.020 0.020 

P-P( ꜞfi) 0.199  0.616 0.526 0.326 0.379 0.564  0.197 0.174 0.093 0.093 0.055  0.050 

SS 276 759 645 422 482 692 261 223 111 105 97 81 

 ₈-₉│ ─╙─⁹ 

 │ ≤ ≢№╢⁹ 
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⌐⁸ ─ ╩ ∆⁹⌂⅔⁸ ⌐⅔™≡│⁸ ⌐ ╕≢

⅜ ∆╢↓≤⅜⌂⅛∫√√╘⁸ ╩♃כ♦─ ╢↓≤⅜≢⅝⌂⅛∫√⁹╕√⁸

⌐≈™≡│⁸Ⱨכ◒ ⌐ ╩ ⇔√≤↓╤⁸ ╠⅛─ ⌐╟╡ ⅜

↕╣≡™⌂⅛∫√√╘⁸ ─ ╩ ™⁸ ─Ⱨ⁸──╙™⌂│≢◒כ ⅜ ™

♃▬Ⱶfi◓≢ ╩ ℮↓≤⅜≢⅝√ 10⁹ 

 

 

10 ─  

 

≢─ ≤⁸ ה ─ ─ ╩ 11⌐ ∆⁹ ─ │

─ ה ⌐ ⇔≡ ∆╢ ⅜ ╠╣√─⌐ ⇔≡⁸ ─ │⁸ ≤

╦╠∏⁸╒╓ ≢№∫√⁹ 

 

 

11 ─ ─  

3

3.2

3.4

3.6

3.8

4

4.2

4.4

4.6

4.8

5

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

14:00 16:00 18:00 20:00 22:00 0:00 2:00 4:00 6:00 8:00 10:00 12:00

2021/8/17 2021/8/17 2021/8/17 2021/8/17 2021/8/17 2021/8/18 2021/8/18 2021/8/18 2021/8/18 2021/8/18 2021/8/18 2021/8/18

mmg/L D-N( ) P-N( ) D-P( ꜞfi) P-P( ꜞfi)
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↕╠⌐⁸ ⌐⅔↑╢ SS≤ ─fiꜞה ─ ─ ╩ 12⌐⁸ ─

╩ 6⌐ ∆⁹ ─fi≤╙⌐⁸SSꜞה ≤ ⇔≡ ⇔≡⅔╡⁸SS≤

─ ─ ╙ ™ ≤⌂∫√⁹ 

 

 

12 ≤ SS─  

 

6 ≤ SS─  

  

-SS 0.975 

ꜞfi-SS 0.999 

 

.  

│ ≤⇔≡ ↕╣√ ⁸₈O-N ќNH4-N ▪fi⸗♬▪ ќ

NO2-N ќNO3-N ₉≤™℮ ≢ ⇔≡╝ↄ⁹ ≢↓╣╠

⅜ ה ⅛╠ ∆╢ ⁸O-N │ ─ ─╙─╙ ╗╙

─≢№╡⁸ ⅜ ⅝ↄ ⅜ ™√╘ ≤⌂╡╛∆™⁹ ≢⁸NO-3

│ ⌐▬○fi ≤⇔≡ ⇔≡™╢√╘ ≤⇔≡─ ⅜ ™≤ ⅎ╠╣

╢ ⁸7. ⌐⅔↑╢ ─ ≤ 3 ⁹↓─√╘⁸ ⌐⅔™

≡⁸O-N │ P-N ≤⁸NO-3 │ D-N

≤ ™ ⌐⌂∫√╙─≤ ⅎ╠╣√⁹ꜞfi⌐≈™≡╙ ≤ ⅎ╠╣√⁹ 

╕√⁸ ⌐≈™≡│ ─ ⌐│O-N ─ ⅜ ╕╢↓≤⅛╠⁸

⌐╟∫≡ │ ⇔⌐ↄ™ ╙ ╣ ≡™╢↓≤⅜ ↕╣√⁹ ⅜ ⌂™ ⌐│

⇔≡™╢ ╙⁸ ─ │ ─ ⌐╟╢ ⅜ ╗≤≤╙⌐⁸

─ ╛ ─ ⌐╟∫≡╙ ⌂ ⅜ ↓╡╛∆ↄ⌂╢√╘≤ ⅎ╠╣╢⁹↕╠

                                                   
3 ⁸7. ⌐⅔↑╢ ─ ≤ <https://www.env.go.jp/water/S_Tech_Doc_2d_2021.pdf> 

0

100

200
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700

800
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0.8
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14:00 16:00 18:00 20:00 22:00 0:00 2:00 4:00 6:00 8:00 10:00 12:00

SS mg/Lmg/L P-N( ) P-P( ꜞfi) SS
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⌐⁸ ≢│ ─ ™ ⅜╡╛ ─ ╙ ↓╡⁸↓℮⇔√↓≤⅜ ─

─ ─ ⌐№╢─≢│⌂™⅛≤ ⅎ╠╣√⁹ 

≢⁸NO-3 ─ │ ⅝⌂ │ ╠╣⌂⅛∫√↓≤⅛╠⁸O-N

─╟℮⌂ ⌐╟╢ ─ ─ │⌂™╙─≤ ⅎ╠╣√⁹ ≢⁸ ⅜

⅝ↄ⌂∫≡╙⁸ ⅜╒╓ ≢№╢↓≤⅛╠⁸ ⅝⌂ ⌐ ⇔≡╙⁸ ⌐ ↑ ╗

╒≥─ ─ NO-3 ⅜⁸ ⌐ ↕╣≡™╢ ╙№╢≤ ⅎ╠╣√⁹ 

╕√⁸ ┘ ─™∏╣╙⁸ ─fiꜞה ≤ ─ ≢№╢ SS─

⌐≈™≡│⁸ ⅜ ╠╣√↓≤⅛╠⁸ ⌂ ≤⌂∫≡™╢≤ ⅎ╠╣√⁹╕

√⁸ ≢⁸ ─ D-P ꜞfi ≤ I-P ꜞfi ⁸╕√⁸P-P ꜞfi ≤

O-P ꜞfi ⌐≈™≡│⁸ ╒≥ ⌂ │ ╠╣⌂⅛∫√⁹ ⌐ ↄ

╦╣≡™╢ ꜞfi ─ ⅜ ™↓≤⌂≥⅜ ⇔≡™╢ ╙№╢⅜⁸ ⅝ ─

⅜ ≤ ⅎ╠╣╢ HP

NORM♦כ♃ⱬ4☻כ╟╡ ⁹ 

╕√⁸SS⌐≈™≡⁸ ─ ⅜ ╟╡╙ ™ ≤⌂∫√ ╩ ∆╢√╘⁸

─ ─ 7 ≤⁸ ─ 8 ╩

⇔√⁹ ⌐≈™≡│⁸ │ ╟╡╙ ─ ⅜ ↄ⁸ ╛ ─

│ ™⁹ 

 

7 ╟╡ ─  

 
  

km2 % km2 % 

 278.0 12.2 27.7 6.1 

∕─ ─

 
141.6 6.2 67.0 14.7 

 1485.6 65.0 331.5 72.9 

 57.3 2.5 3.6 0.8 

 168.2 7.4 15.8 3.5 

 9.0 0.4 0.1 0.0 

 4.8 0.2 - - 

∕─ ─  37.5 1.6 1.2 0.3 

┘  49.5 2.2 7.2 1.6 

◗ꜟⱨ  6.7 0.3 0.5 0.1 

 47.0 2.1 - - 

 

≢⁸ ≤ ─ ⌐≈™≡│⁸ ─ ⅜ ⅜ ⅝™ ⌐№╢⁹↓─

↓≤⅛╠⁸ ─ ⅜ ™ ─ ⅜ SS ╙ ↄ⌂╢╙─≤ ↕╣╢⅜⁸

│↓─ ⌐ ∆╢╙─≤⌂∫√⁹ 

                                                   
4 HP NORM♦כ♃ⱬכ☻ 

 < https://www.nirs.qst.go.jp/db/anzendb/NORMDB/PDF/14.pdf > 
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8 ─  

 

─ ≈ ─ GIS ╩ⱬכ☻≤⇔√ - ╩ ≤⇔≡-⁸

╠ 

 

─ ─ SS ⅜ ™ ─ ≈≤⇔≡ ─ ╙ ⅎ╠╣√⅜⁸ 11⌐

∆≤⅔╡⁸ ─ │ ─ ⅜ ⅝™⁹↓─╒⅛─ ≤⇔≡⁸ ─ ╛ ⌐

╟╢ ╙ ⅎ╠╣╢⅜⁸ ⅝ ⅝─ ⅜ ≢№╢⁹ 

╕√⁸ ─ ⌐≈™≡⁸ ≈─Ⱨכ◒⅜ ╠╣≡™╢↓≤⌐≈™≡╙⁸ ⅝ ⅝─

⅜ ≢№╢⁹ 

 

  

11 ╟╡ ─ RICEה AGRL─  

⁸  

 

  

0%

1%

2%

3%

4%

5%

6%

7%

0 3 6 9 12151821242730333639424548

RICE AGRL

0%
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2%

3%

4%

5%

6%

0 3 6 9 12151821242730333639424548

RICE AGRL
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V. ⌐⅔↑╢  

⁸ ⸗♦ꜟ╩ ∆╢ ≢№╢ ⌐⅔™≡⁸▬fiⱪ♇♩♦כ♃≤⌂╢

ה ה ─ ╩ ℮ ─ ≤⁸ ─ ה ─ ╩ ™⁸

⌐≈™≡ ⇔√⁹ 

─ ⌐ √∫≡│⁸ ⌐ ⇔√ ה ה ≤ ⌐⁸⸗♦ꜟ

⅛╠ ↕╣╢ ≢№╢ ╛ ≢─Ᵽꜝfi☻⁸ ┘ ⌐≈

™≡⁸ 1─ ╩ ╕ⅎ≡ ∫√⁹╕√⁸ ⌐≈™≡│⁸⸗♦ꜟ ≢─

≤ ─ ╩ ╕ⅎ≡⁸ ה ה ─ ─ ╩ ⇔√⁹  

 

1 ─ ⌐ √∫≡─  

  

─Ᵽꜝfi☻ ─ ╩ ⇔⁸ ╡⅜⌂™╟℮⌐∆╢⁹ 

─Ᵽꜝfi☻ 
⸗♦ꜟ ─ ─ ⅜⌂™ ⅛╠ ─

⌐⅔™≡⁸ ⌂ ⌐ ╡⅜⌂™╟℮⌐∆╢⁹  

 
╛ ≤™∫√ ⌐≈™≡⁸ ╡⅜⌂™╟℮⌐∆

╢⁹ 

 
╛ Ⱳ◒ ─ ⌐≈™≡⁸ ⌐ ╘╢ ╛

╩ ∆╢⁹ 

 

╩ 2⁸ 3⁸ 1⁸ 2⌐ ∆⁹ 

 

2 ─  

   

ה   ─ ≢№╢ ≢№╡⁸ ⌐

↕╣╢◓ꜝ▬ ≢№╢⁹ 

 ─ ≢№╢ ≢№╡⁸ ─ ↄ╩

╘╢ ≢№╢⁹ 

 ─ ≢№╢ ≢№╡⁸ ≢ ↄ╩

╘╢ Ⱳ◒ ≢№╢⁹ 

  ─ ≢№╢ ≢№╡⁸ ⌐

∆╢ ≢№╢⁹ 

 ─ ≢№╡⁸ ⌐ ↕╣╢

≢№╢⁹ 

 ─   ─ ⌐№╢ ─ ≢№╢⁹ 

─  ─ ≤⇔≡ ⌂ ≢№╢⁹ 

 ─ ≤⇔≡ ⌂ ≢№╢⁹ 

  ─ ≤⇔≡ ⌂ ≢№╢⁹ 

  ─ ≤⇔≡ ⌂ ≢№╢⁹ 
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3 ─  

   

ה   ─  

 

 

1 ⌐⅔↑╢ ה ─  
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2 ⌐⅔↑╢ ─  

 

╕√⁸ ─ ⌐ ⇔≡│⁸ ─ ⌐⅔™≡⁸ ┘ ⌐≈™≡

│ ╟╡╙ ⌂ ⅜ ⅝ↄ⁸ ⌐≈™≡│ ⌂ ╟╡ ⅜ ⅝

™↓≤╩ ⇔√⁹↓╣╩ ╕ⅎ⁸ ה ╟╡│⁸ ─ ╩ ↄ∆╢↓≤≢⁸⸗

♦ꜟ ≢─ ⅜♃כ♦⌂ ╠╣╢≤ ⅎ╠╣√↓≤⅛╠⁸ ⌐≈™≡│ ⁸

ה │ ─ ≤⇔√⁹⌂⅔⁸ ⌐≈™≡│⁸ ─Ᵽꜝfi☻╛

─ ⅛╠⁸ ┘ ╩ ⇔√⁹ 

↓╣╠─ ה ה ⌐╟╡⁸ ⌐⅔™≡╙⁸ ╡╩ ↑╢ ≢⸗♦ꜟ

⌐ ╩♃כ♦⌂ ⌐ ∆╢↓≤⅜ ≤ ⅎ╠╣√⁹ 
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VI.SWAT⸗♦ꜟ ה  

. ┘  

─⸗♦ꜟ │⁸  VI-1⌐ ∆ ≢ ╘√⁹╕∏⁸SWAT⸗♦ꜟ

⌐≈™≡─ ─꜠ⱦꜙכ ╩ ∫√ ≢⁸ ⸗♦ꜟ─ ─ ≤ ─

╩ ∫√⁹ ⇔√ ─╙≤⁸ ⌂ ╩ ™⁸ ⌐◐ꜗꜞⱩ꜠כ◦ꜛ

fiהⱣꜞ♦כ◦ꜛfi╩ ∫≡⁸⸗♦ꜟ─ ╩ ╘√⁹ 

 

 

 VI -1 ⸗♦ꜟ─  

 

 SWAT⸗♦ꜟ⌐ ∆╢꜠ⱦꜙכ 

≢ ה ⌐ ← ─ ה ⌐ ™≡™╢ SWATSoil-Water 

Assessment Tool⸗♦ꜟ─ ╩ ∆⁹ 

 

 SWAT⸗♦ꜟ─  

SWATSoil-Water Assessment Tool⸗♦ꜟ≤│⁸▪ⱷꜞ◌ USDA-ARS

⌐╟∫≡ ↕╣√ ⸗♦ꜟ≢№╢⁹SWAT⸗♦ꜟ│ ⁸ ⁸

─ ⅜ ≢⁸ ∫√ ╩ ∆ HRUHydrologic Response Unit

↔≤⌐≤ ┌╣╢ ⌐⁸ ─ ⁸ ⁸ ─ ╩ ∆╢↓≤⌐ ╩ ™

≡ ↕╣√⸗♦ꜟ≢№╡  VI-2⁸Wellen et al.2015⌐╟╣┌⁸1992⅛╠ 2010─

⌐ ─ ╩ ∫√⸗♦ꜟ≤⇔≡ ╙ ↄ ╦╣√⸗♦ꜟ≤↕╣≡™╢⁹ ≢

│ ≢╙ SWAT⸗♦ꜟ╩ ⇔≡⁸ ─ ╛ ⅜ ↕╣≡™╢

╠, 2013⁹╕√⁸SWAT⸗♦ꜟ─◖כ♪│ ↕╣≡⅔╡⁸ ⌐ ∂≡ ⱪ꜡◓ꜝⱶ╩

∆╢↓≤⅜ ≢№╢⁹ 

 

SWAT⸗♦
ꜟ⌐≈™≡
꜠ⱦꜙכ

Å

Å ⱪ꜡☿☻─

ÅⱤꜝⱷכ♃

Å ⱨ꜡כ

⌐
∆╢ ─ ≤

─

Å ▪ⱪꜞ◔כ◦ꜛfi

Å⸗♦ꜟ

ÅⱤꜝⱷכ♃ etc.

◦Ⱶꜙ꜠כ◦ꜛ
fi ⌐ ∆╢
─ ≤ ─

Å ה

Å ה

◐ꜗꜞⱩ꜠כ
◦ꜛfiהⱣꜞ♦כ

◦ꜛfi
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 VI -2 HRU─  

 

 

SWAT⸗♦ꜟ⌐│⁸ ⱪ꜡☿☻╩ ∆ ⅜ ╖ ╕╣≡⅔╡⁸∕╣∙╣─ⱪ꜡☿☻

⌐ ╛ ─ ⅜ HRU ≢ ↕╣╢⁹ ⌐│⁸  VI-1≤  VI-3─≤⅔

╡≢№╢⁹ 

 

 VI-1 SWAT⸗♦ꜟ⌐⅔↑╢ ⌂ ⱪ꜡☿☻ ┘▪►♩ⱪ♇♩ 

ⱪ꜡☿☻ ▪►♩ⱪ♇♩ 

  

  

┼─  ─ ⁸  

┼─  ⁸ כ꜡fiⱨכ♃ꜞ  

┼─   
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 VI -3  SWAT⸗♦ꜟ ≢ ↕╣╢ ⱪ꜡☿☻─▬ⱷכ☺ 

SWAT⸗♦ꜟ⌐⅔™≡│⁸╕∏ HRU ⌐⁸ ⅛╠ ╕≢─ ─

≤⁸ ╕≢─ ─ ⌐ ╢ ⅜ ↕╣╢⁹∕⇔≡⁸ HRU ─

⅜ ≢ ↕╣⁸ ⌐♃כ♦ ≠™≡ ↕╣≡⁸ ⌐ ∆╢ ╖⌐⌂

∫≡™╢⁹ 

⌂⅔⁸ ≤ ─ │⁸  VI-2≤  VI-3⌐ ∆ ─○ⱪ◦ꜛfi⅛╠

∆╢↓≤⅜ ≢№╢⁹ 
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 VI-2 ─  

  

Penman-Monteith Ɑfiⱴfiה

⸗fi♥▫כ☻  

· ─ ≢№╢ Penman ⌐

ⱪ꜡☿☻╩ ⇔√ ≢№╡⁸ ≢

⅜ ╣≡™╢≤⅝─ ─ ≤⇔≡

⁹ 

· ra≤ rc─ ⅜ ⁸

│ LAI ─ ╩ ™╢ №

╡⁹ 

· ─ ─ ╩ ≤∆╢√╘⁸

≢─ ⌐│ ╩ ╗ №╡⁹ 

· ⁸ ⁸ ⁸ ╩♃כ♦ ⁹ 

Hargreaves and SamaniⱢכⱩ

♬ⱴ◘&☻◓כꜞ  

· ─ꜝ▬◦ⱷכ♃─ ⅛╠ ⅛╣√ ⁹ 

· ─ ה ה ⅛╠ ╩

⁹ 

Priestley-Taylor ⱪꜞכ☻♩ꜞ

כꜝ▬♥הכ  

· ─ ⅝™ ה ≢│

╩ ∆╢ ⁹ 

· ⁸ ⁸ ╩♃כ♦ ⁹ 

 

 VI-3 ─  

  

Curve Number כ◌

Ⱪ♫fiⱣכ  

· ₁⌂ ה ≢ ⌂ ─№╢

╩ ╢√╘⌐ ↕╣√ ⁹ 

· ⁸ ♃▬ⱪ⁸ ─ ⌐ ∂≡ ↕

╩₉כⱩ♫fiⱣכ◌₈╢™≡╣ ™≡⁸ ⌐ ≠ↄ

⌂ SCS curve number equation⌐╟∫≡ ↕

╣╢⁹ 

· ↓─ ≢│ ⅛╠─ ─ ╩

∆╢↓≤│≢⅝⌂™⁹ 

· ⁸ ⁸ ≢─ ⅜ ⁹ 

Green& Ampt כꜞ◓

fi&▪fiⱪ♩  

· ─ ╩ ≤⇔√ ─Ɽꜝⱷכ♃⅜ ∆╢

⌂ ╩ ™√ ⁹ 

· ▬fiⱪ♇♩♦כ♃≤⇔≡ ⅜♃כ♦─ ≤⌂╢

⅜⁸ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹ 

· ─ ⌐ ∆╢Ɽꜝⱷכ♃⅜ ┘

⌐ ↄ ⇔≡ↄ╢√╘⁸SWAT─ ☻כⱬ♃כ♦

╩ ⌐ ⇔≡⅔ↄ ⅜№╢⁹ 

· ⁸ ⁸ ⁸ ≢─ ⅜ ⁹ 
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 SWAT⸗♦ꜟ─Ɽꜝⱷכ♃ 

SWAT⸗♦ꜟ─ ⌐│ ─Ɽꜝⱷכ♃⅜ ™╠╣≡™╢⁹ ⌂Ɽꜝⱷ⁸∟℮─♃כ

╟╡╙ ─ ⱪ꜡☿☻⌐ ∆╢╙─╩₈a) Ɽꜝⱷ₉⁸♃כ ™ ⌐

∆╢╙─╩₈b) ה Ɽꜝⱷ₉⁸♃כ↕╠⌐ ™ ⌐ ∆╢ ≤ ⅎ╢

↓≤╙≢⅝╢ ⌐ ∆╢╙─╩₈c) Ɽꜝⱷ₉♃כ≤⇔≡ ⇔√╙─╩  VI-4⌐

∆⁹ 

 

a) Ɽꜝⱷכ♃ 

 

b) ה Ɽꜝⱷכ♃ ה  

 

c) Ɽꜝⱷכ♃ ה  

 
 

 VI -4 SWAT⸗♦ꜟ─ ⱪ꜡☿☻⌐ ∆╢Ɽꜝⱷכ♃ 
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↓─℮∟⁸₈c) Ɽꜝⱷ⁸│≡™≈⌐₉♃כ ⱬכ♦─☻כ♃╩ ╢↓≤⅜ ⇔

™√╘⁸ ─ ╩╙≤⌐◐ꜗꜞⱩ꜠כ◦ꜛfi⌐╟╡ ⌂Ɽꜝⱷכ♃ ╩ כ◔╢∆

☻⅜ ™⁹ ⁸₈a) Ɽꜝⱷ₈╛₉♃כb) ה Ɽꜝⱷ⁸│₉♃כ ─

╩ ≢⅝╢╙─≢№╢√╘⁸ ⌐⅔™≡ ⌐ ∆═⅝Ɽꜝⱷכ♃≤╙™ⅎ

╢⁹ 

 

 SWAT⸗♦ꜟ─ ⱨ꜡כ 

⸗♦ꜟ ─ │⁸⸗♦ꜟ ⁸ ◐ꜗꜞⱩ꜠כ◦ꜛfi ⁸ Ᵽꜞ♦כ◦ꜛfi ⁸

ה ┘ √⌂ ─ ⌐╟╢ ≤⌂∫≡™╢⁹ ⌐⸗♦ꜟ ⌐⅔↑╢

☻♥♇ⱪ╩  VI-5⌐ ∆⁹ 

 

 

 VI -5 ⸗♦ꜟ ⌐⅔↑╢ ☻♥♇ⱪ─ⱨ꜡כ 

 

↓↓≢⁸ ◐ꜗꜞⱩ꜠כ◦ꜛfi ≤ Ᵽꜞ♦כ◦ꜛfi ⌐≈™≡ ∆╢⁹ 

◐ꜗꜞⱩ꜠כ◦ꜛfi≤│⁸♦כ♃─▬fiⱪ♇♩≤⸗♦ꜟ─◦Ⱶꜙ꜠כ◦ꜛfi╩ ╡ ∆↓

≤⌐╟∫≡⁸Ɽꜝⱷכ♃╩ ∆╢ ≢№╢⁹ ⌐⁸ ↕╣√Ɽꜝⱷכ♃─ ╩

∆╢√╘⌐⁸◐ꜗꜞⱩ꜠כ◦ꜛfi≢ ™√ ≤│ ╩♃כ♦╢⌂ ™≡⁸ ╘≡◦Ⱶꜙ꜠

╩fiꜛ◦כ ℮⁹∕─ ╩ ≥♃כ♦ ∆╢↓≤≢ ╩ ℮─⅜Ᵽꜞ♦כ◦ꜛ

fi≢№╢⁹ 

Ᵽꜞ♦כ◦ꜛfi≢─ ≤⇔≡│⁸ ╛ Nash Sutcliffe Efficiency (NSE)⌂≥

⇔  VI-4⁸ ─ ╩ ╢ │⁸ ◐ꜗꜞⱩ꜠כ◦ꜛfi╩ ℮↓≤≢⁸⸗

♦ꜟ─ ╩ ╘≡™ↄ⁹ 

 

 VI -4 ≤ Moriasi et al. 2015)╟╡  

 

RSRRMSE-observations standard deviation ratio≤ ─ RMSE ╩

─ ≢ ∫√╙─⁹ 

NSE ─┌╠≈⅝─ ⅝↕╩ ∆ ⁹ 

PBIAS ─♃כ♦√⇔ ╡╩ 100 ≢ ⇔√╙─⁹ 

Performance RSR NSE

Rating Streamflow Sediment N, P Streamflow Sediment N, P

Very Good NSE>0.80 NSE>0.80 NSE>0.65 PBIAS<±5 PBIAS<±10 PBIAS<±15

Good 0.50<RSR 0֒.60 0.70<NSE 0֒.80 0.70<NSE 0֒.80 0.50<NSE 0֒.65 ±5 P֒BIAS<±10 ±10 P֒BIAS<±15 ±15 P֒BIAS<±20

Satisfactory 0.60 R֒SR 0֒.70 0.50<NSE 0֒.70 0.45<NSE 0֒.70 0.35<NSE 0֒.50 ±10 P֒BIAS<±15 ±15 P֒BIAS<±20 ±20 P֒BIAS<±30

Unsatisfactory RSR>0.70 NSE 0֒.50 NSE 0֒.45 NSE 0֒.35 PBIAS ±֓15 PBIAS ±֓20 PBIAS ±֓30

PBIAS(%)

 
ה  
ה  
ה  

 ♃כ♦
≤─  
ה  
ה  

)⸗♦ꜟ  

) Ᵽꜞ♦כ◦ꜛfi  

) ה  

) ◐ꜗꜞⱩ꜠כ◦ꜛfi  

) √⌂ ─  
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≢─◐ꜗꜞⱩ꜠כ◦ꜛfi≤Ᵽꜞ♦כ◦ꜛfi─ ⱨ꜡כ╩  VI-6⌐ ∆⁹╕∏

⌐≈™≡◐ꜗꜞⱩ꜠כ◦ꜛfi╩ ™⁸Ᵽꜞ♦כ◦ꜛfi≢ ─ satisfactory

─ ⅜ ╠╣√ ⌐⁸ ⁸ ─ ⌐↓╣╠─ ╩ ╡ ∆⁹ 

⌂⅔⁸↓╣╠─ ≢ ╩ ∆╢ │⁸ │ ⌐⁸ │ ≤

─ ╩ ↄ ↑╢↓≤⅛╠⁸ ─ ⅝™Ɽꜝⱷכ♃⅛╠ ╩ ∆╢↓≤≢⁸ ─

╩ ╢√╘≢№╢⁹ 

╕√⁸SWAT⸗♦ꜟ─ ╖─ ≈≤⇔≡⁸ ⅜ ╠╣≡™⌂™Ɽꜝⱷ⁸╙≡™≈⌐♃כ

─ ╩ ™√ ╩ ⇔≡◐ꜗꜞⱩ꜠כ◦ꜛfi∆╢↓≤≢⁸ ⌐ ™≤

↕╣╢ ╩ ╠╣╢ ⅜№╢⁹ 

 

 

 VI -6 ◐ꜗꜞⱩ꜠כ◦ꜛfiהⱣꜞ♦כ◦ꜛfi─ ⱨ꜡כ 

 

↓╣╠─ ≢│⁸ ♁ⱨ♩►▼▪≢№╢ SWAT-CUP2019╩ ⇔⁸SUFI2─▪ꜟ◗ꜞ

☼ⱶ≢ ⇔≡™╢  VI-7  VI-8⁹ 
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 VI -7 SWAT-CUP╩ ™√Ɽꜝⱷכ♃─  

 

 

 VI -8 SWAT-CUP╩ ™√ ≤ ─  
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 ⌐ ∆╢ ─ ≤ ─  

╕∏⁸ 2 ╕≢≤ ─ ≤⇔√ ה ╩  VI-5⌐ ∆⁹ 

 

 VI -5 ≢ ⇔≡™╢ SWAT─ ה ─  

 ⇔√ ה   

 Ɑfiⱴfiה⸗fi♥▫כ☻  ⌐ ∆╢Ɽꜝⱷכ♃╩ ╘⁸ ≢⅝╢

Ɽꜝⱷכ♃ ⅜ ⌂↓≤⅛╠⁸ ⌐╟╡

⇔√ ─ ⅜ ⁹ 

כⱩ♫fiⱣכ◌   ₁⌂ ה ⌐ ⌂ ─№

╢ ≢№╡⁸₈ ─ ─ ⅜ ┼ ╓∆

⌐≈™≡ⱴ◒꜡⌂ ≢ ∆╢₉≤™℮

─ ⌐ ⇔≡™╢╒⅛⁸

⅜ ≢ ╩ ™╛∆™⁹ 

─

 

כⱩ♫fiⱣכ◌  ─ ≤⌂∫≡⅔╡⁸

╛ ≢─ ╙ ⁹ 

 

⌐⁸  VI-5⌐ ⇔√ ─ ⌐≈™≡│⁸ ─ ה⇔ ⅜ ≤ ⅎ╠╣

╢╙─⅜№∫√⁹∕─ ≤⇔≡│⁸ ⌐⸗♦ꜟ ╩ ∫√ ⸗♦ꜟ≢│⁸ ▬

fiⱪ♇♩ ⌐ ∆╢ ╛◦Ⱶꜙ꜠כ◦ꜛfi ─ ─ ╩ ⌐ ∫√ ≢⁸

┘ ⸗♦ꜟ│⁸ ⸗♦ꜟ≢ ╠╣√ ╩╙≤⌐ ─Ɽꜝⱷכ♃

╩ ╡ ╪≢ ⌐ ╩ ╘√↓≤⁸╕√⁸⸗♦ꜟ─ ⌐╙ ⅜№╢√╘≢№

╢⁹ 

↓─√╘⁸ ⌐⁸ ה ⌐ ← 9 ─ ⅜ ⌐ ⅎ╢ ╩

⌐ ∆╢√╘⌐│⁸ ⸗♦ꜟ─ ⌐≈™≡ ╩≤╢ ⅜№╡⁸╕√⁸ ⁸↓╣╠─

⸗♦ꜟ╩ ™√ ⌂◦♫ꜞ○ ⌐╟╢ ╩ ╘╢↓≤╩ ∆╢≤⁸╟╡ ⌐

╩ ⌂╙─≤∆╢↓≤⅜ ╕⇔™≤ ⅎ╠╣√⁹ 

↓─√╘⁸ ⌐≈™≡⁸  VI-6─≤⅔╡⁸ ≤ ╩ ╘√⁹ 
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 VI -6 ⸗♦ꜟ≢─ ⌐ ∆╢ ≤  

 
 

   

1 ▪ⱪꜞ

 fiꜛ◦כ◔
Ᵽכ☺ꜛfi─  

QGIS⁸QSWAT⁸SWAT-CUP ─▪ⱪꜞ◔כ◦ꜛfi─Ᵽכ☺ꜛfi⅜ ⌂╡⁸◦Ⱶꜙ꜠כ

◦ꜛfi ⌐ ╩ ⅎ╢ ⅜№╢⁹ 
Ᵽכ☺ꜛfi─  

2 ⸗♦ꜟ  

▪ ⌐⅔↑╢

₈ ₉─ ─  

⌐│ ⅜ ↄ ⇔≡™╢⅜⁸↓╣╠⅜ ₈ ₉≤⌂∫≡

™╢ ⁸SWAT─ ⅜ ↕╣⁸ ╛ꜞfi─ ⌐ ╩ ⅎ╢

⅜№╢⁹╕√⁸₈ ₉≤ ∆╢ ≤⇔≡⁸↓╣╕≢₈ ₉ ╩ ↄ ™≡

⅝√⅜⁸ ─ ⌂™₈ ₉╩ ⅎ╢↓≤│⁸ ─ ≢╙ ≤ ⅎ╠╣╢⁹ 

₈ ₉

─ ה  

▬ ─ ─

─  

ה ⸗♦ꜟ≢│⁸ ⌐⅔↑╢ ─ ╩₈ ₉⌐ ⇔√

⸗♦ꜟ≢│₈ ₉ ⅜⁸ ╩ ∆╢≤ ╘⌂ ≤ ⅎ╠╣√⁹ 
≢₈ ₉⌐  

► ─  

2 ╕≢│⁸3⸗♦ꜟ ≢ ─ ╩₈0° 10°₉⁸₈10° 20°₉⁸₈20°

₉≤⇔≡™√⅜⁸ ⅜ ≤∆╢ ─ ↄ│ ⌐ ∆╢√╘⁸20°

╩↕╠⌐ ∆╢↓≤⅜ ⁹ 

30° ─

╩  

3 Ɽꜝⱷכ♃ 

▪ ─ ꜟ

─ꜟכ  

⸗♦ꜟ≢│⁸ ─ ─ ⅜ ╠╣≡™⌂™ ⌐≈™≡⁸

─ ♃▬ⱪ─ ╩ ⇔≡™√⅜⁸ ⅜ ∆╢ ─ ≤⇔√

⅜╟╡ ╩ ∆╢≤ ⅎ╠╣√⁹ 

⅜ ∆╢

─ ⌐  

▬ ─Ɽꜝⱷ

♃כ ─ ⇔ 

⸗♦ꜟ≢│ ─ ─ ⁸ ה ≢ ↑≡ Ɽꜝⱷכ♃─ ╩

∫≡⅝√⅜⁸ ⅜ ⌂ ≤⌂∫√⁹ 

Ɽꜝⱷכ♃─ ה

─ ╩  

4 ◐ꜗꜞⱩ꜠

ꜞⱣהfiꜛ◦כ

fiꜛ◦כ♦  

◐ꜗꜞⱩ꜠כ◦ꜛfiהⱣꜞ

fiꜛ◦כ♦ ─  

⸗♦ꜟ≤⁸ ה ⸗♦ꜟ≤≢⁸◐ꜗꜞⱩ꜠כ◦ꜛfiהⱣꜞ♦כ◦ꜛfi─

⅜ ⌂∫≡™√⁹ 

╩ ≢─

 

5 ה  

≢─ ♃כ♦

─  
⸗♦ꜟ─ ╩ ╘╢√╘⁸ ≢─ ─♃כ♦ ⅜ ╕⇔™⁹ 

≢ SS─

╩  

─ ─  
⸗♦ꜟ─ ─℮∟⁸ ↕╣√ Moriasi et al. 2015 ≢│⁸NSE⁸PBIAS

─ ⅜ ◦Ⱶꜙ꜠כ◦ꜛfi⌐ ⇔√╙─⌐ ↕╣≡™╢⁹ 

⇔™ ╩
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 ▪ⱪꜞ◔כ◦ꜛfi⌐ ∆╢  

 SWAT⸗♦ꜟ≢│QGIS⁸QSWAT⁸SWAT-CUP─ ▪ⱪꜞ◔כ◦ꜛfi╩ ™≡™╢⅜⁸↓╣

╠─Ᵽכ☺ꜛfi⅜ ⌂╢ ⁸◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ╩ ⅎ╢ ⅜№╢√╘⁸

₈2021⸗♦ꜟ₉≤⇔≡│⁸ ה ה ─ ≢ ∆╢Ᵽכ☺ꜛfi╩ ⇔

√  VI-7⁹ 

 

 VI -7 ▪ⱪꜞ◔כ◦ꜛfi─Ᵽכ☺ꜛfi 

 

 

 ⸗♦ꜟ ⌐ ∆╢  

▪  ⌐⅔↑╢₈ ₉─  

⅜ ─ ≢№∫≡╙⁸SWAT≢│₈ ₉╛₈ ₉⁸₈ ₉ ≤⇔≡ ↕╣≡

™╢√╘⁸╟╡ ╩ ⇔√⸗♦ꜟ≤∆╢√╘⁸ ─ ⌐╟╡ √⌐₈ ₉≤⇔

≡ ⇔√⁹ 

 VI-9≢ ≢ ∆≤⅔╡⁸2020⸗♦ꜟ≢│ ╛ ≤↕╣≡™√ ╩⁸2021⸗♦

ꜟ≢│ ≤⇔√⁹╕√⁸ ⌐≈™≡│⁸  VI-8─≤⅔╡⁹ 

 

2020⸗♦ꜟ 

 

2021⸗♦ꜟ 

 

 VI -9 ₈ ₉ ─ ─  
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 VI -8 ₈ ₉ ─ ─  

 

km2  

⸗♦ꜟ ⸗♦ꜟ ⸗♦ꜟ 

2020 2021 2020 2021 2020 2021 

 74.5 68.0 169.3 182.6 8.3 14.3 

 91.4 88.4 92.7 64.6 13.5 14.0 

 21.6 28.8 50.3 51.9 53.7 51.3 

 430.0 427.2 1600.2 1603.9 354.3 330.8 

 137.1 129.8 301.1 278.8 23.1 34.0 

 β   12.9 ˈ 50.7  0.6 

 3.7 4.2 58.7 34.4 ˈ 2.5 

 1.3 0.3 16.7 18.5 1.5 6.0 

 759.6 759.6 2285.4 2285.4 454.5 454.5 

SWAT⸗♦ꜟ ⁸₈ ₉│ ─ ⁸₈ ₉│ ─ ≤⇔≡ ↕╣

╢⁹ 

 

▬  ─ ─ ─  

ה ⸗♦ꜟ≢│⁸ │⁸ ─ ─ ╩ ╛ ≤ ─ ≤

⇔≡™√⅜⁸ ╩ ⇔≡⁸ High Density⅛╠ Medium Density⌐

⇔√⁹ 

 

►  ─  

↓╣╕≢│⁸₈0Á10Á₉⁸₈10Á20Á₉⁸₈20Á ₉─ 3 ≤⇔≡™√⅜⁸ ⁸ ⌐

⅔↑╢ ╩ ∆╢ ⌐╟╡ ⌂ ╩ ≤∆╢√╘⁸ ─ 2021⸗♦ꜟ≢

│⁸20Á ─ ╩↕╠⌐₈20Á30Á₉⁸₈30Á ₉⌐ ↑≡⁸4 ≤⇔√⁹ 

─ ╩  VI-9  VI-11⌐ ∆⁹⌂⅔⁸ ∂ ⁸

≢ ─ ⅜ ∂≡™╢ ≤⇔≡│⁸▪ ⌐ ⇔√ ─ ╛HRU─

─ ⌐╟╢╙─≤ ⅎ╠╣╢⁹ 

 

 VI -9 ⸗♦ꜟ⌐⅔↑╢ ─ km2  

      

 2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 

0Á- 10Á 61.7 60.5 1.7 0.6 43.0 70.9 93.3 76.2 51.3 44.6 

10Á- 20Á 29.7 28.0 1.4 0.9 90.4 89.9 25.2 26.7 17.5 13.9 

20Á- 30Á 
21.6 

13.3 

0.6 

0.9 

296.6 

88.1 

18.6 

12.1 

5.7 

4.5 

30Á  15.5 1.7 178.3 14.7 5.0 
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 VI-10 ⸗♦ꜟ⌐⅔↑╢ ─ km2  

      

 2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 

0Á- 10Á 62.1 46.1 8.1 4.3 74.2 134.2 234.8 200.8 147.5 146.3 

10Á- 20Á 30.6 18.5 11.2 5.6 191.1 211.7 25.2 18.6 11.2 12.4 

20Á- 30Á 
50.3 

15.3 

10.5 

6.1 

1,334.9 

249.3 

33.2 

14.5 

10.5 

7.2 

30Á  36.6 18.4 1008.7 44.9 16.6 

 

 

 VI -11 ⸗♦ꜟ⌐⅔↑╢ ─ km2  

      

 2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 

0Á- 10Á 5.4 6.2 - 0.1 4.2 11.2 9.8 11.5 5.9 8.0 

10Á- 20Á 8.1 7.8 - 0.2 16.1 20.0 2.6 4.7 0.6 1.8 

20Á- 30Á 
53.7 

10.8 

- 

0.4 

334.0 

37.2 

10.7 

4.4 

1.9 

0.8 

30Á  40.8 1.8 262.3 13.7 3.8 

 

─ ⌐╟╡⁸ ─ ה ⅜ ↕╣⁸ ⸗♦ꜟ⌐

⅔™≡ HRU │ 2020⸗♦ꜟ⌐ ⇔≡ 2021⸗♦ꜟ≢│ ⅝ↄ ⇔√  VI-12⁹ 

↓─ ⁸╟╡ ─ ™ ⅜ ⌐⌂╢≤ ⅎ╠╣√⁹ 

 

 VI -12 HRU ─  

⸗♦ꜟ 2020 2021 

⸗♦ꜟ 695 1178 

⸗♦ꜟ 939 1269 

⸗♦ꜟ 182 590 

 

 Ɽꜝⱷכ♃  

▪  ─ ─ꜟכꜟ β ⸗♦ꜟ─╖  

─ ⌐ ∆╢Ɽꜝⱷ⁸≡™≈⌐♃כ ⅜ ╠╣≡™⌂™ ⌐≈™

≡│⁸ ≤ ∂ ♃▬ⱪ⅜ ∆╢ ≢─ ╩ ⇔≡™√⁹⇔⅛⇔⌂⅜

╠⁸ ╛ ─ ╣╩ ∆╢≤⁸ ⌂ ╡ ⅜ ∆╢ ≢─ ╩ ∆

╢ ⅜╟╡ ≤ ⅎ√↓≤⅛╠⁸ │⁸ ⸗♦ꜟ╩ ∆╢⌐№√╡⁸

─ ⇔╩ ℮↓≤≤⇔√⁹ 

⌂⅔⁸ ─ Ɽꜝⱷ⁸╙≡™≈⌐♃כ ⌐ꜟכꜟ─↓ ≠⅛⌂™ ╙№

∫√√╘⁸ ╦∑≡ ⇔╩ ∫√⁹ 

↓─ ⁸ ≢│ 10⁸ ≢│ 22⌐≈™≡ ⇔⅜ ╦╣√  VI-10⁸

⁹ 
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 VI ה 10- ─ ╩ ∆╢ ↑  

 

▬  ─Ɽꜝⱷכ♃ ─ ⇔ β ⸗♦ꜟ─╖  

≢│⁸ ≢│ ─ ≢ │ ┼─ ⅜ ⅝™≤™℮

─ ╩ ╕ⅎ⁸ ⌐ ╢Ɽꜝⱷכ♃ SHALLST_N⁸GWSOLP⁸LAT_ORGN⁸

LAT_ORGP⁸ALFA_BF⁸REVAPMIN⁸RCHRG_DP⁸ESCO⁸CH_K2╩⁸ ה ≢ ₁⌐

⇔≡™√⁹ 

⇔⅛⇔⁸ ה ─ ⅜ ⌂ ≤⌂∫√↓≤⅛╠⁸ ⌐

∆╢↓≤│≤╡╛╘⁸ ♃▬ⱪ╩ ╕ⅎ√ ≤∆╢↓≤≤⇔√⁹ 

 

 ◐ꜗꜞⱩ꜠כ◦ꜛfiהⱣꜞ♦כ◦ꜛfi ─  

⸗♦ꜟ≤ ─⸗♦ꜟ≤─◐ꜗꜞⱩ꜠כ◦ꜛfiהⱣꜞ♦כ◦ꜛfi ⅜ ⌂∫≡™√

√╘⁸ ⸗♦ꜟ≢ ⇔√  VI-13⁹⌂⅔⁸ ⌐≈™≡│⁸ ⇔√ ─♃כ♦

╙ ╕ⅎ≡ ⇔√⁹ 

 

 VI -13 ⸗♦ꜟ─◐ꜗꜞⱩ꜠כ◦ꜛfiהⱣꜞ♦כ◦ꜛfi  

 

 

 ≢─ ─  

─⸗♦ꜟ ⌐⅔™≡│⁸ ─ ≢─ ╩♃כ♦ ™≡™√⅜⁸ ⅛╠

∆╢ ╛ ⅜ ─ ⌐ ⅎ╢ ─ ─√╘⌐│⁸ ⌐⅔↑
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╢ ─ ה ⅜ ≤⌂╢↓≤⅜ ╕⇔™⁹ 

↓─√╘⁸ ⸗♦ꜟ⌐≈™≡│⁸ ─₈ ₉ ╩ ⇔⁸SS─ כ♦

♃╩ ∆╢↓≤≤⇔√⁹⌂⅔⁸ ⌐≈™≡│⁸ ≤ ⇔≡ ⅜ ↕™√╘⌐⁸

≥⅔╡≤⇔√⁹ 

 

 ─ ─  

≢│⁸⸗♦ꜟ─◦Ⱶꜙ꜠כ◦ꜛfi ─ ⌐⁸ ─ ╩ ℮ RNR⁸

NSE⁸PBIAS≤™∫√ ╩ ™≡™╢⅜⁸2015⌐ Moriasi╠⌐╟╡⁸ ─ ⌐

⇔√⁸╟╡ ⌂ ⅜ ↕╣√⁹↓─√╘⁸ ⅛╠⁸ ╩ ™√ ╩ ℮↓≤≤⇔

√  VI-11⁹↓╣⌐╟╡⁸NSE≤PBIAS⌐⅔™≡⁸Satisfactory╩ ╢√╘⌐ ⌂

─꜠ⱬꜟ⅜ ↄ⌂∫√⁹⌂⅔⁸RSR─ ⌐│ │⌂™⁹ 

 

 

 

 VI -11 ⸗♦ꜟ─ ה ⌐⅔↑╢ ─ ™ 

 

 ◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ∆╢ ─ ≤ ─  

2 ╕≢⌐ ⇔√⸗♦ꜟ─◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ∆╢ ≤ ⌐≈™

≡  VI-14─≤⅔╡ ⇔√⁹ 

 

 VI -14 ⸗♦ꜟ─◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ∆╢ ≤  

 
 

  

1 ⁸

 

ᵑ ─ ⅜ ↄ⁸

─ ⅜ ↕™ ⌐

≢ ⁹ 

· ─ ⌂ ╩ ╢√╘⁸

╩ ⌐ ┘ ⌐ ∆╢Ɽꜝ

ⱷכ♃╩ ◐ꜗꜞⱩ꜠כ◦ꜛfi ∆╢⁹ 

· ⌐≈™≡⁸Ⱨכ◒ ╩ ∆╢

RNR⌂≥ ∞↑≢⌂ↄ⁸ ⌂

╩ ∆╢ PBIAS ╙ ∆

╢⁹ 

· ╛ ─ ╩ ⅝⁸ ─ ╩

ᵒ ה ≤╙⌐

⅜ ╟╡ ⌂™⁹ 

ᵓ Ⱨכ◒ ─ ─♃▬Ⱶfi

◓⅜ ≤ ≢╛╛

╦⌂™ ⅜№╢⁹ 
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ᵔ ⌐ ⇔√ ╛ ─

─ ⅜ ⁹ 

∆╢√╘⌐⁸ ─

⅜ ™ ⌂≥ ⌐ ∫√ ╩

℮⁹ 

2 ה

 

ᵑ ⅛╠─ ⅜

⁹ 

· │ ─ ╩ ↑╢√

╘⁸╕∏│ ⌂ ─ ╩ √ ≢⁸

Ɽꜝⱷכ♃─ ╩ ℮⁹ 

· ⌐ ⌂ ╩ ╢√

╘⁸ Ɽꜝⱷכ♃─ ╩

⌐ ↑≡ ◐ꜗꜞⱩ꜠כ◦ꜛfi ∆╢⁹ 

ᵒ ╟╡╙ ⅛╠─

⅜ ↄ⁸ ⌂

≤ ⌂╢⁹ 

ה · ⅛╠─ ⌐ ∆╢

─꜠ⱦꜙכ╩ ™⁸ ─ ─ ⌐

∆╢⁹ 

· ╛ ╩ ⌐ ⇔√ ≢⁸↓╣

╠─ ╩ ↑╛∆™ ─Ɽꜝⱷ

─♃כ ╩ ℮⁹ 

· ⌐ ⌂ꜞfiה ╩

╢√╘⁸ Ɽꜝⱷכ♃─ ╙

⌐ ◐ꜗꜞⱩ꜠כ◦ꜛfi ∆╢⁹ 

ᵓ ⌐⅔↑╢ꜞfi ⅜

─ ╩ ⅎ⁸

⌂ ─

≤ ⌂╢⁹ 

3 Ɽꜝⱷכ♃ ─Ɽꜝⱷכ♃ ⌐≈™≡

╛ ⸗♦ꜟ─ ≤─

⅜ ╣≡™⌂™⁹ 

· Ɽꜝⱷכ♃ │⁸ ꜠ⱦꜙכ ⌐╟

╡ ⌂ ╩ ∆╢⁹ 

· Ɽꜝⱷכ♃─ ⌂ ╩ →≡◐ꜗ

ꜞⱩ꜠כ◦ꜛfi╩ ∆╢⁹ 

 

 ─ ⌂  

▪  ┘  

⁸ ─ ⌐≈™≡ ╩ ∆╢⁹ ─◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ≠ↄ

│⁸ ─ ≤ ═⁸ ⌐ ≢─ ─ ⅜ ⅝ↄ⁸ ─ ⅜

↕™ ≤⌂∫≡⅔╡  VI-14─ ᵑ⌐ ⁸↓─ ⌐≈™≡ ╩╙≤

⌐ ∆╢ ⅜№╢⁹ 

╕√⁸  VI-13─ ≢ ∆≤⅔╡⁸⸗♦ꜟ⌐╟╡ ↕╣√ │⁸3

≢⁸ ה ≤╙⌐ ╟╡ ⌂™ ≢№∫√  VI-14─ ᵒ⌐

⁹ 

⌂⅔⁸  VI-14─ ᵓ ┘ᵔ─ ⌐≈™≡│⁸ ᵑ ┘ᵒ─ ⌐ ∆╢

⅜ ⌂√╘⁸ │ ᵑ ┘ᵒ─ ╩ ℮↓≤≤⇔√⁹
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 VI -12 2 ─ ─  

 

 

 

 

 

⸗♦ꜟ 

 

⸗♦ꜟ 

 

⸗♦ꜟ 
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⸗♦ꜟ 

 

⸗♦ꜟ 

 

⸗♦ꜟ 

 

 VI-13 2 ─ ⸗♦ꜟⱢ▬♪꜡◓ꜝⱨ  
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▬ ה   

2 ╕≢⌐ ה ⇔√⸗♦ꜟ⌐╟╢ ה ─

│⁸  VI-15─≤⅔╡≢№╢⁹ 

 

 VI -15 2 ─ ┘ ⸗♦ꜟ⌐╟╢ 

ה ─  

 

 

 [km2]  
[mm/year] [ton/year/ha] 

ꜞfi

[kg/year/ha] [kg/year/ha] 

          

 91.4 
139.4 

851 
3,542 

0.58 12.6 5.05 59.2 14.99 

60.4 
 21.6 1,468 4.04 18.33 48.77 

 430.0 1,600.2 1,580 1,357 2.82 36.2 10.51 25.7 22.92 19.6 

 131.1 301.1 1,127 2,906 3.02 8.6 11.21 22.6 17.98 16.3 

 754.6 2,285.4 1,266 1,682 2.22 27.3 20.21 25.0 31.51 21.9 

 

 

 

⌂⅔⁸ ⸗♦ꜟ─ ⌐⅔™≡│⁸₈ ╟╡╙ ⅛╠─ꜞfiה ⅜ ™₉

⁸₈ ⌐⅔↑╢ꜞfi ⅜ ─ 5 ╩ ⅎ╢₉ ⅜ ⌂ ≤ ⌂╢ ⌐

≈™≡⁸ ≢ ⇔√ ה

2 12 ⅛╠ ↕╣√⁹ 

↓─√╘⁸ ╠─ 2019 5⌐╟╡ ↕╣√ ─ SS⁸ ⁸ ꜞfi─

№√╡─ √╡⌐ ה ∆╢ ⌐ ╩ ∂

√ ╩ ≤⇔≡⁸ ─ ≤ ╠⇔ ╦∑≡╖√  VI-14⁹ 

                                                   
5 , ☿fi♃2019כ ₈ ─ ╩ ≤⇔√ ─

─ ─ ₉⁹ ─ ╩ ≤∆╢ ╩ⱬ⁸⌐☻כ

⌐ ∂√ ≢ ⁸ ⁸ ⁸ ─ ─

(https://www.naro.go.jp/project/results/4th_laboratory/niaes/2019/index.html)⁹ 

╟╡╙ ⅛╠─
⅜ ™⁹ 

⅛╠─ꜞfi ⅜
─ 5 ╩ ⅎ≡™╢⁹ 
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 VI -14  ─ SS⁸ ⁸ ꜞfi ─ №√╡─ ─◓ꜝⱨ  

╠─ 3  

 

ⱬכ☻≢ ↕╣√ ─℮∟⁸ ⁸ ⁸ ⅛╠─ ⌐ ⇔≡╖╢

≤⁸ ─╟℮⌂ ⅜ ⅎ√⁹ 

ᵑ SS │⁸ ⁸ ≤╙⌐ 100kg/ha0.1ton/ha⁸ │∕─

ԇ ⁹ 

ᵒ │⁸ ≢ 50kg/ha⁸ ≢│∕─ ⁸ ≢│↕╠⌐

ↄ 10kg/ha ⁹ 

ᵓ ꜞfi │⁸ ⁸ ≤╙⌐ 1.2kg/ha⁸ │∕─

ԇ ⁹ 

ᵔ ⁸ ⁸ ─ꜞfi │⁸™∏╣╙ ─ 1 201 40

ꜞfi ⁹ 

 

⁸ ─ │ ─╟℮⌐⌂∫≡™╢⁹ 

 

ᵑ SS │⁸ ─ ⅛╠ ⅝™ SS SS⁹ 

ᵒ │⁸ ⅜ ─ 1 2 1 3 ⁸ │↕╠⌐ ™

⁹ 

ᵓ ꜞfi │⁸ ≤ ≢ ⁸ │↕╠⌐ ™ ԇ

⁹ 

ᵔ ⁸ ⁸ ─ꜞfi │⁸ ≤ ⅛⁸ꜞfi ─

⅜ ™⌂≥⁸ ─ ⅛╠ ⅝™ ԇorꜞfi⁸ ꜞfi

⌐⅔↑╢ ─  β │∆═≡ kg/ha/year  
                         ꜞfi  

17.98 14.99 48.77 22.92

16.3 19.660.4
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ꜞfi ⁹ 

 

─ ᵑ╛ᵓ≤ ⇔≡⁸ ⌐ ─ SS≤ꜞfi─ ⅜ ╘⌐

↕╣√ ≤⇔≡│⁸ ─ ≢│ ─ ⅜ ↕╣⌐ↄ™ ≢№╢⌂≥

─⸗♦ꜟ≤ ⅜ ⌂∫≡™╢↓≤╛⁸ ─⸗♦ꜟ≢─ ⅜╕∞

≢⌂™↓≤ ⅜ ⅎ╠╣√⁹╕√⁸ ⌐│ ╛ ⌐ ═≡ ⅜ ↕™≤↕╣

≡™╢ ⌐≈™≡╙⁸ ↄ─ ⅜ ∆╢≤ ↕╣≡™╢⁹ 

─ ─ ≈≤⇔≡⁸ ≤ ≤─ ╩ 72 ≢ ⇔⁸₈ ה

ה ₉─ ╩₈1:100:1000₉≤ ⇔√ (1951)6─ ⅜№╢≤≤╙⌐⁸↕

╠⌐ ⅜ ╪∞ ≤⇔≡⁸Honda, E.A.╠(2004)7─ ⅜ →╠╣╢⁹↓─ ≢│⁸

JICA⅜ 1993⅛╠ 1998⌐Ⱪꜝ☺ꜟה◘fiⱤ►꜡ ≤ ⇔√

⌐⅔™≡⁸ ⅜ ╛ ≤ ═≡ ╛ ─ ╩ ∆╢

⅜ ╘≡ ⅝™↓≤⅜ ↕╣≡™╢⁹ 

  

                                                   
6 1951) ─ 1 ─ ⌐╟╢ 611-44. 
7 Honda, E.A., Ochiai, H., Abe, K., Berto, E.A., and Francisco, A. (2004): Transporte de Sedimentos, Escoamento 
Superficial e Varia­«o da Tens«o Matricial do Solo em Parcelas com Diferentes Usos do Solo no Munic²pio de 
Assis , SP., Vilas B¹as, O.; Durigan, G. Pesquisas em conserva­«o e recupera­«o ambiental do Oeste Paulista: 
resultados da coopera­«o Brasil/Jap«o. S«o Paulo: P§ginas & Letras, 484p. 
(https://www.infraestruturameioambiente.sp.gov.br/institutoflorestal/2004/01/pesquisas-em-conservacao-e-
recuperacao-ambiental-no-oeste-paulista-resultado-da-cooperacao-brasiljapao/) 
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 VI -16 ⅛╠ ⇔√ ┘ ─ Honda, E.A.╠(2004)╩  

 

 

╕√⁸ ─ ᵔ⌐≈™≡│⁸ │כ♄כ○─ ⌂╢╙──⁸ ה

≢─ ≤ ≤⇔≡│ ⇔≡⅔╡⁸ ≢№╢↓≤⅜ ╘≡

↕╣√⁹ 

⌐⁸ ╩ ╕ⅎ≡ ⇔√◐ꜗꜞⱩ꜠כ◦ꜛfiהⱣꜞ♦כ◦ꜛfi─ ⌐≈™≡

═╢⁹ 

 

 ┼─  

⌐ ⇔√ │⁸ ⌐Ɽꜝⱷכ♃⌐ ∆╢╙─≢№╢↓≤⅛╠⁸ │⁸ ₁

─Ɽꜝⱷכ♃⅜ ─ ⌐ ╓∆ ⌐≈™≡ ╩ ™⁸∕─ ╩ ⌂⅜╠Ɽ

ꜝⱷכ♃─ ╩╟╡ ⌂╙─┼ ⇔≡™ↄ↓≤≢⁸⸗♦ꜟ ─ ╩ ╢↓≤≤

⇔√⁹ 

 

 VI-15⌐ ╩ ⇔√⁹╕∏⁸⸗♦ꜟ ╖─ ─ ≢⁸ ─ ╛

┼─ ⅜ ╙ ⅝™≤ ⅎ╠╣╢ ─Ɽꜝⱷכ♃╩ ⇔≡ ⇔⁸ ─Ɽꜝⱷ

♃כ ⱬ☻♩Ɽꜝⱷכ♃ ╩ ⸗♦ꜟ╛ ⸗♦ꜟ⌐ ∆╢↓≤≤⇔√⁹ 

∕⇔≡⁸ ≢─ ⌐⅔™≡│⁸ ─ ╩ ⅎ╢╟℮⌐ ќ ќ

ќ ה ─ ≢ ∫√⁹ ⌐⁸Ɫ▬♪꜡◓ꜝⱨ≢─ ⌐⅔™≡╙⁸

─ ╣⌐ ∫≡ ℮↓≤≤⇔⁸ ⌐⅔↑╢ ╩ ∆╢≤≤╙⌐⁸ ⌐

∂≡ ─Ⱡ♇♩꞉כ◒⌐ ╢Ɽꜝⱷכ♃⌐≈™≡╙◐ꜗꜞⱩ꜠כ◦ꜛfi╩ ⇔√⁹ 

╕√⁸ ─ ≢│⁸ ≤ ⌐⁸ HRU ─ ⌐≈™≡│ ─

⌐⅔↑╢ ╛ ⁸ ⌐ ⇔√ ╩ ™⁸ Ⱡ♇♩꞉כ◒ ─

⌐≈™≡│ ─≥♃כ♦ ⌐╟╡ ∫√⁹ 
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 VI -15 ─◐ꜗꜞⱩ꜠כ◦ꜛfi  

 

↕╠⌐⁸ ╕≢─ ⅛╠─ ≤⇔≡⁸ ⅛╠─ ⌐ ⇔≡│⁸

⌐⅔™≡ ⅜ ↄ⁸ ┘ ⅜ ⌂™↓≤⅜№∫√⁹↓╣╩

∆╢√╘⁸ ┘ ⌐ ╢Ɽꜝⱷ⁸≡™≈⌐♃כ ─ ╩ ⇔√ ⁸∆⌂╦∟

⅛╠ ⅜ ⇔⌐ↄↄ⌂╢╟℮⌐Ɽꜝⱷכ♃─ ╩ ∫√⁹ 

 

. ┘  

 Ɽꜝⱷכ♃─ ┘◦Ⱶꜙ꜠כ◦ꜛfi  

 Ɽꜝⱷכ♃─  

◐ꜗꜞⱩ꜠כ◦ꜛfiהⱣꜞ♦כ◦ꜛfi╩ ⇔≡⁸ ⸗♦ꜟ─Ɽꜝⱷכ♃─

╩  VI-17⌐ ∆⁹ 
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 VI -17 ⸗♦ꜟ⌐⅔↑╢Ɽꜝⱷכ♃─  

Ɽꜝⱷכ♃ 
2  3  ≢─  

  

CN2 

 46.137 59.910 35.125 9.350 ⌐⅔↑╢ ─
┘ ⅛╠

∆╢ ⌐≈™≡
─ ╩ ™⁸
√⌐ ⅎ√

╙ ⇔√⁹ 

 44.511-60.388 45.57 61.74 

 25.901 56.839 
20.225

29.325 

 - 
82.625

85.825 

 16.805 42.827 90.000 

 - 48.850 

SLSUBBSN  
 

♦ⱨ◊ꜟ♩
─ 1.600  ♦ⱨ◊ꜟ♩

─ 1.902  

⌐≈™≡⁸
╩ ╛⅛⌐⅛≈

╩ ↄ∆╢↓≤⌐╟╡
─ ╩ ⅎ╢≤≤

╙⌐⁸ ≢Ɽꜝⱷ
─♃כ ⅜ ⇔⌂™╟
℮⌐ ⇔√⁹ 

∕─ ─  ♦ⱨ◊ꜟ♩  

HRU_SLP  
 

♦ⱨ◊ꜟ♩
─ 0.800  ♦ⱨ◊ꜟ♩

─ 0.912  
∕─ ─  ♦ⱨ◊ꜟ♩  

SOL_K(1,2) 

ANDSOL 
52.760

211.175 
7.32 

⌐⁸ ⸗♦ꜟ─
╩ ╘╢ ♃▬ⱪ

ANDSOL ┘
BROWNFORESTSOIL 

⌐≈™≡ ─ ⅜
↕╣╢╟℮⌐⇔√⁹

⌂⅔⁸ 3

⌐≈™≡│ ╩
⇔⁸ 1 2 ─ ╟╡ 1

כ♄כ○ ↕⌂ ⌐
⇔⁸√⁹√∞⇔ 

BROWNFORESTSOIL 
169.630

177.033 
63.210 

IMMATURESOIL 26.155 33.261 63.210 

GLEYLOWLANDSOIL 27.817 32.169 105.250 

GLEYSOIL 27.817 32.169 105.250 

REDYELLOSOIL 30.088 31.223 304.350 

SOL_K(3) 

ANDSOL 81.647 0.732 

BROWNFORESTSOIL 174.458 6.321 

IMMATURESOIL 35.764 6.321 

GLEYLOWLANDSOIL 37.846 10.525 

GLEYSOIL 37.846 10.525 

REDYELLOSOIL 37.846 30.435 

SOL_BD() 

ANDSOL 0.462 0.520 0.370 0.416 ⌐ ─ ⌐
╢Ɽꜝⱷ⁸╡№≢♃כ
⅜ ⅝™╒≥ │
⌂ↄ⌂╢⁹ Ⱨכ◒
─ ─ ─ ⅝⌐

⇔≡ ╩ ∫√⁹
─ SOL_AWC╟╡

─ ↕™Ɽꜝⱷכ♃∞
⅜⁸SWAT─ ≢№
╢ 1.1 1.9╟╡ ↕⌂
≤⌂∫√√╘⁸
⅜ ⁹ 

BROWNFORESTSOIL 1.070 1.370 0.856 1.096 

IMMATURESOIL 1.200 1.350 0.960 1.080 

GLEYLOWLANDSOIL 1.155 1.233 0.924 0.986 

GLEYSOIL 0.950 1.166 0.760 0.933 

REDYELLOSOIL 1.124 1.270 0.900 1.016 

SOL_AWC 

ANDSOL 0.571 0.445 ⌐ ─ ⌐
╢Ɽꜝⱷ⁸╡№≢♃כ
⅜ ⅝™╒≥ │
⌂ↄ⌂╢⁹ Ⱨכ◒
─ ─ ─ ⅝⌐

⇔≡ ╩ ∫√⁹ 

BROWNFORESTSOIL 0.224 0.175 

IMMATURESOIL 0.054 0.042 

GLEYLOWLANDSOIL 0.090 0.070 

GLEYSOIL 0.215 0.168 

REDYELLOSOIL 0.167 0.130 
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Ɽꜝⱷכ♃ 
2  3  ≢─  

  

CH_N2  0.362 0.010 

─ ⁹◓ꜝⱨ
─ ╕⅛⌂ ⌐

⇔≡ ╩ ∫√⁹ 

LAT_TTIME   - 1 

⅛╠ ∆╢
─ ⁹ ─
≤│ ⌐ ⁹ ∕

─ ─ ─
│⁸SWAT ⅜

⇔√ ╩ ⇔√⁹
↕╠⌂╢ ⅜ ≢

№╢⁹ 

REVAPMN  431.700 215.000 

┼─ ⅜
↓╢ ─ ≢⁸
GWQMIN≤≤╙⌐

╩ ∆╢Ɽꜝⱷ
⁹♃כ ⌐ ╢Ɽꜝ
ⱷכ♃─ ⌐╟∫≡⁸

⌐ ∆╢
⅜ ⇔√↓≤╩ ╕

ⅎ⁸ ╟╡
⅜ ↓╡⌐ↄↄ⌂╢╟℮

⇔√⁹ 

GWQMN  215.000 300.000 

─ ⁹ ⌐
╩ ∆╢

Ɽꜝⱷ⁸≢♃כ ╩ ⅝
ↄ ∆╢≤
─ ⅜ ∆╢⁹
╟╡⁸ ╩

↕∑╠╣╢╟℮ ⇔
√⁹ 

USLE_P 

20°  0.648 0.037 USLE ─ ⁹
⅛╠ ↕╣╢

⌐ ╢Ɽꜝⱷ⁸≢♃כ
─ ╣ ╩ ∆

⁹1⌐ ™╒≥ ⅜
⇔╛∆™⁹ ╟╡
⅛╠ ∆╢

⅜ ∆╢╟℮⌐ ╩
∫√⁹ 

20°  0.696 0.053 

20°  0.401 0.075 

20°  0.810 0.067 

USLE_C 

  0.000 USLE ─ ⁹
⅛╠ ↕╣╢

⌐ ╢Ɽꜝⱷ⁸≢♃כ
─ ╣ ╩ ∆

⁹1⌐ ™╒≥ ⅜
⇔╛∆™⁹ ╟╡
⅛╠ ∆╢

╩ ↕∑⁸⅛≈
√⌐ ⅎ√ ≤

─ ╩ ⇔√ћ≢
╩ ∫√⁹ 

 0.017 0.005 

  0.010 

 0.097 0.010 

 - 0.050 

20°   0.200 ╒℮╣
╪∕℮  

  0.400 

20°   0.100 

 - 1.000 

CH_COV2  0.609 0.000 

─ ─ ╩
∆Ɽꜝⱷ⁸1≢♃כ 0─
≢ ↕╣⁸0⌐ ™╒

≥ ╩ ↕∑╢⁹ 
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Ɽꜝⱷכ♃ 
2  3  ≢─  

  

≤⌂∫≡™╢
╩ ⌐ ↕∑╢↓≤
≢ ≢─ ╩
╠∆ ≢ ╩ ∫
√⁹ 

 

╕√⁸ ≢│⁸ ⇔√Ɽꜝⱷכ♃  VI-17≤⁸∕╣╠╩∕─╕╕ ה

⸗♦ꜟ⌐ ⇔√◦Ⱶꜙ꜠כ◦ꜛfi ╩ ∆⁹ ⌂⅔⁸ ה ─ⱬ☻♩Ɽꜝⱷכ♃

⌐╟╢◦Ⱶꜙ꜠כ◦ꜛfi ⌐≈™≡│⁸₈ .  ⱬ☻♩Ɽꜝⱷכ♃ ─ ─ ┘

₉≢ ∆╢⁹  

╕√⁸ ─ ⁸ ⁸ ה ─◦Ⱶꜙ꜠כ◦ꜛfi ≢│⁸ ⌐

∆ ╩ ™≡ ∆⁹ 

 

ₒ ₓ 

ᵑⱢ▬♪꜡◓ꜝⱨ 20102018  

ᵒ ≤ ─  

ᵓ  

ᵔ Ɫ▬♪꜡◓ꜝⱨ 1  

ᵕ Ɫ▬♪꜡◓ꜝⱨ 

 

ₒ ₓ 

ᵑ  

ᵒ  

 

ₒ ה ₓ 

ᵑⱢ▬♪꜡◓ꜝⱨ 20102018  

ᵒ ≤ ─  

ᵓⱢ▬♪꜡◓ꜝⱨ 20102018 ꜞfi  

ᵔ ≤ ─ ꜞfi  

ᵕⱢ▬♪꜡◓ꜝⱨ 20102018  

ᵖ ≤ ─  

ᵗ ה  

ᵘ ה  

 

 ⸗♦ꜟ≢─◦Ⱶꜙ꜠כ◦ꜛfi  

▪   

Ɽꜝⱷכ♃╩ ⇔√ ⸗♦ꜟ≢─ ─ │ 

 VI-18─≤⅔╡≢№╢⁹ 
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 VI-18 Ɽꜝⱷכ♃ ─  

 

ᵑⱢ▬♪꜡◓ꜝⱨ 20102018  

  

ᵒ ≤ ─              ᵓ  

 

ᵔ Ɫ▬♪꜡◓ꜝⱨ 1  

 

ᵕ Ɫ▬♪꜡◓ꜝⱨ 

 

⸗♦ꜟ≢│ ≢№╢ ⱡ ⌐⅔™≡⁸ ◦Ⱶꜙ꜠כ◦ꜛfi ╩

∂≡ ⌡ ⌐ ™ ╩ ╢↓≤⅜≢⅝√  

 VI-18─ᵑ, ᴖ, ᴗ ⁹√∞⇔⁸2000m3/s╩ ⅎ╢ │⁸ ⅜ ≤⌂∫≡™╢

 




























































































