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I ─   

 2- 2005 ≤SDGs─ ⌐⅔↑╢  ⱨ○♪כ꜠♩≥כ☺♫◦─

    

 

  ₒ ᵘₓ ┼─ ⌐ ╢ ה  

 

ₒ ᵙₓ ─ ה ה  

 

ⱴכ♥ ☼כ♬    

 

  

  

  

111,987  

─ 39,995 ⁸ 35,996 ⁸ 35,996                     

 

 

◘Ⱪ♥כⱴ ≤SDGs─ ⌐⅔↑╢ ┘╟⅔ⱨ○♪כ꜠♩≥כ☺♫◦─

 

◘Ⱪ♥כⱴ ≤SDGs─ ⌐⅔↑╢ ⱨ○♪כ꜠♩≥כ☺♫◦─  

◘Ⱪ♥כⱴ ≤SDGs─ ⌐⅔↑╢ ⱨ○♪כ꜠♩≥כ☺♫◦─

 

◘Ⱪ♥כⱴ ≤SDGs─ ⌐⅔↑╢ ⱨ○♪כ꜠♩≥כ☺♫◦─ ה

 

 

│⌂™⁹ 

 

⁸ ♪כ꞉כ◐─ ⁸ ⁸ ⁸SDGs 

 

 

│∂╘⌐  

╛ ⌂ ⌐ ↑√ ⅜⁸∕╣∙╣Ɽꜞ ⁸ ⌂ ─√╘─2030▪☺▼fi

♄≤⇔≡≥∟╠╙2015 ⌐ ↕╣√⁹↓╣⌐ ⇔≡⁸ ⅜ ≢│⁸ ⅔╟┘

⅜ ↕╣⁸ ╕╣╢ ⌐ ∆╢√╘─ ⅜ ↕╣≡™

╢⁹╕√⁸2020 12 ⌐│ ⌐╟╡2050 2020⅜ꜟꜝ♩כꜙ♬Ⱳfiכ◌ 12 ⌐ ↕╣⁸╟╡

⌂ ─ ⌂ ⅜ ╘╠╣╢↓≤≤⌂∫√⁹↓─╟℮⌂ ⌐ ↑√ ≤ ─

⌐│⁸ ⌂ (SDGs) ⌐ ↑√ ╡ ╖≤─ ⌐│ ⅜כ☺♫◦⌂⅝ ↕╣≡™╢⅜⁸♩

╙ⱨ○♪כ꜠ ↕╣≡™╢⁹⇔⅛⇔⌂⅜╠⁸↓╣⌐ ∆╢ ─ ⌂ │2018 ⌐ ↕╣√

IPCC1.5 ─ 5 ≢ ↕╣√⅜⁸ ⌂ ⌐≤≥╕∫≡™√⁹╕√⁸2019 ⌐ ↕╣√

IPCC ≢│ ⌂ ≤⇔≡Ᵽ▬○ ─ ⌐≈™≡ ─ ⅜↕╣√⅜⁸╛

│╡ ⅛≈ⱴ◒꜡⌂ ⌐ ╕∫≡™√⁹⇔√⅜∫≡⁸ ⅛≈ ⱨ○♪כ꜠♩≥כ☺♫◦⌂

─ ⅜ ≢№╢⁹ 

╕√⁸ ≤SDGs─ ⌐⅔™≡⁸ ⌐ ⌂ ⅜ ↕╣≡⅝√≤™℮ ⅜№

╢⁹ ─ ⌐│⁸AIM─╟℮⌂ ⸗♦ꜟ≤ ┌╣╢◄Ⱡꜟ◑כ ⸗♦ꜟ⅜ ≤⇔≡ ™

╠╣≡⅝√⁹↓─ ⁸◄Ⱡꜟ◑כ≤ ─ ⅛╠│ ™ ⅜ ╘╠╣╢╙──⁸ ─⌂™
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⌐≈™≡│ ⌐№╢≤ ↕╣√╡⁸ ⅜ ↕╣≡ ╛ ─ ⅜ ⇔≡™√⁹

⌐⁸SDGs╙ ─ ה ╛ ─ ⅜ ↕╣√℮ⅎ≢ ↕╣≡™⌂™⁹ 

S- 14 ─ ≤ ─ ≢│⁸ ─ ≤ ─

⌐ ⇔≡⁸ ≢╙ ⌂ ⸗♦ꜟ⅜ ⅜ ╘╠╣≡⅝√⁹2030 ╩ ⌐⁸ ≤

⌂ ⁸ ⌐ ⅜ⱨ○♪כ꜠♩≥כ☺♫◦╢╦⅛⅛⌐ ≤⌂╢─│ ™⌂ↄ⁸↓╣╠─⸗♦ꜟ

╩ ⇔≡CMIP6╛ ⌂≥─ ⇔™◦♫ꜞ○╙ ⇔⁸ ⌐≈™≡─ ⌂SDGs ╩

∆↓≤⌐│ ─  ⁹╢№⅜☼כ♬

 

 

─ ╩ ╕ⅎ⁸ │⁸ ⁸ ⁸ ⁸ ⌐ ⇔⁸ ⌐╙ ™

╩ ╢ ⸗♦ꜟ ╩ ∆╢↓≤≢⁸ ─ ─ ─ ה ╛ ה ⌂≥─

─ ╩ ⇔≈≈⁸ ≤SDGs─◦♫☺כ꜠♩≥כ♪○ⱨ╩ ⅛≈ ⌐ ⇔⁸

─ ╩ ∆╢↓≤╩ ≤∆╢⁹╕√⁸ ⅜ ⇔™ ╛ ╩ ה ⇔⁸ ─

╩ ℮⁹ 

 

 

 

 ─ │⁸ ⌐ ⇔⁸ ≤SDGs╩ ⌐ ∆╢ ⌐ ∂℮╢

╩ⱨ○♪כ꜠♩≥כ☺♫◦ ╠⅛⌐⇔⁸ ↕╣╢ ╛ ─╙≤≢ ⌐

∆╢6≈─SDGs─ ╩ ⌐ ∆╢↓≤≢№╢⁹ ◘Ⱪ♥כⱴ≢

│⁸ ⌐ ∆╢SDGs─ ⌐ ⌂◦Ⱶꜙ꜠כ◦ꜛfi╩ ─

≢ ⇔⁸∕─ ╩ ↔≤╕√│ ↔≤⌐ ∆╢↓≤≢⁸ ≤SDGs≤

╩ⱨ○♪כ꜠♩≥כ☺♫◦─ ↔≤⌐ ∆╢⁹╕√⁸ ≤⇔≡ ╩

⇔√ ◦♫ꜞ○↔≤⁸ ─ ↔≤⌐ ≤SDGs─ ─

╩ ⌐ ∆╢⁹ ⌐│◘Ⱪ♥כⱴ ⌐⅔™≡⁸ ╛SDGs⌐ →

╠╣√ ⅜⁸ ─ ⅛╠ ⌂─⅛⁸≥─ ⌐ ┼─ ⅜

ↄ⁸◦♫☺כ꜠♩╛כ♪○ⱨ⅜ ∆╢⅛⁸∕⇔≡ ⅜ ⇔™ ╛ ⅜

╙▫♦♃☻☻כ◔╩⅛─╢№⌐↓≤ ╘≡ ⇔⁸ ⅎ╠╣╢ ○ⱪ◦ꜛfi╩

∆╢⁹ 

 

◘Ⱪ♥כⱴ  ≤SDGs─ ⌐⅔↑╢ ┘╟⅔ⱨ○♪כ꜠♩≥כ☺♫◦─

 

◘Ⱪ♥כⱴꜞכ♄כ/

 
 

 ◘Ⱪ♥כⱴ≢│ ─2≈╩ ≤∆╢⁹ 

⸗♦ꜟCaMa- Flood╩ ™≡ ─ ╩ ™⁸◘Ⱪ♥כ

ⱴ ⅔╟┘◘Ⱪ♥כⱴ ⌐ ╩ ∆╢⁹╕√⁸ ⌐≈™≡⁸ (SDG1)╛

(SDG11.5)⌐≈™≡─◦♫☺כ꜠♩≥כ♪○ⱨ╩ ⇔⁸ ↔≤─SDGs─

╩ ∆╢⁹ 

⌐ ∆╢6≈─SDGs─ ╩ ⌐ ⇔⁸ ╩≤╡╕≤╘⁸

ⅎ╠╣╢ ○ⱪ◦ꜛfi╩ ∆╢⁹ 

 

◘Ⱪ♥כⱴ  ≤SDGs─ ⌐⅔↑╢  ⱨ○♪כ꜠♩≥כ☺♫◦─
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◘Ⱪ♥כⱴꜞכ♄כ/

 
 

 ◘Ⱪ♥כⱴ≢│⁸ ─4≈╩ ≤∆╢⁹ 

1)  ⸗♦ꜟHEAT- LINK╩ ≤ ⇔√ ⸗♦ꜟ╩ ⇔⁸

⌐ ℮ ╩ ∆╢⁹ 

2)  ⅔╟┘ ⸗♦ꜟTNCM⅛╠ ⌐ ∆╢SDG2─ ─

╩ ℮⁹ 

3)  ◘Ⱪ♥כⱴ ≤ ⇔⁸ ≤ ─ ⅛╠ ─ ╩ ™⁸ ⌂

(SDG6)─ ╩ ℮⁹ 

4)  ╛ ⌐ ∆╢ ≤SDG─◦♫☺כ꜠♩≥כ♪○ⱨ─ ╩ ™⁸

╩כ☺♫◦ ↄ⇔♩꜠כ♪○ⱨ╩ ⌂ ╡ ↕ↄ∆╢╟℮⌂ ─ ╩ ℮⁹ 

 

◘Ⱪ♥כⱴ  ≤SDGs─ ⌐⅔↑╢  ⱨ○♪כ꜠♩≥כ☺♫◦─

◘Ⱪ♥כⱴꜞכ♄כ/

 
 

 ◘Ⱪ♥כⱴ≢│ ─ ≈╩ ≤∆╢⁹ 

⸗♦ꜟH08╩ ™╢↓≤⌐╟╡⁸ ◦♫ꜞ○≤SDGs ─℮

∟⁸ ≤Ᵽ▬○ ⌐ כ◑ꜟfi⌂◄Ⱡכꜞ◒√⇔ SDG7⁸⅔╟┘

⌂ ┼─▪◒☿☻⌐≈™≡ SDG6─ ╩ⱨ○♪כ꜠♩╛כ☺♫◦─≢

⌐ ∆╢⁹ 

2 1.5 ─ ⌐№√╡⁸ ─ ─ ⌂ ╛⁸Ᵽ▬

○ ─ ⅜ ⌐⌂∫≡™╢ ⅜ ↕╣╢⁹ ⌐ ⇔≡│⁸ ⌂

─ ⅜ ≤⌂∫≡™⌂™⅛≤™℮ ⅛╠ ╩ ℮⁹ ⌐≈™≡

│⁸Ᵽ▬○ ⌐╟╡ ─ ╛ ─ ⌐≈⌂⅜╢↓≤⅜⌂™⅛

≤™℮ ⌂≥⅛╠ ⌂ ╩ ℮⁹ 

SDGs⅜ ⌐ ≢⅝√≤⇔≡╙ ─ │ ⌐│ ╠∑⌂™⁹ ─

╛ ⌐ ╛ ─ ╩╙√╠∆ ⌐ ⌐ ⇔⁸

⌐ ∆╢ ╛ ╩ ∆╢⁹ 

 

◘Ⱪ♥כⱴ  ≤SDGs─ ⌐⅔↑╢  ⱨ○♪כ꜠♩≥כ☺♫◦─

◘Ⱪ♥כⱴꜞכ♄כ/

 
ה  

 ◘Ⱪ♥כⱴ≢│ ─3≈╩ ≤∆╢⁹ 

⅔╟┘ ─ ╛ ⌐╟╡ ה ⅜

∆╢ ♃כ♦╩ ⌐╟╡ ╠⅛⌐⇔⁸ ⸗♦ꜟ╩ ∆╢⁹ 

⸗♦ꜟ Sultan et al. 2019 ⌐╟╢ ─ ◦Ⱶꜙ꜠כ◦ꜛ

fi≤ ─ ⸗♦ꜟ⌐╟╢ ⁸ ◦♫ꜞ○ ◘Ⱪ♥כⱴ3 ⁸

◦♫ꜞ○ ◘Ⱪ♥כⱴ1 ╩ ╖ ╦∑≡ ⇔⁸ ─ ╩

℮⁹ 

∕╣⌐╟╡⁸ ╩ ∆╢℮ⅎ≢ (SDG2)⌐♩꜠כ♪○ⱨ⅜ ∂

╢ ╩ ⇔⁸ ◘Ⱪ♥כⱴ1 ⌐ ∆╢ ╩ ∆╢⁹ 
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ₒ◘Ⱪ♥כⱴ ₓ ≤ SDGs─ ⌐⅔↑╢ ┘╟⅔ⱨ○♪כ꜠♩≥כ☺♫◦─  

CMIP6 ╩ ≤⇔√ 2100 ╕≢─ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ⇔⁸ SDG1 ≤

SDG11.5 ⌐ ─ SDGs ─ 1≈≢№╢⁸ ─ ⌐ ╗ ╩ ⇔√⁹

│⁸ ─ ◦Ⱶꜙ꜠כ◦ꜛfi≢ ↕╣╢ 15 25km ─ ─

⅛╠ 30 1km ─ ⅜ ╠╣╢ꜟ♇◒▪♇ⱪ♥כⱩꜟ╩ ⇔⁸∕↓⌐ ─⸗

♦ꜟ≢ ╠╣╢ ─ ─ ⌐ ⇔√ ╩ 30 ─ )♃כ♦ GPW v4. 1. 0)≤

⌡╢↓≤≢ ⇔√⁹ ─℮∟⁸ ⅜ ─ SDG ⌐ ⅎ╢ │⁸ssp585≤ ssp126≤

™℮ 2≈─ ◦♫ꜞ○─ ™⌐╟╢ ─ ™⁸ │ ─Ɫכ♪▬fiⱨꜝ╩ ⇔√

─ ꜠ⱬꜟ─ ─◦♫ꜞ○≤⁸ ─ ꜠ⱬꜟ╩ ™√ ─ ─ ™≤⇔≡

╩ ∫√⁹ 

⌐ ∆╢ SDG ⌐ ⅎ≡⁸ ◘Ⱪ♥כⱴ⅛╠ ╠╣╢⸗♦ꜟ ⅛╠⁸ ⁸ ⁸ ─

⌐ ∆╢ ╩ ⇔⁸ ─ ⌂™⇔│ ⌐ ╩ ↑√ ⁸ ⁸ ╕√│

GDP⌐ ∆╢ ─ ╩ ™≡⁸ ≤ ⌐ ∆╢ SDG─ ⌂ ╩ ∫√⁹

⌐ ⇔≡│⁸◘Ⱪ♥כⱴ 2⅛╠ ╠╣√ ─ ⅛╠ ⌂ ⌐ ∆╢ ╩ ⇔⁸

∕─ ╩ ⅎ≡™╢ ─ ╩ ⇔≡ SDG6. 3.2 ┼─ ╩ ⇔√⁹ ◦♫ꜞ○─℮∟⁸ │

ssp285≤ ssp245─ ™≤⇔≡ ⇔√⁹ ⌐ ⇔≡│⁸ ─ ⌐ ℮ GDP─ ≤⇔≡

⇔√ ≤⁸ ⌐╟╢ ╩ ⇔≡ ─ ╩ ⌐ ∂√◦♫ꜞ○╩ ⇔√⅜⁸

┼─ │╒≤╪≥⌂⅛∫√√╘⁸ ╩ ╦⌂⅛∫√⁹ ⌐⁸ ⌐ ╩ ∆╢↓≤≢ ╩

→╢ ─ ┼─ ╙↔ↄ╦∏⅛≢№╡⁸ ≤│⇔⌂⅛∫√⁹ ⌐ ⇔≡│⁸ ™ ☻♩꜠

☻ ⌐№╢ ☻♩꜠☻ ─ ≢ ╩ ∫√⁹ ─ ™│⁸ ꜠ⱬꜟ─ ™⌐╟╢

☻♩꜠☻ ─ ™⌐ ⅎ≡⁸ ╩∆╢↓≤≢Ᵽ▬○ ╩ ⇔√ ─ ☻♩꜠☻ ─ ™⌐≈™

≡╙ ⌐ ╡ ╣√⁹╕√⁸ ⌐ ⇔≡│⁸ ─ ⅜ ↕╣√ ◦♫ꜞ○─

™╩ ╢√╘⁸ssp585≤ ssp285⌐⅔↑╢ ☻♩꜠☻ ─ ™≤⇔≡ ╩ ∫√⁹ ─

│⁸ ╩ ≤⇔√ ⌐⅔™≡⁸ ─ │ ◦♫ꜞ○─ ™≢№╢ ssp585≤ ssp126─

™≢ ╩ ™⁸ ─ │⁸ ⌐⅔↑╢ ╩ →╢√╘─ ₁⌂ ─

≢ ╩ ∫√⁹ 

≤ SDG ─ⱨ○♪כ꜠♩│√╕כ☺♫◦─ │⁸ ◦♫ꜞ○─ ™⁸∆⌂╦∟ ─ ™

─℮∟⁸SDG ⌐ ╕√│ ─ ╩ ⅎ╢ ─℮∟⁸ ─ ≤⇔√ ─ ⅜⁸ ─♩♇ⱪ

10 ╩ כ☺♫◦™ ⱨ○♪כ꜠♩ ⁸♩♇ⱪ 30 ╕≢╩ כ☺♫◦─ ⱨ○♪כ꜠♩ ≤⇔≡ ╩

∫√⁹↓↓≢ ─ ─כ☺♫◦≢ ╩ ⇔√ │⁸ ╛ ⅜ ⌂╢ ─ ⌐≈™

≡⁸ ─ ╩ ℮√╘≢№╢⁹ ⌐⁸ ↔≤─ ╩ ↔≤⌐ ⇔⁸ ⌂ ╩ ∫√⁹ 

 

ₒ◘Ⱪ♥כⱴ ₓ ≤ SDGs─ ⌐⅔↑╢  ⱨ○♪כ꜠♩≥כ☺♫◦─

 ⸗♦ꜟ HEAT- LINK⌐ ╩ ∆╢√╘⁸ Ⱡ♇♩꞉כ◒─ ⅜ ≤⌂╢⁹╕√

─ ─ ⅜ ≢⁸ ≤ ≢│ ⌐╟∫≡ ∆╢ ⅜ ⌂╢√╘⁸

─ ⌐ ≤⌂╢ ≤ ╩ ⇔≡ ∆╢ ⅜№╢⁹ ⇔√ ╛ ⧵⁸│♃כ♦

╣∙╣ ⅜ 3 90m ≤◦▼▬ⱪ♦כ♃≤ ⌂∫≡⅔╡⁸ │♃כ♦ ≥♃כ♦ ∂

┼♃כ♦כ♃☻ꜝ⌐ ⇔√⁹╕√⁸ ⇔√ ╩♩♇☿♃כ♦─≈2 ∆╢ ⁸ ─ ⅝↕⅜

▪♇ⱪ☻◔כꜟ 3 ⅛╠ 15 ⇔√◓ꜞ♇♪╟╡ ⅝™⅛ ↕™⅛≢⁸ ╩ ∆╢ ⅜№╡⁸

↕↑╣┌◘Ⱪ◓ꜞ♇♪≤⇔≡ ™⁸ ⅝↑╣┌ ─ ╩ ─ ⌐ ∆╢↓≤≢

⇔√⁹ ⸗♦ꜟ─ │⁸ ⸗♦ꜟ≤ ⸗♦ꜟ⌐ ↑╠╣⁸ ⸗♦ꜟ≢│⁸ ─

≤ ─ ⌐ ℮ ─ ╩ ≤⇔⁸ ⸗♦ꜟ≢│⁸ 1 ─ ╩ ™⁸

│ ∑∏ │ ≤⇔√⁹ skin temperature │ ⌐ ℮

─ ⅜ ≢№∫√─≢⁸ 1 ≢ ⇔⁸ ─ ⱨꜝ♇◒☻╩ ⸗♦ꜟ≤ ∂╟℮⌐
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⇔√⁹ │⁸Henderson- Sellers 1985 ⌐╟╢Ɽꜝⱷ♃ꜞ♀כ◦ꜛfi╩ ⇔√⁹ ⸗♦ꜟ≤─

≢│⁸ │ⱶכ◐☻ ⸗♦ꜟ│ 1 ⁸ 0 ⁸ ⸗♦ꜟ│ 0 ⁸ 1 ≢

№╢√╘⁸ ⅛╠ ┼│ ─ ⌐ ⇔≡ ⅜ ∆╢√┘⌐ ⅛╠ ╩ ⇔⁸ ⅛

╠ ┼│ ⌐ ⇔≡™╢ ─ ╩ ⌐ ↕∑╢⁹╕√ ⸗♦ꜟ╩ ™≡⁸ │ 1960

1990 ⁸ SSP126≤ SSP585 │ 2071 2100 ⌐⅔™≡ ╩ ⇔√⁹ ⌐ ☻◐

.ⱶ│⁸Huang et alכ 2021 ⌐ ≠™≡ ↕╣⁸ │ ─ ≢─ ≢№╢ 0.2mg/L╩ ™

√⁹ 

 

ₒ◘Ⱪ♥כⱴ ₓ ≤ SDGs─ ⌐⅔↑╢  ⱨ○♪כ꜠♩≥כ☺♫◦─

≢│⁸ ⌐ ─ ⅝Ᵽ▬○ (Bio Energy with Carbon Capture 

and Storage; BECCS)ⱳ♥fi◦ꜗꜟ⌐ ∆╢ ─ ⌐ ╩ ∫≡ ╩ ╘√⁹╕∏⁸ ⌂

╩ ╘≡ ─ ─ ⅜ ⌂ ⸗♦ꜟ H08╩ ∫≡⁸Ᵽ▬○ ─ ≤

⁸⌂╠┘⌐ ─ ≤ ╩ ⇔ↄ◦Ⱶꜙ꜠כ◦ꜛfi≢⅝╢╟℮⌐ ⇔√⁹ ⌐⁸Ᵽ▬○

⌐≈™≡─ ◦♫ꜞ○╩ ≈ ⇔√⁹ ╩ 0.5°─ ⌐ ⇔⁸ כ♦

♃ⱬכ☻ The World Database on Protected Areas; WDPA ⌐ ↕╣√ ⁸ ⌐ ⌂

⁸╕√│ ⅜ ╕╣╢ ⁸ ╩Ᵽ▬○ ┼─ ─ ≤⇔⁸↕╠⌐

─ ⁸ ⁸ ⁸⅔╟┘ ╩ ⇔√ ╡─ ╩Ᵽ▬○ ┼─ ─

≤⇔√ Pasture Protected; PP ◦♫ꜞ○≤ ┬ ⁹↓↓≢⁸ ╙ ─ ≤∆╢

Pasture Conversion; PC ◦♫ꜞ○╙ ⇔√⁹ ⌐⁸ ≤ ─ ╩ ⇔≡ H08─

◦Ⱶꜙ꜠כ◦ꜛfi╩ ™⁸2080₩2099 ─ 2 ─Ᵽ▬○ ⌐≈™≡⁸ ─ BECCSⱳ♥fi◦ꜗꜟ≤

⌐ ≤⌂╢Ᵽ▬○ ─ ─ ╩ ⇔√⁹↓↓≢│ 3≈─ ◦♫ꜞ○ ⌂

⇔⁸ ⁸ ⌂ ╩ ⇔√⁹ ◦♫ꜞ○ RF ─ ⁸ ─Ᵽ▬○ │∆═≡

≤⇔√⁹ ◦♫ꜞ○ FI ─ │∆═≡ ≤⇔√⁹ ⌂ Sustainable 

Irrigat ion; SI ◦♫ꜞ○─ ⁸Ᵽ▬○ ─ ⌐ ⌂ ╩⁸ REF ≤

WUF─ ≤⇔≡ ⇔√⁹ 

 ≢│⁸ ⌐ ╛ ─ ╩╙√╠∆ ─ ≤⌂╢ ─ ⌐

╩ ∫≡ ╩ ╘√⁹╕∏ H08╩ ∆╢≤≤╙⌐⁸ ─Ɽꜝⱷכ♃ ╩ ℮↓≤⌐╟╡⁸♩►

⸗꜡◖◦⁸◖ⱶ◑⁸◖ⱷ⁸♄▬☼─ ╩ ≢ ⌐ ≢⅝╢╟℮⌐⇔√⁹↓─ ↕╣√⸗♦

ꜟ╩ ℮↓≤⌐╟╡⁸ ─ ⅜≥╣∞↑ ⌐ ⇔≡™╢─⅛╩ ⇔√⁹ 

 

ₒ◘Ⱪ♥כⱴ ₓ ≤ SDGs─ ⌐⅔↑╢  ⱨ○♪כ꜠♩≥כ☺♫◦─

◖ⱷ ⅜ ╦╣≡™╢▪☺▪ ─6⅛ ▬fi♪Ⱡ◦▪⁸ⱴ꜠⁸▬♃⁸▪◦כⱣfi◓ꜝ♦◦ꜙ⁸Ⱶꜗ

fiⱴ⁸כⱨ▫ꜞⱧfi ⌐≈™≡ ╩♃כ♦ ⇔⁸◖ⱷ ─ ₁ ╩ ─ ≤

⅛╠ ∆╢ Ⱡ♇♩ ⸗♦ꜟ╩ ⇔⁸ ⌐╟╡⸗♦ꜟ─ ╩ ⇔√⁹

─ ₁ ⌐≈™≡╙ ─ ≤ ⌐⸗♦ꜟ╩ ה ⇔√⁹ ⇔√ ≤ ─ ⸗♦

ꜟ⌐ ◦♫ꜞ○ CMIP5 ╩ ⇔⁸ ≤ ─ ╩ ⇔√▪☺▪─◖ⱷ ─

⇔╩ ⇔√⁹ ─ ⌐≈™≡│⁸ ─ ⱴכ♥Ⱪ◘╩♃כ♦ ⅛╠ ≡⁸

≤ ─0.5° ≥♃כ♦♪♇ꜞ◓ ╖ ╦∑⁸ ─ ⌐╟╢ ─

╩ ⇔√⁹ 

⸗♦ꜟCYGMA─ ⌂≥⅛╠SDG2─ ≢№╢ ─ ╩ ∆╢ ╩ ⇔√⁹

CMIP6 ≤ SSP ─ ◦♫ꜞ○╩ ⇔√ ⸗♦ꜟ⌐╟╢◦Ⱶꜙ꜠כ◦ꜛfi╩

™⁸ ╛ ⁸ ⁸ ─ ⅜ ─ ─ ⌐ ⅎ╢

╩ ⁸ ─ ⌐ ⇔√⁹ ─ ⌐≈™≡│World Resources Institute ─ ⌐

™⁸ ≤∕╣ ─ ≤⌐ ↑≡ ⇔√⁹ 

⁸ ⁸ ⁸ ⌐≈™≡─0.5° ╩♃כ♦♪♇ꜞ◓ ─ꜝfi♄ⱶⱨ◊

꜠☻♩⌐╟╡ ⇔⁸ ≤ ⌐ ∆╢∕╣∙╣─ ╩ ⌐ ⇔√⁹
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⇔√ ╩ ™⁸ ⌐╟╢ ─ ≤∕╣⌐ ∫≡ ≢⅝╢ ⁸

⁸ ─ ╩∕╣∙╣ ⇔√⁹ 

 

 

─  

ₒ◘Ⱪ♥כⱴ ₓ ≤SDGs─ ⌐⅔↑╢ ┘╟⅔ⱨ○♪כ꜠♩≥כ☺♫◦─  

.   

─CMIP6⌐╟╢ ─ │⁸∕╣╕≢─ ─ ≤ │ ╕⅛⌐ ⇔≡⅔╡⁸ │

▪☺▪⁸ ▪◦ꜝכꜚ⁸▪☺▪ ⁸ ▪ⱨꜞ◌⅔╟┘▪ⱨꜞ◌ ⁸ ▪ⱷꜞ◌≢ ⇔⁸

┘╟⅔Ɽ♇꜡כꜜ Ɽ⁸▪♫♩ꜞ▪⁸♇꜡כꜜ ▪☺▪⁸ ⁸ ▪ⱷꜞ◌─ ≢│ ∆╢

≢№∫√ Hirabayashi et al. , 2021 ( - 1. 1 ⁹ ╩2015 ⌐ ⇔√ ≢ ─ ─

╖⌐╟╢ │⁸ ≤ ═≡3 ∆╢≤1.4 ─2.2 - 3.2%⌐ ≤⌂╡⁸

⌐▪ⱨꜞ◌ 1.7 ⁸▪☺▪ 1.5 ≢│ ⅜ ⅝⅛∫√⁹ 

 

⌐ .ⱨ○♪כ꜠♩≥כ☺♫◦╢∆   

SDG1.5⅔╟┘SDG11.5⌐ ⌐ ∆╢ ─ │⁸◄ꜞ♩ꜞ▪╛◄♅○Ⱨ▪≤™∫√▪

ⱨꜞ◌─ ╛⁸▬◄ⱷfi⁸▪ꜝⱩ ≤™∫√ ─ ≢ ≥◌ꜞ♃☻◖╛ꜞ♅⁸╡⌂≥כ☺♫◦™

™∫√ ─ ─ ⱨ≤⌂∫√⁹IPCC○♪כ꜠♩│≢ 6 ⌐╟╣┌⁸ ─ ⅜

™╒≥⁸ ╛◌ꜞⱩ ─ ≢ ⅜ ∆╢⁹ ⅜ ╢≤™℮↓≤│⁸∕╣⌐ ™

╙ ╢≤ ⅎ╠╣╢√╘⁸ ─ ╩ ╢ ─ ≤ ─ⱨ○♪כ꜠♩⅜ ⌐⌂∫≡

™╢⁹↓─↓≤⅜ ╛◌ꜞⱩ ≢⁸ ⅜ ⌐ ∆╢SDG ⌐ √∫⌂≥ⱨ○♪כ꜠♩≡⇔

≢№╢⁹ 

⌐⅔↑╢ ┼─ ─ ⌐╟╢≤⁸▪☺▪╛▪ⱨꜞ◌⌐⅔↑╢ ≢│⁸ ⅜

╗↓≤≢ ─ ╛ ⅜ ∆╢√╘⁸ ⌐ ⇔√SDG1.5 ─ ⅜ ⌐⌂╢↓≤⅜ ⇔

√⁹↓─╟℮⌂ ─ ꜠ⱬꜟ⅜ ™ ≢│⁸ ⌐╟╢ ─ ─ ⅜ ⅝ↄ⁸

╩ ╘√ ◦♫ꜞ○≢│⁸ ◦♫ꜞ○⌐ ═≡2100 ╕≢─ ─ ╩ 50 ╠∆↓≤⅜

≢⅝⁸SDG ⌐ ⅜ ╩כ☺♫◦™⅝ ≈⁹ 

╕√⁸ ⅜ ≢ ⌐ ≤∆╢ ≤ ⌐╟╡ ∆╢ ─ ⅜ ≤

⌂╢≤↓╤╕≢ ∆╢ │⁸ ╩⇔⌂™ ╟╡╙ ─ ╩19 ╠∆↓≤⅜≢⅝

╢⁹↕╠⌐⁸ ⅛╠─ ┼─ ╙ ⇔≡⁸ ⌐⅔™≡╙ ─ ⅜№╢≤↓╤╕≢│

╩ ╘╢ ╩ ⇔√≤↓╤⁸ ⌐╟╢ ─ │∆═≡ ∆╢↓≤⅜≢

⅝⁸ ╟╡╙ ⌐ ∆╢ ⅜ ↄ⌂╢↓≤╙ ⇔√⁹↓─↓≤⅛╠⁸ ⌐ ≢│⁸

⌐ ╦╠∏ ╩ ∂╢↓≤│ ≢№╡⁸ ⌐╟╢ ⅜ ↕╣╢ ┼─ ⌂

┼─ ⅜ ≢№╢↓≤⅜ ╠⅛⌐⌂∫√⁹ 

 

⌐ ∆╢SDG ─ .   

⅜ ≤∆╢ ⌐ ∆╢SDG │⁸ ⁸ ⁸ ⁸ ⌐ ∆╢6≈─

SDG ≢№╢⁹231№╢SDG ─◘Ⱪ ─℮∟⁸ ⌐ ∆╢ │⁸ 6 ◘Ⱪ│ 9≈ ╩

⌐⁸ ≢33⅜ ∆╢⁹ ∕─℮∟⁸ ─SDG◘Ⱪ ─ ⌐≈™≡ ⅛≈№╢ ─ כ♦─

♃⅜ ╠╣√31─◘Ⱪ ⌐ ⇔≡⁸ ─ ╩ ═√≤↓╤⁸ ↄ─ │⁸ ╕√│ ─GDP─

≤─ ⅜ ↄ⁸╕√ ─ ╙ ™↓≤⅜ ⇔√⁹ ≢ ⌐ ∆╢6≈─SDG◘Ⱪ

≤│⁸ 9≈ ⅔╟┘ 4≈ ─ ⅜ ™◘Ⱪ ⅜ 15≢№∫√↓≤⅛╠⁸ ≢│

⌐ ∆╢SDG ─ ─ ╩ ⇔≡™╢≤ ⅎ╢⁹ 

◘Ⱪ♥כⱴ≢ ↕╣√ ⌐ ∆╢SDG ≤⁸ ⅔╟┘ ⌐ ○♪כ꜠♩┘╟⅔כ☺♫◦╢∆

ⱨ─ ⇔√ Ᵽꜟ⌐│⁸כ꜡◓⁸ ╙ ╩ⱨ○♪כ꜠♩⅜כ☺♫◦╙ ⌐ ╢↓≤⅛╠⁸
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⌐ ∆╢SDG │⁸ ⅜כ☺♫◦╢╟⌐ ⅝™↓≤⅜ ⇔√⁹ ⅜כ☺♫◦⌐ ⅝™─│⁸

≢╙ ⌐ ∆╢SDG ⅜ ™ ⌐№╡⁸⅛≈ ⌐╟╢ ⅜ ↕╣╢▪☺▪≤▪ⱨꜞ◌≢№

╡⁸ ≤ ≢│ ⅜כ☺♫◦─ ≢⅝√⁹ 

 

- 1.5 ⅔╟┘ ⌐ ∆╢ ⌐ ∆╢SDG כ☺♫◦─ ⱨ○♪כ꜠♩≥

─ ↔≤─ ⁹ ⇔√5≈─SDG◘Ⱪ ─ ╩ ∆⁹ ⌐ ⇔√ ⌐ ∆╢SDG │⁸

⁸ ⁸ ☻♩꜠☻ ≤ ─ ⁸ ☻♩꜠☻ Ᵽ▬○ ─ ─√╘─ ⌐ ℮

⁸ ─ ─5≈⁹ 

 

 
- 1.6 ⅔╟┘ ⌐ ∆╢ ⌐ ∆╢SDG כ☺♫◦─ ◓ꜝⱨ─ כ꜠♩≥

♪○ⱨ ─ 100 ⁹ ─ ╩ ↄ4≈─SDG◘Ⱪ ⌐⅔↑╢ ⅜ ╠╣

√◓ꜞ♇♪─ ╩ ⇔√╙─⁹ 

 

≤ ⌐ ∆╢SDG ≥◌ꜞⱨ▪⁸│כ☺♫◦─≥ ▪☺▪≢ ↄ╖╠╣╢≤ ♩☻כ○⁸⌐

ꜝꜞ▪╛▪ⱷꜞ◌ ⁸ ⁸◌♫♄⌂≥≢ ≢⅝√⁹ ⌐ⱨ○♪כ꜠♩⁸ ⇔≡│▪☺▪≢│

╠╣∏⁸ ⌐▪ⱨꜞ◌⁸ ⌐ ╠╣√⁹↓─ │⁸ ⌐ ⱨ│⁸○♪כ꜠♩╢∆ ≢│

─ ⁸ ≢│ ─ ⌂≥≤™∫√ ⌐ ∆╢ ─ ⅜ ⇔≡™╢↓≤╛⁸

▪☺▪│ ⅜∕╙∕╙ ≢№╡⁸Ᵽ▬○ ─ ⌐ ℮ ─ ⅜ ─ ┼─

⅜↕╒≥⌂™↓≤⌂≥⅜ ⇔≡™╢≤ ╦╣╢⁹ ⌐ ⇔≡│⁸ ⅛╠─ ⌐ ∆╢ ꜠ⱬꜟ

─ ⅜ ⅝ↄ ╘╢ ╛ ─ ⌐ ℮ ─ ⅜ ↕╣╢ כ☺♫◦≢

⅜ ⅝™↓≤⅜ ⇔√⁹ 
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ₒ◘Ⱪ♥כⱴ ₓ ≤SDGs─ ⌐⅔↑╢  ⱨ○♪כ꜠♩≥כ☺♫◦─

⸗♦ꜟ ה ╩ ⇔√ ─ ≢│⁸ - 2. ─╟℮⌐ ╩ ╣╢↓≤⌐╟╢

│ ⅝ↄ⁸ ╙ ╩ →≡╙⇔∫⅛╡ ↕╣⁸ ⌂ ╩ ≤⇔√⁹ ─ ─

⅝↕≤─ ─ │ ╙ ⌂ ╩ ⇔√⁹ ™≡⁸ ⸗♦ꜟ─ ⌐≈™≡│⁸

⸗♦ꜟ│⁸ ─ ─ ≤ ─ ⌐ ℮ ╩ ≤⇔≡ ⇔⁸ ⸗♦

ꜟ│⁸ ╩ ∑∏ │ ≤⇔⁸ 1 ─ ╩ ™√⁹ │™╦

╝╢ skin temperature ≢│⌂ↄ⁸ 1 ≢ ⇔√⁹skin temperatu re │⁸ ⌐ ℮ ╩

∆╢↓≤⅜ ⇔™√╘⁸ ⇔√⁹ ─ ⱨꜝ♇◒☻│⁸∆≢⌐ ↕╣≡™╢ ⸗♦ꜟ Tokuda 

et al., 2019 ≤ ⌐ ╡ ∫√⁹ │⁸Henderson- Sellers 1985 ⌐╟╢Ɽꜝⱷ♃ꜞ♀כ◦ꜛ

fi╩ ™⁸ ─ fi♁♪כꜗ♅ꜞ╩ ≢ ⇔⁸ ≤ ⌐╟╢ ─ ╩

⇔√⁹↓↓≢ ↕╣√ ⸗♦ꜟ≤ ⸗♦ꜟ╩ ⇔√⁹ ⱶ│⁸כ◐☻ ┘ ─ ≤

─ ─ ╩ ╢√╘⁸1) ⸗♦ꜟ│ 1 ⁸ 0 ⁸ ⸗♦ꜟ│ 0 ⁸

1 ─ ≤⇔⁸2) │ ─ ⌐ ∆╢ ╩≤╡⁸ ─ ⅜ ∆╢√┘⌐ ⅛╠

╩ ⇔⁸3) ⅛╠│⁸ ─ ⌐ ⇔≡™╢ ─ ╩ ┼ ⇔√⁹⸗♦ꜟ ─

│⁸ ⸗♦ꜟ─ ה ≤ ⸗♦ꜟ ─ ╩ ∆╢√╘⁸ ⁸ ⁸♃כ♦ ⁸

─╖╩ ⇔⁸ ─ │∕╣∙╣≢ ⇔√⁹ ⅎ┌⁸ ◓ꜞ♇♪≤ ◓ꜞ♇♪≢│∕╣∙╣

╩ ⇔√⁹∕─ ⁸ ╩ ≤ ╩ ╦∑√◓ꜞ♇♪≢ ⇔⁸∕─ ╩◌ⱪꜝכ╩

∂≡ ⁸∕⇔≡ ∂♃▬ⱶ☻♥♇ⱪ≢ ∆╢↓≤≢⁸ ≤ ─ ╩∆╢↓≤⅜≢⅝√⁹ 

↓℮⇔≡ ↕╣√ ⸗♦ꜟ─ │⁸ ╩♃כ♦ ™≡ ≢ ⇔√⁹ ⅔╟┘

─ ⁸Global Runoff Data Center│♃כ♦ GRDC≤ Global Environmental Monitoring System

GEMS⅛╠ ⇔√⁹ ╩♃כ♦ ™√⸗♦ꜟ─ ─ ╩ - 2. 3⌐ ∆⁹ ⌐⁸

⸗♦ꜟ≤⁸ ⸗♦ꜟ ─╖ ╩⁸146 ─ ≥♃כ♦ ⇔⁸ ⸗♦ꜟ≤ ⸗♦

ꜟ╩ ⇔√ ≤⇔⌂™ ≤╩ ⇔√⁹ ─ ─ ≤ ─ ⅜ ↕╣√↓

≤⅜╦⅛╢⁹ ⌐⁸124─ ⌐⅔™≡⁸G- REALMBirkett et al., 2018 ─ 100km2╟╡ ⅝™ ⌐⅔↑

╢ ╩ ≢ ≥♃כ♦√⇔ ⇔√ - 2. 4 ⁹∕─ ⁸ ╩ ∆╢↓≤⌐╟

∫≡Ᵽ▬▪☻⅜ ↕╣≡™√⁹ 

─ ≢ ↕╣√ ⸗♦ꜟ╩ ™≡⁸ ─ ─ ╩ ⇔√⁹

⸗♦ꜟMIROC6Tanabe et al., 2018 ╩ ™≡⁸ SSP126⁸SSP585╩ ⇔√⁹

│⁸ │ 1960 1990 ⁸ │ 2071 2100 ≢№╢⁹ - 2. 5│⁸ ─ ⁸

⁸ × × ─ × ─ ≤ ≢─ ╩ ⇔√╙─≢

№╢⁹ ≢╖╢≤ │ SSP126≢│ 2050 ↓╤⅛╠ ⇔⌂™⅜⁸SSP585≢│ 2100 ╕≢

⇔ ↑╢↓≤⅜ ↕╣√⁹ ─Ɽ♃כfi│№╕╡ ╦╠⌂™⅜⁸∕─ │ ⌐ ⅜ ⅝ↄ ╦∫

≡™╢↓≤⅜╦⅛╢⁹ ⌐ ⁸ ⅛╠ ▪☺▪⌐⅛↑≡∕─ ⅜ ≢№╢⁹ 

⌂ 29─ ⌐⅔™≡⁸ ╩╖≡╖╢≤⁸SSP585≢│ ⌐ ⅜№╢⅜™∏╣╙ ⌐ ∆╢

⅜⁸SSP126≢│⁸ 2050 ↓╤⅛╠╒╓ ⌐⌂╢⅜ ─ ◖fi◗ ╛◙fiⱬ☺ ⌂≥

≢│⁸2050 ∆╢⌂≥─ ⅜№╢↓≤⅜ ⅛∫√ - 2. 6 ⁹↕╠⌐ - 2. 7 ⅛╠

│⁸ Ⱪכ꜠☻─ ⁸꜠♫ ⁸○ⱦ ⁸▪ⱶכꜟ │ ⌐ ⅜ ╠╣╢⁹╕√⁸ⱷ◖fi │ 3

5 ⁸●fi☺☻ │ 5 6 ⌐ ≢⁸∟╞℮≥ ─ ≢№╢ ⌐№√╢√╘ ─ ⅝⌂

─№╢ ≢№╢↓≤⅜ ≤ ⅎ╠╣╢⁹ ⁸ ⌐ ↑√ ⅜ ╘╠╣╢⁹ 

↕╣√ ⸗♦ꜟ⌐⁸◘Ⱪ♥כⱴ 4⅛╠ ↕╣√ ┘ SSP126⁸SSP585─ 0.5°

◓ꜞ♇♪↔≤─ tN/ ╩ ≤⇔≡ ™√⁹⌂⅔⁸MIROC6─♦כ♃⅜ 1°◓ꜞ♇♪─√╘

╩▪♇ⱪ☻◔כꜟ∆╢ ⅜№╢⁹ ⱴ☻◒─ ╩ ∆╢√╘⁸MIROC6─ ⌐ ╡ ≡╠

╣√ ⁸ ∆╢ 8◓ꜞ♇♪─℮∟─ ◓ꜞ♇♪⌐ ⌐ ∆╢ ╩ ∆╢↓≤≢ ⇔√⁹╕√⁸

⅜ ⌂╢ ⌐≈™≡│⁸╕∏ ⁸ ⌐ tN/m2/s ⇔⁸ ≢ ∆╢ tN/kg ↓≤≢

⇔√⁹ ≢─ ─ ⁸ ─ ╩ ™╢─│⁸ ∆╢ ╛ ⅜ ⌂╢↓≤⅛╠⁸

─ ≢─ ─ ╩ ⌐⁸0. 02 mg/L ╩ ™√⁹ ─ 1961 2014 ─ ╩ - 2. 8
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⌐ ∆⁹↕╠⌐ ⌐≈™≡│⁸SSP126≤ SSP585≢─ ╩ ∫√ - 2. 9 ⁹↓─ │⁸◘Ⱪ♥כⱴ 1

⌐ ↕╣⁸ ⅜ ╦╣⁸ ⌂ │↓↓≢│ ↄ⅜⁸ ─ │⁸▪ⱨꜞ◌╛ ▪☺▪≤™

∫√ ≢ ╢⌂≥ⱨ○♪כ꜠♩™ ⅜≥↓╢№≢כ☺♫◦⁸│ ⅛∫√⁹↓─ │⁸

≢№╢  ⅜ ↄ─ ≢ SDG6.3.2─ ⌐╙ ∆╢↓≤╩ ⇔≡™╢⁹ 

(a)  

(x10- 3)  

(b)  

(x10- 3)  

- 2. 9 2015 2075 ─ mg/L ⁹(a) SSP126⁸(b) SSP585⁹ 

 

ₒ◘Ⱪ♥כⱴ ₓ ≤SDGs─ ⌐⅔↑╢  ⱨ○♪כ꜠♩≥כ☺♫◦─

─BECCSⱳ♥fi◦ꜗꜟ.  ◦♫ꜞ○ RF ≢│⁸2090 ─ ─ BECCSⱳ♥fi◦ꜗꜟ│⁸PP≤PC─

◦♫ꜞ○≢∕╣∙╣0.82≤1.99 Gt C yr - 1≢№∫√ - 0. 1( a) ⁹ BECCSⱳ♥fi◦ꜗꜟ│PP≤PC─

◦♫ꜞ○ FI ≢∕╣∙╣1.32≤3.42 Gt C yr - 1 RF≤ ⇔≡60 ≤71 ⌐ ⇔√⅜⁸

⌂ ◦♫ꜞ○ SI ≢│BECCSⱳ♥fi◦ꜗꜟ│PP⅔╟┘PC≢∕╣∙╣0.88⅔╟┘2.09Gt C yr - 1 RF

≤ ⇔≡5 ⅔╟┘6 ⌐ ╕∫√⁹↓╣│⁸SI≢ ⇔√ ⌂ ╩ ∆╢ ⁸BECSS

ⱳ♥fi◦ꜗꜟ─ ⅜ ⌐ ↕╣╢↓≤╩ ⇔≡™╢⁹ 
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- 0. 1 ◦♫ꜞ○⌐⅔↑╢2090 2080- 2099 ─ ─( a) ─BECCSⱳ♥fi◦ꜗꜟ⁸( b)Ᵽ▬○◄Ⱡ

כ◑ꜟ ⁸( c) ⌂ ⁹PP≤PC│∕╣∙╣ ╩ ∆╢⅛⁸ ⌐ ∆╢⅛─

◦♫ꜞ○╩ ∆⁹SI, FI, RF │∕╣∙╣ ⌂ ⁸ ⁸ ─ ◦♫ꜞ○╩ ∆⁹NNS

│ ╙ ╙ ⌂ ╩ ∆⁹( c)⌐⅔↑╢ ≈─ │FAO⌐╟╢2010 ─ ─ ה

⁸ ⁸ ╩ ∆⁹Ai et al. (2021 )╟╡ ⁹ 

 

─Ᵽ▬○ .  PP≤PC─ ◦♫ꜞ○≢⁸∕╣∙╣ 188 ha≤444 ha⅜Ᵽ▬○

⌐ ╡ ≡╠╣√ - 0. 1( b) ⁹ ◦♫ꜞ○─ ⌂╢RF⁸SI⁸⅔╟┘FI─ ≢ ↕╣√∕╣

∙╣─ │⁸PP≢0⁸39⁸⅔╟┘188 ha⁸PC≢∕╣∙╣0⁸64⁸⅔╟┘444 ha≢№∫√⁹ SI

─ Ᵽ▬○ ⌐ ∆╢ ─ │ ↕⅛∫√ PP≤PC≢∕╣∙╣21 ≤14 ⁹ ⌐│⁸Ᵽ▬

○ ─ ⌐ ≢⅝╢ │ ⌐꜡◦▪⁸ ▪ⱷꜞ◌⁸ ▪ⱨꜞ◌⁸ ▪☺▪≤ ─ ⌐

⇔≡™√⅜⁸SI ─ │ ⌐꜡◦▪─ ≤ ▪ⱨꜞ◌⌐ ⇔≡™√⁹ 

 

⌂ ─ .  SI≢│⁸ ⌂ │ ≢№∫√ 166₩298 km3 yr - 1 -

0. 1( c) ⁹↓╣│ ─ ─ 2010 ⌐│2769 km3 ─╦∏⅛6₩11 ≢№╢⁹↓╣╠─

│ ⌐ ⌂ ⅛╠ ╠╣√⁹ ─ │ 73₩76 ≢№╡⁸ ⌐ ⌂ 5₩

6 ⅜ ↄ⁹ ─16₩20 ─╖⅜⁸ ⌂ ⅛╠ ↕╣√⁹ ⌐FI≢│⁸ ─

1392₩3929 km3 yr - 1 ⅜ ⌐ ≢№╡⁸↓─ ─ ≤ │⁸ ─ ≤

─ ─ 1232 km3 yr - 1, 2010 ─כ♃◒☿─≡═∆⁸┘╟⅔ 4001 km3yr - 1⁸2010

⌐ ∆╢⁹ ─ ─ ╩ ∆╢≤⁸ ╕√│ ─╒≤╪≥─ ≤ ≢

╕√│ ⌂ ⅜ ≢⅝⌂™√╘⁸ │ ⌐ ⌂ ⅛╠ ↕╣≡™√ 73₩

78 ⁹ ⅛╠ ⇔√ ≤ ⌂ ⅛╠ ⇔√ │∕╣∙╣╦∏⅛16₩19 ≤4%≢№∫√⁹

↓╣│⁸SI⌐╟∫≡ ─ ≤ ⌂ ─ ╩ ⌐ ∆╢↓≤╩ ⇔≡™╢⁹SI⌐⅔

↑╢ ⌂ │ ☻♩꜠☻╩╒≤╪≥ ↕∑⌂™⅜⁸FI≢│ ▪ⱷꜞ◌ ⁸▪ⱨꜞ◌ ⁸

▪ⱨꜞ◌ ⌐⅔™≡ ⌂ ─ ☻♩꜠☻⅜╙√╠↕╣√⁹ 

 

─ ⌐⅔↑╢ ─ . ─ ⌐⅔™≡ │ ⌂ ╩ ∫≡™╢⁹ ⌐

╟╣┌⁸ ─ ─ 40 ⅜ ⌐╟╢╙─≢№╢⁹ ≢│⁸ ↕╣√H08⸗♦ꜟ╩ ™

≡⁸♩►⸗꜡◖◦⁸ ⁸ ⁸ ─ ⌐⅔↑╢ ─ ╩ ⇔√⁹∕─ ⁸ ⅛╠

─ │⁸♩►⸗꜡◖◦⁸ ⁸ ⁸ ≢∕╣∙╣ 27 ⁸30 ⁸61 ⁸16 ≢№╢↓≤⅜╦

⅛∫√ - 0. 2 ⁹↓╣╠─ │⁸ ─ ∕╣∙╣26 ⁸37 ⁸77 ⁸8 ⌐ ™╙─

≢№∫√⁹≢№∫√⁹↓─2≈─ ─ ─ │⁸ ⌐⁸ ⅜ ─ ≤ ⌐≈

™≡⁸ ╩♃כ♦∂ ⇔≡™╢↓≤⌐№╢≤ ⅎ╠╣√⁹ 
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- 0. 2 ─♩►⸗꜡◖◦⁸◖ⱶ◑⁸◖ⱷ⁸♄▬☼ ⌐⅔↑╢ ─ ( %)⁹Ai and Hanasaki 

(2023)╟╡ ⁹ 

 

ₒ◘Ⱪ♥כⱴ ₓ ≤SDGs─ ⌐⅔↑╢  ⱨ○♪כ꜠♩≥כ☺♫◦─

◖ⱷ ⅜ ╦╣≡™╢▪☺▪ ─6⅛ ⌐≈™≡ ╩♃כ♦ ה ⇔√ ⁸ │

─ ⅛╠ ≢№╡⁸ ⅜ ≢⅝⌂™ ⅝↕≢№╢↓≤╩ ⇔√⁹ ⇔√ ♃כ♦

╩ ™≡⁸◖ⱷ ─ ₁ ╩ ⅛╠ ∆╢ Ⱡ♇♩ ⸗♦ꜟ╩ ה ⇔√⁹

⸗♦ꜟ─ ⌐≈™≡ ╩ ⇔√ ⁸ ה ⌐⅛⅛╦╠∏⁸ ╛

⌐ ↕╣╢ ⅜ ⌐ ⅝⌂ ╩ ⅎ╢↓≤⁸ ─ ≢│

─ ╟╡╙ ─ ⅜ ⌐ ⅝ↄ ⇔≡™╢↓≤╩ ╠⅛⌐⇔√⁹ ─

₁ ⌐≈™≡╙ ─ ≤ ⌐⸗♦ꜟ╩ ⇔√℮ⅎ≢⁸ ≤ ─ ⸗♦ꜟ⌐

◦♫ꜞ○ CMIP5 ╩ ⇔⁸ ≤ ─ ⅜ ∏⇔╙ ⇔⌂™↓≤⅜⁸▪☺▪─◖ⱷ ⌐

∆╢ ╩ ∆╢≤─ ⇔╩ ⇔√⁹↕╠⌐⁸ ≤ ⁸◘Ⱪ♥כⱴ ⅛╠

╩ ↑√ ─ ╩ ╖ ╦∑≡ ⇔⁸ 35 1982 2016 ─ ⌐╟╢

│ ≢56.2 ♪ꜟ≤ ⇔√⁹ 

⸗♦ꜟ ⌂≥⅛╠SDG2─ ≢№╢ ─ ╩ ∆╢ ╩ ⇔√⁹∕─℮ⅎ≢⁸

CMIP6 ≤ SSP ─ ◦♫ꜞ○╩ ⇔√ ⸗♦ꜟ─◦Ⱶꜙ꜠כ◦ꜛfi╩

™⁸≤╡╦↑ ≤ ─ ⅜ ─ ─ ─ ⌐ ∆╢↓≤╩ ╠⅛⌐⇔

√ - . ⁹∕↓≢⁸◘Ⱪ♥כⱴ ≢ ╠╣√BECCS≤ ─ ≤─ ⌐ ∆╢ ╩ ⇔≡⁸BECCS

╩ ⌐ ⇔√ ⁸▪ⱨꜞ◌╛▪☺▪≢│ ─ ╩ ↑√ ⌐ ═≡ ⅜20 21 ⇔⁸

─ ≢│ ≤ ─ ─ ─ ⅜ ⌐⌂╢ ╣⅜№╢

↓≤╩ ╠⅛⌐⇔√⁹ 

⁸ ⁸ ⁸ ─ ╩♃כ♦♪♇ꜞ◓ ⌐╟╡ ⇔⁸ ⌐╟╡⁸6 ♩

►⸗꜡◖◦⁸◖ⱷ⁸◖ⱶ◑⁸♄▬☼⁸Ⱶ꜠♇♩⁸♁ꜟ●ⱶ ╩ ∆╢ ─ ≢ ╩127.8

♩fi ≢⅝╢≤ ↕╣√ - . B ⁹↓─ ─ ─ │ ─ ─ ╩0.03ϴ

≢⅝╢ ⌐ ∆╢⁹↓─ ─ ─ ╩ ∆╢⌐│50 75 ╩ ∆╢≤ ⅎ╠╣╢╙─

─⁸ ↕∑√ ╩ ⌂ ─ ⌐╟∫≡ ≢⅝╣┌⁸ ─ ╩ 3,825 ♩

fi ⁸ ─ ╩ 582 ♩fi ≢⅝╢≤ ↕╣√ - . D ⁹ ┼─

⌐╟╢ ⁸│♃כ♦ ─כ☺♫◦─┼ ╩ ⇔⁸◘Ⱪ♥כⱴ ⌐ ⇔√⁹ 
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 ◘Ⱪ♥כⱴ4─ ⅜ ∆╢ 4 ⅜IPCC 2 6 ⌐ ↕╣⁸ ─

⌂ ╩ ⅎ╢ ╩ ⇔√⁹╕√⁸3 ─ⱪ꜠☻ꜞꜞכ☻╩ ™⁸ ┼─ ─ ⌐

╘√⁹ 

- .  ─ ≤ ↕╣√ ─ ⁸ ─ ⅜╙√╠∆ ≤

≢⅝╢  

A│ ─ 30cm⌐ ╕╣╢ ─ ⁹B│ ⌐╟╡ ↕╣╢ ─

6 ⁹C│ ↕╣√ ⌐ ∆╢ ─ ™╩ ⇔√℮ⅎ≢6

╩ ⁹D│ ⇔√ ─ ⌐ ∆╢ ─ ─ ™╩ ⇔√℮ⅎ

≢6 ╩ ⁹ ─ │ ↕╣≡™⌂™ ⁹ 

 

 

- .  ⅜ ─ ⌐ ╓∆  

A│⁸ ⅜ ╗◦♫ꜞ○ SSP126≤ ⅜ ∆╢◦♫ꜞ○ SSP585∕╣∙╣≢─ ┌

≤ ─ ─ ⇔╩ ∆ ⁹B│⁸ ─ ↔≤⌐ ⇔√SSP585◦♫

ꜞ○≢─ ─ ⇔≤SSP126◦♫ꜞ○≢─ ⇔─ ≢№╡⁸ ─ ╩ ∆⁹

│⁸╕∏⁸3≈─ ◦♫ꜞ○ SSP1⁸SSP3⁸SSP5 ≤ ─ ─ ╖ ╦∑⅛╠⌂╢6≈─

⇔╩GCM↔≤⌐ ⇔√⁹ └→ │5≈─GCM─ ─ ─┌╠≈⅝╩ ∆⁹ ─ ─ ⁸

× ⁸25 75Ɽכ☿fi♃▬ꜟ ⁸ └→ ╩ ∆⁹↓↓≢ ⇔√SSP≤RCP─ ╖
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╦∑─ ⌐│⁸SSP1- RCP8.5╛SSP3- RCP2.6≤™∫√ ≢⌂™╙─╙ ╕╣╢⅜⁸ ∂ ≢

─ ⌐ ╩ ≡╢√╘⁸↓℮⇔√ ╖ ╦∑╙ ™√⁹ 

 

┼─  

⅜ ⌐ ⇔√  

⅜ 2 12 ⌐ ⇔√ ─℮∟₈

₉⌐◘Ⱪ♥כⱴ4⅜ ⇔√ ─ ─ ╩ ⇔√⁹ 

 

⅜ ∆╢↓≤⅜ ╕╣╢  

CMIP6╩ ™√ ─ ◘Ⱪ♥כⱴ1 ≤⁸ ─ (◘Ⱪ♥כⱴ4)⌐≈™≡─

⌐≈™≡⁸IPCC 6 AR6 WGII ≢ ↕╣√⁹ 

≢─ ה ⸗♦ꜟ⌐╟∫≡ ⅛╣√ ─ (◘Ⱪ♥כⱴ2)│⁸ ╩ ™√

╛ ⌂≥┼─ ⅜ ⅝ↄ⁸ ─ ⌂ ╛ ⁸ ─ ≢│⁸ ─ ┼─

⅜ ↕╣╢⁹╕√⁸ ┼─ ≤ ─ ⌐╟╢ ≤─ │⁸ ┼─ ⅜

↕╣╢⁹ 

⅛≈ ⌂ ≤ ─SDG ⌐ⱨ○♪כ꜠♩הכ☺♫◦─≥ ∆╢ │⁸ ─

╛ ─ ⌂ ⌐⅔↑╢ ≤⇔≡ ↕╣╢↓≤⅜ ↕╣╢⁹ 

 

─  

 

 ─  

─ │⁸ ⌐ ⇔⁸ ≤SDGs

╩ ⌐ ∆╢ ⌐ ♪כ꜠♩≥כ☺♫◦╢℮∂

○ⱨ╩ ╠⅛⌐⇔⁸ ↕╣╢ ╛ ─╙

≤≢ ⌐ ∆╢6≈─SDGs─ ╩ ⌐

∆╢↓≤≢№╢⁹ ◘Ⱪ♥כⱴ≢│⁸ ⌐

∆╢SDGs─ ⌐ ⌂◦Ⱶꜙ꜠כ◦ꜛfi╩

─ ≢ ⇔⁸∕─ ╩ ↔≤╕√

│ ↔≤⌐ ∆╢↓≤≢⁸ ≤SDGs≤─

╩ⱨ○♪כ꜠♩≥כ☺♫◦ ↔≤⌐ ∆╢⁹╕

√⁸ ≤⇔≡ ╩ ⇔√ ◦♫ꜞ○

↔≤⁸ ─ ↔≤⌐ ≤SDGs─

─ ╩ ⌐ ∆╢⁹ ⌐│◘Ⱪ♥

ⱴכ ⌐⅔™≡⁸ ╛SDGs⌐ →╠╣√

⅜⁸ ─ ⅛╠ ⌂─⅛⁸≥─ ⌐

┼─ ⅜ ↄ⁸◦♫☺כ꜠♩╛כ♪○ⱨ⅜

∆╢⅛⁸∕⇔≡ ⅜ ⇔™ ╛ ⅜

╙▫♦♃☻☻כ◔╩⅛─╢№⌐↓≤ ╘≡ ⇔⁸

ⅎ╠╣╢ ○ⱪ◦ꜛfi╩ ∆╢⁹ 

↔≤─ ⌐ ∆╢SDGs─ ╩ ⅛

≈ ⌐ ∆╢↓≤≢⁸ ≥⅔╡─ ╩№

→√⁹ 

0.5 50km ╩ꜟ♦⸗ꜟⱣכ꜡◓─≥↔ ™

≡⁸ ⁸ ⁸ ⁸ ⌐ ∆╢6≈─ ⌐

∆╢SDG◘Ⱪ ╩ ⌐ ∆╢ ╩

⇔⁸ ┘ ─ ╩ ╘√ ─SDG

┼─ ─ כ☺♫◦ ≤ ─ כ꜠♩

♪○ⱨ ╩ ↔≤⅔╟┘ ↔≤⌐ ⌐ ⇔

√⁹╕√⁸∕╣╠─ ╩ ⌐ ∆╢↓≤

⅜כ☺♫◦⁸≢ ⅝™ ⅜ⱨ○♪כ꜠♩≥ ↕╣

╢ ╩ ⌐ ⇔√⁹ 

⌐ ∆╢ ○ⱪ◦ꜛfi≤⇔≡│⁸

⌐ ℮ ┼─ ─ ⁸ ┼─

⌐╟╢ ⱳ♥fi◦ꜗꜟ≤

⅔╟┘ ─ ⁸Ᵽ▬○ ─ ⱳ

♥fi◦ꜗꜟ≤∕╣⌐ ℮ ┼─ ⁸

⌐╟╢ ─ ⱳ♥fi◦ꜗꜟ⁸

≈⅛ꜟⱣכ꜡◓╣∙╣⧵⁸≡™≈⌐ ⌂ ╩

⇔√⁹ 
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◘Ⱪ♥כⱴ  ─  

◘Ⱪ♥כⱴ≢│ ─2≈╩ ≤∆╢⁹ 

⸗♦ꜟCaMa- Flood╩ ™≡ ─

╩ ™⁸◘Ⱪ♥כⱴ ⅔╟┘◘Ⱪ♥כ

ⱴ ⌐ ╩ ∆╢⁹╕√⁸ ⌐≈™≡⁸

(SDG1)╛ (SDG11.5)⌐≈™≡─◦♫☺כ≤♩꜠

╩ⱨ○♪כ ⇔⁸ ↔≤─SDGs─ ╩

∆╢⁹ 

⌐ ∆╢6≈─SDGs─ ╩ ⌐

⇔⁸ ╩≤╡╕≤╘⁸ ⅎ╠╣╢ ○ⱪ

◦ꜛfi╩ ∆╢⁹ 

─2≈─ ─™∏╣⌐≈™≡╙ ╡─

╩ →√⁹ 

CMIP6 ╩ ≤⇔≡ ⸗♦ꜟCaMa-

Flood⌐╟╢2100 ╕≢─ ◦Ⱶꜙ꜠כ◦

ꜛfi╩ ⇔⁸ SDG1≤ SDG11.5 ⌐

─SDGs ─1≈≢№╢⁸ ─

⌐ ╗ ─ ╩ ⇔⁸

⌐⅔↑╢ ─ ⌐ ⇔≤⁸

─ ⅛╠ ⌂ ꜠ⱬꜟ∞↑≢│ ─

⅜ ⅝ↄ⌂╢↓≤╩ ⇔√⁹ 

◘Ⱪ♥כⱴ⅛╠ ╩ ↑√SDG ─

╩ ⇔⁸ ↔≤⅔╟┘ ↔≤─ ה

─ⱨ○♪כ꜠♩≥כ☺♫◦─≥ ⌂ ╩

∫√⁹ ─ ⌂╠┘⌐ ─ ╩ ⌐◦

╩ꜟⱨ─꜠ⱬ○♪כ꜠♩╛כ☺♫ ⇔⁸ ↔≤

─ ╩ ⇔√ │─╢№⅜כ☺♫◦⁸ ▪

☺▪⁸▪ⱨꜞ◌⁸ ⁸ ≢№╡⁸ ⌐▪ⱨꜞ◌

≤▬fi♪◦♫ ≢│⁸ ⅜ ⌐ ∆╢SDG

⌐ ⅜כ☺♫◦≡⇔ ⅝™↓≤⅜ ⇔√⁹ 

⅔╟┘ ╩כ☺♫◦⁸⌐≥↔ ⅝ↄ⇔♩꜠כ

♪○ⱨ╩ ∆╢√╘─ ○ⱪ◦ꜛfi⌐ ∆╢

⌂ ╩ ╡╕≤╘√⁹ ─ ⌐

⌂ ─ ⌐ ⅝ↄ ⇔√⁹ 

 

 

◘Ⱪ♥כⱴ  ─  

◘Ⱪ♥כⱴ≢│⁸ ─4≈╩ ≤∆╢⁹ 

1)  ⸗♦ꜟHEAT- LINK╩ ≤ ⇔√

⸗♦ꜟ╩ ⇔⁸ ⌐ ℮ ╩

∆╢⁹ 

2)  ⅔╟┘ ⸗♦ꜟTNCM⅛╠

⌐ ∆╢SDG2─ ─ ╩ ℮⁹ 

3)  ◘Ⱪ♥כⱴ ≤ ⇔⁸ ≤ ─ ⅛╠

─ ╩ ™⁸ ⌂ (SDG6)─

╩ ℮⁹ 

4)  ╛ ⌐ ∆╢ ≤SDG─◦♫☺כ≤

─ⱨ○♪כ꜠♩ ╩ ╩כ☺♫◦⁸™ ↄ⇔♩꜠

╩ⱨ○♪כ ⌂ ╡ ↕ↄ∆╢╟℮⌂ ─

╩ ℮⁹ 

≥⅔╡─ ╩№→√⁹ 

1) ⸗♦ꜟ╩ ⇔ Tokuda et al., 

2021 ⁸ ┘ ≢─ ╩

⇔⁸ ⌐ ℮ ─ ╩ ⇔√⁹ 

2) ◘Ⱪ♥כⱴ ≤ ⇔⁸ ┼─ ╩

∆╢ ⌐╟╢ ⅜ ⅜כ☺♫◦╢╘

ↄ─ ≢ ╠╣√↓≤⅛╠⁸SDG2─

⅜ ↕╣√⁹ 

3) ◘Ⱪ♥כⱴ ≤ ⇔⁸ ─ ─ ╩

∫√⁹ ─ ⅜ ╠╣⁸╕√ ─

╙ ↕╣√⁹ ⅝ ⅝ ─ ™ ⌐

⅔™≡│⁸ ⅜ ╘╠╣╢↓≤⅜ ↕╣√⁹ 

4) ─ ≈≢№╢ ┼─ ⌐╟∫≡

⅜ ↕╣⁸ ─ ⅜ ╕╣╢◦♫

⅜כ☺ ↕╣√⁹ 
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◘Ⱪ♥כⱴ  ─  

◘Ⱪ♥כⱴ≢│ ─ ≈╩ ≤∆╢⁹ 

⸗♦ꜟH08╩ ™╢↓≤⌐╟╡⁸

◦♫ꜞ○≤SDGs ─℮∟⁸ ≤Ᵽ▬○

⌐ כ◑ꜟfi⌂◄Ⱡכꜞ◒√⇔ SDG7⁸

⅔╟┘ ⌂ ┼─▪◒☿☻⌐≈™≡ SDG6─

╩ⱨ○♪כ꜠♩╛כ☺♫◦─≢ ⌐ ∆

╢⁹ 

2 1.5 ─ ⌐№√╡⁸ ─

─ ⌂ ╛⁸Ᵽ▬○ ─ ⅜

⌐⌂∫≡™╢ ⅜ ↕╣╢⁹ ⌐ ⇔≡│⁸

⌂ ─ ⅜ ≤⌂∫≡™⌂™⅛

≤™℮ ⅛╠ ╩ ℮⁹ ⌐≈™≡│⁸Ᵽ▬○

⌐╟╡ ─ ╛ ─ ⌐≈

⌂⅜╢↓≤⅜⌂™⅛≤™℮ ⌂≥⅛╠ ⌂ ╩

℮⁹ 

SDGs⅜ ⌐ ≢⅝√≤⇔≡╙ ─

│ ⌐│ ╠∑⌂™⁹ ─ ╛ ⌐ ╛

─ ╩╙√╠∆ ⌐ ⌐ ⇔⁸

⌐ ∆╢ ╛ ╩ ∆╢⁹ 

─3≈─ ─™∏╣⌐≈™≡╙ ╡─

╩ →√⁹ 

╕∏⁸ הכ◑ꜟfi⌂◄Ⱡכꜞ◒ה ⌂

┼─▪◒☿☻⌐ ─ⱨ○♪כ꜠♩≥כ☺♫◦╢∆

⌐№╢◄Ⱡꜟ◑כ ה ─ ╩

⌐ ℮√╘─H08─ ╩ ™⁸ ─Ⱶ☻

◌fi◘☻⁸☻▬♇♅◓ꜝ☻⁸♩►⸗꜡◖◦⁸◖ⱶ

◑⁸◖ⱷ⁸♄▬☼ ⌐⅔↑╢ ─ ╩

⌐ ∆╢↓≤⌐ ⇔√⁹↓╣⌐╟╡⁸

≤ ◄Ⱡꜟ◑הכ ♩הכ☺♫◦─

─≡™≈⌐ⱨ○♪כ꜠ ╩ ╠⅛⌐⇔√⁹ 

 

⌐≈™≡│⁸ ⌂

╩ ⇔⁸ ⌐ ∆╢ ⅜

⌐╟∫≡ ↕╣╢≤™℮ ─ ≢─

Zhou, Hanasaki et al. 201 8 ╩ ⇔√⁹Ᵽ▬

○ ─ ⌐≈™≡│⁸ ⸗♦ꜟH08╩

─╟℮⌐ ∆╢↓≤≢⁸Ᵽ▬○ ⅜

⌐ ⅎ╢╟℮⌐⇔√⁹ ⌐⁸ ↕╣√H08╩

∆╢↓≤≢⁸ ─ ⅝Ᵽ▬○

BECCSⱳ♥fi◦ꜗꜟ⌐ ∆╢ ─

╩ ╠⅛⌐⇔⁸ ⌂ ─ ≢│ ⅝⌂

Ᵽ▬○ ⅜ ╘⌂™↓≤╩ ╠⅛⌐⇔√⁹ 

 

─ ≢ ⌂ ≈─ ⌐ ⇔≡

╩ ⇔≈≈⁸ ─ ╩ ™ ─

╩ ⇔√⁹↕╠⌐⁸◄Ⱡꜟ◑כ ⅛╠ ≡

─ ⇔™ ⌐╙ ╩ ≡≡⁸

─ⱪꜝfi♩─ ╩ ∆╢⸗♦ꜟ─ ╩ ∫

√⁹↓╣╕≢─ ╩ ╕ⅎ╢≤⁸ ╙↕╠⌐

ⱪꜝfi♩│ ⌐ ∆╢↓≤╩ ╠⅛

⌐⇔√⁹ 

 

 

◘Ⱪ♥כⱴ  ─  

◘Ⱪ♥כⱴ≢│ ─3≈╩ ≤∆╢⁹ 

⅔╟┘ ─ ╛

⌐╟╡ ה ⅜ ∆╢ ♃כ♦╩

⌐╟╡ ╠⅛⌐⇔⁸ ⸗♦ꜟ╩ ∆╢⁹ 

⸗♦ꜟ Sultan et al. 2019 ⌐╟╢

─ ◦Ⱶꜙ꜠כ◦ꜛfi≤ ─ ⸗♦

ꜟ⌐╟╢ ⁸ ◦♫ꜞ○ ◘Ⱪ♥כⱴ

3 ⁸ ◦♫ꜞ○ ◘Ⱪ♥כⱴ1 ╩ ╖

╦∑≡ ⇔⁸ ─ ╩ ℮⁹ 

∕╣⌐╟╡⁸ ╩ ∆╢℮ⅎ≢

(SDG2)⌐♩꜠כ♪○ⱨ⅜ ∂╢ ╩ ⇔⁸

◘Ⱪ♥כⱴ1 ⌐ ∆╢ ╩ ∆╢⁹ 

─3≈─ ─™∏╣⌐≈™≡╙ ╡─

╩ →√⁹ 

╩♃כ♦ ⇔⁸ ─ ⅔╟

┘ ─ ⌂ ≤ ╩ ⁸

─ ⅛╠─ ╩ ≤∆╢ ⸗

♦ꜟ╩◖ⱷ⌐≈™≡ ⇔√⁹↕╠⌐⁸ ≤

─ ⅜ ∏⇔╙ ⇔⌂™↓≤⅜⁸ ─

≢▪☺▪─◖ⱷ ─ ⌐ ∆╢≤─

⇔╩ ⇔√⁹ 

≤ ╩ ⇔√ ⸗

♦ꜟ─◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡⁸SDG2─ ≢№╢

─ ─ ╩ ∫√⁹

─ ⌐≈™≡│ ─ ⅜

≢№╢↓≤╩ ╠⅛⌐⇔√⁹ 
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╩ ™≡⁸ ⁸ ה ⁸

╩♃כ♦─ ⇔⁸ ⌐╟╡ ─

╩ ↕∑√ ⌐ ≢⅝╢

כ☺♫◦─⧵⁸≥ ⁸ ─

╩ ⌐ ⇔√⁹ 

─  

⅝  

 

 

⌂ ⅝  
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∆╢╙─│⌂™ 

 

∕─  

 

⅝ ⌐ ∏╢   

∕─ ⌂⇔   

  

₈ ≤─ ה ₉─   

ⱴ☻◖Ⱶ ┼─ ה   

─ ⌐╟╢   

∕─ ─   

 

─  

 

ₒ◘Ⱪ♥כⱴ ₓ 

 │ ⱪ꜡☺▼◒♩Inter Sectoral Impacts Model Intercomparison Project (ISIMIP) ─

Scientific Advisory Board ≤⇔≡ ─ ⌐ ∆╢ⱪ꜡☺▼◒♩ ⌐ ⇔≡™╢⁹╕

√⁸ (IAHS)⌐╟╢10 ─ⱴ▬ꜟ☻♩כfi≤⌂╢ ─⁸ ≤ ─

⌐≈™≡ ╩ ⇔≡⅔╡⁸ ⌐ ∆╢ ╛ ה ⌂ ≤─ ⌐≈

™≡ ╡╕≤╘╩ ∫≡™╢⁹ 

 

ₒ◘Ⱪ♥כⱴ ₓ 

 ⱪ꜡◓ꜝⱶ SATREPS─ ≈≢№╢₈♃▬ ⌐⅔↑╢ ⌂

─ ⌐ ∆╢ ₉ PI ⁸FY2015 2022 │⁸◌►fi♃כⱤכ♩╩♃

▬ ♩כ◘☿◌ ─Thanya Kiatiwat ≤⇔≡ ↕╣≡™╢⅜⁸ ⁸ ⁸

⁸ ⁸ ⁸ ╩⁸SDG6⁸11⁸13≡™⅔⌐כ♃◒☿─≈6─ ⌐ ○♪כ꜠♩╛

ⱨ⁸◦♫☺כ⌂≥─ ╩⁸♃▬ ─ ╛ ≤ ≢⁸♃▬ ─ NAP; 

Natio nal Adaptation Plan ┘⌐∕─●▬♪ꜝ▬fi┼ ∟ ╪∞⁹↕╠⌐♃▬⌐⅔↑╢ ─

≤ ⌐ ∆╢꜠ⱦꜙכ Kiguchi, Takata, et al., 2021(IF:6.096) ≢∕╣╠─ ╩

⇔⁸ ⌐ ╡⅜∟⌂∕╣╠─ ╩ ♃▬≢ ⅎ™│≥↑∞כ♃◒☿ ╡ ╘√─

│⁸ ⌐ ⌂ ╩ ≈⁹ 

 ↕╠⌐⁸╕∞ ╕∫√┌⅛╡∞⅜⁸ ⱪ꜡◓ꜝⱶSICORP─ ≤⇔≡e- ASIA

ⱪ꜡◓ꜝⱶ─ ≈≢№╢₈♄ⱶ ─ ⌐╟╢ ₉ PI ⁸FY2021

2023 │⁸◌►fi♃כⱤה▬♃╩♩כ ─Somchit Amnatsan ☻○ꜝה☻○ꜝ≥

Keoduangchai Keokhamphui ≤⇔≡ ⇔≡⅔╡⁸ ה ─♃כ♦ ╩♃כ♦ ⇔√

AI╛♦▫כⱪꜝכ♬fi◓╩ ⇔≈≈⁸♄ⱶ┼─ ╩ ⇔ ╖ ╪∞♄ⱶ ⸗♦ꜟ─

╩ ⁸♃▬⁸ꜝ○☻─ ≢ ∆╢↓≤╩ ≤⇔≡™╢⁹ ⌐SDG6─ ⇔≥♩♇◕כ♃╩

≡™╢⅜⁸ ⇔√ ╛ ה ⁸ ⌐כ☺♫◦≥ⱨ○♪כ꜠♩─≥≤⌂ ∆╢

╩ ⇔⁸♄ⱶ⌐ ∆╢ ≥כ♄ꜟⱱ◒כ♥☻⌂ ≢ꜟⱩכ♥─≈ ⇔≡ ╩ꜟכꜟ

∆╢↓≤╩ ⇔≡⅔╡⁸ ≤SDG─ ⌐כ☺♫◦≥ⱨ○♪כ꜠♩╢╟⌐ ⇔≡

⌐ꜟכ◔☻ ≤⇔ ╪≢ ╡ ╗⁹↓─╟℮⌂ ╩ ™∞ │ ⌐ ≡╙╒≤╪≥ ⅜⌂ↄ⁸

⌂╙─≢№╢⁹ 

 

ₒ◘Ⱪ♥כⱴ ₓ 

 ⸗♦ꜟH08│ ⱪ꜡☺▼◒♩Inter Sectoral Impacts Model Intercomparison Proje ct 

(ISIMIP) ⌐ ⇔≡™╢⁹ISIMIP│ ─ ⸗♦ꜟ╩ ─ ≢ ╠∑⁸ ─

─ ╩ ℮ ⱪ꜡☺▼◒♩≢№╢⁹ ─ ⌐⅔™≡ ≢ ╙ ⌂

─ ≈≢№╡⁸♪▬♠─ⱳ♠♄ⱶ ⅜ ⇔≡™╢⁹ISIMIP─H08─ │♪▬
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♠ ☿fi♃כ(DKRZ)⅛╠ ↕╣≡⅔╡⁸ ─ ─ ≤⌂∫≡™╢⁹ 

 

ₒ◘Ⱪ♥כⱴ ₓ 

 ⱪ꜡☺▼◒♩≢№╢ISIMIP─Phase3◦Ⱶꜙ꜠כ◦ꜛfi─ כ♃◒☿ ⌐◘Ⱪ♥כⱴ ─

⸗♦ꜟCYGMA⅜ ⇔≡™╢⁹◌►fi♃כⱤה♠▬♪│♩כPIK─Christoph Müller⁹Phase3◦Ⱶ

fiꜛ◦כ꜠ꜙ ╩ ™≡ ┼─ ╩ ⇔√ ⅜ ⁸ ≢№╢⁹⌂⅔⁸ISIMIP─

כ♃◒☿ │ ─ ⱪ꜡☺▼◒♩≢№╢AgMIP≤ ≢ ╦╣≡™╢⁹◌►fi♃כⱤכ♩│NASA

─Jonas Jägermeyr⁹AgMIP≢│Ruane et al. (2021) ⅜◘Ⱪ♥כⱴ ╩ ╗ ─ ≤

⇔≡ ↕╣≡™╢⁹ 

 ISIMIP (The Inter - Sectoral Impact Model Intercomparison Project): ⸗♦ꜟ

ⱪ꜡☺▼◒♩ 

 PIK (Potsdam Institute for Climate Impact Research): ⱳ♠♄ⱶ  

 AgMIP Agricultural Model Intercomparison and Improvement Project : ⸗♦ꜟ─ ≤

ⱪ꜡☺▼◒♩⁹ 

 

 

 

 

  

⁸ ⁸ ⁸ ⁸   

 

  

1) Rimba Andi Besse  

  ●☺ꜗⱴ♄ ⁸ ⁸ ⁸SIT ⱪ꜡☺▼◒♩  

2)     

⁸ ⁸ ⁸ ⁸  

⁸  

3)   

  ⁸ ⁸ ⁸ ⁸

☿fi♃כ  

4) Ai  Zhipin  

  ⁸ ⁸ ⁸ ☿fi

כ♃ ╩ ≡⁸ ⁸  

5)   

  ⁸ ⁸ ⁸ ה

   

6)   

ה   ⁸ ⁸ ⁸ ה

   

7)  ₁  

  ⁸ ⁸ ה  

 2020 9 2021 9 ⁸ ⁸ ה

   

8)   

  ⁸ ⁸ ⁸ ה
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и ─  

и  ≤SDGs─ ⌐⅔↑╢ ┘╟⅔ⱨ○♪כ꜠♩≥כ☺♫◦─  

 

 

               

SIT                     Rimba Andi Besse 

  

 

◘Ⱪ♥כⱴ1─ │⁸ ⌐ ∆╢SDG1.5/1 1.5┼─ ╩ⱨ○♪כ꜠♩הכ☺♫◦─ ∆╢↓

≤≤⁸ ◘Ⱪ♥כⱴ─ ⌐ ≠ↄ ≤ ⌐ ∆╢SDG ─ ⌐≈™≡─ ⌂ ╩ ∆

╢↓≤≢№╢⁹ ─ ◦♫ꜞ○⌐╟╢ ꜠ⱬꜟ─ ╩ ⇔√ ─ ⁸

ה ─SDG1.5/11.5 ─≡™≈⌐ⱨ○♪כ꜠♩הכ☺♫◦─┼ ─ ⁸─3≈╩ ∆╢↓≤≢⁸

│™∏╣╙ ╡─ ╩ →√⁹ │⁸ᵑ ⌐ ∆╢ ─ ≤ ─ ⇔⁸ᵒ

⌐ ∆╢ ⅔╟┘ ≥כ☺♫◦─ ─ ⁸ᵓ ⌐ ∆╢SDG ─ ⁸⌐╕≤╘

√⁹ 

ᵑ≢│⁸CMIP6 ╩ ≤⇔≡ ⸗♦ꜟCaMa- Flood⌐╟╢2100 ╕≢─ ◦Ⱶꜙ

╩fiꜛ◦כ꜠ ⇔⁸ SDG1≤ SDG11.5 ⌐ ─SDGs ─1≈≢№╢⁸

─ ⌐ ╗ ─ ╩ ⇔√⁹ ╩2015 ⌐ ⇔√ ≢│⁸ ─

─╖⌐╟╢ ─ │⁸ ≤ ═≡3 ∆╢≤1.4 ─2.2- 3.2%⌐

≤╡⁸ ⌐▪ⱨꜞ◌ 1.7 ⁸▪☺▪ 1.5 ≢│ ⅜ ⅝™↓≤⅜ ⇔√⁹╕√⁸

⸗♦ꜟ╩ ™≡ ⌐╟╢ ─ ⌐ ∆╢ ꜠ⱬꜟ╩ ⇔⁸ ╩ ⇔√⁹╕√⁸

─ ╩◘Ⱪ♥כⱴ ⌐ ⇔√⁹ 

ᵒ≢│⁸ ─ ≤⇔≡ ⌂╢ ●☻◦♫ꜞ○ ─ ─ ⁸ ─ ≤⇔

≡⁸ ─ ⌂ ─ ⌐╟╢ ─ ╩ ⇔√⁹∕─ ⁸ ─ ⅛╠

┼─ ⌂≥─ ⅜ ╕⌂™ ⅜№╢↓≤⁸ ⅛╠─ ⌂≥⅜⁸ ≢№╢↓≤╩ ⇔

√⁹ 

ᵓ≢│⁸ ◘Ⱪ♥כⱴ⅛╠ ╩ ↑√ ⌐ ∆╢SDG ─ ╩ ⇔⁸ ↔≤⅔╟┘

↔≤─ ה ─ⱨ○♪כ꜠♩≥כ☺♫◦─≥ ⌂ ╩ ∫√⁹ ─ ⌂╠┘⌐

─ ╩ ╩ꜟⱨ─꜠ⱬ○♪כ꜠♩╛כ☺♫◦⌐ ⇔⁸ ↔≤─ ╩ ⇔√ ≈1⅜כ☺♫◦⁸

↕╣√─│ ▪☺▪⁸▪ⱨꜞ◌⁸ ⁸ ≢№╡⁸ ⌐▪ⱨꜞ◌≤▬fi♪◦♫ ≢│⁸

⅜ ⌐ ∆╢SDG ⌐ ⅜כ☺♫◦≡⇔ ⅝™↓≤⅜ ⇔√⁹↕╠⌐⁸ ─ ה ∕

⅜ⱨ○♪כ꜠♩│√╕כ☺♫◦⁸≡™≈⌐╣∙╣ ─ ╩0.5 ◓ꜞ♇♪↔≤⌐ ⇔⁸

╩ ⇔√⁹ │⁸ ⌐ ∆╢SDG ─כ☺♫◦─ ╩ ↑╢ │0. 12- 1. 2 ─

0. 17- 1. 7 ≢№╢─⌐ ⌐ⱨ○♪כ꜠♩⁸≡⇔ ∆╢ │280 - 0.2 6─כ☺♫◦⁸╡№≢ ─

1 ≢№∫√⁹ ⅜SDG ⌐ ⅎ╢ │⁸ ≤╒╓ ≢№╢⅜⁸ ⅔╟┘ ⌐╟∫≡⁸

∕─┌╠≈⅝│ ⅝™ ⌐№∫√⁹ ⅜ ⌐ ∆╢SDG ⌐ -0.17│─╢⌂≥כ☺♫◦≡⇔ 3.9

─0.2 - 5.3 ≢№∫√⁹ ⱨ│⁸○♪כ꜠♩╢╟⌐ ⌐⅔™≡0.5

─0.7% ≢№╢⁹ ╟╡⁸ ⅔╟┘ │ ⌐ ∆╢SDG ⌐ ꜠♩⅜כ☺♫◦⌡╗⅔⅔│≡⇔

⌐ⱨ○♪כ ═≡ ⅝ↄ⁸ ⌐ ⅜ⱨ○♪כ꜠♩⁸√╕⁸≥↓╢№≢⅝═╢╘ ↕╣╢ ≢│⁸∕─

╩ ∆╢√╘─ ⅜ ≢№╢↓≤⅜ ↕╣√⁹ 

 ◘Ⱪ♥כⱴ1⅛╠│ 4 ⅜IPCC 2 6 ⌐ ↕╣√⁹∕─ ⌐⁸ ─ ≢

№╢S- 14 ⱪ꜡☺▼◒♩⅛╠─ ╙⁸ ⌐ ∆╢ ─ ⌐ ⇔√⁹╕√⁸2 ─ⱪ

╛☻כꜞꜞ☻꜠ ◦fiⱳ☺►ⱶ⁸ ╩ ⇔⁸ ┼─ ─ ⌐ ╘√⁹ 
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◘Ⱪ♥כⱴ1─ │⁸ ↕╣╢ ╛ ─╙≤≢ ⌐ ∆╢SDG ─ ╩

⌐ ∆╢↓≤⅔╟┘⁸ ◘Ⱪ♥כⱴ⅛╠ ╠╣╢⁸ ⌐ ∆╢SDGs─ ─ ╩ ↔≤╕

√│ ↔≤⌐ ∆╢↓≤≢⁸ ≤SDGs≤─◦♫☺כ꜠♩≥כ♪○ⱨ╩ ↔≤⌐ ∆╢↓≤≢

№╢⁹ ⌐│⁸ ≤⇔≡ ╩ ⇔√ ◦♫ꜞ○↔≤⁸⌂™⇔│ ↕╣╢ ─

↔≤⌐⁸ ≤SDGs─ ─ ─ ™╩ ⌐ ⇔⁸ ╛SDGs⌐ →╠╣√

⅜⁸ ─ ⅛╠ ⅜כ☺♫◦╡№≢ ∆╢─⅛⁸≥─ ⌐ ┼─ ⅜ ↄ⁸♩꜠

⅜ⱨ○♪כ ∆╢─⅛⌐≈™≡ ∆╢⁹ ⌐│⁸ ≤SDGs─ ⅜ ⇔™ ╛ ⅜

╙▫♦♃☻☻כ◔╩⅛─╢№⌐↓≤ ╘≡ ⇔⁸ ⅎ╠╣╢ ○ⱪ◦ꜛfi╩ ∆╢↓≤╩ ≤∆

╢⁹ 

 

 

◘Ⱪ♥כⱴ≢│ ─2≈╩ ≤∆╢⁹ 

⸗♦ꜟCaMa- Flood╩ ™≡ ─ ╩ ™⁸◘Ⱪ♥כⱴ ⅔╟┘◘Ⱪ♥כⱴ

⌐ ╩ ∆╢⁹╕√⁸ ⌐≈™≡⁸ (SDG1)╛ (SDG11.5)⌐≈™≡─◦♫☺כ꜠♩≥כ♪

○ⱨ╩ ⇔⁸ ↔≤─SDGs─ ╩ ∆╢⁹ 

⌐ ∆╢6≈─SDGs─ ╩ ⌐ ⇔⁸ ╩≤╡╕≤╘⁸ ⅎ╠╣╢ ○ⱪ◦

ꜛfi╩ ∆╢⁹ 

 

 

◘Ⱪ♥כⱴ1≢│ ─ ⌐ ∫≡ ╩ ╘⁸ ╠╣√ ╩ ─3≈─ ⌐ ╡╕≤╘

√⁹↓╣╠─ │ ≢ →√2≈─ ╩∆═≡ ╗ ≢№╢⁹ 

 

ᵑ ⌐ ∆╢ ─ ≤ ─ ⇔ 

CMIP6 ╩ ≤⇔≡ ⸗♦ꜟCaMa- Flood⌐╟╢2100 ╕≢─ ◦Ⱶꜙ꜠כ◦ꜛfi╩

⇔⁸ ─ SDG1.5 ≤ SDG11.5 ⌐ ─SDGs ─1≈≢№╢⁸

─ ⌐ ╗ ─ ╩ ⇔√⁹↓╣╠─ │◘Ⱪ♥כⱴ ⌐ ⇔√⁹╕

√⁸ ◦♫ꜞ○≢ ⅎ╠╣╢ ≤⁸ ⌂ ⌐╟╢ ⸗♦ꜟ⅛╠⁸ ─

─ ⅔╟┘ ꜠ⱬꜟ╩ ⇔√⁹↓╣╠─ ⅛╠SDG1⅔╟┘SDG11.5─ ╩◦

♫ꜞ○↔≤⌐ ⇔√⁹ ⌐  

ᵒ ⌐ ∆╢ ⅔╟┘ ≥כ☺♫◦─ ─  

─ ≤⇔≡ ⌂╢ ●☻◦♫ꜞ○ ─ ─ ⁸ ─ ≤⇔≡⁸ ─

⌂ ─ ⌐╟╢ ─ ╩ ⇔⁸SDG1. 5≤SDG11.5⌐ ∆╢⁸ כ☺♫◦─

╩ⱨ○♪כ꜠♩≥ ⇔√⁹╕√⁸ ⅛╠ ─ ⅜ ╕⌂™ ⌂ ─

≤⁸ ─ ⌐╟╡ ⅜ ╗↓≤⅜ ↕╣╢ ╩ ∆╢≤ ⌐⁸ ⌂ ─ ⌐

№╢ ⌐ ⇔≡⁸ ─ ⅜ ≢⅝╢꜠ⱬꜟ╕≢ ⌐ ╩ ⇔√◦♫ꜞ○╩ ⇔⁸

┼─ ┼─ ⅜ ⌂ ╩ ⇔√⁹ 1⌐  

ᵓ ⌐ ∆╢SDG ─  

◘Ⱪ♥כⱴ⅛╠ ╩ ↑√ ⌐ ∆╢SDG ─ ╩ ⇔⁸ ↔≤⅔╟┘ ↔≤─

ה ─ⱨ○♪כ꜠♩≥כ☺♫◦─≥ ⌂ ╩ ∫√⁹ ─ √╕כ☺♫◦⌐┘╠⌂

⅜ⱨ○♪כ꜠♩│ ╠╣╢ ─ ╩ ⌐⁸ ⇔√ ─℮∟⁸ ≢─SDG ─ ⅜ ╠

╣√ 10 ─ │ כ☺♫◦™ ⱨ○♪כ꜠♩ ⁸ 30 ╩ כ☺♫◦─

ⱨ○♪כ꜠♩ ≤⇔√⁹╕√⁸ 50kmⱷ♇◦ꜙ↔≤⌐◦♫☺כ꜠♩│√╕כ♪○ⱨ─ ─ ╩

⇔≡ ⅜ⱨ○♪כ꜠♩│√╕כ☺♫◦⁸⇔ ™ ה ╩ ⇔√⁹ ≤⇔√─│◘Ⱪ♥כⱴ1

─ SDG1.5⅔╟┘11.5⌐ ⁸◘Ⱪ♥כⱴ2⅛╠ ↕╣√ ⅛╠ ⇔√

⌂ SDG6. 3⌐ ⁸◘Ⱪ♥כⱴ3⌐╟╢ ⌐ ℮ ☻♩꜠☻ SDG6.4⌐ ≤Ᵽ▬○
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⌐ ℮ ☻♩꜠☻─ SDG6.4⅔╟┘SDG7.2⌐ ⁸◘Ⱪ♥כⱴ4─ ─ SDG2.3

⌐ ─6 ≢№╢⁹ 2⌐  

 

┘  

⁸3≈─ ─ ⌐≈™≡ ∆╢⁹ 

ᵑ ⌐ ∆╢ ─ ≤ ─ ⇔ 

  ◘Ⱪ♥כⱴ ≢│⁸ ─ ─ ⌐╟╢ ╩ ⇔⁸ ╙ ⅜ ∆╢ ⌂

◦♫ꜞ○ RCP8.5/SSP5≢│⁸ │ ╟╡╙ ≢983 ♪ꜟ ∆╢↓≤⁸↓─℮∟

68 ♪ꜟ ∆╢↓≤≢⁸ ≢ 740 ♪ꜟ─ ─ ╩ ∆╢↓≤⅜≢⅝╢ ≢⁸

≢ ╩ ⇔≡╙⁸ ╟╡╙ ⅜ 243 ♪ꜟ ∆╢↓≤╩ ╠⅛⌐⇔√ -

1. 1 1)⁹◦♫ꜞ○≤ ─ ╖ ╦∑─ ™⌐╟∫≡ │ ⌂╢⅜⁸≥─◦♫ꜞ○⌐⅔™≡╙⁸

╟╡╙ ⅜ ∆╢↓≤⅜ ⇔√⁹ ⌐⁸ ⁸▬fi♪⁸▬fi♪Ⱡ◦▪⁸○כ☻♩ꜝꜞ▪

⁸▪ꜝ☻◌⁸ꜝ♥fi▪ⱷꜞ◌─ ₁⌂≥⁸ ─╒≤╪≥─ ≢⁸ ╩ ⇔√≤⇔≡╙⁸

╟╡╙ ⅜ ∆╢ ─GDP─0.05 ↓≤⅜ ↕╣√ - 1. 1 ⁹ 

 

- 1. 1 ⌂◦♫ꜞ○⌐⅔↑╢ ─  

 

 

1- 1.  ╩ ⇔√ ─ ⅛╠─ ─ ◦♫ꜞ○RCP8.5/SSP5 ⁹ 

⌐⅔↑╢GDP⌐ ∆╢ ≤⇔≡ ∆⁹ 

RFD

[ US$/ ][ US$ / ][ US$/ ][ US$/ ]

RCP8.5/SSP5 983 68 740 243

RCP6.0/SSP3 353 40 220 133

RCP4.5/SSP2 442 50 337 105

RCP2.6/SSP1 543 55 374 169
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⌐ ↕╣╢ ↄ─ ≢│⁸ ─ ⅜ ™≤ ╕╣≡⅔╡⁸ ⌐╟∫≡ ╟╡╙

™ ꜠ⱬꜟ╩ ∆╢↓≤≢⁸ ─ ╩ ⌐ ↕∑╢↓≤⅜≢⅝╢⁹∕─ ≢⁸

◦♫ꜞ○⌐╟╡ ⌐ ╙ ⌂ ꜠ⱬꜟ╩ ∆╢◦♫ꜞ○─ │⁸ ─ ⌐

⇔≡ ╩ ∆╢√╘─◖☻♩⅜ ™⁸∆⌂╦∟ ⌐╟╢ ⅜ ╦⌂™ ≢│⁸ ⅜

↕╣∏⁸ ─꜠ⱬꜟ⅜ ™╕╕≢№╢↓≤⅜ ⇔√⁹↓╣╠─ ⌐│⁸♫▬☺▼ꜞ▪⁸▪fi

◗ꜝ ⁸◄♅○Ⱨ▪⁸ⱬⱠ☼◄ꜝ ⁸◖꜡fiⱦ▪ ⁸◄◒▪♪ꜟ⁸Ɑꜟכ ⁸Ⱳꜞⱦ▪⁸▪ꜟ

♀fi♅fi ⌂≥⅜ ╕╣╢⁹↓─╟℮⌂ ≢│⁸ ─ ─ ╩ ∆╢√╘⌐⁸

─ ╖╛ ⌂ ⅜ ≢№╢↓≤⅜ ⇔√⁹ 

╕√⁸ ⁸▬fi♪ ⅔╟┘ ⁸▬fi♪Ⱡ◦▪⁸○כ☻♩ꜝꜞ▪ ⁸♫▬☺▼ꜞ▪⁸◖fi◗⁸

▪ⱨꜞ◌⁸▪ꜝ☻◌⁸ⱬⱠ☼◄ꜝ⁸◖꜡fiⱦ▪ ⁸◄◒▪♪ꜟ ⁸Ɑꜟכ ⁸Ⱳꜞⱦ▪⁸▪ꜟ♀

fi♅fi ⌂≥─ ≢│⁸ ≢╙ ╟╡╙ ⅝ↄ ⅜ ⅎ╢ 0.05% ↓≤⅜ ↕

╣√⁹ ─꜠ⱬꜟ⅜№╢ ↄ⌂∫√ ≢╙ ╟╡╙ ⅜ ⅎ╢ ⌂ │⁸ ╩

∆╢√╘─ ╩ ∆╢ ⌐ ∆╢ ⅜ ⅝™√╘≢№╢⁹∕─√╘⁸ ─ ─

≤ ─ ⅜ ≢№╢≤ ⌐⁸ ╩ ∆╢√╘─ ╛ ⌂≥─♁ⱨ♩⌂ ╙ ≢

№╢⁹ 

 

ᵒ ⌐ ∆╢ ⅔╟┘ ≥כ☺♫◦─ ─  

SDG1.5⅔╟┘SDG11.5⌐ ⌐ ∆╢ ─ │⁸◄ꜞ♩ꜞ▪╛◄♅○Ⱨ▪≤™∫√▪

ⱨꜞ◌─ ╛⁸▬◄ⱷfi⁸▪ꜝⱩ ≤™∫√ ─ ≢ ◌ꜞ♃☻◖╛ꜞ♅⁸╡⌂≥כ☺♫◦™

≤™∫√ ─ ─ ⱨ≤⌂∫√⁹IPCC○♪כ꜠♩│≢ 6 ⌐╟╣┌⁸ ─

⅜ ™╒≥⁸ ╛◌ꜞⱩ ─ ≢ ⅜ ∆╢⁹ ⅜ ╢≤™℮↓≤│⁸∕╣⌐

™ ╙ ╢≤ ⅎ╠╣╢√╘⁸ ─ ╩ ╢ ─ ≤ ─ⱨ○♪כ꜠♩⅜

⌐⌂∫≡™╢⁹↓─↓≤⅜ ╛◌ꜞⱩ ≢⁸ ⅜ ⌐ ∆╢SDG ⌐ ○♪כ꜠♩≡⇔

ⱨ≤⌂∫√ ≢№╢⁹ 

 

- 1.2 ⌐ ∆╢ ≤ ⱨ⁹○♪כ꜠♩≥כ☺♫◦─ ⅜ 100

⁸ ⅜ ↔≤─ ⌐ ∆╢ ╩ ∆⁹ 
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─ ≢ (2015 ─GNI⅜1025♪ꜟ ≤ )─ ↄ│▪☺▪╛▪ⱨꜞ◌⌐№╢ ₁≢

№╢⁹↓╣╠─ │⁸ ⅜ ╗↓≤⌐╟╡ ─ ╛ ⅜ ∆╢√╘⁸ ⌐ ⇔√

SDG1.5 ─ ⅜ ⌐⌂╢⁹⇔⅛⇔⁸ ╩ ╘√ ◦♫ꜞ○≢│⁸ ◦♫ꜞ○⌐ ═≡

2100 ╕≢─ ─ ╩ 50 ╠∆↓≤⅜≢⅝⁸SDG ⌐ ⅜ ╩כ☺♫◦™⅝ ≈⁹╕

√⁸ ⅜ ≢ ⌐ ≤∆╢ ≤ ⌐╟╡ ∆╢ ─ ⅜ ≤⌂

╢≤↓╤╕≢ ∆╢ │⁸ ╩⇔⌂™ ╟╡╙ ─ ╩19 ╠∆↓≤⅜≢⅝

╢⁹↕╠⌐⁸ ⅛╠─ ┼─ ╙ ⇔≡⁸ ⌐⅔™≡╙ ─ ⅜№╢≤↓╤╕≢│

╩ ╘╢ ╩ ⇔√≤↓╤⁸ ⌐╟╢ ─ │∆═≡ ∆╢↓≤⅜

≢⅝⁸ ╟╡╙ ⌐ ∆╢ ⅜ ↄ⌂╢↓≤╙ ⇔√⁹↓─↓≤⅛╠⁸ ⌐ ≢│⁸

⌐ ╦╠∏ ╩ ∂╢↓≤│ ≢№╡⁸ ⌐╟╢ ⅜ ↕╣╢ ┼─

⌂ ┼─ ⅜ ≢№╢↓≤⅜ ╠⅛⌐⌂∫√⁹ 

 ⌂⅔⁸ │ ⌐⅔™≡╙ ⌐ ∆╢ ─ ꜠ⱬꜟ⅜ ™√╘⁸ ─

─ ─ ⅜№╕╡ ™⁹∕─√╘⁸G7─ ≢│⁸ ◦♫ꜞ○╩ ⇔√ ≢╙⁸

⅜ ∆╢↓≤≢SDG │0.1 ∆╢⁹╕√⁸ ◦♫ꜞ○⌐⅔™≡╙⁸ │ ─

⅜ ⇔√ ≢№∫≡╙ ┼─ ⅜ ≤ ═≡ ⅝™⁹↓─↓≤╟╡⁸ ─ ⌐

∆╢ ⅜ ─ ─꜠ⱬꜟ ⌐╕≢ ∆╢√╘⌐│⁸╟╡ ⌂ ╙ ≢№╢↓

≤╙ ⇔√⁹ 

 

ᵓ ⌐ ∆╢SDG ─   

≢ ≤∆╢ ⌐ ∆╢SDG │⁸ ⁸ ⁸ ⁸ ⌐ ∆╢6≈─

SDG ≢№╢⁹231№╢SDG ─◘Ⱪ ─℮∟⁸ ⌐ ∆╢ │⁸ 6 ◘Ⱪ 9≈ ╩

⌐⁸ ≢33⅜ ∆╢2)⁹ ∕─℮∟⁸ ─SDG◘Ⱪ ─ ⌐≈™≡ ⅛≈№╢ ─ ─

⅜♃כ♦ ╠╣√31─◘Ⱪ ⌐ ⇔≡⁸ ─ ╩ ═√≤↓╤⁸ ↄ─ │ ╕√│ ─

GDP─ ≤─ ⅜ ↄ⁸╕√ ─ ╙ ™↓≤⅜ ⇔√⁹ ≢ ⌐ ∆╢6≈─

 
- 1.3 ⇔√SDG◘Ⱪ ─◘fiⱪꜟ ≤◘Ⱪ ─ ─ ⁹↓↓≢

│⁸◘Ⱪ ─ ─ ⅜ ∂ ⅜ ⁸∆⌂╦∟ ╕⇔™ ╩ⱪꜝ☻⁸∕℮≢⌂™

│ⱴ▬♫☻⌐ ╩ ⇔√ ─ ─ ⁸כ☺♫◦│ ─ ─ ≥ⱨ○♪כ꜠♩│ ⇔

≡™╢ 
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SDG◘Ⱪ ≤│⁸ 9≈ ⅔╟┘ 4≈ ─ ⅜ ™◘Ⱪ ⅜ 15≢№∫√↓≤⅛╠⁸

≢│ ⌐ ∆╢SDG ─ ─ ╩ ⇔≡™╢ - 1.3⁸ - 1.2 ⁹ 

SDG ─℮∟⁸ 3≤ 6│ ─ ⌐ ∆╢SDG ≤ ╙ ╩כ☺♫◦™ ⇔√⁹√≤ⅎ┌⁸

⅔╟┘ ⌐⅔↑╢ ─ ™ ┼─▪◒☿☻ 4.a.1 │ ⌐ ∆╢ ≤ ™ ╩ ⇔≡⅔╡⁸

⌐⅔↑╢ ┼─▪◒☿☻( 4.a.1a) ╛ ™─ ┼─▪◒☿☻(4.a.1b) │⁸ ─

6.4.1 ╛ ⌂ ┼─▪◒☿☻ 6.1.1 ─ ≤ ™ ⅜№╢⁹ 

 

- 1.2 ⌐ ∆╢31─SDG◘Ⱪ ≤⁸ ≢ ⌐ ⇔√6≈─◘Ⱪ ≤─

⁹ ⌂ ⅜ ™╙─ ≤ ⌂ ⅜ ™╙─ ╩∕╣∙╣ ∆⁹

│☻Ⱨ▪ⱴfi─ ╩ ∆⁹ 

 

 

- 1.4 ⌐ ∆╢SDG ─ ─◄◐☻Ɽכ♩☺ꜗ♇☺ⱷfi♩ 
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↓╣╠─ ─ ⅜♃כ♦⁸│ ╠╣√∆═≡─ ╩ ⇔√ ꜟⱣכ꜡◓ ≢│ ≢№∫√

─⌐ ⇔≡⁸ LIC: Low Income Countries ≢│ ⁸ ┘ ⁸●Ᵽ♫fi☻⅔╟┘

⌐ ⇔≡─ │ ╠╣⌂⅛∫√ - 1.4 ⁹ ⌐ ∆╢SDG ≤─ ⅜ ╙ ™◘Ⱪ

│ ⌐ ∆╢◄Ⱡꜟ◑כ ─◘Ⱪ ╙ⱨ○♪כ꜠♩╙כ☺♫◦⌐╙≥Ᵽꜟ⁸LICכ꜡◓⁸╡№≢

⅝™↓≤⅜ ⇔√⁹ ≢│◘Ⱪ♥כⱴ3≢ ⇔√Ᵽ▬○◄Ⱡꜟ◑כ─ ≤∕╣⌐ ℮ ┼

─ ⅜↓─◘Ⱪ ≤╙∫≤╙ ⅜ ™⁹ 

- 1.3⌐│⁸ ◘Ⱪ♥כⱴ≢ ↕╣√ ⌐ ∆╢SDG ≤⁸ ⅔╟┘ ⌐ כ☺♫◦╢∆

─ⱨ○♪כ꜠♩┘╟⅔ ╩ ∆⁹ ⅔╟┘⁸▪☺▪⁸▪ⱨꜞ◌⁸○☿▪♬▪⁸ꜜכ꜡♇Ɽ⁸

ה ▪ⱷꜞ◌⁸ ▪ⱷꜞ◌─ ↔≤─ ╩ ∆⁹∕╣∙╣⁸ ─ כ☺♫◦⁸╡╟⌐

SDG ⅜ ⱨ○♪כ꜠♩┘╟⅔ ⅜ ⇔√ ─ ╩ ∆⁹ ⌐ ∆╢

│⁸ ⅜ ⌂™⇔ ⇔√ ⌐ ╗ ─ ╩ ╩ ⇔⁸ ⌐ ∆╢SDG

│⁸ ─ USD ╩ │⌐ꜟⱣכ꜡◓⁹∆ ╙ ╩ⱨ○♪כ꜠♩⅜כ☺♫◦╙

⌐ ╢↓≤⅛╠⁸ ⌐ ∆╢SDG │⁸ ⅜כ☺♫◦╢╟⌐ ⅝™↓≤⅜ ⇔√⁹ ⌐◦

⅜כ☺♫ ⅝™─│⁸ ≢╙ ⌐ ∆╢SDG ⅜ ™ ⌐№╡⁸⅛≈ ⌐╟╢ ⅜ ↕

╣╢▪☺▪≤▪ⱨꜞ◌≢№╡⁸ ≤ ≢│ ⅜כ☺♫◦─ ≢⅝√⁹ 

- 1.3 ⅔╟┘ ⌐ ∆╢⁸ ⁸ ⁸ ☻♩꜠☻⁸Ᵽ▬○ ─

⌐╟╢ ☻♩꜠☻ ⁸ ─ כ☺♫◦─ ⱨ○♪כ꜠♩≥ ─ ⁹

─ │1 √╡1 √╡─ USD ╩ ⇔⁸∕─ ⌐ⱨ○♪כ꜠♩┘╟⅔כ☺♫◦│

↕╣╢ 100 ╩ ∆⁹

 

Mitigation Impact (million population)

Small-scale farmer 
productivity 

($/hh/d)

Water Stress 
(BECCS)

Water Stress 
(Supply/Demand)

Water QualityFlood
Region

Trade-offSynergyTrade-offSynergyTrade-offSynergy

-4.35037.92012.57-0.249.61Asia

16.26-18.0139.88-2.808.58-0.531.87Africa

000000.05Oceania

-2.4011.01033.84-1.980.18Europe

18.0907.67017.93-0.670.22Central and South America

024.47016.940.000.36North America

-20.42120.94-2.8089.87-3.4212.29Global affected population

-0.28%1.65%-0.04%1.23%-0.05 %0.17 %% of Global Population

Small-scale farmer 
productivity (($/hh/d)

Water Stress (Supply/Demand)Water QualityFlood
Region

Trade-offSynergySynergySynergy
-2.620.5129.96269.5916.60Asia

-30.423.0323.870.51Africa
02.3300Oceania
021.4551.200Europe

-5.72-17.058.1518.850.02Central and South America
-2.123.7525.140North America

-49.59168.67388.6617.13Global affected population
-0.68%2.30%5.30%0.23%% of Global Population

Adaptation impact (million population)
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- 1. 5⌐│⁸ ↔≤─⁸ ≤SDG ╩ⱨ○♪כ꜠♩≥כ☺♫◦─ ⇔√ ╩ ∆⁹◦♫☺

─ⱨ○♪כ꜠♩┘╟⅔כ ⅝↕⌐≈™≡│⁸╕∏⁸ ⌐╟∫≡SDG ⅜ ╕√│ ─ ⅜ ╠

╣√ ─℮∟⁸ ↔≤─ ─ ⅜ ─ ⅔╟┘ 10 ⌐≈™≡╩ ♩│√╕כ☺♫◦™

ⱨ⁸○♪כ꜠ ⅔╟┘ 30 ╩ ╣⧵≡⇔≥ⱨ○♪כ꜠♩─ ╩ כ☺♫◦ⱨ⁸○♪כ꜠♩™

≤ ⇔√⁹ ⌐⁸ ≥ⱨ○♪כ꜠♩│√╕כ☺♫◦─ ↕╣√ ⅜№∫√ │⁸∕─

╩1 ∆⁸≤™℮↓≤╩ │ⱨ○♪כ꜠♩│√╕כ☺♫◦⁸∟╦⌂∆⁹√∫ ≢5─◘Ⱪ

─2≈─◘Ⱪ │ ∂ ─ ≢№╢√╘⁸ ≢ ≤∆╢6≈◘Ⱪ │ ⌐5─

◘Ⱪ ≢ ─ ≤⌂╢⁹ ⇔√ ≢│⁸ ⅜ⱨ○♪כ꜠♩│√╕כ☺♫◦⌐ ─ ≢

╠╣√ │▪ⱨꜞ◌⁸ ▪☺▪⁸▪ⱷꜞ◌ ⌂≥≢№∫√⅜⁸∕─ │ ≢2≢№╡⁸◓

⅜ⱨ○♪כ꜠♩│√╕כ☺♫◦│⌐ꜟⱣכ꜡ ∂╢ │ ⌐╟∫≡┌╠≈™≡™╢↓≤⅜ ⇔√⁹ 

≤ ⌐ ∆╢SDG ≥◌ꜞⱨ▪│כ☺♫◦─≥ ▪☺▪≢ ↄ╖╠╣╢≤ ♩☻כ○⁸⌐

ꜝꜞ▪╛▪ⱷꜞ◌ ⁸ ⁸◌♫♄⌂≥≢ ≢⅝√⁹ ⌐ⱨ○♪כ꜠♩⁸ ⇔≡│▪☺▪≢│

╠╣∏⁸ ⌐▪ⱨꜞ◌⁸ ⌐ ╠╣√⁹↓─ │⁸ ⌐ ⱨ│⁸○♪כ꜠♩╢∆ ≢│

─ ⁸ ≢│ ─ ⌂≥≤™∫√ ⌐ ∆╢ ─ ⅜ ⇔≡™╢↓

≤╛⁸▪☺▪│ ⅜∕╙∕╙ ≢№╡⁸Ᵽ▬○ ─ ⌐ ℮ ─ ⅜ ─

┼─ ⅜↕╒≥⌂™↓≤⌂≥⅜ ⇔≡™╢≤ ╦╣╢⁹ ⌐ ⇔≡│⁸ ⅛╠─ ⌐ ∆╢

꜠ⱬꜟ─ ⅜ ⅝ↄ ╘╢ ╛ ─ ⌐ ℮ ─ ⅜ ↕╣╢

⅜כ☺♫◦≢ ⅝™↓≤⅜ ⇔√⁹ 

   

 

- 1.5 ⅔╟┘ ⌐ ∆╢ ⌐ ∆╢SDG כ☺♫◦─ כ꜠♩≥

♪○ⱨ ─ ↔≤─ ⁹ ⇔√5≈─SDG◘Ⱪ ─ ╩ ∆⁹ ⌐ ⇔√ ⌐

∆╢SDG │⁸ ⁸ ⁸ ☻♩꜠☻ ≤ ─ ⁸ ☻♩꜠☻ Ᵽ▬○ ─

─√╘─ ⌐ ℮ ⁸ ─ ─5≈⁹ 
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↓─╟℮⌐ ─ⱨ○♪כ꜠♩┘╟⅔כ☺♫◦√╘ ─ │⁸≥─ ≢ ╛ ≤

∫√ ⅜ ⌐ ∆╢SDG ⌐ ╩ ⅎ╢ ⅜№╢⅛╩ ∆╢ ≢│ ⌂ ≢№╢≤

ⅎ╢⁹⇔⅛⇔⁸ ≤∆╢ ─ ⌐⅔↑╢SDG ─ ⅛╠⁸ ⌐ ─ ⅜ ⅝™ ─

╩ ≡⇔≥ⱨ○♪כ꜠♩│√╕כ☺♫◦⁸┘ ⇔≡™╢↓≤⅛╠⁸↓╣╠─ ⅜ ⌐ ⅎ╢ ╩

∆╢↓≤⅜≢⅝⌂™⁹╕√⁸ ∂1≈─ ─ ⌐⅔™≡╙⁸√≤ⅎ┌ ╛▪ⱷꜞ◌ ⁸꜡◦▪

⌂≥─ ⅜ ⅝™ ≢│⁸ ⌐╟╢SDG ─ ™⅜ ⅝ↄ⁸ ⌐ ꜠♩│√╕כ☺♫◦╢∆

─ⱨ○♪כ ⅜ ⅝™ ≤∕℮≢⌂™ ╙№╢⁹ 

  ∕↓≢⁸↓╣╠─ ─ ⅜≥─ ─ ⌐ ╩ ⅎ╢⅛⌐≈™≡⁸◓꜡כⱣꜟ⌂ ⸗♦ꜟ⌐╟

∫≡⁸∕╣∙╣ ↕╣√0.5 ◓ꜞ♇♪↔≤─SDG─◘Ⱪ ─ ⌐⁸0.5 ◓ꜞ♇♪─ ╩

⌡ ─ⱨ○♪כ꜠♩≥כ☺♫◦⁸≢≥↓╢∑╦ ╩ ⇔√ - 1. 6 ⁹ 

- 1.5─╟℮⌐ ↔≤─ ⌂ ≢│⌂ↄ⁸ ≤™℮ ⅛╠ ∆╢≤⁸∕─ │◦

─כ☺♫ ╩ ↑╢ ≤ ═╢≤ ⌐ ⌂™↓≤⅜╦⅛╢⁹ │⁸ ⌐ ∆╢SDG ─◦♫

─כ☺ ╩ ↑╢ │0. 12- 1.2 ─0.17- 1.7 ≢№╢─⌐ ⌐ⱨ○♪כ꜠♩⁸≡⇔

∆╢ │280 - 0.2 6─כ☺♫◦⁸╡№≢ ─1 ≢№∫√⁹ 

⌐ ∆╢SDG ─ ⌐ ⇔≡─ ─ ⌐ ∆╢≤⁸ ⅜▪☺▪⌐⅔↑╢

≢№╢⁹↓╣│⁸ ⌐╟∫≡ ⌐▪☺▪≢ ⅔╟┘ ⅜ ⅎ╢↓≤≤ ⇔≡⅔╡3)⁸

⌐ ℮∕─ ─ ╛⁸ ─╟℮⌂ ≤™∫√ ─ ⅜⁸ ⌐╟╢

╩ ∆╢↓≤⌐ ≢№╢√╘≢№╢⁹√∞⇔⁸ ⌐╟╡ ∆╢ │⁸ ─ ╛

⁸№╢ ╠╣√ ≢№╢↓≤⅛╠⁸╟╡ ⌐ ╩ ⅎ╢⁸ ⅔╟┘ ☻♩꜠☻⌐

∆╢SDG ⌐⅔↑╢ ─ ⅜ ≤⇔≡│ ⅝⅛∫√⁹ ⌐⁸ ⌐⅔↑╢Ᵽ▬

○ ─ ╛ ─ ⌐ ℮ ≤ ─ ⌐ ∆╢ ⅜ ⅝™▪ⱨꜞ◌⌐⅔™≡╙⁸

⅜ ⌐ ∆╢SDG ⌐ ⅎ╢◦♫☺כ─ │ ⅝ↄ⌂∫√⁹ ⌐⁸ ⌐ ℮ ─

⅜ ☻♩꜠☻─ ╩ ∆╢ ⅜ ⅝ↄ⁸◦♫☺כ─ ─ 3 ─ ╩ ╘╢⁹ 

┼─ ╩ ∆╢↓≤╩ ⇔√ ≢│⁸ ─ ─ ─ ╩ ↑╢ ⅜

⌐ ─כ☺♫◦⁸╘√╢∆ │ ─◦♫ꜞ○≤ ═≡ ⅝™ ≤⌂∫√⁹⇔⅛⇔⁸↓─

│ ─ ─ ™╛⁸ ⌐ ℮ ─ ╩ ∆╢⌂≥─◦♫ꜞ○⌐ ≠

 
- 1.6 ⅔╟┘ ⌐ ∆╢ ⌐ ∆╢SDG כ☺♫◦─ ◓ꜝⱨ─

ⱨ○♪כ꜠♩≥ ─ 100 ⁹ ─ ╩ ↄ4≈─SDG◘Ⱪ

⌐⅔↑╢ ⅜ ╠╣√◓ꜞ♇♪─ ╩ ⇔√╙─⁹ 
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™√╙─≢│⌂™√╘⁸ ₁⌂ ○ⱪ◦ꜛfi╛ ◦♫ꜞ○─ ≤ꜞfi◒⇔√ ≢─

─ ◦♫ꜞ○╩ ∆╢ ⅜№╢⁹∕↓≢ ≤⇔≡⁸◘Ⱪ♥כⱴ ≢ ↕╣√⁸ ┼─

⌐╟╢ ⅛╠⁸ ⌐ ≢⅝╢ ╩ ⇔√ ◦♫ꜞ○⌐≈™≡╙ ⇔√⁹∕─

⁸ ◦♫ꜞ○⌐⅔↑╢ ─ ─ │ ⌂ꜟⱣכ꜡◓⁸╡№≢ │ % ≢№╢

↓≤⅛╠⁸ ─ ─ ⌐│⁸╟╡ ⅝™ ⅜ ≢№╢↓≤⅜ ⇔√⁹ 

≢ ⌐ ╩ⱨ○♪כ꜠♩─ ⇔√╙──℮∟⁸ - 1.6⌐ ⇔√SDG◘Ⱪ │⁸

⌐ ℮ ─ ╡ ⌂≥─ ⌐╟╢ ⅔╟┘ ─ ⁸ ≤ ⅔╟┘ ─

─ ⌐╟╢ ─ ⁸ ⌂ ≢№╢Ᵽ▬○ ─ ⌐ ℮ ─ ─

4≈≢№╢⁹∕─√╘⁸√≤ⅎ┌ ─◄Ⱡꜟ◑כⱵ♇◒☻─ ╛⁸╟╡ ⌂ ─ ─

╩ ∂√ ─ ⌐ ∆╢SDG ┼─ ⌐≈™≡│ ≢⅝≡™⌂™√╘⁸ │ ↕╣√

≢№╢↓≤⌐ ∆╢ ≢№╢⁹ 

 

─  

 

◘Ⱪ♥כⱴ1≢ ⇔√2≈─ │™∏╣╙ ╡─ ╩ →√⁹ 

 1⌐≈™≡│⁸ ─ ╩ ╡⁸2021 ⌐Nature Climate Change ⌐ ↕╣╢≤≤╙⌐⁸IPCC

6 ⌐ ≈⅝≢ ↕╣╢⌂≥⁸ ⌐⅔↑╢ ─ ⌐ ⅝ↄ ⇔√⁹↓─

⌐ ∆╢ ≢│⁸CMIP6 ╩ ≤⇔≡ ⸗♦ꜟCaMa- Flood⌐╟╢2100 ╕≢─

◦Ⱶꜙ꜠כ◦ꜛfi╩ ⇔⁸ SDG1≤ SDG11.5 ⌐ ─SDGs ─1≈≢№╢⁸

─ ⌐ ╗ ─ ╩ ⇔⁸ ⌐⅔↑╢ ─ ─ ⇔

≤⁸ ─ ⅛╠ ⌂ ꜠ⱬꜟ∞↑≢│ ─ ⅜ ⅝ↄ⌂╢↓≤╩ ⇔√⁹↓╣╠─

│⁸ ╕√│ ⌂Ᵽꜞ▪⁸╛כ ⅜ ╕⌂™ ◦♫ꜞ○⌐⅔↑╢ ─ ╩

⌐ ∆╙─≢№╢⁹╕√⁸ ⌐╟╢ ⅔╟┘ ─ ╩ ⇔√ ⌂ ⌐

∆╢ ─ ⌂ ⌐≈⌂⅜╢ ≢№╢⁹ 

2⌐≈™≡│⁸ ╡─ ╩ →√⁹ ◘Ⱪ♥כⱴ⅛╠ ╩ ↑√ ⌐ ∆╢SDG ─

╩ ⇔⁸ ↔≤⅔╟┘ ↔≤─ ה ─ⱨ○♪כ꜠♩≥כ☺♫◦─≥ ⌂ ╩ ∫

√⁹ ─ ⌂╠┘⌐ ─ ╩ ─ⱨ○♪כ꜠♩╛כ☺♫◦⌐ ─ ⌂ ⅝↕⅛╠꜠ⱬꜟ

╩ ⇔⁸ ↔≤─ ╩ ⇔√ ⁸ ▪☺▪⁸▪ⱨꜞ◌⁸ ⁸ ⅜כ☺♫◦≢ ↄ ╠╣⁸

⌐▪ⱨꜞ◌≤▬fi♪◦♫ ≢│⁸ ⅜ ⌐ ∆╢SDG ⌐ ⅜כ☺♫◦≡⇔ ⅝™↓≤⅜ ⇔

√⁹╕√⁸ ─3≈─ ⌐ ∆╢ ≤⇔≡╕≤╘╠╣√⁹ᵑ ⌐ ∆╢SDG ⌐ ⇔≡

│⁸ ╩ⱨ○♪כ꜠♩⅜כ☺♫◦╢╟⌐ ⅝ↄ ─ⱨ○♪כ꜠♩⁸╠⅛≥↓╢ ↕╣╢ ה

⌐ ⇔≡ ⇔≈≈ ⌐ ╘╢═⅝≢№╢⁹ᵒ♩꜠כ♪○ⱨ⅜ ↕╣╢ ─℮∟⁸ ⌐ ℮

─ ⅜⁸ ⌂™⇔ ─ ≢ ╩ ⅎ╢ ⌐≈™≡│⁸∕╣╠─ ╩ ∆╢

√╘─ ⌂ ╩ ∆╢↓≤≢ ╩ ∆╢ ⅜№╢⁹ᵓ◦♫☺כ꜠♩╙כ♪○ⱨ╙ ⅝™

│▪☺▪╛▪ⱨꜞ◌─ ⅜ ≢№╢↓≤⅛╠⁸√≤ⅎ┌ ┼─ ╛ ╩ →╢

√╘─ ⌂≥⁸ ┼─ ⌂ ⅜ ≢№╢↓≤⅜ ↕╣╢⁹ 

↕╠⌐⁸↓╣╠─ ◘Ⱪ♥כⱴ─ ─ ⌐ↄ╦ⅎ≡⁸ ⅜ ┼ ⅎ╢ ◘Ⱪ♥כⱴ

≤ ⁸ ─ ╕√│ ─ ○ⱪ◦ꜛfi⌐╟╢ ─ ≤ ┼─

◘Ⱪ♥כⱴ ≤ ⁸Ᵽ▬○◄Ⱡꜟ◑כ ─ ⌐ ℮ ─ ≤ ─ ─ ◘Ⱪ

ⱴכ♥ ≤◘Ⱪ♥כⱴ ≤™∫√⁸◘Ⱪ♥כⱴ ─ ⌐╟╡⁸ ╩ ⇔√SDG ─ ⌐≈™≡

╙ ⅜ ╪∞⁹ 

⌐ ∆╢ ○ⱪ◦ꜛfi≤⇔≡│⁸ ⌐ ℮ ┼─ ─ ⁸ ┼─

⌐╟╢ ⱳ♥fi◦ꜗꜟ≤ ⅔╟┘ ─ ⁸Ᵽ▬○ ─ ⱳ♥fi◦

ꜗꜟ≤∕╣⌐ ℮ ┼─ ⁸ ⌐╟╢ ─ ⱳ♥fi◦ꜗꜟ⁸⌐≈™≡⁸

≈⅛ꜟⱣכ꜡◓╣∙╣⧵ ⌂ ╩ ⇔√⁹ ╠╣√ │▬fiⱤ◒♩ⱨ□◒♃כ─ ꜟ♫כꜗ☺™
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┼─ ╩ ⇔≡ ≢№╡⁸IPCC 7 ┼─ ╙ ™⌐ ↕╣╢ ≢№╢⁹ 

 

 

 

1 M. Tanoue, R. Taguchi, H. Alifu and Y. Hirabayashi: Nat. Clim. Chang., 11, 823 Έ826 (2021), 

Residual flood damage under intensive adaptation.  

2 A. Rimba and Y. Hirabayashi: Water, 15, 613 (2023),  Int erlinkages of water - related SDG 

indicators globally and in low- income countries.  

3) Y. Hirabayashi, M. Tanoue, O. Sasaki (2021) Global exposure to flooding from the new CMIP6 

climate model projections. Scientific Reports 11, 3740. doi:10.1038/s41598 - 021- 83279- w.  
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и  ≤SDGs─ ⌐⅔↑╢  ⱨ○♪כ꜠♩≥כ☺♫◦─

 

 

ⱦ☺ꜛfi ☿fi♃כ       

 

ⱦ☺ꜛfi ☿fi♃כ       

        

 

 

│⁸ ⌐ ⇔⁸ ⸗♦ꜟ ╩ ∆╢↓≤≢⁸ ─ ─ ─ ה

─ ╩ ⇔≈≈⁸ ≤SDGs─◦♫☺כ꜠♩≥כ♪○ⱨ╩ ⅛≈ ⌐ ⇔⁸

─ ╩ ⇔√⁹╕√⁸ ⅜ ⇔™ ╛ ╩ ה ⇔⁸ ─ ╩ ∫√⁹

⸗♦ꜟHEAT- LINK╩ ≤ ⇔√ ⸗♦ꜟ╩ ⇔⁸ ─ ≢ ╩ ™⁸

─ ⅜ ≢№╢↓≤⅜ ↕╣√⁹╕√ ─ │ ⌐ ™ ⇔⁸∕─ ╙ ↕╣√⁹

↓─ ↕╣√ ⸗♦ꜟ≤ ⸗♦ꜟTNCM╩ ╖ ╦∑≡⁸ ╩ ⇔⁸ ─

⌐⅔↑╢ ╩ ⇔√⁹ ─ ≤ ─ ╩ ⌐⅔™≡ ⇔⁸

─ ─ ⌐⅔↑╢ ─ ─ ⌐ ∆╢╙─≢№╢⁹ 

─ ≤⇔≡⁸ ≢─ ╩ ⌐ SOC ─ ⅜⇔┌⇔┌ ↕╣≡

™╢⁹↓─ │ ⌐ ∆╢ ╩ ∆╢≤™℮ ╙№╢√╘⁸ ┘ ◦♫ꜞ○─

╩♃כ♦ ™≡⁸ ┘ ─ ─ ⅛╠⁸∕─ ⌐╟╢ ≤ ≤─♩

╩כ☺♫◦≥ⱨ○♪כ꜠ ∆↓≤⅜≢⅝√⁹ 

 

 

│⁸ ⌐ ⇔⁸ ⸗♦ꜟ ╩ ∆╢↓≤≢⁸ ─ ─ ─ ה

─ ╩ ⇔≈≈⁸ ≤SDGs─◦♫☺כ꜠♩≥כ♪○ⱨ╩ ⅛≈ ⌐ ⇔⁸

─ ╩ ∆╢↓≤╩ ≤∆╢⁹╕√⁸ ⅜ ⇔™ ╛ ╩ ה ⇔⁸ ─

╩ ℮⁹ 

 

 

◘Ⱪ♥כⱴ≢│⁸ ─4≈╩ ≤∆╢⁹ 

1)  ⸗♦ꜟHEAT- LINK╩ ≤ ⇔√ ⸗♦ꜟ╩ ⇔⁸ ⌐ ℮ ╩

∆╢⁹ 

2)  ⅔╟┘ ⸗♦ꜟTNCM⅛╠ ⌐ ∆╢SDG2─ ─ ╩ ℮⁹ 

3)  ◘Ⱪ♥כⱴ ≤ ⇔⁸ ≤ ─ ⅛╠ ─ ╩ ™⁸ ⌂ (SDG6)─ ╩

℮⁹ 

4)  ╛ ⌐ ∆╢ ≤SDG─◦♫☺כ꜠♩≥כ♪○ⱨ─ ╩ ╩כ☺♫◦⁸™ ↄ⇔♩꜠

╩ⱨ○♪כ ⌂ ╡ ↕ↄ∆╢╟℮⌂ ─ ╩ ℮⁹ 

 

 

Tokuda et al. 2019 ≢ ↕╣√ ⸗♦ꜟHEAT- LINK⌐ ╩ ∆╢√╘⁸ Ⱡ♇♩

꞉כ◒─ ⅜ ≤⌂╢⁹HEAT- LINK│1 ≢⁸ ⸗♦ꜟCaMa- Flood Yamazaki et al., 

2013 ≤ ↕∑╢↓≤≢⁸ ⅜ ⌐ ╓∆ ╩ ⇔≡™╢⁹ ╩ ≤⇔≡ Kim et 

al., 2017 ⁸ ⸗♦ꜟMATSIROTakata et al., 2003 ≤⇔≡ ╩ ↕╣≡™╢⁹ ─ ─
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⅜ ≢⁸ ≤ ≢│ ⌐╟∫≡ ∆╢ ⅜ ⌂╢√╘⁸ ─ ⌐

≤⌂╢ ≤ ╩ ⇔≡ ∆╢ ⅜№╢⁹⸗♦ꜟ ─ │⁸ ה ╩ ⇔√

─ ⁸ ⸗♦ꜟ─ ⁸ ה ⸗♦ꜟ─ ⁸∕⇔≡ ─ⱶכ◐☻ ≢№

╢⁹ 

Ⱡ♇♩꞉⁸│◒כ -MERIT≡⇔≥♃כ♦ Hydro Yamazaki et al., 2019 ⁸ ♃כ♦

≤⇔≡HydroLAKESMessager et al., 2016 ╩ ™√⁹MERIT- Hydro│ MERIT DEM♃כ♦

Yamazaki et al., 2017 ╩ ™≡⅔╡⁸∕↓⅛╠ ⇔≡ ⅜ ╠╣⁸ │3

90m ≢№╢⁹ ⁸HydroLAKES│ ≢140 ─ ─ ≤ ─ ╛ ⌂≥─◦▼▬

ⱪ♦⁹╢№≢♃כ◦▼▬ⱪ♦⁸╠⅛≥↓╢№≢♃כMERIT- Hydro≤ ∂ ┼♃כ♦כ♃☻ꜝ⌐

⇔√⁹ ╩♩♇☿♃כ♦─≈2√⇔ ∆╢ ⁸ ─ ⅝↕⅜▪♇ⱪ☻◔כꜟ 3 ⅛╠15 ⇔√◓ꜞ

♇♪╟╡ ⅝™⅛ ↕™⅛≢⁸ ╩ ∆╢ ⅜№╢⁹ ↕↑╣┌◘Ⱪ◓ꜞ♇♪≤⇔≡ ™⁸ ⅝

↑╣┌ ─ ╩ ─ ⌐ ∆╢↓≤≢ ⇔√⁹∟⌂╖⌐▪♇ⱪ☻◔כꜟ │FLOW

Yamazaki et al., 2019 ╩ ™√⁹ 

⸗♦ꜟ─ │⁸ ⸗♦ꜟ≤ ⸗♦ꜟ⌐ ↑╢⁹ ⸗♦ꜟ≢│⁸ ─ ≤

─ ⌐ ℮ ─ ╩ ≤⇔√⁹ ─ ⌐ ⇔≡│ ╩ ↕∑∏ ─ ─╖≢

∆╢⁹ ⸗♦ꜟ≢│⁸ 1 ─ ╩ ™⁸ │ ∑∏ │ ≤

⇔√⁹ skin temperature │ ⌐ ℮ ─ ⅜ ≢№∫√─≢⁸ 1 ≢

╩ ⇔⁸ ─ ⱨꜝ♇◒☻╩ ⸗♦ꜟ≤ ∂╟℮⌐ ⇔√⁹ │⁸

Henderson- Sellers 1985 ⌐╟╢Ɽꜝⱷ♃ꜞ♀כ◦ꜛfi╩ ⇔√⁹ 

⸗♦ꜟ╩ ⇔√≤↓╤≢ ⸗♦ꜟ≤─ ╩ ℮⁹ ≡™≈⌐ⱶכ◐☻ ═╢≤⁸ ⸗♦ꜟ

│ 1 ⁸ 0 ⁸ ⸗♦ꜟ│ 0 ⁸ 1 ≢№╢⁹∕↓≢ ⅛╠ ┼│⁸ ─

⌐ ⇔≡ ⅜ ∆╢√┘⌐ ⅛╠ ╩ ∆╢⁹ ⁸ ⅛╠ ┼│⁸ ⌐ ⇔≡

™╢ ─ ╩ ⌐ ↕∑╢⁹ ∑≡⁸ ─ ─ ╩ ⇔√⁹ ⸗♦ꜟMIROC6

Tanabe et al., 201 9 ╩ ™≡⁸ SSP126⁸SSP585 ╩ ⇔√⁹ │⁸ │

1960 1990 ⁸ │2071 2100 ≢№╢⁹ 

⌐ ─ⱶכ◐☻ ╩ ℮⁹ .ⱶ│⁸Huang et alכ◐☻ 2021 ⌐ ≠™≡ ↕╣√⁹

─⇔⅝™ │⁸ ─ ─ ( 0.2 mg/L)╩ ⌐⁸ ─ ─ ⌂ ─SDG

╩ √↕⌂™ ⁸ ─ ≤ ╙ ─№╢↓≤⅛╠0.2 mg/L─10 ─0.02 mg/L─ ╩ ≤

⇔√⁹ 

 

┘  

⸗♦ꜟ ה ╩ ⇔√ ─ ≢│⁸ - 2. ─╟℮⌐⁸ ╩ ╣╢↓≤⌐╟

╢ │ ⅝ↄ⁸ ╙ ╩ →≡╙⇔∫⅛╡ ↕╣⁸ ⌂ ╩ ≤⇔√⁹ ─

─ ⅝↕≤─ ─ │ ╙ ⌂ ╩ ⇔√⁹ ™≡⁸ ⸗♦ꜟ─ ⌐≈™≡ ═╢⁹

⸗♦ꜟ│⁸ ─ ─ ≤ ─ ⌐ ℮ ╩ ≤⇔≡ ⇔√⁹ ⁸

⸗♦ꜟ│⁸ ╩ ∑∏ │ ≤⇔⁸ 1 ─ ╩ ™╢↓≤≤

⇔√⁹ │™╦╝╢ skin temperature ≢│⌂ↄ⁸ 1 ≢ ⇔√⁹skin temperature │⁸

⌐ ℮ ╩ ∆╢↓≤⅜ ⇔™√╘⁸ ⇔√⁹ ─ ⱨꜝ♇◒☻│⁸∆≢⌐ ↕╣≡™╢

⸗♦ꜟ Tokuda et al., 2019 ≤ ⌐ ╡ ∫√⁹ │⁸Henderson- Sellers 1985 ⌐

╟╢Ɽꜝⱷ♃ꜞ♀כ◦ꜛfi╩ ™⁸ ─ fi♁♪כꜗ♅ꜞ╩ ≢ ⇔⁸ ≤

⌐╟╢ ─ ╩ ⇔√⁹ ⌂ ╩ - 2. 2⌐ ∆⁹↓↓≢ ↕╣√ ⸗♦ꜟ≤ ⸗♦

ꜟ╩ ⇔√⁹ ⱶ│⁸כ◐☻ ┘ ─ ≤ ─ ─ ╩ ╢√╘⁸1) ⸗♦ꜟ│

1 ⁸ 0 ⁸ ⸗♦ꜟ│ 0 ⁸ 1 ─ ≤⇔⁸2) │ ─ ⌐ ∆

╢ ╩≤╡⁸ ─ ⅜ ∆╢√┘⌐ ⅛╠ ╩ ⇔⁸3) ⅛╠│⁸ ─ ⌐

⇔≡™╢ ─ ╩ ┼ ⇔√⁹⸗♦ꜟ ─ │⁸ ⸗♦ꜟ─ ה ≤ ⸗♦ꜟ ─ ╩

∆╢√╘⁸ ⁸ ⁸♃כ♦ ⁸ ─╖╩ ⇔⁸ ─ │∕╣∙╣≢ ⇔√⁹
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ⅎ┌⁸ ◓ꜞ♇♪≤ ◓ꜞ♇♪≢│∕╣∙╣ ╩ ⇔√⁹∕─ ⁸ ╩ ≤ ╩

╦∑√◓ꜞ♇♪≢ ⇔⁸∕─ ╩◌ⱪꜝכ╩ ∂≡ ⁸∕⇔≡ ∂♃▬ⱶ☻♥♇ⱪ≢ ∆╢↓≤

≢⁸ ≤ ─ ╩∆╢↓≤⅜≢⅝√⁹ 

 
- 2. 1 Ⱡ♇♩꞉כ◒≤∕─▪♇ⱪ☻◔כꜟ─ ⁹ ≤ │ ─ ⁸ ≤ │

⅜ 15 ≤ 3 ╩☻כ◔─ ∆ Tokuda et al., 2021 ⁹ 
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- 2. 2 ⸗♦ꜟ⌐⅔↑╢ ⁹ 

 

 
- 2. 3 ─ ╩♃כ♦ ™√⁸ ┘ ⸗♦ꜟ─ ─ Tokuda et al., in 

print ⁹ ⅜ ⸗♦ꜟ≤ ─≥♃כ♦ ⁸ ⅜ ⸗♦ꜟ ─╖ ≤ ≥♃כ♦

─ ╩ ∆⁹ ⁸ Ᵽ▬▪☻ ⅜⸗♦ꜟ⅜ ≢№╢↓≤╩ ∆ ⁸

RMSE≢№╢⁹ 

 

 
- 2. 4 - 2. 3⌐ ∂⁹ ⇔⁸ ─ ╩♃כ♦ ™√ ⁹ 
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- 2. 5 MIROC6╩ ™√ SSP126⁸SSP585≤ ≤─ ─ ⁹a) ≢─

m3/s ⁸b)SSP126≤ a)≤─ ⁸c)SSP585≤ a)≤─ ⁸d) ≢─ ϴ ⁸e)⁸f) │

∕╣∙╣ SSP126≤ SSP585≤ d)≤─ ⁸g)│ ≢─ GW⁸h)⁸i) │∕╣∙╣ SSP126

≤ SSP585≤ g)≤─ ⁹ 

 

↓℮⇔≡ ↕╣√ ⸗♦ꜟ─ │⁸ ╩♃כ♦ ™≡ ≢ ⇔√⁹ ⅔╟┘

─ ⁸Global Runoff Data Center│♃כ♦ GRDC≤ Global Environmental Monitoring System

GEMS⅛╠ ⇔√⁹ ╩♃כ♦ ™√⸗♦ꜟ─ ─ ╩ - 2. 3⌐ ∆⁹ ⌐⁸

⸗♦ꜟ≤⁸ ⸗♦ꜟ ─╖ ╩⁸146 ─ ≥♃כ♦ ⇔⁸ ⸗♦ꜟ≤ ⸗♦

ꜟ╩ ⇔√ ≤⇔⌂™ ≤╩ ⇔√⁹ ─ ─ ≤ ─ ⅜ ↕╣√↓

≤⅜╦⅛╢⁹ ⌐⁸124─ ⌐⅔™≡⁸G- REALMBirkett et al., 2018 ─ 100km2╟╡ ⅝™ ⌐⅔↑

╢ ╩ ≢ ≥♃כ♦√⇔ ⇔√ - 2. 4 ⁹∕─ ⁸ ╩ ∆╢↓≤⌐╟

∫≡Ᵽ▬▪☻⅜ ↕╣≡™√⁹ 

─ ≢ ↕╣√ ⸗♦ꜟ╩ ™≡⁸ ─ ─ ╩ ⇔√⁹

⸗♦ꜟMIROC6Tanabe et al., 2018 ╩ ™≡⁸ SSP126⁸SSP585 ╩ ⇔√⁹

│⁸ │ 1960 1990 ⁸ │ 2071 2100 ≢№╢⁹ - 2. 5│⁸ ─ ⁸

⁸ × × ─ × ─ ≤ ≢─ ╩ ⇔√╙─≢

№╢⁹ ≢╖╢≤ │ SSP126≢│ 2050 ↓╤⅛╠ ⇔⌂™⅜⁸SSP585≢│ 2100 ╕≢

⇔ ↑╢↓≤⅜ ↕╣√⁹ ─Ɽ♃כfi│№╕╡ ╦╠⌂™⅜⁸∕─ │ ⌐ ⅜ ⅝ↄ ╦∫

≡™╢↓≤⅜╦⅛╢⁹ ⌐ ⁸ ⅛╠ ▪☺▪⌐⅛↑≡∕─ ⅜ ≢№╢⁹ 
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- 2. 6 MIROC6≢─ ϴ ─ ⁹♃כ♦ ⅜ ⁸ ⅜ SSP585⁸ ⅜ SSP126⁹ 

 

⌂ 29─ ⌐⅔™≡⁸ ╩╖≡╖╢≤⁸SSP585≢│ ⌐ ⅜№╢⅜™∏╣╙ ⌐ ∆╢

⅜⁸SSP126≢│⁸ 2050 ↓╤⅛╠╒╓ ⌐⌂╢⅜ ─ ◖fi◗ ╛◙fiⱬ☺ ⌂≥

≢│⁸2050 ∆╢⌂≥─ ⅜№╢↓≤⅜ ⅛∫√ - 2. 6 ⁹↕╠⌐ - 2. 7 ⅛╠

│⁸ Ⱪכ꜠☻─ ⁸꜠♫ ⁸○ⱦ ⁸▪ⱶכꜟ │ ⌐ ⅜ ╠╣╢⁹╕√⁸ⱷ◖fi │ 3

5 ⁸●fi☺☻ │ 5 6 ⌐ ≢⁸∟╞℮≥ ─ ≢№╢ ⌐№√╢√╘ ─ ⅝⌂

─№╢ ≢№╢↓≤⅜ ≤ ⅎ╠╣╢⁹ ⁸ ⌐ ↑√ ⅜ ╘╠╣╢⁹ 

↕╣√ ⸗♦ꜟ⌐⁸◘Ⱪ♥כⱴ 4⅛╠ ↕╣√ ┘ SSP126⁸SSP585─ 0.5°

◓ꜞ♇♪↔≤─ tN/ ╩ ≤⇔≡ ™√⁹⌂⅔⁸MIROC6─♦כ♃⅜ 1°◓ꜞ♇♪─√╘

╩▪♇ⱪ☻◔כꜟ∆╢ ⅜№╢⁹ ⱴ☻◒─ ╩ ∆╢√╘⁸MIROC6─ ⌐ ╡ ≡╠

╣√ ⁸ ∆╢ 8◓ꜞ♇♪─℮∟─ ◓ꜞ♇♪⌐ ⌐ ∆╢ ╩ ∆╢↓≤≢ ⇔√⁹╕√⁸

⅜ ⌂╢ ⌐≈™≡│⁸╕∏ ⁸ ⌐ tN/m2/s ⇔⁸ ≢ ∆╢ tN/kg ↓≤≢

⇔√⁹ ─⇔⅝™ │⁸ ─ ─ (0.2 mg/L) ╩ ⌐⁸ ─ ─ ⌂

─ SDG ╩ √↕⌂™ ⁸ ─ ≤ ╙ ─№╢↓≤⅛╠ 0.2 mg/L ─ 10 ─ 0.02 mg/L─

╩ ≤⇔√⁹ ─ 1961 2014 ─ ⅜ 2- 8 ⌐ ∆⁹↕╠⌐ ⌐≈™≡│⁸SSP126≤

SSP585≢─ ╩ ∫√ - 2. 9 ⁹↓─ │⁸◘Ⱪ♥כⱴ 1⌐ ↕╣⁸ ⅜ ╦╣⁸ ⌂
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│↓↓≢│ ↄ⅜⁸ ─ │⁸▪ⱨꜞ◌╛ ▪☺▪≤™∫√ ≢ ○♪כ꜠♩™

ⱨ≤⌂╢ ⅜≥↓╢№≢כ☺♫◦⁸│ ⅛∫√⁹↓─ │⁸ ≢№╢  ⅜ ↄ─ ≢

SDG6.3.2─ ⌐╙ ∆╢↓≤╩ ⇔≡™╢⁹ 

 
- 2. 7 MIROC6⌐╟╢ 1980 1999 ≢─ ϴ ⁹ ⅜ ⁸ ⅜MIROC6⁹ 
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( 10x- 3)  

- 2. 8 1961 2014 ─ mg/L ⁹0. 2x10- 3 mg/L╩ ╢ │ⱴ☻◒⇔≡™╢⁹ 

 

─  

◘Ⱪ♥כⱴ≢│⁸ ─ 4≈╩ ≤⇔⁸∕╣∙╣⌐≈™≡ ╩ ═╢⁹ 

⸗♦ꜟ HEAT- LINK╩ ≤ ⇔√ ⸗♦ꜟ╩ ⇔⁸ ⌐ ℮ ╩

∆╢⁹ 

Tokuda et al . 2019 ─ HEAT- LINK⌐ ╩ ↕∑√ ⸗♦ꜟ Tokuda et al., 2021 ╩

⇔√⁹MIROC6╩ ≤⇔≡ ┘ ≢─ ╩ ⇔⁸ ⌐ ℮ ─

╩ ⇔√⁹ ⌂≥⅜ ╠╣╢⅜⁸ ╠╣√ ──╙╢№│≢♃כ♦ ⅜ ↕╣√⁹↕╠⌐

⌐ ℮ ─ ╙ ⅜ ╠╣╢⌂≥⁸ ⌂ ⅜ ╠╣√⁹ 

⅔╟┘ ⸗♦ꜟ TNCM⅛╠ ⌐ ∆╢ SDG2─ ─ ╩ ℮⁹ 

◘Ⱪ♥כⱴ ≤ ⇔⁸ ┼─ ╩ ∆╢ ⌐╟╢ ⅜ ⅜כ☺♫◦╢╘ ↄ

─ ≢ ╠╣√↓≤⅛╠⁸SDG2─ ⅜ ↕╣√⁹ ⌐│⁸TNCM─ ⅛╠⁸ ┼─

⅜ SSP126≤ SSP585≢ ⌂╢⅜⁸ ─ ≈≢№╢ ⌐╟∫≡ ┼─ ─ ╙

╠╣╢↓≤⅛╠⁸SDG2─ ⅜ ↕╣√⁹ 

◘Ⱪ♥כⱴ ≤ ⇔⁸ ≤ ─ ⅛╠ ─ ╩ ™⁸ ⌂ (SDG6)─ ╩

℮⁹ 

◘Ⱪ♥כⱴ ≤ ⇔⁸ ─ ─ ╩ ∫√⁹ ─ ⅜ ╠╣⁸╕√ ─

╙ ↕╣√⁹ ⅝ ⅝ ─ ™ ⌐⅔™≡│⁸ ⅜ ╘╠╣╢↓≤⅜ ↕╣√⁹ ⌐

│⁸ ⸗♦ꜟ TNCM─ ⅛╠⁸ ⌐╟╢ ┼─ ─ ⌐╟∫≡⁸ ┼

∆╢ ⅜ ⇔⁸ ⅜ ↄ⌂╢↓≤⅛╠⁸SDG6─ ⅜ ↕╣√⁹ 

╛ ⌐ ∆╢ ≤ SDG─◦♫☺כ꜠♩≥כ♪○ⱨ─ ╩ ╩כ☺♫◦⁸™ ↄ⇔♩꜠

╩ⱨ○♪כ ⌂ ╡ ↕ↄ∆╢╟℮⌂ ─ ╩ ℮⁹ 

─ ≈≢№╢ ┼─ ⌐╟∫≡ ⅜ ↕╣⁸ ─ ⅜ כ☺♫◦╢╣╕

⅜ ↕╣√⁹ ⇔√ ≤ ⅛╠ ⅛╢╟℮⌐⁸ ─ ⅜ ┼─ ─ ⅜ ╠╣⁸

─▪ⱨꜞ◌⌂≥ ⅜ⱨ○♪כ꜠♩│≢ ╠╣√⅜⁸ ↄ─ ⅜כ☺♫◦≢ ╠╣√⁹↓─

⅛╠ ≢№╢ ⅜ ↄ─ ≢ SDG6.3.2─ ⌐╙ ∆╢↓≤⅜™ⅎ╢⁹ 
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(a)  

( 10x- 3)  

(b)  

( 10x- 3)  

- 2. 9 2015 2075 ─ mg/L ⁹(a) SSP126⁸(b) SSP585⁹ 
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и  ≤SDGs─ ⌐⅔↑╢  ⱨ○♪כ꜠♩≥כ☺♫◦─

 

☿fi♃כ    

Zhipin Ai  

 

 

◘Ⱪ♥כⱴ≢│⁸ ⌐ ≈─ ╩ ⇔√⁹╕∏⁸ ⸗♦ꜟH08╩ ∆╢↓≤≢⁸Ᵽ▬○

⅜ ⌐ ⅎ╢╟℮⌐⇔√ Ai et al. 2020⁹ ⌐⁸ ↕╣√H08╩ ∆╢↓≤≢⁸ ─

⅝Ᵽ▬○ BECCSⱳ♥fi◦ꜗꜟ⌐ ∆╢ ─ ╩ ╠⅛⌐⇔⁸

⌂ ─ ≢│ ⅝⌂Ᵽ▬○ ⅜ ╘⌂™↓≤╩ ╠⅛⌐⇔√ Ai et al. 2021 ⁹ ™≡⁸

◄Ⱡꜟ◑כ ⅛╠ ≡ ─ ⇔™ ⌐ ╩ ≡≡⁸ ─ⱪꜝfi♩─ ╩ ∆╢⸗

♦ꜟ─ ╩ ™⁸ ╙↕╠⌐ ⱪꜝfi♩│ ⌐ ∆╢↓≤╩ ╠⅛⌐⇔√ Ai et al. 

2022⁹ ⌐⁸ ⌐ ─ⱨ○♪כ꜠♩≥כ☺♫◦╢∆ ⌐№╢ ─ ╩ ⌐

℮√╘─H08─ ╩ ™⁸ ─♩►⸗꜡◖◦⁸◖ⱶ◑⁸◖ⱷ⁸♄▬☼ ⌐⅔↑╢ ─ ╩

⌐ ∆╢↓≤⌐ ⇔√⁹↓╣⌐╟╡⁸ ≤ ≡™≈⌐ⱨ○♪כ꜠♩הכ☺♫◦─

─ ╩ ╠⅛⌐⇔√ Ai et al. 2023, under review ⁹ ≢│⁸ ─ ⅛╠⁸ ⌐ ⅝⌂

≤⌂∫√4≈ ─ ⁸∆⌂╦∟H08⸗♦ꜟ─ ◘Ⱪ⸗♦ꜟ─ ⌐ ∫≡ ⌂ ╩ ℮⁹

┼─ │ ─ ─ ─ ╩ ╘╢⁹ ╛ ה ⅜ ⌐≥

─╟℮⌂ ╩ ⅎ╢⅛≢⁸ ─ⱨ○♪כ꜠♩╛כ☺♫◦─≢ ⅜ ╦∫≡⇔╕℮√╘⁸ │

◘Ⱪ♥כⱴ⌐≤∫≡ ╘≡ ≢№╡⁸ ◘Ⱪ♥כⱴ─ ⌂ ≢№╢₈ ⌐ ∆╢RCP⁸SSP⁸

SDGs─◦♫☺כ꜠♩≥כ♪○ⱨ─ ₉⌐ ∆╢ ⌂ ≢№╢⁹ 

≤ │ ⌐ ≢№╢⁹ ≤ ─ ─ ╩ ╘╢⌐│⁸ ≤ ─ ≤

╩ ⌐◦Ⱶꜙ꜠כ◦ꜛfi≢⅝╢ ⸗♦ꜟ╩ ∆╢ ⅜№╢⁹H08│⁸ ─ ╛

─ ╛ ─ ⌂≥ ╩ ⇔√ ⸗♦ꜟ≢№╢⁹H08⌐│⁸ ─ ╩ ∆

╢√╘─ ◘Ⱪ⸗♦ꜟ⅜ ╕╣≡™╢⅜⁸ ─ ↔≤⌐ ─Ɽꜝⱷכ♃☿♇♩⅜ ↕╣

≡™╢√╘⁸ ─ │ ™⁹∕↓≢⁸ ⌐Ɽꜝⱷכ♃╩ ⇔⁸▪ꜟ◗ꜞ☼ⱶ╩ ∆╢↓≤≢

H08╩ ⇔⁸4≈─ ⌂ ♩►⸗꜡◖◦⁸ ⁸ ⁸ ─ ╩◦Ⱶꜙ꜠⁹√⇔♩כ◦Ⱶꜙ

√╣↕fiꜛ◦כ꜠ │⁸ FAO ─ ⅔╟┘ ─ כ꜡◓─

Ᵽꜟ♦כ♃☿♇♩ GDHY─◓ꜞ♇♪ ≤⁸ ⅔╟┘ ₁ ─ ⌐ ⇔≡ ↕

╣√⁹ ↕╣√⸗♦ꜟ│⁸FAO─ ≤ ⌂ ╩ ⇔√⁹ ─ Ᵽ▬▪☻│⁸♩►

⸗꜡◖◦⁸ ⁸ ⁸ ≢∕╣∙╣- 4%⁸3%⁸- 1%⁸1%≤ ⌐ ⇔√⁹◦Ⱶꜙ꜠כ◦ꜛfi ≤FAO

─ R2 │⁸♩►⸗꜡◖◦⁸ ⁸ ⁸ ≢∕╣∙╣0.01⅛╠0.98⁸0.21⅛╠0.99⁸0.06

⅛╠0.99⁸0.14⅛╠0.97≤⌂╡⁸ RMSE│ 7.1 ⅛╠ 1.1 ⁸ 2.2 ⅛╠ 0.6 ⁸ 2.7 ⅛╠ 

0.5 ⁸ 2.3 ⅛╠ 0.3 t/ha ┼≤ ⇔√⁹  ─ ⌂ ⸗♦ꜟ≤ ⇔√ ⁸ ₁─ ⸗♦ꜟ

│⁸ ⌂ ╩ ∆╢ ⅜ ≢№╢↓≤⅜ ╠⅛⌐⌂∫√⁹◓ꜞ♇♪꜠ⱬꜟ─ ≢│⁸

⸗♦ꜟ│⁸ ⌐│ ⅝⌂ ™╙ ╠╣√╙──⁸ ≢─ ─ ≤™℮ ≢│⁸GDHY♦

≥♩♇☿♃כ ─ ╩ ≈↓≤⅜ ↕╣√⁹↓─⸗♦ꜟ╩ ™╢↓≤≢⁸ ⅜ ─ ⌐ ⅎ

╢ ⌐ ∆╢ ╩⁸ ⇔√⸗♦ꜟ╩ ™≡ ≢⅝╢↓≤⅜ ↕╣√⁹ ─ ⌐╟╡⁸

H08│ ─ ─ ≤ ╩ ⌐ ≢⅝╢╟℮⌐⌂∫√⁹↓─ ╖│⁸ ─ - -

-◄Ⱡꜟ◑כ─ ⌐ ≢№╢⁹ 
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─ ─ ≤⇔≡Ɽꜞ ⅜⁸ ─ ─ ≤⇔≡│SDGs⅜№╢⁹╕√⁸

╕╣╢ ⌐ ∆╢√╘⁸ ⅜ ≢╙ ⅜ ↕╣≡™╢⁹↓╣╠─

≤ ─ ╩ ╗ ≤SDGs│ ⌐ ↕╣⌂↑╣┌⌂╠⌂™⅜⁸ ≤SDGs╩∕╣∙╣

⇔╟℮≤∆╢ ⁸ ⅜≥↓╢№⅜ⱨ○♪כ꜠♩≥כ☺♫◦⌐ ╠╣≡™╢⁹ ─ ⌂ │2018

⌐ ↕╣√IPCC1.5 ─ ≢ ↕╣√⅜⁸ ⌂ ⌐≤≥╕∫≡™√⁹╕√⁸

2019 ⌐ ↕╣√IPCC ≢│ ⌂ ≤⇔≡Ᵽ▬○ ─ ⌐≈™≡ ─

⅜↕╣√⅜⁸╛│╡ ⅛≈ⱴ◒꜡⌂ ⌐ ╕∫≡™√⁹ ≈⅛ה ꜠♩≥כ☺♫◦⌂

─ⱨ○♪כ ⅜ ≢№╢⁹↓╣╕≢─ ≤SDGs─ ⌐⅔™≡⁸ ⌐ ⌂ ⅜

↕╣≡⅝√≤™℮ ⅜№╢⁹ ─ ⌐│⁸ ⸗♦ꜟ≤ ┌╣╢◄Ⱡꜟ◑כ ⸗♦ꜟ

⅜ ≤⇔≡ ™╠╣≡⅝√⁹↓─ ⁸◄Ⱡꜟ◑כ≤ ─ ⅛╠│ ™ ⅜ ╘╠╣╢╙──⁸

⅜↕╣≡™⌂™ ⌐≈™≡│ ⌐№╢≤ ↕╣√╡⁸ ⅜ ⌐ ↕╣≡™

√╡⇔≡™√⁹∕↓≢ │ ⌐ ⇔⁸ ⌐╙ ™ ╩ ╢ ⸗♦ꜟH08╩ ה

∆╢↓≤≢⁸ ─ ─ ─ ╩ ⇔≈≈⁸ ≤SDGs─◦♫☺כ꜠♩≥כ♪○ⱨ╩

⅛≈ ⌐ ⇔⁸ ─ ╩ ∆╢⁹ 

 

 

 

◘Ⱪ♥כⱴ≢│ ─ ≈╩ ≤∆╢⁹ 

⸗♦ꜟH08╩ ™╢↓≤⌐╟╡⁸ ◦♫ꜞ○≤SDGs ─℮∟⁸ ≤Ᵽ▬○

⌐ כ◑ꜟfi⌂◄Ⱡכꜞ◒√⇔ SDG7⁸⅔╟┘ ⌂ ┼─▪◒☿☻⌐≈™≡ SDG6─

╩ⱨ○♪כ꜠♩╛כ☺♫◦─≢ ⌐ ∆╢⁹ 

2 1.5 ─ ⌐№√╡⁸ ─ ─ ⌂ ╛⁸Ᵽ▬○ ─ ⅜ ⌐⌂

∫≡™╢ ⅜ ↕╣╢⁹ ⌐ ⇔≡│⁸ ⌂ ─ ⅜ ≤⌂∫≡™⌂™⅛≤™℮

⅛╠ ╩ ℮⁹ ⌐≈™≡│⁸Ᵽ▬○ ⌐╟╡ ─ ╛ ─ ⌐≈⌂⅜╢↓≤⅜

⌂™⅛≤™℮ ⌂≥⅛╠ ⌂ ╩ ℮⁹ 

SDGs⅜ ⌐ ≢⅝√≤⇔≡╙ ─ │ ⌐│ ╠∑⌂™⁹ ─ ╛ ⌐ ╛

─ ╩╙√╠∆ ⌐ ⌐ ⇔⁸ ⌐ ∆╢ ╛ ╩ ∆╢⁹ 

 

 

 

≢│⁸ ⌐ ↑≡ ╩ ⇔⁸ ─ ⱨꜟⱭכⱤכ╩ ה ⇔√ Ai et al. 

2020; 2021; 2022; 2023 under review ⁹∕─∆═≡╩↓↓⌐ ∆─│ ─ ⇔™⁹≈™≡│⁸

≡⇔≥☻☿◒▪ⱪfiכ○⌐ ╖─ ⌐≈™≡│ ⇔⁸2023 3 31 ≢ ─ ─

⌐ ╡⁸ ╩ ∆╢⁹ ─ │ ─ ⌐№╢₈ ⌐ ∆╢RCP⁸

SSP⁸SDGs─◦♫☺כ꜠♩≥כ♪○ⱨ─ ₉─ ╩⌂∆ ≢№╢⁹ 

 

│ ⌐≤∫≡ ⌂ ≢№╢⁹ ─ ≤ ─ ⌐ ™⁸ │⁸

─╙≤≢─ ⌂ ≤⌂∫≡™╢⁹ ─ ⌂ ─ ≈│ ≢№╡⁸

⌐ ⅜ ≢⌂™ ⌐⅔™≡⁸ ─ ⌐ ⅝ↄ ↕╣╢⁹ ⅎ┌⁸ ⁸ ─

─ 40 │ ⌐ ⇔≡™╢⁹ │⁸ ─ ─ 65 ⁸ ─ ─90 ╩

╘≡™╢⁹∕─ ⁸ ─ ╛ ─ ⌂≥⁸ ≤ ─ ─◦☻♥ⱶ⌐ ╩ ╓

⇔≡™╢⁹↓─╟℮⌂ ─ ╩ ⌐ ⅎ╢√╘⌐⁸ ⌂ ╩ ∆ ⅜ ╕∫≡™╢⁹

≤ ⌂ ─ ─ ⌂ ⌐╟╡╟ↄ ╡ ╗√╘⌐⁸ ⇔√⸗♦ꜟ─ ╖─
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≢ ─ ≤ ╩ ℮ ─ ╩ ⌐ ∆╢↓≤│⁸⸗♦ꜟ ⌐⅔™≡ ⌐ ≢№

╢⁹ 

 

3.1  ⸗♦ꜟH08 

H08│⁸ ⅔╟┘ ⌂ ╩ ╗ ⸗♦ꜟ≢⁸ │0.5°⁸ │1 ≢

№╢⁹↓─⸗♦ꜟ│⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ≤™℮6≈─◘

Ⱪ⸗♦ꜟ⅛╠ ↕╣≡™╢ Hanasaki et al. ⁸2008a ⁹↕╠⌐⁸ ⌐⌂∫≡ ─ ≤ ⁸

⁸ ≥כ꜡fiⱨכ♃ꜞ⁸ ⌂≥⁸ ⅜ⱶכ◐☻™⇔ ↕╣≡™╢ Hanasaki et 

al. ⁸2018 ⁹↓╣╠─ √⌐ ↕╣√ ⌐╟╡⁸H08│⁸☿◒♃כ ⅔╟┘ ─ ≤

─ ⌐ ≢⅝╢ ╙ ꜟⱣכ꜡◓⌂ ⸗♦ꜟ─1≈≤™ⅎ╢⁹ ≢│⁸H08│™ↄ≈⅛─

⌐╟╡⁸ ─ ≤ ╩ ⅔╟┘◓ꜞ♇♪☿ꜟ ≢ ≢⅝╢⁹ ≤⇔≡│⁸ ⌐⁸

ה ─ ─ ⅛╠ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹ ⌐⁸

≢─ ─ ≢─ ╩ ∆╢↓≤⅜≢⅝╢⁹ ⌐⁸ ─ ⅜ ─

⌐ ╓∆ ╩ ∆╢↓≤⅜≢⅝╢⁹ 

 

3.2 ◘Ⱪ⸗♦ꜟ 

◘Ⱪ⸗♦ꜟ│⁸ ╕≢─ Ᵽ▬○ⱴ☻╩1 ≢ ⇔⁸ ─◦Ⱶꜙ꜠כ◦ꜛfi╩

℮⁹ ⌂Ᵽ▬○ⱴ☻─1 ─ һὄ kg ha- 1 │⁸ ─ ⌐ ≠™≡ ↕╣

╢⁹ ─ⱨ▼ⱡ꜡☺כ─ │ ⌐ ≠⅝⁸ ⅜ ≤ ⇔ↄ⌂∫√

≤⅝⌐ ⌐ ∆╢⁹ │⁸ Ᵽ▬○ⱴ☻─ ─ ─ ╩ ∆╢√╘⌐ ↕╣╢⁹ ─

│ ╛ ⌂≥─ ⌐╟∫≡ ↕╣╢⁹ 

 

3.3 ▪ꜟ◗ꜞ☼ⱶ─  

⌐⁸ ◘Ⱪ⸗♦ꜟ╩ ─╟℮⌐ ⇔√⁹╕∏⁸H08─ ◘Ⱪ⸗♦ꜟ⌐⁸SWAT⸗♦ꜟ≢

↕╣≡™╢ ≤Ɽꜝⱷכ♃╩ ™≡⁸CO2 ≤ ⅜ ◄Ⱡꜟ◑כ ⌐ ⅎ╢ ╩

⇔√ Neitsch  et al., 2011; Arnold et al., 2013 ⁹↓╣⌐╟╡⁸CO2─ │ ─ ⌐ⱪꜝ☻─

╩⁸ ─ │ⱴ▬♫☻─ ╩ ⅎ╢╟℮⌐⌂╢⁹ 

 

3. 4 Ɽꜝⱷכ♃  

⌐⁸Fader et al. (2010) ─ ⌐ ™⁸₈ ₉≤™℮ ╩ ⇔⁸ ὦὰὥ≤

Harvest ≤™℮ Ɽꜝⱷכ♃╩ ⇔√⁹⌂⅔⁸ ─ ↄ─ ⌐⅔™≡⁸FAO⌐╟╢

─ │⁸ ╠⅛⌂ ╩ ╩♃כ♦⁸≡∫⅜√⇔⁹╢™≡⇔ ≤ ─2≈─ ⌐

↑╢ ╩ ⁸ ╩ ≤∆╢ ⌂ │℮╕ↄ™⅛⌂⅛∫√⁹∕↓≢⁸ ─

╩ ⌐⁸ ─ ╩ ⌐ ⇔√⁹ ⌐│⁸1986 ⅛╠2015 ╕≢─ ⌐⅔™

≡⁸ ≤ ─ ≢⁸0.5⅛╠7.1╕≢─ ╩0.3─ ≢ ╡ ⇔⁸ ╩ ⇔

√⁹∕⇔≡⁸ ◦Ⱶꜙ꜠כ◦ꜛfi ≤ FAO ─ ─ ╡╩ ≢⅝╢ ╩⁸ ─

≤⇔≡ ⇔√⁹FAO ╛◦Ⱶꜙ꜠כ◦ꜛfi ™⌂⅜♃כ♦─ ⌐≈™≡│⁸

─ ♦ⱨ◊ꜟ♩ ╩ ⇔√⁹ 

 

 ♃כ♦ 3.5

ⱪ꜡☺▼◒♩ISIMIP3a─GSWP3- W5E5≤ ┌╣╢ 1980─♃כ♦ ⅛╠2015 ╕≢╩⁸ ─∆

═≡─◦Ⱶꜙ꜠כ◦ꜛfi⌐ ⇔√⁹GSWP3- W5E5 ♦כ♃─ │ 0.5°≢№╢⁹ ─8≈─

⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸  )╩ ⇔≡H08╩ ⇔

√⁹ 
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 ♃כ♦ 3.6

◦Ⱶꜙ꜠כ◦ꜛfi⇔√ ╩ ה ∆╢√╘⌐⁸ ─ ⌂╢ ─ ╩♃כ♦ ⇔

√⁹1986 ⅛╠2015 ╕≢─FAO─ ꜠ⱬꜟ─ ♃כ♦ https://www.fao.org/faostat/en/#data ≤⁸

Global Dataset of Historical Yield  (Iizumi et al., 2020) ⅛╠◓ꜞ♇♪꜠ⱬꜟ (0.5°) ─ ♃כ♦

╩ ∫≡⸗♦ꜟ ╩ ⇔√⁹FAO │ ≤⇔≡ ↕╣√⅜⁸⸗♦ꜟ◦Ⱶꜙ꜠כ◦ꜛfi│

≤⇔≡ ↕╣╢⁹ ─ ─√╘⌐⁸Farder╠ 2010 ⅔╟┘Müller╠ 2017 ⅜ ⇔√╟

℮⌐⁸FAO │Wirsenius 2000 ⌐ ∫≡ ─ ⅎ┌⁸♩►⸗꜡◖◦⁸ ⁸ ⁸

⌐≈™≡│0.88⁸0.87⁸0.91 ≢ ⌐ ⇔√⁹ ─ ─ ♩♇☿♃כ♦ꜟⱣכ꜡◓─

GDHY ─⁸FAO│♃כ♦ ╩⁸™ↄ≈⅛─ ⱪ꜡♄◒♩⅛╠ ↕╣√◓ꜞ♇

♪ ─ ⌐ ≠™≡◓ꜞ♇♪꜠ⱬꜟ─ ⌐ ∆╢ ╢№≢♩♇☿♃כ♦ Iizumi et 

al., 2020 ⁹FAO ≤GDHY │⁸∕╣∙╣ ꜠ⱬꜟ⅔╟┘◓ꜞ♇♪꜠ⱬꜟ≢─ ⸗♦ꜟ─ ╩

∆╢√╘⌐ ⇔√ Müller et al., 2017; Iizumi et al., 2020⁹ 

 

3.7 ◦Ⱶꜙ꜠כ◦ꜛfi─ ≤  

▪ꜟ◗ꜞ☼ⱶ─ ≤Ɽꜝⱷכ♃─ ╩ ™⁸♩►⸗꜡◖◦⁸ ⁸ ⁸ ─2 ─◦Ⱶꜙ꜠כ◦

ꜛfi╩1986 ⅛╠2015 ╕≢⁸ ≤ ─ ─ ≢⁸1 ≢ ⇔√⁹◦Ⱶꜙ꜠כ◦ꜛfi│⁸

◓ꜞ♇♪☿ꜟ─ ⌂ ⌐4≈─ ⅜ ⅎ╠╣⁸ ↕╣╢≤ ⇔≡⁸♦ⱨ◊ꜟ♩⸗♦ꜟ≤ ⸗

♦ꜟ≢ ∫√⁹ ≢│ ─ ⌐ ☻♩꜠☻⅜⅛⅛╢⅜⁸ ≢│ ─ ⌐ ☻♩꜠

☻│⅛⅛╠⌂™⁹ 

 

┘  

 

4.1 FAO─ ≤─  

- 3. 1⌐ ∆╟℮⌐⁸♦ⱨ◊ꜟ♩⸗♦ꜟ≢◦Ⱶꜙ꜠כ◦ꜛfi⇔√ ≤ ∆╢≤⁸ ⸗♦ꜟ│⁸FAO

─ 20 ─ ─♩►⸗꜡◖◦⁸ ⁸ ⁸ ─ 88%⁸86%⁸

93%⁸99%╩ ╘╢ ≤─ ⅜ ™↓≤⅜╦⅛╢⁹╕∏⁸ 20◌ ─ Ᵽ▬▪☻ ◦Ⱶꜙ꜠כ

◦ꜛfi─ ≤FAO─ ─ │♩►⸗꜡◖◦⁸ ⁸ ⁸ ≢∕╣∙╣- 4%⁸3%⁸-

1%⁸1%≤ ⌐ ⇔√⁹ ⌐⁸◦Ⱶꜙ꜠כ◦ꜛfi─ ≤FAO─ ─ R2

│⁸♩►⸗꜡◖◦⁸ ⁸ ⁸ ⌐≈™≡⁸∕╣∙╣0.01⅛╠0.98⁸0.21⅛╠0.99⁸0.06⅛╠0.99⁸∕⇔

≡0.14⅛╠0.97┼≤ ⇔√⁹↕╠⌐⁸ ∆╢ RMSE│⁸♩►⸗꜡◖◦⁸ ⁸

⁸⅔╟┘ ⌐≈™≡⁸∕╣∙╣7.1⅛╠1.1⁸2.2⅛╠0.6⁸2.7⅛╠0.5⁸2.3⅛╠0.3t /ha⌐ ⇔√⁹↓

╣╠─ │⁸ ↕╣√◦Ⱶꜙ꜠כ◦ꜛfi⅜⁸4≈─ ─ ─ ─ ╩ ꜠ⱬꜟ≢

≢⅝╢↓≤╩ ∆╢╙─≢№∫√⁹ 
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- 3.1 20◌ ⌐⅔↑╢◦Ⱶꜙ꜠כ◦ꜛfi≤FAO ─1986 ⅛╠2015 ╕≢─ ─

⁹Default │♦ⱨ◊ꜟ♩⸗♦ꜟ⁸improved│ ⸗♦ꜟ╩ ™√◦Ⱶꜙ꜠כ◦ꜛfi╩∕╣∙╣ ∆⁹

─  ≤ ─ │∕╣∙╣±10 ⁸±20 ─ ╩ ∆⁹SIM│◦Ⱶꜙ꜠כ◦ꜛfi ⁸FAO│FAO⅛╠

↕╣√ ⁹ⱤⱠꜟ a │♩►⸗꜡◖◦⁸ b │ ⁸ c │ ⁸ d │ ╩∕╣∙╣ ⇔≡™

╢⁹ 

 

─ ─ ╩ ═╢√╘⌐⁸♩꜠fi♪╩ ⇔√♩►⸗꜡◖◦─ ─ ╩◦

Ⱶꜙ꜠כ◦ꜛfi♦⁸≥♃כ ↔≤─ 20 ─FAO♦כ♃╩ - 3.2⌐ ⇔√⁹FAO ─ ╩

ⅎ╢ ⌐≈™≡│ ⸗♦ꜟ│⁸◖ⱷ╟╡╙♩►⸗꜡◖◦⁸ ⁸♄▬☼≢ ╣√ ╩ ⇔√⁹

⌐│⁸♩►⸗꜡◖◦⁸ ⁸ ⁸ ─ 20◌ ─℮∟∕╣∙╣18◌ ⁸16◌ ⁸11◌ ⁸16◌

≢ ─ ⅜ ↕╣⁸╕√⁸ R ─ │0.48⁸0.51⁸0.31⁸0.36≤⌂∫√⁹ ↕╣√⸗

♦ꜟ│⁸ ─ ≢╙ ⅜ ⇔√ ⌐♩►⸗꜡◖◦≤ ≢│⁸♦ⱨ◊ꜟ♩⸗♦ꜟ╟╡╙R⅜

⅝ↄ⁸RMSE⅜ ↕ↄ⌂∫√ ⁹ 
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- 3.2 20 ⌐≈™≡─ ─◦Ⱶꜙ꜠כ◦ꜛfi ⁸ ─◦Ⱶꜙ꜠כ◦ꜛfi ⁸

⅔╟┘FAO ⌐╟╢♩꜠fi♪ ╖─♩►⸗꜡◖◦─ ─ ⁹Y│ ⁸R│

⁸RMSE│ ╩ ∆⁹ 

 

- 3. 3│ ↔≤⌐ 5 ╕≢─ ─◦Ⱶꜙ꜠כ◦ꜛfi ≤FAO ─ ─♩꜠fi♪ ╖

─ ─R≤RMSE╕≤╘√╙─≢№╢⁹ 5 ╕≢≤⇔√─│⁸Jägermeyr╠⌐╟╢ ꜟⱣכ꜡◓─

⸗♦ꜟ 2021 ≤ ≢⅝╢╟℮⌐∆╢√╘≢№╢⁹ ≤⇔≡⁸ ₁─◦Ⱶꜙ꜠כ◦

ꜛfi─ R ≤ RMSE │⁸Jägermeyr╠(2021)⅜ ⇔√ ─ ⸗♦ꜟ─ ≢№∫√⁹♩►⸗

꜡◖◦⁸ ⁸◖ⱷ⁸ ⌐≈™≡│⁸ ₁─ ⸗♦ꜟ─☻◖▪│Jägermeyr╠ 2021 ⅜ ⇔√

─ ⸗♦ꜟ─▪fi◘fiⱩꜟ ≤ ≢№╡⁸◖ⱷ⌐≈™≡│⁸ ₁─◦Ⱶꜙ꜠כ◦ꜛfi─R │╟╡

ↄ Ᵽfi◓ꜝ♦◦ꜙ≤ ╩ ↄ ⁸╟╡ ™RMSE ╩ ⇔√⁹⇔⅛⇔⁸™∏╣⌐∑╟⁸Jägermeyr╠

2021 ─ ⸗♦ꜟ╙ ₁─ ⸗♦ꜟ╙☻◖▪│ ™ R 0.5─ │╒≤╪≥⌂™ ⁹ ⸗♦ꜟ⌐

╟╢◦Ⱶꜙ꜠כ◦ꜛfi │⁸ ⌂ ◦◓♫ꜟ╩ ⇔≡™╢∞↑≢№╡⁸ ─ ⸗♦ꜟ⅜⁸

─ ─ ⌂ ╩ ⌐ ⅎ╢↓≤⅜ ⇔™ ⅜ ™≡™╢↓≤╩ ⇔≡™╢ Jägermeyr et 

al. ⁸2021 ⁹↓─↓≤│⁸ ⌐⅔™≡⁸ ⅜ ─ ─ ≢│⌂™ ╙

⌐ ⇔≡™╢⁹ 
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- 3.3 ♩꜠fi♪ ╖─ ─ ⌐ ∆╢R≤RMSE─ ⁹SIM│ ⁸J21│Jägermeyr 

et al. (2021) ─ ≢ ↕╣√ ─ ⸗♦ꜟ─▪fi◘fiⱩꜟ ⁸│כⱣכꜝ◄⁹ ─

⸗♦ꜟ ─ ⅔╟┘ ╩ ∆⁹ 

 

─ ╩↕╠⌐ ∆╢√╘⌐⁸ ─ ⅔╟┘ ≤ ↔≤─ ─ ╩

∆╢↓≤≢⁸ ∆⌂╦∟⁸ ≤ ⅜ ─ ⌐ ⅎ╢ ╩ ⇔√⁹♩►⸗

꜡◖◦╩ ⌐≤╢≤ - 3. 4 ⁸ 20 ─╒≤╪≥ 17/20 ≢⁸ ≤FAO ─ ⌐

⌐ ⌂ p 0.05 │ ╠╣⌂⅛∫√⁹ ≤FAO ─ ⌐ ⌂ ─ p < 0.05

⅜ ◌ⱦ▪─3ꜟ☿⁸כꜞ●ⱴ♬▪⁸Ɫfiכꜟ⁸│─√╣╠ ─╖≢№∫√⁹ ─ │⁸ ─

⌐ ⇔≡™╢√╘⁸ ◦Ⱶꜙ꜠כ◦ꜛfi─ │⁸ ⌐ ─ ╩ ⇔≡™╢⁹⇔√⅜∫

≡⁸↓─3◌ ≢│⁸FAO ≤ ─ ⌐ ⌂ ⅜№╡ - 3. 2 ⁸ ⌂◦Ⱶꜙ꜠כ◦ꜛfi

⅜ ↕╣√ - 3. 4 ⁹╕√⁸ 20◌ ─╒≤╪≥ 12/20 ≢⁸ ≤FAO ─ ⌐

⌐ ⌂ │ ╠╣⌂⅛∫√ - 3. 5 ⁹ ⌐⁸ ⁸ ⁸ ⌐≈™≡╙⁸╒≤╪≥─ ≢

/ ≤FAO ─ ⌐ ⌐ ⌂ │ ╠╣⌂⅛∫√⁹ 
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- 3.4 20◌ ⌐⅔↑╢♩►⸗꜡◖◦─ ◦Ⱶꜙ꜠כ◦ꜛfi⁸ FAO ≤ ─

─ ⁹1986 ⅛╠2015 ╕≢⁹Y│ ⁸P│ ⁸R│ ⁹ 

 

 

- 3.5 20◌ ⌐⅔↑╢♩►⸗꜡◖◦─ ◦Ⱶꜙ꜠כ◦ꜛfi⁸ FAO ≤ ─

─ ⁹1986 ⅛╠2015 ╕≢⁹Y│ ⁸P│ ⁸R│ ⁹ 
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─  

 

╒╓ ∆╢↓≤⅜≢⅝√⁹ 

╕∏⁸ ₈ ⸗♦ꜟH08╩ ™╢↓≤⌐╟╡⁸ ◦♫ꜞ○≤SDGs ─℮∟⁸

≤Ᵽ▬○ ⌐ כ◑ꜟfi⌂◄Ⱡכꜞ◒√⇔ SDG7⁸⅔╟┘ ⌂ ┼─▪◒☿☻⌐≈™≡

SDG6─ ╩ⱨ○♪כ꜠♩╛כ☺♫◦─≢ ⌐ ∆╢₉⌐≈™≡│⁸ fi⌂◄Ⱡכꜞ◒ה

הכ◑ꜟ ⌂ ┼─▪◒☿☻⌐ ─ⱨ○♪כ꜠♩≥כ☺♫◦╢∆ ⌐№╢◄Ⱡꜟ◑כ ה

─ ╩ ⌐ ℮√╘─H08─ ╩ ™⁸ ─Ⱶ☻◌fi◘☻⁸☻▬♇♅◓ꜝ☻⁸♩►⸗꜡◖

◦⁸◖ⱶ◑⁸◖ⱷ⁸♄▬☼ ⌐⅔↑╢ ─ ╩ ⌐ ∆╢↓≤⌐ ⇔√⁹↓╣⌐╟╡⁸

≤ ◄Ⱡꜟ◑הכ ─≡™≈⌐ⱨ○♪כ꜠♩הכ☺♫◦─ ╩ ╠⅛⌐⇔√ Ai et 

al. 2020; 2023 under review ⁹ 

⌐⁸ ₈2 1.5 ─ ⌐№√╡⁸ ─ ─ ⌂ ╛⁸Ᵽ▬○ ─

⅜ ⌐⌂∫≡™╢ ⅜ ↕╣╢⁹ ⌐ ⇔≡│⁸ ⌂ ─ ⅜ ≤⌂∫≡™⌂

™⅛≤™℮ ⅛╠ ╩ ℮⁹ ⌐≈™≡│⁸Ᵽ▬○ ⌐╟╡ ─ ╛ ─ ⌐≈

⌂⅜╢↓≤⅜⌂™⅛≤™℮ ⌂≥⅛╠ ⌂ ╩ ℮₉⌐≈™≡│⁸ ⌐≈™≡│⁸ ⌂

╩ ⇔⁸ ⌐ ∆╢ ⅜ ⌐╟∫≡ ↕╣╢≤™℮ ─ ≢─

Zhou, Hanasaki et al . 2018 ╩ ⇔√⁹Ᵽ▬○ ─ ⌐≈™≡│⁸ ⸗♦ꜟH08╩

─╟℮⌐ ∆╢↓≤≢⁸Ᵽ▬○ ⅜ ⌐ ⅎ╢╟℮⌐⇔√⁹ ⌐⁸ ↕╣√H08╩ ∆

╢↓≤≢⁸ ─ ⅝Ᵽ▬○ BECCSⱳ♥fi◦ꜗꜟ⌐ ∆╢ ─ ╩

╠⅛⌐⇔⁸ ⌂ ─ ≢│ ⅝⌂Ᵽ▬○ ⅜ ╘⌂™↓≤╩ ╠⅛⌐⇔√( Ai et al. 

2021)⁹ 

⌐⁸ ₈SDGs⅜ ⌐ ≢⅝√≤⇔≡╙ ─ │ ⌐│ ╠∑⌂™⁹ ─ ╛

⌐ ╛ ─ ╩╙√╠∆ ⌐ ⌐ ⇔⁸ ⌐ ∆╢ ╛ ╩ ∆╢₉

⌐≈™≡│⁸╕∏ ≤ ─ ≢ ⌂ ≈─ ⌐ ⇔≡ ╩ ⇔≈≈⁸ ─ ╩

™ ─ ╩ ⇔√ Ai et al., 2020; 2021; 2023 under review ⁹↕╠⌐⁸◄Ⱡꜟ◑כ ⅛

╠ ≡ ─ ⇔™ ⌐╙ ╩ ≡≡⁸ ─ⱪꜝfi♩─ ╩ ∆╢⸗♦ꜟ─ ╩

∫√⁹↓╣╕≢─ ╩ ╕ⅎ╢≤⁸ ╙↕╠⌐ ⱪꜝfi♩│ ⌐ ∆╢↓≤╩ ╠⅛

⌐⇔√ Ai et al., 2022 ⁹ 
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и  ≤SDGs─ ⌐⅔↑╢  ⱨ○♪כ꜠♩≥כ☺♫◦─

 

ה   

ה     ⱪכꜟ◓

ה     ⱪכꜟ◓

ה  ⱪ  2021כꜟ◓ 12 2023 3  

ה  ⱪ  ₁כꜟ◓ 2020 9 2021 9  

 

 

◘Ⱪ♥כⱴ ─ │⁸ ⌐ ∆╢SDG2┼─ ╩ⱨ○♪כ꜠♩הכ☺♫◦─ ∆╢↓≤≢№

╢⁹ ⌐│⁸ ─ ה ─ ⸗♦ꜟ─ ⁸ ≤ ─ ╩ ⇔√

─ ⇔─ ⁸ ה ─SDG2┼─◦♫☺כ꜠♩הכ♪○ⱨ⌐≈™≡─ ─ ⁸─3

≈╩ ⇔√⁹ │™∏╣╙ ╡⅛⁸ ╩ ╢ ╩ →√⁹ │⁸ᵑ ─ ≤

─ ⇔⁸ᵒ ┼─ ╢╟⌐⁸ᵓBECCSכ☺♫◦─ ─ ╩ ⇔√SDG2┼─♩꜠כ

♪○ⱨ⁸ᵔ ─ ≢─  ⱨ⁸⌐╕≤╘√⁹○♪כ꜠♩הכ☺♫◦─

ᵑ≢│⁸◖ⱷ ⅜ ╦╣≡™╢▪☺▪6⅛ ─ ⅛╠⁸ ≤ ─ ₁ ╩ ⅛

╠ ∆╢ Ⱡ♇♩ ⸗♦ꜟ╩ ⇔√⁹ ⇔√ ≤ ─ ⸗♦ꜟ⌐ ◦♫ꜞ○╩

⇔⁸ ≤ ─ ⅜ ⇔⌂™ ⁸◖ⱷ ┼─ ╩ ↕╣╢≤─

⇔╩ ⇔√⁹↕╠⌐⁸ ⌐╟╢◖ⱷ ─ ⅜ ╩ ⇔√ ─ ⌐

╩ ⅎ╢ ╩ ⇔√⁹ 

ᵒ≢│⁸ ⁸ ⁸ ⁸ ─ ╩♃כ♦♪♇ꜞ◓ ⌐╟╡ ⇔⁸

⌐╟╢ ┼─ ≤∕─ ╩ ⇔√⁹↕╠⌐⁸ ┼─ ≡⇔≥כ☺♫◦─

≤ ─ ╩∕╣∙╣ ⇔√⁹SDG6⅜ →╢ ⌐╙ ∆╢ ╩

╕ⅎ≡⁸ ─ ╩◘Ⱪ♥כⱴ ⌐ ⇔√⁹ 

ᵓ≢│⁸SDG2─ ≢№╢ ─ ╩ ⸗♦ꜟ ⅛╠ ∆╢ ╩ ⇔

√⁹ ⇔√ ╩ ™≡⁸ ≤ ╩ ⇔√ ─ ─ ⇔╩

⇔⁸ ⅜ ⌐ ∆╢↓≤╩ ╠⅛⌐⇔√⁹↕╠⌐⁸◘Ⱪ♥כⱴ ─ ╩ ╕ⅎ≡⁸BECCS

╩ ⌐ ⇔√ ⁸ ─ ≢│ ≤ ─ ─ ─

⅜ ⌐⌂╢ ╩ ⇔√⁹ 

 ᵔ≢│⁸◘Ⱪ♥כⱴ ⅛╠ ╩ ↑√ ─ ╩ ⁸ ≤ ╖ ╦∑⁸

⌐╟╢ ─ ╩ ⇔√⁹↕╠⌐⁸ ⌐ ∆╢ ─ ─

⁸≥כ☺♫◦─┼ ⌐╟╡ ↕╣╢ ─ ─ ≡™≈⌐כ☺♫◦─┼ ╩

∫√⁹⇔⅛⇔⁸ ⌐ ⌂ │ ≢⅝⌂⅛∫√⁹↓↓≢ ⇔√ ꜠ⱬꜟ─♦כ♃≢│↓╣╠─◦

╩כ☺♫ ∆╢⌐│ ⅜ ∞∫√≤ ⅎ╠╣╢⁹ 

 ◘Ⱪ♥כⱴ4⅛╠│ 4 ⅜IPCC 2 6 ⌐ ↕╣⁸ ─ ⌂ ╩

ⅎ╢ ╩ ⇔√⁹╕√⁸3 ─ⱪ꜠☻ꜞꜞכ☻╩ ™⁸ ┼─ ─ ⌐ ╘√⁹ 

 

 

↓─ ≢│⁸ ─SDGs┼─◦♫☺כ꜠♩≥כ♪○ⱨ─ ⅛╠⁸ ≤SDGs─

─ ╩ ⇔⁸∕─ ╩ ╠⅛⌐∆╢↓≤╩ ≤∆╢⁹╕√⁸ ─ ⌂ ה

≤SDGs─ ⌐⅔↑╢ ╩ ⇔⁸ ─ ╩ ℮⁹↓─ ─ ─℮∟⁸◘Ⱪ

ⱴכ♥ ≢│ ⌐ ∆╢SDG2╩ ⌂ ≤∆╢⁹ 
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◘Ⱪ♥כⱴ ≢│ ─3≈╩ ≤∆╢⁹ 

⅔╟┘ ─ ╛ ⌐╟╡ ה ⅜ ∆╢ ♃כ♦╩

⌐╟╡ ╠⅛⌐⇔⁸ ⸗♦ꜟ╩ ∆╢⁹ 

⸗♦ꜟ Sultan et al. 2019 ⌐╟╢ ─ ◦Ⱶꜙ꜠כ◦ꜛfi≤ ─ ⸗♦ꜟ⌐

╟╢ ⁸ ◦♫ꜞ○ ◘Ⱪ♥כⱴ3 ⁸ ◦♫ꜞ○ ◘Ⱪ♥כⱴ1 ╩ ╖ ╦∑≡

⇔⁸ ─ ╩ ℮⁹ 

∕╣⌐╟╡⁸ ╩ ∆╢℮ⅎ≢ (SDG2)⌐♩꜠כ♪○ⱨ⅜ ∂╢ ╩ ⇔⁸

◘Ⱪ♥כⱴ1 ⌐ ∆╢ ╩ ∆╢⁹ 

 

 

◘Ⱪ♥כⱴ ≢│ ─ ⌐ ∫≡ ╩ ╘⁸ ╠╣√ ╩ ─4≈─ ⌐ ╡╕≤╘

√⁹↓╣╠─ │ ≢ →√3≈─ ╩∆═≡ ╗ ≢№╢⁹ 

ᵑ ─ ≤ ─ ההה⇔ ⅜ ─ ה ⌐ ⅎ╢ ♃כ♦╩

⌐╟╡ ╠⅛⌐⇔⁸ ⸗♦ꜟ╩ ⇔√⁹↕╠⌐⁸ ─ ⌐ ⅎ≡⁸ ─ ╩

⇔⁸ ─ ⌐ ∆╢ ╩ ∫√ ≤ ⌐ ⁹ 

ᵒ ┼─ הההכ☺♫◦─ ─ ╩ ╛∆ ⌐╟╡ ≢⅝╢

כ☺♫◦─⧵≥ ⁸ ─ ╩ ⌐≈™≡ ⌐ ⇔√

⌐ ⁹ 

ᵓ BECCS⌐╟╢ ─ ╩ ⇔√SDG2┼─♩꜠כ♪○ⱨהההSDG2─ ─ ≈≢№╢

─ ╩ ⸗♦ꜟ ⅛╠ ∆╢ ╩ ⇔⁸ ≤ ╩ ⇔√

⇔╩ ⇔√⁹ ⇔≢│⁸ ─ ⌐⅔™≡ ≤ ─ ⌐

╠╣╢ ─ ╩ ↕∑╢ ◦♫ꜞ○╩ ⇔√⁹↕╠⌐⁸◘Ⱪ♥כⱴ ─ ╩ ≡⁸

─ ≤ ╩ ℮Ᵽ▬○◄Ⱡꜟ◑כ BECCS─ ⌐ ℮ ─ ╩ ⇔√ ┼─

─ⱨ○♪כ꜠♩ ⌐≈™≡ ⇔√ ≤ ⌐ ⁹ 

ᵔ ─ ≢─ ⱴכ♥Ⱪ◘הההⱨ○♪כ꜠♩הכ☺♫◦─ ─ ⌐ ∆╢√╘⁸

◘Ⱪ♥כⱴ ≤ ⇔≡⁸ ה ─ ⌐ ∫≡ ╩כ☺♫◦╛ⱨ○♪כ꜠♩╢∂

SDG2─ ⅛╠ ⇔√⁹∕─ ⁸◘Ⱪ♥כⱴ ⅛╠ ╩ ↑√ ◦♫ꜞ○╩

≤ ╖ ╦∑⁸ ⌐╟╢ ╩ ⇔√ ⌐ ⁹ 

 

┘  

⁸4≈─ ─ ⌐≈™≡ ∆╢⁹ 

 

ᵑ ─ ≤ ─ ⇔ 

◘Ⱪ♥כⱴ ≢│⁸◖ⱷ ⅜ ╦╣≡™╢▪☺▪─6⅛ ─ ╩♃כ♦ ⇔⁸ │

≤ ═≡╙ ≢⅝⌂™ ⅝↕≢№╢↓≤╩ ╠⅛⌐⇔√1)⁹ 26 1987 2012 ╠⅛♃כ♦─

⇔√ ≤ ─ ⅛╠─ ─ ╩ ⇔√ ⁸▬fi♪Ⱡ◦▪⁸ⱴ꜠⁸▪◦כ

♃▬≢│ 3.3 5.9 ⅜ 7.4 12.5 ─ ≢№╢⅜⁸Ᵽfi◓ꜝ♦

◦ꜙ⁸Ⱶꜗfiⱴ⁸כⱨ▫ꜞⱧfi≢│ 4.8 5.8 ⅜ 4.7 5.2 ≤ ≤─ ∞∫

√ - . ⁹ 6.0 15.1 │⁸ⱴ꜠כ◦▪╩ ⅝⁸ №╢™│ ─

╟╡╙ ⅝⅛∫√⁹⇔⅛⇔⌂⅜╠⁸ ≤ ⅜ ∂ ⌐ ∆╢ │ ∏⇔╙ ↄ⌂⅛∫√⁹

⇔√6⅛ ─℮∟ ≤ ─ ─ ⌐ ⌂ R ⅜ ╠╣√ ≈╕╡⁸ ≤ ─ ⅜

⇔≡™√ │⁸Ᵽfi◓ꜝ♦◦ꜙ (R=0.530; p=0.005) ≤Ⱶꜗfiⱴכ (R=0.480; p=0.013) ─╖∞∫√⁹ 

Ⱡ♇♩ ⸗♦ꜟ─ ╩ ⇔√ ⁸ ≤▪☺▪─◖ⱷ ─ ⌐│ ─2≈─

⅜№╢↓≤⅜ ↕╣√⁹ⱨ▫ꜞⱧfi╩ ⌐ ∆╢≤ - . ⁸ ⌐⁸ ─ ╩ ∆

⅜ ─ ─ ⌐ ╢↓≤│╒≤╪≥⌂™≤─ ∞∫√⁹∆⌂╦∟⁸ ה ⌐⅛
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⅛╦╠∏⁸ CDD ╛ CWD ⌐ ↕╣╢ ⅜ ⌐ ⅝

⌂ ╩ ⅎ╢↓≤╩ ⇔≡™╢⁹ ⌐⁸ ─ ─℮∟ ─ 1 3 ⌐│⁸ ─

⅜╟╡ ↄ ↕╣√⁹↓╣│⁸ ─ ╟╡╙ ─ ⅜ ⌐ ⅝

ↄ ⇔≡™╢↓≤╩ ⇔≡™╢⁹ⱨ▫ꜞⱧfi≢│⁸ │ ─ 1.3 ≤ ↕╣≡⅔╡⁸

─ ─ │ ─ ⌐╟╡ ↄ ↕╣≡™╢≤ ≢⅝╢⁹↓─ ≈─ │ ⇔

√6⅛ ≢ ⇔≡ ╠╣√⁹ 

⇔√ ─ ⸗♦ꜟ╩ ™≡⁸CMIP5─4≈─ ◦♫ꜞ○⌐ ∫√ ⇔╩ ⇔√⁹

─ ⸗♦ꜟ│ ⸗♦ꜟ≤ ⌐ Ⱡ♇♩ ⌐╟╡ ⇔√⁹ ◦♫ꜞ○│2≈─

RCP2.6 r26 ≤RCP8.5 r85 ⅔╟┘2≈─ ⸗♦ꜟ GFDL- ESM2MgG ≤HadGEM2- ES

gH ⅛╠⌂╢⁹▪☺▪─◖ⱷ ─ ה ─ ⅜ ╙ ↕™◦♫ꜞ○≤ ╙ ⅝™◦

♫ꜞ○⅜∕╣∙╣r 26gG≤r 85gH≢№╢⁹r85gG≤r 26gH─ ה │ ─2◦♫ꜞ○ r 26gG≤r 85gH

─ ⌐ ∆╢⁹ 

ⱴ꜠כ◦▪╩ ⌐ ╩ ∆╢≤⁸3≈─ ◦♫ꜞ○ r26gG⁸r26gH⁸r85gH ≢ ⌐╟╢

─ │ ≢⅝⌂⅛∫√ - . ⁹∕─℮∟ 2 ≈─◦♫ꜞ○ r26gH⁸r85gH ≢│ ≤

─ │ ⅜ ⌂╡⁸ ─ ⅜ ∟ ⇔ ∫√ ⁸ ⌐ ⌂ ─ │ ↕╣⌂

⅛∫√⁹ ≤ ─ ⅜ ⇔√ ⁸ ⅜ ∆╢≤─ ⇔╩ ⇔√◦♫ꜞ○│1≈─╖

r85gG ∞∫√⁹⇔⅛⇔⌂⅜╠⁸ ⇔─ │⁸ ™ ╟╡╙ ™ ≢ ↄ⁸ ה

⅜ ⅝™◦♫ꜞ○╟╡╙ ↕™◦♫ꜞ○ ⅎ┌⁸r26gG ≢ ™⁹ ⅜ ∆╢≤─r85gG◦♫

ꜞ○⌐ ≠ↄ ⇔│ ⅜ ™↓≤╩ ⅎ╢≤⁸ⱴ꜠כ◦▪─◖ⱷ ⌐ ∆╢ ─

│ ↕™ ⅜ ™⁹ 

⇔√6⅛ ⁸∟℮─☻כ◔24╢⌂╠⅛○ꜞ♫◦⁸4 ─ ≢☻כ◔─≤╪≥╒│

⌐ ≢│⌂⅛∫√ ☻כ◔21 ☻כ◔⁸24⇔⅛⇔⁹ ⁸│≢☻כ◔7 ≤ ─≥∟╠⅛⁸№╢™│

⅜ ⌂ ╩ ⇔√⁹∕─10 №√╡─ │⁸ ≢- 0.84 ⅛╠ 1.11 ⁸ ≢- 0.34 ⅛

╠ 0.77 ☻כ◔⁹7√∫∞ ⁸│≢☻כ◔4 ≤ ─ ─ ⅜ ⌂∫√ ⁸ ⌂ ─

≤⌂╠⌂⅛∫√⁹↓╣╠─ │⁸ ┼─ ╩ ∆╢℮ⅎ≢⁸ ─ ∞↑≢

⌂ↄ⁸ ─ ╙ ∆╢↓≤─ ╩ ∆╙─≢№╢⁹ 

↓─ ─ │⁸ ⅜ ─ ה ⌐ ╓∆ ╩ ∆╢√╘─ ─ ╩

⇔≡™╢∞↑≢│⌂ↄ⁸ ╩ ⇔√ ⌐ ∆╢ ╩ ╪≢™╢⁹ ┼─ ⌂≥

╩ ⇔√ ≢│⁸ ╩ ∆╢ ⅜ ─ ╩ ╘╢ ─ ≈≢№╢⁹

↓╣│⁸ ⅛╠─ⱷ♃fi ─ ╙ ≢№╢⁹◖ⱷ ─ ⁸ ─ ₁ ⌐╟╢

│ ─ ─4.8 5.8 ⌐ ╢⁹ ⌂ ⌐╟╢ │∕╣╟╡╙ ↕ↄ⁸10 №

√╡- 0.85 0.06 ≢№╢⁹↓℮⇔√ ה ─ │↓─ ⌐╟╡ ╠⅛⌐⌂∫√ √⌂

≢№╢⁹ ⁸ ╩ ⇔√ ─ ╩ ∆╢ ⌐│⁸ ─ ⅜ ─ ≤ ⇔

≡≥─ ⅝™⅛╩ ∆╢↓≤⅜ ╕⇔™⁹ 
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- .  ◖ⱷ─ ה ה ─  

26 1987 2012 ─ ╠⅛♃כ♦ ╠╣√ ─ ₁ ─ ╩ A ה

Y ה P ─∕╣∙╣⌐≈™≡ ∆⁹ │25Ɽכ☿fi♃▬ꜟ ⅛╠75Ɽכ☿fi♃▬ꜟ ─

╩ ∆⁹ 

 

 

- .  ⱨ▫ꜞⱧfi⌐⅔↑╢ ─  

Ⱡ♇♩ ⸗♦ꜟ─ ⇔√ ╩ ∆⁹ ─ │ ╟╡╙ ⌐ ⁸ ─

│ ╟╡╙ ⌐ ∆╢⁹ ─ ⅜ ⅝™╒≥ ⌐ ⅝ↄ ∆╢⁹
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│ ─℮∟ ╩ ⇔⁸ ⅜⌂™ │ ─℮∟ ╩ ∆⁹

⌐ ⅎ s⅜№╢ │ ─ ─ ⁸ ⅎ g⅜№╢ │ ─

╩ ∆⁹ 

 

 

- .  ⱴ꜠כ◦▪─ ה ה ─ ⇔ 

ⱤⱠꜟ⌐ ⌡╠╣√ⱥכ♩ⱴ♇ⱪ│⁸∕╣∙╣─ ⇔─ ╩ ∆⁹ ™ ≤ ─ │⁸

⇔─ ⌐ ╦╣√ ─ ↄ⅜ ⌐ ⇔√ ⅛╠ ⇔≡⅔╡⁸ ™ ─ ─ ⇔╟

╡╙ ⌂ Ⱡ♇♩ ⸗♦ꜟ⌐╟╢ ─ ⅜ ™↓≤╩ ∆⁹ ─ ™ ⇔─ │

─ ⅝─ ╩ ∆╢ ⌐◘fiⱪꜟ⅛╠ ⇔√⁹ ⅝─ │ ⌐ ∞∫√ ─╖

⇔√⁹ 

 

 

ᵒ ┼─  כ☺♫◦─

─ ╩ ↕∑╢ ⌐│⁸ ה ⁸ ⁸▪◓꜡ⱨ◊꜠☻♩ꜞכ ─ ≢

╩ ⁸ ⁸ ╛◖fiⱳ☻♩⁸Ᵽ▬○ ─ ⌂≥⅜ ╠╣≡™╢⁹ │

─ ─℮∟ ↄ─ ╩ ╘⁸ ⌂ ─ ⌐ ⇔⁸ ⅜ ╩ ∆╢ ╩

∆╢⁹↓─√╘⁸ ⅜ ™ ≢│ ┌≈⌐╟╢ ─ ⅜ ⅎ╠╣╢⁹ ╩

≤∆╢ ─ ─70 ≢│⁸ ─ ⌐╟∫≡ ┌≈ ─ ╩ 16% ≢⅝╢≤─

╙№╢2)⁹⇔√⅜∫≡⁸ ┼─ │⁸ ─ ≢№╢≤ ⌐⁸ ⌐≤∫≡│
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┌≈ ─√╘─ ≢╙№╢⁹ ≢│2008 2018 ⌐⅔↑╢ ה ─ ┌≈

│370 ♪ꜟ⌐ ╡⁸ ─34 ╩ ╘╢3)⁹ ─ ─ ↄ│ ⌐ ⇔≡⅔╡⁸

⌐ ┌≈─ ⌐ ↕╣≡™╢↓≤⅛╠⁸ ┌≈ ─ │SDG2⌐ →╠╣√ ─

2.3 ⌐ ∆╢⁹ 

 FAO ⌐╟╣┌⁸♩►⸗꜡◖◦⁸◖ⱷ⁸◖ⱶ◑⁸♄▬☼⁸Ⱶ꜠♇♩⁸♁ꜟ●ⱶ─

│2017 ⌐│7 8000 Ⱬ◒♃כꜟ⌐ ╡⁸ ─ ─ ╩ ╘╢⁹∕↓≢⁸◘Ⱪ♥כⱴ ≢│

↓╣╠6 ╩ ∆╢ ─ ⌐≈™≡ ─ ╩כ☺♫◦╢╟⌐ ⇔√4)⁹ ≤ ⁸

⁸ ╩♃כ♦─ ─ ≈≢№╢ꜝfi♄ⱶⱨ◊꜠☻♩≢ ⇔√ ⁸ ⌐╟╡⁸6

╩ ∆╢ ─ ≢ ╩127.8 ♩fi ≢⅝╢≤ ╙╠╣√ - . B ⁹↓─

─ ─ │⁸2018 ─ ─ CO2 335 ♩fi( ≢91.5 ♩fi)─1.4 ⌐ ╡⁸

─ ─ ╩0.03ϴ ≢⅝╢ ⌐ ∆╢⁹↓─ ─ ─ ╩ ∆╢⌐│50 75

╩ ∆╢≤ ⅎ╠╣╢╙──⁸ ↕∑√ ╩ ⌂ ─ ⌐╟∫≡ ≢⅝╣┌⁸

─ ╩ 3,825 ♩fi ⁸ ─ ╩ 582 ♩fi ≢⅝╢≤ ╙╠╣√

- . ⁹↓─℮∟⁸ ─ │ ≢│28 ⁸ ≢│17 ⁸ ≢│19

╩ ╘╢⁹≤╡╦↑⁸◘Ⱪ◘Ɫꜝ▪ⱨꜞ◌⁸ꜝ♥fi▪ⱷꜞ◌ה◌ꜞⱩ ⁸ ה ▪ⱨꜞ◌⌂≥─ ≢│

─ ⅜ ⅝™ - . ⁹↕╠⌐⁸ ╩ ∑∏⌐ ⅜ ╠╣╢↓≤

⅛╠⁸ ─ │ ⌂ ─ ⌐≈⌂⅜╢⁹ ─ ╩ ╠∆↓≤│

─ ⌐ ⇔⁸ ⌂ ┼─▪◒☿☻ ╩ →╢SDG6⌐╙ ∆╢╙─≤ ↕╣╢⁹ 

 

 
- .  ─ ≤ ↕╣√ ─ ⁸ ─ ⅜╙√╠∆ ≤

≢⅝╢  

A│ ─ 30cm⌐ ╕╣╢ ─ ⁹B│ ⌐╟╡ ↕╣╢ ─

6 ⁹C│ ↕╣√ ⌐ ∆╢ ─ ™╩ ⇔√℮ⅎ≢6

╩ ⁹D│ ⇔√ ─ ⌐ ∆╢ ─ ─ ™╩ ⇔√℮ⅎ

≢6 ╩ ⁹ ─ │ ↕╣≡™⌂™ ⁹ 
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- .  ⅔╟┘ ⌐ ⇔√ ─ ─ ⁸ ⁸  

∕╣∙╣─ ─ ─Ⱨfi◒ ─ │ ─ ⁹GtC ◑●♩fi │ ≢─ 1

◑●♩fi 10 ♩fi ⁹Mt ⱷ●♩fi │ ≢─ 1ⱷ●♩fi 100 ♩fi ⁹MtN│

≢─ 1ⱷ●♩fi 100 ♩fi ⁹ ≢ ⇔√ ─ 3, 825 ♩fi

│ⱨꜝfi☻─2010 ─◖ⱶ◑ (3,800 ♩fi)⌐ ∆╢⁹ ─ 582 ♩fi│2000

─ ─ 8, 073 ♩fi─7.2 ⌐ ∆╢⁹ 

 

 

ᵓBECCS⌐╟╢ ─ ╩ ⇔√SDG2┼─♩꜠כ♪○ⱨ 

─ ⌐⅔↑╢ │ ≢37 ⁸ ≢42 ≤ ↕╣≡™╢5)⁹

SDG2⅜ →╢ ─ ╩ ∆╢√╘⌐│⁸↓─ ─ 5 ╩ ∆╢↓≤⅜ ≢

№╢⁹◘Ⱪ♥כⱴ ≢│⁸╕∏⁸ ⸗♦ꜟCYGMA─ ╩ ™≡ ─ ─ ╩

∆╢ ╩ ⇔⁸ - . ⅜ ─ ≤ ⌡ ≢№╢↓≤╩ ⇔√⁹ CMIP6

╩ ⇔√CYGMA⸗♦ꜟ⌐╟╢◦Ⱶꜙ꜠כ◦ꜛfi╩ ™⁸ ─ ─ ⸗♦ꜟ⌐╟╢ ─ ⇔

≤ ⇔√6)⁹∕─℮ⅎ≢⁸ ⌐ ⅎ≡⁸ SSP ─ ◦♫ꜞ○╩ ⇔√CYGMA⸗♦ꜟ⌐╟

╢◦Ⱶꜙ꜠כ◦ꜛfi╩ ™⁸ ⅜ ↕╣╢SSP126◦♫ꜞ○≢─ ─ ─

│⁸SSP≢ ↕╣╢ ≢─ ─ ≤ ─ ─ ⌐╟∫≡⁸ ─ ⌐ ⇔

≡51.0 ∆╢≤─ ╩ √ - . A ⁹↓─ │⁸ ה ─ ≢│⁸ ⅜ ∆╢

SSP585◦♫ꜞ○─ ╟╡╙52.7 ↄ⁸ ⅜ ─ ⌐ ╩ ╓∆↓≤╩ ╠

⅛⌐⇔√ - . B ⁹↕╠⌐⁸ ╩ ╟╡5 ↕∑√ ⁸SSP585◦♫ꜞ○≢╙

─ │▪☺▪≢│13 17%⁸▪ⱨꜞ◌≢│4 11 ∆╢≤─ ⇔╩ ⇔√ - . ⁹↓

─ ─ │⁸ ≢ ╩5 ↕∑√ ⌐ ↕╣╢ ─

3 5 ╟╡ ⅛⌐ ⅝ↄ⁸ ⌐⅔↑╢ ─ ─ ╩ ↑╢╙─≢№

╢7)⁹ 

─ ╩ ╕ⅎ⁸BECCS─ ⅜ ─ ╩ ⇔≡ ─ ⌐ ⌐ⱨ○♪כ꜠♩∆╓

≈™≡ ⇔√⁹ ⌂≥ ─ ≤ ⇔⌂™ ≢◄Ⱡꜟ◑כ ⌐ ∆╢ ⁸ ─

│ ≢ 298 km3⌐ ⅎ╠╣╢╙──⁸BECCS⌐╟╢ │ 20.9 ♩fi⌐ ╕╢↓≤

⅜◘Ⱪ♥כⱴ ⌐╟╡ ╠⅛⌐↕╣≡™╢8)⁹Ɽꜞ ⅜ →╢1.5ϴ ╕√│2ϴ ─ ─√╘⌐
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⌂BECCS⌐╟╢ │ 16 41 ♩fi≤ ╦╣≡⅔╡⁸ 20.9 ♩fi─ ≢│

─ ⌐│ ⌂ ⅜ ™⁹⇔⅛⇔⌂⅜╠⁸◄Ⱡꜟ◑כ ⌐ ⌐ ⇔√ ⁸BECCS⌐╟╢

│ ≢ 34.2 ♩fi⌐ ∆╢╙──⁸ ─ │ 3, 929 km3⌐ ╢≤ ↕╣≡

™╢8)⁹◘Ⱪ♥כⱴ ─ ⌐╟╣┌⁸↓─ ─ │2010 ─ ─ 4, 001 km3⌐ ∆╢╒

≥ ⌂ ≢№╢⁹↓─ ⌐│⁸▪☺▪╛▪ⱨꜞ◌≢│⁸ ─ ≤─ ╩ ↑√ ─ ≤

═≡20 21 ╙─ ⅜ ⌐⌂╢≤ ╙╠╣≡⅔╡⁸ ─ ╩ ↕∑╢ ⅜⌂™↓

≤│ ╠⅛≢№╢⁹∆⌂╦∟⁸◄Ⱡꜟ◑כ ⌐ ⌐ ∆╢↓≤╩ ⇔√ ⌂BECCS─ │⁸

─ ≢─ ─ ╩↕╠⌐ ↕∑⁸ ─ ≢ ─ ⌐ ╠

╣╢ ╩ ∆╢↓≤╩ ╗ ╣⅜№╢⁹ 

 

 

- . ה  ⌐⅔↑╢2005 ─ ─ ─  

 

 

- .  ⅜ ─ ⌐ ╓∆  

A│⁸ ⅜ ╗◦♫ꜞ○ SSP126≤ ⅜ ∆╢◦♫ꜞ○ SSP585∕╣∙╣≢─ ┌

≤ ─ ─ ⇔╩ ∆ ⁹B│⁸ ─ ↔≤⌐ ⇔√SSP585◦♫

ꜞ○≢─ ─ ⇔≤SSP126◦♫ꜞ○≢─ ⇔─ ≢№╡⁸ ─ ╩ ∆⁹

│⁸╕∏⁸3≈─ ◦♫ꜞ○ SSP1⁸SSP3⁸SSP5 ≤ ─ ─ ╖ ╦∑⅛╠⌂╢6≈─

⇔╩GCM↔≤⌐ ⇔√⁹ └→ │5≈─GCM─ ─ ─┌╠≈⅝╩ ∆⁹ ─ ─ ⁸

× ⁸25 75Ɽכ☿fi♃▬ꜟ ⁸ └→ ╩ ∆⁹↓↓≢ ⇔√SSP≤RCP─ ╖

╦∑─ ⌐│⁸SSP1- RCP8.5╛SSP3- RCP2.6≤™∫√ ≢⌂™╙─╙ ╕╣╢⅜⁸ ∂ ≢

─ ⌐ ╩ ≡╢√╘⁸↓℮⇔√ ╖ ╦∑╙ ™√⁹ 
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- .  ⅔╟┘ ⌐ ⇔√ ─ ⌐╟╢ ─ ─ ≤⁸

BECCS⌐╟╢ ─  

─ ─ │ ─ ⌐≈™≡─╖ ⇔√⁹ 

 
 

 

ᵔ ─ ≢─  ⱨ○♪כ꜠♩הכ☺♫◦─

⌐╟╢ ⁸BECCS≥כ☺♫◦─ ⌐ │≡™≈⌐ⱨ○♪כ꜠♩℮ ≢ ⌐ ═√⅜⁸∕─

≡™≈⌐ⱨ○♪כ꜠♩הכ☺♫◦─ ─ ⅛╠ ⇔√ ╙ ∆╢⁹↓─ │◘Ⱪ♥כⱴ

≤ ⇔≡ ∫√9)⁹ 

─√╘⌐ ─ ╩ ↕∑╢≤ ꜞ☻◒⌐ ↕╣╢ ─ ╩ ≢2, 700

╠∆↓≤⅜≢⅝⁸SDG1הSDG11⅜ →╢ ⌐╟╢ ⌐ ⌐ ∆╢↓≤⅜⁸◘Ⱪ♥כⱴ ─

⌐╟╡ ╠⅛⌐⌂∫≡™╢10)⁹◘Ⱪ♥כⱴ ≢│◘Ⱪ♥כⱴ ≤ ⇔≡ ⌐╟╢ ♩►⸗꜡

◖◦⁸◖ⱷ⁸◖ⱶ◑⁸♄▬☼ ─ ╩ ⇔ - . ⁸ ⌐ ⇔√⁹∕─ ⁸ 35

1982 2016 ─ ⌐╟╢ │ ≢56.2 ♪ꜟ≤ ↕╣√11)⁹↓─ ⅛╠⁸

╩ ↕∑╢ ⌐╟╡⁸ ─ ⅜כ☺♫◦⌐ ≢⅝╢⁹⇔⅛⇔⌂⅜╠⁸

─ │⁸ ꜞ☻◒ ⅜10 ∆╢≤ ─ │1 №√╡0.053♪ꜟ

∆╢↓≤⅜ ↕╣√╙──⁸↓─ │ ⌐│ ≢│⌂⅛∫√ p=0.549 - . ⁹╕√⁸

┼─ ⌐╟╡ ─ ╩ ≢⅝╢ ⅜№╡⁸∕╣⌐ ∫≡ ⅜כ☺♫◦⌐ ↕

╣╢⁹⇔⅛⇔⌂⅜╠⁸ ─ │ ⅜100 ♩fi ↕╣╢≤ ⅜ ™ │

63.8% ∆╢↓≤⅜ ↕╣√╙──⁸ ⌂ │ ╠╣⌂⅛∫√ p=0.427 - . ⁹ ⁸

⌐ │♃כ♦√™ ꜠ⱬꜟ─╙─≢№╢⁹ ─ ⌐╟╢ ╛כ☺♫◦─┼ ┼─

⌐╟╢ │כ☺♫◦─┼ ⌐ ≤ ⅎ╠╣⁸ ꜠ⱬꜟ─♦כ♃≢│ ⅜ ∞

∫√≤ ⅎ╠╣╢⁹ ─ ╛ ─ │ ≤⇔≡ ─ ─ ╩

↕∑╢⅜⁸SDG1, 6, 11≤™∫√ ⌐ ∆╢SDGs┼─ ─ ⌐≈™≡│ ─ ⅛╠│ ⅛╠⌂

⅛∫√ - . ⁹ 
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- .  ─ ≤ ─ ─  

─ │ ─ ╩ ∆⁹ │⁸ ⅜ ↕╣≡™╢◓ꜞ♇♪☿ꜟ⌐⅔™≡ ≤∆╢

─ ⅜ ⇔√ ─ ╩◘fiⱪꜟ≤⇔≡ ⇔√ ⁹ │35

1982 2016 ⁹ ─ │Ⱪכ♩☻♩ꜝ♇ⱪ⌐╟╡ ⇔√∕╣∙╣─95 ⁹ 

 

 
- . ה  ⌐╟╢ ה ⌐ ∆╢SDGs┼─  

─*│⁸ ─ ⁸ ⅝─ │ ⌂ ≤ ∞∫√╙──⁸ ⌐ ⌂ ≢│⌂

⅛∫√↓≤╩ ∆⁹**│⁸ │⁸1870 ─ CO2 ≤1850- 1900 ─10 ↔≤─

─ ≤─ ⌂ 2)⌐ ≠™≡ ⇔√⁹ 

 


