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D-0803 ─ ≤ ה ┼─ ⌐ ∆╢  

─♃כ♦ ⌐ ≠ↄ ─  

 

 ☿fi♃כ       

 

 

20 22  15,732  

℮∟⁸ 22     5,042  

            │⁸ ╩ ╗⁹ 

 

│ ⌐ ⌐ ↕╣≡™╢ ─ ╩ ⇔≡

⅜ ╖⁸ ↄ─ ─ ╛ ─ ⅜ ↕╣╢⌂≥ ⌐ ⅝⌂ ╩ ↑≡™

╢≤ ⅎ╠╣≡™╢⁹ │⁸ ⅜ ╩ ╡ ↄ ─ ⌐⅔↑╢ ╩♃כ♦

⌐ ╩☻כⱬ♃כ♦√⇔ ⌐♃כ♦⁸⇔ ╕╣╢ ╛Ᵽ▬▪☻╩ ה

⇔≡⁸ ─ ╩ ∆╢↓≤╩ ≤∆╢⁹1990 ⌐ ─

⅜ ⇔√ ╩♃כ♦ ╗255 ╩ ה ⇔⁸ⱨ◊כⱴ♇♩⅔╟┘ ╩ ⇔

≡ ╩ ⇔√⁹↓╣⌐ ☿fi♃כ⌐ ↕╣≡™╢

WOCE/CLIVAR ╡ ⇔ ╩♃כ♦ ⇔≡ 511 ╩♩♇☿♃כ♦─ ⇔⁸ ─

╩ ⇔√ כⱣכ○☻꜡◒ ⌐╟╡ ⅜ ∆╢ ─○ⱨ☿♇♩ ╩

⌐ ╘⁸↓╣╩ ⌐▬fiⱣכ☻ ⌐╟∫≡↓─○ⱨ☿♇♩ ⅜ ≤⌂╢ ─

⌐ ∆╢ ╩ ⇔√⁹ ≢│ ⌐⅔™≡ ⇔√ ╛

─ ⅜ ╛♃כ♦™⅝ ╩ ≤∆╢⌂≥⇔≡ ╩ ⇔⁸ ⌐

⇔√ ≢ ╩PACIFICA♩♇☿♃כ♦√⇔ ─♩♇☿♃כ♦─↓⁹√⇔ ⁸ ▪ꜟ◌ꜞ

⅛╠pH╩ ⇔⁸ 47 ⁸ 175 ⌐⅔↑╢1990 2009 ─ ╩ ═√≤↓╤⁸300

500m ⌐pH─ ⅜ ↕╣⁸ ⌐ ╢╕≢ ≢─ ⅜ ╠╣╢⁹ⱳ♥fi◦

ꜗꜟ ⌐ ∆╢pH─ ╩╖╢≤⁸ɨɝ=26.5 27 ≢│ ─ ╩ ∫√

⅜ ╘╠╣√↓≤⅛╠⁸↓─ ≢│ ⌐ ∫≡ ⅜ ⇔≡™╢≤ ⅎ╠╣╢⁹

⁸ 30 ⁸ 165 ≢│ ⌐ ∫√pH─ ⇔™ │ ╠╣∏⁸

─ ⌐⅔↑╢ ─ │ ≢ ⌂╢↓≤⅜ ↕╣╢⁹ 

 

 

♪כ꞉כ◐ ⁸ ♃כ♦⁸ ⁸ ⁸  

 

│∂╘⌐ 

⁸ ─ ⌂≥⌐╟∫≡ ─ (CO2)⅜ ⌐ ↕╣╢

╟℮⌐⌂∫√⁹ ─ ─ CO2 │ 280ppm≢⁸ ─ ╠⅛♃כ♦

65 ─ │180 300ppm≢№∫√↓≤⅜ ╠╣≡™╢⅜⁸ │385ppm⌐╕≢ ⇔√1)⁹

250 ╒≥≢38%─ ≢№╢⅜⁸↓─ ─ │ 30 ─ ⌐ ↓∫√╙─≢№╢⁹

│↓╣╠ CO2─ ╩ ⇔ ∆╢↓≤⌐╟╡⁸ ╩ ⇔≡™╢≤ ⅎ╠
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╣≡™╢2)⁹  

⁸ ⌐ ↕╣√CO2│ ↑≡ ▬○fi(HCO 3-)≤ ▬○fi(H +)⌐ ⇔⁸↕╠⌐

▬○fi(CO32-)≤ ▬○fi⌐ ∆╢⁹↓─ ▬○fi ─ ⅜ ─ ≢№╡⁸

─ ─pH│ ⌐ ═≡0.1 ( )⇔√⅜⁸ ─ ⅜ ↑┌

┌⌐ ─280ppm─ ─560ppm⌐╕≢ ∆╢ ⅜№╡⁸↓─ CO2 ─

⌐ ∂≡ │╟╡ ∆╢≤ ↕╣╢3)4)⁹  

─ │◌ꜟ◦►ⱶ▬○fi(Ca2+) ≤ ▬○fi ─ ⅜ ╟╡ ⅝ↄ⁸∆⌂╦

∟ ─ ⌐№╢─≢ │ ◌ꜟ◦►ⱶ (CaCO3)─ ╛ ╩ ≢⅝╢⁹⇔⅛⇔

▬○fi│ ▬○fi≤ ⇔≡ ▬○fi≤⌂╢√╘⁸ ⅜CO2╩ ⇔ ▬○fi ⅜

∆╢≤ ▬○fi │ ∆╢⁹⇔√⅜∫≡◌ꜟ◦►ⱶ▬○fi ≤─ ⅜ ╟╡

↕ↄ⌂∫≡ ≤⌂╡⁸ ◌ꜟ◦►ⱶ─ ⅜ ↕╣╢∞↑≢⌂ↄ⁸∆≢⌐ ↕

╣√ ◌ꜟ◦►ⱶ⅜ ∆╢ ∆╠№╢⁹↓─╟℮⌐ ⌂ │ ─

⌐ ⅝⌂ ╩ ⅎ⁸╛⅜≡ ─ ╛ ⌂≥ ⌐╙ ⇔™ ╩

╙√╠∆≤ ↕╣╢5)⁹⇔√⅜∫≡ ─ ─ │ ≤ ⌐ ⌐ ╡

╕⌂↑╣┌⌂╠⌂™ ⌐ ╦╢ ─ ≢№╢⁹  

 

 

 ─ ╩ ∆╢√╘⌐│ ⅛≈ ─ ╩♃כ♦ ⇔⁸ ⌂

╩ ☻כⱬ♃כ♦≡ ⇔⁸ ─ ≤ ∆╢↓≤⅜ ≢№╢⁹∕↓≢

≢│⁸ ⅜ ╩ ╡ ↄ ─ ╩ ≤⇔≡⁸ 20 ⌐╦√∫≡ ↕╣√

⌂ Ɽꜝⱷכ♃( ⁸ ▪ꜟ◌ꜞ ⁸pH⌂≥) ╩♃כ♦─ ⅛╠ ⇔≡

⌐♃כ♦⁸⇔ ╕╣╢ ⌂ ╛Ᵽ▬▪☻─ ⌂╠┘⌐ ╩ ≡⁸

─ ╩ ∆╢↓≤╩ ≤∆╢⁹ 

 

 

 1990 ⌐ ≢ ↕╣√ ⌂ Ɽꜝⱷכ♃ ( ⁸ ▪ꜟ◌ꜞ ⁸pH

⌂≥)⅔╟┘ ─ ╩♃כ♦ ─ ─ ╩ ≡ ⇔ ⇔√⁹

1⌐ ─ ╩⁸ 1⌐ ─ ╩ ∆⁹↓╣╠⌐

CCHDO(CLIVAR & Carbon Hydrographic Dat a Office; ה ⅔╟┘

⅜(☻▫ⱨ○♃כ♦ ⇔≡™╢12 ─EXPOCODE(2 ─ 2+♪כ◖ ─ 8+♪כ◖

─ ╙⇔ↄ│ ⌐ ╩ ⇔√ (YYYYMMDD)) ╩ ⌐ ♃כ♦≡⇔

╩ ⌐ ≢⅝╢╟℮⌐ ⇔⁸ ╕√│ ⅜♩♇ⱴכ◊ⱨ♃כ♦⌐ ⌂╢ ⌐│⁸

WHP (WOCE( World Ocean Circulation Experiment ) Hydrographic Programme ; 

─ ⱪ꜡◓ꜝⱶ) ⱨ◊כⱴ♇♩─ ⌐ ∫≡ ה ⇔√⁹╕√ ⌐ ⇔

≡ ♃כ♦│√╕ ⌐╟╢ ⅜ ↕╣≡™√ ⌐│WHP ⱨ◊

≢♩♇ⱴכ ↕╣≡™╢ ⱨꜝ◓ ⌐ ∫≡ ⇔⁸ ↕╣≡™⌂™ ⌐│

ⱨꜝ◓₈2₉╩ ⌐ ∆╢⁹ ─ ╙╕√WHP ⱨ◊כⱴ♇♩─ ⌐ ╦∑≡

ɡmol/l⅛╠ɡmol/kg⌐ ⇔√⁹pH⌐ ⇔≡│SWS(Sea Water Scale)≤TS(Total Scale)─

─ ⅜ ⇔√⅜⁸╟╡ ⅜ ™TS⌐ ⇔√6)⁹  



 

 

D-0803-25 

 ⌐ ≤⇔≡ ⌂ ה ╛ ⁸⅔╟┘ ─♃כ♦ ╩ ⇔⁸↕

╠⌐US-NODC(Nati onal Oceanographic Data Center; ♦כ♃☿fi♃כ)⅜ ─

⌐ ⇔≡ ⇔√ ─ ⅔╟┘ 7)≤ ⇔≡⁸ ⅜ ↕╣√

⌐│ ⱨꜝ◓╩ ⱨꜝ◓₈3₉╕√│ ⱨꜝ◓₈4₉⌐ ⇔⁸ ⌐ ℮

─ ≤⇔√⁹  

 ↓╣⌐ ◄Ⱡꜟ◑כ ☺♇ꜞ◒כ○ ─CDIAC(Carbon Dioxide Information 

Analysis Center ; ☿fi♃כ)≤CCHDO(CLIVAR(Climate Variability and 

Predictability & Carbon Hydrographic Data Office; ה ⅔╟┘

⌐(☻▫ⱨ○♃כ♦ ↕╣≡™╢WOCE/CLIVAR ╡ ⇔ ▬Ɫ꞉┘╟⅔⁸♃כ♦

⅜ ⇔≡™╢HOT(Hawaii Ocean Time -series; Ɫ꞉▬ ) ╩♃כ♦ ⅎ

√ 511 ⁸11,160 ╩ ╗ ╩♩♇☿♃כ♦ ⇔√⁹  

 

 

 

1: ─ ⅛╠ ה ⇔√ Ɽꜝⱷכ♃⅔╟┘ ⌐ ∆

╢ ─  
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1: 

( CDIAC CCHDO ) 

 

 

 
/  

1985-
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/  2000 2001 2002 2003 2004 2005 2006 2007 2008 2009  
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           2 
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 ╩ √ ⌐♩♇☿♃כ♦ ╕╣╢ ─℮∟⁸ ⁸ ▪ꜟ◌ꜞ ⁸

⁸ (+ )⁸ꜞfi ⁸◔▬ ⁸Ⱳ♩ꜟ ⅔╟┘ ╕√│CTD⌐╟╢ ─ 7

╩ ≤⇔≡ ╩ ⇔√8)⁹ ─ⱨ꜡כꜗ♅כ♩╩ 2⌐ ∆⁹

כⱣכ○☻꜡◒│ ≤▬fiⱣכ☺ꜛfi ⌐╟╢ ─ ⅛╠ ╡⁸∕╣∙╣

MATLAB ╩ ™≡ ↕╣╢⁹  

 

 

2: ≢ ↕╣√ ─ⱨ꜡כꜗ♅כ♩ 

 

כⱣכ○☻꜡◒ │⁸ ─ ─ ⅛╠250km ⌐№╢ ─ ─ ╩ ⇔⁸

∕─ ╖ ╦∑⅜5 ⅛≈ ╖ ╦∑⅜ ⌂ ⅜ ⌐ ⇔√ ⌐ ╦

╣╢⁹ ≤⇔≡ (TCO2)⌐ ∆╢49NZ20070904 (A)≤49EWM9905 -1 (B)─ ─

╩ 3⌐ ∆⁹ ∏ A─ ≤ B─ ≤─ ╩ ⇔≡ ( ─ⱥ☻♩◓ꜝⱶ)⁸

∕─ ⅜250km ≤⌂╢ ─Ɑ▪╩ 60 ╕≢ ∆╢( ─ )⁹ ⌐↓╣╠

─2000m ─ ╩ⱳ♥fi◦ꜗꜟ (ɨ4)⁸ⱳ♥fi◦ꜗꜟ (ɝ)⁸ ⌐ ∆╢ ◄ꜟⱵ

♩כ ≢ ⇔√ⱪ꜡ⱨ□▬ꜟ≢ ⇔( ─ⱪ꜡ⱨ□▬ꜟ )⁸ A≤ B≢Ɑ▪≤⌂

∫√ ─ⱪ꜡ⱨ□▬ꜟ ─ ─ ⅛╠ ─○ⱨ☿♇♩ ( ─ⱪ꜡ⱨ□▬ꜟ ─ ™

─ )≤∕─ ( ™ ─ )╩ ⇔⁸Ɑ▪ ╛ ⌂≥⅛╠1⅛╠5╕≢─

╩∕╣∙╣ ⅎ( ─ ; ─5⅜ )⁸ ≢ ─ ╩ √○ⱨ☿♇♩ ⅔╟┘

─ ╩ A-B ─ ⌂○ⱨ☿♇♩ ≤⇔≡ ⇔( ─ ─ óFAVó─ )⁸

─ ⁸ ≤ ⌐ ∆╢⁹↓↓≢│⁸ ─▬fiⱣכ☺ꜛfi ⌐╟╢ ─

№╢™│ ╩ ∆╢√╘⌐⁸ⱪ꜡ⱨ□▬ꜟ ─ ⁸╕√ ─ ⅝™

─ ╛ ╩ ↄ ╪≢™╢ ╩ ∆╢⌂≥⁸ ⌐ ╩ ⅎ≡ ╡

─ ╩ ⇔√⁹  

↓╣╠─ ⌐ ≠⅝▬fiⱣכ☺ꜛfi ⌐╟∫≡ ─○ⱨ☿♇♩ ⅜ ≤⌂╢

─ ╩ 7 ⌐≈™≡∕╣∙╣ ⇔√⁹▬fiⱣכ☺ꜛfi כⱣכ○☻꜡◒│≢ ≢

↕╣√ ⁸ ⁸ ⁸ ─∕╣∙╣╕√│↓╣╠─ ╖ ╦∑≢ ╖

↑⇔√⸗♦ꜟ╩ ⇔≡∕╣∙╣─ ╩ ⇔√ ⁸ ≢│ ⁸ ⁸
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╩ ╖ ╦∑√ ╖ ↑⸗♦ꜟ╩ ∆╢↓≤≤⇔√⁹ 4, 5⌐ ⅔╟┘ ▪ꜟ◌ꜞ

─ ╩ ∆⁹▬fiⱣכ☺ꜛfi ≢ ↕╣√ ╩ ⌐ ⇔⁸ ⅜ 2⌐

∆⇔⅝™ ─ │ ≤╖⌂⇔≡ ∑∏ ( ╩♀꜡≤∆╢)⁸⇔⅝™ ╩ ⇔ↄ

כⱣכ○☻꜡◒│≡™≈⌐─╙√⇔ ─ ≤ ⁸№╢™│WOCE/CLIVAR ─

─ ™ ≤ ⇔≡⁸ ⌂ ⌐ ⇔≡ ⌂ ─ ╩

↕∑√⁹  

 

 

3: (49NZ20070904 (A) 49EWMI9905- 1 (B)

) 



 

 

D-0803-29 

 

2: ⇔⅝™  

 ⇔⅝™  

 5 ppm 

 4 ɡmol/kg  

▪ꜟ◌ꜞ   6 ɡmol/kg  

(+ ) 2 % 

ꜞfi  2 % 

◔▬  2 % 

 2 % 

 

 

4: ▬fiⱣכ☺ꜛfi ≢ ↕╣√ (TCARBN)⌐ ∆╢ ─ ⁹ │ ─◒

כⱣכ○☻꜡ ╩ ⇔√ ⁸ │ ─ ⅝™ ╕√│ ─ ™

╩ ⇔√ ─ ╩∕╣∙╣ ∆⁹ ─ꜝⱬꜟ │⁸Line P : IOS(Institute of Ocean 

Sciences; ◌♫♄ )⁸HOT: Hawaii Ocean Time- series, JMA : ה ⁸FRA:

ה ☿fi♃⁸כMIRAI: JAMSTEC ₈╖╠™₉⁸WOCE: CDIAC╕√│CCHDO⌐

↕╣≡™╢WOCE/CLIVAR╡ ⇔ ╩∕╣∙╣ ∆⁹ 
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5: ▬fiⱣכ☺ꜛfi ≢ ↕╣√ ▪ꜟ◌ꜞ (TALK)⌐ ∆╢ ─ ⁹ │ 4≤

≢№╢⁹ 

 

↓╣╠─ ≢ PACIFICA╩♩♇☿♃כ♦√⇔ ≤ ⇔⁸ ⌐⅔↑╢ ─

⌐ ∆╢≤≤╙⌐⁸PICES (North Pacific Marine Science Organization; 

)─CC-S(Section on Carbon and Climate; ה )╩ ∂≡ ∆╢↓≤≤⇔

√⁹  

 

ה  

≢│ ─ ─ ≤⌂╢pH─ ╙♃כ♦ ⇔√⅜⁸PACIFICA ≢│

╛ ⁸ ▪ꜟ◌ꜞ ⌂≥⌐ ═≡ ⅜ ⌂™√╘⁸ ─ ─

≤⇔≡ ∞↑⌐≤≥╘⁸ ≤ ▪ꜟ◌ꜞ ⅛╠ ⇔√pH⅛╠ ─

─ ╩ ∆╢↓≤⌐⇔⁸pH─ │ ─ ⌐ ™√⁹╕√⁸ 1⌐ ⇔√╟℮⌐

PACIFICA ⌐│ ⌐ ↄ─ ⅜♃כ♦ ╕╣≡™╢⅜⁸↓─ ⅛╠

⅜ ↄ⅛≈1990 ⅛╠20 ─ ╩ ═╠╣╢ ╩ ╪≢ ─ ╩ ∆

╢↓≤≤⇔√⁹  

6⌐ 47 ⁸ 175 ⌐⅔↑╢ ⅔╟┘ ▪ꜟ◌ꜞ ⅛╠ ⇔√pH─

⅔╟┘∕─ ╩ ∆⁹↓─ ≢│300m 500m ⌐pH─ ⅜ ↕╣⁸

⌐╦√∫≡ ≢─ ⅜ ╠╣╢⁹ⱳ♥fi◦ꜗꜟ (ɨ0)⌐ ∆╢pH│⁸ⱳ♥fi◦ꜗꜟ

26.5 27kg/m 3 ≢ ─ ╩ ℮ ⅜ ╘╠╣⁸↓─ ≢│ ⌐ ∫≡

⅜ ⇔≡™╢╙─≤ ⅎ╠╣╢⁹ ⁸ 30 ⁸ 165 ( 7)─pH│1000m
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⌐ ⅜ ↕╣≡™╢⅜⁸ ⌐ ∫√ ⌂ ─ │ ╠╣⌂⅛∫√⁹

─ ≢│ ≢ ⅜№╢╙──⁸ ─ │ ╠⅛≢№╢≤™ⅎ╢⁹  

 

 

6: 47 ⁸ 175 ─ ( )⁸ (DIC)≤ ▪ꜟ◌ꜞ (ALK)⅛╠

⇔√pH─ ( )⁸⅔╟┘ ( )≤ⱳ♥fi◦ꜗꜟ (ɨ0)( ) ⌐ ∆╢  



 

 

D-0803-32 

 

7: 6⌐ ∂(√∞⇔ 30 ⁸ 165 )  

 

 

⌐╟╡ ╠╣√  

 

≢│⁸↓╣╕≢ №╢™│ⱪ꜡☺▼◒♩ ⌐╕≤╘╠╣≡⅝√ ⁸╩♃כ♦

╩ ╦∏ ⌐ ⇔⁸⅛≈ ⌂ ╩ PACIFICA☻כⱬ♃כ♦√⇔ ╩

│♃כ♦─↓⁹√⇔ ─╖⌂╠∏⁸ ꜠ⱬꜟ≢ ↕╣≡ ─ ⌂╠┘

⌐ ⌐⅔↑╢ ─ ─ ⌂≥⌐ ↕╣╢⁹↕╠⌐↓╣╠─ ─

─ ⅔╟┘ ◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╢ ─ ─√╘─ ⌂ ≤⇔≡

↕╣ ↕╣╢╙─≢№╢⁹  

 

┼─  

PICES╛IOCCP(International Ocean Carbon Coordination Project; 

ⱪ꜡☺▼◒♩)≤™∫√ ⱨ꜠כⱶ꞉⁸◒כ↕╠⌐│SOLAS(Surface Ocean -Lower Atmosphere 

Study; - ─ )╛IMBER(Integrated Marine Biogeochemistry and 

Ecosystem Research; ה )≤™∫√ ╩ ∂≡

─ ─ ⌐ ╘√⁹╕√ ≢ PACIFICA☻כⱬ♃כ♦√⇔ ╩ ꜠ⱬꜟ≢♦כ♃

⇔√ ⌐ ↕╣╢ ⌐╟╢ ⅜ IPCC ⌐ ↕╣╢↓≤⅜ ↕╣⁸⇔√⅜∫≡
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⌂≥─ ─ ⌐ ∆╢≤↓╤⅜ ⅝™⁹  
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─  

PICES≢│ 13⅔╟┘17 (1997-2001, 2001-2005)─ ─ ≤⇔≡⁸PICES

◌ ( ה ה ה ה ה ) ≢─ ─ ≢ ⌐⅔↑╢ ⅔╟┘

─♃כ♦ ⌐ ⇔≡ ⌂╠┘⌐ ╩ ∫≡⅝√⅜⁸ ⅔╟┘ ⌐ ╦

╢ ─ ⅛╠⁸ ( )J.Christianה( ◌♫♄ )─

─ ≢⁸CC-S⅜2005 ⌐ ↕╣ ⅜ ⅝ ⅜╣≡™╢⁹ │ 17 ⌐ ⅝ ⅝

CC-S─ⱷfiⱣכ≤⇔≡ ⇔≡⅔╡⁸ ⌐╟╢ ⌐⅔↑╢ ─♃כ♦ │
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