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Ⓨ⾲䛧䚸ึ䜑䛶ᆅ⌫ ᬮ䠄Global warming䠅䛸䛔䛖⾲⌧䜢⏝䛔䛯(Broecker 1975)䚹 
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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 
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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
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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Ỉୖ᪼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⌫ ᬮᆅ⌫ ᬮᆅ⌫ ᬮᆅ⌫ ᬮ䛻䜘䜛䛻䜘䜛䛻䜘䜛䛻䜘䜛††††⎔ቃ⎔ቃ⎔ቃ⎔ቃ䛾䛾䛾䛾ኚኚኚኚ    

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

Ọஂᅵ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Ọஂᅵ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
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