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䠎䠌ୡ⣖䛾ึ䜑䜎䛷䚸ᆅ⌫䛾Ẽ 䛿䛹䜣䛹䜣ప䛟䛺䛳䛶䛚䜚ᐮ෭໬䛻ྥ䛛䛳䛶䛔䛯䚹䛸䛣䜝䛜䚸䠍

䠕䠌䠒ᖺ㡭䛛䜙ᛴ䛻Ẽ 䛜ୖ᪼䛧䛿䛨䜑䛯䠄ᅗᅗᅗᅗ䠍䠍䠍䠍䠅䚹䛣䛾ᙜ᫬䚸ከ䛟䛾◊✲⪅䛿䚸䛣䛾䜘䛖䛺ᆅ⌫つ

ᶍ䛷䛾Ẽ㇟ኚ໬䛾䛣䛸䜢Ẽೃኚື䠄Climate change䠅䛸䜘䜣䛷䛚䜚䚸䛥䜋䛹኱䛝䛺㛵ᚰ䜢ᡶ䛳䛶䛿䛔

䛺䛛䛳䛯䚹䛸䛣䜝䛜䚸䝁䞁䝧䝲䞊䝧䝹䝖䛸䛧䛶▱䜙䜜䜛ᾏὒ኱ᚠ⎔⌮ㄽ䜢ᥦၐ䛧䛯 Wallance S. 

Broecker 䛜䚸䛂Ẽೃኚື䠖ே㢮䛿㢧ⴭ䛺ᆅ⌫ ᬮ໬䛻┤㠃䛧䛶䛔䜛䛾䛛䛃䛸䛔䛖ㄽᩥ䜢 Science 䛻

Ⓨ⾲䛧䚸ึ䜑䛶ᆅ⌫ ᬮ໬䠄Global warming䠅䛸䛔䛖⾲⌧䜢⏝䛔䛯(Broecker 1975)䚹 

Broecker 䛿䚸䛣䛾ㄽᩥ䛾୰䛷䛂䛣䛾䜎䜎ே㢮䛜᤼Ẽ䜺䝇䜢ฟ䛧⥆䛡䜛䛺䜙䚸༑ᖺ௨ෆ䛻ᐮ෭໬

䛿䝇䝖䝑䝥䛧䛶஧㓟໬Ⅳ⣲䛾ቑຍ䛻䜘䜛㢧ⴭ䛺 ᬮ໬䛜ጞ䜎䜛䛰䜝䛖䚹୍᪦䛭䛖䛺䜛䛸䚸኱Ẽ୰䛾

஧㓟໬Ⅳ⣲⃰ᗘ䛿ᛴ⃭䛻ୖ᪼䛧䚸䠎䠍ୡ⣖䛾䛿䛨䜑䛻䛿㐣ཤ䠍䠌䠌䠌ᖺ㛫䛷⤒㦂䛧䛯䛣䛸䛾䛺䛔Ẽ

 䛻䛺䜛䛰䜝䛖䛃䛸㏙䜉䛯䚹 

ᐇ㝿䚸Ẽೃኚື䛻㛵䛩䜛ᨻᗓ㛫䝟䝛䝹䠄䠥䠬䠟C䠅䛜䜎䛸䜑䛯➨䠐ḟሗ࿌᭩䠄䠎䠌䠌䠓ᖺ䠅䛻䜘䜛䛸䚸

䠍䠕䠌䠒ᖺ䛛䜙䠎䠌䠌䠑ᖺ䛾Ẽ ୖ᪼ᖜ䛿䠌䠊䠓䠐℃䛷䚸➨䠏ḟሗ࿌᭩䠄䠎䠌䠌䠍ᖺ䠅䛻䛚䛔䛶ண 䛧䛯䠌䠊

䠒℃䜘䜚㧗䛔ᩘ್䛸䛺䛳䛶䛔䜛䚹≉䛻䚸䠍䠕䠑䠒ᖺ䛛䜙䠎䠌䠌䠑ᖺ䛾Ẽ ୖ᪼䛿኱䛝䛟䚸䠍䠕䠌䠒ᖺ䛛䜙䠎

䠌䠌䠑ᖺ䛾ୖ᪼⋡䛾䠎ಸ䛻䛺䛳䛯䚹㐣ཤ 20 ᖺ㛫䛾Ẽ ኚື䛚䜘䜃ᾏỈ㠃䛾ୖ᪼䛿䚸䛸䜒䛻ண ್

䛾ୖ㝈䜢᥎⛣䛧䛶䛔䜛䚹 

䛣䛾䜘䛖䛻䛧䛶䚸ᆅ⌫ ᬮ໬䛿Ẽೃኚື䜘䜚ᙉ䛔⾲⌧䛸䛧䛶䚸ே㢮䛻ᑐ䛩䜛㆙࿌䛾ព࿡䛷⏝䛔

䜙䜜䜛䜘䛖䛻䛺䛳䛯䚹䛥䜙䛻䚸䜺䜲䜰௬ㄝ䛸䛔䛖ᮏ䜢᭩䛔䛯 James Lovelock 䛾䜘䛖䛻䚸ᆅ⌫㐣⇕໬

䠄Global heating䠅䛸䛔䛖䛣䛸䜀䜢౑䛖ே䜒⌧䜜䛶䛝䛯(Lovelock 1979, 2008)䚹ᙼ䛿䚸஧㓟໬Ⅳ⣲䛜

500ppm 䜢㉺䛘䜛䛸Ẽ 䛜ᛴ⃭䛻䠒℃ୖ᪼䛧䚸䛭䛾ᚋ஧㓟໬Ⅳ⣲䛜ቑ䛘䛶䜒ῶ䛳䛶䜒Ẽ 䛿ኚ໬

䛧䛺䛔䛣䛸䜢䚸༢⣧䛺䝰䝕䝹䜢౑䛳䛶♧䛧䛯䠄Lovelock 1994䠅䚹䛱䛺䜏䛻⌧ᅾ䛾䝝䝽䜲䛻䛚䛡䜛஧㓟

໬Ⅳ⣲⃰ᗘ䛿 370ppm ๓ᚋ䛷䛒䜛䚹 

Ẽ ୖ᪼䛾ཎᅉ䛻䛴䛔䛶䛿ᵝ䚻䛺ㄝ䛜䛒䜛䛜䚸䛔䛪䜜䛻䛧䛶䜒䚸㐣ཤ䠍䠌䠌ᖺ㛫䛻Ẽೃኚື䛛

䜙ᆅ⌫ ᬮ໬䛭䛧䛶ᆅ⌫㐣⇕໬䜈䛸Ẽ ୖ᪼䛿ຍ㏿䛥䜜䛶䛔䜛䛾䛿஦ᐇ䛷䛒䜛䚹IPCC 䛜ண 䛧

䛶䛔䜛䜘䛖䛻䚸䠎䠍ୡ⣖䛾⤊䜟䜚䜎䛷䛻ᖹᆒẼ 䛜䠎℃䛛䜙䠑℃ୖ᪼䛩䜜䜀䚸䛹䛾䜘䛖䛺䛣䛸䛜㉳䛣

䜛䛾䛰䜝䛖䛛䚹≉䛻䚸†἟䜈䛾ᙳ㡪䛻䛴䛔䛶⪃䛘䛶䜏䛯䛔䛸ᛮ䛖䚹 

 



䠎䠎䠎䠎䠊䠊䠊䠊㛗㛗㛗㛗䛔䛔䛔䛔᫬㛫㍈᫬㛫㍈᫬㛫㍈᫬㛫㍈䛷䜏䛯䛷䜏䛯䛷䜏䛯䛷䜏䛯ᆅ⌫ᆅ⌫ᆅ⌫ᆅ⌫䛾䛾䛾䛾ẼೃኚືẼೃኚືẼೃኚືẼೃኚື    

Lovelock(2007)䛿䝻䞁䝗䞁⋤❧༠఍䛷䛾ㅮ₇䛾୰䛷䚸ḟ䛾䜘䛖䛻㏙䜉䛶䛔䜛䚹௒䛛䜙 5500 ୓ᖺ

๓䚸ጞ᪂ୡ䠄Eocene䠖⣙ 5580 ୓ᖺ๓㹼3390 ୓ᖺ๓䠅䛾ึ䜑䛻䛿ᆅ⌫ୖ䛾኱Ẽ䛻 2 䝔䝷䝖䞁䠄2 ඙䝖

䞁䠅䛾஧㓟໬Ⅳ⣲䛜ᨺฟ䛥䜜䛯䛸ゝ䜟䜜䛶䛔䜛䚹ཎᅉ䛸䛧䛶䛿䚸ᗏᒙỈ 䛾ୖ᪼䚸ᾏᗏ䛾ᆅ䛩䜉

䜚䚸䝬䜾䝬䛾㈏ධ䛻䜘䜛ᾏᗏ䛾䝯䝍䞁䝝䜲䝗䝺䞊䝗䛾ศゎ䛻䜘䜛䝯䝍䞁䜺䝇䛾ቑຍ䜔䠄䝯䝍䞁䝝䜲䝗䝺

䞊䝗௬ㄝ䚸Dickens et al. 1995䠅䚸ⅆᡂάື䛾άⓎ໬䛻䜘䜛 ᐊຠᯝ䛾ᙳ㡪䠄Owen and Rea 1985䠅

䛺䛹䛜䛒䛢䜙䜜䛶䛔䜛䚹䛣䜜䛻䜘䛳䛶 ᖏ䛛䜙ᐮᖏ䛻䛛䛡䛶⣙ 8℃Ẽ 䛜ୖ᪼䛧䚸⇕ᖏ䛻䛚䛡䜛

Ẽ ୖ᪼䛿⣙ 5℃䛷䛒䛳䛯䚹䛭䛧䛶⏕≀⏕⏘䜔ᾏὒ‪᪼䛜ඖ䛾䝺䝧䝹䛻ᡠ䜛䛾䛻 20 ୓ᖺ䛾ṓ᭶

䜢ᚲせ䛸䛧䛯䠄䛯䛰䛧ᯇᒸ䜋䛛䠄2006䠅䛻䜘䜛䛸䚸⏕≀⏕⏘䜔ᾏὒ‪᪼䛜ᅇ᚟䛩䜛䛾䛻 10 ୓ᖺ⛬

ᗘ䛛䛛䜛䛜䚸Ⅳ⣲ྠ఩యẚ䛜ඖ䛾䝺䝧䝹䛻ᡠ䜛䛾䛻䠎䠌୓ᖺ௨ୖ䛛䛛䜛䜘䛖䛷䛒䜛䠅䚹୍᪉䚸20

ୡ⣖䛛䜙 21 ୡ⣖䛻䛛䛡䛶䚸ጞ᪂ୡ䛾䜋䜌༙ศ䛻䛒䛯䜛 1 䝔䝷䝖䞁䛾஧㓟໬Ⅳ⣲䛜኱Ẽ୰䛻ᨺฟ

䛥䜜䛶䛔䜛䚹୧⪅䛾㐪䛔䛿䚸5500 ୓ᖺ๓䛻䛿⣙ 1 ୓ᖺ䛛䛡䛶ᚎ䚻䛻ᨺฟ䛥䜜䛯஧㓟໬Ⅳ⣲䛜䚸

⌧ᅾ䛷䛿䜟䛪䛛 200 ᖺ䛷䛣䛾ᩘ್䛻㐩䛧䛯䛣䛸䛷䛒䜛䚹䛣䛾䜘䛖䛺▷䛔᫬㛫ෆ䛷䛾ኚ໬䛜䚸≉䛻

ᆅ⌫ୖ䛾Ỉᅪ⏕ែ⣔䛻୚䛘䜛ᙳ㡪䛿኱䛝䛔䚹䛺䛬䛺䜙䚸㝣ୖ⏕≀䛻ẚ㍑䛧䛶䚸Ỉ୰䛾ከ䛟䛾⏕≀

䠄≉䛻㈅㢮䠅䛿⎔ቃኚ໬䛻㐺ᛂ䛩䜛䛾䛻᫬㛫䛜䛛䛛䜛䛛䜙䛷䛒䜛䚹 

 䜎䛯䚸5500 ୓ᖺ๓䛾ኴ㝧䛿 0.5䠂䜋䛹 ᗘ䛜ప䛛䛳䛯䠄Sagan and Mullen 1972䠅䚹䛭䛧䛶䚸䛣䛾᫬

௦䛻䛿㎰ᴗ䛿䛚䛣䛺䜟䜜䛶䛔䛺䛛䛳䛯䛾䛷䚸⮬↛᳜⏕䛜ேⅭⓗ䛺ไ⣙䛺䛧䛻Ẽೃ䛻㐺ྜ䛩䜛䛣䛸

䛜䛷䛝䛯䚹䛥䜙䛻䚸⌧ᅾ䛾኱Ẽ䛻䛿䜶䜰䝻䝌䝹䛜ྵ䜎䜜䛶䛚䜚ኴ㝧ග䜢཯ᑕ䛧䛯䜚㞼䛻䜘䛳䛶྾཰

䛧䛯䜚䛧䛶䛔䜛䛾䛷䚸Ẽ 䜢 2℃䛛䜙 3℃䜢ୗ䛢䜛ᙺ๭䜢ᯝ䛯䛧䛶䛔䜛䚹኱Ẽ䛛䜙䛾㝖ཤ㏿ᗘ䛿䚸䜶

䜰䝻䝌䝹䛷ᩘ㐌㛫䛺䛾䛻ᑐ䛧䛶஧㓟໬Ⅳ⣲䛿 50 ᖺ䛛䜙 100 ᖺ䛛䛛䜛䛾䛷䚸ᛴ⃭䛻໬▼⇞ᩱ䛾⇞

↝䜢ᢚไ䛩䜛䛸㏫䛻Ẽ ୖ᪼䜢ᣍ䛟ྍ⬟ᛶ䜢ᣦ᦬䛧䛶䛔䜛䚹୍᪉䛷䚸⌧ᅾ䛾ᛴ⃭䛺Ẽ ୖ᪼䛿䚸

ᆅ⌫ୖ䛾ື᳜≀䛜ዲ㐺䛻⏕Ꮡ䛩䜛⎔ቃ䜢ᾘኻ䛥䛫䚸2050 ᖺ䜎䛷䛻 15䠂䛛䜙 37䠂䛾⏕≀䛜⤯⁛

䛩䜛ྍ⬟ᛶ䜒䛒䜛䠄Thomas et al., 2004䠅䚹 

ḟ䛻䚸⍇⍈†䛾᫬㛫䝇䜿䞊䝹䛻䛴䛔䛶⪃䛘䛶䜏䜘䛖䚹ᆅ⌫ୖ䛻ே㢮䛜ㄌ⏕䛧䛯⣙ 500 ୓ᖺ๓

䛻䚸ఀ㈡ୖ㔝௜㏆䛻ྂ⍇⍈†䛜ᙧᡂ䛥䜜䛶䛛䜙䚸⌧ᅾ䛾఩⨨䛻⛣ື䛧䛶䛝䛯䛾䛜⣙ 40 ୓ᖺ๓䛸

ゝ䜟䜜䛶䛔䜛䚹䛣䛾 40 ୓ᖺ๓䛾㉸㛫ịᮇ䜔䛭䛾ᚋ䛾 3 ᗘ䛾㛫ịᮇ䛸䛔䛖 ᬮ䛺Ẽೃ䚸䛭䛧䛶 4

ᗘ䛾኱䛝䛺ịᮇ䜢⤒㦂䛧䛶䛝䛯䠄ᅗᅗᅗᅗ䠎䠎䠎䠎䠅䚹䛣䛾䜘䛖䛺⮬↛⎔ቃ䛾ኚ໬䛿䚸௒䜒†ᗏ䛾ᆅᒙ䛻グ㘓䛥

䜜䛶䛔䜛䚹⌧ᅾ䜒ᆅ⌫䛿ịᮇ䛻䛒䜚䚸䛭䛾୰䛷䜒ẚ㍑ⓗẼೃ䛜✜䜔䛛䛺㛫ịᮇ䛻䛒䜛䛸ゝ䜟䜜䛶

䛔䜛䠄Kawamura et al. 2003䠅䚹᭱ᚋ䛻㉳䛣䛳䛯䞂䜵䝹䝮ịᮇ䛜⤊䜟䛳䛯ᚋ䚸Ẽ 䛜 3℃䛛䜙 4℃ୖ

᪼䛧䚸䛔䜟䜖䜛⦖ᩥᾏ㐍䛸࿧䜀䜜䜛᫬௦䛜ゼ䜜䛯䚹ᐇ㝿䚸⌧ᅾ䛾ᆅ⌫䛾Ẽ 䛿䚸⦖ᩥᾏ㐍䛾㡭

䛾᭱㧗Ẽ 䜘䜚 0.5℃䜋䛹ప䛔䛸䛔䛖ሗ࿌䛜䛒䜛䚹 

 ịᮇ䛛䜙⦖ᩥᾏ㐍䛻䛛䛡䛶䚸໭䝶䞊䝻䝑䝟䜔໭⡿䛻䛒䛳䛯ịᗋ䛜⼥䛡䚸ᾏỈ㠃䛜 140䡉䜒ୖ᪼

䛧䛯䛸ゝ䜟䜜䛶䛔䜛䚹䜒䛧䚸䠥䠬䠟䠟䛾ண 䛾䜘䛖䛻䚸௒ᚋẼ ୖ᪼䛜⥆䛝䚸༡ᴟ䛻䛒䜛ịἙ䛜䛩䜉

䛶⁐䛡䜜䜀ᾏ㠃䛿䠒䠑䝯䞊䝖䝹ୖ᪼䛧䚸䜾䝸䞊䞁䝷䞁䝗䛾ịἙ䛜䛩䜉䛶⁐䛡䜜䜀ᾏ㠃䛿 7 䝯䞊䝖䝹

ୖ᪼䛩䜛䛸䜒ゝ䜟䜜䛶䛔䜛䚹ྜ䜟䛫䜛䛸 72䡉ᾏ㠃䛜ୖ᪼䛩䜛䜟䛡䛰䛜䚸ᮏᙜ䛻䛣䜜䛟䜙䛔ୖ᪼䛩

䜛䛾䛰䜝䛖䛛䚹 



 ᐇ㝿䛻䛿䚸ᾏỈ㠃䛜ୖ᪼䛩䜛䛸䝝䜲䝗䝻䜰䜲䝋䝇䝍䝅䞊䛸䛔䛖ᆅẆ䛾䝞䝷䞁䝇䛷䚸ᆅ⌫ෆ㒊䛾䝬

䞁䝖䝹⛣ື䛜㉳䛣䜚㝣ᆅ䜒ୖ᪼䛩䜛䛾䛷䚸䜒䛳䛸ప䛔ᾏ㠃ୖ᪼䛻䛸䛹䜎䜛䛸ண᝿䛥䜜䛶䛔䜛䚹䛯䛰䚸

ᆅ⌫ෆ㒊䛾ᛂ⟅䛻䛿᫬㛫䛜䛛䛛䜛䛾䛷䚸୍᫬ⓗ䛺Ỉ఩ୖ᪼䛿㑊䛡䜙䜜䛺䛔䜒䛾䛸ᛮ䜟䜜䜛䚹䛒

䛸Ẽ 䛜 0.5℃ୖ᪼䛩䜛䛸䚸⦖ᩥᾏ㐍䛾㡭䜘䜚㧗䛔Ẽ 䛸䛺䜚䚸䛥䜙䛻 2℃ୖ᪼䛩䜛䛸䚸㐣ཤ 40 ୓

ᖺ䛷䜒䛳䛸䜒㧗䛔Ẽ 䛸䛺䜛䚹IPCC 䛾ሗ࿌䛹䛚䜚䛺䜙䚸䠎䠍ୡ⣖୰䛻䛣䛾グ㘓䛜◚䜙䜜䜛ྍ⬟ᛶ䛿

㧗䛔䚹 

 

䠏䠏䠏䠏䠊䠊䠊䠊ᆅ⌫ ᬮ໬ᆅ⌫ ᬮ໬ᆅ⌫ ᬮ໬ᆅ⌫ ᬮ໬䛻䜘䜛䛻䜘䜛䛻䜘䜛䛻䜘䜛†἟†἟†἟†἟⎔ቃ⎔ቃ⎔ቃ⎔ቃ䛾䛾䛾䛾ኚ໬ኚ໬ኚ໬ኚ໬    

2007 ᖺ䛾 9 ᭶䚸໭ᴟᾏ䛾ị䛿 1950 ᖺ௦䛛䜙 1970 ᖺ௦䛻䛛䛡䛶ྠ䛨᫬ᮇ䛻ほ 䛥䜜䛯㠃✚䛾

⣙ 50䠂䛾䝃䜲䝈䛻䛺䛳䛯䠄Stroeve and Serreze 2008䠅䚹2008 ᖺ䛻䜒ྠᵝ䛺ഴྥ䛜ほ 䛥䜜䛯䛜䚸

ᴟᇦ䛻䛚䛡䜛ኟᏘ䛾ᾏị䛾ῶᑡ䛿䚸ᆅ⌫ ᬮ໬䛾ᙳ㡪䜢㇟ᚩⓗ䛻♧䛩䜒䛾䛸䛧䛶ὀ┠䛥䜜䜛䚹

䛒䛸ᩘ༑ᖺ䛷䚸໭ᴟᾏ䛿ኟ䛻䛺䜛䛸ᾏị䛜䜋䜌⼥ゎ䛧㏻ᖖ䛾⯪䛜⯟⾜䛷䛝䜛䜘䛖䛻䛺䜛䛸⪃䛘䜙

䜜䛶䛔䜛䠄Wang and Overland 2009䠅䚹 

໭ᴟᾏ䛾ᾏị㠃✚䛾೫ᕪ䠄1978 ᖺ䛛䜙 2000 ᖺ䛾ᖹᆒ್䛛䜙䛾೫ᕪ䠅䜢ᅗᅗᅗᅗ 3333 䛻♧䛩䚹䝬䜲䝘䝇

䛿ᾏị䛜ῶᑡ䛧䛶䛔䜛䛣䛸䜢♧䛧䛶䛔䜛䚹2002 ᖺ㡭䛛䜙೫ᕪ䛿኱䛝䛟䝬䜲䝘䝇䛻䝅䝣䝖䛧䛿䛨䜑䚸≉

䛻 2007 ᖺ௨㝆䛿኱䛝䛔䛣䛸䛜䜟䛛䜛䠄Lovelock 2007䠅䚹໭ᴟᾏ䛻䛚䛡䜛䛣䛾䜘䛖䛺ኚ໬䛿䚸ෆ㝣

䛻䛚䛡䜛Ỉ㈨※䛻䜒ᗈ䛔⠊ᅖ䛷⾲䜜䛶䛔䜛䚹໭༙⌫䛾†἟䜔Ἑᕝ䛷䛿䚸⤖ị᪥ᩘ䛜䛹䜣䛹䜣ῶ

ᑡ䛧䛶䛚䜚䚸⏕≀䛾ኚ໬䛸䜒㛵㐃௜䛡䜙䜜䛶䛔䜛䠄Magnuson et al. 2000; Quayle et al. 2002䠅䚹㔜せ

䛺䛣䛸䛿䚸†἟䜔㈓Ỉụ䛿ᗈ䛟ᆅ⌫඲య䛻Ⅼᅾ䛩䜛⏕ែ⣔䛾䝛䝑䝖䝽䞊䜽䛷䛒䜚䚸㝣ᇦ⏕ែ⣔䛸

Ỉᅪ⏕ែ⣔䛜Ẽೃኚື䛻ᑐ䛧䛶ᛂ⟅䛩䜛㝿䛾䝟䝍䞊䞁䜔䝯䜹䝙䝈䝮䜢▱䜛ୖ䛷䛾㔜せ䛺ᡭ䛜䛛

䜚䜢୚䛘䛶䛟䜜䜛䛣䛸䛷䛒䜛䚹䛭䛾ព࿡䛷䚸†἟䜔㈓Ỉụ䛿䚸Ẽೃኚື䛾᭷ຠ䛺┘どᶵ⬟䚸⤫ྜ

ᶵ⬟䚸ㄪᩚᶵ⬟䛾ᙺ๭䜢ᯝ䛯䛧䛶䛔䜛䠄Williamson et al. 2009䠅䚹 

䛯䛸䛘䜀䚸䝰䞁䝂䝹᭱኱䛾ῐỈ†䛷䛒䜛䝣䝤䝇䜾䝹†䛷䛿䚸Ẽ 䛾ୖ᪼䛻క䛳䛶࿘㎶䛾ịἙ䜔

Ọஂ෾ᅵ䛜⁐ゎ䛧䚸ᖺ㛫䛻䠍cm 䜋䛹Ỉ఩䛜ୖ᪼䛧䛶䛔䜛䠄Kumagai et al. 2006䠅䚹䝠䝬䝷䝲䛾ịἙ

ᆅᖏ䛷䜒ྠᵝ䛺⌧㇟䛜㉳䛣䛳䛶䛔䜛䠄అぢ 2006䠅䚹ịἙ䜔Ọஂ෾ᅵ䛾ị䛜᏶඲䛻⁐䛡䛯ᚋ䚸Ỉ

䛾౪⤥䜢ኻ䛳䛯†䛿⵨Ⓨ䛻䜘䛳䛶㠃✚䛜⦰ᑠ䛧䚸䜔䛜䛶ሷ†໬䛧䛶䛔䛟䚹䝏䝧䝑䝖䜔䝰䞁䝂䝹䛻䛿

䛭䛾䜘䛖䛺†䛜ከ䛟䛒䜚⌧ᅾ䜒ቑ䛘䛶䛔䜛䚹 

䜰䝣䝸䜹䛻䛒䜛䝍䞁䜺䝙䞊䜹†䛾◊✲䜢⾜䛳䛶䛔䛯 Catherine O’Reilly 䛿䚸ᆅ⌫ ᬮ໬䛜†䛾⏕

≀⏕⏘䜢ῶᑡ䛥䛫䛶䛔䜛䛸䛔䛖ㄽᩥ䜢 Nature 䛻Ⓨ⾲䛧䛯(O’Reilly, 2003)䚹䛣䛾ㄽᩥ䛾୰䛷䚸 ᬮ

໬䛻క䛳䛶Ỉ ᡂᒙ䛜ᙉ䛟䛺䛳䛯䛣䛸䛸䚸†ୖ㢼㏿䛾పୗ䛜†䛾ୖୗΰྜ䜢ᙅ䜑䛯䛣䛸䛻䜘䛳䛶䚸

῝Ỉᒙ䛛䜙⾲Ỉᒙ䜈䛾ᰤ㣴ሷ౪⤥䛜ῶᑡ䛧䚸⾲Ỉᒙ䛷䛾᳜≀䝥䝷䞁䜽䝖䞁䛾ቑṪ䛜పୗ䛧⁺⋓

㔞䛜ῶ䛳䛯䛸䛔䛖䛣䛸䜢♧䛧䛯䚹 

୍᪉䛷䚸䝇䜲䝇䛸䝣䝷䞁䝇䛾ᅜቃ䛻䛒䜛䝺䝬䞁†䜔㮵ඣᓥ┴䛾ụ⏣†䛷䛿䚸†䛾ୖୗΰྜ䛜୙

༑ศ䛻䛺䜚ὸ䛔ᒙ䛛䜙῝䛔ᒙ䜈༑ศ䛺㓟⣲䛜౪⤥䛥䜜䛺䛟䛺䛳䛯䠄㛗㇂ᕝ 2006䚸᪂஭ 2009䠅䚹䛣

䜜䜙䛾†䛷䛿䚸䠍䠕䠒䠌ᖺ䛛䜙䠍䠕䠓䠌ᖺ௦䛻䛛䛡䛶䛾ᛴ⃭䛺ᐩᰤ㣴໬䛻䜘䛳䛶᳜≀䝥䝷䞁䜽䝖䞁䛜

ቑ䛘䚸ከ䛟䛾᭷ᶵ≀䛜ỿ㝆䛧䛶†ᗏ䛻䛯䜎䛳䛶䛔䜛䚹䛣䛾䜘䛖䛻䛧䛶†ᗏ䛻䛯䜎䛳䛯᭷ᶵ≀䛿䝞䜽



䝔䝸䜰䛻䜘䛳䛶ศゎ䛥䜜䜛䛜䚸䛭䛾䛸䛝䛻Ỉ୰䛾⁐Ꮡ㓟⣲䛜ᾘ㈝䛥䜜䜛䚹㓟⣲౪⤥䛾పୗ䛸᭷ᶵ

≀䛾ศゎ䛸䛷䚸†ᗏ௜㏆䛿䜔䛜䛶ప㓟⣲໬䛧䛶䛟䜛䚹⌧ᅾ䚸䝺䝬䞁†䜒ụ⏣†䜒䚸୍ᖺ୰䚸⁐Ꮡ㓟

⣲⃰ᗘ䛜䝊䝻䛻㏆䛔≧ែ䛷䛒䜛䚹䛣䛾䜘䛖ప㓟⣲໬䛿䚸䜹䝇䝢ᾏ䚸᪥ᮏᾏ䚸䜲䞁䝗ὒ䚸䜹䝸䝤ᾏ䛾䜘

䛖䛺኱䛝䛺ᾏỈᇦ䛷䜒ሗ࿌䛥䜜䛶䛔䜛䠄䛯䛸䛘䜀䚸Diaz 2001䠅䚹 

 䜎䛯䚸ୡ⏺䛾ῐỈ†἟䛾䠎䠌䠂䛾ᐜ✚䜢༨䜑䜛䝞䜲䜹䝹†䠄䝻䝅䜰䠅䜔䜰䝯䝸䜹䛾䝽䝅䞁䝖䞁†䛷

䛿䚸†䛜Ỉ ᡂᒙ䛩䜛ᮇ㛫䛜ᑡ䛧䛪䛴㛗䛟䛺䛳䛶䛝䛶䛔䜛䠄Shimaraev 2006, Winder and Schindler, 

2004䠅䚹䛣䜜䜒 ᬮ໬䛾ᙳ㡪䛸ゝ䛘䜘䛖䚹໭⡿䛻䛒䜛஬኱†䛾䜶䝸䞊†䛷䛿䚸඲య䛾䠏䠌䠂䛻㏆䛔

Ỉᇦ䛷ప㓟⣲໬䛜㉳䛣䛳䛶䛔䜛䚹እ᮶䛾㈅䛜኱Ⓨ⏕䛧䛯䛣䛸䛸䚸Ỉ ୖ᪼䛜ཎᅉ䛰䛸ゝ䜟䜜䛶䛔

䜛䠄Hawley et al. 2006䠅䚹䛣䛾䜘䛖䛻⁐Ꮡ㓟⣲䛜ᑡ䛺䛟䛺䜚⏕≀䛜⏕Ꮡ䛧䛻䛟䛟䛺䛳䛯Ỉᇦ䜢䝕䝑䝗䞉

䝌䞊䞁䠄Ṛ䛾Ỉᇦ䠅䛸࿧䜣䛷䛚䜚䚸ᅗᅗᅗᅗ 4444 䛻ぢ䜙䜜䜛䜘䛖䛻䝕䝑䝗䝌䞊䞁䛜ୡ⏺୰䛷ᛴ㏿䛻ᣑ኱䛧䛶䛔

䜛䠄Diaz and Rosenberg 2008䠅䚹 

 

䠐䠐䠐䠐䠊䠊䠊䠊†἟†἟†἟†἟⏕ែ⣔⏕ែ⣔⏕ែ⣔⏕ែ⣔䜈䛾䜈䛾䜈䛾䜈䛾ᙳ㡪ᙳ㡪ᙳ㡪ᙳ㡪    

†἟⏕ែ⣔䛾ᵓ㐀䛸ᶵ⬟䛿䚸᫬✵㛫ⓗ䛻ኚ໬䛩䜛Ẽೃ䜔ே㛫άື䚸⏕≀ᙧែ䚸㞟Ỉᇦ≉ᛶ䛺

䛹䛾」㞧䛺┦஫స⏝䛻䜘䛳䛶ไᚚ䛥䜜䛶䛔䜛䠄Schindler 2001䠅䚹䛣䛾䜘䛖䛻」㞧䛺㐣⛬䛾୰䛛䜙

†἟䛻ཬ䜌䛩Ẽೃኚື䛾ᙳ㡪䜢᫂䜙䛛䛻䛩䜛䛯䜑䛻䚸Leavitt et al. (2009)䛿䚸ྂ㝣ỈᏛⓗ䛺䜰䝥

䝻䞊䝏䛻ᇶ䛵䛔䛯䝥䝻䝉䝇ᣦྥᆺ䛾㝣ỈᏛⓗ◊✲⤫ྜ䜢⾜䛳䛯䚹䛣䛾䛣䛸䛻䜘䛳䛶䚸Ẽೃኚື䛜䚸

᫬✵㛫ⓗ䛻ᗈ䛜䜚䜢ᣢ䛴†἟䛾ᵓ㐀䛸ᶵ⬟䜢௨ୗ䛾ᅄ䛴䛾⤒㊰䜢㏻䛧䛶ไᚚ䛧䛶䛔䜛䛣䛸䜢♧䛧

䛯䚹䛭䜜䜙䛿䚸䠄䠍䠅ᨺᑕ䜔⇕䚸㢼䛻䜘䜛†Ỉ㠃䜈䛾㎿㏿䛛䛴┤᥋ⓗ䛺䜶䝛䝹䜼䞊㍺㏦䚸䠄䠎䠅ᆅ⌫

άື䛾ኚ໬䜢㏻䛧䛯䜖䛳䛟䜚䛸䛧䛯㛫᥋ⓗ䛺䜶䝛䝹䜼䞊䛾ᙳ㡪䛸䛭䜜䛻௜㝶䛧䛯†἟䜈䛾≀㉁㍺

㏦䚸䠄䠏䠅኱Ẽ䛛䜙䛾㞵䜔䚸⢏Ꮚ䚸⁐ᾮ䛸䛧䛶䛾┤᥋ⓗ䛺≀㉁ὶධ䚸䠄䠐䠅㞟Ỉᇦ䛛䜙䛾Ỉ䜔ᠱ⃮≀

㉁䚸⁐Ꮡ≀㉁䛾㛫᥋ⓗ䛺ὶධ䚸䛷䛒䜛䚹†἟⏕ែ⣔䛿䚸䛣䜜䜙䛾䜶䝛䝹䜼䞊䛸≀㉁䛾ὶධ䛻ᑐ䛧

䛶ᩄឤ䛻཯ᛂ䛧䛶䛔䜛䚹 

 ᵳᮌ䛸༨㒊䠄2009䠅䛿䚸⍇⍈†䛾†ᗏሁ✚≀୰䛻ྵ䜎䜜䜛ື≀䝥䝷䞁䜽䝖䞁䜢ศᯒ䛧䚸䜹䝤䝖䝭䝆

䞁䝁䛾㑇㧁䛸ఇ╀༸䛾䝣䝷䝑䜽䝇䛾ኚ໬䜢♧䛧䛯䠄ᅗᅗᅗᅗ 5555䠅䚹䛣䜜䛻䜘䜛䛸䚸䜹䝤䝖䝭䝆䞁䝁䛾㑇㧁䝣䝷䝑

䜽䝇䛿1950ᖺᚋ༙䛛䜙ቑ䛘ጞ䜑䚸1970ᖺ௦ᚋ༙䛻䝢䞊䜽䛸䛺䛳䛯ᚋ䚸௒᪥䜎䛷䜋䜌ྠ䛨Ỉ‽䜢ಖ

䛳䛶䛔䜛䚹୍᪉䚸ఇ╀༸䛾䝣䝷䝑䜽䝇䛿䚸1950 ᖺ௦ᚋ༙䛛䜙ቑ䛘ጞ䜑䜛䛜䚸1980 ᖺ௦䛻䛺䜛䛸ᛴ

㏿䛻ῶᑡ䛧䚸1985 ᖺ㡭䜘䜚䜋䛸䜣䛹ぢ䜙䜜䛺䛟䛺䛳䛯䚹䛣䛾䜘䛖䛺ኚ໬䛛䜙䚸㏆ᖺ䛾 ᬮ໬䛻䜘䜛

෤Ꮨ䛾㖄┤ᚠ⎔䛾ᙅ䜎䜚䛜䜹䝤䝖䝭䝆䞁䝁䛾㣵⎔ቃ䜢ዲ㌿䛥䛫䚸ᾋ㐟㉺෤䜢ྍ⬟䛻䛧䛯䛸⪃ᐹ䛧䛶

䛔䜛䚹 

 Hsieh et al. (2010)䛿䚸1962 ᖺ䛛䜙 2003 ᖺ䛻䛛䛡䛶᥇ྲྀ䛥䜜䛯⍇⍈†䛾᳜≀䝥䝷䞁䜽䝖䞁䛾㛗ᮇ

䝕䞊䝍䜢ゎᯒ䛧䚸1980 ᖺ௦୰㡭䜢ቃ䛻䚸ῐỈ㉥₻䛻௦⾲䛥䜜䜛ᐩᰤ㣴໬䛻䜘䜛᳜≀䝥䝷䞁䜽䝖䞁

䛾␗ᖖቑṪ䛛䜙䚸 ᬮ໬䛻䜘䜛ᏳᐃỈሢ䛻ᑐᛂ䛧䛯᳜≀䝥䝷䞁䜽䝖䞁䜈䛸⛣⾜䛧䛯䛣䛸䜢♧䛧䛯䚹

䛣䛾䛣䛸䛿 Tsugeki et al. (2009)䛾◊✲⤖ᯝ䛸䜘䛟ྜ䛳䛶䛔䜛䚹 

 䛣䛾䜘䛖䛻䚸†䛾Ỉ ୖ᪼䜔㖄┤ᚠ⎔䛾ᙅయ໬䛿䚸䛥䜎䛦䜎䛺ᙳ㡪䜢†἟⏕ែ⣔䛻ཬ䜌䛩䚹䛯

䛸䛘䜀䚸㈋ᰤ㣴†䛷䛒䜛䜰䝯䝸䜹䛾䝍䝩†䛷䛿䚸Ỉ 䛾ୖ᪼䛻క䛳䛶ᬮỈᛶ䛾እ᮶✀䛷䛒䜛䝤䝷䝑



䜽䝞䝇䜔䝤䝹䞊䜼䝹䛜ቑ䛘䛶䛝䛶䛚䜚䚸䛣䜜䛻཯ẚ౛䛩䜛䜘䛖䛻ᅾ᮶䛾㨶✀䛜ῶᑡ䛧䛶䛝䛶䛔䜛

䠄Kamerath et al. 2008䠅䚹䜎䛯⍇⍈†䛷䛿䚸2007 ᖺ䛾㖄┤ᚠ⎔䛾ᙅయ໬䛻䜘䜚†ᗏ䛾⁐Ꮡ㓟⣲⃰

ᗘ䛜ῶᑡ䛧䚸䝕䝑䝗䝌䞊䞁䛾ᙧᡂ䛸ᗏ⏕ᛶ⏕≀䛾ᩢṚ䛜ሗ࿌䛥䜜䛶䛔䜛䠄⇃㇂ 2008䠅䚹䛣䜜䜙䛿䚸

ᆅ⌫ ᬮ໬䛻క䛖⇕䜶䝛䝹䜼䞊䛾ኚ໬䛜䚸†἟⏕ែ⣔䛻ᙳ㡪䜢୚䛘ጞ䜑䛶䛔䜛䛣䛸䜢♧䛩஦౛

䛷䛒䜛䚹 

 

䠑䠑䠑䠑䠊䠊䠊䠊ᖹ⾮ᖹ⾮ᖹ⾮ᖹ⾮≧ែ≧ែ≧ែ≧ែ䛛䜙䛛䜙䛛䜙䛛䜙㠀ᖹ⾮㠀ᖹ⾮㠀ᖹ⾮㠀ᖹ⾮≧ែ≧ែ≧ែ≧ែ䜈䜈䜈䜈䛾䛾䛾䛾䝅䝣䝖䝅䝣䝖䝅䝣䝖䝅䝣䝖    

†἟䛾◊✲䜢㛗䛟䜔䛳䛶䛔䜛䛸䚸䛔䜝䛔䜝䛺䛣䛸䛜ぢ䛘䛶䛟䜛䚹䛭䜜䜙䛿䜎䜛䛷䝆䜾䝋䞊䝟䝈䝹䜢

ゎ䛟䜘䛖䛺ᙧ䛷䚸୍䛴୍䛴䛾䝢䞊䝇䛜䛿䜑㎸䜎䜜䛶䛔䛟䚹⮬↛䛸䛔䛖䚸㠀ᖖ䛻኱䛝䛺ᯟ䛾୰䛷䝟䝈

䝹䜢᏶ᡂ䛥䛫䜛䛣䛸䛿୙ྍ⬟䛻㏆䛔䛡䜜䛹䜒䚸Ẽ㛗䛻ᑐᓖ䛧䛶䝥䝺䜲䛩䜛䛣䛸䛜኱ษ䛰䛸ᛮ䛖䚹 

᭱㏆䚸㠃ⓑ䛔ㄽᩥ䜢┠䛻䛧䛯䚹⍇⍈†༤≀㤋䛾ᩜᆅ䛻᥀䜙䜜䛯 900m 䛾䝪䞊䝸䞁䜾䝁䜰䛾୰䛾

 ᗘ䛜ᚎ䚻䛻ୖ᪼䛧䛶䛔䜛䛭䛖䛷䛒䜛䚹✰䜢᥀䛳䛯ᙜึ䛾 1993 ᖺ䛻䛿῝䛥 25m ௜㏆䛷 16.5℃䛒

䛳䛯 ᗘ䛜 2003 ᖺ䛻䛿 17.5℃䛻䛺䛳䛯䚹䛣䜜䛿✰䛾ୖ䛻ᘓ≀䜢ᘓ䛶䛯䛾䛷Ẽ 䛜୍ᐃ䛻ಖ䛯䜜

䜛䜘䛖䛻䛺䛳䛯⤖ᯝ䛰䛸ㄝ᫂䛧䛶䛒䛳䛯䠄Goto et al. 2005䠅䚹✵Ẽ䛜ື䛝䛻䛟䛟䛺䛳䛶Ẽ 䛜୍ᐃ䛻

䛺䜛䛸䚸ᆅ୰䛾 ᗘ䛜ୖ᪼䛩䜛䚹ᆅ 䛜Ẽ 䛸ᖹ⾮≧ែ䛻䛺䜜䜀Ᏻᐃ䛩䜛䛾䛰䜝䛖䛜䚸⇕䛾䜔䜚

ྲྀ䜚䛸䛔䛖䛧䛟䜏䛸䛧䛶䛿㌴䛾✵෭䜶䞁䝆䞁䛸ྠ䛨䛰䜝䛖䚹 

 ᆅ⌫ ᬮ໬䛜㐍䜣䛷኱つᶍ䛺ᚠ⎔䛜䝇䝖䝑䝥䛧䚸†ᗏ䜔ᾏᗏ䛾Ỉ䛜ື䛛䛺䛟䛺䛳䛯䜙ྠ䛨䜘䛖䛺

⌧㇟䛜㉳䛣䜛䛾䛰䜝䛖䛛䚹†Ỉ䜔ᾏỈ䛻䜘䜛ᆅ⇕䛾Ỉ෭ᶵ⬟䛜䝇䝖䝑䝥䛩䜛䛸䚸Ỉ䛸ሁ✚≀䛾⇕

ⓗᖹ⾮≧ែ䛜ቯ䜜㠀ᖹ⾮≧ែ䜈⛣䛳䛶䛔䛟䛸ᛮ䜟䜜䜛䚹ሁ✚≀୰䛾⇕䝣䝷䝑䜽䝇䛾኱䛝䛥䛻䜒䜘

䜛䛜䚸⇕ᖏ䛷Ⓨ⏕䛩䜛䜘䛖䛺పẼᅽ䛜Ỉ䛾ᗏ䛻䜒⏕䛨䜛䛾䛰䜝䛖䛛䠄䝝䜲䝗䝻䝃䞊䝬䝹䝥䝹䞊䝮䚸

Serra et al. 2005䠅䚹䛭䛖䛰䛸䛩䜛䛸䚸⇕ⓗ䜶䝛䝹䜼䞊䛾୙Ᏻᐃ䛻䜘䜚┤᥋ⓗ䛺≀㉁㍺㏦䛜㉳䛣䜚䚸

Ỉᅪ⏕ែ⣔䛻኱䛝䛺ᙳ㡪䜢୚䛘䜛䛣䛸䛻䛺䜛䚹䛣䛾䛣䛸䛿䚸䜶䝛䝹䜼䞊䛸≀㉁㍺㏦䛻䛛䛛䜟䜛኱

Ẽ䛸ᆅ⌫䛾┦஫స⏝䛾᪂䛧䛔⤒㊰䛾Ⓨ⌧䛸ゝ䛘䜛䛾䛛䜒䛧䜜䛺䛔䚹 

 

ㅰ㎡ㅰ㎡ㅰ㎡ㅰ㎡    

A 20244079  

 

ཧ⪃ᩥ⊩ཧ⪃ᩥ⊩ཧ⪃ᩥ⊩ཧ⪃ᩥ⊩    

᪂஭ṇ䠄2009䠅䠖ụ⏣†䛸ㄶゼ†䛻䛚䛡䜛 ᬮ໬䛾ᙳ㡪䠊ᆅᇦ◊✲䠊50:1-10. 

Broecker, W. S. (1975): Climatic Change: Are we on the brink of a pronounced global warming? 

Science. 189189189189: 4201.460. 

Diaz R. J. (2001): Overview of hypoxia around the world. J. Environ. Qual. 30303030: 275-281. 

Diaz R. J. and R. Rosenberg (2008): Speading dead zones and consequences for marine 

ecosystems. Science 321321321321: 926. 

Dickens, G. R., J. R. O’Neil, D. K. Rea and R. M. Owen (1995): Dissociation of oceanic methane 



hydrate as a cause of the carbon isotope excursion at the end of Paleocene. Paleoceanography. 

10101010: 965-971. 

అぢ☒஧䠄2006䠅䠖ෆ㝣䜰䝆䜰†἟⩌䜈䛾 ᬮ໬䛾ᙳ㡪䠉⏕ែⓗịἙᏛ䛾ほⅬ䛛䜙䠊ྡྂᒇ኱

Ꮫฟ∧఍䠊105-118. 

Goto, S., H. Hamamoto and M. Yamano (2005): Climatic and environmental changes as 

southeastern coast of Lake Biwa over 3000 years, inferred from borehole temperature data. 

Phys. Earth. Planet. Inter. 152152152152: 314-325. 

㛗㇂ᕝ┤Ꮚ䠄2006䠅䠖䝺䝬䞁†䛾ప㓟⣲໬䠊ྂ௒᭩㝔䠊59-72. 

Hawley, N., T. H. Johengen, Y. R. Rao, S. A. Ruberg, D. Beletsky, S. A. Ludsin, B. J. Eadie, D. J. 

Schwab, T. E. Croley and S. B. Brandt (2006): Lake Erie hypoxia prompts Canada-U.S. study. 

EOS. 87878787: 313-319. 

Hsieh C. H., K. Ishikawa, Y. Sakai, T. Ishikawa, S. Ichise, Y. Yamamoto, T. C. Kuo, H. D. Park, N. 

Yamamura and M. Kumagai (2010): Phytoplankton community reorganization driven by 

eutrophication and warming in Lake Biwa. Aquat. Sci. DOI 10.1007/s00027-010-0149-4. 

Kawamura, K., T. Nakazawa, S. Aoki, S. Sugawara, Y. Fujii, and O. Watanabe (2003), Atmospheric 

CO2 variations over the last three glacial-interglacial climatic cycles deduced from the Dome 

Fuji deep ice core, Antarctica using a wet extraction technique. Tellus B. 55555555: 126-137. 

Kumagai, M., J. Urabe, C.E. Goulden, N. Soninkhishig, K. Ishikawa, D. Hadbaatar, S. Tsujimura, Y. 

Hayami, T. Sekino and M. Maruo (2006): Recent rise in water level at Lake Hovsgol in Mongolia. 

In: Goulden, C.E., T. Sitnikova, J. Gelhaus and B. Boldgiv (eds.) The Geology, Biodiversity and 

Ecology of Lake Hovsgol (Mongolia), Backhuys Publ., Belgium, 77-91. 

⇃㇂㐨ኵ䠄2008䠅䠖ᆅ⌫ ᬮ໬䛜⍇⍈†䛻୚䛘䜛ᙳ㡪䠊⎔ቃᢏ⾡䠊37373737:31-37. 

Leavitt, P. R., S. C. Fritz, N. J. Anderson, P. A. Baker, T. Blenckner, L. Bunting, J. Catalan, D. J. 

Conley, W. O. Hobbs, E. Jeppesen A. Korhola, S. McGownan, K. Ruhland, J. A. Rusak, G. L. 

Simpson, N. Solovieva and J. Werne (2009): Paleolimnological evidence of the effects on lakes of 

energy and mass transfer from climate and humans. Limnol. Oceanogr. 54545454: 2330-2348. 

Lovelock, J. (1979): Gaia, a new look at life on earth. Oxford University Press. 

Lovelock, J. E. and L. R. Kump (1994): Failure of climate regulation in a geophysiological model. 

NATURE. 333369696969:732-734. 

Lovelock, J. (2007): Climate change on a living earth. Lecture for Royal Society. 

Lovelock, J.(2008): A geophysiologist’s thoughts on geoenginnering. Phil. Trans. R. Soc. A :1-8. 

Magnuson, J. J., D. M. Robertson, B. J. Benson, R. H. Wynne, D. M. Livingstone, T. Arai, R. A. Assel, 

R. G. Barry, V. Card, E. Kuusisto, N. G. Granin, T. D. Prowse, K. M. Stewart and V. S. Vuglinski 

(2000): Historical Trends in Lake and River Ice Cover in the Northern Hemisphere. Science 289289289289: 

1743 – 1746. 

ᯇᒸᬒᏊ䚸⏣㏆ⱥ୍䚸ከ⏣㝯἞䚸ᯇ஭Ꮥ඾䠄2006䠅䠖ᾏὒ⏕≀໬ᏛⅣ⣲ᚠ⎔䝰䝕䝹䜢⏝䛔䛯ᬡ᪂



ୡ䠋ጞ᪂ୡቃ⏺ ᬮ໬ᴟ኱䜲䝧䞁䝖䛻䛚䛡䜛Ⅳ⣲ᚠ⎔ኚື䛾᚟ඖ䠊ᆅᏛ㞧ㄅ䠊115115115115䠖715-726. 

O’Reilly, C.M., S.R. Alin and P. Plisnier (2003): Climate change decreases aquatic ecosystem 

productivity of Lake Tanganyika, Africa. Nature. 424424424424:766-768. 

Quayle, W. C., L. S. Peck, H. Peat, J. C. Ellis-Evans and P. R. Harrigan (2002): Extreme Responses 

to Climate Change in Antarctic Lakes. Science. 295295295295: 645. 

Sagan, C. and G. Mullen (1972): Earth and Mars: Evolution of atmospheres and surface 

temperatures. Science. 177177177177: 52-56. 

Serra, T., M. Soler, R. Julià, X. Casamitjana and J. Colomer (2005): Behavior and dynamics of a 

hydrothermal plume in Lake Banyoles, Catalonia, NE Spain. Sedimentology. 52525252: 795-808. 

Shimaraev, M. N. (2006): 䝞䜲䜹䝹†䛻䜏䜙䜜䜛 ᬮ໬䛾ᙳ㡪䠊 ྂ௒᭩㝔䠊97-113. 

Schindler, D. W. (2001): The cumulative effects of climate warming and other human stresses on 

Canadian freshwaters in the new millennium. Can. J. Fish. Aquat. Sci. 65656565: 18-29. 

Stroeve, J. and M. Serreze (2008): Arctic ice extent plummets in 2007. EOS Trans. Am. Geophys. 

Un. 89898989: 13-20. 

ᵳᮌ⋹⨾䞉༨㒊ᇛኴ㑻 䠄2009䠅䠖ྂ㝣ỈᏛⓗᡭἲ䛻䜘䜛†἟⏕ែ⣔䛾㏆㐣ཤ᚟ඖ䛸䝰䝙䝍䝸䞁䜾䠊

⏕≀䛾⛉Ꮫ㑇ఏ䠊 63636363䠖66-72. 

Thomas C. D., A. Cameron, R. E. Green, M. Bakkenes, L. J. Beaumont, Y. C. Collingham, B. F. N. 

Erasmus, M. F. de Siqueira, A. Grainger, L. Hannah, L. Hughes, B. Huntley, A. S. van Jaarsveld, G. 

F. Midgley, L. Miles, M. A. Ortega-Huerta, A. T. Peterson, O. L. Phillips and S. E. Williams (2004): 

Extinction risk from climate change. Nature 427427427427: 145-148. 

Tsugeki, N. K., S. Ishhida and J. Urabe (2009): Sedimentary records of reduction in resting egg 

production of Daphnia galeata in Lake Biwa during the 20th century: a possible effect of winter 

warming. J. Paleolim,nol. 42424242: 155-165. 

Wang, M. and J. E. Overland (2009): A sea ice free summer Arctic within 30 years? Geophys. Res. 

Lett. 36363636: 1-5. 

Williamson, C. E., J. E. Saros, W. F. Vincent and J. P. Smol (2009): Lakes and reservoirs as sentinels, 

integrators, and regulators of climate change. Limnol. Oceanogr. 54545454: 2273-2282. 

Winder M. and D. Schindler (2004): Climatic effects on the phenology of lake processess. Global 

Change Biology. 10101010: 1844-1856. 



ᅗ㸯 㐣ཤ㸯㸮㸮㸮ᖺ㛫ࡢẼ ኚ໬(IPCC, 2007) 

ᅗ㸰 ࡌࡩ࣒࣮ࢻịᗋࡾࡼ࢔ࢥᚓࡓࢀࡽ㐣ཤ 34୓ᖺࡿࡓࢃ࡟኱Ẽ⤌ᡂࡢኚື 

㸦ᮾ໭኱Ꮫ኱Ꮫ㝔⌮Ꮫ◊✲⛉኱Ẽᾏὒኚືほ ◊✲ࡾࡼࢪ࣮࣒࣮࣮࣌࣍ࢱࣥࢭ㸧 



ᅗ㸱 ໭༙⌫ࡿࡅ࠾࡟ 1978ᖺࡽ࠿ 2007ᖺࡢ࡚ࡅ࠿࡟ᾏịࡢ೫ᕪ 



䝕䝑䝗䝌䞊䞁䛾ኚ໬

0

50

100

150

200

250

300

350

400

450

䠍䠕䠍䠌ᖺ
௦

䠍䠕䠎䠌ᖺ
௦

䠍䠕䠏䠌ᖺ
௦

䠍䠕䠐䠌ᖺ
௦

䠍䠕䠑䠌ᖺ
௦

䠍䠕䠒䠌ᖺ
௦

䠍䠕䠓䠌ᖺ
௦

䠍䠕䠔䠌ᖺ
௦

䠍䠕䠕䠌ᖺ
௦

䠎䠌䠌䠌ᖺ
௨

㝆

Ỉ
ᇦ

☒
⟬

ᩘ

ᅗ㸲 ࡛ࡲࢀࡇᏛ⾡㞧ㄅ࡛ሗ࿌ࠋᩘ⟭✚ࡢ࣮ࣥࢰࢻࢵࢹࡓࢀࡉ㸯㸮ᖺẖࡢ㝵ᩘ࡛⾲♧

 㸦Diaz andࠋࡿ࠸࡚ࡋቑຍࡘࡎ㸰ಸ࡟࡜ࡈ㸯㸮ᖺࠊࡣ㸯㸷㸴㸮ᖺ௨㝆ࠋࡿ࠸࡚ࡋ

Rosenberg, 2008ࢆᨵኚ㸧 



 

 

ᅗ㸳 ⍇⍈†ࡢࢥࣥࢪ࣑ࢺࣈ࢝ࡿࡅ࠾࡟㑇㧁࡜ఇ╀༸ᩘࡢኚ㑄 


