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1.  ─  

1.1.  ┘  

⁸ ─ │ ⇔⁸50 ─ ⅜ ╩ ╘╢ ≤⌂∫≡⅔

╡⁸ ─ ⅜ ⌐ ═≡ ⇔≡™╢─≢│⌂™⅛≤™℮ ⅜№╢⁹ ≢⁸

│ ⌐ ∆╢╙─≢№∫≡ ─ │ ─ ⌐ ⇔⌂™≤™

℮ ╙№╢⁹ 

╕√⁸ ⁸ ╩╙√╠∆ ╛ ─ ⌐╟╡ ⌂ ╛ ⅜ ⇔≡⅔

╡⁸ ─ ╛ ─ ─ ⌐ ∆╢ ⅜ ╕╢≤≤╙⌐⁸

∕─ ⅜ ⌐ ╠╣╢↓≤╙№╢⁹ 

↓─╟℮⌂ ╩ ╕ⅎ⁸ ─ ─ ╛ ⌐≈™≡ ↄ ⌂ ⌐ ∆╢≤

≤╙⌐⁸ ─ ∆╢ ─ ⌐ ∂√ ─№╡ ─ ⌐╙ ∆╢

╟℮⁸ ⌐⅔™≡│⁸ ─ ⌐ ⇔≡⁸ ─ ╩ ∆╢↓≤╩ ≤∆╢⁹ 

· ─ ⌂ ≤⁸ ─ ⌐ ℮ ╛ ─ ⌐╟╢

⌐≈™≡─ ╩ ™⁸∕╣╠─ ╩ ⅛╡╛∆ↄ ∆╢⁹ 

· ⌐ ∆╢ ─ ╩ ⇔⁸ ⌐ ∆╢╟℮ ⇔≡ ╡╕≤╘

╢⁹ 

1.2.  ─ ╣ 

│⁸ 3 6 1 ⅛╠ 4 3 16 ─ ≢ ⇔√⁹ ─ ╣╩  1-1

⌐ ⇔√⁹ │ ⅝ↄ 4 ≈⌐ ↑╠╣⁸⸗♦ꜟ─ ה ┘∕╣╠─ ╩╙≤⌐⇔√

─ ה ╩ ℮₈ ─ ה ₉⁸ ─ ╩ ╘⁸

─ ⌐ ╢ ─ ╩≤╡╕≤╘√ ╩ ∆╢₈ ─

─ ה ₉⁸↕╠⌐⁸ ╛ ─ ╩ ⌐ ∆╢√╘─₈

─ ₉≤⁸∕╣╠⌐≈™≡ ⇔√₈ ≤╡╕≤╘₉≢№╢⁹ 

 

 1-1 ─ ╣ 
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⌐⅔↑╢ ⁸│ꜟכꜙ☺◔☻  1-1─ ╡≢№╢⁹ 

 ꜟכꜙ☺◔☻ 1-1 

 

 

⌂⅔⁸ ⁸₈∟℮─ꜟכꜙ☺◔☻ ─ ה ₉─₈ ה ⸗♦

ꜟ₉─ ⌐⅔™≡│⁸ ─≤⅔╡⁸ │▬fiⱪ♇♩♦כ♃ ─ ╩

∆╢↓≤≤⇔√√╘⁸ ─ │ ⌐ ╡ ⇔≤⌂∫√⁹ 
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1.3.  ─  

 ─ ה  

≢│⁸ ─ ה ─ ⌐ ∆╢╟℮⁸ ─ ╛ ─ ⌐╟╡

⌂╢ ─ ⌐≈™≡⁸∕╣∙╣⅜ ∆╢ ─ ╩ ⇔⁸∕╣╠─ ╩

⅛╡╛∆ↄ ∆╢ ↓≤╩ ≤⇔≡™╢⁹ 

─ ⌐⅔™≡│⁸ ╟╡ ה ╩ ╘≡™╢SWAT⸗♦ꜟ╩ ⇔⁸

─ ╛ ה ─ ╩ ∆ ⁸ ⁸ ⁸ ⁸

⁸ ⁸ ┘ ─ ⌐ ╢ ⁸ ─℮∟⁸

╛ ⌐ ⅝ↄ ╩ ╓∆ ╩ ⇔⁸∕╣╠─ ⅜ ⌐⁸ Ⱨכ

◒─ ╛ ─ ⌐ ∆╢ ⌐≥─╟℮⌐ ∆╢─⅛⌐≈™≡ ⇔⁸

⌐ ∆ ─ ┘ ╩ ╕ⅎ⁸ ⌂ ╡ ⌐ ⇔√ ⌂ ┘ ╩

℮⁹ 

ₒ3≈─ ─ ₓ 

▬ ─  

꜡ ─ ─ 40 ─ ה ─  

Ɫ ⅛╠─  

ₒ4≈─ ₓ 

ᵑ  

ᵒ  

ᵓ  

ᵔ  

 ─ ─ ─ ≤ ה  

  ─ ⌐≈™≡─ ⌐ ∆╢╟℮⁸ ─ ╩ ∆╢⁹ 

· ₈ ─ ⌂ ≤ ₉─ ⌐≈™≡⁸ ⌂ⱷ◌♬☼ⱶ≤

─ ╩ ≠↑⁸ ╩ ™√ ╩ ∆╢⁹ 

· ⌐⅔™≡⁸ ─ ─ⱷ◌♬☼ⱶה ⌐ ∆╢

─ ╩ ∆╢↓≤╩ ⌐⁸ ─ ─ ╛ ─ ╩ ╕ⅎ

√ ─ ╩ ∆╢⁹ 
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2.  ─ ─ ה  

2.1.  ─  

─ ≢№╢ 2 2020 │⁸ ─ ⌐ ╛

⌐ ∂√ ⌂ ─№╡ ─ ⌐ ∆╢⁸ ─ ⌂ ┘ ∆╢↓

≤╩ ≤⇔≡⁸ 4-1 ─≤⅔╡ ─ ─ ⌐ ╢ ─ ─ ╛ ה

─ ⌐≈™≡ ⇔⁸ ─ ≠↑╩ ∆╢ ╩ ∫√⁹ 

⅛╠ 12 2000 ⌐⅛↑≡│⁸│→ ≤ ⌐╟╢ ╩ ⇔

√⁸™╦╝╢ ─ ⌐╟╢ ─ ⅜ ≢№∫√⁹ ™≡⁸ 13 ⁸23

─ ≢│⁸ ⌂ ≢│Ⱨכ◒ │ ⅝ↄ│ ≢⅝⌂™↓≤╛⁸

│ ─ ⌐ ╢≤↓╤⅜ ⅝™ ≤™∫√↓≤⅜ ∂╠╣╢⌂≥⁸ ─

│ ╩ ↑⁸↕╠⌐ │⁸ ≢ ─ ⅜ ≤⌂∫≡⅝√↓≤⅛╠⁸

─ ⅜ ⌐ ╓∆ ─ ╛⁸ ⸗♦ꜟ╩ ™√ ⅛╠─ ⌂ ─

⌐ ╦╢ ╙ ╦╣╢╟℮⌐⌂∫≡⅝√⁹ 

 

 2-1 ─ ─ ╩ ╢ ─ ─  

2 ╟╡  

⌐ ╦╢ ─ 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 ╙ ⇔⅛∫√⅜⁸ │ √⌂

⅜ ↕╣≡⅝≡™╢≤↓╤≢№╢⁹ 
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─╟℮⌂⁸ ─ ─ ⌐ ╢ ─ ╩ ╕ⅎ⁸ ⌐⅔↑╢ ─

╩ ─╟℮⌐ ╘√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

· ─ ⌐ ∆╢ ─ ╛ ╩ ⁸│☻כ♁ꜞ╢⅝≢

╙ ╘≡ ⌐№╢⅜⁸ ─ ─ ─ ה ┼─

⌐ ∆╢ ─ ╩ ℮⁹ 

─ ⌐ⱨ◊כ◌☻⇔√ ─  

 

· ─ ה ⁸ ∆╢ ⁸ ─ ╩≤╡╕ↄ

⌂ ⌐ ∆╢√╘⁸ ─ ─№╢ ♄ⱶ ╩

≤⇔≡⁸ ה ה ╩ ⌐ ∆╢ ╩ ⇔⁸↓─╟℮

⌂ ╩ ⅎ╢ ⅛≈ ⌂ ⌐ כ꜠ꜙⱵ◦⁸≡⇔≥ꜟכ♠⌂

◦ꜛfi⸗♦ꜟ╩ ∆╢⁹ 

─ ─ ╩≤╡╕ↄ ╩ ⇔√  ꜟכ◔☻

 

· ─ ⌐ ∆╢ ╛ ה ⌐ ╦╢ ─

╛ ┼─ ⌂ ה ─ ⌐ ∆╢ ─≤╡

╕≤╘╩ ℮⁹ 

─ ⌐ ╢ ה ─  
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2.2.   

 ⸗♦ꜟ─  

≢│⁸ ╩ ≤⇔√ ─ ╩ ≢ ∆╢√╘⌐⁸ ⸗♦ꜟ

╩ ∆╢↓≤≤⇔⁸⸗♦ꜟ─ ⌐ √∫≡│⁸ ─ ╙ ╕ⅎ⁸ ⌐ ─ⱳ▬

fi♩╩ ⇔⁸SWAT The Soil & Water Assessment Tool ⸗♦ꜟ╩ ∆╢↓≤⌐ ⇔√⁹ 

 

ₒⱳ▬fi♩ 1 ⸗♦ꜟ≢№╢↓≤ₓ 

╛ ─♃▬ⱪ∞↑≢⌂ↄ⁸ ╛ ⌂≥⁸ ⌂╢ ⌐№╢ ─

⌂ ╙ ≢⅝╢↓≤⅜ ╕⇔™⁹ 

ₒⱳ▬fi♩ ─Ɽꜝⱷכ♃⅜ ╖ ╕╣≡™╢↓≤ₓ 

⌐⅔™≡│⁸ ─ ⌐╟╢ ╩ ⌐ ∆╢ ⅜№╢⁹↓─√╘⁸

⁸ ⁸ ⌂≥ ─ ╩ ≢⅝╢Ɽꜝⱷכ♃⅜ ╖ ╕╣≡⅔╡⁸

⅜ ≢№╢↓≤⅜ ≢№╢⁹ 

ₒⱳ▬fi♩ 3 ⌐ꜟכ◔☻ ∂√ ─ ⅜ ≢№╢↓≤ₓ 

⌐⅔↑╢ ╩ ∆╢√╘⌐│⁸ ⌂ ⌐ ⅎ⁸ ─

╙ ∆╢↓≤⅜ ╕⇔ↄ⁸ ꜟכ◔☻ ה ⌂≥ ─ ה ⅜

≢№╢↓≤⅜ ╕⇔™⁹ 

ₒⱳ▬fi♩ 4 ─ ⅜ ≢№╢↓≤ₓ 

─ ╩ ∆╢√╘⁸ ┼─ ⌂≥╩ ╗⁸ ⅜ ⌂⸗

♦ꜟ≢№╢↓≤⅜ ╕⇔™⁹ 

 ─  

≢│⁸ ─ ╡⁸⸗♦ꜟ ⌐⅔↑╢ ╩ ≡⁸ ⌐ ⇔≡™ↄ ╩

∆╢↓≤≤⇔√⁹  2-2⌐│⁸ ─ꜟכ◔☻ ╩ ∆⁹ 

 

ᵑ ╩⁸♄ⱶ ─ ⁸ ⌂▬ⱷכ☺╩ ≈↓≤⅜ ⌂

≢ ∆╢⁹ 

ᵒ  ₈ ─ ₉≤₈ ₉─ ─ ⌐ ↑√ ╩ ⌐∆╢

√╘⁸ ≢─ ⌐ ⅎ≡⁸ ♃כ♦┘ ⅜ ⌂ ─⸗♦

ꜟ ╙ ∆╢⁹ 

ᵒ  ⸗♦ꜟ ⌐⅔↑╢ ⸗♦ꜟ─ ╩ ℮⁹ 

ᵓ ⸗♦ꜟ ≢ ↕╣√ ╩⁸ᵑ─ ─ ⌐ ⇔⁸ ☻◔

─≢ꜟכ ─ ╩ ╘√ ╩ ℮⁹ 
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─ꜟכ◔☻ 2-2   

 ─  

│⁸ ⁸ ♄ⱶ ⁸ ♄ⱶ ─ ≤⇔√⁹ ─

│  2-3⌐ ∆ ╡≢№╢⁹ 

 

 2-3  

 

⌂⅔⁸ ⌐ ∫√ ⌐ √∫≡─ ╩⁸ ⌐ ∆╢⁹ 

≢ ≤∆╢ ─ │ 2 ╡№╡⁸ ≈│⁸ ─ ⌂ ╩

℮√╘─ ─ ⅝™₈ ₉≤⁸╙℮ ≈│⁸ ╛ ◙כ꜠ ⌂≥

╩ ⇔≡⁸ ─ ≤ ≤─ ⌐≈™≡ ⇔⁸Ɽꜝⱷכ♃ ─ ╩ ℮

√╘─₈⸗♦ꜟ ₉≢№╢⁹ ⌐≈™≡│⁸  2-4 ⌐ ∆≤⅔╡⁸ ⁸3 ≈─

⅜ ↕╣≡™√⁹ 
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 2-4 ─  

↓╣╩ ╕ⅎ⁸ ≢│⁸ ─ 4 ╩ ─ ⌐⅔↑╢ ⱳ▬fi♩≤ ⅎ⁸

─ ∕─ ⌐ ╢ ─ ⌐≈™≡  2-1⌐ ⇔√⁹ 

· ─ ♄ⱶ ⁸ ─ ♄ⱶ ⁸ ◔ ◔

♄ⱶ ─ ≢№╢↓≤ 

· ╛♄ⱶ ─♃כ♦─ ─⇔ ↕ 

· ─ ─ ─ ↕ 

· ┼─ⱥ▪ꜞfi◓⌐ ≠ↄ⸗♦ꜟ ≤⇔≡─  

 2-1 ⌐⅛⅛╢ ─ ⌐ ∆╢  

 

⌐⁸ ⌐≈™≡ ╩ ∆⁹ 

 

1:  ♄ⱶ ≢№╢↓≤ 

⌐⅔↑╢ ≤⇔≡⁸ ─ ♄ⱶ ⁸ ─

♄ⱶ ⁸ ◔ ◔ ♄ⱶ ─ ≢№╢↓≤⅜⁸ ─ ⁸ ↕

╣≡™╢⁹ ⁸ ─♄ⱶ ⅜ ↕╣≡™╢ ≤⇔≡⁸ ─↓≤⅜ →╠╣
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╢⁹ 

 

· 19 ⌐╟╢ ⌂ ⅜№∫√⁹ 

· ≢│ ─ ⌐ ╩ ╣≡⅔╡⁸⸗♬♃ꜞfi◓♦כ♃─ ⅜ ╠╣

╢ β ☿fi♃⁸כ ─↔ ⌐╟╢ ⁹ 

· ▬ⱷכ☺─ ⅝╛∆™ⱷ☺ꜗכ⌂♄ⱶ╛ ⅜ ∆╢⁹ 

 

2:  ╛♄ⱶ ─♃כ♦─ ─⇔ ↕ 

╛♄ⱶ ─♃כ♦ ─▬ⱷ⁸│≡⇔≥☺כ♄ⱶ ⌐⅔↑╢ 40

≤ ─ ╛ ─ ╛ ─ ⁸ ⸗♦ꜟ─◐ꜗꜞⱩ꜠כ◦ꜛ

fi⌐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┼ ∆╢ ─  

 

3: ─ ─ ─ ↕ 

│⁸ ─ ⅜⁸ ╛ ─ ⌐╟╡⁸ ─ ⌐ ═≡

╕∫≡™╢↓≤╩ ≢⅝╢≤ ≢⅝╢◄ꜞ▪≢№╢ ⅜№╢⁹ ⅎ┌⁸ ─ ╩

√⇔≡™╢↓≤⅜ ╕⇔™⁹ 

 

· ─ ⅜ ⌐ ╘╠╣≡™√ ≢№╢↓≤ 

· ╛ ⅜ ≢№╢↓≤ 

· ─ ╛ ⌐╟╡⁸40 ─ ─ ⅜ ≢№╢↓≤ 

 

↓╣⌐≈™≡⁸ ⅛╠│⁸ ─ ─╒⅛⁸ ♃כ♦ ⅜ ≢

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

™ ─ ─ ⌐│⁸ ─ ⅜ ≢№╢≤ ⅎ╠╣√⁹ 

40 ─ ─♃כ♦ ⌐≈™≡ ⅜ ≢№╢ ─ Web ◘▬♩₈

ה ⱦ☻₉כ◘  2-5 ╩ ⇔√ ─ ⁸ ≤⌂∫≡™╢ ≢│⁸

1970 ─ הכꜝ◌ ⅜ ≢№╢↓≤⅜ ⅛∫√⁹ 



 

10 

 

 2-5 ₈ ה  ♩▬◘ⱦ☻₉Webכ◘

 

4: ⅛╠─ ⱥ▪ꜞfi◓  

≢│⁸₈ ─⸗♬♃ꜞfi◓ ₉╩ ⇔≡⅔╡⁸ ─ ⌐ ⇔™

☿fi♃כ─ ╛⁸ ⌐⸗♬♃ꜞfi◓ ─ ≢№╢ ≢

ה ╩ ™⁸ ⌐ ─№╢⁸ ─ ⌐

─ ⌐≈™≡ⱥ▪ꜞfi◓╩ ∫√⁹ 

∕─ ⁸ ─ ⅜ ╠╣√⁹ 

 

· ♄ⱶ ⌐№╢ ≢│⁸ ─♃כ♦ ⅜ ≢№╢⅜⁸

⅜ ≢№╢↓≤╛⁸ ◔ ♄ⱶ ⅜ ⇔™♄ⱶ≢№╢√╘⁸

─♄ⱶ ─♃כ♦ ⅜ ⌂™⁹╕√⁸2019 ─ ⌐╟╡⁸2020 ─

≢│▪◒☿☻ ─ ⌐⌂∫≡™╢⁹ 

· ♄ⱶ ⌐№╢♯♃ⱡ ╛ⱨ♅♆ꜞ ≢│⁸ ≤

⁸ ─♃כ♦ │ ≢№╢⅜⁸ ─ ⌐╟╡ Ɽ♃כfi⅜ ≢│

⌂™↓≤╛⁸◦◌ ─ ╙ ⌂ↄ⌂™√╘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 ≢№╢ ╩ ⇔√⁹ 
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─╟℮⌐⁸♄ⱶ─ ≢№╢↓≤⁸ ⸗♬♃ꜞfi◓♦כ♃─ ⁸ ⁸

ꜟכ◔☻ ╩ ⇔⁸ ╩ ╗⸗♦ꜟ ≤⇔≡⁸ ─⸗♬♃ꜞfi◓ ≢╙№╢

₈ ₉⁸ ≤⇔≡₈ ♄ⱶ ₉╩ ∆╢↓≤≤⇔√⁹ 

↕╠⌐⁸ ♄ⱶ─ ⌐≈™≡╙⁸ ⅛╠ ⇔√ ╩ ∆╢⌐│┤↕╦⇔™

≢№╢≤─ ≢─ ╩ ╕ⅎ⁸ ≢│⁸ √⌐ ≤⇔≡ ⇔

√  2-2 ⁹ 

 2-2 ♄ⱶ ─ ┘♄ⱶ  

 ♄ⱶ ♄ⱶ 

   

 111.66 km2 11,166ha  156.45 km2 15,645ha  

   

   

♄ⱶ  1955  1979  

 616,100 3 54,500,000 3 

ה ─  ⇔ ╡  

─ ⌂  ⁸ ⁸   

 94.1 105.07 km2  94.4 147.64 km2  

 44 46.51 km2  30 44.29 km2  

 

  

 

 2-6│⁸ 2 ⌐⸗♦ꜟ ╩ ∫√ ┘ ♄ⱶ ─ ≢№╢⁹ 
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 2-6 ─  

 ⸗♦ꜟ ה ─ ┘  

SWAT ⸗♦ꜟ─ ה ⌐│ √∫≡│⁸⸗♦ꜟ≢ ⇔≡™╢ Ɽꜝⱷכ♃─ ╩ ∆

╢ ⅜№╢⁹↓╣╠│⁸ ⌐ ∆╢╙─⁸ ה ⌐ ∆╢╙─⁸ ⌐

∆╢╙─⌂≥ ↄ ∆╢⅜ 3 ─  3-3 ⁸ │⁸ ╛ ⌐╟╢

─ ™╛ ╩ ≢⅝⁸ ─⇔╛∆™ Ɽꜝⱷכ♃─ ╩ ⌐

℮↓≤≤⇔√⁹ 

∆╢⅜⁸SWAT ⸗♦ꜟ⌐⅔™≡│⁸ │ ─ ⌐ ⅝ↄ ∆╢⁹

│ ⌐╟╡ ⅝ↄ ╦╢√╘⁸╕∏⁸ ─ ⌐ ╢ ≤⇔≡⁸ᵑ

⌐ ∆╢ ╛⁸ ─ ⌐ ™╢ᵒ ─ ╩ ™⁸ ⌐⁸∕─ ╩

⌐⁸ ≤ LAI ─ ⌐ ∆╢ ≤⇔≡⁸ᵓ ╩ ∫√ ≢⁸ᵔ Ɽꜝⱷ

♃כ ─ ⌐ ∆╢ ╩ ™⁸ ⌐⁸ ⁸ ╟╡ ╠╣√ ╛ ╩ ⇔≡⁸

SWAT ⸗♦ꜟ⌐╟∫≡◦Ⱶꜙ꜠כ◦ꜛfi╩ ∆╢ ╣≢ ∫√⁹ ≢⁸ ╩

∆╢⁹ 

 

  

 
34ha  

♄ⱶ  

11,166ha  



 

 

1
3 

 

 

 2-7 2 ⌐⅔↑╢⸗♦ꜟ ה ─ ╣ 
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1  ⌐ ∆╢  

│⁸ ─ ⌐ ⅝ↄ ∆╢≤ ⅎ╠╣╢⁸₈ ₉⁸₈ ₉⁸₈

₉ ⌐│ ⌐ ∆╢⅜⁸ ≢│ ⁸↓─╟℮⌐ ∆╢⁹ ─ 3 ≈─

≢ ♃כ♦⁹√⇔≥≥↓╢∆ ⅜ ⅝ↄ⌂╡∆⅞╢≤ PC ╩ ™√ ⌐ ∆╢ ╙ ↄ

⌂╢↓≤╩ ╕ⅎ⁸ │₈☻◑₉⁸₈ⱥⱡ◐₉⁸₈ ₉─ ≤⇔⁸ │₈0 10 ₉⁸

₈10 20 ₉ ⁸2 ⌐ ⇔√⁹ 

╕√⁸ ⌐≈™≡│⁸ ⌐⅔™≡│⁸ ⅜ 1m 2 √╡ 1 ─

─♃כ♦◙כ꜠ ⅜ ≢№∫√ ╟╡₈H20 ┘

◙כ꜠ ₉ ╩ ↑√ √╘⁸ ─♃כ♦ ⌐╟╡ ─

⅛╠ ╛ ╩ ⇔⁸∕╣╠─ ╩ ─ ◐ⱥⱡה◑☻ ╩

⌐ ⌐⅔™≡ ⇔√  2-3⁸  2-4 ≤ ╠⇔ ╦∑⁸

₈ ₉⁸₈ ₉⁸₈ ₉╩ ≡│╘√⁹ 



 

 

1
5 

 

 2-3 ☻◑─ 1: ⁸2: ⁸3:  

 



 

 

1
6 

 

 2-4 ⱥⱡ◐─ 1: ⁸2: ⁸3:  
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♄ⱶ ⌐≈™≡│⁸ ⅜♃כ♦◙כ꜠ ≢⌂⅛∫√↓≤⅛╠⁸ ┘

⅛╠ ╩ ↑√ ⌐ ↕╣√ ₈ ₈ה₉ ₈ה₉ ₉ ╩⁸∕─╕╕ ∆╢

↓≤≤⇔√⁹↓─╟℮⌐⇔≡ ⇔√ ה ה ─ ╩ ╖ ╦∑⁸  2-5 ─╟

♪כ◖⌐℮ ⇔√ ה ה ─ ─♪כ◖ ⅛╠⁸ ─₈ ╩₉♪כ◖

⇔⁸∕╣╠╩ SWAT ⸗♦ꜟ≢─ ♃▬ⱪ≢№╢₈crop ID₉⌐ ↕∑╢⁹₈crop ID₉│

≢ ⌐ ⇔√╙─≢№╡⁸cropID ⌐ LAI ─Ɽꜝⱷכ♃─ ⅜ ↕╣≡™╢⁹⁹↓

─ ⁸ ≢ 36 ☻◑ 18⁸ⱥⱡ◐ 18  ⁸ ≢ 2  ─  38  ─ ♪כ◖

⅜ ↕╣√⁹╕√⁸ ─ ⌐╙ ⌂ crop ID ╩ ╡ ≡√⁹ 
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 2-5 ─  

 

 

  



 

19 

2  ≤ LAI─ ⌐ ∆╢  

 2-8─≤⅔╡⁸SWAT ⸗♦ꜟ⌐⅔↑╢ ⁸ ⁸ Ɽꜝⱷכ♃

│⁸ ⌐ ∆╢ ─ ─ ╩ √╡⌐ ⇔√ ⁹

⁸₈LAI₉≤∆╢⁹ ─ ≢ ⌂╙─⅜ ™⁹ ╩⁸ ─ ⁸ ⁸

⅛╠ ⌐ ה ∆╢√╘⁸ ╩ ∫≡ ה ╩ ∫√  2-8 ─

⁹ 

 

 2-8 SWAT ⸗♦ꜟ─ ⌐ ↕╣╢ ⌂Ɽꜝⱷכ♃ 

╕√⁸SWAT ⸗♦ꜟ⌐│ ╖ ╕╣≡™⌂™⁸ ⌐⅔↑╢ ⱪ꜡☿☻⌐≈™≡

╙⁸◦Ⱶꜙ꜠כ◦ꜛfi ⁸ ∆╢ ╩ ∆╢√╘⁸╕∏│⁸ ─ ≢№

╢ ⌐⅔™≡⁸ ╛ ─ ╩ ℮↓≤≤⇔√⁹ 

3  SWAT⸗♦ꜟ⌐╟╢◦Ⱶꜙ꜠כ◦ꜛfi─  

⁸ ⌐⅔™≡ ה ⇔√ ╩ ╕ⅎ≡ ⇔√ ⸗♦ꜟ ┘ ⸗♦ꜟ⌐╟╡⁸

◦Ⱶꜙ꜠כ◦ꜛfi╩ ⇔√⁹ 

◦Ⱶꜙ꜠כ◦ꜛfi≢─ ─℮∟⁸ ─○ⱪ◦ꜛfi⅛╠ ∆╢↓≤─≢⅝╢ ─

⌐│⁸ ≢⅝╢Ɽꜝⱷכ♃⅜ ╙ ↄ⁸ ⌐ ⇔≡╟╡ ⌂ ╩

≢⅝╢≤ ⅎ╠╣√Ɑfiⱴfiה⸗fi♥▫כ☻ ╩ ∆╢↓≤≤⇔⁸ ─ כ◌⁸│⌐

Ⱪ♫fiⱣכ fiכꜞ◓≥ ▪fiⱪ♩ ─ ⌐╟╢◦Ⱶꜙ꜠כ◦ꜛfi╩ ⇔⁸ ╩ ⇔≡

∆╢↓≤≤⇔√⁹ 
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2.3.   

─ ⌂ │ ─≤⅔╡≢№╢⁹ 

· ≤ ♄ⱶ ╩ ≤⇔√ ╩ ∆╢≤≤╙⌐⁸∕╣╠╩

▬fiⱪ♇♩♦כ♃≤⇔≡ ⸗♦ꜟ≤ ⸗♦ꜟ╩ ⇔√⁹ 

· ⸗♦ꜟ─ Ɽꜝⱷ⁸∟℮─♃כBLAI 1⁸CANMAX

2⁸GSI ◖fi♄◒♃fi☻─ 3 ⌐≈™≡⁸ ≤ LAI─ ⌐

∆╢ ⌐╟╡⁸ ╩ ╕ⅎ√ ╩ ⇔√⁹ 

· ⌐⅔↑╢ ─ ⌐╟╡⁸ ⁸SWAT⸗♦ꜟ≢

╩ ∆╢ ⌐ ⌂ ╩♃כ♦ ╢↓≤⅜≢⅝√ №╡ⱪ꜡♇♩≢

0.01₩0.72mm/ ⁸ ─╖─ⱪ꜡♇♩≢ 0.01₩0.34mm/ ⁹ 

· ⱪ꜡☿☻─ כⱩ♫fiⱣכ◌⁸≡⇔≥ fiכꜞ◓≥ ▪fiⱪ♩ ─ ╩

ה ⇔√ ⁸ ─ ⌐ ⅝⌂ ™│ ∂⌂⅛∫√↓≤⅛╠⁸ ─

╩ ∆╢ ⌐⅔™≡│⁸ ≢╟╡ ⌂ ⅜ fiכꜞ◓⌂

▪fiⱪ♩ ─ ⅜╟╡ ⌂ ≤ ⇔√⁹ 

· ⌂╢ ─ │№╢╙──⁸◦Ⱶꜙ꜠כ◦ꜛfi╩ ⇔≡⁸ ⅛╠ ∆╢

╛ ╩ ⁸ ∆╢↓≤⅜ ≤⌂∫√⁹ 

  

 
1 BLAI √╡─ ─ ─ ─ m2/m2 ⁹ 

2 CANMAX ─ ≤⇔≡ ∆╢ ─ ⁹ 

3 GSI ◖fi♄◒♃fi☻ ⌐⅔↑╢ ╛ ⌂≥─ ╡╛∆↕╩ ∆ ⁹ 
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2.4.   

1  ▬fiⱪ♇♩♦כ♃⌐ ∆╢  

▬fiⱪ♇♩♦כ♃⌐ ∆╢ ≤⇔≡│⁸ ─ 2 ⅜ →╠╣√⁹ 

 

ₒ ₓ ─ ⌐ ∆╢ ⅜  

2 ⌐ ⇔√ ⌐│⁸  2-6⌐ ∆ 4≈─ ⅜№╡⁸⸗♦ꜟ─ ╩

↕∑╢√╘⌐│⁸ ─ ─ ⇔╛⁸ ⌐≈™≡ ≤─ ה ⅜ ≤

ⅎ╠╣√⁹ 

 2-6 ─  

   

1 

─ ⌐ ⌂ ─

│⁸ LP ♃כ♦ 21 ╩

™√ ⌐╟╢╙─≢№∫√⅜⁸ ─

⌐╟╢ ה ⅜ ╦╣≡™⌂™⁹ 

 

2 

⅜ ⌂₈∕─ ₉≤™℮ ⅜

⇔≡™╢⁹ 
 

3 

LP ♃כ♦ ╛ ⌐ ≠⅝ ⇔√

₈ ה ה ₉─ ─ ⅜

≢№╢⁹ 

ה  

4 

₈ ₈ה₉ ₈ה₉ ₉⌐ ∆╢

─ ─ ⅜ ≢⅝≡™⌂™⁹ 
ה  

 

ₒ ₓ ⌐ ╢▬fiⱪ♇♩♦כ♃─ ─ ⅜  

SWAT ⸗♦ꜟ⌐ ⌂ ⌐ ╢▬fiⱪ♇♩♦כ♃─ ⌐│⁸ ─ ╩ ≤⇔

√ 24 ⌐⅔™≡ ↕╣√ ╩☻כⱬ♃כ♦ ™√⁹↓─ ♃כ♦

ⱬ⁸│☻כ ─ ⌐╟╡⁸ ─ ⅜ ⇔√

1959 1978 ─ ╩ ≤∆╢ ─☻כⱬ♃כ♦ ╛⁸ ה

1995 4⁸Kobayashi& Shimisu 2007 5⁸ ╠ 2008 6 ─ ╩╙≤⌐

─≢♃כ♦─╠╣↓⁸⅜╢№≢─╙√⇔ ─ ⁸ ⁸ ⅜

─ ⌐╙ ⅛ ⅛⌐≈™≡⁸ ה ╩ ∫≡™⌂™⁹ 

↓─√╘⁸⸗♦ꜟ─ ╩ ↕∑╢√╘⌐│⁸ ─♃כ♦ ╛⁸ ─ ┼─

╙ ⇔√⁸ ⅛≈ ─ ™ ╩☻כⱬ♃כ♦ ∆╢ ⅜№╢≤ ⅎ╠╣√⁹ 

  

 
ה 4  (1995), ⌐⅔↑╢ ─ ≤∕─ ה ⌐⅛⅛╦╢  
5 Kobayashi&Shimisu 2007 , Soil water repellency in  a Japanese cypress plantation restricts increases in 

soil water storage during rainfall events Kobayashi and Shimizu 2007  
6 ╠ 2008 , ╩ ≤∆╢ ⌐⅔↑╢ ─ ≤  
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2  ◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ∆╢  

◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ∆╢ ≤⇔≡│⁸ ─ ⅜ →╠╣√⁹ 

 

ₒ ₓ ─ ─ ⅜ ≤ ═≡ ↕™  2-9  

 

 

 2-9 2 ─⸗♦ꜟ─◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ≠ↄⱢ▬♪꜡◓ꜝⱨ 

⸗♦ꜟ⁸ ⸗♦ꜟ  

 

ₒ ₓⱧכ◒ ⅜ ≢№╢≤≤╙⌐⁸ ─ ⅜ ⌐ ↕╣≡™⌂™ ⸗

הꜟ♦ 2  2-10  

 

 2-10 2 ─⸗♦ꜟ─◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ≠ↄ ─Ɫ▬♪꜡◓ꜝⱨ

⸗♦ꜟ  

┼─ ╙ ╘≡⁸ ה ⁸ │ ≢─ ─ ⌂≥⅜ ≤ ⅎ

╠╣√⁹ 
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ₒ ₓ ⅜ ⁸ ⅜ ⌂≥⁸ ⌂ ≤⌂╠⌂™  

2-11  

⸗♦ꜟ⌐ ╖ ╕╣≡™╢ ─ ⅜⁸ ─ ≢─ ⱪ꜡☿☻

⁸ ⁸ ╩ ⌐ ≢⅝≡™⌂™ ⅜№╡⁸ⱪ꜡◓ꜝⱶ ─ ╛⁸

◦Ⱶꜙ꜠כ◦ꜛfi ─ ⌐ √╡⁸ ∆╢↓≤⅜≢⅝╢ ╛ ⌐ ∆╢

╛ ─♃כ♦ ⅜ ≤ ⅎ╠╣√⁹ 

 

 2-11 2 ─◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ≠ↄ ─ ⸗♦ꜟ  

ₒ ₓ ─ ⌂╢ ≢─ ─ ⅜ ⌐ ╣⌂™  2-12  

─ ⌂ ⅛╠│⁸ ⁸ ⁸ ─ ™│⁸ ⌐

⅝ↄ ∆╢╙─≢│⌂™↓≤⅜ ↕╣√⁹ ≢⁸ ─ ─ ─ ╩╟╡

⌐ ∆╢⌐│⁸ ⌐╟╡ ⇔√ ⅜⁸ ╩⅛↑≡ ⇔√ ─ ┼─

╩ ∆╢ ⁸╟╡♄▬♫Ⱶ♇◒⌂ ─ ╩ ⅎ╢↓≤╙ ≤ ⅎ╠╣√⁹ 

 

  

⅜ 10

≤  

⅛╠─

⅜ 40 ≤  
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 2-12 2 ─⸗♦ꜟ─◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ≠ↄ ─ ⸗♦ꜟ  

☻◑⁸ ⱥⱡ◐  
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3.  SWAT⸗♦ꜟ─  

3.1.  SWAT⸗♦ꜟ─  

│SWAT ⸗♦ꜟ╩ ™√ ⅜ ≤⌂╢⅜⁸ ⌂ ─ⱷ◌♬☼ⱶ╩ ↕∑╢

√╘⌐ ─Ɽꜝⱷכ♃⅜ ™╠╣≡⅔╡⁸⸗♦ꜟ ─ ╛ ╙ ₁ ⌂╙─≤⌂

∫≡™╢↓≤⅛╠⁸№╠⅛∂╘⁸∕─ ╩ ≢ ∆╢⁹ 

SWAT ⸗♦ꜟ≤│⁸▪ⱷꜞ◌ USDAARS ⌐╟∫≡ ↕╣√

⸗♦ꜟ≢№╡⁸ ⌐ ─ ⁸ ⁸ ─ ╩ ∆╢↓≤⌐ ╩ ™≡ ↕╣

│♪כ◖☻כ♁─ꜟ♦⸗⁸√╕⁹╢№≢─╙√ ↕╣≡™╢⅔╡⁸ ╙ ≢№╢↓≤⌂≥

╙ ™↓≤⅛╠⁸Wellen et al. 2015 7 ⌐╟╣┌⁸1992 ⅛╠ 2010 ─ ⌐ ─

╩ ∫√⸗♦ꜟ≤⇔≡ ╙ ↄ ╦╣√⸗♦ꜟ≤↕╣≡™╢⁹ 

SWAT ⸗♦ꜟ─ ╩ →╢≤⁸ ─≤⅔╡≢№╢⁹ 

 

· ⅜ ⌂ ╩♃כ♦ ⇔√ ⅜  

· ⅝⌂ ≢№∫≡╙ ⌐ ⅜ ⅜╟™  

╩ꜟכ◔☻ · ⌐ ∆╢↓≤⅜ ꜠ⱬꜟ ꜠ⱬꜟ  

⅜♃כ♦ · ™ ≢╙  

· ╩ ╢↓≤⅜ ⇔™Ɽꜝⱷ⁸╙≡™≈⌐♃כ◐ꜗꜞⱩ꜠כ◦ꜛfi⌐╟╡ ⌂

─ ⅜  

ה · ─ ⁸ ─ ⁸ ─ ⌂≥⌐ ∆╢ⱪ꜡☿☻│ ⌐ ≠

™≡⸗♦ꜟ ↕╣≡™╢  

· ⌂ ⅜ ⌂≥─◦♫ꜞ○⌐╙  

· GIS♁ⱨ♩≤─ ⅜ ™ ArcGIS╛ QGIS ≢   

⅜כ◙כꜚ · ↄ⁸ ⌂ ╩ⱪכꜟ◓כ◙כꜚ╛ ⇔√ ⅜  

 

⁸SWAT ⸗♦ꜟ─ ≤⇔≡│ ─ ⅜ →╠╣╢⁹ 

 

· ─ ╣⌐≈™≡│◦fiⱪꜟ⌂⸗♦ꜟ⇔⅛ ↕╣≡™⌂™ 

· │ ™ ≢ ∞⅜⁸ ⅜ ⌂ │ ⅜  

· ≢│╒≤╪≥ ⅜⌂™√╘⁸ ⌐ ╘╢ ⅜№╢ 

 

─ ╣⌐≈™≡│⁸SWAT ≤ ─ ™ ♁ⱨ♩ MODFLOW ⌂≥╩ ∆

╢↓≤≢ ⌂ ╩ ℮↓≤╙ ≢№╢⁹ ≢⁸ ─ │ ─ ⌐≈™≡─

╩ ℮↓≤≢№╡⁸ ⅛╠ ╕≢─Ɽꜝⱷכ♃ ⅜ ≤⌂╢≤ ⅎ╠╣√√╘⁸

≢│ ♁ⱨ♩⌐╟╢ ╕≢ ℮ │⌂™≤ ⇔√⁹ 

⌂⅔⁸SWAT ⸗♦ꜟ│⁸ArcGIS ─◄◒☻♥fi◦ꜛfi№╢™│ QGIS ─ⱪꜝ◓▬fi─™∏╣⅛

 
7 Wellen, Christopher, Ahmad -Reza Kamran -Disfani , and George B. Arhonditsis. "Evaluation of the current 

state of distributed watershed nutrient water quality modeling."Environmental science & technology49.6 

(2015): 3278-3290. 
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╩ ∆╢↓≤≢ ≢⅝╢⅜⁸ ≢│⁸QGIS≢ ≢⅝╢QSWAT3_64 version 1.1 ╩

⌐ ⇔√⁹∕─ ⁸ ⌐ ∂≡ SWAT2012 rev. 681 , SWAT Editor 2012.10.23, SWAT -

CUP2019 v5.2.1.1 ─♁ⱨ♩►▼▪╩ ⇔√⁹↓╣╠│™∏╣╙ SWAT ─ⱱכⱶⱭכ☺

https://swat.tamu.edu/ ⅛╠ ≤⌂∫≡™╢⁹ 

3.2.  ⸗♦ꜟ─  

⸗♦ꜟ ⌐ ♃כ♦⁸∏╕⁸│≡∫√ ╩ ∫√ ≢⁸ ≤⌂╢ ⸗♦ꜟ─ ה

⁸Ɽꜝⱷכ♃ ה ⁸ ◐ꜗꜞⱩ꜠כ◦ꜛfi ⁸ Ᵽꜞ♦כ◦ꜛfi ╩ ∫

≡⸗♦ꜟ╩ ⇔√ ≢⁸◦Ⱶꜙ꜠כ◦ꜛfi⁸ √⌂ ─ ┘ⱨ▫כ♪Ᵽ♇◒⌐╟╢

╩ ℮ ≤⌂╢⁹╕√⁸ ⇔√⸗♦ꜟ╩ ™≡⁸◦♫ꜞ○ ╙ ℮↓≤⅜ ≤⌂╢

 3-1 ⁹ 

 

 3-1 ⸗♦ꜟ ⌐⅔↑╢ ☻♥♇ⱪ─ⱨ꜡כ 

3.3.  ▬fiⱪ♇♩♦כ♃─  

SWAT ⸗♦ꜟ≢│⁸ ⁸ ⁸ ─ ╩♃כ♦─ ╖ ╦∑√ ≢⁸∕╣╠

⅜ ≢№╡ ⅜ ∫≡™╢≤ ↕╣√ ╩ HRU Hydrologic Response 

Unit ≤⇔≡ ≈─Ⱪ꜡♇◒⌐ ⇔≡™╢  3-2 ⁹ ⇔√ HRU ⌐

ⱪ꜡☿☻─ ╩ ™⁸∕─ ╩ ∆╢↓≤≢⁸ ≢─ ╩ ⇔≡™╢⁹ 
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 3-2 HRU ─  

βDEM ⸗♦ꜟ Digital Elevation Model ⁹ ─ ╩ ─ ≢ ⇔√╙─  

⌂⅔⁸ ─♃כ♦ ╩ ⌐ ↑╢╒≥⁸ ─ ╙ ↄ⌂╢⅜⁸HRU ⅜ ⅎ╢↓≤

≢⁸ ─ ⌐╙ ╩ ∆╢√╘⁸ ─ ⌐ √∫≡│⁸ ≤ ─Ᵽꜝfi☻╩

ⅎ╢↓≤⅜ ≤⌂╢⁹ 

⌐≈™≡│⁸ ─╟℮⌐ ─ ⌐ ⇔√⸗♦ꜟ ╩ ℮─≢№╣┌⁸

─℮∟₈ ₉─ │⁸ ─ ╛ ⌐╟╢ ╩ ≤∆╢√╘⁸ ╛

─ ╩ ╕ⅎ√₈ ₉꜠ⱬꜟ≢ ∆╢↓≤⅜ ╕⇔™⁹ 

 

3.4.  ⸗♦ꜟ─ ה  

 

▬fiⱪ♇♩♦כ♃╩ ⇔√ ⌐⁸ ≤⌂╢⸗♦ꜟ╩ ∆╢⁹SWAT ⸗♦ꜟ≢│⁸ 3-1

─≤⅔╡⁸ ⱪ꜡☿☻ ⌐ ⅜ ↕╣╢⅜⁸ ≤ ⌐≈™≡│⁸  3-2 ≤  

3-3⌐ ∆≤⅔╡⁸ ─ ⅜ ≤⌂∫≡™╢⁹ 

 

 3-1 SWAT ⸗♦ꜟ⌐⅔↑╢ ⌂ ⱪ꜡☿☻ ┘ ↕╣╢ ─  

ⱪ꜡☿☻ ↕╣╢ ─  

  

  

┼─  ─ ⁸  

┼─  ⁸ β ≢│₈

₉⌐  

┼─   

 

 

  

β 
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 3-2 ─  

○ⱪ◦ꜛfi ♃▬ⱪ  

Penman-Monteith Ɑ

fiⱴfiה⸗fi♥▫כ

☻  

· ─ ≢№╢ Penman ⌐ ⱪ꜡

☿☻╩ ⇔√ ≢№╡⁸ ≢ ⅜ ╣≡™╢ ─

─ ≤⇔≡ ⁹ 

· r a≤ r c─ ⌐ ⅝╩ ↄ

│ LAI ╩ ™╢ ╙№╢ ⁹ 

· ─ ─ ╩ ≤∆╢√╘⁸ ≢─

⌐│ ╩ ╗ ⅜№╢⁹ 

· ⁸ ⁸ ⁸ ╩♃כ♦─ ⁹ 

Hargr eaves and 

Samani ⱢכⱩꜞכ◓

☻ ◘ⱴ♬  

· ≢─ꜝ▬◦ⱷכ♃⌐╟╢ ╩ ⌐ ⅛╣√

⁹ 

· ─ ה ה ⅛╠ ╩ ⁹ 

Priestley -Taylor ⱪꜞ

ꜝ▬♥הכꜞ♩☻כ

כ  

· ─ ⅝™ ה ≢│ ╩

∆╢ ⁹ 

· ⁸ ⁸ ╩♃כ♦─ ⁹ 

 

 3-3 ─  

○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 ⱪ꜡☿☻⌐⅔™≡⁸Ɽꜝⱷכ♃⅜ ↕╣≡™╢ ⌂Ɽꜝⱷכ♃│  3-3 ─≤

⅔╡ ⁹ ⌐ ╟╡╙ ─ ⱪ꜡☿☻⌐ ∆╢╙─⅜₈a Ɽꜝⱷ₉⁸♃כ

™ ⌐ ∆╢╙─⅜₈b ה Ɽꜝⱷ₉⁸♃כ ™ ⌐ ∆╢╙─⅜

₈c Ɽꜝⱷ⁹╢№≢₉♃כ 
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a) Ɽꜝⱷכ♃ 

 

b) ה Ɽꜝⱷכ♃ ה  

 

c) Ɽꜝⱷכ♃ ה  

 

 

 3-3 SWAT ⸗♦ꜟ─ ⱪ꜡☿☻⌐ ∆╢Ɽꜝⱷכ♃ 

↓╣╠─℮∟⁸a) Ɽꜝⱷכ♃╛ b) ה Ɽꜝⱷ⁸│♃כ ₁─ ─

╩ ≢⅝╢√╘⁸ ─№╡ ╩ ∆╢ ⌐⅔™≡│⁸ ⌐ ∆═⅝Ɽꜝⱷכ♃

≢№╢⅜⁸c) Ɽꜝⱷ⁸│≡™≈⌐♃כ ⌐╟╢ │ ↕ↄ⁸╕√⁸

ⱬכ♦─☻כ♃╩ ╢↓≤⅜ ⇔™↓≤╙№╢√╘⁸ ─ ╩ ⇔≡⁸◐ꜗꜞⱩ꜠כ◦

ꜛfi⌐╟╡ ⌂Ɽꜝⱷכ♃ ⌐ ⇔≡™ↄ↓≤≤∆╢⁹ 
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3.5.  SWAT⸗♦ꜟ≢ ↕╣⌂™ ⱪ꜡☿☻ 

─≤⅔╡⁸SWAT ⸗♦ꜟ≢│⁸ ⱪ꜡☿☻↔≤⌐ ╩ ∆╢⅜⁸SWAT ⸗♦

ꜟ│ ₁ ╩ ≤⇔≡ ↕╣√╙─≢№╢√╘⁸ ≢ ∂≡™╢ ⱪ꜡☿☻

⅜ ∏⇔╙ ⌐ ↕╣╢╦↑≢│⌂™⁹ 

⸗♦ꜟ≢ ↕╣≡™⌂™⁸ │ ⌂ ⇔⅛↕╣≡™⌂™ ⌂ⱪ꜡☿☻⌐│ ─ 2

⅜ →╠╣╢⁹⌂⅔⁸↓╣╠─℮∟⁸ ⌐≈™≡│⁸ ⌐ ╩ ∫√

≢⁸ ╡ ™╩ ∆╢↓≤≤⇔√⅜⁸∕─╒⅛─ ⌐≈™≡│⁸ ─ ≤⇔≡ ⇔√⁹ 

 

 ủ  

SWAT ⸗♦ꜟ≢│⁸ ─ HRU ⌐⅔↑╢ ─ │ ⅛≈ ─ ≤ ↕╣≡

™╢⅜⁸ ─ │ ─ ⅛≈ ⁸ ⁸ ≤™∫√ ≢ ↕╣≡

™╢⁹╕√⁸ ⌐⅔™≡╙ ─ ⅜ ∂≡™╢⅜⁸SWAT ⸗♦ꜟ≢│⁸

─ⱪ꜡☿☻│ ╖ ╕╣≡™⌂™  3-4 ⁹ 

 

 3-4 SWAT ⌐⅔↑╢ ⱪ꜡☿☻─  

↓─√╘⁸SWAT ⸗♦ꜟ╩ ⌐ ∆╢⌐ √∫≡│⁸ ╠⅛─ ⌂ ⅜ ≤

ⅎ╠╣╢⅜⁸╕∏│⸗♦ꜟ─ ╩ ∆╢═ↄ⁸∆≢⌐ ╖ ╕╣√ⱪ꜡☿☻ ┘

≢ ⇔√≤⅝⌐⁸ ≤≥─ ⅜№╢⅛╩ ⇔⁸∕─ ≢⁸◌☻♃ⱴ▬☼─

─ ╩ ∆╢ ⅜№╢⁹ 

 

ủ  

─ │⁸ ⌐╟╢ ─ ╛ ⌐╟∫≡ ↕

╣╢╙─≤ ⅎ╠╣≡⅝√⅜ ,1991 ⁸ ─ ⅛╠⁸ ─ │ ⌐ ⇔≡

≤⇔≡ ↕╣╢↓≤╙ ╠⅛⌐⌂∫≡⅝≡™╢ , 2007 ⁹ 

⇔⅛⇔⌂⅜╠⁸SWAT ⸗♦ꜟ⌐⅔↑╢ ⌐ ╢ ⱪ꜡☿☻│⁸ ⌂ ⱪ꜡◓ꜝⱶ⌐

╟╡ ↕╣≡⅔╡⁸ ⅎ╢Ɽꜝⱷכ♃ ⅜ ⌂™↓≤⁸╕√∕╣╠─Ɽꜝⱷכ♃ ─

≤⌂╡℮╢ ⱬכ☻─ ╙ ⌂™↓≤⅛╠⁸ ╩ⱷ▬fi⌐ ℮ │⁸

MODFLOW ⸗♦ꜟ≤ ╖ ╦∑╢⌂≥⁸ ⌂ ⅜ ≢№╢⁹  
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4.  ─ ╖⸗♦ꜟ─ ┘ ⸗♦ꜟ─  

4.1.   

2 ⌐ ╩ ∫√ 2.1 ╩ ╕ⅎ⁸ │⁸3≈─ ─ ┘ 4≈─

╩ ╕ⅎ√⸗♦ꜟ ┘ ה ╩ ∫√⁹  4-1 │⁸ ⌐ ∂≡ ה

∆╢ ─№╢⸗♦ꜟ╩ ⇔√╙─≢№╢ ₈ ⸗♦ꜟ₉│ ─ ╩⁸₈ ⸗♦ꜟ₉

│ ─ ╩╙≤⌐ ⇔√⸗♦ꜟ≢№╢ ⁹⌂⅔⁸⸗♦ꜟ─ ─ ⌐≈™≡│⁸

2 ─ 2.2.3 ⌐ ⇔√≤⅔╡≢№╢⁹ 

 4-1 ─ ┘ ╩ ╕ⅎ≡ ∆╢⸗♦ꜟ 

 

─ ▬ ₈ ─ ₉│⁸ ─ ─ │ ⌂ ◦♫ꜞ○╩⁸

─ ⁸ ⁸ ⌐ ∆╢Ɽꜝⱷכ♃⌐ ⇔⁸ ⅜

⌐ ╓∆ ╩ ∆╢╙─≢№╡⁸ ⸗♦ꜟ│ ⌐ ⇔√₈ ה ⸗♦ꜟ₉

⁸₈ ⸗♦ꜟ₉≤∆╢⁹ ≤₈ ה ⸗♦ꜟ₉≤⇔√⁹ 

─ ꜡ ₈ ─ ₉│⁸₈ ⸗♦ꜟ₉≤⁸ 40 ─ ╩╙≤⌐

⇔√₈ ⸗♦ꜟ₉⅛╠ ╠╣√ ╩ ⇔⁸ ─ ⅜ ⌐ ╓∆ ╩ ∆╢╙

─≢№╡⁸ ⸗♦ꜟ│⁸ ⌐ ⇔√₈ ה ⸗♦ꜟ₉≤ ⇔√₈

ה ⸗♦ꜟ₉≤⇔√⁹ 

─ Ɫ ₈ ⅛╠─ ₉│⁸ ─ ⌂ ╩ ╘⁸1980 ╕≢

⌐ ⅜ ⇔≡™√ ─ ♄ⱶ

╩ ≤⇔≡⁸ ꜡ ≤ ⌐₈ ⸗♦ꜟ₉≤₈ ⸗♦ꜟ₉╩ ⇔⁸ ⌐⅔↑╢

⅛╠─ ⅜ ⌐ ╓∆ ╩ ∆╢╙─≢№╡⁸ ⸗♦ꜟ│⁸ ∆╢₈

ה ⸗♦ꜟ₉≤₈ ה ⸗♦ꜟ₉≤⇔√⁹ 

⌂⅔⁸₈ ה ⸗♦ꜟ₉─ ⌐≈™≡│⁸ ─ ⌐⅔™≡⁸

╩∆╢ ≢⁸ ⌐ ⅜ ⇔√ ╩⁸ ⁸ ⌐ ∆╢ ⅜№╢≤─

╩ ╕ⅎ⁸ │ ╩ ⇔⁸⸗♦ꜟ─ ⁸⌐≥╙╩♃כ♦─⧵│ ⌐

∆╢↓≤≤⇔√ ⌐≈™≡│⁸₈4.3.5 ─ ה ⸗♦ꜟ─▬fiⱪ♇♩♦כ♃

─ ₉⌐ ∆⁹⁹ 

  



 

32 

4.2.  ⸗♦ꜟ ה ─ ╣ 

─⸗♦ꜟ─ ≤ ⌐ ╢ ─ ╣│  4-1─≤⅔╡≢№╢⁹ 

 

 4-1 ─⸗♦ꜟ ה ─ ╣ 

2.4 ≢ ⇔√≤⅔╡⁸ 2 ─⸗♦ꜟ─ ⌂ ⌐│⁸▬fiⱪ♇♩⌐ ∆╢╙─≤⁸◦

Ⱶꜙ꜠כ◦ꜛfi ⌐ ∆╢╙─⅜№╢⁹↓─℮∟⁸ ╛ ⌐ ∆╢▬fiⱪ♇♩♦

⁸│≡™≈⌐♃כ LiDAR ─♃כ♦ ╛ ─≥♃כ♦ ⌐╟╡ ╩ ╘╢

≤≤╙⌐⁸∕─ ה ╩ √⌐ ∆╢⸗♦ꜟ⌐ ∆╢⁹ ⌐≈™≡│⁸4.3.1

4.3.6 ⌐ ∆╢⁹ 

╕√⁸◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ∆╢ ⌐≈™≡│⁸Ɽꜝⱷכ♃─ ◐ꜗꜞⱩ꜠כ◦ꜛ

fiהⱣꜞ♦כ◦ꜛfi ⌐╟╡ ╩ ╢⁹╕∏│⁸ ≢№╢ ╩ ≤⇔≡⁸⸗

♦ꜟ─ ⌐ ∆╢Ɽꜝⱷכ♃─ ╩ ™⁸∕─ ╩ ╕ⅎ≡ ⌐ ⇔√Ɽꜝⱷ

⁸╩♃כ ה ─ ⸗♦ꜟ⌐ ∆╢⁹↓─ ╩ ≡╙ ⅜ ≢№╢ ⌐│⁸

⌐Ɽꜝⱷכ♃ ╩ ℮↓≤≤∆╢⁹Ɽꜝⱷכ♃ ─ ⌐≈™≡│⁸₈4.3.7₉⌐

∆╢⁹ 

─ ⅜ ╠╣√ │⁸ ─ ┘ ⌐ ≠⅝⁸ ─ ─

ה ╩ ℮⁹↓─ ╩ ⌐⁸₈6.  ─ ≤ ─ ╩ ⌐ ≢⅝╢ ─

≤ ₉╩ ℮↓≤≤∆╢⁹ 
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4.3. ה   

 ⸗♦ꜟ─  

≢ ⇔√ SWAT ⸗♦ꜟ─ ⌐≈™≡  4-2⌐ ∆⁹ 

 4-2 ⸗♦ꜟ─  
 

   

    
 

 

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

⸗♦ꜟ─  2013 2016 1978 2016 1978 

▬fiⱪ♇

♃כ♦♩

─

 

 ⱶ▪♇ⱪ 2011-2012 2013-2014 1976-1977 2013-2014 1976-1977כ◊►

◐ꜗꜞⱩ꜠כ◦ꜛfi 2013-2014 2015-2017 1978-1980 2015-2017 1978-1982 

Ᵽꜞ♦כ◦ꜛfi 2015 2018-2019 1981-1982 2018-2019 1978-1982 

─  ⌐ ∂≡ ⁸ ⁸ ⁸ ⅛╠  

 Ɑfiⱴfiה⸗fi♥▫כ☻  

fiכꜞ◓  ▪fiⱪ♩  

 4 0-15°/15-30°/30-45°/45°  

⌐ ↕╣√ HRU  178 626 630 1,448 - 

 

⌐⅔↑╢ ⌐≈™≡│⁸ ╛ ─ ⅜♃כ♦ ⌂ ╩ ⇔≡

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

─▬fiⱪ♇♩♦כ♃╩ ⅎ╢↓≤⌐╟╡⁸ ╩ ⌂ ─ ⌐ ↕∑╢√╘

─ ≢№╡⁸™╦╝╢Γ Δ─ ⅝╩╙≈╙─≢№╢⁹ 

╕√⁸ ─ │⁸ ⁸ ⁸ ⁸ ─ ≢ ∆╢↓≤⅜ ≢№╢⅜⁸ ∆

╢ ꜟכ◔☻  4-1 ⌐ ∂≡ ∆╢↓≤≤⇔√⁹ 

≤ ─ │⁸ ─ ╙ ╕ⅎ⁸Ɑfiⱴfiה⸗fi♥▫כ☻ ♫Ⱪכ◌≥

fiⱣכ fiכꜞ◓≥ ▪fiⱪ♩ ╩ ∆╢↓≤≤⇔√⁹ 

 ▬fiⱪ♇♩♦כ♃─ ה  

⌐ ╖─ ⸗♦ꜟ⁸ ה ⸗♦ꜟ⌐ ⅎ⁸ √⌐ ∆╢ ה ⸗♦ꜟ⁸

ה ⸗♦ꜟ─▬fiⱪ♇♩♦כ♃─ ╛⁸⸗♦ꜟ─◐ꜗꜞⱩ꜠כ◦ꜛfiהⱣꜞ♦כ◦ꜛfi⁸

⌐ ─♃כ♦⌂ ╩  4-3⌐ ∆⁹ 
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─♃כ♦ 4-3   

 

⌐⁸ ╩♃כ♦ ה ⌐≈™≡ ═╢⁹ 

1  ♃כ♦ 

SWAT⸗♦ꜟ ⌐ ⌂⁸ ─ ╩♃כ♦ ⇔√⁹ 

· (mm) 

· ( (ϴ)⁸ (ϴ))  

· ( (m/s))  

· ( (MJ/m2)) 

· ( ( RH))  

 

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

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

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

System Reanalysis ╩♃כ♦─ ⇔√⁹ 

╕√⁸ ─ ה ⁸ ╙♃כ♦ ≤⌂╢√╘⁸↓╣╠│ DEM♦כ♃ ╩ ⇔

≡ ⇔√⁹ ─ │⁸  4- 4⁸  4- 5⌐ ∆≤⅔╡≢№╢⁹ 
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 4-4 ⸗♦ꜟ  

  

₈×₉│ ⁹♃כ♦™⌂™≡╣↕ ⁹ 

ה 4-5  ⸗♦ꜟ  

 

1  ♃כ♦ 

─℮∟⁸ ⌐≈™≡│ ─ ╩ ℮√╘⁸ ╙♃כ♦ 1

≢ ∆╢↓≤≤⇔√⁹ 

ה ♄ⱶ ⌐≈™≡⁸▬fiⱪ♇♩♦כ♃ ─ ≤⇔√ ─ ╩  

4-2 ⌐ ∆⁹ ╩♃כ♦⌐ ∆╢ │⁸SWAT ─ⱪ꜡◓ꜝⱶ⅜ ⌐ ⇔√╙─

⌐≈™≡⁸ ≢─ ╙ ╕ⅎ⁸ ה ⸗♦ꜟ≢│ ה ה ה

─ 4 ⁸ ה ⸗♦ꜟ≢│ ⱡ ה ה ה ה ─ 5 ╩♃כ♦─

∆╢↓≤≤⇔√⁹ 

⌂⅔⁸ ⌐ ↕╣≡™╢ │ ⌐╦√∫≡ ≢№∫√⁹ ╠─

2020 8⌐⅔™≡│⁸ ─ ⁸≥♃כ♦ ⌐ 2 ╣√▪ⱷ♄☻

─ ─≥♃כ♦ ⌐ ™ R2=0.98 ⅜ ╠╣≡⅔╡⁸▪ⱷ♄☻ ─

─ 1.05 ─ ≢ ─ ╩ ≢⅝╢↓≤⅛╠⁸ ⌐⅔™≡╙↓╣⌐ ™⁸

─ ╩▪ⱷ♄☻ ─ 1.05 ≤∆╢↓≤≤⇔√  4-3 ⁹ 

 

 
8 ╠ 2020 ⌐╟╢ ⅜ ≤ ⌐ ⅎ╢ ₉ ה

, 33 , 2 , pp.47-55. 
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 4-2 ( ה ♄ⱶ ) 

 

 4-3 ( ) 

2  ─  ♃כ♦

─ ⁸│≡™≈⌐♃כ♦ ≢ ↕╣≡™╢ ⁸≡™≈⌐♃כ♦

─ ╡⌐ ↕╣≡™╢ ╩ ⌐ ⇔√⁹ ⌐│⁸ ♄ⱶ ≢│⁸

│ ה ה ─ 3 ⁸ │ ⁸ │ ה ─ 2 ♃כ♦─

╩ ⇔√⁹ ♄ⱶ ≢│⁸ │ ה ה ─ 3 ⁸ │ ⁸
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│ ה ה ─ 3 ╩♃כ♦─ ⇔√  4-4 ⁹ 

 

 4-4 ╩ ↄ ה ♄ⱶ  

 

╕√⁸ ⌐≈™≡│⁸ ⌐ ⇔√ 2 ─ ╩♃כ♦─ ⇔√

 4-5 ⁹ 

 

 4-5  
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2  DEM♦כ♃ 

SWAT ⸗♦ꜟ≢│⁸ ─ ─▬fiⱪ♇♩♦כ♃╩ ─ ≢ ≢⅝╢⁹DEM כ♦

♃⌐≈™≡│⁸ ⸗♦ꜟ≢│⁸ ☿fi♃כ⅛╠ ↕╣√ 1m ⱷ♇◦ꜙ─

─ DEM ⁸╩♃כ♦ ה ⸗♦ꜟ≢│⁸ ♄►fi꜡כ◘♪כⱦ

☻9╟╡ ⇔√ 5 ⱷ♇◦ꜙ─ ─ DEM ╣∙╣⧵⁸╩♃כ♦ 20m ⱷ♇◦ꜙ⌐ ⇔√╙

─╩ ™√⁹ 

⌐⅔↑╢ ─ ⅎ ≤⇔≡⁸ ⌂≥─ ⌐⅔™≡⁸ 0 15°

⁸ 15 30° ⁸ 30 35° ⁸ 35° ─ 4≈⌐

╩ ∆╢↓≤⅜ ≢№╢⅜⁸ ─ ─ │ ⌐№╢↓≤⅛╠⁸

≢ 15°─ ≤∆╢↓≤≤⇔⁸0 15°⁸15 30°⁸30 45°⁸45° ─ 4 ≤⇔

√ 4-6 ⁹ 

  

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



 

 

3
9
 

 

 

ה  ⁸ ה ה   

 

 

 

 4-6 ⸗♦ꜟ─  
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3  ♃כ♦ 

⁸│≡⇔≥♃כ♦ ─⇔╛∆↕╛⁸ ─ ╩◌Ᵽכ⇔≡™╢⅛╩ ⇔

≡⁸ ─ ה 10⌐╟╢⁸20 ─ 1 ─

GIS♦כ♃╩ ∆╢↓≤≤⇔√⁹⌂⅔⁸ ⌐≈™≡│⁸ │≢♃כ♦

⅜ ─ ♃▬ⱪ ≤⌂∫≡⅔╡⁸ ⁸ ⌐ ∆╢Ɽꜝⱷכ♃ ╩

℮↓≤╙ ╕ⅎ⁸ ☿fi♃כ╟╡ ↕╣√ ─ ╩♃כ♦

™≡⁸ ─ ╩ ∫√⁹ 

⸗♦ꜟ≢ ⇔√ │⁸  4-7 ─≤⅔╡≢№╢⁹⌂⅔⁸↓─ │⁸ ─

╩ ≤⇔√ ≢─ ─☻כⱬ♃כ♦ ≤╙ ⇔≡⅔╡⁸ ⌐ ∂√

⌐ ∆╢ ⅜ ≤⌂∫≡™╢  4-6 ⁹↓─ ╩▬fiⱪ♇♩♦כ♃≤⇔√ ≢⁸

◐ꜗꜞⱩ꜠כ◦ꜛfi╩ ∂≡⁸ ⌂ ⌐⌂╢╟℮ ╩ ∫√⁹ ⌐≈™≡│⁸₈4.3.7 Ɽꜝ

ⱷכ♃ ◐ꜗꜞⱩ꜠כ◦ꜛfiהⱣꜞ♦כ◦ꜛfi ₉≢ ∆╢⁹ 

 

  

 
ה 10 , https://nlftp.mlit.go.jp/kokjo/inspect/inspect.html  
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1
 

 

 

ה ꜟ♦⸗ ⁸ ה ⸗♦ꜟ  ⸗♦ꜟ 

 

 

 

 4-7 ⸗♦ꜟ─  

  

ᶬ 3 

ᶬ 2 

ᶬ 1 

ᵥ  

⁷Щϼ  

ᶬ  

ᶬ  

ḵ  
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2
 

⌐☻כⱬ♃כ♦ 4-6  ↕╣≡™╢▬fiⱪ♇♩  

 


















































































































































































































































































