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Promotion of Research on Climate and Earth System 
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^Jj[�
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̀єǔô^Ƣ͗ɎʫΗǔ]Ȝ:ķҞ]ΆΟϱXXk[Pʣ˄ǔЖôѐ]ǁƧΆΟбͤ[ҭ

Kq°��Ã©»Á�	��(�X	���[=:sPƢ͗Ь̩ǭ͟]ЀΠ˭uǰģIs̀ďÂƢ͗�

��²ΗǔΆΟuɼ҇KqX:Xɿ˚uЕSm?P�˸ɄZ?oҝ―бͤ[^ɹ͟GrZ>

SmQ°��Ã©»Á	�	�[=:s^PƢ͗ɎʫΗǔķҞ]ǔôÂΆΟϱX]҆ʆu̟j�

z~Á�uȬŔKqXXk[Pʣ˄ЀΠǖǛǔôX]҆ʆ[npƢ͗Ь̩c]́å˭Ľ͟Z

Y]ȋǔķҞX]ДŶu҇jPGo[ү̽Ḁ̂̽ķҞ]ǔôX]҆ʆu҇jmɿ˚uKqE

XXZSmQ˄бͤʺ^PE]nX[IsΤ˚GrmSЀΠ˭Ь̩[nq̀ďÂƢ͗���

²ΗǔΆΟ]ɼ҇ΆΟбͤT[T:sȜAƁIPҝ―хӛc]ɹɨPÜαŔPNIsЬ

̩ÂΆΟ]Ǟʟ[npÊͥͱZɘˏuǞ͖Kqmj[̯ĖImk]W9qQ�

Ƣ̨͗ʵŔuŽiƢ͚͗Ƶ]ƻō?Ɇ҄[҇ЕIPåҬ]ό̣ΐô̗ōĺÂӡοĂϐZ

Y̗͝]ƭͶ[ǁ@ZȲӓuÉ<TT9qQI>I͚Ƶƻō[ҝФZȳŅuˏmK̨ǠŌˏ

̀ûlӈÂ~x¿�½]ɲō]ЮʩlűӟÂӂÎѕӆ]Ü̩ΆΟZY[ɁФZPЀΠ˭>o

]ɻЬ̩?Êͥͱ[ÈѤIs:qQ͎[ʣ˄[^Ƣ͗Ь̩ǭ͟]ЀΠ˭?ǐơIZ:m

jPčR]ΆΟ[=:s^˿ҬЀΠ˭u¾Á�½ImЬ̩[npɘˏuȹTTkP̀ďÂƢ

͗���²ΗǔΆΟ[ÈŰˮZûπͱZЀΠ˭Ь̩?x�xW^ǞʟGrsEZ>SmQ�

˄ΆΟ]ͷͱ^Pt?ƝĺXZqƢ͗Ь̩ǭ͟]ЀΠ˭uǰģIP̀ďÂƢ͗���²Ά

ΟuӠѩͱ[ɼ҇KqEXW9qQЀΠ˭Ь̩^Pȸˉ]Ь̩]νȠuÆDq]W^ZAP

ĤAʝI:Ь̩ҟuȹqɟ˹W9qQЀΠ˭Ь̩^P��A#>o����#]ӯ±�¿Ӱ��Ã½

]Ь̩[npPƢ͗���²ӯ°�¿��Ã½Ӱ]ɳqϿ:]͘ЮuǞ͖Kq¤»�z²�

§�uPƢ͗Ηǔ[kmoKEX?ˀȶGrs:qQ˄ΆΟW^ЀΠ˭Ь̩uѯXIsPǁ

̀P̓̚PҷÆ˟͝PӇ̂PNIsƜûƢ͗]ъķҞu˩ʜKqϑŶƢ͗Ηǔ]ˑϋh]

ΤuͷɱKQEruǞ͖Kqmj[PЀΠ˭uȖȜ:ķҞ]ΆΟϱ?ҩˀͱZЩ―>oĽ͟

W@qPħŸĽ͟ÂħŸΆΟɭ―ĿȠ[ƭUAΆΟϱÑû]Ҋ͟ûĿuΤKqQҩˀͱZ

Ҋ͟ӯ��șҬӰ[npƢ͗Ηǔ]ҝФZхӛ[ǫIsбͤͱ[Ь̩ÂΆΟuǞʟKqEX

WPӑʝͱZɘˏu9DqXXk[å˅ϴɘuǞ͖KqQNIs˄ΆΟWȹormΗǔͱ

Ч[npPə?ƝlÊͥ]ƝRc]ΐôј͓P͎[�03%l§·Ã�µÃxÃ�c]ј͓uͷ

ɱIs:@m:Q�

�

	��-ș	ʼ�

ʣ˄̀єǔô� ǔЖǌƈô� ЀΠ˭Ь̩[ҭKqˠвҘô�

� � Ҙôҩ� � Ǳ̇� ͼ� �

ńҘôҩ� ӧ˫� ʶǘ�
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Ϊ�40ˀ� ʣ˄̀єǔô� ǔЖǌƈô� ЀΠ˭[ҭKqˠвҘô�

� � ˾Ź� ɞǹ˭ҭŹ�

Ҙôҩ� Ǳ̇ͼ� ˊäǁǔ�ǁǔҵ͘ǔπΆΟΗ�Ƣ͗ɎʫΗǔǭʍ�

ńҘôҩ� ӧ˫ʶǘ� ŹůǷǁǔ�ǖǛƢ͚͗ƵΆΟɞ�

ǌƈ� ѓ͠ǎċ� ŕ̚ҍǁǔ�ų̀ΗǔΆΟɞ�

ǌƈ� ӍˁƁŴ� ˊŕǁǔ�ǁǔҵ͘ǔΆΟΗҲǹ�ǁ̀̓̚ƻōЬ̩ΆΟ�Á�Ã�

ǌƈ� ǿȅĉ˪� ˊŕǁǔ�ǁǔҵ͘ǔΆΟΗ�Ƣ͗͌͘ǔǭʍ�

ǌƈ� Јˁċǘ� ˊäǁǔ�ǁǔҵ͘ǔπΆΟΗ�Ƣ͗ɎʫΗǔǭʍ�

ǌƈ� ʝҞǘ� ˊäǁǔ�ǁ̀̓̚ΆΟɞ�

ǌƈ� úВ˲˪� ˊäǁǔ�ǁ̀̓̚ΆΟɞ�

ǌƈ� ǿȅʰ� ˊäǁǔ�ğΧΗǔɡЖΆΟ�Á�Ã�

ǌƈ� ΄ƣËß� ŹůǷǁǔ�ǖǛƢ͚͗ƵΆΟɞ�

ǌƈ� ƥˁƅÒ� ŹůǷǁǔ�ǖǛƢ͚͗ƵΆΟɞ�

ǌƈ� ζ͠ǃҗ� ŹůǷǁǔ�ǖǛƢ͚͗ƵΆΟɞ�

ǌƈ� ˆÆ˲Һ� ŹůǷǁǔ�ǖǛƢ͚͗ƵΆΟɞ�

ǌƈ� ɰ͠ҷǘ� ŹůǷǁǔ�ǖǛƢ͚͗ƵΆΟɞ�

ǌƈ� ÒÊǘʩ� řЍǁǔ�͚Ƶ¼´Ã��Á�Á�ΆΟ�Á�Ã�

ǌƈ� ΩȉʶÓ� Ӥҙǁǔˊä�ǁǔҵ͘ȋǔΆΟΗ�ķǏ͌џŔǔǭʍ�

ǌƈ� ѺВѓ� ƝΤˢƢΆΟɞ�

ǌƈ� ǼŮǙȰ� ̀єΆΟɞ�űӟΆΟҘΪÄΆΟǠ�

ǌƈ� ͣ͠ʑʶ� ƝΤ͚ƵΆΟɞ�Ƣ͚͗ƵΆΟ�Á�Ã� �

ǌƈ� ҠђʽŃ� 5.7� 1��Ƣ͗ЙǺ͌џȼ͚ΆΟķҞ�

ǌƈ� Ǽ͠ȜȚ� ͙͗ǁǔ�͘ǔҘ�͌џƢ͗ΗǔΗ�

ǌƈ� ǁˁͼå� 5.!.�Ƣ͗Ь̩ΆΟ�Á�Ã�
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E]ưƀʺ]þɘ[9mpPǌƈôƽ>oÇд]ʞR[ȺƬΫÂȺśň:mn@gImQ 

 

 

ǡȅ ӀÅ ŕ̚ҍǁǔ ų̀ΗǔΆΟɞ 

˄ƾ ƒʩ řЍǁǔ ͚Ƶ¼´Ã��Á�Á�ΆΟ�Á�Ã 

Ȑá ƅæ řЍǁǔ ͚Ƶ¼´Ã��Á�Á�ΆΟ�Á�Ã 

Ðϭ̞Ş ˊäǁǔ ̓̚x»zxÁ� 

óВ ϳè ͙͗ǁǔ ͘ǔҘ 

ұĊ ͼ Ӥҙǁǔˊä ���²��zÁǔΗ 

Ңˁ ňЇ             ĝ ̓̚ΆΟҫͮ˭˥ӯJAMSTECӰӯʐåӰ 

̃á ċ                     ̓̚ΆΟҫͮ˭˥ӯJAMSTECӰ Ƣ͗ЙǺ͌џȼ͚ΆΟķҞ 

ƪǾ ℃Ä                  ̓̚ΆΟҫͮ˭˥ӯJAMSTECӰ ǁ̀̓̚àþ͟ΆΟķҞ 

ѤΤ ĠŴ              ̀єț̀єΆΟɞ ͚ƵÂɃ̀͟єΆΟҘ 

Åː ċǏ ƝΤ͚ƵΆΟɞ Ƣ͚͗ƵΆΟ�Á�Ã 

ÒÊʴȰ ǖǛЀΠΆΟҫͮ˭˥ӯJAXAӰƢ͗Ь̩ΆΟ�Á�ÃӯEORCӰ 

Îȉ ŏȜ ɍư҃ċΆΟ˭˥ӯNICTӰӊΌ̑ΆΟɞ 

ǼĪ ɉ ƝΤˢƢΆΟɞ  

ӍˁѳǄ ǾǼǁǔ ͘ǔҘƢ͗ΗǔΗ 

óВ ē ǖǛЀΠΆΟҫͮ˭˥ ЀΠɡЖҘҪ 

ť͠ ўƇ ǖǛЀΠΆΟҫͮ˭˥ ЀΠɡЖҘҪ 

Åƣ Ǒɂ ͞ˡϙŶɡЖΆΟɞ 

ӧ˫ Ċʥ �z¶´Á�~x�Ã¥�˖ȥôΐ 

Αƨ Ӂρ �z¶´Á�~x�Ã¥�˖ȥôΐ 
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^Jj[������������������������������������������������������������������������������!

SЀΠ˭Ь̩[nqǁ̀Ηǔ̀ď���²ΆΟ]ɼ҇TΆΟбͤˣФ�����������������������!

ӶӳΆΟͷͱXҝФɇ�����������������������������������������������������������������!

ӶӳӶӳϵʲ�����������������������������������������������������������������������!

ӶӳӷӳΆΟͷͱXбͤ]ˣФ�������������������������������������������������������!

ӶӳӸӳӧȠZЀΠ˭Ь̩ɡЖ[nqЀΠ˭Ь̩]ɁФɇ��������������������������������!

Ӷӳӹӳx�xW]Ь̩ΆΟ]ҝФɇXə?Ɲ]њŎ������������������������������������!

ӶӳӺӳ̀ď���²ΗǔΆΟ[ҭtqӸT]ҝФхӛ���������������������������������,!

ӶӳӻӳȖȜ:Ƣ͗���²ΗǔΆΟX̽ǢǫɃ���������������������������������������,!

ӶӳӼӳȋǔķҞX]ДŶΆΟ�������������������������������������������������������-!

Ӷӳӽӳʣ˄ǔЖôѐ� ΪÅҘӯ͘ǔÂȋǔӰǀ¿Ã�°�©[=CqøϨUC�����������-!

ӶӳӾӳҊ͟ûĿ�������������������������������������������������������������������
!

ӶӳӶӵӳЬ̩˭XÜα�������������������������������������������������������������)!

ӶӳӶӶӳЀΠ˭Ь̩]øϨUCӯĪƽ]͐̎Ӱ���������������������������������������)!

ӷӳErgW]ΆΟɘˏ��������������������������������������������������������������	�!

ӷӳӶӳΆΟɘˏˣФ��������������������������������������������������������������	�!

ӷӳӷӳǁ̀Ηǔ������������������������������������������������������������������	
!

ӷӳӸӳ̓̚Ηǔ�������������������������������������������������������������������,!

ӷӳӹӳ̼ǼƢȯ������������������������������������������������������������������,,!

ӷӳӺӳҷÆ˟͝������������������������������������������������������������������-�!

ӷӳӻӳˢƫЬ̩������������������������������������������������������������������--!

ӸӳΆΟбͤ�������������������������������������������������������������������������!

ӸӳӶӳΆΟбͤˣФ���������������������������������������������������������������!

Ӹӳӷӳǁ̀Ηǔ��������������������������������������������������������������������!

ӸӳӸӳ̓̚Ηǔ������������������������������������������������������������������)	!

Ӹӳӹӳ̼ǼÂƢȯ����������������������������������������������������������������))!

ӸӳӺӳҷÆ˟͝������������������������������������������������������������������)�!

ӸӳӻӳӇ̂����������������������������������������������������������������������),!

ӹӳåȋЗʫЬ̩X]҆ʆ�������������������������������������������������������������!

ӹӳӶӳЀΠ˭Ь̩uĽ͟Im¼´Ã��Á�Á�ΆΟ]ʝǸҫ�������������������������!

ӹӳӷӳǁ̀ɘķЬ̩[=CqåȋЗʫX]҆ʆ��������������������������������������)!

ӹӳӸӳåȋЗʫʅѲ�Á�ҫͮXЀΠ˭Ь̩����������������������������������������!

ӺӳʕĐ´�½ΆΟX]҆ʆ����������������������������������������������������������,!

ӻӳ̀єЬ̩[źCmʝmZЀΠɡЖ���������������������������������������������������)!

ӻӳӶӳ́å˭ɡЖ]ґ͟�����������������������������������������������������������)!
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ӻӳӷӳ̀єȲӓүȺɡЖ=nàєЬ̩X]҆ʆ������������������������������������,�!

ӼӳҊ͟бͤ������������������������������������������������������������������������-�!

ӼӳӶӳ˭ûӯ3�GӰ��������������������������������������������������������������-�!

ӼӳӷӳҊ͟ϋϦ�����������������������������������������������������������������	�(!

ӼӳӸӳșȠбͤXÜα�����������������������������������������������������������	��!

ӼӳӹӳӠЕкӦɡЖʋʃ=náå˭Ҋ͟ʋʃ�������������������������������������	�	!

ӽӳѝʛ���������������������������������������������������������������������������	�
!

ӽӳӶӳʣ˄]ЀΠ˭Ь̩]Ǟϥʣ˄?ÑǰImЀΠ˭Ь̩���������������������������	�
!

ӽӳӷӳ�z¶´Á�Â~xÂ�Ã¥�ΐɞʽ]ЀΠ˭[nqƢ͗Ь̩Ǟϥ�������������	�,!

ӽӳӸӳ5.!.�]ЀΠ˭ʅѲŶɘҫŮ¾Ã�Ãӯ9"��.��6	Ӱ]�Ã�Ľ͟ā�������������		�!

ӽӳӹӳ2.�ӯnA9qџƎXN]ƖήӰ��������������������������������������������			!

ӽӳӺӳƬΫϱÄЪ���������������������������������������������������������������		(!

Exective summary�����������������������������������������������������������������������		!
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SЀΠ˭Ь̩[nqǁ̀Ηǔ̀ď���²ΆΟ]ɼ҇TΆΟбͤˣФ�

 

ӶӳΆΟͷͱXҝФɇ�

 

ӶӳӶӳϵʲ�

Ƣ̨͗ʵŔuŽiƢ͚͗Ƶ]ƻō?Ɇ҄[҇ЕIPåҬ]ό̣ΐô̗ōĺÂӡοĂ

ϐZY̗͝]ƭͶ[ǁ@ZȲӓuÉ<TT9qQƢ͚͗Ƶƻō]͖͐uɢʁIN]ƻō

³���²uЮʩKqEX[npPǯˉuÜ̩IǫίuьJqEX?ҝФW9qQI>

I͚Ƶƻō[ҝФZȳŅuˏmK̨ǠŌˏ̀ûlӈÂ~x¿�½]ɲō]Юʩl̽Ǣ[

ύKqűӟÂӂÎѕӆ]Ü̩ΆΟZY[ɁФZɻЬ̩?ÈѤIs:qQ 

 
ӶӳӷӳΆΟͷͱXбͤ]ˣФ�

˄ΆΟ]ͷͱ^Pt?ƝĺXZqƢ͗Ь̩ǭ͟]ЀΠ˭uǰģIPƢ͗ɎʫΗǔẦ

ď���²ΆΟXPNro]ΆΟuĪœKqƢ͗���²ΗǔΆΟuӠѩͱ[ɼ҇Kq

EXW9qQƢ͗Ь̩]�Ã�[ґImЀΠ˭uǰģIPȖȜ:ķҞ]ΆΟϱ?ҩˀͱ

ZЩ―>oĽ͟W@qPħŸĽ͟ÂħŸΆΟɭ―ĿȠ[ƭUAΆΟϱÑû]Ҋ͟ûĿu

ΤKqQȸˉčļ]ΆΟќ[ƭUAΆΟX^ͪZpPҩˀͱZҊ͟ӯ10 șҬӰ[np

Ƣ͗Ηǔ]ҝФZхӛ[ǫIsбͤͱ[Ь̩ÂΆΟuǞʟIPÊͥͱZɘˏuͷɱKQ

ErgWЀΠ˭Ь̩]όӦ?Z:ȖȜ:ΆΟϱkŬpѸiXXk[PʝI:˭Ɠ]ҫͮ

lІɟå˅]ϴɘuЕ:Pə?Ɲ]Ƣ͗ΗǔΆΟ]¾«½uӠѩͱ[źÆGMqQgm

x�xlÊͥ]ΆΟϱX҆ʆIPx�x]ЀΠ˭Ь̩]ɭ―uȯɘKqQ˄ΆΟWȹo

rmƭΗǔͱЧ^ŵΜÜ̩´�½]ʌƏZYu҃JsPə?ƝlÊͥ]ƝR]ΐô

ј͓XZqEX?ˀȶGrqQ 

Ь̩©¿�}��^ҩˀбͤ[ƭU:sĥŐ[npǞʟKqQʣ˄]ЀΠ˭Ь̩ά]

Î˗uɫXmj[ħŸĽ͟ÂħŸΆΟɭ―XIsеϨGrmPŹůǷǁǔ]ǖǛƢ͚͗

ƵΆΟɞ]ӠϯûЬ̩ɼ҇�Á�Ã?ÎɀXZpЬ̩ΆΟuɼ҇KqQЬ̩хӛFX[

Ь̩ҘôuеCPˊäǁǔPŹůǷǁǔPřЍǁǔPƝΤˢƢΆΟɞPɍư҃ċΆΟ˭

˥ӯNICTӰ]ΆΟϱ?NrOrњñukSsЬ̩ΆΟuɼ҇KqQЀΠ˭^˿Ҭɞʽ

]˭ûu̗͟IPΆΟϱ^ǭʽKqȯWĽ͟KqQȖȜ:Ƣ͗Ηǔ]Ь̩�Ã�[ǫɃ

Kqmj[Pǭʽ˭îƽ]ЀΠ˭u͟:sЬ̩ÂΆΟKqEX[ǫIsk½Ã½[ƭU

:sʋʃKqQ 

gmPǯˉ]ЀΠ˭ɡЖ]ӑʝXN]Ľ͟uЧɶ<sʣ˄ЀΠǖǛǔôX]҆ʆ]ѐ

щu҇jPǯˉ]Ь̩]ӧȠŔÂŌ͔ŔuͷɱKQ 
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?9qQgmx�x^ƾ˦Z̀єƱ?͖rqmjPƢ̨͗ʵŔʯ]ǁ̀]Ƀήuцdq

ÆWkґImΆΟӘƫW9qQE]mjx�xW]ǁ̀ΗǔẦď���²ΆΟ^P@
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	��)�ș����ʼ[ĤƝħŸĽ͟ΆΟɞW9qŹůǷǁǔ]ǖǛƢ͚͗ƵΆΟɞ[Pʣ˄]

ЀΠ˭Ь̩ά]Î˗uɫXmj[ӠϯûЬ̩ɼ҇�Á�Ãӯʒɷ�
PĲʒɷ��Ӱ?еϨGr

mQ˄ΆΟ]ħŸĽ͟[ƭUAЬ̩ΆΟ]ɼ҇^PE]�Á�ÃXPE]�Á�ÃuÎɀX

IsϋϦGrqЀΠ˭Ь̩ɼ҇ǌƈô[npǞʟKqQЀΠ˭]ĊʽXҊ͟^Pҩș]Ǟϥ

]9q˿Ҭòˡӯ�z¶´Á�~x�Ã¥�ZYӰ[ǌгKqQgmӠЕɡЖҫͮ]mj

[P5.!.]ӠЕкӦɡЖӿӠЕɡЖΆΟ¸���ĺå˭ӠЕɡЖӿЀΠ¢¨?N]Чu

͝>IsʋʃKqQE]nX[˄ΆΟ^P͘ǔXȋǔuДŶGMPgm˿Ҭu̗͟W@qX

Es^҆ʆIsǞʟKqQ˄ΆΟW^PǔЖͱ[ĜrmЬ̩ΆΟuĥȘ[ʋʃKqmj[P

ǁ̀P̓̚PҷÆ͝ɓπPƢӋÂ̼ǼķҞ]ĤƝ]ΆΟϱ>oZqЀΠ˭Ь̩ɼ҇ǌƈôu

еϨKqQgmǁ̀P̓̚PҷÆ͝ɓπPӇ̂PƜûƢ͗X:XЬ̩хӛFX[Ь̩Ҙôu

еCPˊäǁǔPŹůǷǁǔPřЍǁǔPƝΤˢƢΆΟɞPɍư҃ċΆΟ˭˥ӯ84� ӰZY

]ΆΟϱ?NrOrњñukSsЬ̩ΆΟuɼ҇KqQЬ̩[Ā͟KqЀΠ˭^P˿Ҭòˡ

ӯ�z¶´Á�~x�Ã¥�ZYӰ]˭ûuǭʽKqȯW¾Á�½IPN]Ҋ͟u˿Ҭòˡ

[ǌгKqQE]nXZûĿ[npPErgWЀΠ˭uĽ͟ImEX?Z:ĤƝ]GgHg

ZķҞ]ΆΟϱuʋʃIs:AQ�

� E]nXZҊ͟ûĿ^P)�ș[tmqЬ̩Ѓ]Ҋ͟XħŸĽ͟]Ǟϥ?9qPˊäǁǔ]

ǁ̀̓̚ΆΟɞӯʤ̓̚ΆΟɞӰ]ûĿuŧϰ[˥εIs:qQ˄бͤ]Τ˚[ʆtqΆΟ

ϱ^ErgWƾA]ЀΠ˭Ь̩uǞʟIs@s:q?PE]nXZûĿW˄ΆΟuɁiǞʟ

W@qXċIs:qQ�

 

ӶӳӾӳӶ�ŹůǷǁǔǖǛƢ͚͗ƵΆΟɞӠϯûЬ̩ɼ҇�Á�Ã�

ӠϯûЬ̩ɼ҇�Á�Ã^ħŸĽ͟ħŸΆΟɭ―XIsPҩˀͱZЩ―>oЀΠ˭Ь

̩ΆΟĤûuϑɯÂɼ҇Kq?PÑ[ЀΠ˭Ҋ͟]цʖÂǞʟuɫXQgmPЀΠ˭Ь

̩ɼ҇ǌƈôuеCŵЬ̩Ҙô]бͤuǪ˕ÂɹɨIPЬ̩ÂΆΟϊÛȷ[^ÞȷйĄ

uǞʟKq˭ϷuɰmMqQŸ�Á�Ã^ЀΠ˭Ь̩ɼ҇ǌƈôXʋʃϋϦӯȷѽӰX

]҆ʆ[npPЬ̩ΆΟхӛ]цʖP���·Ã½β͘PÜαβ͘P¸Ã�ɮǁӯȜưP

уʩôӰP¸Ã�ʋʃPƝҾśň]ɼ҇ӯƝҾΆΟӂôêӰPɘˏưƀPІɟʒϴP�

Ã�«Ã�ʖĖZYuǞʟKqQgmPЀΠ˭ɡЖ[ҭIs^Pʣ˄ЀΠǖǛǔôX]

҆ʆ]Ä͚XIsPJAXA]ЀΠɡЖҘҪ>o]ŋЯuŭCqQ 

ErgWЀΠ˭Ь̩]όӦ?ĤAZ:ΆΟϱ?ŧŊW@qnX[PŵЬ̩ҘôX҆ʆ

uXpZ?oPЀΠ˭Ҋ͟ϋϦӯ�z¶´Á�Â~xÂ�Ã¥�ZYӰ]ǭ͟]ɡЖʋ

ʃ�Ã²lPЀΠ˭Ь̩]�¯Ã�]ѓǧZǞϥ]9qϋϦӯʣ˄ǖǛ§�Ã»²ZYӰ

ZYuĀSsʋʃKqQgmӠϯûЬ̩ɼ҇�Á�Ã^ƝҾħŸΆΟuΝˢͱ[ɼ҇K

qQx�xl˰θ]ΆΟϱ?̩ǜƓuʅѲIPħŸЬ̩ΆΟuǞʟW@qnX[PȜ

ưÂʋʃuЕXQgmȹorm�Ã�uȖȜAÊͥ]ΆΟϱ[Ľ͟Isko<qnXP

�Ã�«Ã�ʖĖlȜưuǞʟKqQ 
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ƛ 5. ЀΠ˭Ь̩]ɼ҇=na˭ûҊ͟]ϋϦƛQɯȩĪ^PŵЬ̩ҘôuŬpgXj

qΆΟϱ]˭ҭŹQ 

 
ºÃ¿�¤W^PEUFARӯEuropean Facility For Airborne ResearchӰ? EU ] 15 �Ɲ]

ɞʽKq 43 ˭9gp]Ь̩ЀΠ˭uȭňͱ[Ҋ͟IPƢ͗Ь̩ΆΟuɼ҇Is:qQ

ӠϯûЬ̩ɼ҇�Á�Ã^x�xW] EUFAR ]ȳŅuˏmIPx�xW]ЀΠ˭Ь̩

]¼Ã�Ã��©uXpPÊͥ]ΆΟϱX]ã̘uĈ҇GMqQ 
 

ӶӳӾӳӷӳЬ̩Ҙô�

Ƣ͗ɎʫΗǔĤЁuЩҞ[ģrPǁ̀Â̓̚Âҷƫ˟͝ÂƢӋ̼Ǽ[T:sNrOr

Ь̩ҘôuеCqQˊäǁǔPŹůǷǁǔPřЍǁǔPƝΤˢƢΆΟɞPɍư҃ċΆΟ

˭˥ӯNICTӰZY]ΆΟϱ?NrOrњñukSsЬ̩ΆΟuɼ҇KqQŵЬ̩Ҙô

^ҩˀͱZЩ―>o 10 șҬ[̦qЬ̩бͤÂ˭ƓʖĖбͤuΤ˚IPșȠ˼[npĨ

ûͱZ©»ÁuίǜKqQħŸĽ͟ҊƑǌƈôWɠрuȹmșȠбͤ[ƭU@ΆΟ]ĥ

ŐÂɹɨuЕXQNIsPɹɨGrmƝĪƽ]ΆΟϱXʋʃϋϦXXk[Ь̩ΆΟuǞ

ʟIPǞ[ɘˏuΝhҝ\qQ 

gmЬ̩Ҙôu˩ʜKqSү̽ WGTuеϨIPЀΠ˭Ь̩WȹormΗǔͱЧu

ү̽[ј͓W@qȯWɿĂKqέҍuˠвKqXXk[SЀΠ˭ɡЖWGTuеCPǯ

ˉͱZЀΠ˭Ь̩ɡЖ]ͮǸuƛqQłϱ^̀єΆΟɞ]ΆΟϱ?Pȷϱ^JAXAЀΠ

ɡЖҘҪ]˯ÊíЀΠz¡«Ã�¹Á¢¨]ΆΟϱZY?PNrOrњñukSs=I

҇jqQ 
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ӶӳӾӳӸӳЀΠ˭Ҋ͟ϋϦXʋʃϋϦ�

ЀΠ˭Ҋ͟ϋϦӯ�z¶´Á�Â~xÂ�Ã¥�ZYӰ^Ь̩ǭ͟ЀΠ˭]ϖɰÂβ

͘PЬ̩˭Ɠ]ʅѲ]ɡЖʋʃPЬ̩ӠЕ]ǞʟP˧̯�Ã�ӯ˭û]øϨɍưZYӰ

]ŬȹXɿĂZYuǞʟKqQgmЀΠ˭Ь̩]�¯Ã�]ѓǧZǞϥ]9qϋϦӯʣ

˄ǖǛ§�Ã»²ZYӰ^P˦RZÞŎʋʃPKZtRPħŸĽ͟ҊƑǌƈô]ʋʃP

ΆΟ]ĥŐÂɹɨÂцʖPЀΠ˭]Ҋ͟���·Ã½β͘PÜαβ͘P¸Ã�ɮǁӯȜ

ưPуʩôӰP¸Ã�ʋʃӯ˭Ɠ]ʅѲʋʃP̩ǜƓ]ʌЄPǗĤɇĊӰPƝҾśň

]ɼ҇ӯƝҾΆΟӂôêӰP�Ã�«Ã�ʖĖPɘˏưƀPІɟʒϴZYuǞʟKqQ

Ero]ʋʃϋϦ[npPErgWЀΠ˭Ь̩]όӦ?ĤAZ:ΆΟϱ?ŧŊW@qn

X[PGgHgZɡЖʋʃuǞʟKqQ 

 

ӶӳӶӵӳЬ̩˭XÜα�

Ь̩˭XIs^PG-IV�»�]�}��˭uǭʽĽ͟KqQG-IV^ĜrmЀϕѥӄ

ӯ6500kmӰÂҊ͟ӧȠӯ13kmӰÂ¬z¿Ã�ӯ3tӰÂӊ̮Ǥҟuĩ\Ė<s:qmjP

ƾ˦ZƢ͗Ь̩[ǫɃŰϷW9qQgm˭ûʌČ?ŰϷW9qEXkҝФZˈðW9qQ

Äʞ[=:sPƢ͗Ь̩[^˦RZ�z©]Ь̩˭uĽ͟Im:X:X�Ã�k9qm

jPG-IVӯ�}��˭Ӱîƽ]©¿¬»˭ṔÆ˭ӯ́Æ[ӄͮ;ŰϷZ˭ûӰṔå

˭]Ľ͟kǪ˕]ÆWʋʃKqQ 

Üα^10șҬW155ěīW9qQĪзXIs^PG-IV˭ûĽ͟ӯ˭û¼Ã�Pʌ҅P

Ҋ͟ӰW125ěīPê]˭ûĽ͟ӯ˭û¼Ã�Pʌ҅PҊ͟ӰW 10ěīPЬ̩˭Ɠ]ҫ

ͮÂʖĖW15ěīPN]ê]ъόќӯåðќP�Ã�«Ã�þɘZYӰW 5ěīuЧѸ

vW:qQ 

 

ӶӳӶӶӳЀΠ˭Ь̩]øϨUCӯĪƽ]͐̎Ӱ�

ʘҘΗǔͺ]ΗǔɡЖÂǔЖǪѐô]S23 șȠ]ə?Ɲ[=CqƢ͗Ь̩]ǞʟʞҡT

[ɿΏGrs:qX=pPƢ͗Ь̩ûĿ]ʖĖ?ƝǣɚͨXIs̄jors:qQEr

^Ĥ͗Ƣ͗Ь̩���²ӯGEOSSӰά]ƝҾͱZˑϋhX҆ʆImk]W9pPϘɆ[

ЮʩKd@ƎӛXIsP̀ďƻō³���²]͘ЮXνȠ]ӧ:Ü̩]mj]Ƣ͗Ь̩

ӯ̨ǠŌˏ̀û]ȼ͚Pӈ͌͘Âҳ́ҌΛPǫ̘ƞǁ̀ƻŔPˢƫ]̀ďƻŔṔȼ͚

ZYӰ?ɲDors:qQE]ǞʟʞҡW^PåȋЗʫÂƢÆÂЃЂÂЀΠ˭uϑŶI

mЬ̩]ҝФɇ?ѽdors:qQ 

åȋЗʫ[nqЬ̩^ JAXA uÎɀ[ǞʟGrs=pPƢÆЬ̩^̀єțl͚Ƶͺ]

´��¼Á��z�Wɼ҇Grs:qQgmЃЂЬ̩^ JAMSTEC ?ÎɀXZSsϋϦ

ͱ[Ҋ͟Grs:qQI>IZ?oЀΠ˭Ь̩^čļ]ΆΟ©¿�}��[=:sˀ

ͱ[ǞʟGrs=pPƝǣɚͨXIs]øϨUC?ZGrs:Z:Q 
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Æд]Ǝӛ]Юʩ]mj[^PƾA]̀єФτlǁ̀ɘķ]ΠҬķȑP͎[Nro]

Ҥ˥҅uӧνȠWЬ̩KqEX?ɁФW9pPЀΠ˭Ь̩^EruǞ͖W@qƋÄ]

ɟ˹W9qQgmP3 ˯ĝ´�½]ˠи]mj[ЀΠ˭Ь̩�Ã�^ɁФÈŰˮW9qQ 

ЀΠ˭Ь̩?ǁ̀ΗǔķҞW͎[ɁФXGrs:qҝФхӛ^ 

��!̨ǠŌˏ̀û]ƻōXȼ͚�

	�!ǫ̘ƞ��Á�


�! ~x¿�½Âӈ]àþ͟�

(�! ӈÂҳ́���²�

)�!�űӟÂӂӂÎѕӆ�

Xϰ<ors:qQ 

 

åȋЗʫЬ̩ÂƢÆЬ̩X]Оɇ!

åȋЗʫЬ̩^ŸÄ̩ƓW�¿Ã£½>TϔϕͱZЬ̩?ŰϷW9q?PЬ̩W@q

͌͘ҟ?ҴorPӧȠķȑ?ȹorZ:k]kƾ:QgmƢÆЬ̩^ƾA]¤»³Ã�

uϔϕͱ[Ь̩ŰϷW9q?PeXvY]ɍư^ƢЙӐ[ҴorqQE]mjƝҾͱ[

^ЀΠ˭Ь̩^PåȋЗʫPƢÆЬ̩XÍbƢ͗Ь̩]ÑФZ©»��§�Ã²XIs

øϨUCors:qQ 

 

ЀΠ˭u͟:mƝƽÂƝĪ]ΆΟ]͐̎!

Êͥͱ[ЧshqXPŵΜ]ΆΟ˭ҭ?ɞʽImЬ̩ǭ͟˭[nqƢ͗Ь̩[npP

ǁ@Zɘˏ?9?Ss@s:qQθƝ  NASAӯЀΠǖǛǴӰ]  GTEӯ Global 

Tropospheric ExperimentӰЀΠ˭Ь̩©¿�}��W^PNASA ]ĊʽKq DC-8 u͟:P

1980 șíłŚ>oˊx�xÂУǃȘ̓ƫuŽiÊͥŵƢ[=:sπϑͱZЬ̩uǞʟI

s@mӯƛ 1ӰQEro]Ь̩>oP�¿Ã£½Zǫ̘ƞ��Á]ķȑlN]͝ɘÂѴ

ҀҌΛP~x¿�½]ʯΠҬƻōX̀єƱX]ǫɃPŵΜ̨ǠŌˏ̀û]ŜŕÌŚ͗W

]ōɓPNroŵΜǁ̀ɘķc]å̀ͱ̮ͮ͝l£z�°�͈̈́ӯ˞ˍ̼̽l̈́ͦZYӰ

]Ȳӓ]ЮʩZYPҝФZύˏ?ȹors@mQE] NASA ]Ä҆]Ь̩^Pǫ̘ƞǁ

̀ɘķ]�¿Ã£½��Ã½]efƋÄ]πϑͱZЬ̩W9pPN]АΝGrm�Ã�

^çʣgW�¿Ã£½´�½]ˠи�Ã�XIsȜA̗͟Grs@s:qQEro]Ά

Ο>o�¿Ã£½´�½]ҤѴҀ]бαɟ̏]ʌЄlPå̀ѡ̮]ɸĶҟ]ЧIZ

Y?Еtrs@s:qQ 

NASA W^ DC-8 lNrîƽ]˭ûӯER-2 ZYӰuĀSmЀΠ˭[nqƢ͗Ь̩uǞ

ʟIs@s=pPŜˢ��ÁÃ½]ťƗ]Юʩu^JjXKqPƾǁZɘˏu9Ds

@s :qQgmθƝW^ NASA îƽWkPNOAAӯ̓̚ǁ̀țӰPNCARӯǁ̀ΆΟ�

Á�ÃӰPPNNLӯ¤�§y��Â¡Ã�|}��ƝΤΆΟɞӰZY]ƝΤΆΟ˭ҭl

ǁǔ?ǭ͟]Ь̩˭uĊʽIs=pP͑ⅳ]Ƣ͗Ь̩©¿�}��uɼ҇Is@s:qQ
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ā<_PNCAR ] G-V ЀΠ˭uĀ͟Is 2009 ș>oʕșҬǞʟGrm HIPPO ЀΠ˭Ь

̩©¿�}��W^Pŕˢ>oŜˢgW]ϞȠȔuǫ̘ƞĤƫ]ӧȠ]ÆÇIZ?oϧ

pѻIЬ̩IP̨ǠŌˏ̀ûZYǁ̀Î]ŵΜɘķ]ӧνȠ�Ã�uȹmQgmθƝî

ƽcͷuźCskP�z�] DLRӯЀΠǖǛ�Á�ÃӰlz�¼�]̀єǴu^JjX

KqƾA]ƝRWǭ͟]Ь̩˭uĀSmΆΟ?ǞʟGrs@s:qQŜθ¬½Ã̋W]

ǁ̀̓̚Ь̩ӯVOCALSӰ ZY]ǁШ˨ZƝҾħŸЬ̩W^Px³¼�lºÃ¿�¤Z

YСʕ]ΆΟ˭ҭ>o]Сʕ]˭û?ɰRѸgrPNrOr]Ɲ]ј͓?ZGrs:qQ 

Ero]ъƽƝ]©¿�}��W^PЀΠ˭ʅѲǭ͟]ӧɒȠ>TӧʯҬķЮϷ]̩

ǜƓ?ϔϕͱ[ҫͮGrs@s:qQϔϕͱ[©»��§�Ã²W9qЀΠ˭?Ā͟W

@q͚Ƶ?9Ss^JjsPЀΠ˭ʅѲX:X͎˷ͷͱ]ӧνȠ̩ǜƓ]ҫͮ?ŰϷX

ZSs:qQE]nX[Ь̩ǭ͟˭^PƢ͗Ь̩]`XT]ɼ҇ňXIs˭ϷIs:qQ 

ǭ͟ЀΠ˭]˭û]ĊʽlҊ͟^PƾA]όќuɁФXKqQNrWkÊͥ]ƾA]

ΆΟ˭ҭ?˭ûuĊʽIs:q]^PЀΠ˭Ь̩Wȹorq�Ã�]ĄĐP9q:^N

ruĽ͟ImΆΟ]џ?ӧ:>o[êZoZ:Q1990 șíȷŚ>o^åȋЗʫ[npP

ǫ̘ƞ��ÁZY]ǫ̘ƞǁ̀ɘķ]̀˔ĤҟӯҤΝķҟӰ]�Ã�?ȹorqnX

[ZSs@s:qQI>IZ?oPEro]ɘķ]ӧȠķȑ?N]͌џ]ƻō©¿��

]Юʩ]ҧXZqXXk[PN]ʎǮZYc]Ȳӓkǁ@AƻŔKqQgmƝͳX:X

Ь―>okPъƽƝW^ЀΠ˭u̗͟Is@s:qQçȷPҿƝlǁҷҬW]ѣƵ̆˒

ƎӛlN]ʽŌZǫί]ίǜ[=:skPƵͥǺĪW]ѴҀlPΚōɇʊÙ[öXƵͥ

Ǻ>oⅳ͡ǫ̘ƞc]ѴҀZYπϑͱZЬ̩?ÈŰˮW9qQÊͥъƝ]ʽňZΆΟ˭

ҭ]ЀΠ˭Ċʽ͐̎uЙ 1 [gXjmQ 

ÄʞPʣ˄^ΨÝͱѝҠZY[np˿Ҭ]ЀΠ˭u©¿�}��˼[Ľ͟Is@mQ

I>IPЀΠ˭Ь̩]ğΧͱZ̩ǜƓ^PϔϕͱZЬ̩бͤ[ƭU:sĺjsπϑͱZ

ҫͮu҇jqEX?ŰϷXZqQE]mjƢ͗Ь̩uɫXІɟΆΟϱ]ϴɘkŘķW^

Z:Q͖ʯ―W^P˰θX]ǫ˽[=:sx�x^πϑͱZЀΠ˭Ь̩]ΠͰƫW9qQ

ErgW]ƝĪ]ÑZΆΟǞϥuЙ 2 [ɲDqQEro]ɘˏ]ƾA^ǔЖпPIPCCP

UNEPPWMO ZY]щʘÂưƀʺ[ύǞIs:qQ 

 
̀єǔô[=CqΤ˚Âˠв]όϞ�

̀єǔôW^ 1980 șnpЀΠ˭Ь̩���²]ǰģuˠвIs@m? 2018 ș͖ơǞ

͖[ⅴSs:Z:QE]ΤR҈rm͐̎uϰɕIP2012 ș[̀єǔôǔЖǌƈôX͘Þ

ô[=:sSЀΠ˭]Ľ͟[ҭKqɿ˚ʺTuɠрImQ2013 ș 4 ʼ-8 ʼ[^̀єǔô

ôƈ[ǫKqɑЧ͆ôuЕ:PȖȜAȬ:ʋɰuȹmQ2013 ș 5 ʼ[^Ƣ͗ɎʫΗǔ҆

ŶǁôW˄бͤ[ҭIs̀єǔô͘Þҩ?ь̴IPƾA]ķҞ]ΆΟϱ[уʩIPвѐ

ImQ2014 ș 5 ʼ[^Ƣ͗ɎʫΗǔ҆ŶǁôWʣ˄̀єǔôÑė]���¹ÁSʻʝ]

ǁ̀ΗǔӿЀΠ˭[nqǁ̀ΗǔÂƢ͗Ь̩ΆΟ]ǸҫT?ҫėGrPƢ͗Ηǔ]ƾA
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]ķҞ]ΆΟϱ[nqь̴Âѐщ?ZGrmQƢ͗ɎʫΗǔ҆Ŷǁô[=CqSЀΠ˭

Ь̩]���¹ÁT^ϔϕͱ[ǞʟGrPEEW]ѐщ?°��Ã©»Ác]ɿ˚]ƭ

XZSs:qQ 

 

ƝҾ҆ʆ�

ό̣ɘҩlåŮƶŊ]ЎI:x�x^PƾA]ǁ̀ɘķ?ʎĶGrq͚Ƶƻō]�

��¯��W9qQE]ʎĶ]ɻͱȲӓӯēȢÂ˟͝ЛǢZYӰlNr[ѡƗKq̀

ďƻōӯӘƫШ˨ÂƢ͗Ш˨Ӱ]Ȳӓ]Юʩ^ɆŎW9qQŸ˦[Pűӟ^ˊx�x]

ƝR[ǫIs͜ǁZЛǢuÉ<qEX?ƾAP̨ʵŔ[nqȬǁŔ?ɗɄGrs=pP

űӟÜưνȠ]źÆkҝФZхӛXZSs:qQx�x^E]nXZ͚ƵẦďƻō]

ȲӓuŭCqåŮ?ƾ:X:X―WkҝФZƢƫW9qQNr[k>>toiPErg

WЀΠ˭Ь̩]ΠͰƫW9pPx�x[øϨKqʣ˄]ˏmKȳŅ^ǁ@:QçȷPʣ

˄?¼Ã�Ã��©uXpx�xÂ˰θ]ΆΟϱ?ŧͤKqƝҾħŸΆΟuɼ҇KqE

XuͷɱKɁФ?9qQgm IPCCPUNEP ZY]̗ōu҃IPx�x]ēĤZͮǸ[k

ǁ@ZƝҾͱј͓?ŰϷXZqQĨûͱZƎӛ]Ю̉[źCm͚Ƶǫί]Ǟʟ[=:s

^ƝҾã̤?͝JqEX[Zq?PӧȠZЬ̩Â´�½ΆΟ[ƭUAЧ^E]nXZ

ѐщ]łɿW9pPƝίXIskÈŰˮW9qQ 

 

˯Êíϴɘ�

ЀΠ˭uĽ͟ImӧȠZΆΟuϖɰÂͮǸGMqmj[^PğΧͱ˭Ɠҫͮuϔϕͱ

[ЕXɁФ?9qQЀΠ˭Ь̩]бͤͱǞʟ^PnpƾA]ĜrmІɟΆΟϱ?ŧŊu

ĈKEX[ZpP`:s^Ƣ͗Ηǔ]ǁ@ZͮǸ]ɼ҇ň[ZqQgmǔЖΆΟu҃I

sPӧȠZƝҾͱǔЖã̘[ǁ@ZǥÉuKqEX[ZqQ 
ϔϕͱZ˭Ɠҫͮ[ǫɃIsPЀΠ˭]˭û]ϔϕͱZʌČkɁФXZqQɐǜGr

qЀΠ˭^Ɲ͞]mjPЬ̩]mj]˭û]ʌČ?ǤʪW9qQgmЀΠ˭ĪҘ]�¬

Ã�lĂϐӊňuɰT˭Μ]Ľ͟uϰ<Pƾ˦ZФτ]ŸʯЬ̩uЕSs:AEX?Ɂ

ФW9qQ 
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ƛ 1. θƝNASA] GTE ǫ̘ƞЀΠ˭Ь̩©¿�}��]ǞʟӘƫ 

Й 1. Êͥ]ŵΆΟ˭ҭ]Ь̩ÂΆΟ͟ЀΠ˭]Ċʽʕ 

x³¼� 

NASA 29 ˭ DC-8, P-3, ER-2, Twin Otter, WB-57 ZY 

NOAA 5 ˭ WP-3D Orion, G-IV, Gulfstream Commander 1000,  

Twin Otter, Beechcraft 

NCAR 2 ˭ GV (HIAPER), C-130 

CIRPAS 3 ˭ Twin Otter, Pelican, UAV 

NRL 1 ˭ P-3 Orion 

Àz�±Á�ǁǔ 1 ˭ King Air 

�z� 

DLR 5 ˭ Falcon, Dornier 228ӯ2 ˭Ӱ, Gulfstream G550 (HALO), Cessna C-208 �  

AWI 2 ˭ Basler BT-67 (POLAR 5), Basler BT-67 (POLAR 6), 

z�¼� 

FAAM (K Met Office & NERC) 1 ˭ BAe 146-301 

NERC 2 ˭ Twin Otter, Dornier 228 

°Á�}��Ãǁǔ 1 ˭ Cessna 182J 

§»Á� 

CNRS 1 ˭ Fokker 27 

SAFIRE 3 ˭ Falcon, ATR42, Piper 

 

Й 2. ʣ˄]ÑZЀΠ˭Ь̩©¿�}�� 

 

ⅳ͡ǫ̘ƞ]̨ǠŌˏ̀û]Ь̩ӯ˿Ҭʠǟ˭kĽ͟Ӱ 1979-2013 ș 

ˊx�x~x¿�½ÂӈЬ̩ 2009-2013 ș (A-FORCE) 

ǁ̀ʎǮЬ̩ ӯ1990-2005 șӰ 

ӈÂҳ́]¾Ã�Ь̩ ӯ2001-2013 șӰ  



�

�

	��
 

åȋҳӆǞӦ ӯ2009-2013 șӰ 

��Á]ŔǔÂѴҀҌΛ]Ь̩ 

NASDAӿ1998-2004 ș 

NASA X]ħŸΆΟ: 1998-2008 ș 

ʣ˄Ñǰ]ƝҾƢ͗Ь̩?ŰϷW9qEXuǞи 

�ź̖]Ь̩X̀єÜ̩ ӯ2012 șӰ 

åȋЗʫЬ̩]ˠи ӯGPMPGOSAT ZYƾʕӰ 

ˊŕƢʞǃȘ̓̋ƢӋ[nqƢ˻ƻō]Ǟɓɢʁ ӯ2011 șӰ 

�¿�©�Á�[nqűӟ]ͽëѺ]Ь̩ӯ2017-2018 șӰ 
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ӷӳErgW]ΆΟɘˏ�

 

ӷӳӶӳΆΟɘˏˣФ�

ErgWʣ˄^čļ]ΆΟ�½Ã©?ΨÝͱѝҠZY[npЀΠ˭Ь̩uǞʟIPџ

] ӧ:ΆΟɘˏu9DqXXk[PÊͥ]ΆΟϱ?Ā͟uȒʿKqћҝZ�Ã�uȹs

@mQ 

 

ӶӰ̨ǠŌˏ̀û 

ErgWЬ̩˭u�µÃ�Ã9q:^˿ҬЀΠ˭[̩ǜМϨuʅѲKqZYIsPß

қŔ—τӯCO2ӰP³�ÁӯCH4ӰPâқŔτӯN2OӰZY]̨ǠŌˏ̀û]ūʋ]͘

Ю[ɁФZPŵɘķ]ʯΠҬķȑ̩ǜ?ǞʟGrs@mQ̨ǠŌˏ̀û]eXvY]Ь

̩^ƢЙӐWǞʟGrs:qmjPÆΠ]�Ã�]ʽ͟ɇ^ӧ:Q1970 șí˃>o]ʣ

˄ÆΠ] CO2 ̺ȠЬ̩^Pⅳ͡ǫ̘ƞÎ]Ь̩XIs^Êͥʻҩ]�Ã�W9pP@t

jsћҝW9qQgm˿ҬЀΠ˭Ь̩>o^ÊͥWĺjsÆҘǫ̘ƞ]ϞȠļ] CO2 ]

ǒγƻŔuΏKEX[ɘŉIPÊͥͱ[ӧ:йĄuŭCs:qQGo[˿ҬЀΠ˭Ь̩

[nqÊͥ]ⅳ͡ǫ̘ƞÎ] CO2 �Ã�^ĥҫGrs=pPƝĪƽ]ΆΟϱ[npȜA

Ľ͟GrqZYPƾA]Ĝrmɘˏ?9?Ss:qQ 

 

ӷӰǫ̘ƞ��Á 

ǫ̘ƞ��Á^Ȭ:ʎǮȬĿňukTXXk[PåҬ]ēȢl͝ɓπ[ɌȲӓuŨf

KQʣ˄^ErgWx³¼� NASA ]ЀΠ˭Ь̩[ŧŊIPgmʣ˄Ñǰ]ƝҾЀΠ˭

Ь̩ux�xWǞʟKqZY[npP��ÁXN]͝ɘ[ҭtqłӥ̀ûӯτқŔ͌P

ÄқŔ —τP—Ŕ́τӞZYӰuЬ̩Is@mQE]ύˏPˊŜx�x]£z�°�͈

̈́]�� Á͝ɘȲӓPŸӘƫ]Ӊ̗ō[nqτқŔ͌͝ɘPx�xǁҷ>oУǃȘ̓

cѴҀGrq��Áłӥ̀û]ѴҀҌΛX��Á͝ɘZY[T:sPƾA]Ч?ȹo

rmQEro ^ʕƾA]ΆΟщʘXIsưƀGrqXXk[PЬ̩Wȹorm�Ã�^

ŵΜʕĐ´�½ бα]ˠиÂʌЄ]mj[P͖ơk̗͟Grs:qQ 

 

ӸӰ~x¿�½ 

~x¿�½]Ƣ͗ʎǮūʋ[ǫKqɻŌˏӯ~x¿�½ⅳѪ]ǃҹʎǮ]ʓÙÂž

ūӰ XҬɻŌˏӯ́ӈÂ̂ӈ]ӈҟÂʎǮ͎ɇά]ƻŔӰ^PʎǮȬĿň]ʻǁÈǜ

ФƗW9qQʣ˄^ErgWßқŔ—τP³�Á[T:W 3 ͩͷ[ǁ@Z˲]ʎǮȬĿ

ňukT¨»���Ã®ÁӯBCӰ~x¿�½]џҟlȽ͎͌͘ɇӯê]~x¿�½ɘ

ķ[npЛХGrs:q>YX>άӰZYPʎǮȬĿň]ҧXZq¤»³Ã�]Ь̩u

x�xlŕˢƞWɘŉGMPIPCC ¾¯Ã�ZY[kј͓Is@mQgmҬɻŌˏ]ҧ

XZq~x¿�½]ž̬͎ɇXŔǔϋɘ]ҭćuƢÆЬ̩ZY>oЮʩIPЀΠ˭Ь̩
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[TZ?qҝФZΆΟɘˏu9Ds@mQGo[ЀΠ˭>o]~x¿�½�Á©¼Á�

XӊǏӝȽҨЬǩ>oPɻÂҬɻŌˏÌʞ[ҭtqčļκǏ]͌͘Ŕǔȯɓuʩo>

XIs@mQ 

 

ӹӰ~x¿�½ÂӈÂҳ́àþ͟ 

~x¿�½?ӈĳύ˗Â̂ʳ˗XIsþ͟KqEX[nq́ӈÂ̂ӈ]ӈҟÂʎǮ͎

ɇά]ƻŔӯ~x¿�½]ҬɻŌˏӰ]Юʩ]mj[^Pӈ���²?ȯɘGrq̀є

Ʊӯ¾�Ã²ӰFX]Ь̩ͱΆΟ?ɁФW9qQʣ˄^ 1980 șí>oЀΠ˭>o]

ӈÂҳ́���²]Ь̩uǞʟIPӈ]Ƚ͎͌͘ɇlʎǮ͎ɇuʩo>XKqZY]Ά

Οɘˏu9Ds@mQgmЀΠ˭>oӈĳύ˗Â̂ʳ˗u�Ã�yÁ�KqåȋҳӆÂ

ҳӇǞӦkǞʟIP~x¿�½ҬɻŌˏ]ҝФZЧuȹqEX[ɘŉImQӈȞÇ]

~x¿�½XӈȽ͌͘ҟX]ǫɃҭćuƾA]ӈ���²WЬ̩KqEX[npPУǃ

Ș̓Wå̀ͱ~x¿�½]ӈȽ͌͘ȲӓuɻЬ̩>oĺjsΏKXXk[PУǃȘ̓

͎ʽ]̨ʵZ̚Ӑ]ǐơ?~x¿�½Ӳӈàþ͟[ȲӓuÉ<s:qEXuЧĶImQ 

 

ӺӰӂÎѕӆÂűӟ 

ӂÎѕӆÂűӟ^ΐôͱ[zÁ¤��?ǁ@:͖єW9q?PЀΠ˭Ь̩^N]³�

̀є͖є]͘ЮXÜ̩Ϸň]źÆukmoKQƼǒ]ǁӆlűӟÜ̩тȎ]ǁ@ZФƗ

]`XT^ʣ˄]Ŝʞ̚Æ]Ь̩]ÈѤW9qQʣ˄^űӟ҇ѧ]Ü̩νȠźÆ[Ōˏ

]ӧ:Ь̩ӘƫuŅpĶIPN]ƱɞWӂÎЬ̩uǞʟKqʻґЬ̩̏]ʽŌɇuцd

qʣ˄Ñǰ]ƝҾЬ̩ T-PARC uǞʟIPÜ̩тȎ?ʌƏGrqŰϷɇuΏKEX[ɘ

ŉImQEr^¸Ã�]Фш>oʻґЬ̩uǞʟKqũʞźƧ̀єÜ̩���²X:X

ʝI:˯ĝ]̀єÜưÂЬ̩]Ǟ͖cź>XҝФZÄ˴W9qQgmÎϞȠ]̀є͖є

]ҝФZФτW9qłϛ[T:sPˊ��̚]ЀΠ˭Ь̩>oСʕ]ūˇϛӯ́Џ̀ł

ϛӰ?ǐơKqEXuʩo>[ImQ 
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ӷӳӷӳǁ̀Ηǔ�

 

ӷӳӷӳӶӳ̨ǠŌˏ̀û�

̀ďƻō[ҭKqʏȟҬ¤ ½]Ϊ5 ˯ưƀʺӯIPCC AR5 2013ӰW^PS1750șîҳ

]ßқŔ—τӯCO2Ӱ]ǁ̀Î̺Ƞ]ƶŊ^PƢ͗]~ ½�Ãūʋ]ÈƤИ[ʻkǁ

@AǥÉIs:qTXGrPN]Ƣ̨͗ʵŔ[ǫKqǥÉ^ͬ:nX]Z:k][ZS

s:qQ2015ș[ɹɨGrm¤¼śǜW^ŵƝ?CO2ɸĶҟŁ̥ͷ˧uĿǜKqEX?

̄jors:q?P>Zͷ˧еǜ[^Ƣ͗Æ]—τȼ͚³���²u͘ЮKqEX?

ÈŰˮW9qQI>IZ?oPIPCC AR5[S̀ďƻō?ҷƢX̓̚]—τžūuÄҘ

˺IsIgXEX]ċȠ^ӧ:TZY]дѽ?9qnX[PåҬ̗ō]ύˏXIs

ǁ̀Î[ʎĶGrmCO2]žū[T:s^ÈʩZ―?ƾA˸Grs:qQ2017ș[ͮЙ

[ZSmÊͥ̀є˭ҭӯWMOӰ]̨ǠŌˏ̀ûșưW^PCO2îƽ]̨ǠŌˏ̀ûW

9q³�ÁӯCH4ӰlâқŔτӯN2OӰX:Smɘķkă̓XIsƶŊuϕCs=pP

2016ș]ǁ̀Î̺Ƞ?NrOr͞ˡӑƄł]257%X122%[ҎImXGrs:qQEr

o]̀û]å̀ʎĶ̮^ƾǽ[tmSs=pPǯˉ]̺ȠÜ̩^CO2îÆ[ƙӅZk]

XZSs:qQ 

Ero]̀û]ȼ͚uǜҟͱ[ɢʁKq[^ǁ̀Î]̺ȠƻōlķȑuqEX?ʻ

kʽňZʞ̏]1TW9qQĤ͗[^KW[ƾA]̨ǠŌˏ̀û]Ь̩―?Ϩ>rs:

q?PN]eXvY^ƢÆ[øϨIs=pPÆΠ]Ь̩�Ã�^ƢÆ[˽dsˢjsҴ

ors:qQѺș]—τȼ͚ΆΟ^͌џȼ͚´�½uĽ͟ImʎĶ̮ȬȠ]ǜҟͱЮˌ

?Ñ̘XZSs:q?P͖͐]´�½^Ҥʞź]ǁ̀ѴҀ[ʻkƾA]ÈǞɇ?˸

Ss=pP´�½]ˠи]mj[kÆΠ]Ь̩�Ã�]ɁФɇ?ÄǺӧgSs:q

ӯStephens et al., 2007ӰQ 

ÆΠ[=Cq̨ǠŌˏ̀ûuЬ̩Kq[^ЀΠ˭?ʻkʽŌZ©»��§�Ã²W9

qQ̨ǠŌˏ̀û]ЀΠ˭Ь̩]ķҞW^ʣ˄>o^Êͥ]ÎWkğΧuЕAɘˏ?ƾ

AĥЙGrs:qQǯˉͱ[ʣ˄?Ь̩ǭ͟˭uĊʽKq[9mSs^PEro]Ч

lɡЖuʻǁҴ[̗>ImЬ̩uǞʟKd@W9qQîÇ[ErgW]ɘˏ]ÄҘuд

KQ 

ˊŕǁǔW^1970șíȷŚ[ЀΠ˭uĽ͟Imʣ˄ÆΠ]̨ǠŌˏ̀û]ǜȕЬ̩u

ҫǋIP͖ơWkϔϕIsǞʟIs:qQE]Ь̩^ӧȠς4kmîÇ[T:s^ŝͮ©

¿¬»˭ӯ���ȥ172ƧӰu�µÃ�ÃIsЬ̩ϱ?ЀΠ˭[ʅÖIPҠǹР=na

�»�Р]ǤƓӯ§»��Ӱ[ǁ̀uŊƠĞƴKq�Á©¼Á�̏[nSsǞʟIs:

qQÄʞPӧȠ4km>oǫ̘ƞͥӐgW]Ь̩[^˿Ҭ]�}��ʠǟ˭ӯDC9ӱ

MD90, CR-J200ZYӰuĽ͟IPl^pЬ̩ϱ?ЀΠ˭[ʅÖIs�Á©¼Á�uǞʟ

Is:qQE]Ь̩^Ȯʯ]ˊâƝĪЀΠPʣ˄~x���²Pʣ˄ЀΠ]śňuȹsP

ìűEΓǾPìűDʝř˵PìűDóÐZY]ѧϛWǞʟIs@mQ 
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˄Ь̩Wȹormʣ˄ÆΠ[=CqӧȠļ]CO2̺Ƞ]ƻōuƛӶ[ΏK(Nakazawa et 

al., 1993)QŔ΄͈ʛ?ǁҟ[̛ќGrs:qʣ˄[9pZ?oPЬ̩Đ[^̆˒Π̀]

ɻͱZȲӓ?eXvYZAP:ir]ӧȠ[=:skCO2̺Ƞ]όșƶŊlǒγƻō

?ʩ[ɴ<ors:qQЀΠ˭uĽ͟ImЬ̩^E]nX[Äǜ]δƚ]ƢÆëѺ[

9qʎĶ̮Âžū̮]ȲӓuȘƤŔImɍư?ȹorqX:XĽ―k9qQƛӶ]Ь̩

ύˏ^PÆΠ]CO2̺Ƞ]Ь̩�Ã�XIs^ÊͥWʻkҩˀ[tmqћҝZдҦXZ

Ss:qQE]Ь̩Wȹorm�Á©½>o^PCH4lN2OZYê]̨ǠŌˏ̀û]̺

ȠlCO2ZY]Ÿøû˽=naCO2ūʋ[ҭ҆KqO2̺Ƞ]�Ã�kȹors=pPŕ

Ś͗[=CqEro]̨ǠŌˏ̀û]ʎĶ̮Âžū̮]ǜҟͱZйĄ[ҭKqɘˏ?ȹ

ors:qӯPatra et al., 2016, Umezawa et al., 2014, Ishidoya et al., 2012, Ishijima et al., 2010, 

Nakazawa et al., 1993ӰQ 

 

 

 

ƛ 1. ʣ˄ÆΠ]ӧȠ 1000m >o 9000m [=Cq CO2 ̺Ƞ]ƻō 

 

ˊŕǁǔW^npȜ:δƚ]Ь̩uЕXmj[PȮʯ]ƝĪʻҩѧϛW9qìűӲҖ

ЦҬWĤʣ˄ΠѴ]śňuȹsÆΠ[=CqϞȠļ]CO2̺Ƞ]Ь̩uǞʟIm

ӯTanaka et al., 1988ӰQGo[P1980șíŚ_[^ŜŕÌŚ͗[tmqÆΠ]CO2̺Ƞu

Ь̩Kqmj[Pʣ˄ЀΠ]śňuȹsɘ͠Ӳ���Ã=naɘ͠ӲxÁ�¾�ҬW]

Π̀�Á©¼Á�uǞʟImQE]©¿�}��^ti>ӷș]ˀҬWϊÛIm?PÆ

Ҙǫ̘ƞ[=CqϞȠļ]CO2̺Ƞ]ǒγƻōuΏImĺjs]ΆΟW9pPͮЙщʘ
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^͖ơ[=:skZ=Ȧ͟?ϓ<Z:(Nakazawa et al., 1991)Q 

Æд]ƝҾǜˀĆuĽ͟ImЬ̩?1985șWϊÛImEXuŭCsP̀єΆΟɞ^ʣ

˄ЀΠPʣЀїƘXśňIsⅳōǁ̀�Á©¼Á�МϨӯASEӰuҫͮIP1993ș[ɘ

͠X�Ã��»¼x]�xÁ�ҬWǜˀͱZ̨ǠŌˏ��]Ь̩uĬҫImӯMatsueda 

et al., 2002ӰQȮʯSJALЬ̩T]ŹWormE]Ь̩^Ϯșnpɘ͠Ӳ���ÃҬW

]§»z�XIsϔϕGrmQE]Ь̩^ȷϔXZqCONTRAIL©¿�}��]Ь̩ύ

ˏXŶtMsPÆΠ]ŕŚ͗>oŜŚ͗gW]ϞȠȔu�£ÃKqCO2̺Ƞ�Ã�XI

s^Êͥʻҩ]дҦW9qӯƛӷӰ(Matsueda et al., 2015)QEro]Ь̩ύˏ^—τȼ͚

]Юʩ[ј͓Is:qe>PѺșW^͇ѠƽuĽ͟ImCO2̺Ƞ]ЗʫЬ̩]mj]ћ

ҝZˠи�Ã�XIskȜAĽ͟Grs:qӯā<_PCrevoisier et al., 2009PSaito et al., 

2017ӰQJALЬ̩W^CH4lÄқŔ—τӯCOӰ]ķˌkǞʟGrs=pP1997ș[ѡ@

mǁШ˨Z~½�Ã�¹[öXzÁ� �xW]˞ˍ̼̽]���½uɴ<qEX[k

ɘŉIP͇Ȕ]̗ͮZǫ̘̗ō[nqǁ̀ѴҀuНëCqҝФZɘˏXZSs:q

(Matsueda et al., 1999)Q 
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ƛӷӳʣ˄Ӳ�Ã��»¼xҬ]ǃȘ̓ÆΠWЬ̩GrmϞȠļ]CO2̺Ƞ]ƻō�

�

2000șí[ģpƝΤ͚ƵΆΟɞXЀΠ˭ҘƆР҅ôΐW9q�µ²�ΐ?JAL©¿�

}��[ŊtpP˿ҬЀΠ˭[ʅѲKqmj]CO2҆ϕ̩ǜМϨӯCMEӰuҫͮImQ

2005șnpʤJALЬ̩uͮǸͱ[ϔɠIsPʣ˄ЀΠ?ҊЀKqЀΠ˭[ʌЄƧASEX

CMEuʅѲImCONTRAIL©¿�}��[nqЬ̩?ҫǋGrm(Machida et al., 2008)Q

CME^ӄҷ>o;ҷgW҆ϕIsCO2̺ȠuЬ̩W@qmjPE]МϨuʅѲImJAL

]ƝҾϛЀΠϗ[nqЬ̩[nSsÊͥ]ÆΠ[=CqCO2̺Ƞ]�Ã�^ErgW[
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˽dsЎIAƶ<qEX[ZSmQƛӸ[CMEWЬ̩Grmɘ͠ÆΠ[=CqCO2̺Ƞ

Ҥķȑ]ǒγƻōuΏKQE]ƛ^CO2̺Ƞ]Ь̩Đ>oόșƻōuŬpҶ:m̀ď

Đ>oþors=pPΖ>oʭ[>Cs]Ȭ:ҤŒҚ]ǐơlPƼǒ]ҷÆ͝ɓπ]

ĠŶɘ]ȲӓuŭCmù̺Ƞ]ǁ̀?ÆҘǫ̘ƞgWŌ͔ЄA̠ŶGrs:q͐ɓ?ʩ

[рW@q(Umezawa et al., 2018)Q 

 

ƛӸӳɘ͠ÆΠ[=CqCO2̺ȠҤķȑ]ǒγƻō 

 

ÄЁ[ƞͥӐӧȠ^ӧϞȠeYùAZqmj[PŕˢƫuӠЕKq˿ҬЀΠ˭^ɘǺ

ƞ]ǁ̀uЬ̩KqEX?ŰϷ[ZqQƛӹ^CONTRAIL]ASEgm^MSEӯɟōǁ̀

�Á©¼Á�МϨӰuĽ͟Isʣ˄X˰Ȋ]ҬuӠЕKqЀΠ˭WЬ̩GrmCO2P

CH4PN2O=naĦȧŔΊӬӯSF6Ӱ̺Ƞ[T:sPǟЬЮˌ�Ã�uĀSsƞͥӐ>o

]̨øȎ˼[Π̀ƲuķӞIsʯπĹ[gXjmk]W9q(Sawa et al., 2015)QEro4

ɘķĤs[=:sPƛӹ]ʵπЅWΏGrqÆҘǫ̘ƞ]ǒγƻō[ǫIsǨπЅWΏ

GrqÇҘɘǺƞ]ǒγƻō?øPɳȖħ[ʩ[ͪZSs=qEX?t>qQCME

�Ã�]Юˌ[nSsPÇҘɘǺƞ]CO2̺Ƞ[T:s^Ƽǒ[=Cqӧ̺Ƞ]ǫ̘ƞ

ǁ̀]̘ģ?ǒγƻōuȯɘKqÑmqťƗW9qEX?t>Ss=p(Sawa et al., 

2008)PE]ѴҀ?ÇҘɘǺƞ]CH4PN2O=naSF6̺Ƞ]ǒγƻōkŸ˦[ӥōIs:

qXЮҜGrs:qQ 
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ƛӹӳŕˢÆΠ]ÆҘǫ̘ƞ/ÇҘɘǺƞӘƫWЬ̩GrmCO2PCH4PN2OPSF6

̺Ƞ� CONTRAIL©¿�}��WЬ̩Grm�Ã�>o^Px�xƫ[=CqCO2§

»���]ɼǜ(Niwa et al., 2012)]e>Pǁ̀ѴҀ´�½]ˠи(Niwa et al., 2011)PŜ

ŕÌŚ͗Ҭ]ǁ̀ѴҀ(Sawa et al., 2008)PЗʫЬ̩]ˠи(Inoue et al., 2016)ZYPƾǽ

[tmqɘˏ?ȹors:qQGo[CONTRAILЬ̩�Ã�^2018șnpdoiuëI

sĥҫGrs=pPƝĪƽ]ΆΟϱ[ȜAĽ͟Grs:qQ 
 
 

ƝΤ͚ƵΆΟɞW^1993șnp�µÃ�Ã˭uĽ͟ImӧȠļ]ǁ̀�Á©¼Á�u

�«¼x]3ΰɞ]ÆΠ[=:sǞʟIs:qQУ�«¼xÆΠW^CH4̺Ƞ]Ҥ̺Ƞ

Ȏ?ҩˀͱ[̥ǲIs:qEX?t>pPE]ťƗ]1T?ºÃ¿�¤[=CqCH4ʎĶ

ҟ]̥ǲ[ѡƗIs:qEX?ʩo>[ZSs:qӯSasakawa et al., 2017ӰQ 

̀єțW^2010șnpŤˁXŜөȄ]ҬuЀЕKqЀΠ˭ӯC-130Ƨ˭ӰuĽ͟Is

ǫ̘ƞÎǺӯ5-7 kmӰ[=Cq̨ǠŌˏ̀û]Ь̩uϔϕIs:qӯƛӺӰQŤˁӲŜ

өȄҬ]CH4^İǒXƼǒ[ӧ:̺Ƞ?Ь̩GrPİǒ^å̮̀ͮ͝]ȲӓuPƼǒ^

x�x]ⅳ̓ѡ̮]̮ͮ͝]ȲӓuŭCs:qXϰ<ors:qӯNiwa et al., 2014ӰQ 
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ƛӺӳŤˁӲŜөȄҬ]ӧȠ5-7km[=:sЬ̩GrmCO2PCH4PCO=naN2O

̺Ƞ]ʯπĹQ�¾Ãϛ^ŜөȄ]Ь̩ɞW̩ǜGrmύˏuЙKQ 
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ӷӳӷӳӷӳŪɃɇ̀û�

ǫ̘ƞ[=:s��Á^PτқŔ͌lÄқŔ—τP—Ŕ́τӞX:Sm��Áłӥ

̀û>oĠŔǔŪɃW͝ɘIPå]ēȢl͝ɓπ[ɌȲӓuŨfKQ��ÁuÑɘķX

Kq����Á�]ƶŊ[nqĠŔǔ�´��[npēȢЛǢ?ѡEqEX^ȜAo

rs:qe>P˟͌]ɘҩ[ḱЩW@Z:ȲӓuÉ<qQgm��Á^Pǁ̀]ΣW

9q̑ҩ9.6CmëѺ[Ȭ:žūȔukTmj̨ǠŌˏ[np̀ď[kǁ@ZȲӓuÉ<

qQIPCCΪӺ˯ưƀʺW^Pǫ̘ƞ��Á]ƶŊ[nqʎǮȬĿň^0.4 W/m2XɼǜG

rs=pPßқŔ—τPӭЅ—τ~x¿�½P³�Á[˯:Wǁ@:Q��Á̺Ƞ?˽

ѱͱǁ@:ŕŚ͗ÎԃùϞȠƫW^PʎǮȬĿň?³�ÁuÆƖqXɼǜGrs:qQ 

ǫ̘ƞ]~x¿�½^P͝ɘ©¿��]ͪZq˦RZŔǔϋɘ]κǏ>o˥ɘGrqQ

͎[Ƚǲ~x¿�½]ƾA^PßқŔΊӬlÄқŔτPxÁ´�xl˦RZʂͮɇʽ

˭͌ZY]ŪɃɇ̀û?ǁ̀ÎWŔǔŪɃuѡEKÎW͝ɘGrmΊқƳlΉқƳPʽ

˭͌ZY]κǏW9qQEroǁ̀Î]ŪɃW͝ɘIm2˯~x¿�½^PPM2.5]ǁҘ

ķuşjPåû[XpʽǢW9qXħ[PǃҹĠuʓÙKqEX[nqɻŌˏlӈĳ

ύ˗XZqEX[nqҬɻŌˏ[nSs̀ď[kǁ@AȲӓIs:qXϰ<orqQ 

˦RZǁ̀ˈðÇ[=:s��Ál~x¿�½?Pⅳ̓=naåҬ̗ō[npǁ̀[

ʎĶGrm˦RZłӥ̀û>o͝ɘGrq҄ȠlPgmӟlҳ́ZY]̀є©¿��?

Κ̘Âɮʓ=na(̬ɇ)̊;u҃J̺Ƞķȑ[É<qȲӓZYPN]ōɓ[T:s]͘

Ю^˂nÈŘķW9qQƢÆЬ̩[npP��Ál~x¿�½XN]͝ɘÂ̛ǅ[ҭt

q˦RZ͌џ]̺Ƞ]νǦZ̩ǜ?ŰϷ[ZSs@s:q?PÄZ:IǱʕƢ―W]Ƣ

ÆЬ̩>o^͎[ȜƫͱZЩ―WЧsŘķZɍưuȹqEX^ƙӅW9qQgmåȋЗ

ʫ>o]¼´Ã��Á�Á�^ȜƫͱZɍưukmoK?PнχZ©¿��]͘Ю[Ř

ķZνȠW]Ь̩^͖͐W^ƙӅW9qQNr[ǫIЀΠ˭Ь̩W^PȜƫͱ[˦RZ

ǻ˶uɰTΠ̀Ʋ[T:sƢÆЬ̩Íh[ӧνȠW]̺Ƞķȑ̩ǜ?ŰϷW9qEXP

=na͎[ӧȠʞź]̺Ƞķȑ[T:s]ɍưuȹqEX?W@qQÄ҆]ЀΠ˭Ь̩

XN]�Ã�Юˌu҃JsP��ÁÂ~x¿�½=naNro]łӥ̀û]ȜƫͱZ�

Ã�>oPîÇWѽdqnX[��Á]͝ɘÂ̛ǅ҄ȠXNruȌŲKqŔǔҌΛP=

na��ÁÂ~x¿�½ķȑ]̉ǜ[ҝФZȜƫѴҀ©¿��?ʩo>[ZSs@mQ

gmPЀΠ˭Ь̩uåȋЗʫЬ̩XŸˀIsЕXEX[npЗʫ�Ã�]ˠиuЕ:P

Зʫ�Ã�uϋhŶtMmЮˌkҝФZФτXZSs@s:qQîÇW^PErgW[

ʣ˄]ΆΟϱ?ÎɀXZSsЕSmЀΠ˭Ь̩©¿�}��XNr[npȹormɘˏ

[T:sPĨûͱZāuɲDsуʩKqQ 

 

1) x�xԃ�¿Ã£½��Ã½W]ЀΠ˭Ь̩©¿�}�� 

1990șí[P�¿Ã£½Z��Ã½W]ǫ̘ƞ��ÁuÎɀXKqǁ̀Ŕǔu͘ЮK

qmjPx³¼�ӯNASA, NCAR, NOAAZYӰlºÃ¿�¤]ΆΟ˭ҭӯDLR, Max-
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Planck InstituteZYӰuÎɀ[ǁƧ]ЀΠ˭u͟:mЬ̩бͤ©¿�}��?ǞʟGrmQ

Ȯʯ^P��ÁÂ~x¿�½=naNro]łӥ̀û]ʎĶÂŪɃÂѴҀҌΛu�¿Ã

£½ZЩ―>oцdqmj]�Ã�?ЎIAˮЌIs=pPEro]бͤ^P͎[ĺˀ

W^PY]nXZ͖є?ѡESs:q]>nAt>Ss:Z:͐ɓW]ɺυͱZц˕Ά

ΟX:Xɇ˙uɰSs:qQ͎[NASA]Global Tropospheric Experiment (GTE)[=:sP

���ÂŜθÂx§¼�XÍvWPУǃȘ̓ƫW]Ь̩uʦ:˹ҼWǞʟImğЧɇ^

̒ͷ[ĐKqQE]20ș9gp]Ҭ[PˊԃˊŜx�xƫ^PʝϾƝW]Ɇ҄Zό̣ͮ

Ǹ[ö:P˦RZłӥ̀ûl~x¿�½]ʻǁ]ʎĶ̮ƢƫXZSs:qQʦ:˹ҼWP

E]Ƣƫ]ʎĶ]ȲӓuŭCm̀ƲÎW]��Ál~x¿�½=nałӥ̀û]ķȑl

ŔǔƻŔ[T:s]ǁg>ZɾĚ?ȹorPN]ȷ]E]Ƣƫ=na�¿Ã£½Zǁ̀

Ŕǔ[T:s]ΆΟuЕXÆWҝФZƭͱЧXZSmQʣ˄]ΆΟ�½Ã©kEr

oGTEά]©¿�}��[ŧŊIPҝФZј͓uKqXħ[PN]όӦ^Pʣ˄]ЀΠ

˭Ь̩uʻğΧ]¾«½]k]XKqÆWӏȕ[ȳΤTk]W9SmQ 

ʣ˄͑ⅳ]ǁ̀ŪɃɇ̀û]ЀΠ˭Ь̩XIsP˽ѱͱǱШ˨]©¿�}��^Pn

pʦ:˹Ҽ>oЕtrs@m?P1990șíȷŚ[NrgWÊͥͱ[keXvYЧ?Z

>SmˊŜx�xԃ͇Ȕ��x�xuÑZǫєƢƫXIsPNrgW[Z:Ш˨W]Ь

̩©¿�}��?Τ˚PǞЕGrmQʣ˄W^PΆΟ˭ҭ?ĊʽKqǁ̀Ь̩͟ЀΠ˭

?Z:mjPǁШ˨Z©¿�}��]ǞЕ[^npƾӜ]ќ͟uФKqQgmPЀΠ˭

Ь̩uɘŉGMqmj[^P1) ŪɃҌΛZYuцdqmjҭ҆KqƾΜӞ]ɘķ]Ÿʯ

̩ǜuŰϷXKqPСʕ]2)ǜҟͱZЮˌ[ŘķZ̩ǜνȠ?9pP3)ӧ҄Κōӯ100-

200 m/sӰKqЀΠ˭ÆWŘķZΠҬķЮϷW̩ǜKqmjӧ:ʯҬķЮϷukRP4)͒

:˭Ī[еϨKqmjǱƧWPӠЕÎ=naӄҷ;ҷʯ]ɳō[ϲ<qƮ͋ɇuɰRP

gmЀΠ̏[ǜjormƭ̯ṷmKǗĤɇukT̩ǜМϨ?ɁФW9qQGo[PЬ

̩ǫєƫ[ƽƝuŽiƱŶ^PȮмƝ]ӠЕÂ;ҷжŰ?ɁФ[ZpN]mj]ã̤lP

͖ƢW]ɭ―еƑl͌ƆѴҀZY]̯ĖkɁӗW9qQā<_Pȷѽ]BIBLE

ӯBiomass Burning and Lightning ExperimentӰ©¿�}��[=:s^P2ș9gp]̯Ė

ˀҬÎ[PJAXA/EORC^JjǁǔPƝĪƝƽ]ƝΤΆΟ˭ҭPЀΠ˭]Ҋ͟uЕSm

�z¶´Á�~x�Ã¥�˖ȥôΐZY]ˢjsƾA]åR[nSsPÆдФðṷm

KƝҾͱ[kӧ:̯́]̩ǜƓuˀҬ[ҫͮÂʖĖIPЀΠǴ]ˠ˕ÂриuŭCP

gmЬ̩ǫєƫ]zÁ� �xl�Ã��»¼xW]ӠЕжŰlɭ―еƑ]ã̤ZYP

Ǟ͖gW[ƾA]ӅӛuЮ̉KqɁФ?9SmQ 

ʣ˄͑ⅳ]x�xԃ�¿Ã£½Ш˨]ŪɃɇ̀û]ЀΠ˭Ь̩XIs^P̀єΆΟɞ

[nqInternational Strato/Tropospheric Air Chemistry (INSTAC)©¿�}��=naPacific 

Atmospheric Chemistry Experiment (PACE)©¿�}��uƕXKqQINSTACW^3ƖP

PACEW^7Ɩ]�µÁ¬ÃÁЬ̩?ЕtrPУǃȘ̓]Ȝ:δƚW��Ál~x¿�½

]Ь̩uǞʟIPE]Ƣƫ]˦RZΠ̀Ʋ[=Cqǁ̀ŔǔͱZ͎Ⱦuʩo>[Im
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[Tsutsumi et al., 2003ZY]QN]EsPNrgW��Áłӥ̀û̺Ƞ?ˢjsùA��Á

]̛ǅƫXϰ<ors@m͇ȔǃȘ̓ǫ̘ƞ?P£z�°�͈̈́?ʹv[ZpÚǒ[^

��Áłӥ̀ûl~x¿�½]ҝФZ̮ͮ͝XZqEX?ΏGrmQā<_P1994șP

1997ș]~½�Ã�¹]ˀҬPÚǒ]ȷŚӯ9-10ʼӰ[ǁШ˨Z£z�°�͈̈́?zÁ

� �xWѡ@zÁ�̓]Ȝ:δƚW��Á?ǁ@AƶǁImEX?Ь̩Grs:m

[Fujiwara et al., 1999, 2003; Kita et al., 2000; Kitada et al., 2001]Q1997ș=na1998ș[Ǟʟ

GrmPACE-5=naPACE-6[=:s^P�Ã��»¼x>o�¼°Á�ÁȄW]Ь̩

uЕ:P£z�°�͈̈́]ȲӓuȬAŭCm̀ƲÎW]��Á̺Ƞķȑl~x¿�½ϋ

ɘuʩo>[ImQ�¼°Á�ÁW]£z�°�͈̈́[nqӏȕ[̺:hazeǺÎWP�

�Áłӥ̀û]ÄқŔ—τlτқŔ͌k̺Ƞ?ӧ>SmQhazeǺÎ]��Á̺Ƞ^Î

Ҙǫ̘ƞW^ς80ppbXӧ̺ȠW9Sm?Pҁ[ÇҘǫ̘ƞW^ς20ppbXù̺ȠW9pP

ǃҹĠ?Ƕ>i��ÁĠŔǔ͝ɘnp~x¿�½ЙӐZYW]̛ǅ]Ȳӓ?ǁ@:mj

Xϰ<orm [Tsutsumi et al.,1999]Q 

efŸʯˀ]1998-2000ș[PBiomass Burning and Lightning Experiment (BIBLE) Ь̩?

JAXA/EORC[npǞʟGrmQEr^ƝҾͱ[^ IGBP/IGAC International Global 

Atmospheric Chemistry]бͤ]ˑϋh]ÎWøϨUCorqQBIBLEбͤ^Gulfstream II 

(G-II)ЀΠ˭[nqɻЬ̩PЗʫÂƢÆŸʯЬ̩PʕĐ´�½ΆΟ>oZSs:qQ

ˊŜx�xԃŕҘ�Ã��»¼x[=:sPÚˀ[^łѽ]nX[£z�°�͈̈́]Ȳ

ӓuŭCmΠ̀ƲÎW��Á?ĠŔǔͱ[͝ɘIƾҟ]~x¿�½?ʎĶGrqÄʞP

ӆˀ[^̗ͮZ͇Ȕ]Ӊ̗ō[npÆҘǫ̘ƞWτқŔ͌?͝ɘIP��ÁƶŊ?ѡ

EqXɼǜGrqQBIBLE-A,B,C]3Ɩ]ЀΠ˭Ь̩�µÁ¬ÃÁ?P£z�°�͈̈́

lӉʎӊ[npͮ͝Kq��Áłӥ̀ûl~x¿�½]ҟ=naN]ȲӓuŭCm̀Ʋ

ÎW]��Á͝ɘÂ̛ǅ͔uɼǜIPgmҤÂҩѥӄѴҀ©¿��uʩo>[Kqm

j[ǞʟGrmQ 

BIBLEЬ̩]ӠЕόѧuƛ1[ΏImQE]©¿�}��Wȹormɘˏ^P2Ɩ]

Journal of Geophysical Research (JGR)]special section[ɽѲGrqZYPƾA]щʘ[g

Xjors=pPîÇ[¢z»z�uΏKQ 

Â1998ș[ǞʟGrmBIBLE-AW^P�z¤ÁP¥x��P�Ã|yÁuό͡Is£

Á�ÁgWӠЕImQЬ̩ˀҬ^»�Ã�µW9SmmjzÁ� �xƫW^£z�°

�͈̈́^È̗ͮW9Sm[kɬtoiPzÁ� �xƫu3ʣîĪ[҃ҌImÆҘǫ̘

ƞ]Π̀ƲÎW]τқŔ͌NOx(= NO + NO2)l—Ŕ́τZY]̠Ŷ˽^ÎҘǃȘ̓ƫ

ѡ̮]Π̀Ʋ[˽dπϑͱ[ӧ>SmQҷÆ]̗ͮZǫ̘̗ō^£z�°�͈̈́ZYƢ

Й]̮ͮ͝]ȲӓuŭCmΠ̀uǫ̘ƞÆҘ[ѴҀI[Kita et al., 2002]PgmӉ[np

τқŔ̺͌ȠuƶǁGMq[Koike et al., 2002]PÄʞ̚ÆW]ǫ̘̗ōW^Ӊ̗ō?ȪAP

��Á]łӥ͌џ̺Ƞ?ù:ǁ̀uÆΠcẌhÆDqX:Xǫ͆ͱZȳŅuˏmIs

:qEX?ʩo>XZSmQ�»�}��¼ÃЮˌ>oPzÁ� �x>oŕҘ�Ã�
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�»¼x[ѴҀGrmΠ̀ƲÎW��Á̠Ŷ˽^1.8 ppbv/day]҄ȠWƶŊKqXɼǜG

rm(ƛ2)QE]ύˏ^ĠŔǔ®���´�½[nqɼǜXÄⅵKq[Kita et al., 2002; Ko 

et al., 2002]Q 

Â1999ș[ǞʟGrmBIBLE-B�µÁ¬ÃÁW^PŹůǷuѡ―[P�z¤ÁP¯Ã

�´¾�¥Ãuό͡Is�Ã|yÁgWӠЕImQЬ̩ˀҬ^ŕҘ�Ã��»¼x]Ǘ

ǜImӧ̀Ơ]ǐơÇWͮҎImҁѮǺXȬ:Çҳ̘]mj[P£z�°�͈̈́>o]

ʎĶɘķ]ⅳ͡ǫ̘ƞc]ѴҀ^ȬAɣĿGrs:mQ£z�°�͈̈́ѡ̮]τқŔ

͌]ǁҘķ^ƵͥǺĪ[ͧgpPÄқŔ—τX]ҭ>oτқŔ͌]60%^2-3ʣîĪ

[Ήқ]Úɇ̊;[npǅtrs:mXɼǜGrm[Takegawa et al., 2003a]QI>IP£

z�°�͈̈́]ȲӓuŭCmΠ̀ƲÎW^P��ÁXÄқŔ—τ̺Ƞ]ҭҭć>oŕ

�Ã��»¼x>oѴҀGrq��Á]˲Ƃ§»���^0.3 Gmol O3/dayXɼǜGrm

[Takegawa et al., 2003b]Q 

Â2000ș[ǞʟGrmBIBLE-C�µÁ¬ÃÁW^Pӆˀ]�Ã|yÁ[=:sЬ̩Ӡ

ЕuǞʟIPÊͥWĺjs]͇ȔW]πϑͱZӉʎӊ[nqNOx͝ɘ]Ь̩ͱΆΟXZ

SmQӧȠ11.5-14 kmWʻǁ1000 pptv]NOxuŽvnΠ̀?ṔȘ��Ã½ 620 x 140 km

X:XҌŦ[Ь̩GrmEX?Z:Ȝƫ[Ȝ?Ss=pPN]Ȳӓ]ƾ@G?рGr

mQgmƢÆ]ӉЬ̩låȋЗʫOTD=naTRMM/LIS]ӉЬ̩X]˽ѱ>oPӉ§»

��·9mpӯǫƢ=naӈҬʎӊ]ȘƤӰP3.1-35x1025č]NOķǏ?͝ɘIs:q

XЧΝkorm[Koike et al., 2007]Q 

 

2) ˊx�x[=Cqǁ̀̆˒̀Ʋ]ЀΠ˭Ь̩©¿�}�� 

Ѻș]ÎƝu^JjXKqʝϾƝW]ό̣̗ō]Ɇ҄ZͮǸ[ö:Px�xƫ^Êͥ

ʻǁ]��Ál~x¿�½]łӥ̀û]ʎĶ̮XZSs@s:qQE]ƢƫW]ʎĶ]

ȲӓuŭCm̆˒̀Ʋ]ȜƫѴҀ[npPʣ˄[=:sĠŔǔ����Á�lPM2.5[

nqѣƵ̆˒?ƎӛXZqÄʞPŕŚ͗Ĥû��Ã½W]ǫ̘ƞ��Á]ƶŊZYc]

ǥÉZYPƢ̨͗ʵŔlēȢȲӓάPƢ͗Ш˨W]͚ƵƎӛ]ФƗXZqXϰ<ors

:qQI>IPѴҀÎ]Ŕǔ͌џ]ŪɃҌΛlҶŦҌΛ^Řķ[ЮʩGrs:qX^Я

<iPǜҟͱ͘ЮuҰvW@mQNEWPE]Ƣƫ[͂―uώSmЀΠ˭Ь̩©¿�}

��?ЕtrPˊx�x>oѴҀGrm̆˒̀Ʋ]ǁ̀Ŕǔͱ͎Ⱦ]дѽPNEWѡE

qŔǔŪɃX��Á͝ɘl~x¿�½]ƻŔP��Álłӥ̀û]ȜƫķȑX´�½]

˽ѱ[nqŔǔÂѴҀҌΛ]ˠиά?Еtrs:qQ 

Ƣ͗ǁ̀ŔǔƝҾśŸΆΟӴŕǃȘ̓ƢƫΆΟ(IGAC/APARE)]Ä͚XIsƝΤ͚Ƶ

ΆZY]ΆΟ�½Ã©[np1995ș>o1998ș[>CsǞʟGrmPerturbation of East 

Asian Continental Air Mass to Pacific Oceanic Troposphere (PEACAMPOT)Ь̩©¿�}��

^PӬ̚Âˊ��̚Âʣ˄̚ÆΠW]ЀΠ˭Ь̩uÎɀXImPÎƝlӒƝ]ΆΟϱX

]ħŸΆΟkŽjmƝҾħŸЬ̩W9qQСʕș[tmqЀΠ˭Ь̩[nSsPx�x
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ǁҷ>o̓Æ[ѴҀGrs@m��ÁP~x¿�½XNro]łӥ̀ûW9qқɇ��P

—Ŕ́τӞ]̺Ƞķȑ=naNro]ҭҭć[T:s]Ч?ȹorm[Hatakeyama et 

al., 1995ê]Q 

Pacific Exploration of Asian Continental Emission (PEACE) Ь̩©¿�}��^Px�x

͡ˉ]��ÁP~x¿�½=naN]łӥû]ʎĶÂѴҀÂŔǔŪɃ[nqŕǃȘ̓Æ

W]ǫ̘ƞǁ̀[ŨfKȲӓuǜҟͱ[ЮʩKqmjPJAXA/EORCXˊäǁǔ?Îɀ

XZpPIGBP/IGAC]ITCT���ӯIntercontinental Transport and Chemical Transformation )

]Ä͚XIsP2002ș]x�x>oǃȘ̓[źCs]ҩѥӄѴҀ?ʹv[Zqİǒ

(PEACE-A)=naʭǒ(PEACE-B)]2Ɩ]�µÁ¬ÃÁXIsǞʟGrmQȷϱ^P

NOAA[npθƝУ̚ȂƫW]Ь̩©¿�}��ITCT-2K2XŸˀIsЕtrmQîÇ[

N]ÑZɘˏuɲDqQ 

ÂPEACE-A,B=naTRACE-PЀΠ˭Ь̩�Ã�uĝ[®���´�½u͟:ŕУǃ

Ș̓ÆW]��ÁūʋuбαIPİǒ[^x�xǁҷ͡ˉ]τқŔ͌[npÇҘǫ̘

ƞW]��Á]˲Ƃ͝ɘҟ?ӧ:?Pʭǒ[ĠŔǔķЮ?̗ͮŔKq[Tr̛ǅ[Ѯi

qӯƛ3ӰEXPgm͝ɘGrm��Á]ǁҘķ?Ь̩ӘƫƽcѴҀGrs:qEX?

ΏGrm [Kondo et al., 2004]Q 

Âǁҷѡ̮]̆˒̀Ʋ]ѡ̮=naόѧPʎĶ>o]όҌʯҬuȷʞ̘Ѧϛ=na—

Ŕ́τӞ̺Ƞ˽>oɼǜKqEXWPPEACE-AЬ̩�Ã�>oİǒ[ƵͥǺĪuѴҀG

rq̆˒̀ƲÎ[=CqτқŔ͌Ӟ]ҶŦ҄Ƞuʩo>[Imӯƛ4ӰQNOx ]ĠŔ

ǔǬƄ^1.2 ± 0.4 ʣXAPƿҬ[қŔGrΉқXIsҶŦGrqҌΛ]ǥÉ?ΏƊG

rqXXk[P��Á͝ɘuȌŲKqτқŔ͌]ǁ̀Î̺ȠķȑủǜKqÆWʎĶ

̮ѺA[=CqŔǔÂ͌͘ҌΛ?ҝФZȳŅuˏmIs:qEX?ΏGrm[Takegawa 

et al., 2004]Q 

ÂPEACE-BЬ̩�Ã�u͟:Pʭǒ[ˊx�x>oɸĶGrm̆˒Π̀?ȜƫѴҀG

rq©¿��XIsPÎƝЊÎƢƫ]łϛȔW]Νӈǫ̘̗ō[nqÆʞѴҀXPE]

łϛȔ[ǫɃIsГЕKqÆΠ]�}��̘̀[nSsŌˏͱ[ҩѥӄѴҀGrs:q

EXuʩo>[Im [Oshima et al., 2004]Q 

ÂĤ͗Ӹ˯ĝѴҀ´�½GEOS-CHEMu͟:sPx�xѡ̮]̆˒͌џ?θƝ]ƢЙ

��Á[É<mȲӓuʩo>XImQITCT 2K2/PEACE-BˀҬ[^P˽ѱͱǗǜZPAN

?ѴҀğWķЮIsτқŔ͌uʎĶKqҌΛ?��Á͝ɘ[ʻkǥÉIs:qEX?

ΏGrmQgmPѴҀGrm̆˒̀Ʋ?ƵͥǺ[ŬpѸgrqҾ[ǁȖ[ȒҜGrqE

XWPθƝW]ƢЙ��Á̺Ƞc]Ȳӓ?ɣ<ors:qX:XEX?t>Sm 

[Hudman et al., 2004]Q 

îÆPErgW[Еtrs@m��ÁXN]łӥ̀ûuÎɀXKqŪɃɇ̀û]ЀΠ

˭Ь̩[nqɘˏ]āuΏIs@mQЀΠ˭Ь̩[npEro]̀ûɘķ̺Ƞ]Ȝƫķ

ȑ?ʩo>[ZqEXWP̘ѦϛЮˌ=na�¾Ã�ÃXZq��X]ҭЮˌl®�
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��´�½ZY]ɟ̏[nSsPʎĶ̮ƢƫXѴҀ©¿��PѴҀÎ]˲Ƃ]��Á͝

ɘ͔XN]ĐuȌŲKqτқŔ͌]ūʋPҶŦҌΛlǬƄZY?ɼǜGrPGo[Ә

ƫԃ�¿Ã£½´�½X]˽ѱ[np��Ál~x¿�½ķȑc]Ȳӓ]ϙŶͱÂǜҟ

ͱZ͘ЮcXύaT:s:AQ 

2016ș4-6ʼ[^NASA?ӒƝXħŸWDC-8˭u͟:mKORUS-AQЬ̩uÑ[ӒƝÆ

ΠWǞʟImQgmP2018ș3-4ʼ[^P�z�ЀΠǖǛ�Á�Ã(DLR)X¨¾Ã³Áǁ

?ÎɀXZpP�z�]ǁ̀ŔǔΆΟǭ͟˭HALO (High Altitude and Long Range 

Research Aircraft)u͟:Pű̫u«Ã�XImx�xӂÎЬ̩(EMeRGe-Asia)uǞʟIP

ʣ˄ÆΠkЬ̩ImQE]nX[Px�xǁ̀ϋɘ]ƻŔ[ǫKq˰θΆΟϱ]ҭɀ^

ѺșiIsӧgSs:q͐̎[9qQ 
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ƛ1.  BIBLE-A, BW]ӠЕόѧ[Kondo et al., 2002] 

 

 

 

 

 

 

 

 

 

 

 
ƛ2.� zÁ� �xÆΠW]ǫ̘̗ō?ÆҘǫ̘ƞ��Á[É<qȲӓ]˨ȥƛQÆ

Ҙǫ̘ƞW]́ȘΚ̘uӭ:ŠWΏIPBIBLE-AˀҬ]NOX��Á]̺Ƞ=na

��Á͝ɘ҄Ƞ]ƻŔuʕĐWΏKQ 
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ƛ3.�  PEACE-A, BW]30-45oN[=Cq˲Ƃ]��Á͝ɘ͔ 
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ƛ4.� Π̀Ʋ]age[ǫKqτқŔ͌Ӟ]̠Ŷ˽]̥ǲӯPEACE-AӰQ 

EE>oǁ̀ÎW]ĠŔǔǬƄ?ɼǜW@qQ 
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ӷӳӷӳӸӳ~x¿�½�

 

~x¿�½^ǃҹʎǮuʓÙÂžūKqEX[npǁ̀]ʎǮūʋ[ɻȲӓuŨf

KӯɻŌˏӰӳgm~x¿�½^ӈĳύ˗l̂ʳ˗XIsþ͟KqÞẂӈÂ̂ӈ]

͝ɘlɇџuƻŔGMqEXWʎǮūʋ[ȲӓuŨfKӯҬɻŌˏӰӳ—τɇ͌џӯŔ

΄͈ʛl£z�°�ӱ˞ˍӰ]͈̈́[npͮ͝Kq~x¿�½]ǁҘķ^κȵδƚ0.05

81µmΛȠWǁ̀Î[ǐơKqӳE]κȵδƚ]~x¿�½^ǁ̳̀ơʯҬ?ҩAӱg

mǃҹʎǮӯŰЩ̑ҩӰ]ʓÙÂžūŌ͔?ӧAӱGo[ӈĳύ˗]ʕ[ǁ@ZǥÉu

KqmjӱɻÂҬɻŌˏ[nq̀ďȲӓuѐщKqÆW͎[ҝФW9qӳ˄γW^ӱ

Ñ[E]κȵδƚ]~x¿�½[T:sӱɻÂҬɻŌˏuʋҚKqȽ͎͌͘ɇ]̩ǜ

ɟ̏]ҫͮǞϥlӱN]̩ǜ̏uɹ͟ImƢÆÂЀΠ˭Ь̩�µÁ¬ÃÁWȹormЬ

̩ͱЧuψèKqӳmnIӱҬɻŌˏ[ɻҭ҆Kqлӛ^2.2.4ΦWнIAѽdor

qmjӱ˄γW^ӱ~x¿�½]Ƚ͎͌͘ɇN]k]]Ь̩lӱɻŌˏ[ҭ҆KqΆ

ΟuÎɀ[ψèKqӳ 

 

ӶӰ̀єΆΟɞ?ÎɀXZSmΆΟ  

̀єΆΟɞW^ӱğΧͱZӊǏӝȽҨɡЖuӥĀIӱǁ̀Î]~x¿�½]ŝÄκǏ

ɇ͐]͌͘ÂŔǔͱƻџҌΛ[T:s]нχZЬ̩ΆΟ[ňuģrs@mӳErgWӱ

³�����yÆΠ[=Cq̆˒Π̀Ʋ]~z�Á�lN]ƁѷW]£z�°�͈̈́͡

ˉ]~x¿�½κǏ]Ь̩ӯMILAGROӰӱx³¼�ŕУҘ[=Cq£z�°�͈̈́͡

ˉκǏ]Ь̩ӯBBOPӰӱˊx�x[=Cq̆˒Π̀lӈ~x¿�½àþ͟]Ь̩

ӯAFORCE2013ӰӱƢÎ̚W]��X~x¿�½ŪɃ]Ь̩uͷͱXImЬ̩ 

(ChArMEx)ӱŕˢW]̀ďƻō͘Ю[ѝKqǁ̀Ь̩ӯPAMARCMiP2018ӰuͷͱXI

mЀΠ˭Ь̩�µÁ¬ÃÁ[ŧŊIӱ~x¿�½кʛ]ӊǏӝȽҨЬ̩uЕSs@mӳ

NrOr]�µÁ¬ÃÁWӱå̀ѡ̮~x¿�½]~z�Á�ҌΛӱ£z�°�͈̈́͡

ˉ]~x¿�½]ƻŔӱӈX~x¿�½]àþ͟ӱ˞ˍ>o]ʽ˭~x¿�½]Юʩӱ

ŕˢW]~x¿�½ɲō]͘Ю[T:sΆΟuЕSs@mӳ 

å̀ѡ̮~x¿�½[ҭKqΆΟW^ӱǁҙȐƫWͮ͝Imӧ̺Ƞ̆˒Π̀Î]~x

¿�½?ӱӟÇ[ѴҀGrqҌΛ[ѡEq˦RZǁ̀ŔǔŪɃ[npĠǔÂž̬͎ɇ?

ƻŔIs:AҌΛuЮʩImӳ̮ͮ͝>oʯҬ?mSmΠ̀ƲÎ]KKκǏ^ӱ̮ͮ͝

ëѺWɹŬGrmk][˽dӱN]ЙӐ?ê]͌џ[nSsЛХGrqEXXӯAdachi 

and Buseck, 2008ӰӱgmN]ЛХ?҇i[ȸ:ӱnpŌˏͱ[ĠužūKq͐ɓ[ZS

s:AEXu͘щбα[np[ʩo>[Im(ƛ1. Adachi et al., 2010)ӳ 

gmӱˊx�x[=CqЬ̩W^ӱ̆˒Π̀ƲXӏ̆˒Π̀ƲÎWӱKKκǏ]ê]

ɘķ[nqЛХҟ?łϱ]eXWǁ@AZqEXuЬ̩Imӳ 

£z�°�͈̈́͡ˉ~x¿�½^ӱå̀ѡ̮~x¿�½XefŸάҟǁ̀Î[ǐơIӱ

N]̀ďȲӓ^ǁ@:ӳ̮ͮ͝Ѻĕ]ͅ>oɹŬGrm~x¿�½XӱӟÇWɹŬGr



�

�

(	�
 

mʕʯҬ~z�Á�?҇vn~x¿�½W^ӱŵR]κǏ]Ƚ͎͌͘ɇ?ǁ@AͪZq

EX?ķ>Ss:qӳ͎[ӱ£z�°�͈̈́͡ˉ͎ʽXϰ<ors:qĠžūɇ]ʽ˭

~x¿�½ӯ�Ã®Ã½Ӱ^ӱ˲]ʎǮȬĿň[ǥÉKqŰϷɇ?ΏƊGrs:q?ӱ

ǜҟͱZEX^eXvY͘ЮGrs:Z:ӳəR^ЀΠ˭Ь̩[npӱͮ͝ȷ]ͅÎ

W^�Ã®Ã½^eXvYǐơIZ:?ӱN]ȷÄҘ]ʽ˭~x¿�½?ǁ̀ƻŔ[n

SsμɇuÆDs:AEX[npӱ�Ã®Ã½?ß˯͝ɘKq³���²uͮЧIm

ӯAdachi and Buseck, 2011; Sedlacek et al., 2018; ƛ2)ӳgmPƢÎ̚ÆΠ]кʛW^P˞ˍ

>oͮ͝Imʽ˭~x¿�½?ß˯͝ɘIs:qEX?ʩo>XZSmӯFreney et al., 

2018Ӱӳ 

³���[=CqЬ̩W^ӱž̬ɇ]ӧ:ΊқƳ?ӱß˯͝ɘʽ˭͌[ЛХGrqE

X[nSsN]ž̬͎ɇ?̥ǲIs:AEXuͮЧImӯAdachi et al., 2011, GRLӰӳg

mӱˊʣ˄ÆΠ]ӈÎWɹŬGrm~x¿�½ÎWӱӏʳџ]ΊқƳ?рGrӱӈκ

X~x¿�½]ŪɃ[nSsüo>]ŔǔŪɃ?Ĉ҇Grs:qEX?ΏƊGrmӳ 

E]nX[ӱ~x¿�½κǏuӊǏӝȽҨWЬ̩KqEX[npӱ�Á»zÁķˌɟ

̏W^̩ǜÈŰϷZӱнχZŝÄκǏɇ͐]Ь̩ͱЧuȹqÞ?W@ӱ~x¿�½]

Ƚ͎͌͘ɇ]ƻŔҌΛu˄џͱ[͘ЮKqEX?ŰϷXZqӳE]nX[ӱӊǏӝȽҨ

]кʛ�Á©»ÃuЀΠ˭[ʅѲIsкʛuɹӂIЬǩKqʞ̏[npӱÆΠW]нχ

Z~x¿�½©¿��]Юʩ[ј͓Is@mӳ 

 

 

ƛ 1. ³�����yÆΠWɹŬGrm 

ЛХGrmKKκǏ]Å˯ĝ�´�» 

§yĚ(Adachi et al., 2010)ӳ 

 

 

ƛ 2.�³���ÆΠWɹŬGrm£z

�°�͈̈́͡ˉ]�Ã®Ã½κǏ

ӯFig. 1 in Adachi and Buseck 2011). 
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ӯӷӰŹůǷǁǔ?ÎɀXZSmΆΟ 

ǁ̀~x¿�½]ž̬͎ɇ^ӱĠʓÙÂžūŌ͔]ǫ̬Ƞc]ăǐɇuбαKqm

j[ɁФÈŰˮZ¤»³Ã�W9qӳgmӱӈĳύ˗ϷӯCCN̗ɇӰ^ӱҬɻŌˏ]Ь

―WҝФW9qnCWZAӱ~x¿�½]̬ɇҶŦ]ŭCʪGuʋҚKq¤»³Ã�X

IsҝФW9pӱɻŌˏ[ǁ@ZȲӓuŨfKǁ̀~x¿�½]ҤķȑlҩѥӄѴ

ҀҌΛu͘ЮKqÆWkɁФW9qӳ͘щÂǞӦͱ[^ӱž̬ɇ^CCN̗ɇuШǜKq

ƗǏW9qEX?ķ>Ss:qӳž̬ɇXCCN̗ɇ]ҭć]Ь̩ͱЮʩ^ӱӈκ͝ɘu

èIm~x¿�½]ӈ[ǫKqþ͟u͘ЮKqÆWҝФW9qӳ 

ŹůǷǁǔW^ErgWӱǁ̀~x¿�½]ž̬ɇ]͎Ⱦ]ɢʁӱgmӱN]ШǜФ

Ɨlӈĳύ˗ӯCCNӰ̗ɇX]ҭć]ЮʩuͷͱXIӱƢÆÂЃЂ]©»��§�Ã²

uĽ͟Isž̬�Á�²ӊ̀ΚōȠķˌƓӯHTDMAӰ[nqž̬ɘҩȠ]̩ǜuЕS

s@mӳx�xǁҷѡ̮]Π̀Ʋ]ŭǤƫXZqʭǒ]̋ϢѷɛȀ[=CqЬ̩Xӱ̚

̓~x¿�½uǫєXImУҘŕǃȘ̓ƫ[=CqЬ̩W^ӱXk[ӧž̬ɇWÄȃ]

ž̬ɇķȑW͎ȾëCorqEXuʩo>[ImӯMochida et al., 2010; 2011Ӱӯƛ3Ӱӳ

Ero]ΆΟW^ӱΠ̀Ʋ]όѧ]ҏ:[ǫɃImž̬ɇ]͎Ⱦ]ҏ:kɱʇIs:qӳ

Äʞӱʣ˄]ҙȐÂȋˡƫW9qˊä=naŹůǷ[=Cqǁ̀Ь̩[npӱҐҽƢX

^ǫ͆ͱ[ßȃ]ž̬ɇķȑuɰT~x¿�½]͎ȾuȹmӯMochida et al., 2008; 

Kawana et al., 2014Ӱӳˊä]Ь̩ΆΟW^ӱŔǔɘķ]̺ȠXž̬ɇļ]κǏ̺Ƞ]ҭ

ć>ož̬ɇļ]ϋɘuɼǜIӱgmӱß˯ʽ˭~x¿�½ɘķ]ĳϤ[nqӱӧž̬

ɇκǏ>oÎҬͱZž̬ɇuɰTκǏc]ƻџuΏƊImӳN]e>ӱƝĪ]˞ˍƫu

ǫє[ӱ͌͝ѡ̮ʽ˭͌]Ȳӓ?Ȭ:Xϰ<orq~x¿�½]ž̬ɇ[T:sΆΟu

҇js:qӯKawana et al., 2017Ӱӳ 

̋ϢÂУҘŕǃȘ̓[=CqЬ̩ΆΟW^ӱǁ̀~x¿�½]ž̬ɘҩȠXCCN̗ɇ

]Ÿʯ̩ǜuЕ:ӱž̬ɘҩȠukX[Köhlerȥ>o̗ɇŔκȵuǰĶIӱǞ̩ĐX˽

ѱImӳɼǜĐXǞ̩Đ^ˣ\Є:ÄⅵuΏIӱž̬ɘҩȠ]б̩[npȹorqɍư

>oӱCCN̗ɇunAɼǜW@qEXuΏImӳŹůǷ]ҙȐǁ̀uǫєXImЬ̩Ά

ΟW^ʹ[ѨhѸhӱž̬ɘҩȠļ[ҔļImκǏ]̗ɇŔκȵ]ɼǜĐXǞ̩Đu˽

ѱIӱž̬ɘҩȠ>oCCN̗ɇuɼǜKqɟ̏]ǊȮɇu>jmӳgmӱ~x¿�½

]ž̬ɘҩȠ]ķȑuϰɕImӈ¤Ã�½´�½]бαuЕ:ӱž̬ɇ]ù:κǏkӈ

κ]ʕ̺ȠÂʽŌŚȵ[ȬAǥÉIȹqEXuΏImӯƛ4ӰӳEro]ύˏ^ӱӈ͝

ɘҌΛlӈκŔuόm~x¿�½κǏ]ƻџu͘ЮKqÆWӱž̬ɇķȑ]Ч?ʽ͟

W9qEXuНëCs:qӳ 

ǁ̀~x¿�½]ž̬ɇ[ҭIs^ӱŔǔϋɘX]ҭć]ЮʩkҝФZхӛXIs˸

Grs:qӳӈ͝ɘ[ȬAǥÉKqȽǱκǏ]ÑФɘķ]XRӱΊқƳÂΉқƳ]ž̬

ɇ^ʢ[ЮʩGrs=pӱ˸qÑФɘķW9qʽ˭͌]ž̬ɇ]ɢʁ?̄jorqӳŹ
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ůǷǁǔ]ΆΟ�½Ã©W^ӱʣ˄]ҙȐƫÂ˞ˍƫ]ǁ̀~x¿�½]ž̬ɘҩȠÂ

CCN̗ɇXŔǔϋɘ]̩ǜuЕ:ӱN]�Ã�[ƭU:mʽ˭͌]ž̬ɇ¤»³Ã�]

ǰĶ[ŬpϋvW:qӯKawana et al., 2016; Ogawa et al., 2017; Deng et al., 2018Ӱӳǁ̀ʽ

˭~x¿�½ɘķ]ž̬ɇ¤»³Ã�]ưƀ^ʢ[Сʕ9q?ӱN]ƻō]ΛȠlШǜ

ƗǏ^Řķ[͘ЮGrs:Z:ӳÆд]Ŭpϋh^ӱEro]Юʩ[ǥÉKqk]XZ

pȹqӳ 

E]nX[ʣ˄ƝĪÂƁѷ]íЙͱZ~x¿�½]Μļ[ǫKqž̬ɇ]͘Ю^҇h

TT9q?ӱnpÆʞ]ǁ̀~x¿�½]ž̬ɇ]͎ȾëCl~x¿�½]ѴҀ[öX

ž̬ɇ]ƻŔ]ɢʁZYӱ~x¿�½]̀ďȲӓ]͘Ю[=:sҝФW9pZ?oӱƢ

ÆÂЃЂ]Ь̩]hW^Ҏɘ?ӅI:хӛ^˂Ю̉]gg˸Grs:qӳE]Ю̉[^

ЀΠ˭u͟:qǁ̀Ь̩]Ŭpϋh?ʽŌnXϰ<orq?ӱ̚ƽWЀΠ˭uĽ͟Kq

ž̬ɇΆΟ]ǞϥӯHTDMA]Ā͟uŽiӰ?Νhҝ\orTT9qÄʞӱ͖͐W^ə

?Ɲ[=CqŬpϋh^ÔI:ӳHTDMA]ť͘ukX[ЀΠ˭Ь̩[ґImž̬ɘҩ

Ƞб̩МϨuҫͮÂʖĖIӱʣ˄ͮ]ЀΠ˭Ь̩uòͤÂɼ҇KqEXW~x¿�½]

̀ďȲӓΆΟ[ј͓KqEX?ȬAʿgrqӳ 

 

ƛ 3. ̋Ϣ[=Cqǁ̀~x¿�½]ž̬ɘҩȠ]̩ǜāӳMochida et al. (2010)np

American Geophysical UnionӯAGUӰ]жы]kX[ѮѲӯCopyright 2010 AGUӰӳ 
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ƛ 4. ŹůǷ[=Cqǁ̀~x¿�½]ž̬ɘҩȠ]̩ǜĐ[ƭUAӱӈ¤Ã�½´�½

]бαύˏӳдų g ^ž̬ɘҩȠuЙKӳKawana et al. (2014)np American Geophysical 

Union (AGU)]жы]kX[ʌĮӯCopyright 2014 AGUӰӳ 

 
ӯӸӰˊäǁǔ?ÎɀXZSmΆΟ  

ǁ̀ȽκǏӯ~x¿�½ÂӈӰXǃҹʎǮ]àþ͟uШǜKqӱ̛ʓćʕÂžūć

ʕÂʓÙЭȠăǐɇ]XRӱžūćʕ^ӱҐҽʎǮЬ̩?ť͘ͱ[ƙӅW9qIӱin-

situЬ̩WKoɡЖͱZƙӅ?öXӳN]mjǁ̀ȽκǏ[nqĠžūҟXN]ɘķļ

ǥÉ]Юʩ^ӱǁ̀ʎǮǔΆΟ[=CqҝФ>TʻӅƎ]ӶTXIs˸Grs:qӳ 

SKKT9q:^¨»���Ã®Á(Black Carbon: BC)^ӱŰЩĠuЎIAŌ͔ͱ[ž

ūKqmjӱҥ͌κǏXÍaӱǁ̀ȽκǏ[nqĠžūҟ[ʋҚͱZǥÉukT~x¿

�½W9qӳ BC^ӱǁ̀Î[=CqɻŌˏlӈκÎ]ĠžūӱӇ̂Ӑc]̊;[n

qx½«�ŌˏZY[npӱCO2]˯[Ȭ:̀ďȬĿňukTXɼαGrs:q?ӱN

]ɼα]łɿXZSs:qΠҬķȑÂǐơҟlĠžūŌ͔]͘ЮÂ�±·¾Ã�¹Á[

^ă̓XIsÈǞɇ?ǁ@:ӯBond et al., 2013ӰӳBCŽʽκǏ]ĠžūŌ͔^ӱ1) 

BCџҟӱ2) ê]ɘķX]̠Ŷ͐ɓӱ3) BC]Сτǵɦ͔[ȬAăǐKqӳN^ӱEro

]Ƚ͎͌͘ɇ]Ь̩?ɁФXZqӳ 

ˊäǁǔW^ErgWӱBC[nqǃҹʎǮžūҟXʎǮȬĿňu͘ЮKqmj[ӱ

ΠҬķȑXĠžūŌ͔uʋҚKqBC]Ƚ͎͌͘ɇ]Ь̩ɟ˹uҫͮIӱǁ̀[=Cq

N]ǞɓXƻŔҌΛu͘ЮKqEX[ј͓Is@mӯƛ5Ӱӳ͎[ӱčR]BCŽʽκǏ

]Æд3T]Ƚ͎͌͘ɇuŸʯ[>Tӧ҄[Ь̩Kqmj]¾Ã�ÃсѡͰ͇̏(Laser-
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Induced Incandescence: LIȈ)]ҫͮuЕSs@mӳLIȈ^ӱčR]κǏuӧȬȠ]ħɳ

ƓĪ¾Ã�Ã¥Ã²u˩ʜGMӱ¥Ã²ÎWκǏ>oʎĶGrqʓÙĠX͇ѵǮĠuŸ

ʯ[̩ǜIӱN]̩Ġҟ>oBCŽʽκǏ]Ƚ͎͌͘ɇuǰĶKqk]W9qӯMoteki 

and Kondo 2010ӰӳGo[PLIȈ[npBCXŸʯ[қŔңuǜҟKqʞ̏kҫͮIm

(Yoshida et al. 2016)QəR^ӱˊx�xƫlŕˢƫÆΠ[sLII̩ǜƓuʅѲImЀΠ˭

Ь̩uЕ:ӱîÇӹT]ΆΟɘˏuȹmӳ 

ӯ+ӰҙȐƫuѡ̮XKq̆˒Π̀]~z�Á�ҌΛuǃȘ̓ÆΠWЀΠ˭Ь̩Iӱ

BC ]ê]ɘķ[nqЛХҟ?ӱΊқƳlʽ˭͌]ß˯͝ɘ]҇ЕXXk[ǁ@AZq

EXXӱN]©¿��?Y]Ao:]ʯҬWѡEq]>uЬ̩ͱ[ʩo>[ImӳE]

Ь̩�Ã�^ӱ�¿Ã£½´�½[=CqBC]ͫ́ɇ>oЫ́ɇc]ƻʀ]¤»³�

¼�Ã�¹Á[Ľ͟GrӱBC]ΠҬķȑXʎǮȬĿň]�±·¾Ã�¹Á]νϠŔ[

ȳΤsors:qӯGoto et al. 2012Ӱӳ 

ӯIӰ̶̬ǫ̘[npƵͥǺ>oⅳ͡ǫ̘ƞcҤѴҀGrmΠ̀ƲuƾʕЬ̩Iӱ

̶̬ǫ̘[=:sĤûκȵ]ǁ@ZBCŽʽκǏ?Ĝğͱ[̬ɇҶŦuŭCӱĤûκȵ

]ǱGZBCŽʽκǏeYŌ͔ͱ[ⅳ͡ǫ̘ƞ[ѴҀGrqEXϑбͱ[ΏImӯMoteki 

et al. 2012ӰӳE]EX[npӱ~x¿�½]ҤѴҀ/̬ɇҶŦ]ǫ˽͔ủjqȽ

͌͘ͱƗǏXIsCCN̗ɇ?ҝФW9qX:Xïу?ǞиGrmӳ 

ӯJӰˊx�xƫlŕˢƫ[=:sӱBCџҟ̺Ƞ]Ҥķȑ]ϑбЬ̩�Ã�uŬ

pӱƝĪƽ]̀ď´�½Ⅳ]BCҤķȑ]Ĭ͖ɇ[T:s]ˠи�Ã�uĺjsɿĂ

ImӯIPCCΪ5˯ưƀʺ[дѲӰӳ 

ӯ.ӰӝȽҨЬǩ[nr_ӱǁ̀Î]BCXê]~x¿�½ɘķ?κǏĪW̠ŶKq

ȯɓ^ӱBC]Ɓp[ӏBCɘķ?ЛХImk]ӯЛХȯɓӰXӱBCκǏ?ӏBCκǏ]

ЙӐ[ë;Imk]ӯë;ȯɓӰ[ķӞGrqӳBC]ĠžūŌ͔^ßT]ȯɓWǁ@

AͪZqmjӱ BC[nqĠžūҟ]͘ЮÂбα]mj[^Ǟǁ̀Î[=:sEro]

ȯɓ]ǐơ˽uɢʁKqEX?ɁФW9qӳəR^LIȈWBCŽʽκǏ]ЛХȯɓXë

;ȯɓuӧ҄>Tⅳō[ĻļKqЬ̩ɡЖuĺjsҫͮIӯMoteki et al. 2014ӰӱˊäƢ

Ælˊx�xÆΠZYӱǞǁ̀[=CqEroӷȯɓ]ǐơ˽]ϑбͱЬ̩[ĺjsɘ

ŉImӳ 

ӯLӰǫ̘ƞÎ[=Cqå̀ѡ̮қŔң]κȵļџҟ̺Ƞuĺjsʩo>[IPˊx

�xӘƫW^ǲZAXkBC]40%ΛȠk]џҟ̺Ƞ?9qEXuͮЧImӯMoteki et al. 

2017ӰQ 

ӯMӰErgWǁ̀ÎWĠžūŌˏukTå̀ѡ̮~x¿�½^P—τɇ~x¿�½

ӯBCX¨»|Á�Ã®ÁBrCӰ]hXϰ<ors@m?På̀ѡ̮қŔң?BrCXŸΛ

Ƞ]ǁ̀Ŋ͇ukmoKEXuЧĶIm(Moteki et al. 2017)Q 

E]nX[ӱʝI:̩ǜɟ̏]ҫͮ[npBClқŔң[nqĠžūuʋҚKqȽ͌

͎͘ɇ]нχZЬ̩�Ã�uŬȹKqÞ?ŰϷ[ZSmmjӱǁ̀ȽκǏ[nqĠžū



�

�

((�
 

ҟXN]ƗǏļǥÉuЮʩKqmj[ɁФZӱЀΠ˭[nqĠžū�¿Ã�µЬ̩ΆΟ

]Ɵű?ʖ<orTT9qӳ 

 

 

 

 

ƛ 5ӳBC [nqĠžūҟÂʎǮŌˏ]ʋҚ³���²XErgW]ΆΟɘˏ 

 

(ӹ)ŕ̚ҍǁǔ?ÎɀXZSmΆΟ 

ǁ̀~x¿�½Î]ʽ˭͌^ΊқƳXŸ˦[ÑФɘķW9q[k>>toiPN]ȍ

ǁZʎĶ̮W9q̓̚ÂҷÆ͝ɓπ]nXZⅳ̮̓ͮ͝>o]͝ɘόѧl͝ɘҟPN]

͌͘Ŕǔ͎ɇ]͘Ю^ˢjsÈŘķW9qQErou˲[´�½WЙ͖IÜ̩KqE

X^Pǁ̀~x¿�½ΆΟ[=CqÑФZ�Ã°]ÄTW9qQʂͮɇʽ˭ŔŶ͌

ӯVOCsӰ]қŔŪɃά[np͝ɘGrqß˯ʽ˭~x¿�½ӯSOAӰ^ˢɇǚϷƭu

ʽKqEX>ó̰ɇʽ˭~x¿�½XǦɻ[ҭćIs:qQgmå̮̀ͮ͝X^ͪZ

pP̓̚ÂҷÆ͝ɓπ>oɻʎĶGrqʽ˭͌kξӞZYӧ:̰́ɇɘķuƾAŽi

Xϰ<ors:qQEroκǏ[ĳύKq́ӯ́Џ̀Ӱ^ʱҋͱ[ǐơKqǁ̀ɘķW

9pPΊқƳXʽ˭͌X]ǫͱZǐơ˽l̠Ŷ͐ɓZY^Pĳύ́ķҟủǜUCq

ZYPκǏ]ŔǔÂ͌͘ͱɇџPž̬͎ɇZYXǦɻ[ҭćKqQ 

ŕ̚ҍǁǔW^P̓̚ÂҷÆ͝ɓπ[=Cqʽ˭~x¿�½]ѡ̮XŔǔϋɘP͝ɘ
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³���²uʩo>[KqEXuͷͱXIṔ̰ɇ͎ɇ]Ь―uѯ[ЃЂÂҷÆu©»

��§�Ã²XImЬ̩ΆΟuЕSs@mQ 

УҘŕǃȘ̓[=Cq̓̚ǁ̀ʽ˭~x¿�½]ѡ̮[ҭKqЬ̩ΆΟW^PķǏ¾

«½]Ŕǔ�¾Ã�ÃXǗǜ—τŸøû=naĝτķˌ]̩ǜ[nqСŶͱZŔǔķ

ˌÂЮˌɟ̏uΤIs@mQErouӥĀKqEXWP̓̚ǁ̀~x¿�½—τџҟ

[şjq̓̚ЙǺȽ͌͝ѡ̮]ǥÉuǜҟͱ[ЧΝqEX[ɘŉIm(Miyazaki et al., 

2010a)Qӈĳύ˗[ǥÉKqκȵ1µmîÇ]ȽǱκǏџҟ[ҭIsPΊқƳîƽ[^E

rgW̓̚ЙӐ]·̑[öSsɻʎĶGrqʽ˭͌]ǥÉ?ʋҚͱW9qXϰ<or

s@mQEr[ǫIPǁ̀]қɇȠlž̬ɇPĠžū͎ɇZYuĿȺKqҝФZƗǏW

9qτ?ʽ˭͌Î[ƾAŽgrPE]Žτʽ˭͌^PErgWЧҌFGrs@m̚

̓ЙǺ>oɻʎĶGrm̓̚Ƚ͌͝ѡ̮]ӏ̰́ɇɘķW9qEXuͮЧIm

(Miyazaki et al., 2011)QGo[ȽǱκǏÎ[^̓̚ЙǺȽ͌͝[͡ˉKq̰́ɇʽ˭͌]

ǥÉkŸΛȠ[ǁ@:EXuʩo>[Iӯƛ6ӰPǁ̀~x¿�½Î]ʂͮɇÂˢɇu

ƻŔGMq́қƭuŽiʽ˭қuĺjsЧĶImQN]ǁҘķ^κǏ[ǐơIPǁ̀

ĠŔǔŪɃXÿMs̓̚Ƚ͌͝[nq̰́ɇʽ˭͌]͝ɘҌΛuɿƌIm(Miyazaki et al., 

2010b; 2014)QGo[Ƚ̗͌͝ō?̗ͮŔKqʭğ]УҘŕǃȘ̓Ы̷Â̍ȂЫ̷ƫ[

=:sP̚Ӡ̌[nSś̚>oǁ̀cΚЕKqʽ˭͌]ɻЬ̩[ɘŉImQN]ύ

ˏṔ̚ÎX˽dǁ̀~x¿�½ÎW^͌͝ǔͱ[ķЮGrlK:�Á¤�џ˦ʽ˭͌

npkķЮGr[A:ⅰ˟˦ʽ˭͌?ЎIAƾAǐơIs:qEXuͮЧIm(Miyazaki 

et al., 2018)QEro]ΆΟW^PÅ˯ĝ´�½ά[=Cq̓̚ÆW͝ɘKqʽ˭~x¿

�½]˲Z¤»³�¼�Ã�¹Á[^ȸˉ]�¿¿§y½a̺ȠnCW^ZAṔ̚

Î]Ƚ͌͝]ҟÂϋɘÂ̗ōȠkŪʬKqɁФɇkɱʇIs:qQ 

ÄʞṔ̰ɇłӥû]ʎĶҟ?npƾ:ҷƫ˟͚͝ƵZYWPӈκ]͝ɘuötZA

skǫ̬Ƞ?ӧAP>TNOx̺Ƞ?ӧ:ˈðÇӯā<_̆˒ɇΠ̀Ʋ]ȲӓuŭCq

˞ˍZYӰW]̝SOA͝ɘ?SOAџҟĤû[ǁ@AǥÉKqŰϷɇ?ǠĪǞӦά>o

ΏƊGrs:qQEroҷÆ˟͝͡ˉ]ʽ˭~x¿�½]͝ɘ˭˥uʩo>[KqmjP

ƝĪ]˞ˍƫ[=Cqǁ̀ʽ˭~x¿�½]Ь̩©¿�}��uɼ҇Is@mQE]Z

>Wʽ˭~x¿�½ß˯͝ɘҟ[ǫKq˟͝ѡ̮ļǥÉ]ǜҟŔXN]ǒγăǐɇP˟

͝ѡ̮ʽ˭~x¿�½ӯ͎[α-¦ Á]ӧ˯қŔ͝ɘ͌Ӱ͝ɘ]Ȭ:̨ȠăǐɇP̆˒

ǁ̀]̘ģ[nqʝκǏ͝ɘÂSOA͝ɘ]Ĉ҇ZYuǞǁ̩̀ǜ>oʩo>[Is@m

(Miyazaki et al., 2012a; 2012b; 2014b; Jung et al., 2013; Mochizuki et al., 2015)QZ>Wḱ̰

ɇʽ˭—τӯWSOCӰ]Ǘǜ—τŸøû˽?P˟͝ѡ̮]~x¿�½ʽ˭—τ]ʽ͟Z

ɱ˧XZqEXuΏIP˟͝ѡ̮VOCsXOH»��½Â��ÁX]ŪɃ[nqß˯ʽ˭

~x¿�½͝ɘɱ˧]ɿ˚ZYkЕSs@mQΊқƳά[nq~x¿�½қɇȠ]Æʧ

lå̀ѡ̮τ?Pz�©¾ÁқŔ͝ɘ͌ZYß˯ʽ˭~x¿�½͝ɘĈ҇]ǁ@Zӥ

ōФƗ[ZSs:qӯƛ7ӰEXuЬ̩>oʩo>[KqZY]ɘˏ?ȹormQGo
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[Pı̨Ȕˍ[=:sˍȝëѺ>oʎĶGrqʽ˭͌?P~x¿�½]CCNϷuɣĿK

qŰϷɇuĺjsΏIm(Müller et al., 2017)QE]ɘˏ^Ǩıƫ]ˍȝ˟͝?ӈκ]͝ɘ

uӘƫ��Ã½WɣĿIP~x¿�½[nqǁ̀]ıţŌˏ[ǫIsі]Ȳӓӯӈx½

d�]̥ǲӰukmoKEXuΏƊIs:qQ 

УǃȘ̓ƫ^å̀ѡ̮Âⅳ̓ѡ̮Xk[ʽ˭~x¿�½͝ɘ[̟AҭÉKqτқŔ

͌lxÁ´�xάPŪɃɇτ]ʎĶҟȲӓ?ǁ@APƾ̬Zǁ̀ˈðX:X͑ⅳɇu

ʽKqQEroъˈð]ÇPå̀ѡ̮͌џ[nq͝ɘĈ҇uŽiⅳ̓ѡ̮ʽ˭~x¿�

½]͝ɘ¯�Á�µ½^ӧ:Xϰ<orqQЀΠ˭u͟:m�Á¤��ToFMSʅѲƧ~

x¿�½џҟķˌб[nq�Á»zÁķˌlκǏ̝ŔɵӂМϨ[nq�§»zÁķˌZ

Y[npP̓̚ÂҷÆ͝ɓπW͝ɘGrqʽ˭͌ϋɘ=ná˭͌X]̠Ŷ͐ɓX~x

¿�½Ž́ҟÂž̬͎ɇÂӈĳύ˗ϷX]ǜҟͱZǫɃ]Юʩ?ˀȶGrPⅳ̓ѡ̮ʽ

˭~x¿�½]̀ďȲӓΆΟc]ј͓?ʿgrqQ 

 

 

 

 

ƛ 6. âǨȔУҘŕǃȘ̓Æ[sǔЖΆΟЃͰӪÏ[npЬ̩GrmκȵFX]~x¿�

½ϋɘ˽]āQ̓̚ƭ͝͞�Ã�P̓̚ЙǺ]�¿¿§y½ a ̺Ƞ[ƭU@P̓̚Й

ǺȽ͌͝]Ȳӓ?(a)ǁ@:�Ã�X(b)ǱG:�Ã�[ŗķQMiyazaki et al. (2010)np

American Geophysical Union  ӯAGUӰ]жы]kX[ѮѲӯCopyright 2010 AGUӰӳ 
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ƛ 7. Ƽǒ]˞ˍ[=Cq̰́ɇŽτʽ˭~x¿�½ӯWSONӰŨaz�©¾ÁқŔ

͝ɘ͌ӯ2-methyltetrolsӰӯȌƛӰPα-¦ ÁқŔ͝ɘ͌ӯPinic acid, 3-MBTCAӰӯŲƛӰ

] џҟκȵķȑ]Ь̩āQE]Ь̩āW^WSON ^Ĥτ~x¿�½]20-40ӮuşjP

̆˒Π̀Ʋ̘ģʯ[z�©¾ÁÂα-¦ Á]ŪɃ[nq͝ɘӯ˟͝ѡ̮ VOCs + å̀ѡ

̮ N [nq SOA ͝ɘӰuΏƊIs:qQMiyazaki et al. (2014b)]ƛuʌаQ 
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ӷӳӷӳӹӳ�~x¿�½ÂӈÂҳ́àþ͟�

 

~x¿�½^ӈĳύ˗XIsęAmjP~x¿�½ʕ̺Ƞ]ƶŊ^ӈκʕ̺Ƞ]ƶŊ

uȦ@ѡEKQE]ύˏPӈ́ҟ?ŸJWkӈ]ĠǔͱŤhPȸSsӈ]x½«�ӯŪ

Ǯ͔Ӱ?ӧAZqQӈκʕƶŊ[öXӈκκȵ]̥ǲ^ҳ́lӈκ]ЏͮҌΛ[ȲӓIP

ӈ]ŤGӯȸSsĠǔͱŤhӰlӈҟuƻŔGMPƢ͗]x½«�uƻŔGMqQ̀ď

ƻō[ҭKqʏȟҬ¤ ½]Ϊ5˯ưƀʺӯIPCC AR5 2013ӰW^ӱ~x¿�½Xӈ]

àþ͟[nqʽŌʎǮȬĿň]Èǜɇ]ȖӯӲ0.06 ԃӲ1.33 W m-2Ӱ?PŵΜ]ʽŌ

ʎǮȬĿň]ÎWʻkǁ@:EXPgmN]Èǜɇ]Ȗ?6șł]Ϊ4˯ưƀʺӯIPCC, 

AR4 2007Ӱ]ʎǮȬĿňXŸΛȠӯӲ0.3 ԃӲ1.8 W m-2ӰW9qEX?ΏGrmQE]

EX^~x¿�½Xӈ]àþ͟]ǜҟŔ?Pă̓XIsƙӅW9qEXuΏIs:qQ

gmΪӹ˯ưƀʺgW^PͿʯ[ęAʎǮȬĿňӯx½«�ŌˏӰ?йĄGrs:m]

[ǫIPΪӺ˯ưƀʺW^�¿Ã£½Z̨̀]ÆʧX˽ѱIsʯǜʕ?Řķ[:ӈ]

Ƀήӯӈ]ŤGlӈҟƻŔZY]цγŌˏӱadjustmentӰuŽjmSʽŌTʎǮȬĿň

?йĄGrs:qQEr^ǊȮZйĄʞ̏W9qXϰ<orq?P~x¿�½[npƻ

ŔKqҤΝαӈ́ҟlӈҟ]ƻŔuŽjmӈ]цγŌˏ^PͿʯ[ęAʎǮȬĿňn

pk³���²¾«½W]͘Ю?^q>[҈rs=pPN]йĄ[^ǁ@ZÈǜɇ?

9qQgm~x¿�½]̂ӈl̠Ŷӈӯmixed-phase cloudsӰc]Ȳӓ]Èǜɇ^P

́ӈc]ȲӓnpkGo[ǁ@:QEro]~x¿�½[ǫKqҤΝαӈ́ҟӱӈҟӱ

ҳ́ҟZY]ƻŔ^ӱӈ���²]=>rm̀єˈðӯǁ̀]ǗǜȠlÇǺÂӈǺÆ]

́Џ̀ҟZYӰX~x¿�½ҟ]ϓǫĐ[ɃJsͪZqEX?t>Ss@s:qQȸS

sNrOr]ˈðӯ¾�Ã²ӰFX]ˠв?ɁФW9qQ 

ÄʞPʎǮȬĿň[ǫKq̨̀]ɃήӯƻŔ]ȠŶ:ӰuЙK̀ďɒȠ]ÑФZÈ

ǜФƗkPÇǺӈ]ӈҟƻŔZY]ӈ]§yÃ�£��W9qEX?IPCC AR5Wɱʇ

Grs:qQE]nXZӈ]§yÃ�£��[ǫIs~x¿�½?Y]nX[ȲӓKq

>ZY]ЧΝ[^Go[Èǜɇ?9qQE]nX[~x¿�½Xӈ]àþ͟^̀ď

ƻōΆΟ[=:sʻkҝФZхӛ]`XTW9qQ 

ˊx�x^Êͥͱ[Чsk͎[~x¿�½̺Ƞ?ӧ:ӘƫW9pPN]ӈc]Ȳӓk

ȬAĶs:qŰϷɇ?9qQgmУǃȘ̓^ˊǃȘ̓X˽ѱIsPƾ˦Z̀єƱ[=:

sӈÂҳ́���²?ȯɘGrqmjP~x¿�½Xӈ]àþ͟kNro]̀єƱ[

ɃJsΆΟIs:AɁФ?9qQ 

ʣ˄W^ErgWP~x¿�½ӲӈÂҳ́ӲʎǮ]ЀΠ˭Ь̩ΆΟ^ÑXIs̀єΆ

ΟɞXˊäǁǔ?ÎɀXZSsǞʟGrs@mQEro]Ь̩ΆΟW^PɁiIk~x

¿�½Xӈ]àþ͟uÑͷͱXIZ:k]k9q?PEro]Фτ^Ǧɻ[ҭ҆Is

:qmjPȜ:ɑƂW]~x¿�½Âӈàþ͟ΆΟXIsɴ<qEX?W@qQ 

 

ӯӶӰ̀єΆΟɞ?ÎɀXZSmΆΟ 
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̀єΆΟɞ]ΆΟ�½Ã©^1980șí>oӈȽ͌͘]ЀΠ˭Ь̩uЕSs@mQEr

o]Ä҆]ΆΟ[=:s^P~x¿�½]ȲӓӯҬɻŌˏӰlPӈXʎǮX]ҭćZY

kЬ̩ÂΆΟGrmQ1980șí[^SÎǺǁ̀]ΆΟTӯ1986ԃ1990 șȠӰ]Ä͚XI

sũͮ]©¿¬»˭ӯC404PʮƅЀΠӰu͟:m~x¿�½XʎǮ̩ǜlѠƽķĠМϨ

[nqȽҟ̀ûɘķ̩ǜά?ЕtrmQgmЀΠ˭u͟:mӈÂҳ́]ĪҘ˥҅]ɻ

Ь̩^ɟþp]̩ǜ˭Ɠu͟:mǈǂΝӈЬ̩lSӈ]ʎǮҌΛ[ҭKqǞӦЬ̩Ũa

´�½Ŕ]ΆΟT(1987ԃ1990 șȠ)]Ä͚XIsǞʟImǺΝӈЬ̩ZY?ЕtrmQ

I>IEro^:irkʜ͊ͱZk][ҴǜGrs:mQ 

1990șíîҳ[̀єΆΟɞ?ÎɀXZSsЕSm˄˙ͱZӈÂҳ́���²uǫєX

ImЀΠ˭Ь̩^PΗǔɡЖɳϾцʖќSҳӇ˭˥]ЮʩXҳӇӈцγ]ŰϷɇ[ҭK

qƭͱΆΟTӯ1988ԃ1992șȠPΆΟíЙϱӿˋǳʔÊӰ]Ä͚XIsPÀz�±Á

�ǁǔ]Ь̩͟ЀΠ˭B200Tu͟:sʣ˄̚ҳӇӈ]ĪҘ˥҅ӯ³�γ��Ã½ӰЬ̩u

ǞʟIm]?ʻĺW9qӯMurakami et al. 2005; ˆÆ 2005a; ˆÆ 2005bӰQN]ȷP̓̚

Ƣ͗ΗǔΆΟɼ҇ќSӈ?Ƣ̨͗ʵŔ[ŨfKȲӓЮʩ[ҭKqΆΟTӯ1991ԃ1999ș

ȠPΆΟíЙϱӿ̙Ҟ˲ßӰ[=:sPə?Ɲ[ĺjsǰģGrm̀єЬ̩͟ЀΠ˭

ӯB200PÎʣ˄ЀΠӰu͟:mӈ]Ƚ͌͘˥҅ÂʎǮ͎ɇЬ̩ɡЖuҫͮIPİǒˊ�

�̚Æ[ͮ͝KqǺΝӈuǫє[C404XŸˀЬ̩uǞʟIPȮʯщÝXZSs:mʣǮ

]ͪȕžū^Z:XύщImӯAsano et el.,2000ӰQӈ]Ƚ͌͘˥҅]Ь―>o^Pӈκ

ʕ̺Ƞ^500čcm-3uѢ<qEX?ƾAP̓̚ɇ̀ƘXIs^ӧ̺ȠW9pPx�xǁ

ҷˊȂ>o]̆˒ǁ̀]Ȳӓ?ΏƊGrmQGo[ΗǔɡЖɳϾ˭˥ɚͨͱƭΆΟќ

S³�ǫ̘π]˥҅Xͮ͝ÂͮҎ]³���²Юʩ[ҭKqΆΟTӯ1998ԃ2003șȠP

ΆΟíЙϱӿŷȅ˲ɖӰ[=:s^PÎƧ�}��˭ӯG-IIP�z¶´Á�~x�Ã¥

�PƛӶӰu͟:m̀єЬ̩ɡЖuҫͮImQE]ɡЖuӥĀImӈ]Ƚ͌͘˥҅Âň

ǔ˥҅Â͇ňǔ˥҅ӯ³�β��Ã½Ӱ]Ь̩>oPİǒʣ˄̚Æ=na˜ӆˀ×ȊŜ

У̚Æ[ͮ͝KqΜR]ӈ���²]Z>WęAҳ́³���²uЮʩIm(ˆÆ 2005c; 

ˆÆ 2005d; ˆÆ 2005e; ˆÆ 2005fPƛӷ)Q 

2000șí[^̀єΆΟɞW^Ľ˘ȉ�²ϑŶβ͘ÞŎɞX]ħŸΆΟSǼȁɇҳӇӈ

]åȋцγ[ҭKqΆΟTӯ1997șȠ>o2002șȠӰuǞʟIPå̀ͱ[̂ʳʕ̺Ƞu

ƶŊKqEX[nqӈ]Ƚ͌͘˥҅]ƻŔPNr[Ȧ@ϕAҳ́ҌΛ]ƻŔuЬ̩͟Ѐ

Π˭ӯMU-2P�z¶´Á�~x�Ã¥�ԀB200PÎʣ˄ЀΠӰu͟:sцdmQN]

ύˏPʕ100čԁ-1]̂ʳuå̀ͱ[ǰģKqEX[nSsȽ͌͘˥҅^Ňͱ[ƻŔIP

ҳ́Ϸ͔Âϙҳ́ҟÂҳ́]ƱɞÂ�z±Á�?ǁ@AƻŔKqEX?рGrm

(Murakami et al., 2007)QΗǔɡЖɳϾцʖќŚ̢ǫί]mj]åȋҳӆÂҳӇ[ҭK

qϙŶͱΆΟTӯ2006ԃ2010șȠӰW^P~x¿�½]͌͘Ŕǔ͎ɇÂӈ˗Â̂ʳ˗Â

ӈÂҳ́uϙŶͱ[̩ǜKqЀΠ˭Ь̩���²uʖĖIӯB200TP�z¶´Á�~x

�Ã¥�PƛӸӰPǨďˀ]�»zxz��Ã�yÁ�Pʵďˀ]ž̬ɇκǏ�Ã�y
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Á�[nq�Ã�yÁ�ŌˏuЮʩKqXXk[P�Ã�yÁ�Ōˏ[ȲӓuÉ<qǁ

̀Îӯ£���»|Á�Ӱ~x¿�½]͌͘Ŕǔ͎ɇ=naӈ˗Â̂ʳ˗͎ɇu̩ǜI

mQӈ]Ƚ͌͘˥҅X]˽ѱ>oPӈ˗Â̂ʳ˗XIsęA~x¿�½]ҬɻŌˏ[ҭ

KqǞиͱ�Ã�kŬȹIm(ˆÆe> 2015; ʚВe> 2015Pƛӹ)QŹůǷǁǔX̀є

ΆΟɞ?UAEҳ́ȬŔ©¿�»²]Ä͚XIsǞʟImЀΠ˭Ь̩>oPx»¥xŚȄ

]΅̵ƢƫW^Ɉȕͱ[ӧ̺Ƞ]ҥ͌���κǏ?Ь̩GrP˽ѱͱʵ>:̨Ƞ[=C

q̠Ŷӈ]̂Ŕ[ҝФZȳŅuˏmIs:qEX?ʩo>XZSmQgmPEro]

���κǏ^Ȝƫ[Κ̘ɮʓIs:qEXkPʣ˄ӲUAEҬ]Ь̩§»z�>oʩo>

XZSmQ 

̀єΆΟɞW^Go[ÊͥʻğΧ]ӈ�µÁ£ÃuРþIPǁ̀Î]˦RZ~x¿�

½>o]̂ʳȯɘҌΛuPGgHgZǁ̀͐ɓu�±·¾Ã�KqEX[npцds:

qӯTajiri et al. 2013ӰQЀΠ˭Ь̩XE]nXZǠĪǞӦuϋhŶtMqEX[npP

ЀΠ˭Ь̩WȹormЧӯ͎[~x¿�½]̂ʳȯɘҌΛӰ]рXÄЁŔΆΟ]Ǟ

ʟ?ˀȶGrqQҩˀҬϔϕIs:q~x¿�½Âӈ˗Â̂ʳ˗]ƢÆ´��¼Á�Ь

̩�Ã�kPˠи�Ã�XIs~x¿�½ÂӈÂҳ́ϑÄ´�½]ʌЄ[ǥÉKqEX

?ˀȶGrqQ 

 

 

 

 

 

 

 

 

 

 

 

ƛӶӳӈȽ̩͌͘ǜƓ=naӈ¾Ã�uʅѲImDAS]GII ЀΠ˭ 
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ƛӷӳG-II>o]ӈÂҳ́]ɻЬ̩Âӈ¾Ã�Ь̩Â°z�¿̑ʎǮбЬ̩Â�¿�

©�Á�Ь̩PVitatio-VPЬ̩ЃX͎ļЬ̩―>o]ӯ�¿�©ӰԄ�Á�ԅЬ̩P̀є

ț¾Ã�Ь̩ÂЗʫ�Ã�>oȹormʣ˄̚ǨȔ̀ƘūˇȔ[öXȔ͐ҳӇӈ]ˣɄ

ƛ0"
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"
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"
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ƛӸӳӈȽ̩͌͘ǜƓuʅѲImDAS]King Air ЀΠ˭ 
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ƛӹӳӈȞÇWЬ̩GrḿҌӢƅȠ1.0gm^0.7Ӯ W̗ɇŔKqCCNʕ̺ȠXӈȞ

Æ]Æʧ̘�xÎ]ӈκʕ̺ȠXCCNҌӢƅȠ�¬��½>oɼǜImʻǁ́ҌӢƅ

Ƞ]ҭćӳ°Ã�]Ѕ^ӈȞӧȠëѺ]Æʧ̘҄ȠuЙIӱǨЅeYÆʧ̘?Ȭ:ӯω

ЅW6 m s-1Ӱӳ 
 

ӯӷӰˊäǁǔ?ÎɀXZSmΆΟ 

ˊäǁǔ^ 2001ș[ŧŊImNASA TRACE-PЀΠ˭Ь̩îҳPNASA ARCTAS

ӯ2008ӰPA-FORCE 2009, 2013W, 2013S ЀΠ˭Ь̩ZYWP~x¿�½]ҳ́[nqҶ

ŦҌΛZY[;ͷIm~x¿�½Ӳӈàþ͟]ΆΟuЕSs@mQEro]ΆΟ>oP

x�x>oУǃȘ̓cѴҀGrsAq¨»���Ã®ÁӯBCӰlN]ê]~x¿�½

ɘķ]ҳ́ҶŦҌΛӯKoike et al., 2003; Oshima et al., 2012, 2013; Moteki et al., 2012ӰPG

o[^ŕˢcѴҀGrqBC]ҶŦҌΛӯMatsui et al., 2011ӰZY?ʩo>XZSs@mQ 

2009ș[ˊ��̚=naӬ̚WǞʟGrmA-FORCE 2009ЀΠ˭Ь̩>o^PӈȽ͌

̩͘ǜМϨӯDMTΐ]CAPSZYӰuʅѲIs˄˙ͱZ~x¿�½Ӳӈàþ͟ΆΟ?

ЕtrmQA-FORCE 2009W^Pӏҳ́ɇ]ÇǺӈӯ́ӈӰuǫєXIsPӈùÇW~

x¿�½]̩ǜuIPӈÎWӈȽ͌͘ҟu̩ǜKqЬ̩u7§»z�]9�Ã�WǞʟI

mQˊx�xÂУǃȘ̓ƫW^ʣ˄kŧŊImACE-AsiaЀΠ˭Ь̩WҴorm�Ã�W

~x¿�½XӈX]ǫɃ?цdorm?ӯAdhikari et al. 2005ӰPA-FORCE 2009]πϑ

ͱZЬ̩>oP~x¿�½ʕ̺Ƞ]ƶŊ[XkZ:ӈκʕ̺Ƞ?ƶŊIs:qEX?ĺ

jsрGrm(Koike et al., 2012PƛӺ)Q 

gmnpнχZЮˌ]ύˏPÇǺǁ̀]ҤǗǜȠ]ɱ˧XIsɹ͟Im̚Ӑ̨́

ӯSSTӰX950hPa]̨̀]ȎӯSST-T950Ӱ?ǁ@APÇǺǁ̀]ҤǗǜȠ?ù:eYP

ŸJ~x¿�½[ǫIsӈκʕ̺Ƞ?ӧ:EX?ʩo>XZSmQEr^SST-T950?ӧ

AZqXPSST]ǁ̀]Ŋ͇[nSs͝Jqǫ̘[=:sÆʧ̘҄Ƞ?ӧAZpPN]

ǁ̀ÎW]ҌӢƅȠ?ӧgpPnp̗ɇŔGr[A:ӯÄЁͱ[npǱGZӰ~x¿�

½gWӈκcX̗ɇŔGrmmjXϰ<orqQGo[¤Ã�½´�½бα]ύˏ>oP

~x¿�½ʕ̺Ƞ]ƶŊҟӯ!NaӰ?ŸJWkSST?ӧAÆʧ̘҄Ƞ?ǁ@:eYӈκ
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ʕ̺Ƞ]ƶŊҟӯ!NcӰ?ǁ@:ӯ!Nc/!Na?ǁ@:ӰEX?ķ>SmQKZtRӧ:

SST^~x¿�½]ӈȽ͌͘ȲӓuƶȖGMqEX?t>SmQSST-T950?ӧ:�Ã�

^SST]ӧ:ӭ̷Әƫ[=:sЬ̩Grs:mÄʞPSST-T950?ù:�Ã�^SST]ù

:Ӭ̚ÆWЬ̩Grs:mQA-FORCEWЬ̩Grmʭǒ]Ӭ̚Âˊ��̚[^Pǁҷ

>o]Ǩ̀Κ̘?mama=EqQE]ύˏPSST]ù:Ӭ̚[=:s^PSST-T950?

ùÇKqÄʞPSST]ӧ:ӭ̷Æ[=:s^ӧAZqQE]ŕУǒγӟ^Ÿʯ[ǁҷ>

oӧ̺Ƞ]å̀ѡ̮~x¿�½uѴҀKqQE]ύˏP~x¿�½̺Ƞ]ƶǁXӧ:

SST-T950]Ìʞ]Ōˏ[npPӈκʕ̺Ƞ?ƶǁKqŰϷɇ?ΏƊGrmQSST-T950

?ӧ:ӭ̷ÆW^ӈӔӧȠkӧ:ÄʞPù:Ӭ̚W^ӈӔӧȠ?ùAӌ͐XZSs:mQ

˄ΆΟ]ύˏ^PÇǺǁ̀]ҤǗǜȠ]ɱ˧SST-T950[npӈ]°�¿Z˦ӯӈӔ

ӧȠPǺŤPҤΝαӈ́ҟӰX±�¿Zӈ͌͘ҟӯӈκʕ̺ȠӰ]Ìʞ[ȲӓIs:

qŰϷɇ?ĺjsʩo>XZSmӯƛӻӰQ 

gmÊͥ]êƢƫW]Ь̩X]˽ѱuǞʟImύˏPA-FORCE-2009[=:sӬ̚Â

ˊ��̚WЬ̩Grmӈκʕ̺ȠȘƤĐ650 ±�  240 cm-3?ÊͥŵƢ]ǁҷɇǁ̀Î]Ș

ƤĐ250 ±� 170 cm-3X˽ѱIsӧ:¾«½[9qEXuΏImQӬ̚Âˊ��̚]~x

¿�½^˽ѱ[͟:mê]ƢƫX˽dsP~x¿�½ϙʕ̺Ƞ?ӧ:[kҭtoiP~

x¿�½Ĥû[ǫKqӈĳύ˗XIsę@Xqκȵ]~x¿�½]ŅŶk˽ѱͱǁ@:

X:X͎Ⱦ?9SmQEr^~x¿�½]κȵķȑ]ȯ?npǁκȵĔ]ŅŶ?ǁ@A

ZSs:mEXuŪʬKqk]W9qQ 

Go[A-FORCE-2009ЀΠ˭Ь̩]ύˏu͟:sӱ~x¿�½[nqӈκʕ̺ȠƶŊ

[ѡƗKqӈx½«�ƻŔXʎǮȬĿňӯTwomeyŌˏӰuɼǜImQå̀ͱZ~x¿

�½]ƶŊ[np25°N-35°N>T125°E-135°E]δƚ]́ӈ]ӈκʕ̺Ƞ?ӈǺ]ĤӧȠ

WÄ˦[ƶŊImXïǜKqXӱӈ]x½«�^11.3 ±�  0.5%ƶŊIP-4.7 ±�  0.2 W m-2

]ʎǮȬĿň?ę:s:qXЧΝkormQ 

A-FORCE 2013Sӯ2013ș7ʼӰW^Pìű̋]ӭ̷ϕ̘ƫ[=:s̓̚ΆΟҫͮ˭˥

]Ь̩ЃX]ŸʯЬ̩uǞʟIP̓̚łϛȔ]SST]Ɇ̹ZƻŔ[ǫKqӈ]ɃήZY

?цdormQgmŸЬ̩W^PƢ͗]ʎǮūʋ[ҝФZȳŅuˏmIs:qŕ̚ҍˊ

ʞ̋ӯŕУǃȘ̓Ӱ]ÇǺӈ]Ь̩kǞʟGrmQŕ̚ҍˊʞ̋]ÇǺӈ^åȋЗʫ]

ͤĚWЧqX˽ѱͱÄ˦[Ч<q?PǞҾ[^ҳ́uIs:qƱɞXIs:Z:Ʊɞ?

9qZYP�z�±��[ʯΠҬͱ[ƻōIs:q˦Ǐ?X>?<mQgmЀΠ˭>o

]ɻЬ̩Wȹormӈκʕ̺ȠXåȋЗʫMODIS]3.7um�µÁ ½>oȹormɍ

ưuĀSsбαGrmӈκʕ̺Ƞ^P˽ѱͱnAÄⅵIs:qEX?t>SmӯƛӼӰQ

Er^åȋЗʫЬ̩]ˠиXIsЀΠ˭>o]ɻЬ̩?ʽŌW9qEXuΏKÄʞP

ЀΠ˭Ь̩XåȋЗʫЬ̩]ÌʞuĀSs~x¿�½ӲӈÂҳ́]˦uцdmpPʕ

Đ´�½бα]ˠи?Е<qEXZYuΏKk]W9qQ 
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ƛӺӳA-FORCE-2009[=:sӬ̚Âˊ��̚WЬ̩Grmӈκʕ̺ȠӯȘƤӈκʕ̺ȠӰ

XĤ~x¿�½ʕ̺Ƞӯȵ10 nmîÆӰuPÊͥŵƢ]Ь̩X˽ѱImύˏQ2˄]Ѡϛ^

Æʧ̘҄Ƞ100 cm s-1ӯÆĔӰX10 cm s-1ӯÇĔӰ]ʯ]¤Ã�½´�½бαύˏQ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ƛӻӳİǒ>oʭǒW]ǁҷ>o]ŕУǒγӟ[nqӈ͌͘ҟc]ȲӓQӧ:̺Ƞ]å̀ͱ

~x¿�½]ѴҀXPǨ̀]ſ@ĶI[nqӭ̷ÆW]ǁ̀ʻÇǺ]ҤǗǜȠ]ùÇ?P

ӭ̷Æ]ӈκʕ̺ȠuŌˏͱ[ƶǁGMs:qQ~x¿�½ʕ̺Ƞ]ƶŊ[ǫKqӈκʕ̺

Ƞ]ƶŊŅŶӯ!Nc/!NaӰ^PSST?ӧ:ӭ̷ÆWӧ:QУǃȘ̓[͎ȾͱZӧ:SST?

ӈ]°�¿Z˦ӯӈӔӧȠPǺŤPҤΝαӈ́ҟӰX±�¿Zӈ͌͘ҟӯӈκ

ʕ̺ȠӰ]Ìʞ[ȲӓIs:qŰϷɇuΏIs:qQ�
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ƛӼӳA-FORCE-2013S[=CqЀΠ˭>o]ɻЬ̩XPMODISåȋЗʫ>o]ӈκ

ʕ̺Ƞ]ɼǜĐ]˽ѱQMODIS]Ь̩�Ã�^PÎȄǑ˾ӯˊ̚ǁǔӰX̃ǳҺ˾

ӯJAXAӰɿĂQ 
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ӷӳӷӳӺӳӂÎѕӆÂűӟ���	 �

 

ӷӳӷӳӺӳӶӳ^Jj[!

ӈÂҳ́���²lűӟuǫєXIsЀΠ˭Ь̩uЕXͷͱ^Pà[ҭ҆I9Xî

Ç] 2 ―[ӂςGrqQÄ―ͷ^ӈÂҳ́���²lűӟX:X³���Ã½]̀є͖

єP=naӈ͌͘ҌΛ]͘Юu҇jqEXW9qQN]mj[^PӈÂҳ́���²l

űӟĪҘXN]ƁѷƫӯîÇPǁ͚̀ƵƱXΙKqӰ[=Cq̘̀ƱP̨̬ȠƱ]Ь̩

?ɁФW9qQgmPӈÂҳ́���²lűӟĪҘ]ӈȽ͌͘ƱӯӈÂҳ́κǏ] 3 ˯

ĝķȑӰ[T:s]Ь̩kɁФW9qQ 

ß―ͷ^ЀΠ˭Ь̩]ύˏu͟:qEX[nqǂ̀ÜưӯʕĐÜưӰ]ʌƏW9qQ

ÎϞȠ]ϙЬШ˨͖є[öX̀є͖є[T:s^ʕʣҬ[tmqÜư?ŰϷXZSs:

qk]]P˜ӆˀ>oƼǒ]ǁӆlűӟ]Üư^͖ʯ―WkƙӅW9qQE]―[T:

s^Pʣ˄]ŜĔ]̚Æ[=Cq͖ˡЬ̩―?ÈѤIs:qEX[nqk]W9qX]

ɱʇ?9qӯKato et al. 2003ӰQçȷPʕĐÜư]ʌƏ[=:sPʣ˄]ŜĔ]̚Æ[=

Cq̀єЬ̩]ȲӓuЧΝkqmj[kPЀΠ˭Ь̩^ʽŌZɟ˹W9qXϰ<orqQ

N]mj[^PÄ―ͷXŸ˦[PӈÂҳ́���²lűӟĪҘXǁ͚̀ƵƱ[=Cq̀

̘ƱP̨̬ȠƱ]Ь̩?ɁФW9qQGo[PEro]Ь̩ύˏuЬ̩XŸʯ[ƢÆ[

ҀċKq�Ã�õҀɡЖ]ҫͮkɁФW9qQß―ͷ[T:s^PʕĐǞӦ]ύˏ>oP

ǂ̀Üư]νȠ[ǁ@ZȲӓuŨfKЬ̩Әƫӯƛ1 ]�Ã���ƫӰuЧĶIPN]

ӘƫWӂÎͱ[Ь̩uЕXX:XSʻґЬ̩̏T?ɿ˚Grs=pPN]ǞиǞӦ?Е

trqnX[ZSs:qQ 

ÆΠ]͌͘ҟuӧνȠ>TӧǦȠ[Ь̩Kq]^PЀΠ˭Ь̩WZCr_ӅI:EX

?ƾAPXptCP̓ÆW^ê]ɟ̏WЄџ]�Ã�uȹqEX?ӅI:Q͖є]͘Ю

=naү̽ǞиΆΟ]Ь―>oPЀΠ˭u͟:mЬ̩]Ǟʟ^ɁФÈŰˮW9qQ 

 

ӷӳӷӳӺӳӷӳҌŦ]Ь̩Þā!

îÇ[PErgW[ʣ˄?Ñûͱ[ǞʟImӈÂҳ́���²lűӟuǫєXImЀ

Π˭Ь̩]ÞāuΏKQ 

 

ӯӶӰWMO ʣ˄̚ЀΠ˭Ь̩ 

2001 șİǒ[ʣ˄̚ÆWӇӈuǫєXIs̀єț̀єΆΟɞ]ˆÆ˲ҺŞƺ]Ñǰ[

npǞʟGrmЀΠ˭Ь̩W9qQʢ[ӷӳӷӳӹΦWдѽGrs:qmjP˄γW^

нIAдѽIZ:Q 
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ƛ 1. űӟuǫєXImʻґЬ̩̏]ˣɄƛQʻґЬ̩̏W^P�Ã���ƫXƃ_rqP

ǂ̀Üư]νȠ[ǁ@ZȲӓuŨfKXϰ<orqӘƫWӂÎͱ[Ь̩uЕXQȹ or

mЬ̩�Ã�uǂ̀Üư[Ľ͟KqEX[nSsÜưνȠ]ʌƏ?ˀȶGrqQ 

 
ӯӷӰˊ��̚ЀΠ˭Ь̩ 

2004 șX 2005 ș]˜ӆˀ[ˊ��̚ÆW˜ӆłϛuǫєXIsŹůǷǁǔƢ͗́ȼ

͚ΆΟ�Á�Ã]Æ͠Şʒɷ]Ñǰ[npǞʟGrmЀΠ˭Ь̩W9qQE]ЀΠ˭Ь

̩^Moteki et al. (2004a, b)[npɿƌGrmP˜ӆˀ[ˊ��̚Æ[ǐơKqСʕ]ūˇ

ϛӯ́Џ̀łϛӰ]ǐơuЬ̩[npрKqEXuͷͱXIsЕtrmQEro]С

ʕ]ūˇϛ?ҝZpŶXʯ[ǁӆ?kmoGrqXϰ<orq (Moteki et al. 2004a)QE

]ЀΠ˭Ь̩W^PбͤΤ˚]˹ҼWʩ[Kd@ǫєuŚЏ̀ł]ǐơuЬ̩[n

pΏKTX:XȯWʩŔW@mEX?ʽŌW9SmXϰ<orqQ 

E]Ь̩W^PЀΠ˭u͟:sˊ��̚Æ]ǫ̘ƞÇǺӯӧȠ 500 mӰułϛu˩ĸ

SsÄǜӧȠWӠЕIP̘̀ƱP̨̬ȠƱ]ƻŔuрKqQN]ȷPǫ̘ƞÆǺӯӧ

Ƞ 12000mӰnpūˇϛ]Ҭ[�¿�©�Á�uɤÇIP̀Ƙ]Ҥ©¿§wz½uȹ

qX:Xk]W9qӯƛ 2ӰQЀΠ˭Ь̩]ύˏPɐǜ҃pP˜ӆłϛX́Џ̀łϛu

рKqEX?W@m (ƛ 3, Moteki et al. 2006, Maeda et al. 2008)QЀΠ˭Ь̩]ύˏnpP

́Џ̀łϛ^ǃȘ̓ӧ̀Ơ[öX̓̚ɇ]̶̬̀ƲXУĔ]ÎƝǁҷ>oąģIsAq

ǁҷɇ]̶̬̀Ʋ]ƵͥӐW9qEXuрImQgmPƵͥӐ[^ӈĹ?ǐơIs:

qEXkͷЩWрImQ 
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ƛ 2..  ˊ��̚Æ[=Cq˜ӆłϛuǫєXImЀΠ˭Ь̩]бͤӯŹůǷǁǔÆ͠Ş

Źоʒɷ]ǈɑ[nqӰQ 

 

ƛ 3. 2004 ș 6  ̓27 ʣ[ǞʟGrmӧȠ 500 m [=Cq¾«½§»z�WŬȹGrḿ

ȘӟӯÆҘ]ϛӰP̀ ӯ̨ѠǞϛӰṔЏ̠̀Ŷ˽ӯӍ―ϛӰuΏKӯMoteki et al. 2006 npӰQ 

 
˄Ь̩W^PЀΠ˭Ь̩]бͤuΤ˚KqҾ[PӈЮĚ´�½ Cloud Resolving Storm 

Simulator (CReSS: Tsuboki 2008) u͟:s�±·¾Ã�¹ÁӯÜưӰǞӦuǞʟIPЬ̩

Üǜʯŀ[=Cq˜ӆłϛlūˇƫ]øϨuɐǜIsPӠЕбͤuΤ˚ImQ͖ơPŹ

ůǷǁǔƢ͗́ȼ͚ΆΟ�Á�ÃW^PE]Ь̩]ʯ]ɟ̏uѨТÂʌЄIsPʣ˄Ɓ

ѷƫuǫєXIm˼ʣ]�±·¾Ã�¹ÁǞӦuǞʟIs:qQE]ʕĐǞӦ]ύˏu

ЮˌKqEXWPӝЎ͖є]ͮ͝ʯ[˦RZ̀єФτuѹ҄[ˠвW@qnX[ZSs

:qQ 
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ӯӸӰУǃȘ̓[=CqЀΠ˭Ь̩ 

2002 ș>o 2010 ș[>CsPУҘ͇ȔǃȘ̓]¤»�ħƅƝ�¿Ã½Π̪uƭƢX

IsP̓̚ΆΟҫͮ˭˥]ƪǾ℃Ä�Ã²¼Ã�[npÑǰGrmЀΠ˭Ь̩?ǞʟG

rmQЃЂlƢÆ]¾Ã�X]ŸˀlʕĐ´�½X]҆ʆ[ҝ―uϨ:sPЀΠ˭u͟

:s�¿ �©�Á�Ь̩uЕXEXWPűӟlǒγĪƻōu˥ɘKqҳ́���²]Ī

Ҙ˥҅l̚ ̓Æ]ƵͥǺƻō]͘ЮuͷɱImk]W9qQ 

2002 ș 12 ʼX 2004 ș 3 ʼ[^P̓̚Ƣ͗ΆΟЃSho:T]ǜ―Ь̩XŸˀIP¾

Ã�uʅѲImЃЂ>o]ɱΏ[ƭU:s�¿�©�Á�]ɤÇ―ủǜKqEX[n

pP³���Ã½]ҳ́���²Ɓѷ]ǁ͚̀ƵƱlǁ̀ƵͥǺĪ]́Џ̀ƻōuXo

<qEXuͷɱImQЬ̩ύˏnpPűӟϡѷ[ͮ͝Imӈ£Á�Ɓѷ]ǁ͚̀ƵƱu

ɴ<PʕĐ´�½X]˽ѱ>oN]˥҅uʩo>[Im (Ushiyama et al. 2006)QgmPɍ

ư҃ċΆΟ˭˥]ӈ¾Ã�XƝΤ͚ƵΆΟɞ]»z�ÃuŸʯ[ʅѲIP§}¼Ã§»

z�XЬ̩§»z�W]ͪZq±��¹ÁuкhmQ̩Ɠ]ōþŰϷ̨ȠȔX�¿�©

�Á�uɤÇKqʻґӧȠX]ҭć[npPĤsuŸˀGMmЬ̩uЕXEX^ӅI>

Smk]]Pčļ[�Ã�uŬȹKqEX?W@mQE]όӦ[ƭU:sPN]ȷP�

¿�©�Á�ŝû]Ь̩uЕXEXXZSmQ 

2005 ș 6 ʼ[^P¤»�ħƅƝ[еϨGrm��©»Ã¾Ã�u̗͟IPƢÆ¾Ã�

>o]ɱΏ[nq�¿�©�Á�Ь̩uǞʟIPЬ̩�Ã�]ŸŔzÁ¤�� (Moteki 

et al.2007) lŕ҇Kqҳ́���²]˥҅ (Moteki et al. 2008) uʩo>[ImQ 

2008 ș 6 ʼX 2010 ș 6 ʼ[^Pűӟ]ͮ͝ҌΛuǫєXIsЀΠ˭Ь̩uǞʟImQ

Ĥ͗ӈЮĚӏӎň´�½ Nonhydrostatic ICosahedral Atmospheric Model (NICAM: Satoh et al. 

2008) [nq̯¼x½�z²ÜưǞӦX҆ʆIm§»z�©»Á]˥εuЕSm?P

Ь̩ŰϷˀҬ?APЬ̩ˀҬĪ]Ь̩Ǟʟ˭ô?ǲZ>SmmjP͇Ȕù̀ƠuЬ̩

KqEX^W@Z>SmQEro]Ь̩W^P͇Ȕù̀ƠX^ͪZq˥҅ukŢ͐ʊ

ÙlPǓΤImҳ́���²ƁѷƱ]Ь̩uǞʟIPʕĐ´�½X]˽ѱuЕSmQ 

EroÄ҆]ЀΠ˭Ь̩]Ǟʟ[npP̚ƽ]Π̪[=Cq˭û]¢Á�¼Á�lP

Сʕ]ЀΠβĿӘƫ[gm?q§»z�©»Á]Τ˚P͖є[ŢɃImӠЕόѧ]ƻʹ

ά]¡|¢|uАΝKqEX?W@mQçȷP͇Ȕ̓̚ÆWŀRXƻŔKqҳ́���

²lűӟuǫєXImЀΠ˭�¿�©�Á�Ь̩]Ǟʟ[^PEro]¡|¢|?ɁФ

ÈŰˮW9qQ 

 

ӯӹӰűӟ]ʻґЬ̩̏ 

űӟ^P�¼»ѕӆlƢӋÂ̼ǼƔ̼XŸ˦PƝ˿]͝ƄPї͞[͜ǁZЛǢuŨf

Kⅳ͖̓є]ÄTW9pPҌŦ[^óő̫űӟlǠɛűӟZYʕřåШ˨]͏͍ϱuĶ

Iműӟ?ǐơKqQ2015 ș 9 ʼ[^P2 T]űӟ[öXϔϕͱŹЏ̀]̘ģ[np

ҭˊÂˊŕƢʞWǁӆ?ͮ͝IPŵƢ[ǁ@Z͉ͭu˸ImQÄʞPƢ̨͗ʵŔ[ö: 
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2013 ș[§y¼¦ÁuТSműӟ T1330ӯHaiyanӰ]nXZ�Ã¤Ãűӟ?çȷʣ˄[

ÆҷKqŰϷɇ?ɱʇGrs:qQE]nXZϵʲ]ÎPűӟ[nqƸ̱ͱZЛǢuƖ

ҕPѰ̥Kqmj[^Pűӟ]˲ZÜ̩ɍư?ҝФW9pPZ>WkӧνȠ]űӟ҇

ѧÜ̩?ɁӗW9qQ 

űӟ҇ѧ]Ü̩νȠ^PʕĐÜ̩���²]ӧȠŔ[npșR;Ǟ[źÆIs:q

ӯǼŮ 2013ӰQI>IPçʣ]ʕĐÜ̩ɡЖuɰSsIskP3 ʣÜ̩W 1000 km ΛȠ

]тȎӯˊäӲӫĢȄҬ]ѥӄ[ȮӰ?͝JsIgXÜ̩]ӅI:űӟ?ǐơKqQ

E]nXZPűӟ҇ѧ]Ü̩тȎ]Ѱ̥uͷɱIPʻґЬ̩̏Xƃ_rqΆΟ?ɿ˚G

rs:q(Yamaguchi et al. 2009)QʻґЬ̩̏^PʕĐÜ̩���²uĀSmɒȠЮˌ[

nSsPÜ̩νȠźÆ[Ōˏ]ӧ:Ь̩ӘƫuŅpĶIPN]ӘƫWӂÎͱ[Ь̩uЕ

XɡЖW9pP˯Êí]ʕĐÜ̩���²XIsɿ˚Grs:qQ 

ȸˉ]ǂ̀ʕĐÜ̩���²^PЬ̩�Ã�ŸŔʕĐÜ̩¸Ã�Ľ͟X:XPЬ̩>

o¸Ã�Ľ͟gW?Äʞź]���²W9qQÄʞP˯Êí]ʕĐÜ̩���²ӯũʞ

źƧ̀єÜ̩���²ӯƛ 4, ý͠ 2007ӰW^PЬ̩>o¸Ã�Ľ͟[tmqȸˉƧ]

Ü̩[Ŋ<sP1) ¸Ã�?͎ǜKqǁ͖̀є[ǫIsǁ@ZÜ̩тȎukmoKӘƫ 

(ӧɒȠӘƫXƃb)uɼǜIP2) ӧɒȠӘƫĪW˭ōͱ[ӂÎЬ̩uЕ:(ʻґЬ̩Xƃ

b)P3) N]ʝm[ȹormЬ̩�Ã�uĽ͟IsĬȠʕĐÜ̩uЕXQӧɒȠӘƫ[

=CqЬ̩�Ã�u�Ã�ŸŔ[ѾŊIsĽ͟KqEX[npPnpӧνȠ]Ü̩ύˏ

uˀȶKqEX?W@qӯƛ 5ӰQ 

űӟuǫєXImʻґЬ̩̏]ʽŌɇuц˕Kqmj[PT-PARC (THORPEX Pacific 

Asian Regional Campaign, Nakazawa et al. 2010, Î̸ 2013)Xƃ_rqʣ˄?ÑǰImƝҾ

ΆΟбͤ]kXP2008 ș[ЀΠ˭[nqűӟ]˭ōЬ̩?ЕtrmQЀΠ˭Ь̩Wȹo

rműӟƁѷ]�¿�©|yÁ��Á��Ã�ӯӟP̨̀ṔЏ̀ZY]Ь̩�Ã�Ӱ

uĽ͟Isűӟ҇ѧÜ̩uЕSmƱŶP�Ã�uĀ͟IZ>SmƱŶX˽dsÜưтȎ

? 20ԃ 40 % ΛȠ̥ǲKqÞā?ǐơImQgmPÜưтȎ]̥ǲ]ȠŶ:^PĀ͟K

q�Ã�ŸŔɟ̏[nSsͪZqEX?ķ>p(Yamashita et al. 2010)PЀΠ˭Ь̩�Ã�

uʻǁҴ[̗͟Kqmj[^PʕĐÜư���²ҫͮX]ʽ˭ͱZ҆ʆ?ҝФW9qE

X?ʩo>XZSmQ 

T-PARC [=:sPűӟ]ʻґЬ̩̏]ʽŌɇuрW@mk]]PgnŘķZǞϥ

uΝjs:qзW^Z:QʻґЬ̩̏[nq˯Êí]ʕĐÜ̩���²]ʽŌɇuǞи

Kqmj[^PɒȠЮˌɟ̏[ҭKqƭΆΟXPʹZqΆΟЬ̩]Νhҝ\?ɁФW

9qQgmPǯˉ]Ƣ̨͗ʵŔʯ]�Ã¤Ãűӟ]ʣ˄uŽiˊx�xъƝc]Æҷ[

Ė<Pűӟ]҇ѧ[Ŋ<sPűӟ]ȬȠlҳ́ҟZY]ÜưνȠuʌƏKqmj]ɡЖ

ƭͶuΤKqEXkƐϘ]хӛW9qQ 
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ƛ 4. ˯ÊíÜư���²PũʞźƧ̀єÜ̩���²]ˣɄƛ(ý͠ 2007)Q 

 

 

ƛ .5.  ɒȠЮˌύˏXNr[ǫɃKqЀΠ˭]§»z�©»Á]ā(ý͠e>P2008)Qȱ

ЅҘ  ̂2007 șӼ  ̓12 ʣ 00UTC ]űӟΪӹųӯűӟÎɀøϨ^ѠÏӰuǫє[ɒȠЮˌu

ЕSmύˏWPʵЅπ?npɒȠ?ӧ:EXuЙIs:qQѠÅЭ^̋ϢW§»z�©»

ÁuебKqҾ[ɐǜImЀΠ˭]ӄ;ҷ¯zÁ�W9qQӭÅЭ?�¿�©�Á�]ɤ

ÇøϨuЙKQϚÅЭ^Ź̻XŜǁˊȄWӧǺ̀єЬ̩]ǜȕЬ̩Ƣ―uЙKQ 
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ӷӳӷӳӻӳӂÎѕӆÂűӟӯ	Ӱ�

ӯӶӰ^Jj[�

˄γW^ӂÎѕӆXűӟuǫєXImЀΠ˭Ь̩[T:s]дѽuЕXd@W9q?P

łƖ]ɿ˚ʺWдѽImˊ��̚Æ]˜ӆłϛu˩ĸqЬ̩ӯMoteki et al. 2005, Maeda 

et al. 2007)� uҶ:s^Pʣ˄W^SӂÎѕӆTӯkIA^Erҭ҆Kq̀є͖єӰu

ǫєXImЀΠ˭Ь̩^ǞʟGrs:Z:QN]ÄʞWP2016șnpҫǋGrmʘҘΗ

ǔͺΗǔΆΟќОŋҠƭͶΆΟSSѕӆXʷӟukmoKűӟ]ňǔͱÂ͇ňǔͱÂӈ

͌͘ǔͱ˥҅]ҟͱЮˌӯΆΟíЙϱӿƥˁƅÒŹůǷǁǔʒɷӰT]ˑĪWPűӟu

ǫєXImЀΠ˭Ь̩?2017șX2018ș[ǞʟGrs:qQNEWP˄γW^űӟuǫ

єXImЀΠ˭Ь̩]Ǟʟ[9mpPҭćϱ?Y]nXZ̯Ė>oЬ̩]Ǟʟ[ⅴSm

]>uдѽKqEXWPçȷ]Ь̩бͤ]Τ˚ÂǞʟ[ѝKqɍư]ɿĂuЕ:m:Q 

ҌŦ25șҬWűӟ]҇ѧÜ̩]тȎ^șRʌƏGrs:qk]]Pűӟ]ȬȠÜ̩]

тȎ^ʌƏGrs:Z:EX?ΏGrs:qӯIto 2016, ƛ1ӰQȬȠÜ̩]тȎ?ʌƏG

rZ:͘͡XIsPʕĐ´�½]ЮĚȠ]ÈѤlűӟ]ɆͮҎҌΛ]͘Ю?ŘķWZ:

EXXXk[Pűӟ]Îɀ̀ƠuɻЬ̩Kqɟ˹?́:EXkɲDorqQ͖ơPű

ӟ]ȬȠ^ӎ˱̀єЗʫ]ѠƽѳȠ̨Ƞ]ķȑnp�®»��̏ӯDvolak� 1975, 1984, 

ˁƱê 1990Ӱ[npɼǜGrq?P͎[Ȭ:űӟ[T:s]�Ã�?ÈѤIs:qEX

k9pPтȎ?ǁ@AZSs:qQE]mjPűӟ]ϑбͱZ�Ã�XZq«���»

��]ɍư[T:skPθƝXʣ˄WʻȬȬȠӯ10ķҬ]ʻǁӟ҄?54 m/sîÆӰ]ʕ

[ǁ@ZÕӄ?͝JqZY]Ǝӛ?Ķs:qӯƛ2ӰQE]nXZűӟȬȠÜ̩]ʌƏ

uЕXmj[Płѽ]ΗǔΆΟќОŋҠƭͶΆΟS[npPTropical cyclone-Pacific Asian 

Research Campaign for Improvement of Intensity estimations/forecastsӯT-PARCIIӰXŹëC

orqЀΠ˭Ь̩u2016șnp5șбͤWǞʟKqEXXZSmQ˄γW^PE]T-

PARCII©¿�}��[=CqЬ̩ǞʟgW]ҌΛXЬ̩ύˏ]ĺˀЮˌ]ɘˏ[T:

sдѽuЕXQ 

 
ӯӷӰЀΠ˭Ь̩]ǞʟgW�

T-PARCII]Ȯĺ]бͤW^P�z¶´Á�~x�Ã¥�ΐӯîÇPDASӰ]ĊʽKq

ƍ͟]�}��ʠǟ˭Gulfstream-IIӯîÇPG-II, ƛ3Ӱu͟:sPűӟ]ÎɀƁѷW�¿

�©�Á�uɤÇIPŬȹGrq̨̀P̬ȠP̀ƠӯӧȠӰPӟźPӟ҄]ɍưu�Ã

�ŸŔ[npӈЮĚʕĐ´�½[ŬpѸiEX[npPűӟ]ȬȠ]ʌƏuͷɱKX:

Xk]W9Smӯƛ4ӰQgmP΄ƨȄ>oǆϪǁȄ[>Cs]ȄȇҘ[еϨGrs:

q̀єțZY]CȔ��©»Ã¾Ã�]Ь̩δƚĪW�¿�©�Á�Ь̩uЕ:P��

©»Ã҄ȠƱ>oűӟ]Îɀӟ҄uɼǜKqground-based velocity track displayӯGBVTDӰ

̏ӯLee et al. 1999, Shimada et al. 2016Ӱ]ˠиkбͤGrs:mQ  
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ƛ1 RSMC Tokyo[nqșȘƤ]űӟÜ̩]҇ѧтȎ(a)XȬȠтȎ(b)]όșƻ

ŔQϛ]Ѕ˼[24ʯҬÜưӯӭϛӰP48ʯҬÜưӯѠϛӰP72ʯҬÜưӯϚ

ϛӰP96ʯҬÜưӯӍϛӰP120ʯҬÜưӯφϛӰuΏKQIto (2016)npȦ͟Q 

ƛ2� ̀єț]ƭ̯WʻȬ]űӟӯ10ķ

ȘƤӟ҄?54 m/sîÆӰXĻǜGrmű

ӟ]ʕ]όșƻŔQ˩ѯ?șPϣѯ^ǫ

ɃKqș]ʻȬ]űӟ]ɛʕuΏKQN

ë]Ǟϛ^ʣ˄]̀єțPǞϛ^θƝ

JTWC[npĻǜGrmʕuΏKQ1987

ș[θƝ[nqǃȘ̓ƫ]űӟ]ɻЬ

̩?ϊÛImȷPÌϱ]ʕ]Õӄ?ǁ@

AZSs:qQ 

ƛ3  DASΐ]G-IIЀΠ˭ 
�
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�

���
 

 
 
 

E]˹ҼWˠвlҫͮ?ɁФXϰ<ors:mФτ^îÇ]҃pW9qQ 

 

2 DASX]űӟЬ̩]���·Ã½]̉ǜ 

ЀΠ˭Ь̩uǞʟKqҾ[^PǞҾ[Ь̩ӠЕuЕXʯҬ]ê[P˭ûuĊIs=

AҾ[kќ͟?ͮ͝KqQűӟ]ͮ͝lʣ˄c]ɻѺ]ʣΛ?ÈǞW9qmjP˜ӆ

łϛȔuǫєXImЬ̩ӯMoteki et al. 2005, Maeda et al. 2007)� XͪZpPűӟuǫєX

ImЬ̩W^Üj˭û]ĊuЕSs=AEX^ќ͟]Ӑ>oƙӅW9qQE]mjP

ÜjDAS]ʞX]цʖ[npPG-II]˭û?Ā͟Grs:Z:ƱŶ[PűӟЬ̩ҫǋʣ

]3ʣł[ҭćϱ>oDAS[Ь̩uЕ:m:ʥ]҆ϏuЕ:P˭û?Π:s:qƱŶ[

Ь̩ҫǋʣ]łʣ>o˭ûuĊKqX:XȯWǇςuϜύW@qȯɓuʖ<mQE]

ǇςȯɓW]ӠЕ]ăӚuЕ<qЧ҃I?ΤSmEXWPΗǔΆΟќОŋҠ]ˑĪWP

:TЬ̩uЕ<q>ķ>oZ:űӟX:X͖є[ǫKqЀΠ˭Ь̩uǞ͖KqEX?Ű

ϷXZSmQ 

I>IZ?oPǞҾ]Ь̩uǞʟKqҾ[^PűӟЬ̩[ґImʯˀ[PG-II?ê]

Ǉς[npĊW@iPЬ̩uЕ<Z:X:XÞɓ?I_I_͝JmQү̽ͱZЬ―>

oPʣ˄[ɻѺKqűӟ]Ь̩uґĸZʯˀ[Ǟ[Е=XXKqЬ―>o^PЬ̩ǭ

͟]ЀΠ˭]Ċ?ɁФW9qXϰ<orqQ 

 

2 �¿�©�Á�XСʕ�µÁ ½ŭċ˭]ҫͮ 

Сʕ�µÁ ½]�¿�©�Á�ŭċ˭^ʩʫӊ̀˖ȥôΐ[npþɘGrmӯƛ

5ӰQŭċ˭2űuŸʯ[ЀΠ˭[ʅѲKqQNrOr]ŭċ˭^P2ƭ]�¿�©�Á

�]Ь̩ύˏuŸʯ[ŭċKqEX?W@qmjPŶбWӹƭ]�¿�©�Á�u͟:

mŸʯЬ̩uЕXEX?ŰϷW9qQ2ƭ]ŭċ˭u˭û[еϨKq͘͡^PӠЕÎ[

üo>]͘͡[npӶƭ]ŭċ˭?ÈцXZSmƱŶWkPkXӶƭuĀ͟IsЬ̩u

ϔϕW@qX:XɥƯɇuϰɕImύˏW9qQ 

 

ƛ4 ŜУъȄ]¾Ã�XЀΠ˭�¿�©

�Á�XuϋhŶtMm͎ļЬ̩]˨ȥ

ƛQΈϛ]ī^Pŵ¾Ã�]��©»Ã

҄Ƞ]ɺδƚ(150 kmgm^250 km)u

ЙKQѠ:ϛ^ҖЦΠ̪>oűӟ]Ɓѷ

uƁƖKqӠЕόѧӯ˚ӰuPѠÏ^�

¿�©�Á�]ɤÇƢ―ӯ˚ӰuЙK 
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�¿�©�Á�˄ûkʩʫӊ̀˖ȥôΐ[nSsʝm[ҫͮGrmӯƛ6ӰQʢ[G-II

[МĖŰϷW9Sm�¿�©�Á�]ǮĶŮ]Ůȵӯ=nN80 mmӰ[ŶtMsþɘG

rPҝҟu110 gXѰҟŔImEX[np¤»�·Ã�uĀti[Ь̩uЕXEX?ŰϷ

W9qQĪҘ[^̨ȠбX̬ȠбPƠňбXGPS�Á�?ϋhѸgrs=pP̨̀P

ǫ̬ȠP̀ƠӯӧȠӰPøϨɍưӯӟźXӟ҄[ƻʀKqӰuЌÇIZ?o2Θ˼[Ŭ

ȹKqEX?ŰϷW9qQîÇ]Ь̩ύˏWΏK҃pPErgW[ϷͯŚȄ̋]ʣ˄̚

ÆW���Ь̩P2017ș]űӟT1721ӯLanӰP2018ș]űӟT1824ӯTramiӰZYWŶб

100ƭeY]Ь̩uЕSm?PPTUӯ̨̀Â̬ȠӰ]�Ã�Ŭȹ͔^95%îÆPGPSӯӟ

źÂӟ҄Ӱ]�Ã�Ŭȹ͔k85ԃ90%ΛȠXPӏȕ[Єǈ[Ь̩�Ã�]ŬȹuЕ<s

:qQgmP2018ș]Ь̩>o^P�¿�©�Á�]ƽĔ]τ˅uȸˉ]ͮ̐��¿Ã

½Р>oXXksEIιuĽ͟Imk][ƻʹIs:qQ�¿�©�Á�^Ь̩uϊÛ

Is̚Æ[ЌÇImȷPⅳ̓[npķЮGrqτ˅WþɘKqEXWP̓̚[=Cqμ

©»����ɤ˝ƎӛӯƢ͚͗Ƶ̆˒]ƎӛӰc]ǫɃkЕSs:qQ 

 
2 ӠЕΠƫ]ɮǁ 

ӠЕΠƫ]ĿҴ]mjP2017șȠ]Ь̩W^ʣ˄]Flight Information RegionӯFIRӰ]

hI>Ь̩ӠЕuЕ<Z>SmQE]mjPŕϞ21Ƞîŕ[űӟ?ŕÆIsEZ:XЬ

̩uЕ<Z:X:X͐̎W9SmQ2018șȠ[^ŕ̚ҍǁǔ]ӧ˫ȚȨʒɷ]ÑǰKq

§y¼¦ÁX]ħŸΆΟ Science and Technology Research Partnership for Sustainable 

Development (SATREPS) - Understanding Lightning and Thunderstorm (ULAT) X]҆ʆ[n

pPŕϞ21ȠîŜӯˊό130ȠîУӰ]°�»FIRXŸӯˊό130ȠîˊӰ]�Ã�»Á

�FIRW]Ь̩kŰϷXZpPűӟЬ̩]ⅳ͡Ƞ?ǁ@AźÆImQE]nXZƝҾͱ

ZӠЕŰϷδƚ]ɮǁZYkɁФW9qEXkP˄ΆΟӯЬ̩̯ĖӰu҃Js͘ЮIm

˯ΪW9qQ 

ƛ5 G-II˭Ī[еϨGrm2ű]�¿�©

�Á�ŭċ˭Q 

ƛ6 ʩʫӊ̀˖ȥôΐ[npҫͮGrm

�¿�©�Á�]ƽЬQ 
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ӯӸӰЬ̩]ǞʟXĺˀЮˌ]ύˏ 

2 ���§»z� 

ʝm[ҫͮIm�¿�©�Á�ŭċ˭uG-II[ʅѲImmj[P2017ș7ʼ[ƝƟã҃

ͺ]ЀΠ˭]ӠЕжŰuȹqmj]кӦ?ЕtrmQE]кӦ]Ä͚XIsP2017ș7

ʼ27ʣ[ϷͯŚȄ̋]ʣ˄̚ÆWG-II]ӠЕ���uЕXXXk[P�¿�©�Á�Ь

̩]���uǞЕImQ2010șîł]˜ӆłϛѺĕWG-II>o�¿�©�Á�Ь̩uǞ

ʟImҾ[^PɤÇȷ[�¿�©�Á�>o]Ь̩Đ]Ҁċӊ̑uŭċW@ZAZqŰ

ϷɇuϰɕIsP�¿�©�Á�ɤÇȷP;́KqgWʡƖMi[ӠЕIsЬ̩uǞʟ

Is:mQI>IZ?oPE]˦ZӠЕÆ]ĿҴ^űӟuǫєXImЬ̩бͤuΤ˚K

qÆWǁ@ZĿςXZSs:mQ 

NEWPE]���§»z�W^P�¿�©�Á�]ɤÇȷ[ʡƖIsŭċ͐̎u

рKq���uЕ:PĤ8ƭ]XR7ƭW]ЄǈZЬ̩�Ã�]ŭċuрImQgmP

҆ϕIsͪZqƁ̑ʕȔӯ0,3 MHz]ȎӰ]�¿�©�Á�uɤÇIPNrOr]�¿

�©�Á��Ã�u@RvXŭċW@qEXkрImQE]���§»z�[nSsP

Сʕ�µÁ ½u͟:m҆ϕ�¿�©�Á�Ь̩P�¿�©�Á�ɤÇȷ]ӠЕόѧ

ӯӠЕǍőӰ]ⅳ͡ȠuрKqEX?W@mQ 

 

2 2017șűӟT1721ӯLanӰuǫєXImЬ̩ 

2017ș10ʼ16ʣ[УǃȘ̓Æӯ°¼x�ъȄѺ̚ӰWͮ͝IműӟT1721ųӯLanӰ^

őňuȬjsУ҇Imȷ[ŕÆIP21ʣ[ʣ˄[ÆҷImQE]űӟuǫєXIsG-II

[np10ʼ20ʣ[̋ϢŜˊ̚ÆWP21ʣ[ʣ˄]Ŝʞ̚Æ[=:sЀΠ˭Ь̩uǞʟI

mQȮĺ]бͤW^Pƛ4[ΏGrqnX[űӟ]ÎɀѺĕӯŚȵ200 kmëѺӰuƁƖ

ӠЕIs�¿�©�Á�Ь̩uЕXÜǜW9SmQI>IZ?oP20ʣ[ӫĢȄΠ̪u

ӄҷIsűӟ[ɻѺÎPG-II]˭Ӥ¾Ã�[npͽ]ƷӈƁѷ[Ȭ:ŪǮȬȠƫ?Чo

rZ>Smӯƛ7ӰEX>oPΆΟϱӯǼ͠ȜȚŞƺӰXDAS]¤z¿��ӯʲǼǃҗ

˾Ӱ?чuIsPűӟ]ͽ]Îc]ΡģuкhmQűӟ]ͽ]Î[^2Ɩљ҃ӠЕu

ЕSm?Pűӟ]ÎɀëѺW�Ã�«½�;͟?ɁФ[ZqeY]Ù̘̀[^Ғ҉IZ

>SmQƛ8^Pűӟ]ͽ]Î>oʈȲImƷӈ]˦ǏuΏKQЬ̩ˀҬÎPűӟ]ͽ

]ƁѷnCWZAPͽ]ÎlƷӈ]ÆΠ>o�¿�©�Á�Ь̩uЕSmQ͎[Pűӟ

]ͽ]ÎW�¿�©�Á�Ь̩uСʕƖЕ:PÎɀ̀Ơ]Ǟ̩ĐuŬȹKqEX?W@P

�®»��̏[npɼǜGrműӟ]Îɀ̀ƠXɻ˽ѱuЕXEX?W@mQ 
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ƛ8 űӟT1721ųӯLanӰ]űӟ]ͽ]ÎWʈȲImĮͼQ 
 

E]Ь̩W^Pűӟ]ͽ]ÎWӧӧȠӯӧȠ13.0 kmӰ>o�¿�©�Á�Ь̩uЕX

EX?W@mX:X―[ɑϬ?9qQ͖ơPθƝWǞʟGrs:q¢¼�ÃÁ]љ҃Ь

̩^PӧȠ3 kmëѺ>o�¿�©�Á�Ь̩uЕXmj[Pűӟ]ÎɀëѺ]ÎÆǺ[

=Cq̨ȠÂ̬Ƞlӟ]ķȑ]Ь̩uЕXEX?ĶˉZ:Q˄Ь̩W^ÆΠ>o]�¿

�©�Á�Ь̩uЕXEXWPűӟ]ͽ]Î]ßҝʵ̀˗˥҅ӯStern and Nolan 2012Ӱ

uЬ̩ͱ[рKqEX[kɘŉImQgmPʻǁӟ҄Śȵ]ѺĕWȬӟ]ǐơkр

KqEX?W@mQ 

űӟT1721ųӯLanӰ]Ь̩W^P10ʼ20ʣ[2ƖPϮʣ]10ʼ21ʣ[k1Ɩűӟ]ͽ]

Îc]љ҃Ь̩uЕSmQ 

 
 

ƛ7 űӟ]ƁѷӠЕʯ]G-II]˭Μ¾Ã�

[nqŪǮȬȠķȑQϚЅPӬЅPѠ

ЅPφЅ]ӖWŪǮȬȠ?Ȭ:EXuΏ

IPѠЅlφЅ]Әƫ]ӠЕ^šҸW9

qXGrs:qQ́ȘӐ>oӲ4Ƞ]½�

��|ÁͤĚW9qQͰ:ȩ͐]ϛ^ɟ

łĔӯӠЕ˭]ϒ?ɾ>rs:qӰ>o

50°z½P100°z½]ѥӄuΏKQӠЕ

˭]҇ЕʞźȌĔ]īȯ]ŪǮȬȠ]Z

:Әƫ?űӟ]ͽW9qQ 
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2 2018șűӟT1824ӯTramiӰuǫєXImЬ̩ 

2018ș9ʼ21ʣ[УǃȘ̓Æӯ°¼x�ъȄѺ̚ӰWͮ͝IműӟT1824ųӯTermiӰ

^őňuȬjsУ҇IP24ʣ>o28ʣgWŕϞ20ȠPˊό130ȠëѺWĒ̳Imȷ[ŕ

ÆIP30ʣ[ʣ˄[ÆҷImQE]űӟuǫєXIsG-II[np9ʼ25ʣ>o28ʣgW]

4ʣҬ҆ϕW̋ϢŜˊ̚ÆWЀΠ˭Ь̩uǞʟImQE]Ь̩^T-PARCIIXSATREPS-

ULATX]ħŸWǞʟGrmQłѽ]҃pPSATREPS-ULATX]҆ʆ[npPŕϞ21Ƞ

îŜ]°�»FIRX�Ã�»Á�FIR]ӘƫĪ]Ь̩ӠЕ?ŰϷXZSmmj[Pűӟ]

ÎɀëѺWŘķZЬ̩uЕXEX?ŰϷXZSmQ 

9ʼ25ʣ[^PG-IIWͻƑŹůǷΠ̪>o§y¼¦Á]�»Ã�Π̪[ΚōKq҂ÎWP

űӟ]ͽ]Îc]љ҃ӠЕuЕ:P�¿�©�Á�Ь̩uǞʟImQE]ʯkűӟ]Î

ɀëѺW^�Ã�«½�;͟?ɁФ[ZqeY]Ù̘̀[^Ғ҉IZ>SmQE]ʯP

E]űӟ^̜͝ʻùÎɀ̀Ơӯ915 hPaӰuдҦIs=pPͽ]ȵ^60 kmΛȠX

T1721ųӯLanӰ]Þā[˽dsǱG>SmQ 

9ʼ26ʣ[^P§y¼¦Á]�»Ã�Π̪>oҖЦΠ̪[ΚōKq҂ÎWPűӟ]ͽ

]Î[2Ɩ]љ҃ӠЕuЕ:Pͽ]ÎlƁѷ[=:s�¿�©�Á�Ь̩uǞʟImQ

ͽ]ȵ^łʣ]60 km>oŇͱ[ɮǁIs200 kmΛȠ[gWȜ?pPÎɀ̀Ơk950 

hPaΛȠ[ÆʧӯȪŔӰImQͽ]Î^Ȝ:δƚ[tmSsÇǺӈӯÎǺӈӰ[Хtr

s=pP�¿�©�Á�Ь̩]ύˏWkPÎǺӯӧȠ6 kmëѺӰgWǫ̬Ƞ?90Ӯî

ÆXӧ:Әƫ?ǐơIs:mQ 

9ʼ27ʣ[^PҖЦΠ̪>oӫĢȄΠ̪[ΚōKq҂ÎWPűӟ]ͽ]Î[2Ɩ]љ҃

ӠЕuЕ:Pͽ]ÎlƁѷ[=:s�¿�©�Á�Ь̩uǞʟImQͽ]ȵ^łʣX

ŸΛȠ]200 kmΛȠW9pPÎɀ̀ƠkefŸΛȠW9SmQͽ]Î]Ȝ:δƚ[tm

SsÇǺӈ?Ȝ?Ss:m―^łʣXŸ˦W9q?PӈӔӧȠ?10 kmΛȠgWľҎK

qnXZ̟:ǫ̘ӈ?ͽ]ÎWͮҎIs:q˦Ǐ?ЧormQI>IZ?oPEro]

ǫ̘ӈ?ʝI:ƷӈXIsgXgq˦Ǐ^Z>SmQE]ʣ]ӠЕW^NHK]дϱX�

³»°Á]ʞ?ŸÖIPűӟ]ĪҘ]˦Ǐl˭ĪW]Ь̩]˦ǏZY]Ŭ˅uЕSs:

mQ 

9ʼ28ʣ[^PӫĢȄΠ̪>oͻƑŹůǷΠ̪[ɜq҂ÎWP̋ϢŜʞ[øϨIs:

műӟ]ͽ]Î]љ҃ӠЕuЕ:Pͽ]ÎlƁѷ[=:s�¿�©�Á�Ь̩uЕSmQ

ͽ]ȵlÎɀ̀Ơ^łʣXŸΛȠW9Sm?Pͽ]ÎWÇǺӈ[Хtrs:qӘƫl

łʣ[Ь̩Grs:m̟:ǫ̘ӈ^ЧorZAZpPȜ:ӘƫW̚Ӑ]˦ǏuЬǩKq

EX?ĶˉmQ 

 

2 űӟ]ͽ]Îc]љ҃ӠЕ[nqЬ̩[T:s 

ErgW[P2017ș]T1721ųӯLanӰX2018ș]T1824ųӯTramiӰ[=:sŶбW9

Ɩ]űӟÎɀc]љ҃ӠЕXPͽ]ÎW]�¿�©�Á�Ь̩uǞʟImQűӟ]Îɀ
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ëѺ]ÆǺuӠЕIs:qҬ[^PÜɐ[ŪIsÙ̘̀[Ғ҉KqEX^́AP�¿�

©�Á�Ь̩uϔϕW@qXXk[P˭Īl˭ƽ]˦Ǐ]ĮͼʈȲlōͤʈȲuЕXE

X?W@mQçƖ]űӟÎɀc]љ҃ӠЕʯ]ӠЕӧȠ^13.0 kmW9pPƽ̨̀^Ӳ

40Fӯӈκ[ǫIsƤџ˗͝ɘ?͝JqӧȠXϰ<orqӰnpk^q>[ù:QE]

mjP;̂]šҸȠuϰɕKqɁФ?́:ӧȠW9qQErgW]Ä҆]Ь̩[npP

űӟ]ƷӈÆǺҘ[=CqÙ̘̀X]Ғ҉͔^ǁ@AZ:EX?ΏGrPƍ͟]�}

��˭u͟:sӧӧȠ>oűӟ]ÎɀëѺc]љ҃Ь̩uЕXEX?ŰϷW9qEX?

ΏGrmQEro]Ь̩u҃JsP�®»��̏[npЕtrs:qűӟ]Îɀ̀Ơl

ǫɃKqÎɀëѺ]ʻǁӟ҄]νȠйĄuЕXEX?ŰϷXZqXϰ<orqQ 

 
2 Ĥ͗҃ċ���²ӯGlobal Telecommunication SystemӿGTSӰ[�¿�©�Á�Ь̩

]ύˏuҚċKq���²]Τ[T:s 

2018ș]Ь̩>oPŬȹGrm�¿�©�Á��Ã�uGTS[ҚċKq���²]

ΤuкhmQN]ɟӖXIs^Pŵ�¿�©�Á�Ь̩?ϊÛӯ�¿�©�Á�?;́

IsÄ҆]Ь̩�Ã�?þɘGrmȷӰP˭ÆWGTS[̘҃GMqʺȥc]ƻʀuЕS

sӊǏ³Ã½WŹůǷǁǔ]�Ã£[ҀċKqQ�Ã£Æ]�Ã����]ǊȮɇuҭ

ćϱ?рImȷPGTS[�Ã�uҀċKq���²u˥εImQE]���²^P̀

єț̀єΆΟɞ]ǼŮǙȰŞƺX̀єț]ҭćҘϩ]ʞRPʩʫӊ̀˖ȥôΐ]̡́ē

þŞƺPŹůǷǁǔǖǛƢ͚͗ƵΆΟɞ]ŊВӁØΆΟƈZY]śň[np˥εGrmQ

���²^͖ơкþ˹ҼW9q?Pçȷ]Ь̩]ǞʟZYu҃JsPnp̔ϟGrmk

][ΚЕIs:AEX?ˀȶGrqQçƖ]Ь̩ύˏ[T:skPŵ˭ҭ[Қċȷ[ό

ѧ]Üư[ʌƏ?Чormk]k9pPçȷPE]nXZ���²]ʽŌɇuрIs

:AɁФ?9qQ 

 
2 ЀΠ˭Ь̩ʋʃûĿ]Τ 

2018ș]Ь̩>oP˼ʣ]ӄҷ[ğnSsPűӟ]ͽ]øϨlӈӔѳȠ̨Ƞ]ķȑ

ӯÎɀ>oYRoĔ[̟:ǫ̘ӈ?ͮҎIs:q>Ӱ]ɍưħʽuЕXûĿuΤImQ

̀єț>o`gtp8ų]˭ōЬ̩]�Ã�uģɟW@qnX[ɟҚIPѠƽѳȠ̨Ƞ

]́ȘʜӐƛӯϞȠόȠuѾŊWëÉImk]ӰuþɘPŹůǷǁǔ]�Ã£[˙σI

mk]uҮЪW@qɓőuʖ<mQӄҷł[˭Ī>oŸɍưuŬȹIPʻʝ]ɍư[ƭ

U:sӠЕόѧlͽ]Îc]҇ģʞźZY]Τ˚uЕSmQgmPӠЕÎkűӟ]øϨ

lͽ]ǁ@GPͽ]Ɓƚ]ӈӔѳȠ̨Ƞ]ķȑZY]ɍưūӂl�¿�©�Á�]ŭċ

͐̎]рuʋʃ͕?Е:PґǝPЀΠ˭Ь̩͕XЗʫӊлu͟:mãċ[nSsī̲

ZЬ̩]ǞʟuЕXEX?ĶˉmQ 

 

2 �¿�©�Á�Ь̩Ƣ]̨̀£zx�[T:s 

�¿�©�Á�ɤÇȷ[˭Ī]̨ȠXƽ̨̀]Ҭ]̨̀Ȏ[npP�¿�©�Á�˄
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û]ѵǮ͇]Ȳӓ[nqXϰ<orq̨̀]£zx�uрImQ2018ș]Ь̩[=:

sPŜǁˊȄ[=:sƢÆ>oʎ͗Im»���Á�Ь̩XŸˀGMsPЀΠ˭>o]

�¿�©�Á�Ь̩u3ƖӯŶбW5ƭӰ[tmSsЕ:P£zx�Đ]Ǟɓuцds:

qQ 

 

ӯӹӰgXj 

2017șX2018ș[űӟuǫєXIsƍ͟�}��˭u͟:m�¿�©�Á�Ь̩uǞ

ʟImQEro]Ь̩W^θƝlű̫ZY]űӟuǫєXImЀΠ˭Ь̩]ğ҇ƝWk

ǞʟIs:Z>SmPűӟ]ÆǺ>oͽ]Îc]ʽå˭[npљģЬ̩uǞʟKqX:

XPÊͥͱ[kĺjs[Ѻ:Ь̩uЕXEX?W@mQE]Ь̩ύˏ[T:s^ƝҾǔ

ôWͮЙuЕXXӧ:ҭɀuΏGrqEX?ƾAPçȷ]ЀΠ˭u͟:műӟЬ̩]Ä

T]9pʞuΏKΆΟW9SmXϰ<orqQ 

N]ÄʞWPЀΠ˭Ь̩]Ǟʟ[ҭKq¡|¢|^ɟGBp[͐ɓW9pPЬ̩uǞ

ʟIZ?oхӛ]ġʾkЕSs:qX:XⅳѮѫʉˡͱZ͐ɓW9qQEro[T:s

^Pщʘ[дѽGrqEX^eXvÝAPЀΠ˭Ь̩uǞʟIZ:EX[^ķ>oZ

:EXW9pPçȷXkЀΠ˭Ь̩uǞʟIs:AEX[nSsАΝGrs:AXϰ<

orqQ 

çƖ]Ь̩u҃Jsȹormɍư^PΆΟ͟]Þȷ]ʕĐǞӦnCWZAP͖ˡ´�

½[kGTSu҃JsɿĂGrs=pPűӟЬ̩]ÄT]ɑϬuĨ͖ŔImk]W9qX

kЯ<qQçȷXknpЄ:űӟ]͘ЮXÜư]źÆ]mj[Pϔϕͱ[űӟЬ̩uЕ

:PGgHgZЬ̩ɟ̏uкIshmpPЬ̩˭Ɠ]νȠźÆlŸŔɟ̏]źÆZYu

ƛSs:AɁФ?9qXϰ<qQçƖ]űӟuǫєXImЀΠ˭Ь̩]Ǟʟ^PЬ̩]

�Ã½W^́APnpЄ:Ь̩uͷɱIm��Ã�W9qXøϨUCqɁФ?9qXċ

Jqk]W9qQ 

 
эѶ�

ЀΠ˭u͟:műӟc]љ҃Ь̩[=:s^PӠЕбͤlǞʟ[=:sʻǁҴ]˓ѭ

ɇuɿĂIsӔ:m�z¶´Á�~x�Ã¥�ΐ]Ͳ˦[ɒэ:mIgKQ˄ΆΟ^Η

ΆќОŋҠ(16H06311=na16H04053)]ŋɘuŭCsǞʟIgImQ 
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ӷӳӸӳ̓̚Ηǔ�

ӷӳӸӳӶӳ̂̚�

ӷӳӸӳӶӳӶӳˣФ!

̂̚^İǒ[̓̚>oǁ̀[ʎĶGrqƾǁZ͇uғʜIPgmPӧ:x½¥Ã�]

ʐ[ʣǮҟuǁȖ[̥iqȳŅuɰTQE]mjPǁ̀Ĕ>oЧqX̂̚ƫ]ƻō^͇

~ ½�Ãͱ[ӏȕ[ǁ@ZȲӓuŨfKQÄʞP̓̚Ĕ>oЧskP̂̚ɘҩ]Ҿ[

ʎĶKqӧƳķ̺Ƞ́^�Ã��̚lŜǁ̓WÎǺ=naȞǺ[͎͑]́Ʋu͝hĶ

Is̓̚ǁȼ͚[ǁ@ZȲӓuŨfKEX?ors:qQE]nX[P̂̚ƫ]ƻō

^ǁ̀Ĕ[k̓̚Ĕ[kǁ@ZȲӓňukRP�¿Ã£½ZƢ͗]̀ď���²]ÎW

ҝФZȳŅuˏmIs:qQѺșPŕˢƫW^ 10 șҬWςӹӮ]ŅŶŴ̚ƫ?Ɇ҄

[̥ǲĘź[9qEX?Зʫ´��¼Á�Ь̩>oΏGrs=pӯCavalieri and 

Parkinson, 2012ӿƛ 1ӰP̀ď���²[É<qȲӓ?ɗɄGrs:qQÄʞWPŜˢƫ

W^ 10 șҬWς 1.5Ӯ]ŅŶŴ̚ƫ^ȽƶĘź[9qEX?ΏGrs=pӯParkinson 

and Cavalieri, 2012ӿƛ 2ӰPN]ōź?̒ͷGrs:qQ 

ƛ 1. ŕŚ͗̂̚ƫ]˼ʼȘƤӐΝ]ʯҬƻōuȘșĐ>o]ȎWΏImk] 

ƛ 2. ŜŚ͗̂̚ƫ]˼ʼȘƤӐΝ]ʯҬƻōuȘșĐ>o]ȎWΏImk] 
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ǁ̀[É<qzÁ¤��^P̂̚ƫ]ÎWk͎[ƻō]̹I:ǒγ̂̚ƫ?ҧuʁq

Xϰ<orqQǒγ̂̚ƫ^ˢƫX̨Ȕƫ]͒Ҭ[øϨIs=pPx½¥Ã�§yÃ�

£��ZY]ŌˏuϰɕKqXPN]̛ҩ?̀ďƻō[kǁ@ZȲӓuŨfKEX?Ř

ķÜɐGrqQȸSsP̀ďƻō]Юʩ]mj[^ǒγ̂̚ƫ]ɳqϿ:u˲IAÜ̩

KqEX?ҝФZхӛW9qQ 

ǒγ̂̚ƫ]ƻō?̀ďƻō[ŨfKȲӓuǜҟͱ[ЧΝkq[^PʕĐ̂̚´�½

ùď´�½[ϋhѸi]?ʻkÄЁͱZɟ̏W9pPErgW[k 1970 șí[ŕˢ

ƫWǞʟGrm©¿�}��ӯArctic Ice Dynamics Joint ExperimentӰ]ɘˏW9q Hibler 

(1979)îˉPʕƾA]ΆΟ?ZGrs@mQI>IZ?oPȸˉ]̂̚´�½^ĝˉŕ

ˢƾș̂uǫєXIsͮǸImk]W9pPɁiIkǒγ̂̚ƫ]Ǟɓ[ƭU:mk]

W^Z:QǞҾPIPCC ưƀʺW͟:ors:q̀ď´�½^:irkŕˢ̚]̂̚]

Ɇ̹Z̥ǲuҌǱйĄIs=p(Rampal et al., 2011)P̂̚ňǔҌΛ]ʌƏ]ɁФɇuϰ

<qΆΟϱkƾ:Q 

͖Ǟ]ǒγ̂̚ƫW^̂Ͷ]ǁ@Gķȑl̂ŤķȑZYPƾș̂X^˦R[ͪZqɇ

џuɰSs:qQ͎[Pǒγ̂̚ƫ]nX[Б:̂̚?ƾʕǐơKq̚ƫW^P˲IA

̂ŤķȑuЧΝkqEX?ǁ̀X]͇ãʀuЧΝkqÆWƾș̂̚ƫîÆ[ҝФW9q

EX?ors=pPE]СӃGk9qΛȠĬ͖KqEX?Ф̄GrqQgmPѺș]

ŕˢƫW^ƾș̂ƫ]̥ǲ[öSsǒγ̂̚ƫ]şjqӐΝ?ƶ<s=pP̥ǲĘź?

͎[ЎI:]^ДЮˀW9qEXuϰɕKqXPǒγ̂̚ƫ]ДЮҌΛu˲IAʕĐ´

�½WЙ͖KqEX?ͳRҝФ[ZSs@s:qQI>IZ?oPE]ҌΛ^ʻk͘Ю

?҇vW:Z:ҌΛ]ÄTW9qQ̀ďƻō]Юʩ?ҝФZхӛXZSs:q͖ơP̚

̂]ǞɓuƭͶXImʕĐ̂̚´�½]˥ε?ʦɆ[̄jors:qQ 

 

 
ƛ 3. ¯¼�¶ƫ?ǁ̀l̓̚[ŨfKȲӓuΏIm˨ȥƛӯMaqueda et al., 2004Ӱ 
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ÄʞP̓̚[É<qzÁ¤��?͎[ǁ@:]^̂̚͝͞ҟ?ƾAsӧƳķ̺Ƞ]̚

́?þorq¯¼�¶Xƃ_rqP̂̚ƫ]ÎWkҫʎ́Ӑ9q:^Б:̂̚WХtr

m̚ƫW9qӯƛ 3ӰQ¯¼�¶W^ǁҟ]̂̚u͝͞KqXŸʯ[ǁҟ]͇uǁ̀[

ʎĶKq]Wǁ̀[ǫKqȲӓkǁ@:Q̂̚͝͞ҟ^¯¼�¶]Б̂Ť[ǁ@Aăǐ

KqmjP͝͞ҟuνȠnĀjqmj[^̂Ťu˲IAЧΝkqɁФ?9qQ 

 

ӷӳӸӳӶӳӷӳЀΠ˭Ь̩[ҭIsŕ̚ҍǁǔ?ŬpϋvnΆΟ!

ǒγ̂̚ƫ]͎̂̚ɇ]ΠҬƻō]íЙͱZ��Ã½^ʕŘԂԃʕŘ km W9pP͖

ƱЬ̩]��Ã½>oЧqXǁ@APЗʫͤĚ]��Ã½>oЧqXǱG:QNEWN

]Ҭ]��Ã½uƩjqЀΠ˭Ь̩^ʽ͟[͟:ors@mQłγWѽdmEXuϵʲ

XIsPŕǁų̀ΆW^ЀΠ˭Ь̩XIs�Ã��̚lŜˢ̚uǫєXIŝ̚ƫ]

̀Ƙƻџ]Ь̩P̂Ͷ]ȯɓЬ̩P̂Ťɼǜ]mj]Зʫ�Ã�ˠиZYuͷͱXIs

ŬpϋvW@mQEEW^̂Ͷȯɓ]Ь̩=naЗʫ�Ã�ˠи[T:sǞāuψèK

qQ 

ӶӰ̂Ͷ]ȯɓЬ̩ 

ǒγ̂̚ƫӐΝ]̛ҩủǜKq]^ƽ̓X]Ƶ[øϨKq̂ϡƫ]ɳqϿ:W9pP

N]ȷѿҌΛuÜ̩Kqmj[^̂ϡƫ]ДЮҌΛu˲IA͘ЮKqɁФ?9qQ̂ϡ

ƫ^ƽ̓[ɻKqmjP̑X]àþ͟?̗ͮZӘƫXIs͎ȾUCorqQKZtRP

̂[nSs̑?Ɇ҄[̥КKqÄʞWP̑[nqǵʸŴ̚?Έ·I˽ѱͱǱGẐͶ

?ȯɘGrqQE]EX^̂̚]ДЮҌΛ[ǁ@ZȲӓuŨfKQX:X]^P͎[Ŝ

ˢ̂ϡƫ]ДЮҌΛ[=:s^ʭğ[̂ͶҬ]ҫ́ӐWžūIm̑ʎǮ]͇?̂̚[

ѴҀGrqҌΛ?˄џW9qEX?ors:qӯNihashi et al., 2005Ӱ?P̂̚]şj

qӐΝ?ŸĴ̚ƫW9SskǱGẐͶ?ʕƾAǐơKqʞ?́̚[ɻKqӐΝ?ǁ

@:mjŌ͔ͱ[ДЮKqEX[ZqQȸSsP̂Ͷ]ǁ@Gķȑ^ʕĐ̂̚´�½W

ДЮҌΛuĬ͖KqÆWǁƻҝФZ¤»³Ã�XЯ<qQ 

̂ϡƫ[=:s^ǁǱ˦RẐͶ?ǐơIs:qQEro^ÙӃ[ķȑIs:qX:

Xnp^PÄЁͱ[^̂Ͷķȑ^ⅳȏ÷ɇӯ§»��½Ӱ]͎ȾuɰTEX?or

s:qQI>IZ?oPȸˉ]Ч^ȵ 100m îÆ]˽ѱͱǁ@ẐͶuǫєXKq

k]?Ñ̘W9pP˽ѱͱǱGẐͶ]ǁ@Gķȑ[T:s^gnЄAors:Z>

SmQgmPȸˉ]Юˌύˏ^PƾA]ƱŶ[§»��½˯ĝ?ӷuѢ<qX:XƎӛ

uɩ<s:mQE]EX^PǱGẐͶ^ͪZqķȑ]͎ȾuɰTEXuɑƂKqQN

EWP�Ã��̚lŜˢ̚[=:sª¼u͟:m̂Ͷķȑ]Ь̩uǞʟImύˏP

ȵ 20ԃ40ԂuƵ[ͪZq¾�Ã²?ǐơKqEX?ЧĶGrmӯToyota et al., 2006, 

2011ӰQEr[^̑―̂̚àþ͟?ҭ҆Is:qEX?ɼ̩Grs:q 
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ƛ 4. �Ã��̚ŜҘ[=Cq̂Ͷ]ǁ@G]Ναčʕķȑƛ(Toyota et al., 2006)� ˩

ѯ^̂Ͷ]ȵ(d)W9pPΝαčʕ(N)X^ŝøӐΝȮmp[ŵR]̂Ͷ]ȵnpk

ǁ@ẐͶ]čʕuЙKQN = A d-α WЙGrqʯP§»��½]͎ɇ?9qmjPƛ

ÎWϛҭć^§»��½W9qEXuΏIs:qQ 
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ӷӰЗʫ�Ã�ˠи 

̂̚ƫ]̂Ťķȑɼǜ]mj[ѺșЗʫ�Ã�u͟:mɟ̏?ҫͮGrs:q?Pƻ

ō ]̹I:ǒγ̂̚ƫW^çZ=Ю̉Kd@хӛ]ÄTW9qQNEWN]ÄT]ŰϷ

ɇX Is L-band ]ŶɘҫŮ¾Ã�(SARԀ̑ҩ 24cmӰ]ʽ͟ɇuŻƂImQEr^ǒγ

̂̚ƫ]̂ŤͮҎ[^ƛ 5 [ΏKnX[ňǔͱZƻȯҌΛ?˄џͱW9qmjPЙӐĵ

Ĵ]ȠŶ:?̂Ťķȑ]Є:ɱ˧XZpXqX:Xïǜ[ƭUAQЙӐĵĴuЗʫ>o

ɴ<q[ ^PN]ĵĴ]��Ã½[Ѻ:̑ҩuɰT LӲband ?ʽ͟Xϰ<orqQЀΠ

˭u͟:sЃЂX]ŸˀЬ̩]ύˏP�Ã��̚ 2 ʼ]̂̚[ҭIs^ L-band SAR 

]ȷʞʓÙćʕPЙӐĵĴ]ȠŶ:P̂Ť]Ҭ[^Є:ҭҭć?9qEX?ЧĶGrP

>[ L-band SAR ^ʽ͟W9qEX?ΏGrmӯToyota et al., 2009ӿƛ 6ӰQgmPˢ

ƫ[=:sk9qΛȠʽ͟ɇ?>jormQ͖ơPALOS2 Зʫ[=:s L-band SAR 

uʅѲIs=pPçȷ]Ƀ͟?ˀȶGrqQ 

 

 
 

ƛ 5. ǒγ̂̚ƫ]̂ŤͮҎҌΛ 

 

ƛ 6. �Ã��̚ŜҘWȹormЀΠ˭ʅѲ L-band SAR ]ȷʞʓÙćʕX̂ŤX]

ҭƛQ 
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ÄʞP¯¼�¶[=Cq̂̚͝͞ҟuЧΝkqEX^̓̚ǁȼ͚u͘ЮKqÆWҝФ

ZхӛW9qmjPБ̂]ŤGuЗʫ°z�¿̑�Ã�ZY>oЧΝkqx½�¼�²

uΤIPŜˢĤû]̍Ȃ¯¼�¶[=Cq̂̚͝͞ҟ]°�¦Á�uЕSmӯTamura 

et al., 2008ӿƛ 7ӰQI>IZ?oPЗʫ�Ã�[ҭIs^Z=͖Ʊˠи?ɁФZ͐̎[

9qQNEWЗʫ[ʅѲGrs:q°z�¿̑ʎǮбuª¼[ʅѲIs�Ã��̚=

naŜˢ̚WˠиЬ̩uЕSmQN]ύˏPN]ʽ͟ɇu9qΛȠˠиW@mQ 

 

  
 
 

ƛ 7. Зʫ°z�¿̑=nàєĬЮˌ�Ã�u͟:sЧΝkorm̂̚șҬ͝͞ҟ]

ķȑƛ 
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ӷӳӸӳӷӳ̍Ȃ�

̓͌̚͘ǔ[=:s̚ӐӧȠ^P̀єǔ[=CqƢÆ̀Ơ[ǫɃKqƭ˄ͱ>TҝФ

Z͌͘ҟW9qQӎ˱ImïɐͱZ̓̚]̚ӐӧȠ]ķȑ^ҝň]ά¯�Á�µ½ӐW

9q��z�WÉ<orq?Pƽň]þ͟W̚ӐӧȠ?��z�>oirqX́Ơ[Π

ҬŒҚ?W@̘r?ӥōGrqQgmP̚ӐӧȠ^͇ⅲȫ[nSskƻŔKqmjP̚

ӐӧȠ>o̓̚ĪҘ]̨́kɼǜW@qQ 

͖ơP̚ӐӧȠ]ɍư^PǭoåȋЗʫ[ʅѲGrm̚ӐӧȠб[nSsȹors:

q(ex. Aviso+ Satelliete Altimetry Data: https://www.aviso.altimetry.fr/en/home.html)QЗʫ̚

ӐӧȠб^PƢ͗uϗͷ͐[ХXѬҍuϧpѻIΚōIZ?oPЗʫ>oÇ[°z�

¿̑uͮċI̚Ӑ[ŪǮIɜSsAqʯҬ>oЗʫX̚ӐgW]ѥӄūjPNrXЗ

ʫ]øϨɍư>o̚ӐӧȠuтȎʕcm]ӧ:νȠW̩ǜKqk]W9qQ͖ơP˦RZ

Ɲ[nSsб8ű]Зʫ̚ӐӧȠб?Ҋ͟Grs=pPӭ̷ZY]̘̚]̘ѧPÎШ˨

̧]ɲōP~½�Ã�¹]ʵ́ƲķȑP̨ʵŔ[nq̚ӐÆʧZY]ɍư?ȹors:

qQ 

E]nX[̓̚Ь̩[ˮ>MZ:Зʫ̚ӐӧȠбW9q?PЗʫÇ]̩ǜI>W@

Z:mjPΠҬXʯҬ]ķЮϷ?Зʫ]ѬҍҬҽXƁƖҬҽWǁ@AĿҴGrsIgX

X:Xɞ?9q[Ȑȉ, 2014]QíЙͱZЗʫ̚ӐӧȠбJason-3]ƱŶPѬҍҬҽ^ς

300kmPƁƖҬҽ^10ʣҬW9qQÄЁ[Зʫ]ѬҍҬҽu͒AӯȜAӰKqeYƁƖ

Ҭҽ?ҩAӯAӰZqX:XPΠҬXʯҬ]ķЮϷ?�¾Ã��§]ҭć[9qQg

mP̚ӐӧȠбW^¾Ã�]͆ǮδƚWȘƤŔGrm̚ӐӧȠ?̄jorq?PѬҍӧ

Ƞ?ӧ:Зʫ̚ӐӧȠб]ƱŶP¾Ã�]͆Ǯδƚ?ȜAZqmjPҷƢ[Ѻ:̍Ȃ̚

̓]Ь̩?ӅIAZqX:XƎӛk9qQ 

N]mjPЀΠ˭uĽ͟Im̚ӐӧȠЬ̩W^PЗʫ]Ь̩ϗW^KpɧCsIgX

ΠҬ��Ã½?ʕŘkmîÇPʯҬ��Ã½?ʕʣîÇ]͖єPā<_P�¨³���

Ã½̧lłϛ̑ōP̍Ȃ̓̚]̘̚ƻōZY]Ь̩?ˀȶGrqQEroӧЮĚȠ]̚

̓ɍư^ǔЖͱ[ҝФZnCWZAṔ͞Â͚ƵÂ̓̚~ ½�Ãҫͮ]ķҞZY>o

]�Ã�kӧ:QgmPåȋЗʫ[˽dsӧ:˭ōɇu͝>IsPЀΠ˭W̑̕lӧ̷

[nq̚ӐӧȠ]ƻŔ?Ь̩W@r_Pѹ҄>T˲ZяưuĶIsåͱЛǢuѰ̥G

Mq][ј͓KqEX?ˀȶGrqQ 

 
ЀΠ˭[nq̚ӐӧȠЬ̩]Þā!

˄γW^PЀΠ˭[nSsǞҾ[̚ӐӧȠ?̩ǜW@q>YX>uˠиKqmj[P

ΕmR?ʻѺǞʟImЬ̩[Hirobe et al., 2019]]ύˏuψèKqQ 

ЀΠ˭[nq̚ӐӧȠЬ̩]ť͘^Pƭ˄ͱ[Зʫ̚ӐӧȠбXŸJW9q(ƛ1a)Q

ӧνȠGPS(GNSS)[nSsЀΠ˭]ϓǫӧȠuб̩ImÆWP¾Ã�[nSsЀΠ˭X

̚ӐX]ѥӄu̩ǜIPÌϱ]Ȏ>o̚ӐӧȠūjqQЬ̩^�z¶´Á�~x�Ã

¥�ΐ]ЀΠ˭Beechcraft King Air 200T]϶ûÇҘ[x½|}����¡¿�ÃΐРX£
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Á�¾Ã�ÃATSAR-XuŬpëCsЕSm(ƛ1b,c)QATSAR-X^ŶɘҫŮ¾Ã�Ã

(SAR)W9q?PçƖ]Ь̩W^SARXIs^Ā͟MiPÇ―>o]ŪǮċų]hu

ЮˌIsЀΠ˭X̚ӐX]ѥӄūjmQgmPЀΠ˭]ϓǫӧȠ^ƝƟƢ͘ҵ]ӊǏ

ƭ̯―uĽ͟IsGPS]ƭϛҩЮˌ[np̄jmQ 

ЀΠ˭Ь̩^Pƛ3[ΏKӭ̷u˩ʜKqЗʫ̚ӐӧȠбJason-2ŨaJason-3]Ѭҍ[

̍Ss10ʣ˼]Зʫ҃Ҍʣ[ŶtMsǞʟImQЬ̩^б3ƖЕ:PΪӶƖ^2016ș6ʼ

29ʣ[óő̫̋ӯƛ2, A-BӰPΪ2ƖPΪ3Ɩ^Ÿș12ʼ4ʣX8ʣ[NrOrɝϙŚȄ̋

XρóŚȄ̋WЕSm(ƛ2, C-DŨaE-F)QЀΠ˭]ӠЕӧȠ^ς8500mPӠЕ҄Ƞ^ς

100m/sWPŵ̩ϛuСʕƖȴȻIsЬ̩uЕSmQ 

ƛ3]Ǟϛ^Póő̫̋]ĔϛA-BҬ]ȴȻЬ̩Wȹorm̚ӐӧȠ>o��z�X̷

̅]ɘķuȦ@ŦSmňǔͱ̚ӐӧȠ]ϞȠƻŔW9qQEE[^ς6km]ΚōȘƤu

ʟIm̚ӐӧȠuΏIs:qQŸJόѧWӸƖЕSmЬ̩ύˏ^efҝZSs=pP

32.5˚N>o33.5˚N]Ҭ[ӭ̷[öXς1m]̚ӐӧȠ]ƻŔ?ɴ<ors:qEX?р

W@qQEr^ѠǃϛWΏImЗʫ̚ӐӧȠбJason-2]̩ǜύˏXknAÄⅵIs:qQ

Z=P33˚NëѺ[ӆӈ]Ȳӓ[nSsJason-2�Ã�[ˮʄŗҬ?9q?PŸʯŀ]ЀΠ

˭Ь̩W^ƎӛZAб̩W@s:qQЀΠ˭¾Ã�XJason-2Wȹorm̚ӐӧȠ]Ȏ^

ȘƤς6cmXZSmQGo[PɝϙŚȄ̋XρóŚȄ̋]ĔϛWЕSmЀΠ˭Ь̩[=

:skPЗʫ̚ӐӧȠбJason-3X]˽ѱ>oς10cm]νȠW̚ӐӧȠ]̩ǜW@qE

X?рGrmQ 

 

 

 

 

 

 

 

 

 

 

 

ƛ1: (a) ЀΠ˭[nq̚ӐӧȠЬ̩]ť͘P(b)Ь̩[Ā͟Im�z¶´Á�~x�Ã

¥�ΐɞʽЀΠ˭ Beechcraft King Air 200TP(c)ЀΠ˭]ⅱҘ[еϨImx½|}��

��¡¿�ÃΐРX£Á�¾Ã�Ã ATSAR-X 
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ƛ2: 2016ș6ʼ29ʣ[óő̫̋WǞʟImЀΠ˭Ь̩]Ĕϛ(ϚЅϛ A-B)XŸș12ʼ4ʣ

X12ʼ8ʣ[NrOrɝϙŚȄ̋XρóŚȄ̋WǞʟImЀΠ˭Ь̩]Ĕϛ(ӬЅϛC-D, 

́ЅϛE-F)QˬЅϛ^Зʫ̚ӐӧȠбJason-2XJason-3]ЗʫѬҍPѠȔƫ^̚ÆĊǗț

̓̚ɍưҘ̓҄̚ư>oȹm2016ș6ʼ29ʣ]ӭ̷]̘ѧuЙKQ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ƛ3: 2016ș6ʼ29ʣ[óő̫̋]Ĕϛ(ƛ2, A-B)[̍SsǞʟIm3Ɩ]ЀΠ˭Ь̩Wȹo

rmňǔͱ̚ӐӧȠ(χǞϛ)XŸʣÂŸĔϛWЗʫ̚ӐӧȠбJason-2Wȹormňǔͱ

̚ӐӧȠ(ѠǃǞϛ)]ϞȠķȑQ 
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ӷӳӹӳ̼ǼƢȯ�

ӷӳӹӳӶӳŶɘҫŮ¾Ã�[nqƢӋÂ̼Ǽ]Ь̩�

ŶɘҫŮ¾Ã�^P°z�¿̑u͟:m¾Ã�WPЀΠ˭låȋЗʫZY]ΚōKq

©»��§�Ã²uĽ͟IsǞҾ]xÁ��ҫŮnpkǁ@ZïɐͱZxÁ��ҫŮu

Ǟ͖Kqk]W9pPӧķЮϷZƢЙӐЬ̩[͟:orqEX?ƾ:QķЮϷ^ӊ̑]

ȔƫȖ[nq?ʻʝɡЖ]¾Ã�W^30cmΛȠgWнχ[ZSs:qQGo[P҃ȕ́

Șđ̑XƦđ̑PNro]ãȎđ̑u͟:qEX[npƢЙӐ]͐̎u˟͝ÂПƢÂ

åȋ͌X:SmķӞkŰϷW9qQgmPxÁ��u2T͟:qEXӯgm^PåȋЗ

ʫW^ȘЕKqѬҍ]�Ã�u͟:qEXӰ[nqЩȎ>oÅЭ̩ҟͱ[Ƣȯӯ˧ӧӰ

uɼǜKqEXkŰϷW9qQgmPŸÄѬҍuĊW@qƱŶ[^Ь̩øu˽ѱK

qEX[npP2T]Ь̩]łȷW]ƻŔ?̑ҩîÇ]νȠWkɼǜW@qӯṳ̑Ю

ˌӰQЀΠ˭ʅѲW^Pṳ̑ЮˌuЕX[^PЀΠ˭]ӠЕ¤�uŸÄ[KqɁФ?9

qӯӟ]ȲӓZYWŸÄ]ӠЕ¤�uǞ͖Kq]^ӅI:Ӱ?PѺșW^ɡЖͱ[kǞ

͖ŰϷXZSs:qQ 

 
ӷӳӹӳӷӳЀΠ˭ʅѲ�.�]͖͐�

ʣ˄[=CqŶɘҫŮ¾Ã�ҫͮPJAXA]L£Á�SARXNICT]X£Á�SAR]ҫͮ

?ğӥCXZSs=pP1993ș[PI–SARXIsgulf stream IIʅѲXIsҫͮGrs:qQ

Ȯʯ]X£Á�]PI-SAR]ЮĚȠ^1.5 mW9Sm?PÎѣƢӋ]ʯ]Ɵ΅Ȇr]ͮ͝ƫ

]ŸǜlÅǕȄ]Ɣ̼[öXƔͅuÆDq̼Ů]ȯ͐]ƻŔ[T:s˦RZɍưukm

oImQPI-SAR]ȷϔ˭]PI-SAR X2^ЮĚȠu30cmgWȦ@ÆDmEX?ǁ@Zƻʹ

―W9q?ʝ͈ȁl˛ȄPȺȈǼ]Ɣ̼ȷ]ȯ͐]ƻŔuɴ<qEX[ɘŉIme>P

ˊʣ˄ǁӋ̽W^PӋ̽]Ϯʣ[ЀΠ˭Ь̩uЕ:P̑̕]ľҎδƚuŸǜIme>P

ȻϾ[öSsӂΝGrq͛Ύ]ˠĶZY[̗͟Grs:qQE]nX[PŶɘҫŮ¾Ã

�^ƢӋl̼Ǽ]̽Ǣ?ͮ͝Kqł[ŧ͆͟]�Ã�u̯ĖIs=AEX?ҝФW9q

XXk[P̽Ǣͮ͝ȷ[ƻŔɪĶuKqEX[npP̽ǢɢʁKqEX[̗͟GrqQ 

JAXA]L£Á�SAR^ALOSЗʫʅѲSAR]ˠи]mjҫͮGrPN]ЮĚȠ^2.5m

W9qQE]PI-SAR^ALOS2ˠи͟[ʌЄGrPI-SAR L2XIsP2012ș>oЬ̩uЕ

Ss=pPN]ЮĚȠ^1.76 mW9pPPI-SAR L2k§½¯»¼³�¼]SARW9q(Й

Ӷ)QZ=PPI-SAR L2^P�z¶´Á�~x�Ã¥�ΐ]Gulfstream IIʅѲ͟XIsҫͮ

Grs:qQ 
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Й1ӳ JAXA]L£Á�PI-SARXPI-SAR L2]ъĝ(Watanabe et al. 2016 np) 
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ӷӳӺӳӶӳ�̀ď���²[ǫKqҷÆ͝ɓπ]ȳŅ]ɢʁ�

˟͝uÑûXKqҷÆ͝ɓπ^̀ď���²[ǫIsǁ@Z˭ϷuɫSs:qQN]

XRʻmqk]^P˟͌]ĠŶɘlƃž[nqǁ̀XҷӐҬ]—τãʀW9sXQIPCC 

(2013) [nr_PŔ΄͈ʛ]͈̈́ZY[nqå̀ѡ̮]ßқŔ—τ]ǁ̀Îc]șҬʎ

Ķҟ]XRP4 Ņuҷ?žūIs:qXGrqQÄʞP͝ɓπ^£z�°�lƟƹʽ˭

͌]nXZȯW—τuƢЙӐëѺ[ƜǜIPǁ̀Î>oҽӄKq˭ϷkɫSs:qQ

IPCC (2013)[nr_PN]ҟ^˟͝nCWk 450ԃ650PgC W9pPEr^͖ơǁ̀Î[

ǐơKq—τҟ[ŖʗKqQN]e>P͝ɓπ^³�ÁZY]̨ǠŌˏ̀ûlPӈȯɘ

[ȲӓuÉ<qŰϷɇ]9q͌͝ѡ̮ʂͮɇʽ˭ŔŶ͌ (BVOCӿ  Biogenic Volatile 

Organic Compound)]ͮ͝XkȬAҭ҆KqQˍҞ̼̽?ͮ͝Kr_Pǁҟ]~x¿�½

?ǁ̀ÎcXɮʓIs:AnsXQGo[P˟͝^Џʓlҳ́]ғʜu҃JsṔūʋ

[kȲӓuŨfKe>PƢЙӐ]x½«�lΠ̀ňǔͱλȠ[kǦɻ[ҭtSsAqQ 

̀ď���²u͘ЮInXXImƱŶPîÆ]nXZҷÆ͝ɓπ]Ƣ͘ͱķȑXN]

ʯҬƻōuɢʁKqEX?ɁӗW9qQErgW[kЗʫ[nqЬ̩�Ã�uĀSsP

N]ōɓ?ΆΟGrs@mQЗʫʅѲ�Á�MODIS(MODerate resolution Imaging 

Spectroradiometer)]�Ã�uƭ[Ĥ͗ҷƫ]˟͝?ķӞGrPN]ķȑ?ƢƛŔGrs

:q(mX<_PTateishi et al., 2011)QgmPѺѠƽƫXŰЩƫ[=CqŪǮ͔]ȎuĽ

͟IsбαGrq˟͝ɱʕ>o^PŵƢ]˟͝] 1980 șíîҳ]�¾Á�?ʩo>[

Grs@mQ 

mX<_Px»��]ŕˢ̍̚ȂW^ 1982 ș>o 2006 ș[=:s˟͝ɱʕ]ƶŊ�

¾Á�?ɱʇGrs:q(Wang et al., 2011)QN]e>P�«¼xW^ 1980 șí>o 1990 

șíłŚgW^˟͝ɱʕ]ƶŊĘź?ɱʇGrs@m?P1990 șíȷŚ>o 2000 șŚ

_gW^̥ǲĘź?9qEX?ͮЧGrs:q(Piao et al., 2011)QgmP˟͝ɱʕ]ǒγ

ƻŔ>oP˟͝]șҬ]͝͞ɇủjqǸЍlЌЍX:Sm§}¡¿�ÃuЗʫ�Ã�

>oXo<nX XImΆΟkͮǸIm(mX<_PSuzuki et al., 2003; Nagai et al., 2015)Q

Зʫ�Ã�>o^PGo[ĠŶɘ¯�Á�µ½uíЙKqЍӐΝɱʕ(ŝøƟƢӐΝ9

mp[ǐơKqϚ]Ѝ]ӐΝ)]Ȝƫ]ķȑkɼǜGrs:q(mX<_PKobayashi et al., 

2010)Q˞ˍ]ƢÆҘ£z�°�]ķȑkPЗʫ ALOS(Advanced Land Observing Satellite)

]°z�¿̑ŶɘҫŮ¾Ã�PALSAR(Phased Array L-band Synthetic Aperture Radar)]�

Ã�uĀSsPɼǜ?кhors:q(ā<_PAvtar et al., 2013; Suzuki et al., 2013)Q 

îÆ]nX[PЗʫЬ̩^ǁҷШ˨>oĤ͗X:SmȜƫ[T:sPҷƫ͝ɓπ]ķ

ȑlN]ƻōuXo<qEX?W@q?Pʕ 100 �¿³Ã�½npkÆΠ>o]̩ǜW

9q]WPN]́ȘЮĚȠ[^YXIskҴͥ?9qQƛ 1 [Зʫ QuickBird [nqx

»��]Īҷƫ]ͤĚuāΏImQQuickBird X:<_PíЙͱZӧЮĚȠЗʫW9qQ
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I>IPͤĚÆ[^˞ˍ?рjorqk]]P˞ˍ]čR]Τˁ(čˁ)uķӄKqEX

^PǞҾ[^ЮĚȠ?ÈѤIƙӅW9qQgmPЗʫЬ̩[nqͤĚW^˞ˍ]˪įX

ˍȝuķӄKqEXkÄЁ[ƙӅW9qQE]mjPЗʫЬ̩[nq˟͝ɱʕ[͖rm

ǒγƻŔ?P˪į]ƻŔ[nqk]>Pˍȝ]˟͝lΝӇ]ƻŔ[nqk]>^Pt>

oZ:Q 

 

 

ƛ 1 . QuickBird [nqͤĚ]āQx»��]ĪҷҘ]ҙȐ§}x£Á��>oς 35km ŕˊ

[øϨKq¯Ã�Ã§»��кӦƢ] 2009 ș 8  ̓27 ʣ]�{½Ã�»ÃͤĚQ 

 

 

ƛ 2. ˊ�«¼x]¶�Ã��ëѺW 2000 ș]ʭ>oƼ[>CsЕtrmЀΠ˭Ь̩WP

ʅѲIm¥���³»WʈȲGrm˞ˍ]ͤĚQ(Suzuki et al., 2011) 
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ЀΠ˭[ʅѲGrmǣȡ͟]¥���³»W 100ԃ150m ÆΠ>oʈȲGrmˊ�«¼

x]˞ˍ]ͤĚuƛ 2 [ΏImQǣȡ͟]¥���³»X:XɁiIkЮĚȠ?ӧAZ

:˭˅W9SskPÄ˄Ä˄]Τˁ?^S@pXĻфW@qEX?t>qQgmP˪į

Xˍȝ]͐ɓuNrOrļR[ĻфW@qEXkt>qQ2000 ș 4 ʼ 24 ʣ]ȌÆ]ͤ

ĚW^Pˍȝ[Ӈ?9pPÄʞ˪į[^Ϛ]Ѝ^рjorZ:QŸʣ]ļ]˞ˍuXo

<mŲÆ]ͤĚ[^Ӈ[ХtrmˍȝXϚ]Ѝ?;:m˪į?Ч<qQÇ] 2 ˎ]ͤĚ

^Xk[ˍȝ[Ӈ?Z:?P˪į]Ϛ]Ѝ]ǐż^^S@pXt>qQ 

˄γ]ĭәWѽdmnX[P˟͝^ĠŶɘlƃž[nqҷӐXǁ̀ҬW]—τãʀlP

Џʓlx½«�ZYu҃JsP̀ď���²uȯþSs:qQN]©¿��]ÎWP˞

ˍ]˪įlˍȝPGo[СӃZƱŶ^ÇǺ˟͝lÎǺ˟͝X:Sm˥҅?PҝФZɑƂ

uɰSs:qQŸJЍӐΝɱʕW9SskP˪įXˍȝ]ЍW^Ġ͚Ƶ?ǁ@AͪZq

mjPĠŶɘ[nq͝͞ɇlЏʓ[ŨfKȲӓ]Ȏͪ^ǁ@:nsXQgmPЍ?ɰT

ҳ́[ǫKqғʜ]ŌˏkPˍȝX˪į]ЍXW^ғʜЏͮҟlƟƹ]Ċ́˭Ϸ[Ũf

Kҟ^ЎIAҏXXϰ<orqQgmPˍȝ]ΝӇ^N]ӧ:x½«�m<P˟͝ɱʕ

uǱGAKqę@uɰTQ 

îÆ]nXZ˞ˍ]ɇџuϰɕIP̀ď���²[=CqN]ȳŅu͘ЮKq[^P

˞ˍ? 3 ˯ ĝͱ˥҅uɰSs:qłɿ[ΤRPЀΠ˭[ʅѲGrmĠǔ�Á�(ķĠʎǮ

б) l¾Ã�Ã��µ�[nSsPčˁl˪įXˍȝ?юļW@qӧЮĚȠ]ͤĚuȹ

qEX?ɁӗW9qQGo[P˟͝^ǃҹ>o]͆ʩuŭCqʞźXN]ŪǮĠuЬ̩

Kqʞź[nSsķĠŪǮ͎ɇ?ƻŔKqQN]͎ɇ^ 2 ʞźɇŪǮķȑҭʕ(BRDF: 

Bidirectional Reflectance Distribution Function)Xƃ_rqQЀΠ˭[nSs˟͝]ķĠŪǮ

uƾǒγPƾʯŀ[=:sƾʞź>oЬ̩KqEXWPǫєXZq˟͝] 2 ʞźɇŪǮ

ķȑҭʕuʩo>[W@PN]˟͝]νǦZ 3 ˯ĝʎǮõҎ´�½]ҫͮuŰϷXKq

nsXQN]ύˏPЍӐΝɱʕuŽjm˟͝]˥҅]ЗʫЬ̩�Ã�[nqӧȠZɼǜ

?ŰϷXZqQgmP˞ˍƢÆҘ£z�°�]ķȑ^PЀΠ˭ʅѲ¾Ã�Ã��µ�u

Ā<_P°z�¿̑ŶɘҫŮ¾Ã�[nqɼǜ[^T@k]]ȷʞʓÙȬȠ]Ӣƅ]Ǝ

ӛkѡEoiPȹorm˪ӧ�Ã�[x¿³�¼ȥuϋhŶtMqEX[npPӧνȠ

WɼǜKqEX?W@q(mX<_PHayashi et al., 2013)Q 
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ӷӳӺӳӷӳ͌͝ƾ˦ɇP͝ɓπ˭ϷX�Ã¥�]ɢʁ�

S͌͝ƾ˦ɇŨa͝ɓπ�Ã¥�[ҭKqʏȟҬΗǔʏί©»��§�Ã²ӯIPBES: 

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem ServicesӰT? 2012 ș 

4ʼ[еΤGrmQIPCC ^̀ďƻō[ҭKqʏȟҬ]éϋhW9q?P>ml IPBES ^

͌͝ƾ˦ɇl͝ɓπ�Ã¥�[ҭKqʏȟҬ]éϋhW9qQIPCC W^̀ďƻōl̨

ǠŌˏ̀ûuѯ[ѐщ?Еtrq?PIPBES ]ѯ^͌͝ƾ˦ɇX͝ɓπ�Ã¥�W9qQ

IPBES ]еΤ[єȾGrqnX[P̀ďƻō[nSsȦ@ѡEGrq͌͝ƾ˦ɇl͝ɓ

π�Ã¥�]ƻŔ?Ѻș̒ͷGrqnX[Zq[TrPN]йĄuЕXmj]ƭͶXZ

qΗǔͱЧuЬ̩WȹqEX]ҝФɇkӧgSs@mQҷƫ͝ɓπ]Ƣ͘ͱZȜ?p

XʯҬƻō^P͌͝ƾ˦ɇl͝ɓπ�Ã¥�]ҟXџ[Ǧɻ[ҭtqmjPN]͎Ⱦu

ϑÄGrmɟ̏[nSsǟЬͱ[ɿΏKqEX?ƐϘ]хӛXZSs:q(ҢˁP2015)Q

Ƣ͗Ь̩�½Ã©(GEO: Group on Earth Observations)]Ç[еCorm͌͝ƾ˦ɇЬ̩ 

��ÀÃ�(GEO BONӿ GEO Biodiversity Observation Network)(ťP2008)^PN]þˡ

ҘôXIs͝ɓπ�Ã¥�uǫєXKqΪ 6 þˡҘô]e>PЗʫlЀΠ˭[nqЬ̩

(KZtRP¼´Ã��Á�Á�)�Ã�X͖ƢЬ̩�Ã�uϑŶIP͌͝ƾ˦ɇl͝ɓ

π�Ã¥�uйĄInXXKqΪ7 þˡҘôuɰTQgmPx�xǃȘ̓Ƣƫlʣ˄]͝

͌ƾ˦ɇЬ̩[ҭKq ��ÀÃ�W9qx�xǃȘ̓͌͝ƾ˦ɇЬ̩ ��ÀÃ�

(APBON: Asia-Pacific BON)lʣ˄͌͝ƾ˦ɇЬ̩ ��ÀÃ�(JBON: Japan BON)WkŸ

˦[͝ɓπ�Ã¥�[ҭKqķΗô]e>[PЗʫlЀΠ˭Ь̩[ҭKqķΗô?еǜ

Grs:q(Muraoka et al., 2012)Q 

 

ƛ 3. ŕЉƪȐ]кӦˍ[=:sPʕ 10 ³Ã�½ÆΠuӠЕKqª¼�©�Ã[Ŭp

ëCorm�³»[nSsʈȲGrm˞ˍQ2011 ș 11 ʼ 29 ʣʈȲQͤĚ^ƛ 4 [Ώ

ImƢȯ[nSsP�½�О˲Is9qQ 
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� Nagendra (2001)[nr_P͌͝ƾ˦ɇ]ķȑuЗʫlЀΠ˭Ь̩WɼǜKqɟ̏^ӱ

ƭ˄ͱ[îÇ]ÅT[ķӞGrqQ 

čûlⅣӂuɻюļKqʞ̏ 

˽ѱͱǁ@Z˟͌]čûlⅣӂuɻюļImÆW°�¦Á�KqQ 

͝ɓπ]ķȑuɼǜKqʞ̏ 

Μ]͝ɊƫuɼǜW@q͝ɓπ]ķȑuķӞI°�¦Á�KqQ 

í͘ɱ˧[nSsķȑuɼǜKqʞ̏ 

Ь̩[nSsȹorm͌͘ҟu͖Ƣц˕ɍưXϋhŶtMqEXWí͘ɱ˧ŔIPƢ

ƛŔKqQ 

îÆ]XRPS2TXS3T^͝ɓπ]ķȑlí͘ɱ˧(mX<_PЍӐΝɱʕl˞ˍ

ƢÆҘ£z�°�)]ȜƫķȑuķˌKqEXW͌͝ƾ˦ɇl͝ɓπ�Ã¥�uɼǜK

qʞ̏Z]WPùЮĚȠZЗʫЬ̩�Ã�W9SskΆΟKqEX?9qΛȠŰϷW9

qQêʞPS1T^čR]͌͝(˟͝W9r_čR]˟͌)uюļImÆWķˌuЕX]WP

łѽ]҃pPmX< QuickBird ]nXZӧЮĚȠЗʫͤĚuĀSskPЮĚȠ^ă̓È

ѤKqQnSsPiSXӧ:ЮĚȠW]Ь̩uŰϷXKqЀΠ˭[nqЬ̩[ǌ\qE

X[ZqQS1T[ķӞGrqЬ̩uЀΠ˭WǞʟKqEXWP͝ɓπ]˥҅lP˥ɘ

Kq͌͝čû]ΜlN]ȯџZYP͌͝ƾ˦ɇl͝ɓπ˭ϷP�Ã¥�uйĄKqmj

]ʻk˘˄ͱZƭͶɍưuȹqEX?W@qQ 

 

 

 

 

 

 

 

 

 

 
ƛ 4.  ŕЉƪ]кӦˍ[=:sPª¼�©�Ã[ʅѲGrm¾Ã�Ã��µ�]�Ã�

[nSsɾ@ĶGrm͖Ƣ]Ƣȯ(�¾Ã��Ã½)X ˞ˍ]˪į]ȯ͐(�»Ã��Ã

½)Qƛ]Ŝŕ]ѥӄ  ̂430mPˊУ]ѥӄ  ̂400m W9qQ(Inoue et al., 2014) 
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ЀΠ˭Ь̩W^ť͘ÆPŘķùΠuӠЕIsЬ̩Kr_P1cm îÇ]ЮĚȠkȹor

qQƛ 3 [Inoue et al. (2014)?ψèImŕЉƪȐ]̨Ȕˍ[=Cq́åª¼�©�Ã[n

qЬ̩[=:sPʕ 10 ³Ã�½ÆΠ>o҃ȕ]�³»WʈȲIm˞ˍ]ͤĚuāΏI

mQЌЍȷnSm]W˪į[Ѝ?́APː?Өʩ[ĮSs:qQgmPˍȝ[^ЌЍ]

e>PĎˁu  рKqEXkW@qQª¼�©�Ã[^�³»]e>¾Ã�Ã��µ

�?ʅѲGrPN  ]�Ã�npǫєƢƫ]Ƣȯ(DEM: Digital Elevation Model)X˞ˍ˪

į]ȯ͐?ƛŔGrmQEX:Sm˟͌]čûlƢȯ[ҭKqɍư^PЗʫW^ZAP

ЀΠ˭[nqӧЮĚȠЬ̩  n>oENȹorqQ 

1990 șӕ>oP͝ɓπ˭ϷXǦɻZҭć]9qЍ]Ŕǔϋɘu¢z¤Ã�¬��½ʎ

Ǯб[nSsɼǜKqΆΟ?ʹv[ZSmQ҃ȕ]ķĠʎǮб?ŰЩ>oѺѠƽƫ[=

:sЬ̩̑ҩȔuʕ£Á�I>ɰSs:Z:XEsP¢z¤Ã�¬��½ʎǮб^ 100 

îÆ]£Á�uɰRPķĠŪǮ[ҭKqнχZ͎Ⱦu̩ǜKqEX?W@qQùӧȠu

ӠЕKqЀΠ˭[¢z¤Ã�¬��½ʎǮбuʅѲImƱŶP҃ȕ]ķĠʎǮбW^б

̩KqEX]W@Z:Ѝ]Ŕǔϋɘ[ѨhѸvnЬ̩?ŰϷXZqQ 

N]āXIsPθƝЀΠǖǛǴ(NASA)? 1991 ș>o 1992 ș[>CsЕSm©¿�»

² ACCP (Accelerated Canopy Chemistry Program) ? ɲ D o r q

ӯhttp://daac.ornl.gov/ACCP//accp.shtmlP2015 ș 9 ʼ 17 ʣр)Q˟͝ⅣЌ[=Cq¼�

�ÁXτ]ŽʽҟuɼǜKqEXuкhs:qQACCP XŸʯˀ[ºÃ¿�¤uÎɀ

[LOPEX93 (Leaf Optical Properties Experiment 93)kЕtr(Hosgood et al. 1994)PЍ]Ġǔ

´�½uͮǸGMqdAP50 Μ[ŨbЍ]ķĠXŔǔϋɘ[ҭKq�Ã����uņɘ

ImQ 

 

ƛ  5. Carnegie Airborne Observatory (CAO) WĀ͟Grs:qЬ̩͟ЀΠ˭Q

http://cao.stanford.edu/?page=cao_systems (2014 ș 11 ʼ 17 ʣр) 



�

�

-�
 

EX:Sm´�½^PЍ]ĠŶɘЅτṔķP—τX:Smɘķ?Y]nX[ķĠ͎

ɇ[ǥÉKq>[T:s]͘ЮuӠѩͱ[ӧjmQ 

N]ȷPθƝ�Ã �ÃΆΟɞ] G. Asner ]�½Ã©^PЀΠ˭[ʅѲIm¢z¤Ã

�¬��½ʎǮбX¾Ã�Ã��µ�[nqЍ]Ŕǔϋɘ[gWѨhѸvnЬ̩ͱΆΟ

uνňͱ[҇jm(http://cao.stanford.edu/P2015 ș 9 ʼ 17 ʣр)Qƛ 5 [Ь̩WĽ͟G

rs:qЀΠ˭]ĮͼuɲDmQ�Ã��»¼x]͇ȔˍW^PŔǔϋɘ�Ã�[ǫI

sЍ]ķĠŪǮ͎ɇ(400–2500nm)uϋhŶtMP˪į]ķĠŪǮ͎ɇXЍ]Ŕǔ͎ɇX

]Ҭ]ҭću˥εIm(Asner and Martin, 2008)QgmP͇Ȕˍ]˪įW^PŰЩ>ȏ

ҩѠƽ[=Cq¢z¤Ã�¬��½̩ǜĐuƭ[PЍ]ĠŶɘЅτṔPτP�½¿

Ã�P¼��ÁP§}¡Ã½PЍҝuɼǜIm(Asner et al.P 2011)QGo[Pƛ 6 [Ώ

ImnX[¢Àz]͇Ȕˍuǫє[P¢z¤Ã�¬��½ͤĚ[ʒȓëķӞuʟKEX

[nSs˪ΜuŸǜIPʻϊͱ[čˁ¾«½WюļŰϷZ 17 Μ[ķӞGrmƢƛuþ

Ss:qQAsner ]�½Ã©]ЀΠ˭uĀSmЬ̩���²XN]ɟ̏^P°¾Ã�x

]͇Ȕˍ[kɃ͟GrPǂ̓ˍl©»Á�Ã�¹Á]ķȑlN]͎џuʩo>[ImQ

͌͝ƾ˦ɇl͝ɓπ�Ã¥�uйĄKqmj]ƭͶͱZɍưXZpXqnsXQ 

 

 

 

ƛ 6. Carnegie Airborne Observatory-Alpha ���²[nSsȹormͤĚuƭ[ķӞI

m¢Àz] Nanawale ˞ˍĊёŗ[=Cq 17 Μ]˟͌]°�©Q(Féret and Asner, 2012) 
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ⅡΓˣЗ̣zǛʗMS]as>^ͽΒɌˇB<BvI\BʷȬKwvAa˘НzЂWT7 

ⅡΓˣAtaͰɳЗ̣aʲǂań̽bSǂ˵Óa¶�ÄҋSO^yV̢ǝœˇ˵ÿa

̷șS�}Ä�Âaʏ̷șpŚǒιɌSҶÈҟ˶Ϊǎaʏ̷șpǂCKẓǙOvƐÊ

aɑˮ[<v\=>I\[<v7˵ĔƽŔ®Ä��bIwta¶�Äҋ_ćǐMZ=v7

èȄЄʟЗ̣bưʻͪ_ӓșʖƂ_ΑľKwTµ�ÄҋMẠǙ[C^=7ʻͽΒ[b

Iwta¶�Äҋzÿέͪ_̣ǙMSIwt˵Ĕ���·Èƥ͓���·aғ\^v͈

͔ÈŚǒҋaǛɉzɖɺOv7RMZʏĕ¹�ÂBІ͒Ov¶�Äҋ\Ra®Ä��z

˘ТÈʈϮOvI\_suS˵ĔƽŔÞ̣aάșƂÌpƥ͓���·aξſ͔ͪЙzͯ

ɥO7 

 

ӞӘ̢ǝœˇ˵ÿ 

á҇Ś̼γӗCO2ӘS¸�ÆӗCH4ӘSå҇ŚΔγӗN2OӘ^]a̢ǝœˇ˵ÿaǬˁ

a̷șƽŔÞ̣aTn_bS͒ƣaŴʇa͔ЙBȸА[<v7ʻͽΒ[b}�}_]=

ZSIwtaɌľažƳɐÈӓș[aǑΣƽŚÈκȒƽŚzЗ̣MSƥÌaʉĽÈƅŴ

ҋzѧМΡӗ�ÆÇ|É�¾ÆӚ[ǙҋŚOv7Kt_Iwta̢ǝœˇ˵ÿaʉ

ĽÈƅŴ̩aɄƲzɤXƀüÿ˲p CO2 aŴʇ_Ǣɳ_λeX=T O2 ̷șaȖƮЗ̣

zǛʗMSǙҋaӓάșŚzǛ͒Ov7}�}bƥÌ̷ș̣Ǚӗ �®��Æ̈Ә\Ŵ

ʇЗ̣ӗ³ ·}�®̈Ә[a CO2 ŴʇɵǙaÎÊϨBǂC=7RaʲǂŭƙbŴʇɵ

Ǚ_͚=twvË˥ĤњѦ¹�Â[aƥІҽӗƶ͟ǷӘAtÌΓӗϥ͜Ǩ̑ƠӘgaњ

ѦѶΎӗCO2 aҏͰ¬À���ӘaÎǙȿ[<v7ȯˁaͽΒ_suⅡΓˣ_svƶ

͟Ƿ\ϥ͜Ǩ̑ƠЗ̣BIaÎǙȿzǂCbʈƓ[CvI\B΅KwZ=vTnS}

�}[aÿέͪ^ⅡΓˣЗ̣_suSCO2 zƄm̢ǝœˇ˵ÿaŴʇɵǙάșzˑˮ_

ƂÌKQv7}�}bȾ̶^ͦǵ_suè—ɮĽ̩BƷŐMZ]uSƀӄƮ[aÿέͪ

^З̣_ưYbŴʇЙʝpRaɑ̈aΕbSÐͪ͟_҉А^ͽΒɌˇ\^v\ʷȬK

wv7 

IaTn_Iwk[aЗ̣ɕЃ_ưYCSⅡΓˣɾјƪaǀɌľ̷șѮρ̣ǙЉϖp

тҋľ˅М^]aҾʕͪ^Љϖaҙͦz 2-4 Ȓ[Ђ>7RMZ}�}_РǙMTЗ̣�

Á}_]=ZSǀɌľa̷șpƀüÿ˲З̣zϓuѡMS�ÆÇ|É�¾Æ_suʉ
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ĽÈƅŴҋzȰv7Kt_ǀbaɌľz ÃÉ�É\MZSǨ̑ƠÈɌǷƠǂ˵æɹ_

X=ZoʝtA\Ov7 

ӟӘǨ̑Ơ��Æ 

Ǩ̑Ơ��ÆbSǂ˵͗ƶÈǂ˵Śǒaғ\^v͈т[<uSшƶǂ˵˻ˉaÕАɌ

ľ[<v7ħŚǒ�¹��̊ɇƲÈгƲo��Æ̷șӗ����Æ ̷șӘBư̪\^

WZ]uSҢÌ˗͘_oЈǟzÏ?v7Ias>^Ǩ̑Ơ��ÆaŔɉ͔Й\ǬˁÞ̣

aTn_bS��Æ\RaŊӐ˵ÿӗΔγ҇Ś͈SÊ҇Ś̼γS̼Ś˶γӊ^]Әaʥ

ΓҚľȋzⅡΓˣЗ̣_suɖɺOv\\o_S��ÆaŚǒͪ͘ɌÈ̗ǆaÓˏz^

O HOx À��ÂӗOHSHO2 À��ÂӘaųȺέa͔ЙBÎŹˤ[<v7͉_ѠȒS˂

}�}AtaŊӐ͈тaɮĽBⅱMbƷŐMSǂ˵˻ˉBшƶӬŠ͓Д˟g\ȖƮŚM

Z]uS˵ĔgaȧҿaЗ̽At҉А[<v7 

ʻͽΒ[bⅡΓˣAta HOx ̣ǙzͯɥO7ƀʥ_Δγ҇Ś͈pɻͦȿʴˣŚſ͈

^]ẓǙOvI\_suSHOx À��ÂaŚǒųȺέzʝtA\MSHOx aţśŠ

͓a̷șȇÞ̣\ҚɳͪЗ̣aÎʐſȿƒӈpŠ̕͘ɉέц̩aϦγÈ¿�γ^]a

§Ä�ÆӊaȨŌzЙʝOv7kT̢ǝœˇ˵ÿp�}Ä�ÂͽΒ\ƀ˝_S˂}�}

AtЏǄȑ̌gaè—ц̩͈тaњѦѶΎzʝtA\MS˂ţ}�}Èţ}�}gaͦ

̩͘aɢǂp¨��µ�͆͂ƮaƽŚ^]aȧҿzǙҋŚOv7kT˥ÐïЄʟ�Æ�

_sv��Æ^]aǂ˵ɌľЗ̣ạǙƖҙͦp˘ТaTn_oⅡΓˣЗ̣aˇTOȨ

ŌbǂC=7 

 

ӠӘ�}Ä�Â 

�}Ä�ÂaͰɳœˇÈҚɳœˇaÎǛȿzý̟KQvTn_З̣ͽΒ_˹ntw

Z=vàbS(J)ħǒÈҶĹλˏÈ˷ʪˏ͉ȿzʇ҅OvĒUaΪǎaȴ͈͔ÈŚǒ͉

ȿaЗ̣ɑ̈zΕMS(.)ȴ͈͔ÈŚǒ͉ȿ\Sħǒ͉ȿ^]aҚa͔ЯÈǛӒͪқ

ċzǛǂ˵[ǛТMӗ�ÄÉ�ºͽΒӘS(L)҉А^ȴ͈͔ÈŚǒ͉ȿz[CvUGǀ

baƳɐÈǑΣ_]=ZǨ̑ƠĪӓșΤƜ_̠uЗ̣OvI\[<v7 

Ͱɳœˇ_қyvʉǫ�ÄÉ�ºͽΒ_]=ZbS͉_ʉǫȢņŎaǂC^ÎǙА 

ƙ\^WZ=vÀ���É³ÆӗBCӘ^]aħƅŴȿ�}Ä�Âaȴ͈͔͉ȿ\ħ

ǒ͉ȿzЗ̣MÑϝz͈͔̈ň_suқċYGvӗÄÉ�Âʉǫ�ÄÉ�ºӘͽΒ\S

ǄҤ AtaͰ−]seɢʎʉǫ¬À���̣Ǚ\қċYGvӗΑΡʉǫ�ÄÉ�ºӘͽ

ΒzSⅡΓˣЗ̣[ǛʗOv7BC b CO2S/2( _X=[ 3 ͯ͢_ǂC^˨aʉǫȢņŎ

zɤVSkT}�}b BC aǂ̩ͦ͘\^WZ=v7Kt_͒ƣa˵ĔМΡ_Ą͚Kw

Z=v�}Ä�Â¹�Â\ƥÌʉǫЗ̣\_]=ZSBC ^]aħƅŴҋ_b�ÄÉ¨

ÂȑƧ[ 3 ēoaÎʐſȿB<v7ʻͽΒ[b BCӗ͈тӘ\Raħǒ͉ȿӗʉǫœˇӘ

aƀʥЗ̣_suSRaÎʐſȿaŭƙzʝtA\Ov7 

kTҚɳœˇ_қyv�}Ä�Âaƅ̧ÈҶĹλˏÈ˷ʪˏ͉ȿ_қMZbS�}Ä
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�ÂaŚǒιɌ\aǨȺYGzOv�ÄÉ�ºͽΒzǛʗOv7ⅡΓˣɾјƪa�}Ä

�Âƅ̧͉ȿ̣ǙЉϖzҙͦMS}�}aǀ˝^�}Ä�Â_X=ZRa�ÄÉ�ºz

ÿέͪ_ʝtA\Ov7Kt_Iwta�}Ä�Âaħǒ͉ȿpҶĹλˏÈ˷ʪ͉ȿ_

қyvǂ˵Ó[a͈͔ŚǒͪƽǠѶΎzʝtA\OvTn_SⅡΓˣAtaÀ�ÀÆ�

¼ͪ^�}Ä�Â�Æ®ÁÆ�З̣zǛʗOv7 

Kt_Iwtǂ˵Óa�}Ä�ÂBSҢÌ˗͘p̌̕_su]as>_�Æ ÄÉÂ

KwSkTè—ͪ^ȧҿB]as>_]s{[=vaAzSǀƠͱãĂ͚Èƥ͓���

·ǒͪ^З̽AtͽΒOv7 

IwtaͽΒ[Ȱtwv\ʷȬKwvГbÐ͟ĭѫaʧѵͪ^oa[<uSÐ͟ʲ

ĦΗaIwtaͽΒ_su�}Ä�Âa˵ĔȧҿУĈ_ǂC^л͍B[Cv\ʷȬ[C

v7 

 

ӡӘ�}Ä�ÂÈҶÈҟ˶ͱãĂ͚ 

�}Ä�ÂӚҶͱãĂ͚aǂC^ÎǙȿ_bS(i) �}Ä�Â_sv˶ҶaҶȴ͈͔

ҋaƽŚBȝCцIOҶǷŬÈҶҋ^]aµ�Ä^͈͔ҋgaȧҿS(ii) �}Ä�Âa

˷ʪˏ͉ȿ\˷ʪȥɌӗҶȴ͈͔ҋӘgaȧҿSRMZ(iii) �}Ä�Âa˷ʪȥɌ_s

v˷ҶÈ̛ſҶӗmixed-phase cloudӘaµ�Ä^͈͔ҋgaȧҿB<v7 

ʻͽΒ[b(i)_X=ZS˵Ĕȧҿ[҉А^ȨŌzˇTMZ=v\Ϝ?twZ=v_o

қytPi\{]З̣KwZI^AWTśЏǄȑ̌aÍǷҶaƽŔАƙ^]zSⅡΓˣ

AtaͰɳЗ̣\SⅡΓˣ_ɾјKwTҶÃÉ�^]aÁ¹É �Æ�Æ�aƀʥЗ̣

\=>Ð͟[oi\{]ąa^=З̣_suʝtA\Ov7kT(i)-(iii)_қѮMZS}

�}ǂҢ[ɮĽKwTǀҋaè—ͪ�}Ä�ÂpӕͼBSʡǑa˂�¢̕Èʚʻ̕ÈЏ

Ǆȑ̌aŔȿʆÛ_ù>ҶÈҟ˶���·_Ï?Z=vȧҿzУĈOv\\o_SŊ

φȍ[a�}Ä�ÂaÌʖњѦÈҟ˶ҡůѶΎzʝtA\Ov7Kt_èȄҶˏÈèȄ

˷ʪˏaⅡΓˣAta�É�~Æ�_svɇƝͪ˵иʈƽǛӒ_suS�}Ä�Âaƽ

Ŕ_ǨOvҶÈҟ˶���·aȺΞzʝtA\Ov7 

}�}bè—ͪ�}Ä�Â̷șBÐͪ͟_ГZoӓ̷ș[<u�� Ϊǎoǀbǐƣ

OvTnS�}Ä�ÂaȧҿBȢbĽZ=vŹϢȿB<v7kT}�}¹Æ�ÉÆ^]

˝U^˵иƳ[ҶÈҟ˶���·BȥɌKwvTnSǬˁÞ̣_ȸА^˵иaǀ˝ȿB

<v7ⅡΓˣЗ̣AtaЦζ^ȴ͈͔З̣\èȄЄʟAtaȖƮЗ̣\zιlſyQv

I\_suS�}Ä�ÂaҶa¶�Ä^ȧҿ\µ�Ä^ȧҿaқċzʝtA\Ov7I

wta¸�£�·zʏĕ¹�ÂМΡ_ųʠKQv7IwtaξſŚͽΒ_suS�}Ä

�ÂӚҶͱãĂ͚aǙҋŚ_X=Z͞ʷͪ^ͽΒɌˇBȰtwv\ʷȬ[Cv7 

 

ӢӘҰÓйҴÈźӋ 

ҶÈҟ˶���·pźӋzǨи\MZⅡΓˣЗ̣zЂ>ͯͪbSҶÈҟ˶���·p

ź Ӌ\=>¸���ÉÂa˵и͒и\Ҷ͈͔ѶΎa͔ЙaɵѰS]seźӋ^]aӉⅱ
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͒и aÞ̣άșƂÌaŹϢȿz˘НOvTnaư΄ͽΒ[<v7RaTn_ʙǐaҶȴ

͈͔ҋ ^]aͰɳ̣ǙạǙƖ_Ő?SⅡΓˣɾј¡�®ÀÉÃÉ�pĖ̉ÃÉ�^]

a˥Ðï ÃÉ�aҙͦBȸА[<v7kTЍʏa¡Ä�®�Æ�aƀʥЗ̣zŹϢ\O

v���·SҶΪǎ�Æ�SʉǫМS˶ⅲ˵À��ÉSɘÍƪ̌̕З̣ˣƖ^]aҙ

ͦÈʐĜoȸА[<v7 

ʻͽΒ[bIwtaЗ̣Љϖz͚=S˿ϋӚź̦Ӛ¬~Á«ÆӚ©À�Ӛ�À·[Ɯ

kwvӄƮ[aźӋaЗ̣zЂ>7Ⱦͦ−OvźӋaǂ˵ӗ̌̕Ә͗ƶƳz¡Ä�®�

Æ�z͚=ZЗ̣Ov7ŹϢ[<wcźӋį҃aҶÈҟ˶ΪǎaľȋzҶΪǎ�Æ�z

͚=ZЗ̣MSźӋaȾͦ−_]GvҶ͈͔ѶΎaǡÏzʝtA_Ov7kTǬˁͪ_

b˥ÐïÃÉ�zĄWTЗ̣oǛʗOv7źӋÈ§Á�ÉÆЗ̣[Ǜώa<vź̦p}

¸Á�\aĭƀͽΒ\MZǛʗOv7kTҰÓйҴͽΒ_]=ZbSʚʻ_ţAt̑

Kwv˶ⅲ˵ҋzЗ̣MSRaȧҿzǙҋŚOv͞ʷͪ^ͽΒzФlv7 

 

Iwt 5 XaͽΒЭӈaĭѫOv̽bðÍaѫu[<v7 

ΙӞ_S10 ȒҚ\=>җʷaͽΒBŹϢ\^vI\_suSRwSwʕM=З̣Љϖ

aҙͦÈǭĩzͯɥMZ=v7ʕM=̣ǙƖbͽΒaÃÉ��ÂÉzoTtOŹϢȿ

B< v7ⅡΓˣЗ̣bèȄЄʟЗ̣\˲їMZṢǙƖaҙͦ\RaФӒ_AAvʥҚ

Bͺ= TnSʕM=̣ǙƖaҙͦ\ʕM=���Æ�a¬~É¡¨��Bğboa\ʷ

ȬKwv7IwoⅡΓˣЗ̣zΘßͪсҌ[ǛʗOva[b^bSπρͪ_ⅡΓˣ\=

>®À� ¬ �É·BĄ͚ŹϢ[<vI\_sv҉А^ń̽[<v7ⅡΓˣɾјĖ̉Ã

É�as>_ʻ ͽΒÞΡaÓ[b�¨ÉMCw^=̣ǙƖaҙͦo<vBSIwoπρ

ͪ^ⅡΓˣań͚ BŹϢ\^wcS¸É�\aѮɿ_suŃѪҙͦBѰmI\BʷȬK

wv7Ias>^ ˝U^¬~É¡¨�����Â_suSϱɑͽΒϝaϟɌoѰm\ʷ

ȬKwv7 

Ιӟ_S}�}Bè—ͪ^ȧҿzȢbŶGZ=v\=>͉ˬȿz͘AMTͽΒ\^W

Z=v7IwtaͽΒb}�}\=>ƞʴa͗ƶƳÈ˵иƳ[aͽΒ[b<voaaS

Raˏ\^vʧѵͪ^ŭ͔aЙʝ\Raɑ̈aΕzͯɥMToa\^WZ=v7kT

}�}ǂҢAtЏǄȑ̌pϥ͜Ǩ̑Ơga͈тњѦbǀbaЭӈ[ĭѫMT�Éµ[<

uSŚǒ͈тz ÃÉ�É\Ov^]_suSξſͪÈͱЋͪ^З̣ͽΒoŹϢ\^v

\ʷȬKwv7 

ΙӠ_SⅡΓˣЗ̣\èȄЄʟЗ̣Sʏĕ¹�ÂМΡ\BѮɿÈξſMTͽΒzͯɥ

MZ=v7˵ĔÈƥ͓���·ͽΒad\Xaĭѫͯ˞bS˵Ĕ���·¹�Âaӓș

Ś[<v7κӒͪ[b^b͈͔Śǒ̈ň_ưY=T©À¸�Á�É�¾ÆaҙͦÈǭĩ

aTn_SⅡΓˣЗ̣bғ\^v͈͔ҋzɷĆMS¸�£�·aЙʝzoTtOI\B

ʷȬKwv7kTⅡΓˣЗ̣\\o_ʏĕ¹�ÂМΡa˘Т_͚=twvèȄЄʟЗ̣

a˘Т_oсOv7ⅡΓˣЗ̣[З̣ŹϢ^ʥҚÈΓҚbҠtwToa[<v7èȄЄ
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ʟЗ̣Sʏĕ¹�ÂМΡ\zξſMTЗ̣М͞BÎŹˤ[<v7 

ʲȭ_S͉_ĒŃaЭӈ[КwtwZb=^=BSʻͽΒ[ȰtwvЗ̣�É�b�

É�°É�ŚMSȖbÐ͟aͽΒϝ_ʴœń͚MZot>I\BȸА[<v7ͽΒϝB

ΨĊ_˘δS}���[CvƳɐ_�É�°É�zʐĜMSⅡΓˣЗ̣aʥҚSƳɐS

З̣ӁͯSάș\=WT¸��É�\ĭ_}É��OvÞǙ[<v7  
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Ӡӛӟӛǂ˵ǒ�

ӠӛӟӛӞ̢ǝœˇ˵ÿ�

ӠӛӟӛӞӛӞӛ˛А!

èҚ̏Ŕ_sWZǂ˵Ó_ǂҋ_ʉĽKwZ=vá҇Ś̼γӗCO2ӘS¸�Æӗ/2(ӘS

å҇ŚΔγӗN2OӘΛa̢ǝœˇ˵ÿaǬˁa̷șƽŔÞ̣zŹϢ_OvTn_bSk

P͒ƣaƥ͓ІǷ_]GvŴʇzǙҋͪ_ʝtA_OvȸАB<v7RaTn_bSǂ

˵Óa̢ǝœˇ˵ÿ̷șaǑΣƽŚ]seκȒƽŚzӓάș[З̣MSRwtzı͒O

vƥÌaʉĽÈƅŴҋzѧМΡӗ�Æ¨É�¾ÆӚ[ǙҋŚOvʖ̈BЂywvs>

_^WZCT7ʯ_SIwta̢ǝœˇ˵ÿaʉĽÈƅŴ̩aɄƲzɤXƀüÿ˲p

CO2aŴʇ_Ǣɳ_λeX=TO2̷șaȖƮЗ̣oǛʗKwXX<v7 

kTS̢ǝœˇ˵ÿBǂ˵Ó[Śǒͪ_˲їͪǔǙ[<vI\pS͋ϥaʉĽ̩Èƅ

Ŵ̩ɄƲzɤWZ=vI\zń͚MZSIwtz ÃÉ�É\MZ͚=vI\_suS

Γ˵ƴaц̩zɲvͽΒoЂywZ=v7 

ðÌzюk?ZSЗ̣͚ⅡΓˣz͚=T̢ǝœˇ˵ÿaЗ̣\MZðÍaɷ˒zЂ>7 

 

ӠӛӟӛӞӛӟӛЗ̣Љϖ!

ɍUbSʕT_ǭĩBМ͞KwZ=vⅡΓˣ_ðÍaЉϖzɾјOvÞǙ[<v7ʙ

ǐaЗ̣Љϖ_Ő?ZSМ͞1Ȓͯ\2Ȓͯ_ʕT^ЉϖaҙͦoЂ>7 

ӗӞӘá҇Ś̼γ̷șѮρ̣ǙЉϖӗCMEӘ 

CONTRAIL®Ä��� [ǛҪ_ΐğMZ=vЉϖ[<v7˴ҚⅡΓˣ_ɾјOvT

naŮM=ϞΓ˘ˌzѫѶMZ]uSЗ̣Ǫ͚ˣ_X=ZoɾјСŹaŵȰBǠʞ[<

v\Ϝ?twv7kTSЗ̣Ǜώoзǣ[<uSǛ_�É�zŵȰOvI\B[Cv

\ʷȬKwv7З̣ӁͯbCO2̷șal[<v7 

ӗӟӘϥŔǂ˵�Æ®ÁÆ�ЉϖӗASEӘ 

CME\ƀ˝_CONTRAIL®Ä��� [Ą͚MZ=vˣƖ[<uSɾјɔШaŵȰp

З̣aǛȿ_X=ZƒӈBǯ^=7CO2ðƿa̢ǝœˇ��a̷șpƀüÿ˲aЗ̣

_oń͚ŹϢ[<vBSÊșa¬À� [12ƥ̽aЗ̣zЂ>aBҠș[<v7 

ӗӠӘǀɌľ̷șѮρ̣ǙЉϖӗMMEӘ 

�ºª�~ÁÆ���Æľħľ˅М]se͆ʓ�Âƪ҇γ̷șМzⅡΓˣ͚_ʈѭM

TЉϖ[<uSCO2\/2(]seO2a̷șaѮρ̣ǙBŹϢ[<v7ʈϮƪ\MZN2Op

Ê҇Ś̼γӗCOӘa̷șSKt_bCO2aǔǙƀüÿ˲zѮρ̣Ǚ[Cv¹�ÂoѾɛ

[Cv7Iwk[ⅡΓˣ_ɾјMTǛώB^=Tn_Sҙͦ\ˣϢФӒ_2Ȓi]aʥ

ҚBȸА\Гѝkwv7kTSȸА_ȺNZ7
МaɾјoЂ>7 

ӗӡӘʈϮƪ�Æ®ÁÆ�Љϖ 

ASE\ƀ˝aˣϢ[<vBSǀba�Æ®ÁÆ�ǠƖӗ¬À��ӘzɾјOv7ʕT
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^Љϖ[<vBS˜ѭb¬À��\´Æ®]se¨ÂUG[<uSҙͦ\ɾјСŹa

ŵȰb˲їͪǠʞ[<v7 

ӗӢӘⅡΓˣɾјƪтҋľ˅М 

ƀüỵ̈Ǚ͚тҋľ˅МzⅡΓˣ͚_ʈѭMTЉϖ[<uSǂ˵ÕАɌľaΔγ]s

e҇γaƀüÿ˲pΔγÈ҇γ˲ӗO2̷șӘ^]aѮρ̣ǙBŹϢ[<v7ǛӒǝ[b

ӓάș̣ǙBǛ͒MZ=vBSⅡΓˣ_ɾјŹϢ^Ǯƪтҋľ˅МzʈѭMSǛӒǝ\

ƀΎșaȿϢzĎOvTn_S3-4ȒΎșaҙͦʷҚBȸА_^v\Ϝ?Z=v7 

 
ӠӛӟӛӞӛӠӛЗ̣М͞!

ӗӞӘ}�}_]Gv̢ǝœˇ˵ÿʉĽ̩ÈƅŴ̩aǙҋŚaTnaЗ̣ 

ӗ͒͊Ә}�}_]GvȾ̶^κ̝ͦǵ_ù>è—ɮĽ̩ƷŐaǙҋŚpSÐ͟aÓ

[oʹ^ͅȍˆp̧ƥȍ^]aϥ̩́ͦ͘ÈƅŴ̩Ata¬À���ǙҋŚbÐ͟a

̊ͯșB˚nZӓ=7 

ӗ}®ÄÉ�ӘѠȒͦ−BⅱM=ħǒͪѮρ̣ǙЉϖzⅡΓˣЗ̣_Ⱥ͚MSCO2a

l^tPSCH4pN2OaѮρЗ̣zЂ=SIwk[_^=Д˟[Цζ_ǂҋaʥΓҚ�

É�zŵȰOv7Kt_�Æ®ÁÆ�̈_sWZIwta˵ÿaƀüÿ˲З̣oƀʥ_

Ђ=SȰtwT�É�z�Æ¨É�¾Æ¹�Â_ѻ͚OvI\_suSRwSwa̢ǝ

œˇ˵ÿa¬À���zɵǙOv7 

ӗƟҪͪ®Ã�Æ�ӘIwk[aǛώzϜ?wcS}�}Ʈ[ⅡΓˣz͚=T̢ǝœ

ˇ˵ÿЗ̣zӓӆș[Ђ?vabʚʻUG[<uS˚nZĈĕaӓ=�É�BŵȰ[C

v7kTSʚʻa˴ҚⅡΓˣ_sv̢ǝœˇ˵ÿaЗ̣bO[_Ð͟zǂCbÁÉ¡M

Z=va[SIwta�É�zʴˣͪ_λſOwcìaѤҨzСK^=ďӇșaӓ=¬

À���ɵǙB[Cv7}�}a͗ƶƒӈzнóɤWZЙʝOvabʚʻaȨŌ[<uS

ƟҪͪ^ďӇaƂÌ_X^Bv7 

ӞӚӞӘЗ̣ӆș 

ʲý[oǑΣƽŔzɨ?vTn_Ȓ_4ƘaЗ̣zЂ>7̢ǝœˇ˵ÿðƿaЗ̣�

ºÆ±ÉÆaҪ_oŹϢ^AauЗ̣ÞǙӄƮ_ΕVǡWZot=S�É�ŵȰzЂ=

T=7^]SѠȒ[bǂ˵њѦ¹�Âz͚=T�É�ƀŚ̈_svЙ˅_sWZ̢ǝœ

ˇ˵ÿaʉĽÈƅŴ̩zɵǙOvI\BŹϢ_^WZCT7ǑΣƽŔzɨ?T�É�_

˲hv\ɵǙaɠʿŎbȠ=\Ϝ?twvBSÌΓaЗ̣ĕb˚nZҠtwZ=vTnS

[CvUGǀba�É�zŵȰMZ]bI\B҉А[<v7 

ӞӚӟӘЗ̣ĔЋƥ 

ÈIwk[a˴ҚⅡΓˣzń͚MTЗ̣[b�¨ÉKwZ=^=}�}aӄƮ 

ӞӚӠӘɾјOvЗ̣Љϖ 

ÈǙʷЗ̣_bSCMESMMESASE]seʈϮƪ�Æ®ÁÆ�Љϖ 

Èìa�ºÆ±ÉÆ\aͱÙuЗ̣[bSCMESMME 
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ӗӟӘ}�}È}� ¬ÄÉaΕÿЗ̣ 

ӗ͒͊Ә̢ǝœˇ˵ÿa �®��ÆɵǙzЂ>Ì[SʲoÎǙȿBǂC=oaa

ӞXBƶ͟ǷAtϥ͜Ǩ̑ƠgaњѦѶΎ[<v7kTS}�}Ata̢ǝœˇ˵ÿp

˻ˉ͈тaǂҢҚњѦbÐ͟[o̊ͯșBӓ=7 

ӗ}®ÄÉ�Ә̢ǝœˇ��aǀɌľѮρЗ̣S��ÆpCO^]˻ˉқѮ͈тaѮ

ρЗ̣zЂ>7͉_Iwk[i\{]З̣ąB^=ŊφíѠaʔҽЗ̣_svWarm 

Conveyer BeltaњѦ¸�£�·pSƾǑaÌ҃Ǩ̑Ơ_]Gv¹Æ�ÉÆӓ˵ƢAta

̑ĽSKt_ƥÌЗ̣pǙʷⅡΓэЗ̣[ɜK?twZ=^=Ó҃ϥ͜Ǩ̑Ơ[aҰÓ

З̣_svǂҢҚњѦ¸�£�·aЙʝzЂ>7 

ƝӞb HIPPO[З̣KwTCO2̷șaţśʔҽЗ̣�É�aą[<v7ΩƟaHIPPO

М͞as>_ⅡΓˣ[Ǩ̑ƠįzÌʜÈÍҟM^Btţśҽa�É�Æ͊З̣zЂ>7

HIPPOas>^ś˚Atţ˚k[aȖƮʔҽaЗ̣bЂy^=BSHIPPO[bЗ̣[C

^AWT}�}Ʈ[aʔҽЗ̣zЂ>I\B͉ȶ[<v7 

ӗƟҪͪ®Ã�Æ�Ә}�}ǂҢ\Ǆȑ̌aƶ͟_üϖOvʚʻb}� ¬ÄÉͽΒ

zЂ>Ì[˚nZʴœ^ƥƮ[<uSӓӆșЗ̣oŹϢ[Sтaӓ=З̣B[Cv7Ŋ

φaʔҽЗ̣bÐ͟[oi\{]ąB^bSÓ҃Ǩ̑ƠaЗ̣bӠ˥ĤњѦ¹�Âa˘

Т�É�\MZÐ͟Atǀbań͚BГѝkwv7 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

ƝӞӛHIPPO ⅡΓˣЗ̣[ȰtwT CO2 ̷șaψș―ӓșľȋ 
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ӟӚӞӘЗ̣ӆș 

ÈǂД˟^З̣[<va[ӆșaӓ=¬À� bГѝn^=BSȒzь=U\MZo

ʡÈƾÈΊÈĵa4XaǑΣz�¨ÉOvI\B҉А\Ϝ?twv7 

ӟӚӟӘЗ̣ĔЋƥ 

ÈǂҢaoutflowzɨ?vTn_Sʚʻ̕ś҃At˂�¢̕zκZţ�¢̕k[ 

ӟӚӠӘɾјOvЗ̣Љϖ 

ÈCMESMMESASE]seʈϮƪ�Æ®ÁÆ�Љϖ 

 

ӗӠӘɌǷƠÈǨ̑ƠΓ˵ƴæɹaЗ̣ 

ӗ͒͊ӘĪ͓aǂ˵ȳ͗z͔ЙOvÌ[ɌǷƠÈǨ̑Ơæɹb˚nZ҉А[<vBS

ʹa҃ľBǀbSǂ˵ŎǒaľҊ[o̊ͯșBӓ=7 

ӗ}®ÄÉ�ӘCO2 SSF6 SCH4 SN2O  bǂ˵њѦa ÃÉ�É\MZ˚nZʴœ[

<uS͉_CO2\SF6bɌǷƠǂ˵aage ÃÉ�É\MZ͚̏KwZ=v7kTSⅡΓ

ˣ_тҋľ˅Мzɾј[CwcSǂ˵ÕАɌľaΔγƀüÿ˲ӗC15N Әp҇γƀüÿ

˲ӗC18O ӘSO2/N2˲SAr/N2˲^]z͒Ƴľ˅OvI\BŹϢ\^v7 

ӗƟҪͪ®Ã�Æ�Ә}�}¹Æ�ÉÆƥƮbɌǷƠ̑ĩȁͦ^ӄƮ[<uSÐ͟

aìaƥƮ[bЗ̣MȰ^=ɌǷƠÈǨ̑ƠæɹaàǛzЙʝ[Cv7͉_SCO2pSF6

aЗ̣bSBrewer-Dobsonȳ͗aȒUƽŔp ÃÆ¡z˘Ľ[CvŹϢȿB<uS˵Ĕ

ƽŔ_ù>Ī͓ȳ͗a˘Т\=>͞ʷͪ^Ɍˇ_X^Bv7kTSǂ˵ÕАɌľa͒Ƴ

З̣BǛ͒OwcSÍ҃ɌǷƠ_]Gv҉Ŏ̉a;̉pžΏ̛ſѶΎ[҉ŎľҲB]>

ųȺOvA^]ĪbʕM=ͽΒBŹϢ_^v7 

ӠӚӞӘЗ̣ӆș 

� CME]seMMEbȎРЉϖ\MZⅡΓˣ_ɾјMSǂ˵З̣al^tPĪZa¬

À� [�É�zŵȰOv7ȰtwT�É�bΓ˵ƴaц̩zvTna�É�Й˅_

ń͚Ov7 

 
ӠӛӟӛӟӛųȺȿ˵ÿ�

CO2, ¸�Æ_˥FΙӠa̢ʭŚ˵ÿ[<vǨ̑Ơ��ÆpSͰɳœˇÈҚɳœˇ_s

u˵ĔgȧҿOv�}Ä�ÂΪǎa>VȴǮ^oaaǂ҃ľbSǂ˵Ó[ŚǒųȺ_s

uá˥ͪ_͘ɌMToa\Ϝ?twZ=v7MTBWZSRwtaŭʓ\^vŊӐ͈т

(NOx, ɻͦȿʴˣŚſ͈SÊ҇Ś̼γ^])a̩ͦ͘aľȋSŊӐ͈т]se��Æp�

}Ä�Âaǂ˵Ó[a 3 ˥ĤľȋS͘ɌÈ̗ǆaŚǒųȺÈ͈͔ѶΎzÊѮaoa\M

Zυſͪ_ɖɺOvI\B҉А[<v7\b_ѠȒ˂}�}[bκ̝ͦǵ_ù=ŊӐ͈

тaɮĽBⅱMbƷŐMSǂ˵˻ˉBшƶӬŠ͓Д˟g\ȖƮŚMZ]uS˵Ĕgaȧ

ҿaЗ̽Ato҉АЕKwZ=v7MAM^BtS͙˙̏Ŕpћ˙Sϥ́a̩ͦ͘ӗ˖



�

�

��)�
 

ˆ̹̻ΛӘ_͜ˁOvɮĽaǛɉSǨ̑ƠŚǒųȺ[Óˏz^O HOx À��Â(OH, 

HO2 À��Â)aųȺέ(Ɲ1)^]_X=Zb͔ЙBŞľ[^bS˨^͒͊ɖɺpǬˁ

Þ̣zҞ{[=v7ⅡΓˣЗ̣bӓșľȋz˨_ɖɺ[Cv̽[ģwZ]uSƥÌǙ

̽З̣a��ÉÂzSЄʟЗ̣ΛasuǂC^��ÉÂgλeXGvȨͯoˇTO7�

�ÆbÌ҃Ǩ̑Ơ_ǐƣOvi]˵ĔȧҿBǂC=\Kwv^]Sǐƣӓș˱_ȨŌB

ͣ^vƳſo<v7Ias>^ųȺȿ˵ÿaѶΎp�Æ©� ͔ЙaƂÌaTn_сO

vЗ̣М͞zðÍ_ѣhv7 

 
OH,!HO2!zÓȷ\OvǨ̑ƠħŚǒ͔Яa˘Т\��ÆŚǒ!

ǂ˵͗ƶÓ[a OH, HO2 ̷șaƽŔ\Ra͘ɌÈ̗ǆѶΎz͔ЙOvI\bǂ˵Śǒ

͒иЙʝaːȘ\^v7RaҪSƥІíѠAtÌ҃Ǩ̑Ơk[S<v=b҄ȊƮAtÁ

¹É ƥƮk[SNOxÈɻͦȿʴˣŚſ͈Λa̷șBƽŚOv<tqv͈͔Śǒ͗ƶÓ

[aŔɉɖɺBȸА\^v7Ias>^ǂ˵҇ŚϢaƽŔzɨ?vI\bS��Æ͘Ɍ

UG[^bSá˥�}Ä�Â͘ɌѬșz͔ЙOv>?[oCynZ҉А[<v7OH ̷

șb 1pptv ðÍ\чȴҋ[<uSǩƋo 1 ΌðÍ_−Ov^]ṢǙbҼȎ_ƛҳ[<

vBSƟҪͪ^ⅡΓˣЗ̣ǛώSƟį[oƥÌРϖƪạǙЉϖҙͦǛώB<v

(Kanaya et al., 2007 ^])7 

͒ƣa͔Я_ưYb\SOH aȑƧ̷șbśŠ͓ai>BţŠ͓su 2 ŌΎșӓ=\

ɵ̣KwvBS ÃÉ�É(¸�Â�ÄÄ²Â·)aŴʇЙ˅[bÑŠ͓[ȇB^=I\

(Patra et al., 2014 ^])B΅ƏKwSśŠ͓[bʹa HOx ̗ǆѶΎBǐƣOva[b^

=A\Ϝ?twZ=vBS͉ǙKwZ=^=7��ÆSÊ҇Ś̼γSҼ¸�Æ̼Ś˶γ, 

NOx/NOy, ˶ⅲ˵SJ ĕS�}Ä�Â^]SÀ��ÂŚǒ_қyvI\BtwvSk

TbŹϢȿB<vŚǒΏÈ©À¸É�zυſЗ̣MSÀ��ÂŴʇzЙ˅MSʹѶΎ

_қOvñЬz˘ТOv7OH a̗ǆѶΎa͔ЙzƂÌKQv OH ųȺȿạǙo҉А

\^v7HOx ŚǒaϮ= ÃÉ�É\^vѶ҇Ś˶γa 3 ˥ĤľȋzɖɺOvI\oɇ

ϘBǂC=7èҚ̏ŔaȧҿBǂC=}�}a҄ȊƮAtSǂҢa}� ¬ÄÉk[S

HOx aɦŔbŞľtwZ=^=7ą?c 2000 Ȓðҟ³ ·}�®ɵМAtbÊ҇Ś

̼γ(CO)̷șaƷŐ ÃÆ¡BÞ̣KwvBSǛǂ˵ÓӗǄȑ̌ϊќƥƮӘ[bijˠ

c=[<uSOH _ʇ҅Kwv̗ǆӁaƽŔaȧҿzŶGZ=vŹϢȿo<v7kTS

˖ˆǂ˵bѠȒ̊ͯKwvέa 1 X[<uSVOC ̷șBӓbSNOx ̷șBý=͗ƶÓ

_]=Z HOx ̷ș_͔Я\aȇBǂCbSʹaųȺaǐƣB΅ƏKwZ=v7 

Ǩ̑ƠŚǒųȺ͔Яa˘ТzѫNZS��Æ͘Ɍa͔Йșӗ˨Ɖ͘ɌѬșÈņȱƙǎӘ 

zӓnvI\B҉А[<v7NOx \ VOC a]VtB��Æ͘ɌѬșaņҠƙǎ\^W

Z=vASkTSŚǒΏBǀ˝^ VOC _X=ZSƥƮÈǑΣ˱_Sè—ц̩Èϥ́ц

̩a]VtB��Æ͘Ɍ_ȢbȧҿMZ=vAz͔ЙMSV�Æ ÄÉÂŹϢ^:��

ÆҋzɖɺOvI\b҉А[<uSŊӐ͈тaυſЗ̣zѫMZЙʝOvI\B˹nt



�

�

���
 

wZ=v7 

Ǩ̑Ơ��ÆŴʇa̗ǆӁ_bŠ̕͘ɉέ^]zц̩\OvϦγÈ¿�γ^]a§

Ä �ÆӊBқÏMZ=vŹϢȿB<vBSRwta̩ͦ͘ľȋpǐƣҋb˚nZʹ[

<uSRaǡÏbЙʝKwZ=^=7BrO, IO ^]zȇľƅŴ^]aŭ͔_ưY=Ẓ

ǙOvЉϖzҙͦMSRa 3 ˥Ĥľȋpͦ͘¸�£�·zɖɺOvI\b҉А[<v

(Saiz-Lopez and von Glasow, 2012)7͙˙ҾƋðŊ_ПҒKwTý��Æ̷șzЬʝOv¸

�£�·bć́\MZÎʝ[<uS§Ä�ÆŚǒpSHOx a�}Ä�ÂΪǎÌÎƧÊų

Ⱥ_sv̗ǆΛa͔ЙzƂÌKQvȸАB<v7 

ⅡΓˣЗ̣[bSRaƳaΓ˵zƅȝMľ˅OṿǙƖ_Ő?SŅ−OvǄҤʎÛħ

pƥІҽųǫħz͚=TÁ¹É �Æ�Æ�oʴœ[<vӗBaidar et al., 2013 ^]Ә7

ʉǫø−zϜɊOvI\_suSⅡΓˣaŅ−ΤƜsuo˶ȑÈҏͰʖƂ_Ȗ=ӄƮa

ɄƲzŵȰOvI\B[CvӗąӧƝ  2Ә7εƿŹЕľħAtbSNO2, HCHO, 

CHOCHO, BrO, IO ^]aȴҋ˵ÿaɄƲBǭĽ[Cv7 

kTѠȒSʴˣ�}Ä�Âaá˥͘Ɍ_bSɻͦȿʴˣ��B OH À��Â\ųȺM

ZSýɻͦȿɌľBǀˮҧͪ_͘ɌMZ=bV���Æ�ѶΎ:B҉А[<v\Ϝ?t

wvs >_^uӗRobinson et al., 2007 ^]ӘS�}Ä�Â͘Ɍ_ǨMZ˵ͱaħŚǒB

ˇTOȨŌbS҇ƵÈ҇Ƶa͘ɌðÌ_ǂC=I\BtwXX<v7��ÆŚǒ

_Ő?Z�} Ä�Â_қOvѶΎЙʝaTn_oS˵ͱɌľaŔɉ_қOv˨M=͔Й

zoXI\bŊ ɷ\MZ҉А\^WZ=v7 

 
ųȺȿȴҋ˵ÿ\њѦƳaͱãĂ͚!
}�}¹Æ�ÉÆp̙=Ǩ̑͒иbS��ÆpųȺȿȴҋ˵ÿa˶ȑÈӓșľȋzǂ

CbƽŚKQSʉǫŴʇaƽŔpRwzêMTŚǒ˵ĔͱãĂ͚z͘lUMZ=v\Ϝ

?twvBS͔ЙBѰ{[=^=7\b_S˂ţÈţ}�}ƥƮaèŷƷ_ù>ћ˙È

Ȅ˙aɢǂp¨��µ�͆͂bSƥІҽAtaŊӐ͈тɮĽaɢǂzoTtMZ=v\

Ϝ?twZ]uSŚǒÈњѦѶΎzêMZ˵Ĕ_oTtOȧҿzʝtA_OvȸАB<

v7Ǩ̑Ơ��ÆaɌǷƠAtȃĩpɌǷƠÈǨ̑ƠæɹѶΎS]seRwta˵Ĕ

ƽŔ\aͱãĂ͚_X=ZoŞľ^͔ЙbȰtwZ=^=7IwtaѶΎ͔ЙaTn_S

ц̩˱a ÃÉ�ÉpŊӐ͈тaυſͪ^З̣B҉А\Ϝ?twZ=v7 

 
��ÆaҚɳͪ^̢ʭŚȧҿ!

��ÆbεƿŹЕħÈфƿφƅŴ_svͰɳͪ^̢ǝœˇz΅OUG[^bS˗͘g

a�¸É�zȝCцIM CO2 ƅŴϢzȠnvVҚɳͪ^̢ʭŚȧҿ:zoX\Ϝ?tw

v7RaȧҿbͰɳœˇzÌƘv\OvƲƇ(Sitch et al., 2007)o<vBSǙҋͪ_b͔Й

KwZ=^=7��Æ̷șa˖ˆÌ[aƽŔzS˗͈aħſɌaɥ˞\^v�ÄÄ¬~

ÂϿħ^]\ſyQZϓuѡMМ̣MSƥÌЗ̣(¬À���М̣zƄm)pЄʟЗ̣a



�

�

����
 

ă͚_sWZʥΓҚͪ_ɄƲzЋǕOvI\[SҚɳͪ^̢ʭŚȧҿaǙҋͪ^УĈ_

л͍OvI\BʷȬKwv7 

 

ЄʟpÁ¹É �Æ�Æ�a˘Т!

˥ÐïaЄʟ�Æ�AtaǨ̑Ơǂ˵ιɌЗ̣[bSЍʏảҗȍ_]GvƀÊľǎ

ӗ��ÆpÊ҇Ś̼γ^]ӘaƅŴӗT\?cεƿŹЕ\фƿӘaЙ˅zιlſyQv

I\_suS̉җJ\_ǐƣӓș_ǨOvɈșBͣ^vI\zń͚MZSӓșľȋzǭ

ĽOvI\BМ͞KwZ=v7Ias>^ʕM=Єʟ®Ä�� _ǨMZSӓșľȋa

ʹĕzÏ?vI\B[CvabⅡΓˣЗ̣aĄƋaÊX[<v7kTSƥÌAtaÀ�

�ÉМ̣pMAX-DOAS ̈^]aÁ¹É М̣[o NO2, �}Ä�ÂħǒͪŬKΛ_X=

ZӓșľȋBǭĽKwvs>_^uSƀ˝_ⅡΓˣЗ̣_sv˘ТB҉А\^v7Iw

tzυſMSȯˁV�À·ҋ:[MAдЯ[C^AWTɌľ_X=ZSӓșľȋaɄƲ

zŐƉMT>?[Sǂ˵Śǒp˵Ĕ_ǨOvȧҿaУĈzѰnvI\b҉А[<v7 

kTSɕЃͪ^ҽ[oSЄʟ�É�aƂÌaTn_SⅡΓˣ_sv��È�}Ä�Â

ƀʥМ̣bʴɇϘ[<v7ЄʟЗ̣_svǨ̑Ơ NO2 �À·̷șa˽Ǚ_bSħэzʃ

ÛOv�}Ä�ÂaǐƣҋÈǐƣӓșpħƅŴ͉ȿBȧҿM>vBS͒ƣaЄʟЗ̣Й

˅}Â�Á�·[b�}Ä�ÂaœˇbҶ\ƀ˝_ŵuɓywS�}Ä�ÂRaoaa

œˇBҤ_І͒KwZ=^=7ⅡΓˣ_sv�}Ä�ÂÈ��aӓșľȋƀʥЗ̣zǛ

ʗMSЄʟЗ̣aЙ˅̈zУĈMSѻ˨ŚMZ=bI\o҉А^ɏ͡\^v7 
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Ɲ 1. OH, HO2 À��ÂzÓȷ\OvǨ̑ƠħŚǒ͔Я\SRaѮҔųȺ_sv��Æ

͘Ɍ¸�£�·7IwtaųȺέ_bɶAwZ=^=ʹѶΎB̳{[]uS<tq

vǂ˵͈͔Śǒ͗ƶÓ[a˘ТB˹ntwZ=v7 

 

 



�

�

��-�
 

 

 

 

Ɲ 2. ⅡΓˣAtaÁ¹É �Æ�Æ�М̣_sv NO2 Λa͈т̷șa˶ȑµ�«Æ�S

ҏͰľȋМ̣a˟ȜƝ7 

 
 

ӠӛӟӛӠӛ�}Ä�Â�

�}Ä�ÂaͰɳœˇÈҚɳœˇaÎǛȿzý̟KQvTn_˹ntwZ=vàbә 

(J)ħǒ͉ȿÈCCN ̏ȿÈIN ̏ȿzʇ҅OvĒUaΪǎaȴ͈͔ÈŚǒ͉ȿaЗ̣ɑ

̈zάωŚMә(.)ȴ͈͔ÈŚǒ͉ȿ\әħǒ͉ȿÈCCN ̏ȿÈIN ̏ȿaҚaͱққċ

zǛǂ˵[ǛТMә(L)ʻтͪ^ȴ͈͔ÈŚǒ͉ȿz[CvUGǀbaƳɐÈǑΣ_]

=ZǨ̑ƠĪӓșΤƜ_yTuЗ̣OvI\[<vӛIwtaЗ̣ͪГBȰtwZŁ

nZS�}Ä�ÂÈҶaʏĕ¹�Â_ǛҪa͈͔Śǒ®Ä��zιlѝlSRaМΡλ

ˇz˘ТOvI\BŹϢ\^vӛIaͯͪz−ɌOvTnәʕT^̣Ǚ̈aҙͦәⅡΓ

ˣz͚=T�ÄÉ�ºͽΒә˝U^ƳɐÈǑΣ_]GvⅡΓˣЗ̣zЂ>ӛIa 3.4.Σ

[bәðÍaӡXa�Éµ_X=Za�ÄÉ�ºⅡΓˣЗ̣a˜Ɇzѣhvӛ 

 

1 �}Ä�Âaȴ͈͔ÈŚǒ͉ȿaƽтѶΎ 

ⅡΓˣ[˻ˉΓ˵ƴzѤыMәʉĽͰȭAtÍ̑Ʈk[_ĒUaΪǎaΪȫÈιɌÈ

ȥ͊È̛ſ͊ɉÈІҽa͊ɉBƽŚOvѶΎzÕ_ҸǎӉȴҕЗǥaʖ̈[З̣Ovӛ

ÍПOaͽΒЭӈ\ѮɿMәƅ̧ȿÈCCN ̏ ȿzʇ҅Ovʴˣ͈\̿ˣ͈aιɌÈ̛ſ
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͊ɉpәIN ̏ ȿzʇ҅OvΪǎaІҽȿ͊zͰɳЗǥ_sWZʝtA_OvӛÍПPa

ͽΒЭӈ\ѮɿMәƅŴȿ�}Ä�Â(BCәҐ͈Ϊǎә�É³ÉÂ^])aħǒ͉ȿzʇ

҅Ovƙǎӗ̛ſ͊ɉÈȥ͊Ә\RwtaƽтѶΎzЗ̣ͪ_ЙʝOvӛKt_әҶ®

Ä��zκvŊȭa�}Ä�Âa˲їЗ̣_suә͒ƣk[i\{]З̣ͪГa^=ә

ҶΪBⅲͦOvI\[ı͘ɌMT�}Ä�Âaȿ͊zЮhәҶΪį_]Gv�}Ä�Â

aŚǒƽтѶΎaЦζzʝtA_Ovӛ 

 

O �}Ä�Âaƅ̧ȿÈCCN ̏ȿÈIN ̏ȿ 

Ǩ̑ƠĪӓșƮ_]=Zә�}Ä�Âaƅ̧ȿÈCCN ̏ȿÈIN ̏ȿaΓҚľȋ\R

aʇ҅ƙǎ[<vȴ͈͔ÈŚǒ͉ȿ\aқċzәʕT_ҙͦOvӓ=ʥҚľЙϢa 

Humidity Tandem Differential Mobility Analyzer(HTDMA)\ CCN ��Æ�−z͚=ZЗ̣O

vӛžUa˻ˉΓ˵ƴzѤыЗ̣Mә���Æ�_svIwta͉ȿaƽŚѶΎzʝt

A_OvӛKt_әҶѶΎzκvŊȭaǂ˵Óa�}Ä�Âaƅ̧ÈCCN ̏ȿ\ә

Counterflow Virtual Impactor (CVI)z͚=TҶΪÈ˷ΪaÓa�}Ä�ÂaƀʥЗ̣_s

uә]as>^�}Ä�ÂBѾɛͪ_ҶΪŚOvaAͰɳЗ̣MәkTҶΪįa�}Ä

�ÂƽтѶΎ_X=ZЦζ^З̣ͪГzȰvӛ 

 

P ǂ˵ȴΪǎaħƅŴҋ\RaɌľŃǡÏ 

ǂ˵ȴΪǎӗ�}Ä�ÂÈҶӘaħƅŴaʇ҅ƙǎ[<v BC _X=Zәħǒ͉ȿz

ʇ҅Ovȴ͈͔͉ȿaĪZzͰɳЗ̣ӗÌП1aͽΒ\ѮɿӘMәΪǎħǒМΡ\ħǒ

ċʏaͰɳЗ̣\ιlſyQZәĪ�}Ä�Âa̗ʎÈƅŴċʏ\RaÓ_]Gv BC 

aǡÏzЙʝOvӛʕT_әŹЕ̉җȍ_]Gv BC aЍγǳə͏ạǙЉϖ\әBC Ƅ

ʴΪǎaƅ̧͉ȿạǙЉϖӗŐ̧ LII ̈ӘzҙͦMZⅡΓˣ_ɾјOvӛKt_ľħ

ʉǫМaʉǫЗ̣λˇ\ʉǫ¹�ÂМΡλˇz˲їOvI\_suәǄҤʉǫ̉җȍ_

]Gvǂ˵aʉǫŴʇ\ǂ˵ȴΪǎaȴ͈͔͉ȿaқѮzǙҋͪ_ЙʝOvI\zͯɥ

OӛIa�ÄÉ�ºЗ̣ͽΒ_suәIwk[_ĿuľGvI\Bƛҳ[<WTҐ͈Ϊ

ǎÈBCÈʴˣ͈aħƅŴҋaǡÏŌſzЙʝOvàB[CәÁ¹É �Æ�Æ�ɑ̈

pħƅŴȿ�}Ä�ÂaʉǫȢņŎa�¶¼ÃÉ�¾Æa˘Тưͮ\^vӛ 

 

Q ϥ́ц̩ʴˣ�}Ä�ÂaŚǒͪƀǙ 

ʴˣ͈bS҇Ƶ\ÒeSͰȫ 1µm ðÍa�}Ä�ÂaÕА^Ɍľ[<uSRaŚǒ

Ώ\͈͔Śǒ͉ȿb˚nZЍұ[<v7ʴˣ�}Ä�Âa͘Ɍˣ˜È̩ͦ͘ŃǡÏÈƅ

̧ϢzЗ̣ͪ_͔ЙOvI\bSҚɳœˇaǂCKz˽nvҶĹλˏʏz¹�ÁÆ�O

vTnaư΄ͪГ\MZ҉А[<v7ʻͽΒ[bS͉_ʴˣ�}Ä�Âaͦ͘ҋ\̷

șaӓ=˂}�}ÌΓ_]Gvʴˣ�}Ä�ÂaΪȫŃŚǒΏz���É¡�Æ©�

�È̘ŚɩҰЉϖ_sv�¬À�Æľ˅SӌЂʥҚƪтҋľ˅М_sv�ÆÀ�Æľ˅

zιlſyQZʝtA_MS̩ͦ͘ǡÏ͏pSǛǂ˵Óa͘ɌÈƽтˣ˜SΪȫÈιɌ
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\ҶĹλˏӗƅ̧Ә Ϣ\aͱққċzЙʝOvI\zͯɥO7 

 

ӠӛӟӛӠӛӞ.�}Ä�Âaȴ͈͔͉ȿaƽтѶΎa�ÄÉ�ºЗ̣!

ⅡΓˣz͚=Tǂ˵З̣[bәӞӘ̩ͦ͘Atǂ˵_ʉĽKwT�}Ä�ÂBǂ˵Ó

[њѦKwvѶΎ[҇ŚÈħųȺΛ[ȿтzƽŚKQZ=bI\_sWZәRa˵Ĕ_

ǨOvȧҿBƽŚMZ=b®Ä��aЙʝәӟӘҶ\�}Ä�ÂaÌΓ[aǛҪaųȺ

zЗ̣ә ^]a̽_]=ZƥÌЗ̣[bȰtw^=�É�BȰtwvӛ͉_ә�}Ä�

ÂІҽ[a¢¦��ÉÂ[aųȺzͰɳЗ̣Ovʖ̈\MZәⅡΓˣ[ɩҰMT˝U^

̩ͦ͘ә̷șә ���Æ�ѶΎzκT�}Ä�ÂΪǎzҸǎӉȴҕ[ͰɳЗ̣Ovʖ̈

B<v(Ɲ 1)ӛIaľ˅_sWZәⅡΓˣ[ɩҰKwT�}Ä�ÂaІҽpį҃[͘N

v̛ſÈŚǒƽŚ^]BЙʝKwvI\BʷȬKwvӛ 

ʚʻƈќaÌΓbÐ͟[ʲoǂC^è—̩ͦ͘aÊX[<vÓƟAta�}Ä�ÂΪ

ǎә �°Á}^]Ata¨��µ�͆͂�}Ä�ÂәkTӕͼaӌˁ\=WT˝U^ͦ

̩͘At͜ˁOv�}Ä�ÂBњѦKwәRaЗ̣b�}Ä�ÂBƥ͓˵Ĕ_Ï?vȧ

ҿzГΑovÌ[҉А[<vӛ͉_Џʚʻpʚʻ̕È˂�¢̕ÌΓ[bͦ͘At˲їͪ

ʥҚBTWZ=^=�}Ä�ÂΪǎBЗ̣OvI\B[CәkT˂ʚʻpǄȑ̌ÌΓ[

bRwta�}Ä�ÂΪǎBƽтMәҗъҲѦ_sWZśŠ͓_ȖBWZ=b˝ǎB

З̣[CvӛII[әǂ˵Óa�}Ä�Âa˵ĔȧҿzЦζ_ГΑovTn_bәӞӘ

RwtBѦÓaƽт_sWZ]as>_ƽŚMZRaƅ̧ȿӗҶĹλˏ͉ȿӘpħǒ

͉ȿӗǄҤħʉǫȢ șӘzƽŚKQZ=bAәӟӘǂ˵ÓaƽтpҴ_svҡů_sW

Z]aΎșǂ˵ǩƋB <vAzvI\[ƥ͓Ìa�}Ä�ÂυҋzГΑovә^]z

ʝtA_OvI\B҉А _^vӛIas>_ә�}Ä�Âaƥ͓˵ĔȧҿzГΑovÌ

[҉А^ʚʻÌΓa�}Ä �ÂzӞӘ̩ͦ͘ѠěәӟӘǂ˵Ó_ʉĽKwZ 1Ӛ2 ʚΎ

șTWT�}Ä�ÂәӠӘʏʚAtÊѯҚΎșTWTǄȑ̌ÌΓa�}Ä�Âәzͦ͘

ц̩p�°Æ J\_ѤыMZЗ ̣MәΪǎІҽ[цIv҇Śәƅ̧͉ȿә̛ſ͊ɉƽ

Ś^]aľ˅zЂ=әRwtaƽт ѶΎa͔ЙzȰvӛkTәⅡΓˣЗ̣_su�}Ä

�ÂaҶ\aͱãĂ͚pɢʎÈ˾ҟaľȋzЗ̣MәRa¸�£�·pǛҪaȑƧǂ˵

ǩƋzɵ̣OvI\^]BŹϢ[<vӛ ҸǎӉȴҕz͚=Tľ˅_̀̽zȤZv\әR

wSwaΓ˵ƴpͣ^WTƽтѶΎa�}Ä�ÂΪǎzⅡΓˣЗ̣[ɱŵMәӞӘ]a

s>^�}Ä�ÂB]aΓ˵ƴ[ǐƣOvAzЮhvәӟӘĒŃΪǎaĤγľȋzМ̣

OvI\[RaΪǎƽтѶΎz˲їOvӗƝ 1Әә ӠӘĒUΪǎa̛ſ͊ɉpȥɉzЗ

̣MәÀ���É³ÆaħƅŴ͉ȿ_X=ZaЦM=Й˅p�}Ä�Â̛ſ͊ɉƽŚ

Bƅ̧͉ȿ_Ï?vȧҿzЙ˅OvәӡӘҶaÓÈÍ[a�}Ä�Âaѹ=ẓǙMә

Ҷ_svҡůѶΎz͔ЙOvә^]BŹϢ[<vӛRaλˇә�}Ä�ÂaƽтѶΎÈ

ǂ˵ǩƋÈħǒ͉ȿƽŚ^]BЦζ_͔Й[Cә�}Ä�Âa˵Ĕȧҿa͔ЙBѰmI

\BʷȬKwvӛ 
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Ɲ 1. ҸǎӉȴҕ[ǂ˵�}Ä�ÂΪǎaІҽ҇Śzľ˅MTąӛA-B aφ_̅WZ̼

γÈ҇γ˲zľ˅Mә͓͊ΪǎaІҽ[҇ŚBѰm˝ǎz΅Oӛ 

�

ӠӛӟӛӠӛӟ.!�}Ä�Âaƅ̧ȿÈCCN!̏ȿÈIN!̏ȿa�ÄÉ�ºЗ̣!

ǂ˵�}Ä�Âaƅ̧ȿzЙʝOvͽΒzɵѰOvÌ[әⅡΓˣЗ̣bƥÌÈⅤⅣЗ

̣_ǨMZðÍaģüȿzɤXӛkPәњѦѶΎpәҶ˶įaŚǒųȺpý̢Í[aŠ

ɻͦȿ͈тaĹύ^]әƥÌíѠ\bͣ^vѶΎzκT�}Ä�ÂzЗ̣MȰvI\pә

˶Ҷ_]GvΪǎaƅ̧ɌҗpәΪǎaƅ̧ɌҗBқÏOv˷ʪȥɌӗĹλĸλÈɳК

ĸλÈį҃ĸλ_]=ZӘB͘Nv͒ƳíѠ[aЗ̣BŹϢ^̽BɦHtwvӛkTә

ӓѬ_ŔOv®À� ¬�É·[<uәǂ˵�}Ä�Âa���Æ�_ù>ƅ̧ȿa

ƽŚzәѬpA_ȖΤƜa�É°�[ɨ?Ȱv̽oɦHtwvӛTUMәⅡΓˣ_sv

ƅ̧ȿ_қOvͽΒbә̕ƿzÓȷ_Ѱ{[CZ=voaaә͒͊[bƥÌÈⅤⅣЗ̣

\˲hv\зǣ^ɌˇzȰZ=v\bЛ=ҳ=ӛƅ̧ɌҗșẓǙOv˞̪ͪ^ˣƖ[

<v HTDMA Bǂƪ[<uәkTʥҚľЙϢBӓb^=TnAәHTDMA aⅡΓˣ[a

Ѵ͚ӗKaku et al., 2006; Shinozuka et al., 2009 iAӘBǯ^=̽BȧҿMZ=v\=?vӛ

Ńaɑ̈\MZәħʎÛzń͚MTƅ̧Ɍҗ̣ǙB<vBӗHegg et al., 2006; Sorooshian 

et al. 2008Әәάζ^ƅ̧ɌҗșľȋaМ̣bƛҳU\Ϝ?twә͒͊[HTDMA \ƀΎ

șaϢŎzʴOv\b=?^=ӛ Ias>_әⅡΓˣzń͚OvΪǎƅ̧ɌҗaͽΒb

ͦǵѪÌaˮҧ_<vӛ 

Ias>^͊̆aÍәⅡΓˣ_sv�}Ä�Âƅ̧ȿaͽΒa҉АȿÈͦǵȿzҖlә 

ðÍaͽΒzɷ˒MT=ӗƝ 2ӘӛkPә�}Ä�ÂΪǎaƅ̧Ɍҗșzάζ_̣ǙŹ

Ϣ[әⅡΓˣ_ɾјMȰvǂCKÈë˝aМ̣ƖaҙͦÈʐĜzЂ>ӛάζ^̣ǙaT

n_bHTDMA aМ̣ŭ͔aѻ͚BʴʶU\Ϝ?twәƥÌЗ̣͚a HTDMA a˜Ɍz
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°É�_ә ǮƪŚ\М̣aӓѬŚẓvӛӓѬŚ_қMZbәѫȎa HDMA \bͣ^

uŁˮa DMAӗÜ͇ˀòӘaŧŐҸƢzɬȝMZ˥ˮa DMAӗŐ̧ˀòÈ1 źӬʏźӘ

aŧŐҸƢzƞǙOv˜Ɍ[М̣zЂ=әÜ͇ΪȫÈƅ̧Ɍҗș_ǨMZΪǎʏ̷șa

µ�«Æ�zЂ>^]aʖ̈aǛ͒ȿ_X=Z˘НMT=ӛ 

ρ=ZәҙͦMTМ̣Ɩz͚=TⅡΓˣЗ̣zǛʗOvӛ҄ȊƮ^]�}Ä�ÂaĆ

νƮƈќ_]Gv˶ȑľȋaɖɺbә�}Ä�ÂaњѦÓaƽт_ù>ƅ̧ȿaƽŚa

Й˅_λeXb\Ϝ?twvӛkTәҶaÌÈÍ҃a˲їӗSantarpia et al., 2011Ә_s

uәҶѶΎ_ù>�}Ä�Âaƽт_қOvГoȰtwv\ʷȬ[Cvӛʯ_әŚǒ

ιɌaRaƳ̣ǙpΪǎa CCN ̏ȿaМ̣\ιlſyQTЗ̣_suәʙȩaƥÌÈ

ⅤⅣaЗ̣ͽΒ\ƀ˝_әιɌӜƅ̧ȿӜCCN ̏ ȿaқċBʝtA_^uȰvӛRai

AәŠɻͦȿ͈тa��ӜΪǎľ҅^]әIwk[Şľ_ЙʝKwZ=^=�}Ä�Â

aɦŔ_λeX=Tƅ̧ȿa͉ȶ_X=ZoГBȰtwvŹϢȿB<vӛ^]әÌѣ

a̽b�}Ä�Âaȿ͊pǂ˵ѶΎ_қyvoa[<vBә�}Ä�ÂιɌ^]aЗ̣

\aѮɿ_suә˂}�}Ʈa�}Ä�ÂȖƮњѦa͔Йgaл͍oʷȬ[Cvӛ 

Kt_әҶį҃_]=Z¨É�ºÂ�Æ©��ӗCVIӘzń͚MZ˶ҶÓaҶΪŚM

TΪǎ\ҶΪҚΪǎaRwSwaƅ̧ȿzɖɺOvI\[Ҷ͘ɌѶΎaЦζzЮhvͽ

ΒgaͦǵoͯɥOӛҶį҃aМ̣[ CCN ̣ǙoЂ>I\[әΪǎaƅ̧ȿ\ CCN ̏

ȿŚaǨȺzЮhvI\B[CwcәΪǎaІҽȡŎәΪǎІҽa˶aтҋѻȺċʏ

ӗѬșЯͪœˇӘәkTҶΪŚ_ù>Śǒͪƽт_X=ZɑɰAuBȰtwvŹϢȿB

<vӛkTәҗʷͪ_bә˷ʪˏaМ̣zιlſyQә˷Ҷį_]GvҶȴ͈͔ѶΎa

Цζ_ѢvͽΒgaǵҙoЕҊ_ĩwvӛ^]әIwtaҶįΪǎzǨи\MTЗ̣[

bӓ=ʥҚľЙϢ[aМ̣B˹ntwәͯͪ_ǨȺMȰvМ̣ƖaҙͦÈʐĜzɵѰO

vI\B҉А\^vӛ 
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Ɲ 2. �}Ä�Âaƅ̧ȿÈCCN ̏ȿÈIN ̏ȿa�ÄÉ�ºЗ̣ 

 

 

ӠӛӟӛӠӛӠӛ!ǂ˵ȴΪǎaħƅŴҋ\RaɌľŃǡÏa�ÄÉ�ºЗ̣!

ǂ˵ȴΪǎӗ�}Ä�ÂÈҶӘaʉǫƒӈaÓ[҉АAXʲoƛҳ^oaaӞXbә

ȴΪǎ_svǄҤʉǫaƅŴҋ\RaɌľŃǡÏaЙʝ[<vӛǛǂ˵ÓaΪǎaÓ[

ħƅŴȿaɌľbәҐ͈ΪǎәBlack Carbon(BC)әħƅŴȿʴˣ͈B<vӛIwtaɌ

ľB�ÄÉ¨Â_<v=bƥƮͪ_]aΎșħƅŴċʏ_ǡÏzMZ=vaAzЙʝO

vàBә  žUaɌľ_svʉǫȢņŎzΡĽOvTn_ȸА\Kwvӛ͉_ħƅŴb

Á¹É �Æ�Æ�[bͰɳЗ̣[C^=TnәħƅŴċʏ\Raʇ҅АƙzЙʝOv

Tn_bәⅡΓˣz͚=T in-situ З̣\ʉǫЗ̣zƀʥ_Ђ>�ÄÉ�ºͽΒBȸА[

<vӛ 

éȭǂƪaЗ̣͚ⅡΓˣBń͚ŹϢ_^vƳſbәǛǂ˵[aʉǫ�ÄÉ�ºЗ̣ͽ

ΒzЂ>Tn_ә�}Ä�Âaȴ͈͔͉ȿӗΪȫәЍγǳə͏ә̛ſ͊ɉәŚǒιɌә

ƅ̧ȿӘạǙƖ\әħǒċʏӗ̗ʎÈʎÛÈƅŴċʏӘạǙƖ\әʉǫҋẓǙO

vˣƿЉϖzƀʥ_ɾјOvI\z˘НMZ=vӗƝ 3Әӛ ΙÊ_әÕА^ħƅŴȿɌ

ľ[AXȴ͈͔͉ȿạǙ̈BijΕKwZ=v BC _svƅŴċʏgaǡÏzǙҋ

ͪ_ЙʝOvI\zͯɥOӛBC aǡÏBЙʝ[Cwcәȴ͈͔͉ȿạǙ̈BΕK

wZ=^=Ґ͈ΪǎpħƅŴȿʴˣ͈aħƅŴgaǡÏaɵǙaÎǛȿzǂȏ_̟t

OàB[Cvӛ 
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ƟҪͪ_ʕM=АγbәʕT_ҙͦOv BC aЍγǳə͏ẓǙOvЉϖ\әÜ͇͊

ɉ\Ő̧͊ɉa BC ƄʴΪǎaȴ͈͔͉ȿz LII ̈[̣ǙOvЉϖ[<vӛIwta�

ÆÀ�ÆӓѬ̣Ǚ\әҸǎӉȴҕЗǥzιlſyQvI\_suәÜ͇ÈŐ̧͊ɉ_]

Gv BC ƄʴΪǎaħǒМΡ_ȸА^ȴ͈͔͉ȿzɖɺOvàB[CvӛBC aƅŴċ

ʏgaǡÏBΪǎħǒМΡAṯϔ[CvTnәÜ͇͊ɉ_]=ZbәƅŴċʏạǙ

ĕAtaȇľ_suBC [^=͈тӗҐ͈Ϊǎ, ħƅŴȿʴˣ͈Ә_svƅŴċʏgaǡ

ÏoΡĽOvI\B[CvӛIaЗ̣���·AtȰtwv�É�_suәƅŴċʏU

G[^bәʎÛÈ̗ʎċʏ_X=ZoÜ͇ÈŐ̧͊ɉažU_X=ZɌľŃǡÏzЙ˅

OvI\B[Cvӛ 

IaⅡΓˣЗ̣���·bәƥÌpǓǘAt�}Ä�Âӗ\uyGħƅŴȿɌľӘa

ιɌŃ̷șaΓҚľȋzЗ̣OvTnaÁ¹É �Æ�Æ�ɑ̈aÕА^˘Тɑˮ\^

vӛ Á¹É �Æ�Æ�[alŹϢ^�ÄÉ¨Â^җʷЗ̣�É�bә�ÄÉ¨Â¹�

ÂaМΡλˇz˘ТÈЋ˨OvTn_ÎŹˤ[<vTnәʻⅡΓˣЗ̣���·_sv

Á¹É �Æ�Æ�ɑ̈aǛǂ˵˘Тbә�}Ä�Âӗ\uyGħƅŴȿɌľӘa˵Ĕ

ȧҿaМΡÈÞ̣aÎǛȿzý̟KQvI\_ʻтͪ_л͍OvI\BʷȬKwvӛ 

 

Ɲ 3ӛǂ˵ȴΪǎaħƅŴ\RaɌľŃǡÏa�ÄÉ�ºⅡΓˣЗ̣  
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ӠӛӟӛӠӛӡӛϥ́ц̩ʴˣ�}Ä�ÂaͽΒ!

 

}�}-ЏǄȑ̌Ʈbϥ́ц̩Èè—ц̩\o_ųȺȿΔγӗNOx, NH3ӘpӕӗSӘ

Śſ͈]seϥ́ц̩aɻͦȿʴˣŚſ͈ӗBVOCsӘaʉĽÈǂ˵ųȺ_svǂ˵Śǒ

ƳgaȧҿBǂC=\Ϝ?twv7kTӓ=ͱĶ̌șb�}Ä�ÂƄ˶ҋaƽŚzѫM

Zʴˣ͈ \̿ˣ͈a̘ͱųȺzČѰOv^]Sϥ́ц̩ʴˣ�}Ä�Âa͘Ɍ´�Æ�

ºÂbӓ=7Iwtbʴˣ�}Ä�ÂaЗ̣¬~ÉÂ¡\MZÐͪ͟_lZoӓ=͋ϥ

ȿzʴOv\â?s>7 

ⅡΓˣЗ̣_sv̜̒^̌̕ǂ˵ÌpÂÉ·ÌS̅ǽƮSҢƮ˗͘ȧҿaГtwv

ӄƮÌΓ[a�}Ä�Âʴˣ͈ιɌS̿ˣ͈\a̛ſ͊ɉaЗ̣SƄ˶ҋaɵǙ_suS

�}Ä�ÂĒʏÈтҋ_ǨOvϥ́ц̩aÊ˥ʉĽʴˣ�}Ä�ÂӗPrimary Organic 

Aerosol: POAӘ\ BVOCs At͘ɌOvá˥ʴˣ�}Ä�ÂӗSOAӘaǡÏș\RaƽŔ

ʇ҅АƙzʝtA_OvI\B҉А\^v7kTSϥ́ц̩ʴˣ͈a�}Ä�Â̘ͱų

Ⱥp BVOCs At͘ɌOv�}Ä�Âтҋ_ǨOvè—ц̩͈тӗųȺȿΔγS҇Ƶ

^]ӘaǡÏș\ ιɌSBVOCs aųȺκэÈųȺҋaƽŚzѫMZČѰKwv SOA ͘

Ɍҋz͔ЙOvI\[SǬˁͪ^è—ц̩͈тʉĽҋaVņȱ:_sv�}Ä�ÂĒ

ʏÈҋaƽŔɖɺBŹϢ\^v7 

ⅡΓˣ_svЗ̣ɑˮ\MZS�Æ©�  ToF-MS ɾјƪ�}Ä�Âтҋľ˅М^]

a�ÆÀ�Æ̣Ǚ\Ϊǎ̘ŚɩҰЉϖ_sv�¬À�ÆŚǒľ˅pҶ˶Óaʴˣ͈ιɌ

a�¬À�Æľ˅^]BɦHtwv7̌̕ІǷ[͘ɌKwvʴˣ�}Ä�Âaц̩_қ

OvͽΒ[bSⅤⅣ_svǂ˵È̌̕ŚǒÈ͈̌̕͘З̣\aƀʥЗ̣o҉А[<v7

Kt_Iwt�}Ä�Âaϥ́ц̩ʴˣ͈\ƅ̧͉ȿÈҶĹλˏϢ\aǙҋͪǨȺa͔

Йo˹ntwv7 

 
ŰϜʑ͍�
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Ӡӛӟӛӡӛ��}Ä�ÂÈҶÈҟ˶ͱãĂ͚�

ӠӛӟӛӡӛӞӛ˛А!

�}Ä�ÂÈҶͱãĂ͚[bÍПaЭӈaЙʝBȸА[<v7 

ӗӞӘ�}Ä�Â_sv˶ҶaҶȴ͈͔ҋaƽŚBȝCцIOҶǷŬÈҶҋ^]aµ

�Ä^͈͔ҋgaȧҿ 

ӗӟӘ�}Ä�Âa˷ʪˏ͉ȿ\˷ʪȥɌӗҶȴ͈͔ҋӘgaȧҿ 

ӗӠӘ�}Ä�Âa˷ʪȥɌ_sv˷ҶÈ̛ͱҶӗmixed-phase cloudӘaµ�Ä^͈

͔ҋgaȧҿ 

 

Ias>^ϠʨAtSʻͽΒ[bðÍaЭӈzͽΒͯͪ\Ov7 

ӗӞӘƥ͓aʉǫŴʇ_҉А^ƾǑaśЏǄȑ̌aÍǷҶӗ˶ҶӘga�}Ä�Âa

ȧҿzSҶpƶ͟ǷaʥΓҚͪ˜ѭp͈͔ѶΎÈŎǒѶΎzƄnZ͔ЙMSʉǫŴʇg

aȧҿzʝtA\Ov7 

ӗӟӘ}�}ǂҢ[ɮĽKwTǀҋaè—ͪ�}Ä�ÂpӕͼBSʡǑa˂�¢̕È

ʚʻ̕ÈЏǄȑ̌aŔȿʆÛ_ù>ҶÈҟ˶���·_Ï?Z=vȧҿzУĈOv\

\o_SŊφȍ[a�}Ä�ÂaÌʖњѦÈҟ˶ҡůѶΎzʝtA\Ov7 

ӗӠӘҶˏÈ˷ʪˏ\MZğb�}Ä�ÂaҶÈҟ˶ȧҿS͉_Ǩ̑ȿҟ˶ҶzêM

T�¥Â�ÉÈ˶ȳ͗aƽЮzЙʝÈУĈMSǃ˵ÞƲ]se˵ĔƽŔÞ̣aάșƂÌ

zƝv7 

ӗӡӘèȄҶˏÈèȄ˷ʪˏaⅡΓˣAta�É�~Æ�_svɇƝͪ˵иʈƽǛӒ

_suS�}Ä�ÂaƽŔ_ǨOvҶÈҟ˶���·aȺΞzʝtA\Ov7 

 

}�}b�}Ä�ÂÈҶͱãĂ͚ͽΒ_]=ZðÍa̽[͉ȶͪ^ӄƮ[<v7 

ӗӞӘè—ͪ�}Ä�Â̷șBÐͪ͟_ГZoӓ̷ș7�� Ϊǎoǀbǐƣ7�}

Ä�ÂaȧҿBȢbĽZ=vŹϢȿB<v7 

ӗӟӘ}�}¹Æ�ÉÆ^]˝U^˵иƳ[ҶÈҟ˶���·BȥɌKwv7ǬˁÞ

̣_ȸА^˵иaǀ˝ȿB<v7 

 

ʕM=ͽΒa}®ÄÉ�\MZðÍaI\zɷ˒Ov7 

ӗӞӘʕM=̣ǙƖaҙͦ_svSⅡΓˣAtaͰɳ]seÁ¹É �Æ�Æ�aЍ

ſͪЗ̣aǛʗ7ǝįҶ��Æ¨ÉǛӒ_suSⅡΓˣЗ̣[ȰtwTГӗ͉_�}

Ä�Âa˷ʪȥɌѶΎӘaШ\ÊϪŚͽΒaǛʗ 

ӗӟӘⅡΓˣЗ̣SèȄЄʟЗ̣Sʏĕ¹�ÂМΡzξſŚMTͽΒaǛʗðÍ_I

wtaЦζzѣhv7 
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Ӡӛӟӛӡӛӟӛǒͪ_҉А^Эӈ!

ӟӛӟӛӠӛ Ζ[ѣhTs>_S�}Ä�ÂbҶĹλˏp˷ʪˏ\MZğbI\_s

uSҶΪaͱӗ˶̭/˷ʪӘpRaΪȫľȋ_ȧҿzÏ?v7Ias>^Ҷȴ͈͔͉ȿ

aƽŚbSҟ˶pҶΪaⅲͦ^]zêMZҶaŬKpҶҋ\=WTҶaµ�Ä^˜ѭ_

ȧҿzÏ?vӗƝ 1Ә7Iwk[aÐ͟žƥ[aKkik^ⅡΓˣЗ̣ͪͽΒAtS˶

Ҷ_қMZbSҶĹλˏA taҶΪ̏ȿŚ®Ä��bưʻͪ_Ǚҋͪ_͔Й[CZ=v

\Л?v7O^yVΓ˵ƴÓ a�}Ä�ÂaΪȫľȋÈŚǒιɌ\Γ˵ƴaÌʜ̑Ѭș

BľAwcSRIAt̏ȿŚKwvҶΪʏ̷șbӗΪȫľȋ_bÎǙȿB<vBӘư

ʻͪ_Þ̣[Cv7ȯWZ˶Ҷ_ қMZbS�}Ä�Â_svҶȴ͈͔͉ȿaƽŚBS

ҟ˶pSҶaŬKÈҶҋ\=WTҶ aµ�Ä^˜ѭ_]as>_ȧҿzÏ?Z=vaAS

ҶÈҟ˶���·aÃ�É·J\_ ͔ЙOvI\BЭӈ\^WZ=v7�Á¬�Â£}

p±ÂÉ˿aǷΑҶ[bIas>^ͽ ΒBѰ{[]uS�}Ä�ÂaƷ̟Bҟ˶gaȧ

ҿzѫNZS�É®Æ�Â\�ÄÉ�¡ �Â\=>}Â°¡aǂCbͣ^vӟXa̪ǔ

Ǚ͊ɉaςɤÈѽ_ǡÏMZ=vŹϢȿ BɥʀKwZ=v7RMZ�}Ä�Â̷șƽ

Ŕ_ǨOvҟ˶ҋƽŔaɈșB]as>_MZ˽kvaASRaÊϪ̈ňǭĽaФl^

]B^KwZ=v7 

 
Ɲ 1. �}Ä�ÂaҶgaȧҿ7Ӗŧb˲ї͔ͪЙBѰ{[=v®Ä��7Һŧb

éȭaͽΒBȸА^®Ä��7 

 
Êʖ_]=Z˷Ҷ_қMZbS]as>^�}Ä�ÂӗŚǒιɌÈІҽΑӘB]as

>^˵̢[˷ʪˏ\MZˣϢOvaA\=WT�}Ä�Âa˷ʪˏ͉ȿS˷ʪgȁȿ
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Ś®Ä��a͔ЙB˚nZÎŞľ[<v7kT-38F ðÍΎș[]Iv˷ʪaƧÊˏ͘

Ɍ_]=ZoSRaʏ̷șB]as>_˽kvaA_bÎǙȿB<v7Kt_˶Ҷ\

ƀ˝_S�}Ä�Â_svIas>^Ҷȴ͈͔͉ȿaƽŚBSҶÈҟ˶���·_]a

s>^ȧҿzűjOAa͔ЙBȸА[<v7 

Ias>_˷Ҷ_]=Zb�}Ä�Âa˷ʪgȁȿŚRaoaaͽΒBȸА[<v7 

RMZ˶ҶÈ˷Ҷ\o_�}Ä�ÂBҶaȴ͈͔͉ȿgaȧҿzѫNZSҶ���·a

ǩ ƋÈΓҚ˜ѭÈҟ˶œ͏Sd=ZbҶÈҟ˶���·_sv˶È�¥Â�Éȳ͗_]

as>_ȧҿOvaASȴ͈͔ѶΎ\µ�ÄѶΎzX^F®Ä��Ã°Âa͔ЙBȸА

[<v7RMZ¸�¹�Âp˵Ĕ¹�ÂaÓ[�}Ä�ÂÈҶÈҟ˶aȴ͈͔\µ�Ä

^��¢¶���zξÊͪ_ɓ>¬ÃÉ·ÅÉ�ĂuBȸА\KwZ=v7 

 
ӠӛӟӛӡӛӠӛ}�}a͉ͣȿ!

}�}bÐͪ͟_ГZoèҚ̏Ŕ_suǂ˵Óa�}Ä�Â̷șBӓ=Ã°Â_<uS

ҶÈҟ˶_ǨMìaӄƮsuoȢbȧҿMZ=v\Ϝ?twvӗƝ 2Ә7kTӕͼ\M

Ztwv�� ̷șoӓbS˷ʪˏ\MZȢbȧҿMZ=vŹϢȿB<v7Êʖ_]

=Z}�}b}�}¹Æ�ÉÆ_ïІKwvs>_Sǀ˝^˵иƳ_]=ZҶÈҟ˶�

��·BȥɌKwvTnSǬˁa˵ĔƽŔÈƽŚaÞ̣_]=ZȸА\KwvKkik

^͗ƶÍ[aГBȰtwvI\BʷȬ[Cv7Ias>_}�}bⅡΓˣ_sv�}

Ä�ÂÈҶЗ̣ͽΒ_ѻMTƳɐ[<vBSIwk[aЗ̣ͽΒbǯ^bSЗ̣aΓͨ

Ʈ\^WZ=v7RaTnSʻͽΒ[bÐ͟ʲĦΗạǙƖz͚=TЗ̣_suS�}

Ä�Â\Ҷ\aͱãĂ͚_X=ZSRaǛɉɖɺ\¸�£�·aЙʝzͯɥO7 
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Ɲ 2. }�}a͉ͣȿ\ʕM=ͽΒ}®ÄÉ�7 

 
Ӡӛӟӛӡӛӡӛ!ʕM=}®ÄÉ�!

ʕM=���Æ�zĿuҙbTn_ʕM=}®ÄÉ�BȸА[<v7ΙÊ_S�}Ä

�ÂÈҶͱãĂ͚aғ\^v�}Ä�Âa͈͔ŚǒҋӗΪȫľȋSŚǒιɌ^]ӘpҶ

ȴ͈͔ҋӗҶΪaͱÈȥɉpΪȫľȋ^]a¶�Ä^͈͔ҋӘbSⅡΓˣaͰɳЗ̣[

MAάșϮḅǙOvI\B[C^=7MAM^BtSҶa¶�Äӗȴ͈͔ҋӘ^ƽŚ

\SҶÈҟ˶���·aµ�Ä^ƽŚaǨȺYGzOvTn_bSⅡΓˣAta¶�

ÄÈµ�Äa Ñʖa͈͔ҋạǙBȸА[<v7O^yVSҶÃÉ�ÉÈÀ��ÉS<

v=bµ��Ä ̉ʉǫМ^]aÁ¹É �Æ�Æ�zƀʥ_Ђ=SͰɳЗ̣[ȰtwT

Ҷȴ͈͔ҋBҶĪ ÿa˜ѭaÓ[]as>^Ƴɐ[З̣KwToaAzɖɺOvȸАB

<v7ѠȒSd\XaⅡΓˣÌ_]=ZSIas>^ͰɳЗ̣\Á¹É �Æ�Æ�z

ιlſyQTЗ̣BÐ ͪ͟_bФlǊntwZ=v(Ɲ 3)7ƀʥȿ_^]_]=ZЍʏ

aⅡΓˣzιlſyQTЗ̣suoģü^̽B<v7kTÞΡ^]BСQcӟˣaⅡΓ

ˣz͚=SÓÈÍǷ_]Gv�}Ä�ÂÈҶÈҟ˶aͰɳЗ̣zŶGɤXŲͦa®Ä±

Àˣ\ÌÈÓǷa�}Ä�ÂÈҶÈҟ˶aͰɳЗ̣pÁ¹�ÆЗ̣ŶGɤXÓƪðÌa

��� ˣ\aƀʷӌЂЗ̣Bʶkwv7ʻͽΒ[bIas>^Ð͟ʲĦΗạǙƖ_

svͰɳЗ̣\Á¹É �Æ�Æ� zιlſyQTʕM=З̣zͯɥO7RaTn_ȸ
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А\^vžΏ̣ǙƖaҙͦoǛʗOv7 

kT˵иͽΒɐ_bÐ͟ʲĦΗaҶ�ºÆ¨ÉB<uSǂ˵Óa˝U^�}Ä�ÂA

ta˷ʪȥɌѶΎzSKkik^ǂ˵͊ɉz�¶¼ÃÉ OvI\_suЮhvI\B

ŹϢ[<v7ⅡΓˣЗ̣\Ias>^ǝįǛӒzιlſyQvI\_suSⅡΓˣЗ̣

[ȰtwTГӗ͉_�}Ä�Âa˷ʪȥɌѶΎӘaШ\ÊϪŚOvTnaͽΒzǛ

ʗOv7kT�ºÆ¨Éį[ȥɌKwv˷ʪaħʎÛ͉ȿ^]ạǙoéȭS˘НMZ

=b7 

Ιá_Sʚʻb GMP p CloudSAT ^]aÐ͟ʲĦΗaèȄЄʟЗ̣zǛʗMXX<

v7kTʚʻbʏĕ¹�Â_]=ZoSÐ͟ŁaĪ͓ҼһŎ¹�Â NICAM aҙͦ_Ɍ

ŏOv^]Ð͟zÁÉ¡MZ=v7MAMSIaèȄЄʟЗ̣[ȰtwZ=vҶÈҟ˶

aǛɉaЙ ʝpSRwtzʇ҅MZ=v®Ä��͔Й_ȸА^ⅡΓˣЗ̣bÐ͟_ѱw

z\WZ=v7ʻͽΒ[bÐ͟ʲĦΗaⅡΓˣЗ̣zǛʗOvI\_suSʚʻaèȄ

Єʟpʏĕ¹�Â МΡaȢlz͘AMTξſͪ^ͽΒzͯɥO7ξſͪ^ͽΒzͯɥO7

˵ĔƽŔÞ̣_]=ZʲǂaÎǙАƙ[<v�}Ä�ÂÈҶ®Ä��bS�}Ä�

ÂÈҶaΪȫ^]aȴ͈͔ҋӗ¶�ÄҋӘ_ćǐOv7èȄЄʟЗ̣bS͉_ŶŔƪ�

Æ�z͚=TЗ̣[bưʻͪ_ǂ˵Óa�}Ä�ÂÈҶӮҟ˶ҋaҏͰΑľҋӗµ�Ä

ҋӘMA˹nvI\B[C^=TnSIwtaҏͰľȋpȴ͈͔͉ȿbⅡΓˣAtaR

aƳЗ̣ӗin situЗ̣ӘAtMAȰvI\b[C^=7O^yVⅡΓˣAtaͰɳЗ̣

_suS˵ĔƽŔzÞ̣Ovʏĕ¹�Â_ŵuѝm͈͔ѶΎzЙʝOvI\BȸА[<

v7Êʖ_]=ZèȄЄʟЗ̣bSⅡΓˣ_svҠtwTʥΓҚӄƮ[aЗ̣zSKt

_Ȗ=ӄƮpͣ^vͦ−ˮҧaҶÈҟ˶���·aÓ_üϖYGvI\zŹϢ\Ov7

kTʏĕ¹�ÂМΡbSЗ̣KwT͈͔ҋҚaƙˇқċzʝŚ[Cv\\o_S�}

Ä�ÂaȧҿzǙҋͪ_Þ̣ÈУĈOvÌ[ÎŹˤ[<v7Iwtaɑ̈zξſMTͽ

ΒbÐͪ͟_ГZokUǊkWTcAu[<v7ʚʻbIwtaͽΒ�¶¼£�~Éz

ξſMpO=͗ƶ_<vTnSⅡΓˣЗ̣aǛ͒_suSˑˮ_ͽΒzѰǵKQvI\

BʷȬ[Cv7 
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Ɲ 3. ⅡΓˣAtaҶȴ͈͔ҋaͰɳЗ̣\Á¹É �Æ�Æ�aƀʥЗ̣ą 

ӗWang et al., 2012Ә 

 
ӠӛӟӛӡӛӢӛЗ̣Ӂͯ\̣ǙƖ!

10 ȒҚaǂƪͽΒaʲŁaӟȒҚ[SɾјŹϢ^ͰɳЗ̣]seÁ¹É �Æ�Æ�

̣ǙƖaɾј]seˣÿʈĐ˘ˌzǛʗOv7πρͪ_ʕM=̣ǙƖaҙͦzǛʗMS

ͽΒʷҚaȭŠ_bIwtaЉϖzɾјMSЗ̣zǛʗOv7GII bͰɳЗ̣]seҶ

ÃÉ�aɾјaǛώB<uSkT MRJ bˣÿaǂCKpҸŎ_Kt_āЊB<vTnS

ͰɳЗ̣\Á¹É �Æ�Æ�aÑʖzɾјMTЗ̣bŞľŹϢ[<v7MRJ �À�a

ˣÿzΙÊĔЋ\MSžΏͰɳ̣ǙạǙƖ\SÁ¹É �Æ�Æ�̣ǙƖzɾјMT

З̣zͯɥO7ÞΡͪ^ņҠB<wcɾјˣƖzμuѝ{[SGII �À�aˣÿzĄ͚

Ov7͒ƣSƥÌaÃÉ�З̣[b¬�É�¡}ÃÉʖȜ_suªÉ·ʖƂzʛ=Ѭș

[ɧvI\_suȖ=ΓҚạǙzŹϢ\MXX<v7ʚʻbøξͪ_ӓ=ɕЃÃ°Â
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_ưYbÃÉ�ҙͦzЂWZCTTnSǬˁͪ_b¬�É�¡}ÃÉȜaÃÉ�zⅡΓ

ˣ_ɾјMSЗ̣zǛʗOvI\zͯɥO7 

�

ͰɳЗ̣ӗɣȟįb͒ƣɆǙKwṿǙƖӘ 

�}Ä�ÂυʏӗTSIΆCPCӘS�}Ä�ÂΪȫľȋӗDMTΆUHSASӘS�}Ä�Â

ŚǒιɌӗžΏ̣ǙƖӘSҶΪΪȫľȋӗDMTΆCASSSPECΆFFSSPӘSҶÈҟ˶

ΪǎaΪȫľȋ\ȥ͊ӗDMTΆCIP]sePIPSSPECΆ2D-S]seCPIӘSҶ˶ҋ

ӗhot-wire�Æ�S�É¨É®ÄÉӘS˷Ҷ˶ҋӗNevzorov®ÄÉS� SEA 

WCM-2000ӘSҏͰӋѬșӗAventech AIMMS-20ӘS¡Ä�®�Æ�ӗ˵иАγӘS

Ê҇Ś̼γ̷șS˵̢S˵ƢSRH 

Á¹É �Æ�Æ� 

X-, Ka-, Ku-, W –bandaҶÈҟҴÃÉ�ӗÌÍӟʖƂSŹϢ[<wc¡�®ÀÉpĖ

̉ˣϢXCӘSµ��Ä©Â�À��ÉӗŹϢ[<wcĖħˣϢíCӘSµ��Ä̉

ʉǫМSŹЕÈфƿÄÉ¡¨Æ¡ʉǫМ 

 

ӠӛӟӛӡӛӣӛĮÿͪ^ͽΒͯͪ\М͞�

 

[З̣М͞Ӟ]! ƾǑaśЏǄȑ̌aÍǷҶ\�}Ä�Âȧҿ!

ӗӞӘͯͪ 

ƾǑaśЏǄȑ̌bÍǷҶӗ˶ҶӘBǀbͦ͘MSƥ͓aʉǫŴʇ_]=Zo҉А^

ȨŌzˇTMZ=vI\BtwZ=vӗƝӡӘ7IaӄƮ_bS˵иƳ^]_ȺNZ

è—ц̩p¨��µ�͆͂ц̩a�}Ä�ÂBњѦKwZbv\Ϝ?twSRaλˇS

ҏͰΑΡҶ˶ҋӗCWPӘpҶҋBƽŚMSλˇͪ_ӄƮĪÿa}Â°¡BƽŚOvŹϢ

ȿB<v7ʻͽΒaͯͪbSIaƾǑaśЏǄȑ̌aÍǷҶga�}Ä�ÂaȧҿzS

Ҷpƶ͟Ƿa͈͔ѶΎÈŎǒѶΎzƄnZ͔ЙMSʉǫŴʇgaȧҿzʝtA\OvI

\[<v7 

Ðͪ͟^ͽΒaŔƂzГv\SÍǷҶӗ˶ҶӘ_қOvIwk[aǀbaͽΒBåͅ

ȍӓ˵ƢÍ[ȥɌKwv�Á¬�Â£}˿p±ÂÉ˿aǷΑҶ_̀̽B<ZtwZCT7

Êʖ_]=ZÓψșaÍǷҶaͽΒ\MZbSѠȒSţǂ̌aͽΒoǯ^AtPKwZ

=v7Iwtb=Pwoƥ͓aʉǫŴʇ_]=Z҉А^ȨŌzˇTMZ=vI\BRa

͔͜[<vӗƝӡӘ7ÊʖSśŠ͓Óψș[bśǂЏ̌aͽΒBǀǯЂywZ=vBS

śЏǄȑ̌bi\{]З̣KwZ=^=7˂çǂǒa�ÂÉ®B 2013 Ȓƾ_®Ä±À

ˣӗKing AirӘ_suSRaЏΗ[<v 44NS150E suЏęzʏƘЗ̣MTaBƐÊa

З̣[<v7Ia 2013 ȒƾaЗ̣aŁʷͪ^�É�Й˅_sv\SҶΪʏ̷șb 100 

Ē/cm3 Ύș\è—ц̩aȧҿzŶGZ=^=Ð͟žƥǎ̕ÌaЗ̣ĕ\ѠAWT7k

TҶbӓș 300 m ΎșðÍ[ϼ=Êʖ[SMcMcҟ˶MZ=T7Iaҟ˶bSҶaµ
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�Ä^˜ѭpƶ͟Ƿa˜ѭ_oȧҿzÏ?Z=vŹϢȿBv7Ias>_ý̷ș�}Ä

�Â͗ƶÍ[ȥɌKwvҶ���·bS�}Ä�Â̷șaƷŐ_ǨOvɈșBӓ=7é

ȭS}�}p˚˂Ä�}aҙͦ^]BKt_Ѱm\SIaӄƮa�}Ä�ÂaҶÈҟ˶

gaȧҿBȢkv\Ϝ?twv7kTIaӄƮ[ʇ҅ͪ^ҶÈҟ˶Ã�É·a͔Й\�

}Ä�ÂaȧҿЙʝbSsuýψșaåͅȍƮpSţŠ͓Óψșӗţǂ̌ӘaÍǷҶa

ͽΒ\aǨ˲AtSÍǷҶĪϪ_ѫNvʧѵͪ^Гa͎ȰBʷȬKwv7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɲ 4. ӗÌӘ7 ʳaÍǷҶҋa˵ĔĕӗISCCPӘ7ӗÍӘҶa˨ƉaʉǫȢņŎӗIPCC AR5Ә7 
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Ɲ 5. śЏǄȑ̌ÍǷҶͽΒaЗ̣�Á} 

 

ӗӟӘЗ̣М͞ 

З̣bSƝӢaҺϯ[΅MTʚʻaΓƮ[ƾǑ_ǛʗOv7З̣ɡ̽bǛώa<vǈ

̨ŃΓ̤zĄ͚Ov7ҎэAtҺϯӄƮaśΗ]se˂Ηk[aͰφъҲbRwSw 

1450 ]se 1700 km Ύș[<vTnSⅡρъҲί 4000 km a GII p MRJӗ8  ÆɾјʥӘ

bȩȲBŹϢ[<v7 

¬À� ©�ÉÆ\MZbSЗ̣ǨиӄƮk[bSӓșӞkm ðÌaӓșӄƮzÊǙ

ӓșS<v=bìaЗ̣ͯͪ_ȺNZӓșzƽ?^BtӌЂOv7ҶÃÉ�^]aÁ¹

É �Æ�Æ�_suҶÈҟ˶a͊̆zɖɺOv7З̣ǨиӄƮ[bSҶȘÍ\SҶǷ

į 2-4 ӓșzRwSw 5 ľЗ̣MSҶǷzɚGZÌʜM 1-2km Ύșk[ÌʜȭSıeҶ

ýÍaЗ̣zOvЗ̣©�ÉÆzƳɐzŔM^BtϓuѡO7Iwk[aЗ̣Ǜώa

<vś̕ѷaǈ̨ŃΓ̤zɡ̽\MS10-15 ¬À� ΎșaЗ̣ӗſМ 50-75 ʥҚΎșӘ

zǛʗOv7˵иƳ_suè—ц̩�}Ä�ÂBњѦKwZbv�É�\�ÁÉÆ^�

É�zЗ̣MSRa�Æ À� zЮhv7 

 

ӗӠӘÞɆKwvɌˇ 

śЏǄȑ̌aǂ˵ÍǷ_њѦKwZbv�}Ä�Âa̩ͦ͘pњѦκэS�}Ä�Â

ȴ͈͔͉ͪȶӗʏ̷șSΪȫľȋSŚǒιɌ^]ӘzʝtA\Ov7kTƀӄƮaÍǷ

ҶaҶȴ͈͔͉ȿӗʏ̷șSΪȫľȋSҟ˶ΪǎaΪȫľȋ^]Ә\µ�Ä^͉ȿӗʥ

ΓҚľȋSҶҋSҶȘÈҶӀӓșSҶǷŬ^]ӘSRMZƶ͟Ƿa˜ѭӗ˵̢È˶ⅲ˵

aӓșľȋSÛ̑aȢK^]ӘzʝtA\Ov7Iwt�}Ä�ÂÈҶÈƶ͟Ƿ˜ѭa

͉ȶЙʝӗcharacterizationӘBⅡΓˣAtaͰɳ]seÁ¹É �Æ�Æ�З̣_su

ŁnZŹϢ\^v7 



�

�

�
�
 

RaÌ[�}Ä�ÂaҶȴ͈͔pҶҋÈҶǷŬgaȧҿzУĈOv7RaTn_ⅡΓ

ˣЗ̣�É�aͱқЙ˅^]_suS�}Ä�ÂÈҶaȴ͈͔ҋ\ҟ˶pҶaµ�Äҋ

\aқċzʝtA\Ov7RMZƀӄƮzǨи\MT LES pӄƮʏĕ¹�ÂМΡ\a˲

ї_suS�}Ä�ÂaƽŔ_ǨOvSҶaȺΞSO^yVSҟ˶ȥɌSҏͰΑΡҶ˶

ҋaƽŚSҶҋaƽŚSӄƮĪÿa}Â°¡aƽŚzǙҋŚOv7IwtaҶȴ͈͔\

Ҷaµ�Ä^͉ȶpƶ͟Ƿ˜ѭ\aǨȺzsuȖƮaʥΓҚ��ÉÂaÓ[üϖYGv

Tn_SèȄЄʟ�É�zń͚Ov7kTIwtaЗ̣_ưYCӄƮÈ�ÄÉ¨Â¹�

Â_Ą͚Ov©À¸�Á�É�¾ÆaʈϮzФlv7Ҷp�}Ä�Âb˵Ĕ¹�Âa�

Á�¡��ÉÂsuobvA_ǮK^ΓҚ��ÉÂaƽŔzoWZ=vTnS�}Ä�

ÂÈҶÈҟ˶aȴ͈͔\µ�Ä^��¢¶���zξÊͪ_ɓ>Цζ^ LES ¹�ÂМΡ

zǛʗOvI\_su©À¸�Á�É�¾ÆzҙͦOvʕM=¬ÃÉ·ÅÉ�Ăuzͯ

ɥO7IwtaʈϮKwT¹�Âz͚=ZS�}Ä�ÂaҶgaȧҿzѫNTʉǫŴʇ

p˶ȳ͗gaȧҿzǙҋŚOv7 

 
[З̣М͞ӟ]ʛʡʷa˂�¢̕Èʚʻ̕ÈЏǄȑ̌aý˵ƢaҶÈҟ˶���·\�}Ä

�Âȧҿ!

ӗӞӘͯͪ 

ʛʡʷӗӠʳӘ_b˂�¢̕Èʚʻ̕ÈЏǄȑ̌zý˵ƢBӆϏ_ѫѶOv7ÊϪ_

Óӓψșǎ̕Ì[aŔȿʆÛ_ù>ҶbSҶĽ͒ӆșpҟ˶ӆșa�ÄÉ¨Â_]

=ZoӉⅱ[<vӗƝӣӘ7}�}ǂҢ[ɮĽKwTǀҋaè—ͪ�}Ä�ÂpӕͼbS

IaŔȿʆÛ_ù>ҶÈҟ˶���·_Kkik^ȧҿzÏ?Z=v\Ϝ?twv7

͉_}�}aǀҋaӕͼb˷ʪaȥɌ_ȧҿzÏ?S˷ʪzêMTҟ˶_ȧҿzÏ?v

ŹϢȿB<v7ʻͽΒ[bS�}Ä�Â\Ҷȴ͈͔ҋaͰɳЗ̣\SҶÈҟ˶aÁ¹É

 �Æ�Æ�_suSŊφȍíѠ_ȥɌKwvҶÈҟ˶_ǨMZS}�}a�}Ä�Â

B]as>^ȧҿzÏ?Z=vaAzЮhv7 

Êʖ_]=ZIaý˵ƢbSǂҢ[ɮĽKwv�}Ä�Â^]a˻ˉ͈тaњѦ_҉

А^ȨŌzˇTMZ=vI\BtwZ=v7˻ˉǂ˵BǤĶŊa̢ʭę_<vƳſ_

bS̢ʭ�Æ°»É°Â _suϥ͜Ǩ̑Ơg\њѦKwvӗƝӤӘ7IwbƥІ[ɮ

ĽKwv˻ˉǂ˵aϥ͜Ǩ̑Ơga҉А^њѦκэ[<v\Ϝ?twZ=v7TUMS

Ia̢ʭ�Æ°»É°Â _̅WTњѦѶΎ[bÊϪ_ҟ˶zù>Tn_S�}Ä�Â

B̧ȿ˾ͶOvŹϢȿB<v7<v=b̘ͱųȺ_su�}Ä�Âa͘Ɍo<u>v7

ʻͽΒ[bSЗ̣_suS�}Ä�ÂaÌʖњѦѶΎSҟ˶_sv̧ȿҡůѶΎzʝt

A\Ov7  
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ӗӟӘЗ̣М͞ 

З̣bʛʡʷӗӠʳӘ_˂�¢̕Èʚʻ̕ÈЏǄȑ̌[ǛʗOv7ʭA=ҶӗʭA=ҴӘ 

\ĶT=ҶӗĶT=ҴӘaÑʖa���·zЗ̣MS�}Ä�ÂaȧҿzʝtA\Ov7

G-II p MRJ zĄ͚MTƳſSŊφíѠaȢ=ҟ˶ȍzӌЂOvI\bƛҳ[<vBS<

vΎșȠGwcӓșzѾ{[ˠĿWT¬À� oŹϢ[<v7ŊφíѠ_̑ĩMZbv

ÍǷa�}Ä�ÂSҶÈҟ˶���·aҶȴ͈͔ҋaҏͰ˜ѭSҶÈҟ˶���·aÌ

ǷÍ̑ę_ȥɌKwvȉҶaҶȴ͈͔͉ȿS̢ʭ�Æ°»É°Â [ÌʖњѦKwT�

}Ä�Â^]zЗ̣Ov7 

˂�¢̕aЗ̣ӗʭA=ҶÈҟ˶���·ӘbIwk[aЗ̣Ǜώa<vӔĨǾΓ̤

zɡ̽\MSkTʚʻ̕aЗ̣ӗĶT=ҶÈҟ˶���·Әb DAS aưƥ[<vƁŸǴ

Γ̤zɡ̽\Ov7˂�¢̕Èʚʻ̕[RwSwӣ¬À� PXΎșaЗ̣ӗſМ 60 ʥҚΎ

șӘ zǛʗOv7ӞƘa¬À� [̢ʭ�Æ°»É°Â aĩŷ\ĽŷzЗ̣OvI\

b[C^=a[SRwSwЍʏƘaЗ̣zǛʗOv7kTŊφ_ù>ҟ˶aЗ̣[bSŊ

φz 2-4 ӓș[ˠĿv¬À� zǛʗOv7ЏǄȑ̌ƮaЗ̣bģĦӂübý=BSǛ

ʗOvƳſ_bƾaЗ̣aǛώB<vś̕ѷǈ̨ŃΓ̤zɡ̽\Ov7 

 
 

 
Ɲ 6.� èȄЄʟЗ̣ӗCloudSat/CALIPSOӘ_svSҶ]seҟ˶aĽ͒ӆșaψșӚ

ӓșľȋӗȒȑƧӘӗIPCCAR5Ә7  
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Ɲ 7. ӗȅӘ2013 Ȓ 3 ʳ 1 ʚ 9 ʥaƥÌǃ˵Ɲ7ӗŻӘRaʥa˻ˉǂ˵aɥ˞[<v

Ê҇Ś̼γӗCOӘaӓș 1550m _]Gv̷șӗ˵иͽΒɐS˕Ҋ͖͐˳ɷĆӘ7 

 

IaЗ̣[bSCVIӗCounterflow Virtual ImpactorӘ_su˷ʪÓa�}Ä�ÂzɝĽ

MS]as>^�}Ä�ÂB˷ʪˏ\MZ҉А[<vaAУĈOv^]SʕM=З̣z

ǛʗO v7kT̢ʭ�Æ°»É°Â _ĩvŊ\Sҟ˶zκTȭaǂ˵zЗ̣MSBC 

z ÃÉ�É\MZ]as>^�}Ä�ÂBҡůKwvaAʝtA\Ovӗӟӛӟӛӡ

ΖŰ̓Ә7kTʭA=Ҵ\ĶT=ҴaӟXa���·zЗ̣MS�}Ä�ÂaҡůѶΎ

aѹ=zʝtA\Ov7 

 

ӗӠӘÞɆKwvɌˇ 

ʛʡʷaý˵Ƣ_ù>ҶÈҟ˶���·ga�}Ä�ÂaȧҿzʝtA\MS�}Ä

�ÂaҶȴ͈͔ȧҿÈҟ˶ȧҿ_X=Zʏĕ¹�Âa˘Т\ʈϮzЂ>7͉_ʭA=

ҶÈҴ\ĶT=ҶÈҴgaȧҿaȇzʝtA\Ov7 

kTý˵Ƣ_sv}�}a�}Ä�ÂaÌʖњѦѶΎӗƶ͟ǷAtϥ͜Ǩ̑Ơgaњ

ѦӘ zʝtA\Ov7Iw_suS�}Ä�Âa̧ȿҡůѶΎaʏĕ¹�ÂМΡa˘Т

\ʈϮ zЂ>7  
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[З̣М͞Ӡ]� èȄҶˏÈèȄ˷ʪˏaⅡΓˣAta�É�~Æ�_svɇƝͪ˵иʈƽ

ǛӒ!

ҶÈҟ˶���·aҶˏÈ˷ʪˏȁȿŚ͉ȿaƽŚ_ǨOvȺΞbҼȎ_Ѝұ[<

vTnSèȄҶˏpèȄ˷ʪˏz͚=TɇƝͪ˵иʈƽ_қOvǛӒɑ̈ӗⅡΓˣz͚

=T�É�~Æ�ǛӒӘz̪Ǜ��ÉÂaɈșǛӒ\üϖYGSsuÊǷa�}Ä�Â

aҚɳœˇaЙʝ\�}Ä�ÂÈҶÈҟ˶ξÊ¹�ÂaάșƂÌzƝvȸАB<v7 

kTźӋÌǷ[a}� ¬ÄÉӄƮ[aȉҶaȴ͈͔͉ȿ\źӋaµ�Äҋaқċ^

]S¸�ҟ˶έÈźӋЭӈ\ѮɿMTЗ̣ͽΒoǛʗOv7  
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ӠӛӟӛӢӛҰÓйҴÈźӋ�

ӗӞӘ� ˛А 

ҶÈҟ˶���·pźӋzǨи\MZⅡΓˣЗ̣zЂ>ͯͪbSҶÈҟ˶���·p

źӋ\=>¸���ÉÂa˵и͒и\Ҷ͈͔ѶΎa͔ЙaɵѰS]seźӋ^]aӉⅱ

͒иaÞ̣άșƂÌaŹϢȿz˘НOvTnaư΄ͽΒ[<v\Ϝ?v7IaTnSʻ

Σ[bðÍaӁͯ_X=ZПѣzЂ>7 

È ͒ƣSҶÈҟ˶���·pźӋzǨи\MTⅡΓˣЗ̣_Ą͚[CṿƖ 

È ⅡΓˣЗ̣aTn_ҙͦMZ=bhC̣Ɩ 

È ҶÈҟ˶���·pźӋzǨи\MTⅡΓˣЗ̣М͞ 

 

ӗӟӘ�  З̣Ӂͯ\̣Ɩ 

ҟ˶���·pźӋzǨи\OvƳſSЗ̣_Ą͚OvⅡΓˣ\MZb��� ˣ[

ӓ=ӓșk[Ìʜ[CvG-IIoMbbG-IVB͒ʥ̽[ń͚ŹϢ[<vⅡΓˣ[<v7Ñ

ˣÿaë˝zІ3.6.1_΅O7 

 

І3.6.1 ҟ˶���·pźӋzǨи\OvⅡΓˣaë˝ 

ⅡΓˣ G-II G-IV 

ⅡρъҲ 4,260 km 6,500Ӭ7,000 km 

ʲӓЗ̣ŹϢӓș 13,106 mӗ43,000 ftӘ 13,716 mӗ45,000 ftӘ 

ɾјŹϢ҉ҋ 2 t 3 t 

Ą͚ŹϢҸŎ 4.5 kVA 8 kVA 

 
 

͒ƣSҟ˶���·ÈźӋzǨи\MTⅡΓˣЗ̣[Ą͚[CṿƖaÊЖzІ3.6.2

_΅O7i\{]aˣƖB˵иͽΒɐÞƲͽΒ҃aɐʴaoa[<v7IwtạƖz

͚=vI\[ҟ˶���·pźӋѠěaǂ˵͗ƶƳӗӋѬƳÈ̢̧șƳӘaЗ̣pS

˝U^ΪȫaҶÈҟ˶ΪǎaЗ̣zЂ>I\B[Cv7ăQZS�}Ä�ÂΪǎ\ҶΪ

ǎaƀʥЗ̣zЂ>I\B[Cv7 

źӋp¸�ҟ˶���·\=>̶M=˵иʆÛzЗ̣Ǩи\OvTnSⅡΓˣaⅡρ

ъҲ\Ѵ͚aǔĪȿzϜɊOv\SǬˁb̿èⅡΓˣz͚=TЗ̣o˘НMZ=bȸА

B<v\Ϝ?twv7MAM^BtS̿èЗ̣ˣz͚=TЗ̣_͚=ṿƖҙͦpѴ͚

¦�§�zϻΑOvTn_oS͒ʥ̽_]=ZbSʴèⅡΓˣz͚=TЗ̣zЂWZ=

bȸАB<v\Ϝ?twv7 
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І3.6.2 ҟ˶���·pźӋzǨи\MTⅡΓˣЗ̣[Ą͚[CvЗ̣̣ƖaÊЖ7˵

иȕ˵иͽΒɐʾÌ˨ҥťƼӗ͒ɐǶƁŸǴǂǒӘÈʒϾΧȽ˳\��»¹Æ¡�}�

Éª�ˎȜ÷Ά (DAS) su=TU=Tсʓ_sv7 

З̣̣Ɩ З̣Ǩи ɐʴˣқ ¸É� 

Cloud Droplet Probe 
 (2D-C: 25-800µmӘ 

Ҷ˶ҋÈΪȫľȋ ˵иͽΒɐ PMS, Inc. 

Precipitation Probe 
 (2D-P: 200-6400µm) 

Ҵ˶ҋÈΪȫľȋ ˵иͽΒɐ PMS, Inc. 

ҶΪǎʎÛ�Æ� FSSP 

ӗ2-47µmӘ 
Ҷ˶ҋÈΪȫľȋ ˵иͽΒɐ PMS, Inc. 

CAPS Probe  
(0.5-50µm, 25-1550µmӘ 

Ҷ˶ҋÈΪȫľȋ ˵иͽΒɐ DMT 

PIP Probe  

(100-6400µmӘ 
Ҷ˶ҋÈΪȫľȋ ˵иͽΒɐ DMT 

CPI Probe 
(2-2000µm) 

Ҷ˶ҋÈΪȫľȋ ˵иͽΒɐ  

King LWC Proce Ҷ˶ҋ ˵иͽΒɐ PMS, Inc. 

Gerber PVM Probe Ҷ˶ҋ ˵иͽΒɐ Gerber Scientific, Inc. 

Nevzov LWC probe Ҷ˶ҋ ˵иͽΒɐ  

Nevzov TWC probe υ˶ҋÈ˷˶ҋ ˵иͽΒɐ  

TAT Probe ̢ș ˵иͽΒɐ Rosemount 

Lyman-Alpha Hygrometer ̧ș ˵иͽΒɐ AIR, Inc. 

Aircraft Hygrometer System ̧ș ˵иͽΒɐ 
EG&G International, 
Inc. 

CCN counter 
CCN ʏ̷ș

ӗSSw) 
˵иͽΒɐ  

PCASP CCN ʏ̷ș ˵иͽΒɐ  

SMPSӗӗDMA+CPCӘ CCN ʏ̷ș ˵иͽΒɐ  

IN counter 
IN ʏ̷șӗSSiӘÈ

̢ș 
˵иͽΒɐ  

OPC IN ʏ̷ș ˵иͽΒɐ  

�� ®ÄÉ 3 ˥ĤӋѬ ˵иͽΒɐ  

¡Ä�®�Æ�ɘÍЉϖÈ

UHF }Æ�¢ 

̢̧șÈ˶ȑӋѬ

ӗҏͰľȋӘ 
DAS DAS, DM Inc. 

¡Ä�®�Æ�Ŷď���

·ӗ4 �ºÆ¥ÂӘ 
ƀÌ ƁŸǴǂǒ ʝʟҸ˵ 
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ӗӠӘ�  ̣ƖҙͦaȸАȿ 

ÌПaЗ̣̣Ɩ[bSҟ˶���·pźӋaЗ̣_bŞľ[b^=7éȭaЗ̣aT

n_bðÍạƖaıҙͦpʕДҙͦBȸА[<v7 

 

R ¡Ä�®�Æ� 

ŊƘaɷ˒ʰ[Эӈ\MZɦHZ=TSЍʏ�ºÆ¥Âa¡Ä�®�Æ�Ŷďˣaҙ

ͦbSʝʟҸ˵ˎȜ÷ΆaŢŎ_suǛ͒MSӟӛӟӛӣΖ[ПѣMTźӋzǨи\M

TⅡΓˣЗ̣_]=ZʴœȿB΅KwT7 

 

RҶΪǎ¡Ä�®�Æ�ӧǨ̑Ʈӗҟ˶�}ӘaΪǎЗ̣ 

͒ƣSƥÌAtʉ͓OvҶΪǎ�Æ�ӗMurakami and Matsuo 1990Әz͚=TЗ̣BЂ

ywZ=v7IạƖ[bЗ̣κэ_̅WZSҶÈҟ˶Ϊǎaȥ͊SͱSʏ̷șSΪȫ

ľȋaЗ̣zЂ>I\B[Cv7MAM^BtSƥÌAtʉ͓OvҶΪǎ�Æ�[bS

З̣Ǩи\MZѻĿ^ӄƮBӅÌzѫѶM^=ҠuЗ̣zЂ>I\B[C^=7kTS

źӋ^]aȢӋÍ[bЗ̣zǛʗ[C^=7Ias>^ˀòÍ_]=ZSҶΪǎaҏͰ

ľȋaЗ̣zЂ>Tn_SΑÛҶaÌ҃AtǨ̑ȿҟ˶Ʈaҟ˶�}_«Æ´�Æ [

ҶΪǎ�Æ�zɘÍOvI\[SҶÈҟ˶���·į҃aΪǎľȋaЗ̣Bʴœ[<v7

͉_Sìaɑ̈[bЗ̣OvI\a[C^=ΑÛҶį҃pźӋÓȷíѠaƹҶƮ_]G

vҶÈҟ˶ΪǎaľȋzЗ̣OvI\_suSҟ˶���·į҃aҶȴ͈͔ѶΎa͔Й

zѰnvI\B[Cv\Ϝ?twv7Ias>^ҶΪǎ¡Ä�®�Æ�b]sR20ȒŊ

_ҙͦKwTI\B<v (Murakami et al. 1994) oaaS˝U^ƒӈ_suҙͦBÓʔM

Z=v͊ɉ[<v7Iwk[aҶΪǎ�Æ�[bʠĠďżzѦďOvTn_1680 MHzȍ

aҸ̉zĄ͚MZ=vBS��� ˣ[aѴ͚bƛҳ[<v\Ϝ?twv7 

ѠȒSƥÌAta˵͓З̣_suҶΪǎaʏ̷șpΪȫSͱӗ̘ͱAƞͱAӘz400 

MHzȍaÀ���Æ�\ƀNƈ̉ʏȍaҸ̉z͚=ZЗ̣OvI\a[CvCloud 

Particle SensorӗCPS: Fujiwara et al. 2016, ϾŭiA 2017ӘBҙͦKwS˔ҴŊφ^]aЗ

̣[ʴœȿBШKwZ=v7IaCPSaЗ̣���·z¡Ä�®�Æ�_ѻ͚OvI

\[SǨ̑ȿҟ˶ƮpźӋƈќaҶȴ͈͔ͪ^͉ȶzЗ̣[CvŹϢȿB<v7͒ƣS

ʝʟҸ˵ˎȜ÷Ά_svҙͦBѰntwZ]uSʛGwc2019ȒșoMbb2020Ȓșa

З̣_]=ZSФĂˣa�� zЂ>ÞǙ[<v7 

 

RⅡΓˣɾј˶ⅲ˵À��É 

ǂҴzoTtOҟ˶���·Bͦ͘OvȸАˀò\MZSǨ̑ƠÍǷB̴̧[<vI

\BɦHtwv7ǂҴzÞ̣OvTn_bSҟ˶���·_̑ĩOv˵ƴa˶ⅲ˵ҋz

Ǚҋͪ_ɖɺOvȸА[<v7͒͊[bS˶ⅲ˵ҋbÕ\MZӓǷ˵иЗ̣_sWZȰ

twZ=voaaSʚʻƈќƮ_]Gv͒˙З̣a˶ȑЙĠșbʏ100 kmðÌSʥҚЙ

Ġșo1ʚ<Tu2Ƙ\Ϋ=7IaTnS˶ⅲ˵ҋaʥΓҚƽŔBҟ˶���·aͦ−p
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ςɤ_ˇTOȨŌpSǂҴaͦ͘_ȸА^ÍҠa˶ⅲ˵ҋ_X=ZaГbʝtA_K

wZ=^=7kTSǂҴaͦ͘_ǡÏOv˵ƴbǨ̑ƠÍǷa̕ÌAtĉĩMZbv\

Ϝ?twvBS̕Ì_]Gv˶ⅲ˵ҋzƥÌЗ̣SoMbbЄʟЗ̣_suʥΓҚͪ_

Ǣ_З̣OvɕЃbS͒͊[bΕKwZ=^=7̕Ì_]Gv˶ⅲ˵ҋaЗ̣bⅡΓ

ˣ_sv˶ⅲ˵®ÄÉpÀ��Éz͚=vðƿ_ɑˮb̿=7 

ѠȒSⅡΓˣ_ȇľƅŴÀ��Éӗdifferential absorption lidar (DIAL), Browell et al. 

1997) zҏͰÍƂC_ɾјMS˶ⅲ˵ҋaҏͰ®Ä¬|�ÂzЗ̣Ov®Ä��� B

ЂywZ=v7}¸Á�ſЁƟ[bSÓЏ҃Ʈ_]Gv̙=Ǩ̑aŁʷͦ͘ѶΎzͽΒ

OvTnaǂД˟^®Ä��� ӗInternational H2O Project (IHOP_2002), Weckwerth et al. 

2004) _]=ZSЍʏaⅡΓˣ_svDIALz͚=TЗ̣BЂywSΑÛҶaͦ͘ʥa˶

ⅲ˵ƳaЗ̣BǛʗKwTӗƝ1Ә7Ia®Ä��� [bSDIALaħzⅡΓˣAt˶

ȑʖƂ_̓ǫOvI\[SÊǙӓș_]Gv˶ⅲ˵ҋa˶ȑľȋzЗ̣OvФloЂy

wZ=v7ʚʻ_]=ZoⅡΓˣɾј͚aDIALaҙͦbЂywZ]uӗUchino et al. 

1995, Nagasawa et al. 1995ӘSǂҴaͦ͘BÞɆKwvӄƮaӋÌę_]GvÍǷ˶ⅲ˵

ҋaҏͰľȋp˶ȑľȋzЗ̣OvI\[Sҟ˶ҋaÞ̣άșaƂÌBГѝkwv7 

 

 
 

Ɲ1 IHOPʷҚÓa2002Ȓ6ʳ20ʚ_ⅡΓˣ_ҏͰÍƂC_ɾјKwTDIAL_suȰt

wT˶ⅲ˵ҋaҏͰ®Ä¬|�Â7³}_ù>˶ⅲ˵ҋaƽŔzɨ?Z=v7

Weckwerth et al. 2004suȝ͚7 
 

RⅡΓˣɾј¡�®ÀÉÃÉ� 

}¸Á�[bP-3pC130^]_ǭĩKwZ]uSʏǀbaǛώzɦHZ=vЗ̣ɑ̈

[<v7źӋį҃a3˥Ĥ˵̑ƳzźӋƈќzӌЂM^BtЗ̣zЂ>I\BĽˁvT
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nSį҃˜ѭa͔Й_ҼȎ_ʴœ^З̣ɑˮ[<v7ą?cSźӋaͦ−_̡zoXΑ

ÛҶӗVortical Hot Tower, VHTӘaǐƣzШMTͽΒ (Houze et al. 2009) pMJOȁͦ

ʷ\Î̏ͦʷaҟ˶���·įaҏͰ̑aξМͪ^͉ȶz΅MTͽΒ (Guy and Jorgensen 

2014) BЂywZ=v7¡�®ÀÉÃÉ�z͚=TⅡΓˣЗ̣_sǔ̕Ìaҟ˶��

�·pźӋį҃aЦζ^3˥Ĥ˵̑ƳzЗ̣OvI\[Sʏĕ¹�Âaλˇa˘Тp�

É�ƀŚ_svÞ̣άșaƂÌ_ǡÏOvI\BʷȬ[Cv7kTSIwk[_ʚʻ[

bⅡΓˣЗ̣_suŵȰKwT¡�®ÀÉѬșƳAt3˥Ĥ˵̑ƳzМΡOvɑ̈_X

=ZaͽΒoЂywZ=^=7Ia̽_X=ZoSĦЂͽΒӗą?cSGuimond et al. 

2014ӘzŰϜ_}Â�Á�·a˘НzЂWZ=bȸАB<v\Ϝ?twv7 

 

RⅡΓˣɾјĖ̉ÃÉ� 

ⅡΓˣɾјÃÉ�\MZ¡�®ÀÉѬșUG[^bSĖ̉ˣϢzoTQZҟ˶���

·į҃aҟ˶Ϊǎaȥ͊zЗ̣ŹϢ_OvÃÉ�[<v7IaλˇSȖ=ΤƜ_]Gv

ҟ˶ΪǎaΏӊaľȋzȰvI\B[Cv7IaɕЃb}¸Á�[bⅡΓˣaƿƹ_¬

�É�¡}Ã�ÃÉ�zрuíGvI\[Ǜ͒Ms>\MZ=v (W.-C. Lee et al. Ήď)7

ʚʻ[bⅡΓˣɾјa˵иÃÉ�bҙͦMTκӒB^=BS¬�É�¡}Ã�ÃÉ�a

ɕЃz͘AMZSéȭ10ȒðÌaҙͦʷҚzAGZҙͦMZ=bĈĕB<v\Ϝ?tw

v7 

 

RⅡΓˣAtaɘÍƪ̌̕З̣ˣƖ 

̌̕a˶̢®Ä¬|�ÂzЗ̣OvAirborne eXpendable BathyThermograph (AXBT)S˶

̢\Ƶľ̷șa®Ä¬|�ÂzЗ̣OvAirborne eXpendable Conductivity, Temperature, 

and Depth probe (AXCTD) \¡Ä�®�Æ�zιlſyQvI\[SźӋ̌̕ͱãĂ͚_

X=Zʴœ^ͽΒzЂ>I\BŹϢ\^v72010Ȓ_ЏǄȑ̌[ЂywTInternational 

Typhoon Observation over the Pacific Ocean (ITOP: D'Asaro et al. 2014, Lin et al. 2013) [bS

3XaźӋ_¡Ä�®�Æ�\AXBTzƀʥ_ſМ[200ưðÌɘÍMSźӋͰÍ[a̕

ҽAtaӉͅÈ̳ͅ¬À���aɵǙ\̌̕ІǷa˶̢ýÍҋ^]zɵǙOvЗ̣zЂ

WT7̌̕Óa˶̢pƵľ̷șaľȋb}Â�¬ÄÉ z͚=TЗ̣Bʴœ[<vBS

źӋͰÍpźӋѫѶͰȭaƽŔBǂC^҃ľ_X=ZaЗ̣zЂ>Tn_bS}Â�¬

ÄÉ aʥΓҚľЙϢ[bÎŞľ[<v7IaTnSⅡΓˣ_svźӋѠě_]Gv¡

Ä�®�Æ�\AXBTӗoMbbAXCTDӘzιlſyQṬƖ_svЗ̣Bʴœ[<v

\Ϝ?twv7IwtạƖ_svЗ̣λˇbSźӋB̕ҽ˶̢aʥҚƽŚAtŶGv

ȧҿ\Š̕a˶̢ÈƵľ̷șa®Ä¬|�ÂaźӋ_svƽŚ_X=ZaГzÏ?

v\ʷȬ[Cv7kTSʲѠҙͦKwZ=vҶЙĠǂ˵̌̕λſ¹�Âz͚=TźӋǛ

Ӓa˘ТzЂ>Ҫ_oSIas>^З̣λˇbʴͫ[<v7 

éȭS¡Ä�®�Æ�\AXBTӗoMbbAXCTDӘzλſMṬƖaҙͦzЂWZ=

bȸАB<v7RaҪṢƖa҉ҋSǂCKSѦďƈ̉ʏSǀ�ºÆ¥ÂŚ^]a˘Н
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\\o_SӓѬ[ӓӓșzӌЂOv��� ˣAtaɘÍaŹƃ_X=Zo˘НzЂW

Z=bȸАB<v7̣Ɩa҉ҋ_X=ZbS͉ˬ^©À�¼É aĄ͚aŹƃ_ȧҿO

v7̣ƖaǂCKbSⅡΓˣaɘÍЉϖaǂCKaРМ_ȧҿOv7Ѧďƈ̉ʏ_X=

ZbS¡Ä�®�Æ�\ƀNƈ̉ʏaĄ͚aŹƃ_ȧҿOv7RMZSǀ�ºÆ¥ÂŚ

bŠ̕З̣zЂ>Ƴſ_ÊXạƖ_svЗ̣ʥҚBҗb^vTn_Sӆșaӓ=З

̣zЂWZ=bÌ[ȸАÎŹˤaˣϢ[<v7 

 

ӗӡӘ З̣М͞ 

͒͊SⅡΓˣz͚=TЗ̣\MZS¡Ä�®�Æ�З̣S®ÄÉz͚=TΪǎЗ̣S

BŹϢ[<v7Iaˀòao\[SϜ?twvЗ̣М͞z΅O7 

 

R źӋЗ̣ 

ӟӛӟӛӣΖ[ПѣMTѫuSƑ͚a��� ˣz͚=ZźӋaÓȷíѠ[¡Ä�®

�Æ�З̣zЂ>ͽΒBѰlXX<v7͒ƣ[bSʚʻ_ɳѠOvźӋzǨи\MZS

Ȓ1ƘΎșaЗ̣zЂWZ=v7RMZSŵȰKwT¡Ä�®�Æ�З̣aλˇzƀŚ

MZЗ̣aœˇzAnTuSGTS_҅ďMZžƟa͒˙ˣқaÞƲ_ĄWZotWZ

=v7 

éȭ_X=ZbS͉_ͦ͘ʷaźӋӗєƂŊӘaЗ̣zЂ=SȢŚѶΎpѰэÞ̣a

ŹϢȿz˘НMZ=bȸАB<v\Ϝ?twv7kTSЗ̣àąʏzƷpOI\_svS

З̣¦�§�aϻΑS]as>^ҶƮSӄƮ[aЗ̣bŨң^aAө� ]aӄƮzЗ̣

OvaBϮ=aAө� З̣���·ǛӒӗɈșӄƮӘzÞnɝĽMZ]=ZSRaӄƮ

_]GvЗ̣zȢŚOvɑ̈aǛʗӗT-PARCII[kUǛʗ[CZ=^=Ә^]aЗ̣z

zЂWZ=bȸАB<v7kTSźӋa͵aÓ_ǔĪ_ĩwvàąBǀAWTI\AtS

¡³À��̈\a˲їàązƷpOI\_suS͉_Ȣ=źӋ_]Gv¡³À��̈a

άșƂÌzͯɥMZ=bȸАo<x>7 

kTSźӋ_ɌҗOvŹϢȿa<vҟ˶���·pͅȍý˵ƢaѠěpȾͦ−Ovź

Ӌaį҃ӄƮSźӋaÌǷҶÓ[¡Ä�®�Æ�З̣p®ÄÉz͚=TΪǎŵȰЗ̣

zǛʗOvI\[SźӋaͦ−ѶΎpį҃˜ѭa͔Й\=>ǒͪ^ГzȰvTna

З̣oȸА[<x>7kTSЗ̣ˣƖaҙͦpЮ−zЂ>I\B[CwcS¡Ä�®�

Æ�_Ő?ZAXBTpAXCTDz͚=TЗ̣oǛʗMZ=bȸАB<v7źӋϥѐ_oȧ

ҿaǂC^̕Óa˶̢pƵľ̷șaҏͰ®Ä¬|�ÂaƽŚzЗ̣OvI\[SźӋ̕

̌ͱãĂ͚aͽΒBѰncSźӋaȢșÞ̣_ǨMZ͞ʷͪ^ɄƲzɷĆ[Cv\ʷȬ

[Cv7 

 

R ʚʻŀǾţǽ_]Gv˶ⅲ˵ҋaЗ̣ 

ӄƮ¹�ÂaŁʷÈƶ͟ˀò\^vĪ͓¹�Âaˑǎįa˶ⅲ˵ҋbÊɇ_ĽŎKw

v7MAM^BtSRaˑǎį_]Gv˶ⅲ˵ҋaľʎp͏Ǣșľȋқʏaȥ͊_X
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=Za͔ЙbѰ{[=^=7ʏĕ¹�Â_sWZǂҴaͦ͘BÞ̣Kwvs>^͊̆_

]=ZSʏĕ¹�Â[ĽŎKwTˑǎįa˵̢S˶ⅲ˵ҋ\Raˑǎį[®ÄÉp

DIALz͚=TⅡΓˣЗ̣λˇAtӓΓҚľЙϢ[Ȱtwvĕz˲їOvI\[Sˑǎ

įa˵̢S˶ⅲ˵ҋaȑƧĕSľʎS͏Ǣșľȋaȥ͊^]aЗ̣zЂ>7Iwta

ĕzӄƮ¹�Â_ƀŚOvI\[SǂҴaҋͪ^ɵǙaάșƂÌgaǡÏaУĈzЂW

Z=b7͉_ȑȒĕsuoӓ̢AXӓ˶ⅲ˵ҋa͊̆Í[ȰtwvЗ̣�É�bSǬˁ

˵Ĕ_]Gvǂ˵͗ƶƳzͥúͪ_ı͒MToa[<v\Ϝ?vI\B[Cv7Iwt

aЗ̣�É�z͚=TʏĕǛӒaλˇzЙ˅OvI\[SǬˁ˵Ĕ_]Gvҟ˶ҋaɵ

Ǚ_сOvλˇBȰtwv\Ϝ?twv7 

Ɲ2_ǂҴͦ͘BÞ̣KwZ=vƳſa˶ⅲ˵ҋЗ̣aąz΅O7˔ҴŊφpźӋa

ƿϊ҃_]=ZSʏĕ¹�Â_]=ZÍǷ˶ⅲ˵aҢÌgȃĩҋBǀbSǂҴͦ͘B

Þ̣KwZ=vӋÌę̕ÌaǨ̑ƠÍǷӗӓș500Ӭ2000 mΎșӘ_]=ZSÊǙӓș

[aӌЂzЂ=^BtS®ÄÉ_]=Z˵̢S˶ⅲ˵ҋSӋƂÈӋѬ^]zӓʥҚľ

ЙϢӗӓΓҚľЙϢӘ[ŵȰMSʏkmAtʏŞkm��ÉÂ[a˶ⅲ˵ҋp˶ⅲ˵¬À

���a͏Ǣșľȋz˹nv7ƀʥ_SDIALzⅡΓˣ_ɾјMSÀ��ÉzⅡΓˣ

AtęʖӗÌʖӘ_ƂGZ˶ⅲ˵ҋa˶ȑľȋӗҏͰ®Ä¬|�ÂӘaЗ̣zЂ>7o

MbbSƀ¬À� φ_̅WZӓș10 kmAtҏͰÍƂC_РϖMTDIAL_su˶ⅲ˵

ҋaҏͰ®Ä¬|�ÂzŵȰOv7З̣KwT˶ⅲ˵ҋzʏĕ¹�Â_ƀŚMSҟ˶a

üϖpҋͪ^УĈzЂ>7 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Ɲ2 ǂҴzǨи\MTʚʻţǽ_]Gv˶ⅲ˵ҋaⅡΓˣЗ̣М͞7ǂҴBͦ͘MR

>^Ƴſ_Sʭ̧˵ƴȃĩƮ_]Gv̢șS˶ⅲ˵ҋSӋƂÈӋѬaЗ̣zÃ°Â

¬À� [Ђ>7¹�Â\a˶ⅲ˵ҋaPwzЗ̣Ov\\o_S˶ⅲ˵ҋa˶ȑƽ

ŔҋzЮhSˑǎį˶ⅲ˵ҋaľʎp͏Ǣșľȋaȥ͊z˘НOv7 
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ӗӢӘ]yu_ 

͒ƣSyBƟ[bҶÈҟ˶���·pźӋzǨи\MTⅡΓˣЗ̣aκӒb˚nZǯ

^bSⅡΓˣЗ̣[Ą͚[CṿƖoЗ̣aTnaιϒÈ¦�§�BÎщMZ=v7̣

ƖҙͦzЂ>\\o_ⅡΓˣaѴ͚ϢŎzƂÌKQvI\BȸА[<v7 
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ӠӛӟӛӣӛⅡΓ˵и�

˵иÈ˵Ĕ���·bèӊaΆ÷Èκ̝̏Ŕ\Ǣɳ_қċMZ]uSƥ̢͓ʭŚ^]

aƥ͓͗ƶƽŚBűjOȧҿB̊ͯKwSRaÞ̣pRw_ǨOvѻȺÈχƌΟΟǙa

TnS˵иÈ˵Ĕ���·_қOvǒͪГBȸА\KwZ=v7Ά÷a�ÄÉ¨Â

Ś_ù=SæѫѴњľҊ[oƥÌÈ̕ÌњѦAt�«É¡zѤ˹OvⅡΓњѦg\ȖB

uzГQZ]uSǔĪÈǔȷ[κ̝ͪ^æѫѴњɕЃaΕ\SRw_űjOƥ͓͗ƶ

ƽŚaȧҿЙʝoƔτaЭӈ\^WZ=v7 

ⅡΓѴњľҊ[bSⅡΓˣgaͶ˷ÈϷҷpÛ˵̑aÞ̣ÈƘѿBƒӈ\^WZCT

BSIas>^̶M=˵иʆÛaͰɳЗ̣\RwưYb͒иЙʝBŞľ_Ѱ{[=^=

TnSRwta͒иaÞ̣ÈƘѿɕЃaҙͦoŞľ_Ѱ{[=^=aB͒͊[<v7 

II[bSIwta˵иʆÛaÓAtͶ˷͒иSʲѠ͉_̊ͯzҰnZ=v��� 

�Æ�ÆpⅡ̈МƖ_ǨOv˷ʪͶ˷zą_\uRaͽΒМ͞zηêOv7 

�

ͽΒaϠʨ\ͯͪ!

ѠȒSΑÛҶƈќzӌЂÓa˴Қ��� ʘǜˣB�Æ�ÆaĽŎýÍp�Æ�Æė

˧_svͣȎҟÍÈ�Æ�ÆͿɽzȝCцIMTàąBͩʏŞòSǨ˵Ѭșp˵̢zМ

̣OvⅡ̈МƖaЫŔĂzȝCцIMTàąoǀʏƲƇKwZ=vӗƝӞӘ7МƖͶ˷

_қMZbS2009 Ȓ6 ʳ1 ʚÁ���º¥�ÄAt©ÁӮ¡�ÉÂΓ̤_ƂAWZ=T�

}¬ÀÆ�aʘǜˣBǂЏ̌Ì[ƸϷMTabⅡ̈МƖͣȎ_svϥŔⅡ̈ЉϖaЫĂ

Ŕ_sv\ƲƇKwZ=v7Iwta҉ǂ�Æ��Æ _қMZbSӓ̷șa˷ʪӗȴ

ζ^˷aλʪӘa�Æ�Æį҃pⅡ̈МƖgaƅ=ѝlBЩƙ\^WTI\BɥʀKw

Z=v7 

 

 

 

 

 

 

 

 

Ɲ1� ΑÛҶƈќ[a�Æ�ÆͶ˷�Æ��Æ aͦ͘Ƴɐ 

 

Ǩ̑̏ŔpΑÛҶaͦ͘ӆșÈͦ−Д˟_X=ZbSÁ¹É �Æ�Æ�З̣ӗЄ

ʟÈÃÉ�ΛӘpĪ͓¹�ÂÈӄƮ¹�Â_svͽΒBѰntwZ=vBSЗ̣�É�

ʏpÞ̣άșaņί_suSƲƇàą\aқċBŞľɖɺKwZ=vyG[b^=7ʲ
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ѠSśΩ[bSΩƟⅡΓǓǘǲӗNASAӘSΩƟѮҁⅡΓǲӗFAAӘ^]Bĭƀ[͒и

ЙʝgƂGTͽΒVHigh Ice Water Content (HIWC):zS¿ÉÄ�©[b˦ȂⅡΓǔĪˣ

˜ӗEASAӘBVHigh Altitude Ice CrystalsӗHAICӘ:zΕVÌHSĭƀ[ӓUșЗ̣͚

��� ˣz͚=TҰÓЗ̣z�É� ÀÁ}È�É�~Æ˿SţΩ¬ÀÆ�ӄ�}

¢È���Æ¤˿_Ľ͒OvȆǂΑÛҶƈќƮzǨи_2014 Ȓ1-3 ʳ\2015 Ȓ5 ʳ_Ǜ

ʗMSͦ−MTΑÛҶAtƆCĽOӓ̷ș˷ʪҶӗ}ÆÇ~ÂҶӘaį҃˜ѭaǛɉB

ȮȮ_ЙʝKwXX<v7 

ÌѣaҰÓЗ̣b̜̒^Γ˵ƴAt^v̌̕ȿ˵ƚį_ͦ͘OvΑÛҶzǨи\MT

oa[<vBSʲѠS˻ˉǂ˵Ó_ͦ͘OvΑÛҶ[bsuǂҋa˶͈тzÌΓ_њѦ

OvŹϢȿBɥʀKwZ=v7ƲƇKwZ=v҉ǂ�Æ��Æ aίŠʏBʚʻzƄm

˂ţ}�}Ʈ[ͦ͘MZ=vI\\SIaƥƮb˂}�}аƟa¸���~pȄ˙ƥȍS

¨��µ�͆͂AtʉĽKwvǂҋa˻ˉтaȧҿzŶGZ=vTnÐ͟[oʲoǂ˵

˻ˉaѰЂMZ=vI\[twZ=vI\AtSIwk[ǎ̕ȿ˵ƚį_]GvҰ

ÓЗ̣[bɨ?vI\a[C^AWTSsuӓ̷șa˷ʪҶͦ͘aŹϢȿo΅ƏKwZ

]uSⅡΓқċϝaқȷzҰnZ=v7 

ΑÛҶƈќ_]Gvӓ̷ș˷ʪҶa͘ɌbSҶˏ̏ȿŚӗҶz˜ɌOvȴ˶̭aͦ͘

ѶΎӘzѫMTʭA=ҴaѶΎ\˷ʪˏ̏ȿŚӗý̢Ʈ[Ҷz˜ɌOv˷ʪaͦ͘ѶΎӘ

zѫMTĶT=ҴaѶΎaͱǨͪ^ǡÏ͏_ćǐOv\Ϝ?twZ=v7MAMSҶ

ˏÈ˷ʪˏ\MZğbǂ˵�}Ä�ÂΪǎӗǂ˵Óa̔ѳΪǎ͈͊тӘBSΑÛҶas

>^Ϡaӓ=Ҷ���·įa˶͈тaı҅ľ_]as>^ȧҿzÏ?vaASIwk[

ʻˑͪ_ЮhTͽΒb^=7kTSǔĪⅡЂaЗ̽AtSӓ̷ș˷ʪҶįa˷˶ҋӗƞ

ÿa˶aҋӘpRaʥΓҚͪľȋ\ǂ˵�}Ä�ÂΪǎʏ̷șaқċzЮhTąo^=7 

ʘǜÈм͈њѦaǔĪȿĎ\ȃⅡѬșςɤÈ¬À� ʥҚͺύΛaκ̝ȿѤűӗѴ

Ⅱaœ͏ŚӘaÑΕBА˹Kwv˴ҚⅡΓà˙_ǨMZSǔĪÈǔȷAXκ̝ͪ^ѴⅡ

aӓșŚ_сOvɕЃɷĆzǛ͒OvTn_oSⅡΓˣ_svͰɳЗ̣_svӓ̷ș˷

ʪҶa͘ɌѶΎaЙʝ\<yQZǛɉɖɺgƂGT͒иaı͒ȿaӓ=ҶЙĠʏĕ¹�

Âaάș˘ТÈʈϮBȾŕ[<v7kTS�Æ�Æė˧ΛzЩͦOvӓ̷ș˷ʪƮbS

ⅡΓˣɾј˵иÃÉ�a˘ĽɈșðÍ<v=bJbȠ=��É\MZMAɨ?tw^=

TnSŨңÞ̣B[CPӌЂzπρMTTn_ ÀÂ_ϧWTàąB˫][<v7s

uӓȿϢAXӓ̷ș˷ʪƮz˘ŹϢ^ⅡΓˣɾјÃÉ�É���·aҙͦBȸА[<

v7ŃѪƘѿΟ\MZSΪǎ˘ĽЉϖaⅡΓˣgaɾјzɇƝOvI\B[CvBS͒

͊SˣÿŊϊ҃gaͶ˷àʋҝ˧aTnaѶĶŪȴ˶̭˘ĽЉϖb<voaaS˷ʪ˘

Ľ_ѻ͚Ov_щvȿϢaЉϖb^=7ӓ̷ș˷ʪƮĽ͒_қOvÞ̣ɕЃ_X=ZbS

ǛɉЙʝ_ѢvʙȩЮˌͽΒB˫]^=I\AtSʴ͚^ɑ̈aҙͦBȬTwv͊̆_

<v7 

Єʟ�É�Й˅S˵иÃÉ�З̣SҶЙĠʏĕ¹�Â_svÞ̣���Æ�ɷĆ^]
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aƥÌЗ̣ʇɼÿņao\[SⅡΓˣ_svǨиҶƮaͰɳЗ̣_svư΄ͪЮˌͽΒ

zǛʗOvI\_suSIaľҊaӌяͪ^ͽΒѰǵBʷȬKwv7 

 

З̣М͞!

ҰÓЗ̣\MZЗ̣͚��� ˣӗƝӟӘz͚=Z�}Ä�ÂÈҶÈҟ˶aͰɳЗ̣

\ƀʷMTҏͰÌʖÍʖ\ęʖzƀʥ_̣Ǚ[CvKa-band¡�®ÀÉÃÉ�З̣zǛ

ʗМ͞Ov7ͽΒǨиӄƮbSΑÛҶBӆͦOv˿ϋƈќѾǙMSǂҢȿűě̕ȿΑ

ÛҶƈќaӓ̷ș˷ʪҶaǛɉ\͘Ɍ¸�£�·Йʝzͯͪ\MZЗ̣ˣЗ̣zǛʗMS

ǨиҶaΓҚͪȖBupį҃˜ѭSƈќa͗ƶƳpҶȘÍ_]Gvǂ˵�}Ä�Âa�

Æ®ÁÆ�SҶˏÈ˷ʪˏȁȿŚϢŎ\ҶįaҶΪΪȫľȋSҶÌǷ҃ӗ}ÆªÂ҃Ә

a˷ʪaʏ̷șSΪȫľȋS˷˶ҋaМ̣ΛaЦζ^Ҷaȴ͈͔˜ѭ_қOv�É�z

ŵȰOv7З̣Ǜʗʥ_bSʏĕ¹�Âz͚=TÞƲǛӒсʓSƥÌРϖažΏÃÉ�

З̣σΛaʇɼzŶGZSЗ̣a��¶Æ�ÈǨи\OvҶ���·a˽ǙzЂ>7k

TSһ˧˵иЄʟӗdkyu8 żӘaÀ«�¡��ºÆ�É�oЗ̣Ǩиa˽Ǚ_ń͚

Ov7 

 

 

 

Ɲӟ� žΏ�}Ä�ÂÈҶÈҟ˶̣Ǚ®ÄÉ\Ka-band¡�®ÀÉÃÉ�>zɾјMTЗ

̣͚��� ˣS˷˶ҋzӓάș[̣ǙOvIsokinetic Total Water Content ProbeS}ÆªÂҶ

ƈќ_]GvЗ̣¬À� ©�ÉÆ7 
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ӠӛӠӛ̌̕ǒ�

 

ӠӛӠӛӞӛ̕˷�

ӠӛӠӛӞӛ1ӛéȭa̕˷_қyvⅡΓˣЗ̣aȸАȿ!

ⅡΓˣЗ̣bRaˣŔȿp˲їͪȖ=З̣ȏa͉ȿz͘AMZSIwk[ǑΣ̕˷Ʈ

aʏŞӫӬʏŞ km a��ÉÂzɤX͉ȿaɖɺpЄʟ�É�˘Т_ʴɇϘ_͚=tw

ZCT7͉_̕˷aȥɉaɖɺ_bⅡΓˣbǂƽʴ͚^ɑˮ[<WT7̕˷ȥɉaЗ̣

aλˇȰtwT˷Ŭľȋp˷ͮǂCKľȋbЀЙѶΎ_͠ktPSǑΣ̕˷ƮaŎǒѶ

Ύӗ͉_Ã�Ä�ÉӘz͔ЙOvÌ[ȸӃaoa[<uSkUǛɉЙʝAtbѺ=͊̆

_<v7ª���¸ÀpÃÉ�ÉъҲМ^]zⅡΓˣ_ɾјOvI\_suSǯM[o

ǀba�É�zŴҰMZЙ˅zЂ=S̕˷ƮaŔɉz˨Mb͔ЙOvI\B˹ntwZ

=v7ą?cÃÉ�É��º¢Éz͚=T 2 ˥Ĥͪ^ІҽaļĻ͊̆BľAwcǑΣ̕

˷Ʈ_]Gv˷Ŭľȋ]se˷Ŭͦ−ѶΎzvTnaʴŎ^�É�\^uȰv[<x

>7kTSЄʟ˘Т\=>З̽AtbS͒Ƴ\ЄʟaЗ̣ȏaǂC^�º�®zƬnv

ʴ͚^ɑˮ[<WT7ſɌҙŷÃÉ�pµ��Ä̉a͉ȿ^]SЄʟɄƲz˨MbЙ҈

OvTn_bkUǀba�É�zȸА\MZ=v7̕˷aǛɉzɖɺOvI\bʏĕ̕

˷¹�Âaͦǵ_\WZȸӃaoa[<uSŹϢ[<wcǑΣƽŚBɨ?twvs>^

Á«É З̣Bʶkwv7 

 

ӠӛӠӛӞӛӟӛÞǙKwZ=v˚ƮƟҪЗ̣ͽΒ®Ä��� !

З̣ʥʷb̕˷_қyvìaƟҪĭƀЗ̣М͞_ſyQZǛʗOvaBœ͏ͪ[<v7

͒ƣS2017 Ȓ 10 ʳӬ2019 Ȓ 9 ʳ_WMO BÕĝOv Polar Prediction Project aÊ͗\M

ZYear of Polar Projection (YOPP)SIASC BÕĝOv Multidisciplinary drifting Observatory 

for the Study of Arctic Climate (MOSAiC)B 2019 Ȓ 10 ʳӬ2020 Ȓ 9 ʳ_М͞KwZ=v7 

Ŋϝb˚ƮЗ̣���·aʈƓSÞ̣aTn_͚=twv¹�Âa҉А^ѶΎaʈƓS

̕˷_̀̽zϖ=Z˚Ʈaǂ˵Ӛҵ˷ƠӚ̌̕���·aÞ̣^]zͯͪ\MToa[

<uSǂǒÈͽΒˣқÈ͒˙ˣқaѮɿzȢŚOvI\zͯɥMZ=v7 

ӗhttp://www.polarprediction.net/yopp/yopp-summit-presentations.htmlӘ 

ÊʖSȭϝb¡��;˷ͽΒЗ̣ⅤVPolarstern:(Alfred Wegener Institute)z͚=Zś

˚̕ˠʔЗ̣zǛʗMZś˚̕a˵Ĕ���·ažUa®Ä��z͔ЙOvI\Sś˚

˵ Ĕ Þ ̣ _ ͚ = t w v ¹ � Â a ʈ Ϯ ^ ] z ͯ ͪ \ M Z = v 7

(http://www.mosaicobservatory.org/ ) 

Ias>_S]VtoǛʗʷҚoͯͪoⅡΓˣz͚=TʻЗ̣ͽΒМ͞\ſϨOva

[SIwtaМ͞\ѮɿMZǛʗOvaBʴœ\Ϝ?twv7 
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ӠӛӠӛӞӛӠӛɆǙKwvЗ̣М͞˒!

З̣̕ƮbⅡΓˣaѴ͚ÌSʚʻ_˲їͪѠ=ś˚̕\�²É��̕BɆǙKwv7

З ̣įǠ\MZbS1) ư΄\^v˷ͮaȥ͊pǂCKaľȋS2) ridging aǸ˪z΅O

ІҽļĻaľȋS3)ӗś˚̕ЀЙʷaӘІҽa¸Â ´Æ¡aľȋS4) ІҽÛ̑ͅ¬À

���aЗ̣S5)  Єʟ�É�˘ТӗſɌҙŷÃÉ�ÉSµ��Ä̉ʉǫМӘzɷ˒M

T=ӗƝӥӘ7ӠӘbś˚̕aͅŴʇ_]=Zb҉А[<voaaЄʟAtaЦζ^З̣B

ƛҳ[<vTnSӡӘb˵и¹�Â_]=Z̕˷ƮaІҽͅ¬À���b҉А[<u͒Ƴ˘

ТЗ̣Bʶkwv Tn_ɷ˒MT7ȸА^З̣ˣƖb 1)  bª��\ GPSS2) bÃÉ�É��º

¢ӗRiegl-JapanӘ pſɌҙŷÃÉ�S3)bª��pµ��Ä̉ʉǫМS4)    b˵иМpʉǫ

ŴʇМS5)bɿȍ͚aſɌҙŷÃÉ�pµ��Ä̉ʉǫМ^]BɆǙKwv7ӌЂӓșbƝ

ӥ_΅Os>_Sý=ӓșbͅ¬À���aЗ̣zϜɊMZί 170mSӓ=ӓșbÃÉ�É�

�º¢ạǙҠ͟zϜɊMZί 2 km zɷ˒Ov7 

ðÌb͔Ɇ[<vBSÄ�}\aƟƶaƒӈo<uS͒Ǜͪ_bЗ̣̕Ʈb�²É�

�̕ţ҃aɮìͪκ̝˶ƮįӗEEZӘ_ҠǙKwvI\oŞľϜ?twv7T\?Ia

Ƴſ[<WZo�²É��̕ţ҃aƀNⅡэzǙʷͪ_ӌЂMZÌПЗ̣zǛʗOwc

ӗƝ 1ÓaͿφӘS̕˷aȥɉƽŚzvTna�É�BϻΑKwv7˵ĔƽŚ_ù>̕

˷ƮaƽŚbҽΑpŬKal^tPS̕˷ȥɉaƽŚzǙҋͪ_ɖɺOvI\okTÞ

̣zЂ>Ì[҉А^ɄƲ[<vTnSŞľɇƉB<vЗ̣\Ϝ?twv7 

 

 

 

 

 

 

Ɲ1. ɆǙKwvЗ̣ӌЂӓș 

ӗǛφbś˚̕oƄnvƳſSͿφb�²É��̕ţ҃_ҠǙKwvƳſӘ 
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ӠӛӠӛӟӛ̅ǽ�

 

ӠӛӠӛӟӛӞӛǬˁaЭӈ\ǵʶ!

èȄЄʟ_sv̕ҽӓșЗ̣b̌̕ͽΒ_ˤAQ^=BЙĠșpˣŔȿ_қMZņί

B<vTnSⅡΓˣ_sv̕ҽӓșЗ̣gaʷȬbǂC=7ⅡΓˣ_sv̕ҽӓșЗ̣

bkUФӒˮҧ[<vBSŊΣ[΅MTs>_SⅡΓˣ_sWZί10cmaάș[̕ҽӓ

șḄǙ[CS̑̕ȃэpȆǂ̍̉zɨ?v_bŞľ^άșzɤXI\BǛТKwT7

TUMSIaάșbЄʟ̕ҽӓșМaάș(ʏcm)_˲hv\kUǂCbSÃÉ�̉ȥp

GPS�É�aЙ˅ʖ̈zʈϮMẒǙάșaKt^vƂÌzƝvȸАB<v7kTSЗ

̣aˣ÷zƷpOTn_oSЗ̣Ǫ͚ⅡΓˣ_Ȏϖ[Cv�Æ©� AXіҋ^̕ҽӓ

șЗ̣Ǫ͚aÃÉ�É���·aҙͦoȸА\^v7 

� ^]͒ƣSĪZa˴ҚⅡΓˣ_bҲͦͶʥ_ƥІҽ\aъҲẓǙOvTn_Ҹ̉

ӓșМ\ƊcwvÃÉ�BЉĜKwZ=v7ŭ͔ͪ_bIaҸ̉ӓșМzń͚MZo̕

ҽӓșạǙbŹϢ[<vBSƟҪⅡΓ̈_sWZʻˁa͚Ѫðƿ[ań͚bŮMbņ

ҠKwZ=v7TUMSЗ̣Ǫ͚ⅡΓˣ[aǛώzΑl҉`vI\_sWZSǬˁSĪ

Ð͟zⅡЂOv˴ҚⅡΓˣaҸ̉ӓșМz̕ҽӓșЗ̣_oń͚[Cvs>_^vŹϢ

ȿB<v7R>^wcSЄʟ\ſyQZĪ̌̕zʥΓҚͪ_Ǣ_�¨ÉOv̕ҽӓșa

З̣σB˜℃[CS̍̉pӓ̵Ataҝ̻Š̕�¶ȃŔaͭЕ^]҉А^̌̕ƒӈ

aЙ˽_ǂCbл͍OvI\BʷȬKwv7 
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Ӡӛӡӛ̹ǹÈƥȥ�

ʲʕa�.�ӗ83��.��!
Әaҙͦ\З̣М͞�

NICT[bS2019ȒAtaѴ͚zͯɥMZPI-SAR X3aҙͦzѰnZ=v7PI-SAR X3

[bPI-SAR X2aľЙϢӗ30 cm)z15 cmk[ƂÌKQv\ĭ_PI-SAR X2\ƀ˝_¬Â

´ÀÁ¸ ÁЗ̣S�Ä��Æ�É¬�Ä¸ ÁBŹϢ[<vÌSKt_Ŕÿ˘Ľˣ

ϢzѤŐMZ=vӗƝӞŰ̓Ә7З̣�É�� \MZbS˗͘ľȋS˖ˆSͼ̲ŚS

ơƻ˶ľSΑҵŠ̂̕˻ˉŠ̉̓̕Λ[<v7kTSƥҹS̍̉S̹ǹƗ̹S̎˶

Λaϥ̻́ǟ_]GvЗ̣�É�bSЈǟ͊̆zџѬ_ɖɺOvTn_ЂʊˣқpͽΒ

ˣқ_Webκ͜[aɷĆzπρOv7^]SPI-SAR X3b��»¹Æ¡�}�Éª�Ά

ĎʴaGulfstream IV_ɾјÞǙ[<v7 
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ƝӞӛNICT PI-SAR, PI-SAR X2, PI-SAR X3aȿϢ˲ї 
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І1ӛ JAXAaL¨Æ¡PI-SAR\PI-SAR L2aаĤ(Watanabe et al. 2016 su) 
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ӠӛӢӛҢÌ˗͘�

ӠӛӢӛӞӛ�˵Ĕ���·_ǨOvҢÌ͘ɉέaȨŌaɖɺ�

ӟӛӢӛӞ[ѣhTs>_SⅡΓˣЗ̣[bSЄʟ[bÊϪ_ƛҳ^˗͘a 3 ˥Ĥ˜

ѭz\t?vI\BŹϢ[<uSǛҪaⅡΓˣЗ̣[bRa̽B̏AKwvhC[<v7

ʲѠ[bS˖ˆzǨи\MT¡ÄÉÆ_svЗ̣BʏǀbЂywZ=vBӗą?cS

Nagai et al. 2018ӘS¡ÄÉÆa±�ÄÉ¡pӌЂŹϢʥҚaƒӈ_suSӓάș^З̣

ˣƖzɾјMTȖƮͪ^З̣bʹU_ҳMbⅡΓˣЗ̣ga˵ÿbǂC=7З̣Ǩи\

MZbSˡĴBǢ[ˆȗk[a˜ѭzГѫOI\BҳM=ͅȍˆsuST\?cåǤȍ

as>_ͤ[SÌΓAtRaˆȗAtˡĴk[a˜ѭaɖɺBǠʞ^˖ˆBͱȺM=U

x>7RaɇƉAtSѠȒa̢ʭŚ_svƽŚB̊ͯKwZ=vS}À��p�°Á}

^]SśŠ͓ӓψșzȖbБ>ͤ^åǤȍˆzǨи\MTЗ̣bɇϘ̙=\Ƚywv7 

 
ӠӛӢӛӟӛ͈͘ǀ˝ȿS͘ɉέˣϢ\�Éª�aɖɺ�

ӟӛӢӛӟ[ѣhTs>_SⅡΓˣ[З̣MTƳſSRaЙĠșaӓ=͞ĠAtb˖

ˆaĒʸzвŃOvľ˅BŹϢ\^v>?S§�©É�±� Âë˝a�¸À\ÃÉ�

É��º¢zɾјOwcSҢƮ͘ɉέ_X=ZaⅡΓˣЗ̣\MZb͒ƣϜ?twvʲ

oЦM=ɄƲBȰtwvUx>7IPBES aРΕ_иȶKwv͈͘ǀ˝ȿp͘ɉέ�Éª

�aͽΒaȸАȿaӓku_ƊȺMSⅡΓˣzĄWTЗ̣���·aҙͦ\ǭĩBʷȬ

Kwv7 

͈͘ǀ˝ȿp͘ɉέ�Éª�_ǨOvⅡΓˣЗ̣BʷȬKwvǨиbSΙÊ_͈͘ǀ

˝ȿBӓ=ͅȍa˖ˆUx>7kTSͅȍa˖ˆb¨��µ�\MZϤǂ^̼γzǂ˵

AtҩҲOvI\[S̢ǝœˇzɗņOv͘ɉέ�Éª�zèӊ_ǨMZЂWZ=vÊ

ʖ[S͆ʓSȄ˙pŝϽƍaŭʓaĆν�Éª�aiASҊ͘Ŕ͈^]a͘ɂƮzɷĆ

OvI\[S���ÉÁ�·zѫNTʑŚͪ�Éª�oɷĆOv7Ras>^ǀ˝^Ĉ

ĕBQnaſ>Ó[SˡΏp͘ɉέˣϢS˜ѭaľȋpSRaöɱ^]_svèͪ^ƽ

ŚzⅡΓˣЗ̣[ʝtA_OvI\aɇϘbǀǂ[<x>7Įÿͪ_bSʚʻAt˲ї

ͪѠъҲ_<v˂ţ}�}aͅȍˆBǨи\^vUx>7kTSƟį[<WZoSèҚ

aΆ÷κ̝̏Ŕ\Ǣɳ_қċOv˖ˆpϴƥbS͘ɉέ�Éª�zУĈOvГƥAtͅ

ȍˆ\ƀ˝_З̣Ǩи\^v\Ϝ?v7 
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Ӡӛӣӛҵ˷�

ӠӛӣӛӞӛbNn_�

ҵ˷Ơ_]GvƥÌЗ̣aƛҳKpRaΓҚïІȿzϜ?v\SⅡΓˣbœˇͪ^З

̣®À� ¬�É·\=?v7ҵ˷ҽzǨи\OvⅡΓˣЗ̣bi\{]aƳſSЄʟ

З̣\ƀ˝Ѻҩ̣Ǚ[<v7ʚʻ_]GvⅡΓˣz͚=TŁʷaҵ˷ҽЗ̣bͻŭ

ӗ1964Ә_sWZÃª¼ÉKwZ=v7Ra^A[SⅡΓˣ_svʲŁaҵ˷ҽЗ̣b

1948Ȓ_ś̕ѷȻŃȁ̑Ʈ[ʂȧKwTⅡΓĳʹAtΑҵľȋz˹nToa[<v\Ʋ

ƇKwZ=v7Raưʻͪ^Ϝ?bǹǼ˷́ƽŔaЗ̣_oń͚KwSͣ^WTȒï_

ʂȧKwTⅡΓĳʹzo\_S˷́ʺΗüϖaƽŚAt˷́aŊѰÈȭѥѬșBͭЕK

wZCTӗą?cSAniya, 2017Ә7͒ƣ[bSſɌҙŷÃÉ�ÉӗSARӘzɾјMTⅡ

ΓˣЗ̣At˷́aʺΗüϖUG[^bS˷́ІҽӓșɄƲӗą?cSFuruya et al., 

2017ӘoȰtwvs>_^uSтҋŴʇƽŔaǛɉɖɺ_ń͚KwZ=v7 

Ⅱ Γ ˣ z Ą W T ǂ Д ˟ ^ ҵ ˷ З ̣ \ M Z b S NASA a Operation IceBridge

ӗhttps://www.nasa.gov/mission_pages/icebridge/index.htmlӘBɦHtwv7IaМ͞b

2003-2009ȒaÃÉ�ÉӓșМzɾјMTIce, Cloud and Land Elevation Satellite (ICESat) Є

ʟ¶��¾ÆȭSȭπaICESat-2ӗ2018Ȓ9ʳaɒÌHӘ_svЗ̣BҙǊKwvk[a

ʷҚSÕ_ţ˚˷ȗ\�ÁÉÆÀÆ¡˷ȗűeƈќ̕˷Ʈ[SхˌƪÃÉ�ÉӓșМp

}��ÃÉ�ÉzǊnǀba�Æ�zɾјMTⅡΓˣ_svЗ̣zϓuѡMǛʗOvI

\_suS˷ȗІҽӓșpį҃˜ѭzbNn˝U^ҵ˷͈͔ҋBЗ̣KwSҵ˷ƠƽŔ

ͭЕ_л͍MT7 

Αҵp˷ÿį҃aƱΑ˜ѭpưͮƥȥbÌѣa}��ÃÉ�Éӗice radar/radio echo 

soundingӘ_sWZ˘OvI\B[Cv7}��ÃÉ�ÉzⅡΓˣ_ɾјOvI\_

suSȖƮaưͮƥȥzvI\BŹϢ\^uSţ˚˷ȗ[b¡É·fNƈќ_]Gv

ʲŸa˷zɯŉOvƥ̽zⅡΓˣɾј}��ÃÉ�É[ɲˌMӗKarlsson et al. 2018ӘS

RaưͮƥȥƝ_ưY=ZƥÌAtʯ_ЦM=}��ÃÉ�É[ɲˌBЂywT7 

ħǒ�Æ�[bNASDAӗ͒ƣa JAXAӘBⅡΓˣɾј͚aAirborne Multi-Spectral 

Scanner (AMSS)ӗÓʾiA, 2002ӘzҙͦMT7Ia�Æ�bAdvanced Earth Observing 

Satellite- II (ADEOS-II)_ɾјKwTGlobal Imager (GLI)aˍ˨È˘Т͚�Æ�[Sӓӓș

ӌЂ_svЄʟ�Æ�aοǨˍ˨pSýӓșӌЂ_svЄʟ®Ä�� ˘Тzͯͪ\M

ZҙͦKwT7AMSSzĄWTΑҵҽaⅡΓˣǛӒbSś̕ѷ˂҃aΑҵƮ[ΑҵΪȫ

\Îα̷͈șaЗ̣ӗTanikawa et al., 2002ӘpƀƥƮ[ˆȗ_Αҵa<v˖ˆƮ_]G

v˗͘ÈΑҵɥ˞aЗ̣ӗʻжiA, 2001Ә^]BǛʗKwT7Αҵҽaųǫ͉ȿbŹ

ЕƮAtѠфƿƮ_AGZSҗ̉җęi]ҼΛʖͪ^ųǫ͉ȿzoWZ=vTnӗAoki 

et al., 2000ӘSÊϪ_ŲʖƂųǫ͏қʏӗBRDFӘaœˇzϜɊOvȸАB<v7ⅡΓЗ

̣aƳſSⅡΓˣBѰЂʖƂ_ǨMZyPA_ÌzƂ=TǌŘ[ӌЂOvTnS�¸É

�ºÉaÓȷbⅡΓˣaͰÍӗǃȘʖƂӘ[b^=7kTSˠӋB<v\CpⅡΓˣa
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ѬșpsWZЗ̣KwT͞γaҽΑBƽŚOv7ȰtwT͞ĠAtBRDFaœˇzϜɊ

MZΑҵ͈͔ҋzɝĽOvҪSIwtⅡΓˣaǌŘœˇoϜɊOvȸАB<v7 

AMSS\Ò{[ⅡΓˣɾј͚aŶŔƪµ��Ä̉ʉǫМ[<vAirborne Microwave 

Radiometer (AMR)BADEOS-IIaAdvanced Microwave Scanning Radiometer (AMSR)aˍ

˨È˘Т͚_ҙͦKwT7AMR_svҵ˷ҽⅡΓˣЗ̣bÕ_̕˷ǢɳșЗ̣ӗÓǹ

iA, 2000Ә_ń͚KwT7Kt_ʲѠ[bSΑҵÍҽaĸơa͊ɉzЮhvTnS̖

Ѩ̙șa̙=6 GHzaŶŔƪµ��Ä̉ʉǫМ_svⅡΓˣЗ̣BЂywZ=v

ӗAlimasi et al., 2016Ә7ÊϪ_ƥÌЗ̣[ȖƮ^ҵ˷ҽz�¨ÉOvI\bƛҳ[<v7

ÊʖSЄʟɾјŶŔƪµ��Ä̉�Æ�[bÊϪ_ΓҚľЙϢBʏkm~ʏ10 km\ýbS

͞γį_˖ˆ^]BǐƣOvƳſSЫȇBǂCb^vTnSⅡΓˣЗ̣bƥÌЗ̣\Є

ʟЗ̣a�º�®zƬnvʴ͚^З̣ɑˮ\=?v7TUMSÞΡͪ^ņίAtӓӆș

[aⅡΓˣЗ̣bЂywZ]tPSÕ_ЄʟЗ̣aȖƮ˘Тɑˮp}Â�Á�·ҙͦ_

ń͚KwZ=v7 

 

ӠӛӣӛӟӛɆǙKwvЗ̣М͞˒�

ҵ˷ҽaⅡΓˣЗ̣_ń͚ŹϢ^ħǒ�Æ�bSѠεƿSŹЕSѠфƿSͅфƿƮz

�¨ÉOvÊϪͪ^�±� ÀÂÈ�¸É�È�Æ�ÉoMbb§�©ÉÈ�±� À

ÂÈ�¸É�È�Æ�BɦBtwv7Αҵa}Â°¡bŹЕƮ[bÕ_ΑҵÎα̷͈ș

_SѠфƿƮ[bΑҵΪȫ_RwSwćǐOvӗWiscombe and Warren, 1980, Warren and 

Wiscombe, 1980Ә7Iwt�±� ÀÂɄƲ\ͅфƿƮɄƲAtҵ˷ҽa˝U^͈͔ҋ

ӗΑҵΪȫSÎα̷͈șS}Â°¡SІҽ̢șӘaɝĽBŹϢ\^v7Kt_S˷ӗO

^yVSҵӘbѠεƿXѠфƿƮ[bҗ̉җęi]ħƅŴBȢ=TnSҵ˷ҽgaǄҤ

ħa̖Ѩ̙șBͣ^v7Iwzń͚MZІҽAt̙Kʏ�Æ�Ύșk[aΑҵΪȫaɝ

ĽBʷȬKwv7µ��Ä̉ӄƮ[bKt_̙=ǷaΑҵΪȫɄƲBȰtwvTnSⅡ

Γˣ_ħǒ�Æ�\ŶŔƪµ��Ä̉ʉǫМzƀʥɾјOvI\_suSKt_ǀba

ɄƲBȰtwvŹϢȿB<v7IwtaⅡΓˣЗ̣zƟįaҵ˷ҽal^tPS̕ƿa

˷́È˷ȗÈ̕˷ÈҢƮaЗ̣_oń͚[Cv\Sń͚ĈĕBҼȎ_ӓ=\=?v7 

ÃÉ�ÉӓșМbŊѣaOperation IceBridge[bхˌƪzĄ͚MZ=v7éȭaⅡΓˣ

_]=ZoSхˌƪÃÉ�ÉӓșМz͚=vI\_suSҵ˷ҽa3˥ĤӓșɄƲzЗ

̣MSΑҵ̙aƽŔp˷́È˷ȗaтҋŴʇͭЕ_ń͚[Cv\ʷȬKwv7ſɌҙŷ

ÃÉ�bƟį[oⅡΓˣЗ̣BǛʗKwZ]uSéȭìa�Æ�\ƀʥɾјOvI\_

suS˝U^ҵ˷ҽ_Іҽ͊ɉasuЦζ^ɄƲBȰtwvI\BʷȬKwv7ŶŔƪ

µ��Ä̉�Æ�bΑҵ̙aЗ̣_ń͚[Cv7IwtaЗ̣ЉϖzⅡΓˣ_ɾјOv

I\_suSƟį[bΑҵľȋS̕˷͉ȿSʲѠГXAWT˷́aƽŔǛɉaɖɺpR

aАƙЙ˅S̕ƿ[bҵ˷aЗ̣Ǩиz˽nZǙʷͪ_З̣OvI\_suS˵ĔƽŔ

ͭЕaɥ˞pЄʟЗ̣a˘Т\MZń͚[Cv\ʷȬKwv7 
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ðÌas>_ҵ˷З̣_ń͚ŹϢ^ⅡΓˣB<v\SÌПaЍʏaЉϖzɾјMSƟ

įbo\su̕ƿ_]=Zo˝U^ҵ˷ҽЗ̣BŹϢ\^uSЗ̣ΓͨƮaǀ=ҵ˷Ơ

_]=ZSRaƽŔǛɉɖɺp¸�£�·Йʝa͔ЙBѰm\ʷȬKwv7 
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ӡӛèȄЄʟЗ̣\aѮɿ�

ӗ˘ТSÁ ÁÉ¨ÂaʈƓSѮɿMTЗ̣_svͽΒaǵҙӘ�

ӡӛӞӛⅡΓˣЗ̣zń͚MTÁ¹É �Æ�Æ�ͽΒaʕǵҙ�

ӡӛӞӛӞӛ˵Ĕ���·aƽŔАƙ\MZaƥІҽ͗ƶ\RaȖƮМ̣aȸАȿ�

˵Ĕ���·aƽŔАƙ\MZbSƥÌ_]GvèҚ̏ŔBɮĽOv̢ʭŚ˵ÿp˻

ˉ˵ÿboVx{Sè—ͪ^ƥІҽ͗ƶaǂД˟ʈƽp̸̰^]_\o^>ћƥS̥̄

͗ƶaƽŔoͲѶ[C^=Аƙ\^WZ=v7kTSI>MTƥІҽЈБ͊̆aƽŚbS

ȸ́ͪ_RaƥƮAtͦ͘Ov�}Ä�ÂΪǎaҋpιɌ_oȧҿzÏ?Z=v7

IPCC _svʉǫȢņŎaУĈ_]=ZoSƥІҽʈƽaȧҿB͋ΕMTӁͯ\MZɦ

HtwZ]uSIas>^�}Ä�Âͦ͊̆͘ga¬~É¡¨��zϜɊOv\Sǂ˵

\ƥІҽzÊÿ\MZɨ?TȖƮaƥ͓ІǷ͗ƶ_X=Zaǒͪ^ɖɺS]seƥ͓

ІǷ͗ƶBÓҗʷͪ^Е̽[˵Ĕ���·_Ï?vȧҿ_X=Zaǒ͔ͪЙz̙nZ

=bI\BˤAQ^=7 

 

ӡӛӞӛӟӛЄʟ�É�aǙҋͪЙ˅aTnaˀò�

ЄʟЗ̣�É�bʏ 10 km At 1000 km aΓҚͪ^��ÉÂ_yTWZȖƮaľħ͞Ġ

�É�zijƀʥ_ŵȰ[Cv̽_ǂC^ń̽B<v7ÊʖSͣ^vʥŇ_]=ZŵȰ

KwTЄʟľħ͞Ġ�É�AtƥІҽ͊ɉ_X=ZǑΣƽŔpҗʷƽŔ^]aƽŚ_қ

MZǙҋͪ^ГzȰvTn_bSƥÌ˘Т\ƊcwvƥІҽ[ạƖzń͚MTľħ

ųǫ͏М̣S\b_ŹЕƮpѠфƿƮa�É�_]=Zbħ̩\^vǄҤħ̓ǫˀò\

Єʟ�Æ�aЕφʖƂzϜɊMTáʖƂųǫ͉ȿaǙҋͪ^ɖɺBÎŹˤ[<v7kTS

ͅфƿӄƮ_]=ZbSƥІЈБ_ȺNTʉǫ͏aМ̣BȸА\^v7 

 

Ɲ 1. ǂ˵ÌΗ[aǄҤħ�±� Â\ƥÌ[З̣KwvͰ−ħ�±� Â  
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ЄʟЗ̣�É�zǙҋŚOvҪaǂC^ҫǟ\^WZ=vaBS�}Ä�Â_svʎ

Û\ƅŴaȧҿ[<v7�}Ä�ÂbʉǫaʎÛ\ƅŴzѫNZͺ̉ʉǫ_Ͱɳͪ^ȧ

ҿzÏ?viASҶaĹλˏ\MZʉǫŴʇ_ǂC^ȧҿzűjOI\BɥʀKwZ=

v7�}Ä�Â_bÕ\MZè—ц̩[ʉĽKwv˻ˉ˵ÿBǂ˵Ó[Ϊǎg\єɹK

wZ͘NvȴǮΪǎ\S̕ƵpơƻΪǎ^]aϥ́ц̩aΪǎzÕА^Ɍľ\OvΫǂ

ΪǎAtɌWZ]uSI>MTɌľaǀ˝ȿ_sWZʥҚͪ_oΓҚͪ_oҋͪ^ҽz

ƄnZƽŔB˚nZǂC=7ŹЕƮaЄʟ�É�bǂ˵ľǎ_sv Rayleigh ʎÛ_Ő?S

Rayleigh ʎÛsuʏēǂC^�}Ä�ÂΪǎ_sv Mie ʎÛaȧҿzŶGZ=vaBʧ

ѫ[<uӗƝ 1 Ű̓ӘSŹЕƮa RGB ¨Æ¡[М̣KwvʉǫљșĕAtƥІҽɄƲz

˨MbɝĽOvTn_bS�}Ä�ÂɄƲzУĈMZŵuҡbǂ˵Ћ˨aѶΎBˤAQ

^=I\_^vӗƝ 2 Ű̓Ә7 

 

 

Ɲ 2. Єʟ�Æ�BЗ̣OvљșĕɌľ 

 
ӡӛӞӛӠӛⅡΓˣЗ̣ań̽�

ȯˁSǂ˵Ћ˨_ȸА^�}Ä�ÂɄƲzŵȰOv_bƥÌМ̣_ưYbͰɳͪ^ɑ

ˮ\SЄʟ�É�\ʙaƥІҽųǫ͏ɄƲzιlſyQZ͚=vҚɳͪ^ɑˮaáX

B<WT7 

ƥÌМ̣\MZb�Æ¬� ¸É�p���À��¸É�^]SǄҤѤǱ\•ȍƮ¬

~Â�É_svľħМ̣ȿϢzʴOṿƖ_sWZͰ−ǄҤħpʎÛǄҤħzϥŔͪ_

М̣MSЗ̣ƥ̽_]Gv�}Ä�ÂɄƲzѮρͪ_ŵȰOvʖ̈BoW\oÊϪͪ[

<v7Iaʖ̈bЗ̣ƥ̽_]=Zb˨^ɄƲBŵȰ[CvoaaSЄʟBЗ̣Ov



�

�

�
�
 

s>^ΓҚ��ÉÂ_]=Z 1 ̽[aЗ̣�É�zѻ͚MZs=A]>A_X=ZbS

Єʟ�É�ϥÿpƥÌ�Æ®ÁÆ��É�^]z͚̏MT˘НBȸА\^v7I>MT

ƥỊ̀Ɩ_sWZ�}Ä�ÂħǒͪŬK�É�BŵȰ[CwcSRw_ưY=Zʉǫø

−МΡzЂ>I\_^v7 

Єʟ�É�ϥÿz͚=vʖ̈[bSЗ̣ӄƮ_]=ZáʖƂųǫ͉ȿzƄnTƥІҽ

a ųǫ͏ɄƲBʙ[<vƥ̽ÈӄƮB<wcSʉǫø−МΡ_]=Z�}Ä�Â©À

¸É �S\b_�}Ä�ÂaħǒͪŬKzЮʐMZʉǫø−МΡzЂ=SRaųǫ͏B

ı͒Kwvs>_MZ͞ĠĪÿ[aƥІҽųǫ͏ɄƲzǭĽ[Cv7Iaʖ̈_]Gv

ʲǂaƒ ӈ̽bS«��ÂľЙϢB 500 m p 1 km \=WTÓľЙϢaЄʟ�É�aƳ

ſ_]=ZSЈБBŞľ_ƧÊ^ƥІҽBǐƣMZ=vA]>AS[<v7ƧÊ[^=

Ƴſ_b=yqv¶��Â (mixed pixel) \MZɓ>ȸАB<uSЙ˅BЍұ_^v7 

ⅡΓˣЗ̣bSIa=PwaƳſ_]=ZoSƥÌ\Єʟ\=>ÌΗ\ÍΗaÓҚͪ

^�É�zɷĆMȰv̽_]=Zȯˁ_^=ń̽zɷĆOv7O^yVSⅡΓˣAtÌ

ʖ]seÍʖ_ƂGTʉǫЗ̣�É�S]seⅡΓˣ_sv�Æ®ÁÆ�a�É�At

�}Ä�ÂaҏͰľȋ_X=ZaͰɳͪ^ГBŵȰ[CSRaƥƮSRaʥ̽_]G

v˨M=�}Ä�Âӓș®Ä¬|�ÂzϜɊMTʉǫø−МΡBŹϢ_^vӗƝ 3 Ű

̓Ә7kTSӓșzƽ?TⅡΓˣ®À� ¬�É·AtaƥІҽľħ͞ĠaŵȰ_sW

ZSȤХƥƮ_X=ZӓľЙϢa͞ĠBŵȰ[CSЄʟ̣Ǚ\ƀʷMTМ̣[<wcҗ

Ȓɋ˒[<WT¶��ÂƒӈpҬɳœˇ_X=Zoʝ^ːɡzoWTЙ˅ɑ̈aɷ˒

BŹϢ\^v7ΓҚľЙϢaӓ=ƀʷ͞ĠaŵȰbkTSЄʟ_sv̅ǽ̕Ʈ�É�p

̌̕Ʈ�É�aЙ˅_]=Zoȯˁ_^=ГzɷĆMSʕM=̌̕Á¹É �Æ�Æ

�aǵҙ_сOvoa\Ϝ?twv7^]S�Æ¬� ¸É�^]ǄҤѤǱƪạƖz

ⅡΓˣ_ɾјOvƳſSⅡΓˣaǌŘaqwgaǨĺBǂC^ƒӈ\^v7Ia̽S§

�©É�±� Â�¸À^]ľħМ̣\ƀN_͞ĠŵȰBŹϢ^̣Ɩz͚̏OvI\_

sWZSЗ̣ʖüzάșsbɵǙ[Cvoa\Ϝ?twv7 

 

 

Ɲ 3. ̕Ì\˗͘Ì[З̣KwvÌƂCÈÍƂCʉǫa�¶¼ÃÉ�¾Æ  
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ӡӛӞӛӡӛ}�}_]GvЄʟÈⅡΓˣÁ¹É �Æ�Æ��

˂}�}ƥƮbÐ͟[oʴʏaèŷǢșBӓ=ƥƮ[<uS̏ͦŚOvκ̝̏Ŕ_\

o^WZǂ˵͗ƶbo\suSƥІҽ͗ƶp̅ǽ̕Ʈ^]a͗ƶ_oǂC^è—ͪȧҿ

B͘NZ=vƥƮ[<v7Kt_Séȭa˵ĔƽŔSƥ̢͓ʭŚaѰЂ_\o^WZϥ

́]seè—ͪ^͗ƶƽŔBŐѬOvI\oÞɆKwS̻ǟaҝ˧p̟̻zͯͪ\MT

Ɵƶzш?TŢƀ̏ŔaȸАȿoӓkvoa\Ϝ?twv7Єʟ�É�]seIwzЋ

ȢOvⅡΓˣЗ̣pƥÌ¥� ÅÉ�З̣_sWZMWAu\MTǒͪư΄_ΕϣM

TЗ̣�É�zȎʥŵȰMSRaʥέŀЙ˅_sWZ͗ƶƽŔzͭЕOv̏ŔbSIa

ƥƮ_<WZɍBƟBÕǭͪ_ЂWZ=bhCЭӈ[<v\Л?s>7Kt_SⅡΓˣ

З̣bτȾʥ_bЄʟЗ̣aïʱ\MZoÎŹˤ[<uSⅡΓˣ_sv͗ƶͭЕzǙȎ

ͪ_Ђ?vI\bǂД˟̻ǟǨȺ\MZo˚nZʴͫ[<v7RaɇƉAtSII[ɷ

˒MZ=vⅡΓˣЗ̣_svǂ˵ǒ˵Ĕ���·ͽΒaǬˁaͦǵͪ^ȥɉ\MZS

ⅡΓˣzʴMZ=v͒˙ˣқp˴ҚΛ\aѮɿzɷЛMZ=bI\o[Cs>7 

 

ӡӛӞӛӢӛʕM=ͽΒa}®ÄÉ��

ⅡΓˣAtaҶÈ�}Ä�ÂaͰɳЗ̣]seⅡΓˣAtaÁ¹É �Æ�Æ�_s

vʲĦΗaЍſͪЗ̣λˇz͚̏MSʏĕ¹�ÂМΡaŢŎoȰZèȄЄʟЗ̣�É�

a˘ТzЂ=SⅡΓˣЗ̣λˇaȖƮŚ_л͍Ov7O^yVSèȄЄʟЗ̣bSⅡΓ

ˣ_sWZǛʗKwvҠǙͪ^ʥΓҚӄƮ[aЗ̣λˇzSKt_Ȗ=ӄƮpͦ−ˮҧ

aͣ^vҶÈҟ˶���·aÓ_üϖYGvI\zŹϢ\Ov7Єʟ_svƥ͓ІǷМ

̣aάǢŚaЗ̽AtbSȯˁSЄʟ\ƥÌ\=>˚Η_ҲwTÌΗ\ÍΗAtaМ̣

_ҠǙKwZ=TƥІҽМ̣_ʴèⅡΓˣ\=>ʕM=®À� ¬�É·zǭĩMSÌ

ÍʖƂaʉǫМ̣SЄʟ�Æ�\ƀʷMTŹЕÈѠфƿÈµ��Ä̉�Æ�_svƥІ

ҽМ̣zӓ=ƥІ ҽľЙϢ[ǛʗŹϢ_^vI\_sWZSӓάșaǂ˵Ћ˨zǛʗMS

Єʟ�É�ɄƲAtǂ˵ɄƲ\ƥІҽɄƲzľҲMZɝĽOvI\BŹϢ_^v7І 1 

_SⅡΓˣɾјŹϢ\Ϝ?twv�Æ�aÊЖz΅MT7éȭSIwta>VAtⅡΓ

ˣ_svǂ˵ǒÈ˵Ĕ���·ͽΒ_ʲѻaιlſyQz˘НMZ=b7 

 

ӡӛӞӛӣӛⅡΓˣɾј�Æ�AtЄʟɾј�Æ�ga�É·Ã�^ɳρ�

ⅡΓˣǛӒbЄʟɾј�Æ�suoҾʕͪ^М̣ɑ̈z˘ТOvƳ[<v\ƀʥ_S

˲їͪͺʥҚ_ǛӒ\͔Яa˲їBŹϢ\^vTn_SèʽϟɌaƳ\MZʴœ[<v7

͔ǒ\ȄǒBЀſMT�É·ĂuzЂ=Sυſͪ^ͽΒzǛʗOv7II[ȰtwT

ГbSǬˁ_]=ZbЄʟɾј�Æ�aͶǛ^Ѱ˩_ϑBuSsu�ÄÉ¨Â^л͍B

ʷȬKwv7kTS}Â�Á�·ҙͦSˍ˨(˘ТaľҊ[Єʟɾј�Æ�ҙͦAtѴ

͚k[S�É·Ã�^ɳρBŹϢ\^v7 
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І 1. ⅡΓˣɾјBŹϢ^�Æ�ÊЖ 

 

ӡӛӟӛǂ˵ɌľЗ̣_]GvèȄЄʟ\aѮɿ�

 

ӡӛӟӛӞӛЄʟAtaǂ˵ɌľЗ̣�

ЄʟAtaľħ_svǂ˵ɌľѺҩЗ̣bSёѷAtbѠbSҶp�}Ä�Âaȧҿ

aȧҿBǯ^=ɌǷƠaЗ̣[��ÆӗO3Ә²ÉÂzͦГMS��ÆǷĎеʊΟ_λe

XGTI\[SRaʴœȿBȖbШвKwvs>_^WT7RaȭSЄʟɾј͚ľħМ

aˣϢÈȿϢaƂÌSʉǫø−МΡaӓѬÈӓάșŚS͈͔ҋǭĽ}Â�Á�·aͦǵ

_ù=SǨ̑ƠzƄmO3Sá҇ŚΔγӗNO2ӘSá҇Ś̼γӗCO2ӘS¸�ÆӗCH4ӘS

Ê҇Ś̼γӗCOӘ^]aǂ˵тp˵ĔƽŔ\ͰλOvɌľaЗ̣BЂywvs>_^

WZ=v7 

 
ӡӛӟӛӟӛҏͰľȋ˘Т\MZaⅡΓˣЗ̣�

ЄʟѺҩЗ̣[bSƥІҽAtǂ˵Ơƿk[a˵ˋҋzÕ_З̣MZCTBSǂ˵ľ

ǎp�}Ä�Â_svʎÛSǂ˵ľǎaƅŴφȏa˵ƢćǐSǂ˵ɌľAtaͅʉǫ^

]zń͚MZSӓșľȋɄƲoȰtwvs>_^WZCT7͉_Ǩ̑ƠO3bǂ˵т_, 

Í҃Ǩ̑ƠCO2, CH4̷șb̢ǝœˇ��aƥƮŃͦ͘ҋɄƲzƄmTnSÌǷa̷ș\

ľҲOvI\[Єʟ�É�zsuʴœ_ń͚OvI\B[CvBSЗ̣KwT̷șҏͰ

ľȋɄƲaάșa˘ТBЭӈ[<v7ȯˁЄʟ�É�AtǭĽMT˵ˋҋa˘Т_bS

ƥÌǄҤzħ̩\MTƥÌРϖˣƖ[Şľ[<WTBSӓșľȋa˘ТbSⅡΓˣA˵

М̣Љϖ� ë˝� ǨȺOvЄʟɾј�Æ��

µÂ�¨Æ¡�¸É�ºÉ� ŹЕÈѠфƿ�10-20nm ȏ�

9 ¨Æ¡�

MODIS, GCOM-C/SGLI Λ�

фƿµÂ�¨Æ¡�¸É�ºÉ�� 1.6Ӛ13.3 µm 12 ¨Æ¡� MODIS, dkyu�8 żΛ�

§�©É�±� Â�¸É�ºÉ� 350-1100nmS5nm ȏ� Hyperion, HISUI 
GOSAT,  

¬ÉÁ�ľħМÈƘəˑǎľħМ� TBD OCO-2ƾ TANSAT, 
ROPOMI, GOSAT-2, 
OCO-3 

À��É�

�

532nm, 1064nm, �" 
355nm 

CALIPSO 
EarthCARE/ATLID 

¡�®ÀÉÀ��É� 355nm ADM/Aeolus 

ҶÃÉ�� 95GHz ȍ Cloudsat, 
EarthCare/CPR 
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͓_svin-sitụǙaάșBӓ=7ADOESSASEOS-II[bǂ˵͓_sv˘ТoЂywZ

CTBSǨ̑Ơ̷șa˘Т_қMZbSЄʟ\aƀʷȿS˘Тƥ̽aѾɛaϥ͜șa̽

[ⅡΓˣBģwv7 

 
ӡӛӟӛӠӛЄʟɾј�Æ�ҙͦaTnaⅡΓˣЗ̣�

ѺҩЗ̣_su̢ǝœˇ��З̣bS̩ͦ͘Ń_ɮĽҋzɵǙMSŉ̟ʊΟ_λeí

GvI\Bͯ˞[<v7˶ȑ_oҏͰʖƂ_oɢʎOv̢ǝœˇ��aυҋaɵǙbS

ÌΓAtaɘσzɒXs>_З̣[CvѺҩЗ̣BoW\oǍŎzͦɻOv7 

ӟӝӝӦȒ_ɒÌHTGOSAT[bŤγǎaľħľЙϢBӓ=¬ÉÁ�Ȑ̞Мz͚=

ZÐ͟_ĦӐG̢ǝœˇ��З̣zЂWZCT7RaȭSÓƟÈΩƟÈ˦ȂǓǘˣқp

˴Қô˙Atbӟ˥Ĥ˘ĽƖz͚=T̢ǝœˇ��aЄʟЗ̣BǊkuS�Æ�aˣ

ϢÈȿϢƂÌbⅱM=7ľħľЙϢzʲѻŚMS´�Æ�~Æ�ˣϢpʕM=ӟ˥Ĥ˘

ĽƖz͚=ZΓҚɄƲzƷpMɮĽҋɵǙzЂ>ФlBȸА\^WZbv7NASAS͋

DLR[bϥѐaⅡΓˣ_su˥ÐïЄʟɾј�Æ�aǛТǛӒzЂWZ=v7З̣ˣƖ

\�Æ®ÁÆ�ʲѻŚaTnaǛТ\MZS̢ǝœˇ��ɮĽaѶŠzŦnvǂ҄Ȋ[

aⅡΓˣЗ̣zЂ=SˣƖȿϢSǭĽMTЗ̣�É�aУĈal^tPSɮĽҋɵǙ^

]aЙ˅k[Ђ>I\bǛAXΘßŎaӓ=�Æ�ҙͦ_ʴœ[<v7 

 

ӡӛӟӛӡӛʚʻaèȄЄʟЗ̣\aѮɿa͒͊�

GOSAT[bЄʟɾјˣƖҙͦʥ_ⅡΓˣɾј¹�ÂzЌĂMйȂ_]=ZEgrett ˣ_

ɾјMǛТǛӒzЂWT7ɒÌHȭbNASA\aĭƀ[S¥¨�ȂaȖǂ^Ü͇̥zˍ

˨È˘Т�� \MZѾǙMSɏҜˣzʈϮMľħМzɾјMTα―JETˣa�©�ÀÂ

ӌЂ_suCO2, CH4ӓșľȋzSkT¬ÉÁ�ľħМzɾјMTER-2ˣaӓ̢aÜ͇̥

\ý̢a�ÁÉÆÀÆ¡ÌΓaɌǷƠƀʷӌЂ_suˣƖaφȥȿУĈzƄmɈșˍ˨

zЂWZ=v7ˣƖҙͦÈ˘ТÈˍ˨aӠXaľҊ[ⅡΓˣЗ̣bGOSAT_ÎŹˤ^

oa[<vBS͒͊̕ƿaⅡΓˣ_ćǐMZ=v7 

kT˵иЄʟdkyuӥSӦż\ƀΛaȿϢzʴOvΩƟһ˧˵иЄʟGOES-16[bS

¬ÉÁ�ľħМ^]zɾјMTER-2ⅡΓˣaΩƟˠʔƀʷЗ̣_svɈșˍ˨BЂyw

Z=v7 

 

ӡӛӠӛèȄЄʟɾј�Æ�ҙͦ\ⅡΓˣЗ̣�

èȄЄʟAtaƥ͓З̣bSÕ_Á¹É �Æ�Æ�aɕЃz͚=ZSƥ͓Īÿz�

É�� \MZ=vI\B͉ȶ[<v7èȄЄʟAtaƧт^З̣_suSƥ͓Īÿz

1Xa���·\MZŵuɓ>I\zŹϢ\MZ=v7èȄЄʟɾј�Æ�aҙͦ_]

=ZbSƥÌ[aЗ̣\bǂCbͣ^vȔĀ[<vI\zϜɊOvȸАB<v7ũVS

ӓӓșAtÍʖzЗ̣Ov7�Æ�\�É�� BʏͩkmðÌҲwZ=vΛ[<v7
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kTSЄʟɾј_bǓǘΓҚ[aǛ^ΐğpɒVÌHʥaЅʁpɧŔ_oϞ?>vР

МBȸА[<v7͉_SÎĮſB͘N^=Ӝ͘NT\MZoǛ_Á�¨É[CvРМ

oȸА[<v7IwtAtSèȄЄʟɾј�Æ�zҙͦOvʥ_bSàŊ_ⅡΓˣ_ɾ

јMZЗ̣z˟ʅOvI\BЂywZCZ=v7Iwk[SʚʻaЄʟМ͞_]=Zo

ЄʟɾјſɌҙŷÃÉ�Sµ��Ä̉ʉǫМSÀ��É^]_]=ZⅡΓˣzoV=T

ǛӒBЂywZCZ=v7èȄЄʟɒVÌHȭ_]=ZoSèȄЄʟ\ƀ˝^�Æ¬~

�¼ÃÉ�¾Æ[AXЄʟsuӓľЙϢ^З̣BŹϢ^ⅡΓˣЗ̣bЄʟЗ̣�É�a

˘Т\=>ɇƉ_]=ZoҼȎ_҉А[<v7͉_Sϥ́͒иpЗ̣ʖ̈BҢÌ\̕Ì

[ͣ^vs>^µ��Ä̉З̣[bS̕Ì[aЗ̣bⅡΓˣpⅤⅣ_ӇviA^bSЄ

ʟaŅˁʥ_��·ÁÉ_ƀʷOvabⅡΓˣaЗ̣BƂ=Z=v7kTSЗ̣ľЙϢ

_]=ZoSèȄЄʟAtaЗ̣[bSЗ̣ľЙϢBΫ=TnS͒иaΓҚҼÊ˝ȿB

ľЙKwP_З̣KwvI\BǀbSRas>^ЫȇАƙaУĈaTn_oⅡΓˣ_s

vЦζ^З̣BȸА[<v7 

ɍBƟ[͒ƣѰntwZ=vƥ͓З̣ЄʟbSһ˧˵иЄʟӗdkyuӘSƥІҽЗ

̣aTnaħǒ�Æ�SƥІҽÈǂ˵È�}Ä�ÂЗ̣aTnaħǒ�Æ�SſɌҙŷ

ÃÉ�SCO2З̣Sµ��Ä̉ʉǫМSҶÈҟ˶zЗ̣OvÃÉ�BɦHtwv7Iw

tbSʕДaЗ̣\=>subSɕЃzʈϮM^BtπρMZ=v�Æ�[<vTnS

ҙͦɕЃaШ\=>ͯͪ[aⅡΓˣa҉АșbÍBWZ=v7ʲѠ[bSÀ��É_

sv˗͘aЗ̣BМ͞KwZ]uSÌѣaÀ��ÉЗ̣BЂywZ=v7 

Êʖ[SЄʟЗ̣p͈͔ҋɵǙ}Â�Á�·aͦǵpʏĕ¹�Âaͦǵ\RaƀŚg

ań͚ͯͪaTnSsuӓľЙϢÈӓάș^ɵǙӗ��Æ��ÉÁÆ�ӘBȸА_^uS

RaTn_bⅡΓˣЗ̣Λ\aŢŎBsuȸА_^WZ=v7 

 ðÌaI\AtSĮÿͪ^ⅡΓˣЗ̣aМ͞b^=BSȸА\KwvⅡΓˣЗ̣_

X=Z=bXAązɦHv7 

ӗ1Ә�}Ä�ÂЗ̣ӧ�}Ä�ÂaЗ̣bGCOMÉCӗMCK=ӘЄʟ[ЂywZ=

viAEarthCAREЄʟɾјaÀ��ÉӗATLIDӘ_]=ZЗ̣OvI\BМ͞KwZ=

v7�}Ä�ÂaЗ̣[bSRaȖƲʎÛċʏp̗ʎċʏSĖħЙ̗șa©À¸É�z

͚=ZS�}Ä�Âa��®pʏ̷șzɵǙOvoa[<vBSǛҪa�}Ä�Âbǀ

Ώǀ˝[<vTnSin-situaЗ̣_sv�}Ä�Âa��®\ħǒͪ^͉ȿ^]zЦζ

_ɖɺMZ]bȸАB<uSⅡΓˣ_sv�}Ä�ÂaÀ��ÉЗ̣\in-situЗ̣bЄ

ʟÁ ÁÉ¨Â_ÎŹˤ[<v7 
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Ӣӛʏĕ¹�ÂͽΒ\aѮɿ�

ⅡΓˣЗ̣_ҠtPSʏĕ¹�ÂbKkik^З̣zξſOv®À� ¬�É·\M

Z aˣϢzoXs>_^WZ=v7ⅡΓˣ_sv˵иЗ̣Są?cSҶa͈͔ͪȿт

ӗҶ͈ ͔Әp�}Ä�ÂÈǂ˵тaЗ̣�É�zSʏĕ¹�Âa˲їp˘ТS<v=b

Rwta ͱѹ_sv¹�ÂaʈϮaTn_ń͚OvI\BϜ?twv7Kt_SӌЂˣ

З̣a�É �BÂÉ�Æͪ_ȰtwvƳſ_bSʏĕ¹�Âga�É�ƀŚgań͚o

Ϝ?twvBSҰÓͪ^ⅡΓˣ_sv�ºÆ±ÉÆЗ̣aƳſas>_πρͪ_�É�

ĩɑB[C^=Ƴ ſ_bSӌЂˣЗ̣�É�b�É�ƀŚń͚_ӏˉk^=Ux>7Ⅱ

ΓˣЗ̣\ʏĕ¹� ÂѮɿ\MZS˥as>^}®ÄÉ�B<v7 

 

ÈⅡΓˣЗ̣_sv͈͔͔ͪЙa̙Ś\¹�ÂŚ�

Ҷ͈͔a˷ʪѶΎ^]S͈͔ͪ^͔ЙBʹЙʝ^͒и_X=ZSӌЂˣЗ̣_sv͈

͔ѶΎa͔Йa̙ŚBʷȬKwv7IwtaГz¹�ÂŚMZSʏĕ¹�Â_ιlѝ

mI\_sWZS͈͔��É·aӓșŚSsu͒Ǜͪ^ʏĕ�¶¼ÃÉ�¾ÆBʷȬK

wv7 

ÈⅡΓˣѴЂ®ÀÆga�Æ®� �

ʏĕ¹�Âaλˇzń͚MTⅡΓˣaѴЂ®ÀÆa˘Н7Grid Point Value (GPV; Łʷ

ĕ\^vЙ˅ĕѝlaÞƲ�É�) Λa͒˙�Æ�ÉaÞƲλˇań͚aìSϥľ[ʏ

ĕ¹�ÂzхtQZ���µ��MT˵иÞ̣�É�zĩɑOvI\BǠʞ_^WZ=

v7źӋp¸�ҟ˶���·zǨи\OvЗ̣aƳſSǬˁaЗ̣ʥ̽[a¸�ҟ˶�

��·aŔɉzÞ̣MSӌЂˣaѴЂ®ÀÆ_ȨΕZvI\B[Cv7kTSҶp�}

Ä�ÂΛzЗ̣Ǩи\OvƳſ_bSӋp̢ș^]a˵иƳUG[^bSҶp�}Ä�

Â_X=ZaÞ̣λˇzo\_SⅡΓˣaⅡэÌaʅúЗ̣�É�zȰvI\B[Cv7

Ias>^λˇzo\_SӌЂˣasuѻĿ^ѴЂ®ÀÆz˘НOvI\BŹϢ_^v7 

 

ÈⅡΓˣЗ̣\a¹�Âλˇa˲їÈ˘Т�

ⅡΓˣЗ̣\ʏĕ¹�Âaλˇz˲їMS¹�Âaλˇz˘ТOvI\b˲їͪǠʞ

[<v7˲ї_X=ZSЗ̣\ƀNƳɐÈʥŇ[˲їzЂ?cͰɳͪ[<v7MAM�

¶¼ÃÉ�¾Æaı͒ȿÈÞ̣άșBÎŞľaƳſ_bSЗ̣\�¶¼ÃÉ�¾Æ\a

˵иƳ_ȇͣB<uSƀÊʥŇÈƀÊƳɐa˲їBɇƉzoT^b^v7RaTnSǀ

ʏaЗ̣λˇzξМͪ_ĺ͔MTλˇ]>Mz˲їOvξМͪ˘Тaʖ̈Bɱ͚KwZ

CT7ѠȒ[bSʏĕ¹�Â_]GvυЗД˟ʆÛ_X=Zaı͒ȿBϮǉ[<vTnS

З̣\�¶¼ÃÉ�¾Æ\aǨȺYGB<vΎșŹϢ[<uSǯ^=�Æ®ÁÆ�a�

É�[oЗ̣\ʏĕ¹�Âa˲їBŹϢ_^WZ=v7  
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ÈⅡΓˣЗ̣_sv¹�ÂaʈϮ�

ⅡΓˣЗ̣\ʏĕ¹�Âa˲їÈ˘ТaλˇSÑϝ_ʴɇ^ȇͣB<wcSʏĕ¹�

Â_ĀtAaʈϮOhC̽B<vI\zɇƉOv7ĀBŭƙ[ȇͣB͘kwvAzѤ˹

MSRaȇͣzЙ̗OvTna¹�ÂaʈϮBʶkwv7ŭ͔ͪ_bSЗ̣\¹�Âa

˲їÈ˘ТAtS¹�ÂʈϮg\ѰmI\BʷȬKwvBSÊϪ_ŭƙaΒʝÈ¹�Â

aʈϮbǠʞ[b^bSèƎ\ʥҚzАOv7ÊXaЗ̣�ºÆ±ÉÆ_ǨMZSÌП

a}®ÄÉ�zюmI\BʶkM=BS¹�Â\a˲їÈ˘ТS¹�ÂaʈϮk[Ѱn

v_bSÊϪ_bʏȒaπρͪ^ͽΒzАOv7 

 

ÈⅡΓˣЗ̣�É�aʏĕ¹�Âga�É�ƀŚ�

˴ҚⅡΓˣzń͚MTǂ˵тЗ̣ΛS̪ÂÉ�Æͪ^З̣λˇBȰtwvƳſ_bS

ʏĕ¹�Âga�É�ƀŚBŹϢ[<v7�É�ƀŚ_suɮĽ̩asuάșas=ɵ

ǙΛBŹϢ_^v7 

ҶÈ�}Ä�Âbʏĕ¹�ÂaÎǙȿaǂC^Аƙ[<uSʏĕ¹�Â[Ąywv

Ҷ͈͔��É·_bǂC^óɇȿB<v7ⅡΓˣ_svҶ͈͔È�}Ä�ÂѶΎӗ<v

=bŚǒѶΎoŐ?ZӘaЗ̣bSⅡΓˣЗ̣_]Gv҉А^ЭӈaÊX[<v7ą?

cSʏĕ¹�Â_]=ZSҶp˷ʪÈҵΛa���ľȋS˷ʪaȥ͊S˷ʪaІҽ͊ɉS

Rwt\̢șpȳ͗Λa˵иƳӗǨ̑ȿͪ[<vASÛ̑͊ɉΛӘ\aқċΛa¹�Â

ŚaάωŚB˹ntwZ=v7Iwtaʏĕ¹�ÂaȠ̽z͔ЙMTÌ[SѻȤ^˵и

Ƴa͊ɉz�É�� _]=TⅡΓˣ_svҶÈ�}Ä�Â͈͔aѻĿ^З̣М͞zΕ

˒OvȸАB<v7 

¸�ʏĕ¹�Â_]GvҶ͈͔È�}Ä�Â��É·bSȯˁbҶÈҟ˶Ϊǎz��

� ÁÉ_ľGZRwSwa���ÁÉaтҋǢșzÞƲOv�Æ�Â¹É¸Æ ¨Â�

̈B Õÿ[<WTBSѠȒbʏ̷șaÞƲoŐ?T�Â¹É¸Æ ̈p���ľȋa

ɄƲz άωŚMT Á®Â¹É¸Æ ̈pS�±� ÂªÆ̈oĄywvs>_^WZ

CZ]uS��É·aЍұŚÈӓșŚBⅱM=7MAMSIwta��É·_bȯˁA

taӌЂˣЗ ̣aГBŞľ_ĄywZ=vyG[b^=7ѶůaӌЂˣЗ̣�É�z

éʚͪ_ıУĈ MSҶ͈͔È�}Ä�Â��É·_͚̏OvI\BȸА[<x>7O^

yVSʕT^З̣ М͞zȬXa[b^bSѶůaⅡΓˣЗ̣a�É�zń͚OvI\[S

ⅡΓˣЗ̣\ʏĕ ¹�ÂaѮɿͽΒBѰntwvŹϢȿB<v7 

ą?cSƟį[aS˂çǂǒ[aѠϾзÈǮ˼ʹ�ÂÉ®_sv 2009S2013 Ȓ_Ђ

ywT A-FORCE09/13 (Koike et al. 2012; Oshima et al. 2012, 2013)S˵иͽΒɐ[aʾ

Ì˨ҥt_sv  2007 ȒaèȄҟҴǛӒ  (Ohtake et al. 2014) pSЄʟ¶��¾Æa 

NASA/Precpitation Measurement Missions (PMM) қ Ѯ a Mid-latitude Continental Convective 

Clouds Experiment(MC3E; http://pmm.nasa.gov/node/301) S GCPeX �

(http://pmm.nasa.gov/GCPEx)SOLYMPEX: A Ground Validation Campaign on the Olympic 
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Peninsula in the Pacific Northwest (2015 Ȓ 11 ʳӚ2016 Ȓ 2 ʳ) ΛaⅡΓˣЗ̣�É�ań

͚zȼӅ_]=Tʏĕ¹�Â\aѮɿͽΒB͒Ǜͪ^ͯ˞[<x>7 

ⅡΓˣЗ̣z͚=Tʏĕ¹�Âa˘ТÈʈϮaą\MZSRoh and Satoh (2014)  bS

Field et al. (2007) Bk\nTⅡΓˣЗ̣_sv˷ʪa���ľȋқʏzń͚MZSʏĕ�

¶¼ÃÉ�¾Æ_]Gv�Æ�Â¹É¸Æ ¨Â�̈aʈϮzЂWT7kTS

Heymsfield et al. (2013)[bSѶůaӌЂˣЗ̣aλˇz�Æ©�ÂMZSsuřɣͪ_

˷ʪΪǎa���ľȋa̢șćǐȿz΅MTӗІӞSƝӞӘ7Ias>^SⅡΓˣЗ̣

aλˇzʏĕ¹�Â_sȕ͚MZ=bhC[<x>7Ohtake et al. (2014) [bS2007Ȓ

aèȄҟҴǛӒ_]GvӌЂˣЗ̣aλˇzʏĕ¹�Â\˲їMT7Ɲ2_З̣aκэ

\ʏĕ¹�ÂaМΡӄƮzSƝ3_˲їąz΅O7Hashimoto et al. (2014) bIwtaЗ̣

λˇz͚=ZS�Â¹É¸Æ ¨Â�̈_svҶȴ͈͔¹�ÂaʈϮzЂWZ=v7

kTSSeiki et al. (2014) [bSⅡΓˣЗ̣[b^=BSΝ̉_]Gvª���Æ�aλˇ

zĄWZS�Â¹É¸Æ ¨Â�̈z͚=Tʏĕ¹�Âa˷ʪѶΎaУĈzЂWT7

IaЯʑ[bSΝ̉\=>Ӟ̽З̣a�É�[K?oSʏĕ¹�Âa˲їÈУĈ_Ą>

I\B[CvI\z΅MZ=v7 Iguchi et al.(2012) b  Canadian CloudSat/CALIPSO 

validation project (C3VP) _]GvӌЂˣЗ̣λˇ_X=ZSsuЦζ^ªÆ̈aʏĕ¹

�Âz͚=Z˷ʪѶΎ_X=ZЮhT7 

ӌЂˣЗ̣М͞\¹�ÂѮɿaȸАȿ\MZðÍa̽zɥʀ[Cv7З̣�É�� 

aѾǙ_bʏĕ¹�Â_sv¬~ÉªÁ�~a˘НBŹϢ[<v7͉_SЗ̣a�Æ®

ÁÆ�_қMZbSʏĕ¹�Âz͚=TÞĜǛӒBŹϢ[<v7ą?cSªÆ̈aҶ͈

͔��É·ΛaЦζҶ¹�Â_svӓЙĠșҶ�¶¼ÃÉ�¾Æ�É�z͚=ZSñɆ

ͪ^З̣zЂ=SʅúЗ̣�É�zȰvI\B[Cv7]as>^¬À� zЂ>AS

]as>^�Æ®ÁÆ�zЂ?cɇƉa<v�É�zŵȰ[CvA˘НŹϢ[<x>7 

З̣�É�\ʏĕ¹�Â\a˲ї_X=ZbSĂ˙\MZb˲їͪǠʞ[<vBSЗ

̣λˇz¹�ÂaʈϮ_k[λeXGv_bʥҚBAAv7MAMSRw_ƂGZͽΒ

zѰnvhC[<v7ʏĕ¹�ÂaѰǵBⅱM=éʚSʕT^З̣М͞zȬXk[o^

bSéAt[oŹϢ^Ă˙\MZSѶůaӌЂˣЗ̣a�É�zń͚MT¹�Â˘ТÈ

ʈϮBŹϢ[<v7RaTn_SѶůaӌЂˣЗ̣a�É�zʐĜOvI\BȸА[<

x>7 

éȭaӌЂˣЗ̣zМ͞OvҪ_SȼӅ_]bhC̽\MZSʏĕ¹�ÂaȠ̽zʈ

ƓOvs>^З̣М͞zΕ˒OvȸАB<vUx>7͒͊aʏĕ¹�ÂaȠ̽z͔ЙMS

ŹϢ^З̣_sWZRaȠ̽zЙ˽OvѷΜBɶbI\BȸА[<v7RaTn_SЗ

̣[Ȱtwv�É�_sWZS]as>_¹�ÂB˘ТÈʈϮKwvAaʖҍzàŊ_

˘НOvȸАB<v7kTSʏĕ¹�Â\aѮɿͽΒzOOnvҪ_bS=bXAaʏ

ĕ¹�ÂS͈͔��É·aćǐȿÈ˲їa˘НBȸА[<v7Kt_ӌЂˣЗ̣ͽΒ_

bSƥ̢͓ʭŚƒӈ\=WT˵Ĕͪ^Е̽\ҝ̻ǒ\MZa˵иǒͪ^Е̽a]Vt
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AzoXI\BȸА[<uSѧ_SӌЂˣЗ̣ͽΒa}� �·\MZƥ̢͓ʭŚÞ̣

ͽΒpҝ̻ǒͽΒgaл͍zɇвOvƳſ_bSÞ̣ϢŎaƂÌaTnaʏĕ¹�Â

\aѮɿbÎŹˤ[<x>7 
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І 1. Heymsfield et al. (2013) _]=Z͚=twTSⅡΓˣЗ̣®Ä�À·7 

 

 

 

 

 

 

 

Ɲ 1. ÌӧǨ̑ȿSÍӧǷ͊ȿaҶ_]Gv˷ʪa���ľȋa̢șćǐȿ7Heymsfiled et 

al. (2013) _sv7  
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Ɲ 2. Ohtake et al. (2014) [͚=twTʏĕ¹�ÂaМΡӄƮӗÌȅӧ5km ˑǎSÌŻӧ

1km ˑǎӘ\SӌЂˣЗ̣a¬À� κэӗÍӘ7  
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Ɲ3. Ohtake et al. (2014) _svSʏĕ¹�Â\З̣\a˷aтҋ̷șaӆș

ľȋa˲їą7ȅӧŞʚ͝SŻӧ̇ͬǧ_]GvЗ̣7 
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ӣӛ˵иЗ̣_ƂGTʕT^ⅡΓɕЃ�

ⅡΓɕЃzѻ͚MT˵иЗ̣\MZSȭѣOvs>_Sʴèˣz͚̏MTЗ̣bSʙ

ǐɕЃaѻ͚\MZͶǛAXǛ^�É�ŵȰBʷȬKwv7Êʖ[SRaѻ͚_bӌ

ЂӄƮSӆșS�� ^]aЗ̽[ņίo<uSʕT^ⅡΓɕЃaѻ͚_svЗ̣aɢ

ǂoʷȬKwZ=v7kTSⅡΓɕЃaͽΒҙͦ_]=ZoS˵и͗ƶaɖɺpRaȧ

ҿaҝȱɕЃb҉А^ɕЃЭӈ[<uS˵и͒иaЙʝzюk?TⅡΓɕЃaͦǵBʷ

ȬKwZ=v7Iwtzюk?SʕT^ⅡΓɕЃaͽΒҙͦzɵѰMSIwk[_̿=

З̣�É�aŵȰpЗ̣ˣ÷a͎ȰzniO\\o_Sͱã_ɕЃaƂÌzƝvTnЭ

ӈzĭʴMѮɿMTͽΒҙͦzЂ>I\zͯɥMSʻӁ[bSⅡΓɕЃaͽΒҙͦaЗ

̽AtS˵иЗ̣gaѻ͚BʷȬKwvɕЃaηê\SRaͽΒҙͦМ͞a˛А_X=

Z΅O7 

�

ӣӛӞӛ̿èˣɕЃaѻ͚�

˵иЗ̣_]=ZSʙǐaⅡΓˣɕЃ_Ő?SʢéaɕЃƂÌzюk?T̿èˣaѻ

Ⱥ_sWZʕT^З̣ˣ÷a͎ȰBʷȬKwv7ðÍ[bS˵иЗ̣a͉тzюk?S

ѻ͚BʷȬKwv̿èˣɕЃͽΒa͊̆zПјMS˵иɕЃ\ⅡΓɕЃaѮɿ_ƂGT

ŢŎқċa˜℃zѰnSéȭa˵иЗ̣ga̿èˣɕЃaѻ͚zͯɥO7 

 

(1) ƞǙϛǮƪ̿èˣӧUARMSzŁn\OvƞǙϛˣÿ 

ƞǙϛaǮƪ̿èˣbSӓѬ]seȖΤƜaӌЂϢŎB<uSkTìaˣÿ_˲MZ

ӓӓș[aЗ̣zŹϢ\Ov7ǮƪϛƞǙϛˣ_ѻ͚OvǮƪ̿èˣ\MZbJAXA_

svUARMSˣ(Unmanned Airplane for Radiation Monitoring SystemS ʉǫφ¹£�ÁÆ�

Ǯƪ̿èӌЂˣ)BɆǙKwv7IaˣÿbS2013~2015Ȓș_JAXA]seJAEA(ƟΕͽ

Βҙͦ̈èʚʻŭǎŎͽΒˣ˜Ә_suҙͦKwT7І1]seƝ1_ÕАаĤz΅O7

ƀˣbS 

� ÈʚÓ6ʥҚaⅡρȿϢzʴOv7 

� È100km/hraѬșȿϢzɤVSȖΤ^ӌЂBŹϢ\^v7 

� È��ÁÆ�Æ�ÆɾјaTnS˲їͪӓӓșaӌЂBŹϢ[<v7 

� ÈϥŔʄό(®Ä�À·ӌЂӘBŹϢ[<v7 

� È˰ˣɾј���·BĲҗŚ^]_suӓ=ǔĪРМB^KwZ=v7 

^]a͉ȶzʴOv7͒͊[bSӋҴŚ[aӌЂbǮҴ1mmΎșk[BŹ[<v7su

Ѷ҆^ˀò[aӌЂaTn_bSѶů_JAXA]se˵иͽΒɐ_suǛʗKwTSҙ

ͦГ(ʾǺì, 2016Ә^]zѻ͚MZϞ͗ƶȿzÊǷӓnvȸАB<v7 

ž

ž
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ž

Ɲ1. UARMS(ʉǫφ¹£�ÁÆ�ӘǮƪƞǙϛ̿èˣ 
 
 
 

І����.�6�ÕАаĤÈȿϢ�

ŵĆ �Ĩ 

ňş/¦ō 55 kg / 3�5kgȠ«lĢÍ)Jȡ 

�ŕȞŹĮ

¸Ţ 
ǬǹȘȜǩȜǵȜȢ6¸Ţ (²�) 

ŹĮŒ� 90Ȭ126km/hȠ25�35m/sȡ 

ũĉŧŊ

ũ 
200Ȭ300m 

ŹĮŻ� 150mÁå (ĪĒÜǗ�Ǒǐ�) 

¨Ĥ ũĉŧ�3ȢȌțǯȗȑŹĮ, P�Ő� 

c# Ħ 
ȇȗǴȕȟȁȢÑ��ËȠȗǼȟǗǟǢǶȉȜȡȢĩ

3{�ȓȟȂ(RTB), �¸ĉȓȟȂȠèĒȡ 

c#Ļĸ 
ÏœĻĸȞ��ĿźȢǴǶǿȑ'š6ǗǟǢ 2¬

ŨļgȢȈȟǻ�ǈȉȁȟǖǕ 

ÕŅÃ� ²�,mŪ,ŸŒ<15 m/sȢűĉ×ÕŅ÷� 

ž

ž

(2) VTOL̿èˣӧµÂ��®�a͊̆SQTWaҙͦ͊̆ 

ѠȒSµÂ��®�ƪa¡ÄÉÆaɕЃBȾѬ_ͦǵMSʠĠʂȧpˢ˓˘ˌ^]a

ª�¥�gaǵҙzГQZ=vӗƝ2)7IwtbǮƪSǔĈ[AXƩͰҲͶҢBǠʞS

ʄόoǠʞ^TnS̿èˣѻ͚a®À� ¬�É·\OvI\bʴʶ[<v7MAMS

µÂ��®�ƪa¡ÄÉÆbSÕ\MZèҚ�±ÃÉ�aͯЕįƈќzʲǂӓș100m

Ύșk[aΤƜ[ýѬ_ZӌЂOvϢŎ_Ҡtwv7ӌЂʥҚb͒͊[b15X20ľΎș

[<v7 

Iw_ǨOvʕɕЃ\MZSVTOL(ƩͰҲͶҢӘǮƪ̿èˣaҙͦBѰɪMZ=v7

Ɲ3SІ3_һǺͳ]seJAXAaŢŎ_ZҙͦÓaSQTWӗ4ͦ�~Â ��Æ�Ә
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VTOL̿èˣz΅O7ƀˣbS 

ƩͰҲͶҢBŹϢ[<uS̫хэ^]a�±É�BÎА[<v7 

!!ÕϛzƘєKQvI\_suӌЂˣ¹É¡\^uSӓѬÈȖΤƜÈӓӓș(µÂ��®

�ƪˣ_ǨMZӘaӌЂBŹϢ\^v7 

!!ҸŔ¹É�ɾјaTnSŵɓ]seЮʐBΨĊ[<v7�

!!ϥŔʄό�®Ä�À·ӌЂӘBŹϢ[<v7�

\ЛWT͉ȶB<v72019Ȓ2ʳʥ̽[®Ä ��®ˣaҙͦBǕÝMSˣƖɾј(±

�ÄÉ¡)2kg_Z30ľΎș(Ⅱρ50kmͱȤӘaӌЂȿϢBШKwZ=v7éȭbS®

Ä ��®ˣ_suǛ͒ŹϢ^ΤƜ[a˵и/ƥ͓���·ǒ¶��¾ÆФЂӮУĈΛ

zǛʗMXXSʻˑͪ^˵и/ƥ͓���·ǒ¶��¾ÆА˹_o\YbȿϢƂÌР

М]seҙͦzЂ=S˝U^ľҊÈƳɐ[aЗ̣ѻ͚zŹϢ\OvI\BʶkM=7 

ò

ò

ž

Ɲ2. µÂ��®�ƪa¡ÄÉÆ(ą DJI MATRICE 200S²É·±É�suӘ 
 

І2. µÂ��®�aȿϢą(DJI MATRICE200��Ä�ĕӘ 

iÜ 0.9 x 0.9 x 0.4m 

Şş/¦ō ¼]6kg / ¦ō2kg 

�ŕ Ů3ȓȟǻx4 

ŹĮŒ� ¼]61�83km/hr 

ŹĮ¸Ţ 13�24*(ȎǧțȟȂ¦ō¸ȡ 

ž

ž

Ɲ3. QTW: 4ͦ�~Â ��Æ�VTOLǮƪ̿èˣӗһǺͳǛ͚ǛТˣÿS25kgӘ 
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І3. QTWǛ͚ǛТˣÿaȿϢ 

iÜ #š1.7m #| 2.3m 

Şş/¦ō ¼]25kg / ¦ō2kg 

�ŕ Ů3ȓȟǻȠMdȉǾǽȌțȎȗȡ 

ŹĮŒ� 0 (VTOLȓȟȂȡ� 100km/hr (ŹĮÑȓȟȂ) 

ĪĠŊũ 50kmĈ� 

¨Ĥ ȌțǯȗȑŹĮÑĨ(ĩ3)Ǥ¾Ǎ 

ž

ž

ž

Ɲ4. QTW_svѴ͚�¸É� 

ž

ŰϜʑ͍�

ʾǺìә"ʉǫφ¹£�ÁÆ�̿èӌЂˣaͽΒҙͦ_]GvӌЂФӒ", Ι54ƘӌЂˣ

�Æ´��·JSASS-2016-5172, (2016). 

ǓǘⅡΓͽΒҙͦˣ˜ǀͯͪǮƪ̿èˣ�É·ә"ǀͯͪǮƪ̿èˣaҙͦ\˵иЗ̣

ӌЂǛӒ", JAXA-RR-06-023, (2007). 

ʾǺìә"4ͦ�~Â ϛVTOL˥Ðï̿èⅡΓˣaҙͦ", Ι55ƘӌЂˣ�Æ´��·

JSASS-2017-5197, (2017). 
 

(3) ӓӓș̬Γƪ̿èⅡΓˣ 

��ññR��:��²�wěğ 

̿èⅡΓˣ_b©�Ä� pқѮЉĜzјQvȸАB^=Tn_ˣÿzǂȏ_ǮƪŚ

OvI\B[CSɤVѴ{[óɇaƳɐAtͦѰKQv^]ˣŔͪAXˊѓ^Ѵ͚BŹ

Ϣ\^v7kTS�� ҽaģüȿAtSћϽʎȋpΓʂ^]ȯˁAtaⅡΓˣĄ͚à

˙aÊ҃zïʱMSѠȒb͈̑^]˝U^ľҊ_]=ZRań͚BȖBuXX<v7 

MAMS̿èⅡΓˣa͉ȿbðÌ_˧kt^=7̬ΓȿϢ_ģwTˣÿ_swcS©

�Ä� a͔ͪ͘Ҡ͟zч?TҗʥҚaӌЂBŹϢ\^uSɀȎͪ^З̣ÈͭЕpѫď

Óπ^]a͚Ѫ_]=ZʕT^̏яBʷȬKwv7͉_SǃĔaȧҿzŶG^=ӓӓș
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ӗί15kmðÌӘ_̬ΓŹϢ^Vӓӓș̬Γƪ̿èⅡΓˣ:_swcSʤǁǃĔ_st

^=Ѯρͪ^¶��¾ÆBŹϢ\^v7ą?cSǂД˟ƥҹ_ù>ƥҹ̹̻p̍̉S̹

ǹƗ̹pйҴ_svơͼ̻ǟ^]aѰЂȿ̻ǟ[bʥUŇUƽŚOvRaЈǟ͊̆zѩ

˥ɖɺOvI\BŹϢ\^uSœ͏ͪ^ʌɼ̏Ŕ_л͍[Cv\Ϝ?twv7З̣�É

�bͰɳkTbЄʟѫď_sWZƥÌ_øѦOvBSħѫďΛ_svӓѬøѦBŹϢ\

^wcS̻ǟʥ_bIwz¨��³ÉÆ\Ovѫď¥� ÅÉ�zɷĆOvI\o[C

v7ȑʥӗ̻ͦŊӘ_bS̹ǹpƥ˯ƽŔa¹£�ÁÆ�ŠÌ_ͦ͘MTźӋaѤы

З̣^]aÞҝͪ^̻ǟǨΟ_͚̏[CviASѹ̈^̕Ì̏Ŕӗӄ̕ĉĩSÎǦⅤS

ѹ̈ʄ˙̮ⅤSѹ̈^Юˌ̏ŔΛӘp̕ҳàʋŠ̕˻ˉΛaȎρͪ^ͭЕ^]_sW

ZSȖbǔĪÈǔȷ^Ά÷aǛ͒_л͍OvI\B[Cv7kTSЄʟpⅡΓˣ_˲h

ý�� [¬Ã��Â_ń͚[CvʕT^Á¹É �Æ�Æ�ɑˮ\MZSƟơ͔S

͗ƶĎĪSћˆ̮˙Sс̩ɲˌ^]˝U^ľҊ[Ђʊp͙˙aœ͏Ś_ǡÏMSʕM=

͙˙ōĽp̕ƿǵҙ_svκ̝œˇoʷȬKwv7 

ž

І4. ̬Γƪ̿èⅡΓˣ\Ǯƪ̿èⅡΓˣa˲ї�

ž

ž

����ß�� 

͒ƣSǛ͚ŚKwZ=vƐÊaӓӓș̬Γƪ̿èⅡΓˣbΩђa̿èĚǥˣRQ-4 

Global Hawk űeRa̐͘ˣ[<v7Global Hawk bӌЂѬș_ģwSѺʖ_ѰĽOvĚ

ǥ¶��¾Æ_bѻMZ=vBSⅡρʥҚBģĦKwv¶��¾Æ_bѻK^=7su

̬ΓϢŎ_ģwT˥ÐïˣaͽΒҙͦbSΩƟAeroVironment\Boeing _sWZЂyw

ZCT7=Pwo̘ÿ˶γz͆ʓ\OvÃ�®Ä�Æ�Æ_sWZ5Ӭ10 ʚҚaҗʥҚ

̬ΓzͯɥMZ]uSRwSw2011 ȒS2013 Ȓ_®Ä ��®_svӌЂФӒBЂy

wTBSRaȭaѰǵbƲNtwZ=^=7 

ÊʖSǄҤħͦҸ_suȎʥ̬Γӗ̿ņҠaⅡρʥҚӘzͯɥO̿èⅡΓˣ_X=Z

bSͦǵѪÌƟ_]Gv�Æ�É¥� ͗ƶa˜℃zͯͪ_ITô˙Λ_sv̶M=ҙͦ

ΘßBϓuȖHtwZ]uSAirbusaZephyr b29ʚҚaʤǁѮρ̬Γ_ɌŏMZ=v7

MAMSǄҤħͦҸ_sv̿èⅡΓˣbӌЂѬșBҠtwvTnSĵǑ_bʚǫҋBǯ

^=>?ӋoȢb^vÓӓψșƥƮ[aǛ͚Ś_bʯ^vɕЃҙͦB˹ntwv7kT

җъҲaŔpˣŔȿB˹ntwv¶��¾Ægaѻ͚bҳM=7 
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ǓǘⅡΓͽΒҙͦˣ˜ӗJAXAӘ[bSЄʟpⅡΓˣa¶��¾ÆϢŎzЋǕÈЋȢ

OvʕT^З̣/ѫď®À� ¬�É·aǛ͒zͯɥMZSȑɌ25ȒșAt28Ȓș_A

GZVӓӓș̬Γƪ̿èⅡΓˣ���·:aͽΒҙͦzЂWT7Ȇǂƥҹ_svǂД˟

ȖƮ̻ǟpйҴ_svơͼ̻ǟgaǨȺzѕ_SȖƮ̕ÌͭЕ¶��¾ÆΛoɆǙMZS

���·űeRaѴ͚�Æ�® z˘НMT7RMZV2ˣaÄÉ�É�¾ÆѴ͚_s

uɍBƟaƟơűeɮìͪκ̝˶ƮįaóɇaҢƮ/̕Ʈ_]=ZʤǁӮǃĔ_stP24

ʥҚ365ʚѮρMZ̬Γ[Cv���·:aưʻë˝ӗІ5S Ɲ6ӘzРǙMSRaǛ͒

_ÎŹˤ^АγɕЃӗіҋˣÿ˜ѭSӓΓѶν�Æ�ÆSѴⅡɕЃΛӘaҙͦÈǛТz

ЂWT7 

ž

ž

Ɲ5. ̻ǟǨȺ_]GvЄʟ/ⅡΓˣa¶��¾ÆϢŎaЋǕӮЋȢ 
 

І5. ���·aưʻȿϢА˹ 
ŵĆ ĴØ� ĻdÈ�Ė 

ŖþŻ� 55kft�� "! P�ÕŅǘ�ŴTǤLŚ 

"! ĪĒŋǔǘ}áǤLŚ 

uĪŒ� 150kt�� "! ŖþŻ�ǗǅǉǢŸüZǤ4É 

"! SARĶãǗ�ĴǖjPŒ�ǤČ� 

éĒ¸Ţ 72hr�� "! 2Ñ»ǗǟǢŔĠéĒǗ�ĴǖĪĠ¸Ţ 

"! ŕ)/{�¸Ţ;ǚŹĮWÕŅÃ�Ǥ4É 

ž

ž

Ɲ6. °É�À�Æˣÿa�¸É�űeÕАаĤ 

ž

>*�>A �	���
�

�&�� ��

#"'% �50�4�2�3�/��
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ʻМ͞[bSӓșSЗ̣ΤƜpʥҚΛaЗ̽AtȯˁaⅡΓˣ/̿èⅡΓˣ[bǛ͒

[C^=З̣£É�gaǨȺzГɫ?Sӓӓș̬Γƪ̿èⅡΓˣ_svЗ̣ɕЃaͽΒ

ҙͦzðÍas>_ǛʗOv7 

ⅡΓˣɕЃWGӗǛʗÿņŰ̓Ә_]=ZSžЗ̣ľҊ_]GvЗ̣£É�zɖɺÈ

ľ˅MSӓӓș̬Γƪ̿èⅡΓˣ_svЗ̣¶��¾ÆӜ���·\RaѴ͚�Æ�®

 zĮÿŚOv7RMZSƟįƿ[ҙͦBѰm̿èⅡΓˣ���·aɕЃŔƂzɖɺMS

АOwc͙˙͟\oѮɿzƝuXXSRaǛ͒ӗЗ̣ń͚Ә_ȸА\^vɕЃҙͦzɵ

ѰOv7ăЂMZSǛѴ͚_ȸА^̈ДņΛaʐĜSĭƀń͚ÿņzƄmѴ͚ưͮa˜

℃ΛzѰnS2020ȒïȭŠaЗ̣Ѵ͚zͯɥO7 

ž

ž

Ɲ7. ӓӓș̬Γƪ̿èⅡΓˣa®À� ¬�É· 
 

І6. ͽΒҙͦ���¼ÉÂ 

ž

ž

ž

ӣӛӟӛ˵иȧҿҝȱɕЃ]se˵иЗ̣\aѮɿ�

ⅡΓˣ\˵иЗ̣\Bͱã_ѮɿMTͽΒҙͦ\MZSⅡΓˣaѴⅡ_AAv˵иa

ЭӈzЙ˽OvЗ̽[aɕЃŢŎB҉А[<v7Įÿͪ_bSðÍaɕЃҙͦЭӈ]s

eͽΒҙͦМ͞zюk?SIaľҊaѮɿ_ƂGTŢŎқċa˜℃zѰnv7 

(1) ̫хэҵ˷˘ɕЃ 

̫хэҵ˷ʥ_S̫хэ͊̆zÁ}Â��·_¹£�ÁÆ�OvëιlB^bSҵ˷

ɄƲzÁ}Â��·[˨_ȰvI\B[CPSѴⅡœ͏pǔĪȿaýÍ_қOvƒӈ

B<v7ҵ˷̫хэaƒӈ_ǨȺOvTn_S̫хэҽaΑҵ͊̆zÁ}Â��·_¹

£�ÁÆ�Ov\\o_ҟҵÞ̣_svΑҵÞ̣zЂ>ɕЃzҙͦMZ=v7Iw_s
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HALE:&High&Altitude&Long&Endurance
HAPS:&High&Altitude&Platform&System

/&High&Altitude&Pseudo;Satellite
VTOL:&Vertical&Take;Off&and&Landing
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uȰtwTΑҵ�É�pRaÞ̣�É�zⅡΓˣÈΓ̤͔ϝ_ɷĆSҲͶҢałʔ_

ĆOv���·zɷ˒MZ=vӗƝ1Ә7̫хэaΑҵ͊̆BľAwcȸА̫хэҗB

Á}Â��·[ΡĽ[CvTnѴⅡœ͏zƂÌKQvI\BŹϢ\^v7Ő?Z̫хэ

aΑҵľȋ͊̆ByAwc̫хэaǲɐͪ^͊̆zÞnɖɺOvI\BŹϢ\^vTnS

�É¨ÉÀÆaàʋzҝFI\B[CSsuǔĪ^ͶҢBŹϢ\^v7 

Ia���·aˏȷ҃ľb̫хэҽaΑҵ͊̆z¹£�ÁÆ�OvɕЃ[<v7ҵ˷

¹£�ÁÆ�ɕЃ_X=ZbS=bXAaͽΒҙͦBѰntwZ]uSǛ͚ŚKwZ=

vɕЃo<vBSҵ˷̫хэa¹£�ÁÆ�_ȸА^Аò\MZSⅡΓˣaҲͶҢ_ҫ

ǟ\^vЉϖB̫хэҽ_ǐƣM^=I\B҉А[<v7Ő?ZSOhu_ȧҿzÏ?

vҵaŬKӗʏmmΎșaľЙϢӘpҵтzМ̣[CvI\o҉А[<v7ą?cѷэ

ҽ^]aΑҵ̙zМ̣Ov�Æ�Bʙ_Ǜ͚ŚKwZ=vBSʻͽΒaǨи[<vҵ˷

̫хэ_ǨMZbSŬKaМ̣άșBĥľ[b^bSэҽaÌʖ_РϖM^Gwc^t

^=I\Atѻ͚[C^=7͒ƣa\IxАòz̨щOv¹£�ÁÆ�ɕЃbǐƣM^

=7RI[̫хэaΑҵľȋ͊̆zÁ}Â��·[¹£�ÁÆ�ŹϢ\^vƬРƪ�Æ

�zҙͦMZ=vӗƝ2Ә7Ia�Æ�bSΑoWTҵ˷įaħʎÛa˝ǎzɨ?ZS

ҵ˷͊ɉzƀǙOvëιl[<v7 

ž

Ɲ1.�̫хэҵ˷¹£�ÁÆ����·�

ž

ž

Ɲ2.�ƬРƪҵ˷͊ɉ¹£�ÁÆ��Æ��

 
(2) ЈҷŨңȿÞ̣ɕЃ 

ⅡΓˣaЈҷbSϥ́ҷzⅡΓˣBˠĿWTƳſ\SⅡΓˣBҷzЩͦMTƳſaá

Ώӊ_ǂŃKwvBSRai\{]bȭϝ_ľӊKwv7ⅡΓˣЩͦҷB˴ҚⅡΓˣz

Ў>ӆșbS]]sR1,000At20,000ӌЂʥҚȤTu_ÊƘS\ЛywZ=v7ÊʖS

60,000At100,000ʥҚ\=ywvⅡΓˣaРМǩƋzϜɊOv\SⅡΓˣbRaÊ͘a

Ó[SʏŞAtʏͩƘЈҷOvI\BľAv7ѴⅡ÷ΆaξМ_sv\SƟį_]Gv



�

�

��
�
 

ȒҚaЈҷòʏbſМʏͩò_Ìv\ɵǙKwv7ⅡΓˣЈҷBͦ͘Ov\SⅡΓˣˣ

ÿ\ѴⅡRwSw_ȧҿB͒wv7ⅡΓˣˣÿbЈҷzɆǙMTРМB^KwZ=vT

nSЈҷBͰɳ҉ǂàʋ_X^BvŹϢȿb˚nZý=7MAM^BtSЈҷBˣÿƿ

˄_űjOΏUaɽĞ_sWZSĐ͔п͚bƟį[ȒҚʏĢİД˟_Ìv\ɵΡKwv7

IwbǮĐ͔alaп͚[<vTnSɀÖĐ͔zƄnv\suǂC^п͚Bͦ͘Ov\

ɆĠ[Cv7kTSЈҷzŶGTˣÿa˘ˌpȺȾĺϖ_bǯ^AtPʥҚzАOvT

nSǮД˟^ɽĞ[oMcMc˥Ċaѱδ_X^BvI\boVx{SǂД˟^ɽĞa

ƳſbˤⅡ_ϧuSѴⅡ���¼ÉÂ_ǂC^ȧҿzűjO7ʯ_ҷ_қMZbSɍB

Ɵ[bĵaʚʻ̅̕ǽ[ͦ͘OvSĵǑҷ\ƊcwvÐͪ͟_o͑M=͒иoƒӈ\^

vӗƝ3Ә7ĵǑҷbƾ_ͦ͘OvѫȎaҷ_˲hZʉҸ�¥Â�ÉBĀēoǂC=T

nSⅡΓžΆbIaʥʷҼȎ_ϐζ^ⅡΓˣѴⅡaǛʗzāġ^bKwv7 

 

ž

Ɲ3.�ҷǀͦƥƮ�

ž

ȃⅡ¬�É�_]=ZbS͒͊aǨΟ_sWZi\{]aЈҷBƘѿKwZ=v\Ϝ

?twvÊʖ[SҲͶҢ¬�É�_ǨMZʴœ^ɑˮ_ØM=7RaλˇSҲͶҢ¬�

É�aЈҷBЈҷòʏĪÿa90%ðÌzŦnvaB͒͊[<v7ҲͶҢ¬�É�a͚Ѫ

zͯͪ\MTЈҷ_ǨOv˵иɄƲʇɼbSIwk[a\IxǛ͒MZ=^=7Ιá_S

ҲͶҢ¬�É�_]=ZSϷҷ˘al_ưYb˵иɄƲʇɼbSRaœˇ_ØM=I

\[<v7Rwk[ҷzцIMZ=^=Ҷ[<WZoSRaѠbzⅡΓˣBӌЂMTҪ

_ЈҷOvI\bǀ=7IwbⅡΓˣЩͦҷBϥ́ҷsuoͦ͘MpO=SЛ=ɹ?v

\ҶįҸϵaϻΑBǯ^bZoʉҸ_ϧvS\=>I\z΅ƏMZ=v7MTBWZS

ҷ˘al_ưYb˵иɄƲʇɼ[bSI>=WT�É�_Ǩĺ[C^=7RMZΙË

_Sҷzͦ͘Ov˵иBǲɐͪ^͒и[<vI\BɦHtwv7ȖbtwZ=vs>

_SҷaĤ\^vΑÛҶΛa˵иbSΓҚͪ_oʥҚͪ_oǲɐͪ^͒и[<v7I>

=WTǲɐ˵иzвŃOvI\pRa͉ȶzɨ?vTn_bSʥҚͪ_oΓҚͪ_oӓ

ЙĠaЗ̣zЂ>I\BʶkM=7MAM^BtSӓЙĠaЗ̣ɕЃbIaŞȒ[s>

pbǛ͒MZCTɕЃ[<uSӓЙĠaМ̣ĕz͚=T˵иɄƲʇɼbʹɌ̈́^ˮҧ_

<v7 
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RI[SƥÌpⅡΓˣ[З̣KwT˵и�É�AtSЈҷ_қOv͉ȶҋzɝĽMS

Ra͉ȶҋ_ưYCЈҷŨңȿzΡĽOvɕЃaҙͦzЂWZ=vӗƝ4Ә7ʲθͪ_

bSҲͶҢ¬�É�aѿҷӌЂʇɼzǛ͒OvI\SΙá_SӗϷҷa˘UG[^bӘ

ҷ˵и͊ɉӗЈҷaŨңȿBӓ=͊ɉӘa˘zǛ͒OvI\SΙË_SҷaĤ\^v

ǲɐ˵и_ǨȺOvI\zͯͪ\MT���·aҙͦzѰnvӗƝ5Ә7 

ž

Ɲ4.�ЈҷŨңӄƮÞ̣ɕЃ�

ž

Ɲ5.�ЈҷŨңȿÞ̣���·�

 

(3) ЈҷҝȱɕЃ 

ⅡΓˣBЈҷMTҪ_bS˥aӌЂzЂ>Ŋ_ҷʁzŶGTƳɐ\ҷBɚGTƳɐz

͉ǙOvȸАB<v7kTSЈҷ_svɽĞB˜ѭĘĪȿ_ȧҿzÏ?vƳſ_bȸА

^ĺϖzбPvI\B˹ntwZ=v7ƀNʚ_]GvˣÿaѴⅡҚҩbƟįφ[b50

ľΎșSƟҪφ[b2ʥҚΎș[<uSΓ̤[aν̂ʥҚzϜɊOv\SʐĜ_ŌbI

\BŹϢ^ʥҚbIwsuoͺb^v^uSЈҷbѴⅡœ͏zÍHvАƙaÊX\^W

Z=v7Јҷ_ǨOvѴⅡœ͏ýÍzɗ?vTn_bSѴⅡҽ[bSˣÿʐĜ_ȧҿz

Ï?vɽĞz͘N>vҷʁzѿGvI\BȸА\Ϝ?twv7kTS˜ѭҽ[bSЈҷ

ȭ_џѬ_Јҷüϖz͉ǙOvI\aìSЈҷ_svɽĞϥÿaі̟SĐ͔ʥҚaͺύ

ΛB҉А\Ϝ?twv7͉_̼γϐςȢŚ®À����CFRPbǭҸȿBý=I\AtS

ЈҷɽĞzŶGpO=BS˝U^ǨΟ_su͒ƣaCFRPⅡΓˣ˜ѭaǔĪȿbŞľ_

ĎKwZ=v7MAM^BtSҙͦ®Ä��p�� S¸Æ�¢Æ�zƄnTⅡΓˣ
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aѴ͚���ÂĪÿzđͷMTƳſS͒͊aҷǟǨΟbǀbaƒӈ̽z˭MZ=v7ą

?cǨΟ\MZaҌǶʽʓaĄ͚S]se�Æ��ÀÂ�Æ�įa�ÉÀÆ S¬|�

¢�º�®Λaѻ͚b˜ѭ҉ҋaǂȏƷŐSЌѭȄʏaƷǂ_sv�� Ʒ_X^BW

Z=v7ʯ_SCFRPaҷҸ̑_svɽĞ¸�£�·bǕĪ_b͔ЙKwZ]tPS˜

ѭҙͦ_bФЂґЫ_svϤǂ^ʏaАγФӒS˜ѭФӒzЂ>ȸАB<uSҙͦ��

 aƷǂzȝCцIMZ=v7ǛҪaѴⅡ_<TWZbSͶҷΠɐAtѺbҲwT¬|

�¢À�Æ[ͯЕ˘ŹϢ^ǂC^ɽĞB͘Nv^]SѴⅡȭa̽˘[Ͷҷ̽\Ҹ̑κ

эzΨŤ_͉Ǚ[C^=\=WTƒӈo<v7 

RI[IwtaƒӈzЙ˽OvTn_SЈҷ_sv˜ѭɽĞzі̟OvʽʓÈ˜ѭ_

suѴⅡœ͏zƂÌOvҝȱɕЃpS Јҷüϖz�Æ ÄÉÂOvI\_su˜ѭɽĞ

zі̟MѴⅡœ͏zƂÌOvҝȱɕЃaҙͦ_ŵuι{[=vӗƝ6Ә7 

ž

Ɲ6.�ЈҷҝȱɕЃ�

 

(4) K�{}ÄķŜĽŜ\¶ 

�O�èĝØÒĐāñ�RĞ�O�ı/ĄÎĲĕ=+ĝķŜĽŜĉ'ČĮSëıáTđĮ

ĞğIiĚĜċāE�Vĝ�ĆĮSëĉ@AĚăĮĔĨā�O�èğ4ÙĐęÔ²đĮĎěĉ

K¢ĞA$�ěĜĖęĄĮĂ�fāhPĞ²�wÔ²ĝćČĮ�>Ī�p�ÅşCMAS

şCalciumā Magnesiumā Aluminum and SiliconŠı.ħŠĞ/ÎĦğāīĭÞm�ĜŁĶŒľĹŞ

řĚāÚ1Ğ�L0 ĝėĜĉĮĺľņ�ĞÂíěĜĖęĄĮĂĎĞīąĝā�O�Ī�>Ğ/

ÎĦğā²�wĞE�Vŝ�ìVĝ�ċàİĮ2íĚăĮĂ 

ķŜĽŜ��Ğ2íĩā�>ŝ�O�Ğ/ÎĦě,uĝā²�wĞE��Ü¹ĜÂíĚăĮĂ

�ĝ�jğāķŜĽŜ�ÚĞ��·ê�RĝīĖęā�jĞ´¼	�ā��©ıÇĎĐāĺĴ

ķŜĽŜĞ�ÚĥĚSëı%Ĥđ=+ĉăĮĂ�jĞD9đĮ�âñRğ47,000ŋĵŞņěā

Õ�#~Ğ�âñR22,000ŋĵŞņıAQĝÈĆęćĭāw���Ěğ2íěĜĬĜĄñRĚ

ķŜĽŜĝ2íı�ĆĮ(±VĉăĮĂŉĶśŃņĞºÁVĩWĄĂĎįĬĞĎěĈĬā�jĞ/

ÎĦ2íĉlĩç¼Ĝ2íěĐę&ĭ�čĬįĮĎěĉ@ĄĂ 
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ēĎĚā�O�¡Ğ/ĄÎĦĝīĮķŜĽŜĢĞSëıË�đĮĔĨĝā°ķśŞĽŖŜV

Ī°ŅŐĽļŖŜVıñĨĮ\¶ĝ-ČęāÀð\¶Īe�ļőŔŚŞļŖŜ\¶Ğß�ıÑ

ĨęĄĮĂĥĔā�y�¯¾½ĪŊŞńĵŜĸĝīĮáã�ŋĳŜ\¶Ğß�ıÑĨęĄĮş7

7ŠĂ 

ž

Ɲ7.�Ϟ͉ˬ˵и�Æ�ÆɕЃ�

ž

 

(5) ŗĶłŞ 

gHwĞ�c$5ğā"e
�ĉ�}�ĝà�ĐęĄĮĂĎĞĔĨJAXAĚğāŇŃōŗŞŗ

ĶłŞı�ĄęÖä}�ı»�ĐęāēĞ}�X<ıĩěĝ�}��cıázđĮ\¶Ğ�

 ı�]ĐęĄĮĂnŇŃōŗŞŗĶłŞğāÆ?ŚŞĻıA}�ĝbMĐęāA}�ĝ�Ó

đĮķĴśŀř¦CĝīĮd�ı'�đĮĎěĝīĭāŇŃōŗŞ�oĝ;ĘĊÖfĞ}�ı»

�đĮ¸®ĚăĮĂĐĔĉĖęānŇŃōŗŞŗĶłŞĞ»�±�ğA}�ĞķĴśŀř¦CĞ

Ýĝ�DđĮĂnŇŃōŗŞŗĶłŞıG� đĮĔĨĝğāv��Ĝ»�±�ı¿�đĮU

¹ĉăĭā²Ê�ĞķĴśŀř¦CĞJR¡ı»�ĐęŅŞŁŎŞľđĮĎěĉxĈĒĜĄĂ 

ò

ž

Ɲ8. JAXABҙͦMT¡�®ÀÉÀ��É 
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ž

Ɲ9. �}Ä�ÂЗ̣���·a˜Ɍ�

 

ďĬĝānŇŃōŗŞŗĶłŞĞw±-�qěĐęā�O�Ī�jĞr�[�ĉ��ďįęĄ

ĮĂ�O�Ī�jĝàđĮ�cğā«KeĎēNĜĄĩĞĞA�cĝĜĮ(±VĉñċāĥĔ

ēĞ�cı4ÙđĮĔĨĞÔ²�âğ³AĜ¨�_BıĩĔĬđĎěĉăĮĂA}�ÓĞ�Å

^FĞĔĨĝğā'�§ĉŤ§ªU¹ĚăĮĉāŇŃōŗŞŗĶłŞG� Ğåğā}ÄŚŞł

ě,uĝŤÜ ĉYFďįĮĔĨā710ĝ�đtZĝđįĠ|Ì�¥�ĝ�Å^Fw±Ğ	

�ĉĚĊĮĂ 

ž

Ɲ10.�Û˵̑S̹ǹ̺S˷ʪ˘À��Éa˜Ɍ�

ž

ʻÀ��ÉzЗ̣ˣ_ɾјMZӓ=ӆș[З̣zЂ?cS˵иÞƲaάșƂÌ_л͍

[CS̹ǹƗ̹ȭaѴⅡņҠaРǙpЙҡałʔ_oń͚[Cv7 

 

(6) Û˵̑aÞ̣ÈЙ˅ɕЃ 

ⅡΓˣaӌЂκэbĽͦŊa˵иÞ̣λˇzo\_˽ǙKwvTnSӌЂÓa˵и͊

̆AÞ̣\ͣ^WTƳſ_Û˵̑ÈɃǃΛ_ѼѲOvŹϢȿB<v7RI[S˵иÞ̣

\ⅡΓˣa¬À� �É�zń͚MTÁ}Â��·a˵иɄƲʯʕ_svӌЂκэʲѻ

Ś_қOv˘НzЂ^WTӗKikuchi, 2017Ә7ӌЂŊ_Ђywv˵иÞ̣aλˇAt˵

иƳa͉ȶzɝĽOvI\[ý˥Ĥ¹�ÂzǭĽOv7Iaý˥Ĥ¹�ÂbˣÌ[oМ

ΡŹϢ^Ύș_МΡкϵBǮK=TnSӌЂÓ_Ȱtwv¬À� �É�zń͚MZý

˥Ĥ¹�Â_sv˵иƳaʯʕzЂ>7Ɲ11bϙ͛Γ̤_ƂA>ǛҪaⅡΓˣκэӗӖ

φӘ\Û˵̑gaѼѲ͏aӓ=ӄƮӗф=ӄƮӘzѿGTκэӗεφӘz΅MZ=v7
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ӌЂҙǊŊa˵иÞ̣λˇAt˽ǙMTӌЂκэ[bф=ËИaƥ̽[Û˵̑_ѼѲM

Z=va_ǨMZӗƝ11aӘSӌЂÓ_¬À� �É�z͚=ZӌЂҙǊ20ľȭ_˵и

ƳzʯʕOvI\[SǛҪaÛ˵̑ѼѲüϖѠb[RaŨңȿBÞ̣KwZ]uSIa

ΓƮzѿGTκэӗҺφӘz͘ɌOvI\B[CZ=vӗƝ11bӘ7 

ž

ž

Ɲ11. ¬À� �É�zń͚MTÁ}Â��·a˵иɄƲʯʕ_svӌЂκэʲѻŚ�

ž

ǂ˵Û̑ӗÛ˵̑Әa>VⅡΓˣaӌЂ_ȧҿzÏ?vabSRa��ÉÂBⅡΓˣ

\ƀΎșaoa[<v\Ϝ?twZ=vBSRa˜ѭ_ǨOvвb͒ƣ[oҼȎ_ǯ

^=7Ҷa^=ӓUș[ͦ͘OvʩǃÛ˵̑ӗClear Air TurbulenceS CATӘaÞ̣b͉

_ƛҳ[<v7RI[SʩǃÛ˵̑ѼѲʥaʘǜˣa¬À� �É�z�É�ƀŚ̈_

suʏĕ̑ÿŎǒ�¶¼ÃÉ�¾Æ_ЀſMSʩǃÛ˵̑aҼǙȎ̑wƳzЙ˅Ovɑ

̈a˘НzЂWTӗMisaka, et al., 2008Ә7Ɲ12_¬À� �É�\ʥΓҚͪ_ÊϨOv

ҼǙȎ̑wƳz΅O7˵иÞ̣λˇ_Ő?ZSⅡΓˣp̿èˣ_svЗ̣�É�z͚=

vI\[SЗ̣ąBǯ^=ʩǃÛ˵̑^]a͉ˬ^˵и͒иzvɑBAu\^v\ʷ

ȬKwv7 

ž
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ž

Ɲ12. ¬À� �É�_ưYbʩǃÛ˵̑aı͒�

ž

ӌЂOvⅡΓˣbRaȭʖ_ɸŎ_цƙOvÛ˵̑zͦ͘MSȭʖÛ˵̑\ƊcwZ

=v7IaȭʖÛ˵̑bȭρˣgaȧҿAtΓ̤[aҲͦͶœ͏pѴⅡǔĪ_қѮMZS

kTSȭʖÛ˵̑\��� ɮ˵aͱãĂ͚_su͘Nv�À��ŚMTӌЂˣҶaǂ

˵ʉǫŴʇgaȧҿAtƥ̢͓ʭŚƒӈ_қѮMZȧҿBɋȼKwZ=v7ȭρˣaÛ

˵̑àʋzҝFTn_SΓ̤[bȭʖÛ˵̑a̟ЇʥҚ_ưYCҲͶҢʏzņҠMZ=

v7MTBWZS=A_˨_Ra̟ЇʥҚzÞ̣[CvAbΓ̤aœ͏ͪ^Ѵ͚_ǂ

CbȧҿOv7ͦ͘MTȭʖÛ˵̑bǂ˵ɌǷpǂ˵Ûw\aͱãĂ͚p̡ϥѐaÎǔ

ǙŚ¸�£�·_suⅡΓˣѫѶȭӟSӠľӗʏŞ�Ä¸É ÂȭʖӘ[ȀƺOv7R

aÞ̣aTn_b˵иЗ̣p˵иÞ̣¹�Â_sWZǂ˵͊ɉz˨_Ï?vȸАB<

v7Ɲ13bîźΓ̤_РϖKwTҸǎⅡ̈ͽΒɐaÀ��É_svǛѴⅡˣaȭʖÛ˵

̑М̣�É�zʏĕ̑ÿŎǒ�¶¼ÃÉ�¾Æ_ЀſMSȭʖÛ˵̑aǛ͗ƶzМΡΓ

Қį_ı͒MTλˇ[<uSǛҪaӋ̆zŵuĩwTʏĕ�¶¼ÃÉ�¾ÆaФl[<

vӗMisaka, et al., 2008Ә7Ɲ14bӌЂˣҶaͦ−aʏĕ�¶¼ÃÉ�¾Æ[<u

ӗMisaka, et al., 2012ӘSIas>^Й˅[bⅡΓˣЗ̣p˵и¹�Â_sWZÏ?tw

v˨^ǂ˵͊ɉaɄƲB҉А[<v7 

ž

ž ž

Ɲ13. ҲҢˣaȭʖÛ˵̑���������������Ɲ14. ӌЂˣҶaɦŔÞ̣� �



�

�

�-��
 

�

ŰϜʑ͍�

Inokuchi, H., Tanaka, H., Ando, T., Development of an Onboard Doppler Lidar for Flight Safety, 
Journal of Aircraft, Vol.46, pp. 1411-1415, 2009. 

Kikuchi, R., Real-Time Prediction of Wind Conditions and Atmospheric Turbulence for Safe and 
Efficient Aircraft Operation, Ph.D Dissertation, Tohoku University, 2017. 

Misaka, T., Obayashi, S., Endo, E., Measurement-Integrated Simulation of Clear Air Turbulence 
Using a Four-dimensional Variational Method, Journal of Aircraft, Vol. 45, No. 4, pp. 1217-
1229, 2008. 

Misaka, T., Ogasawara, T., Obayashi, S., Yamada, I., Okuno, Y., Assimilation Experiment of Lidar 
Measurements for Wake Turbulence, JSME Journal of Fluid Science and Technology, Vol. 3, 
No. 4, pp. 512-518, 2008. 

Misaka, T., Holzäpfel, F., Hennemann, I., Gerz, T., Manhart, M., Schwertfirm, F., Vortex bursting 
and tracer transport of a counter-rotating vortex pair, Physics of Fluids, Vol. 24, pp. (025104-
1)-(025104-21), 2012. 

 

ž

 
 
�  



�

�

�-��
 

ӤӛѴ͚М͞�

ӤӛӞӛˣÿӗ1�HӘ�

ӤӛӞӛӞӛˣÿ�

ⅡΓˣЗ̣_Ą͚ŹϢ^ˣÿ\MZS�Â¬� ÁÉ·HӗG-HӘBɆǙKwvӗƝ

ӞӘ7 

ò

ò7ţ÷òòüöĀò?»ò

G-HbS�Â¬� ÁÉ·È�}Ä�±É�ΆB�Â¬� ÁÉ·G(G-G ƝӟӘa

ʈϮƪ\MZҙͦMTˣÿ[<uSҗъҲ͚aӓβª�¥�ˣ\MZУĈaӓ=ˣÿ[S

G-G_˲hSÕϛҽΑBƷŐSÕϛΗ_�~Æ�Ã� zѤŐSϡÿbδҗKwSⅡρ

ъҲBƷǂMZ=v7 

G-GbSʚʻ[bSƐÊS��»¹Æ¡�}�Éª�ӗˎӘ (DAS : Diamond Air 

Service, inc.)BĎʴMZ=vˣÿ[<uSG-GzĄ͚MZSȴǮ҉ŎǛӒӌЂzŁn\

MZSžΏaЗ̣űeǛӒӌЂzǛʗMZCT7 

DASbSG-Gaȭπˣ\MZG-HzŵȰMS͒ƣSʚʻa˴Қˣ\MZSƐÊӭĎʴ

MZ=v7 

kTSƀΆbG-GΛSìˣΏoƄnSĐ͔ʈѭΛaⅡΓǲШŹŵȰaκӒoзǣ[S

ⅡΓˣЗ̣_ȸА\KwvˣÿʈĐűeѴ͚aЗ̽AtSG-HBⅡΓˣЗ̣_ʲoѻM

Tˣÿ\^WZ=v7 
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ǰS¡��ⅡΓǓǘ�Æ�ÉӗDLR : Deutsches Zentrum für Luft-und RaumfahrtӘ[bSⅡ

ΓˣЗ̣͚aˣÿ\MZ�Â¬� ÁÉ·I(G-I)zɐʴMZ=v7 
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ӤӛӞӛӟӛˣÿаĤ�

G-HaˣÿаĤzG-GaˣÿаĤ\ĭ_SІӞ_΅O7 

ò·ţò üöĀěüöÿĞw�Ã�òò

Ý� G - lV� G - ll 

ki  
s� Rolls-Royce Tay Mark 611-8 Rolls-Royce Spey Mark 511-8 

�h 6,282 kg (13,850 lbs) 5,171 kg (11,400 lbs) 

�� 

aÖ 26.92 m (88 ft 4 in) 24.36 m (79 ft 11 in) 

a� 23.72 m (77 ft 10 in) 20.98 m (68 ft 10 in) 
aá 7.45 m (24 ft 5-1/8 in) 7.47 m (24 ft 6 in) 

�z��� 10 � 8 � 
:Aå.%3 0.9 m (W) x 1.6 m (H) (36 in x 62 in) 0.9 m (W) x 1.6 m (H) (36 in x 62 in) 

}~ 

� 2.23 m (7.3 ft) 2.23 m (7.3 ft) 

Ö� 13.75 m (45.1 ft) 
(MT/fªoº : ´8.2 m (321.6 in)) 

11.98 m (39.3 ft) 
(MT/fªoº : ´6.5 m (255.5 in)) 

á� 1.88 m (6.17 ft) 1.86 m (6.1 ft) 

�º 

�zÏª×«G7=� Mach 0.88 Mach 0.85 

Î� 

�z 926 km/hr (500 kt) 907 km/hr (490 kt) 

�¼ 852 km/hr (460 kt) 815 km/hr (440 kt) 

µ£�¼ 833 km/hr (450 kt) 796 km/hr (430 kt) 

�zÏªá� 13,716 m (45,000 ft) 13,106 m (43,000 ft) 
13.716 m (45,000 ft) (UÒ�_��) 

�z¼¶ÉÚ 6,500â7,000 km (3,500â3,800 nm) 3,700â4,000 km (2,000â2200 nm) 

�Á§ÈÊÖ 1,800 m (5,900 ft) 1,800 m (5,900 ft) 
¨��Õ 16,542 ℓ (4,370 US gal) 13,128 ℓ (3,468 US gal) 

ÔÕ 
�zÚØÔÕ 33,838 kg (74,600 lbs) 28,123 kg (62,000 lbs) 

�z®ØÔÕ 29,937 kg (66,000 lbs) 26,535 kg (58,500 lbs) 
D%RT: 3,000 kg (6,600 lbs) 2,475 kg (5,460 lbs) 

MT/fªoºÛh 
28 VDC 200 A 
115 VAC 60 Hz / 400 Hz 8 kVA 

28 VDC 160 A 
115 VAC 60 Hz / 400 Hz 7 kVA 

üöĀğāşüöÿĝ|ģŠÏRõñRõ²¬Éæ¡ĞV±ĉñċākĝāw�ľŏŞľõŏĶśŞŇõŕ

ŞĻ��(±é�ĩAĊĄĞĚāīĭ²�w»�ĝ×ĐĔw�ĚăĮĂò

ò

ӤӛӞӛӠӛˣÿʈĐ�

ⅡΓˣЗ̣zǛʗOvTn_bSRaЗ̣���·űeЗ̣ˣƖzɾјOvI\Bȸ

А[<uSRw_suSˣÿaʈĐBȸА\^vŹϢȿBӓ=7 

ⅡΓˣaɾјˣƖɎ=bˣÿȥɉBƽʯ\^vƳſbSⅡΓ̈ΙŞĬˀ_ưCĐ͔ʈ

ѭ˘ˌzŶ˘OvASɎ=bSⅡΓ̈ΙŞÊˀûMʰC_ưCФӒӌЂΛaСŹzŶG

vȸАB<v7 

RaɑρC_ǨMSɕЃ˘Н,ˣÿʈĐ,ⅡΓǲЮʐΛzǛʗOvTn_SѫȎSӠӬ
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ӣ�ʳaʷҚBȸА[<uSʯ_ˣÿƿ҃aȥ͊BǂCbƽyvƳſ,Д˟aǂC=ˣ

ÿ˜ѭaƽʯBͦ͘OvƳſ,Ɏ=bˣÿaʻˁaˣϢBƽʯ\^vƳſ_bSRwð

ÌaʷҚBȸА[<v7 

G-H[bSéȭSǛʗOvⅡΓˣЗ̣aįǠ_ǨȺMTˣƖaɾјʖ̈pˣÿʈĐį

ǠΛzЮʐ,ǛʗMZ=bȸАB<vBSDASbSIwk[G-G_]=ZSžΏ,зǣ^

ˣÿʈĐzǛʗMSȴǮ҉ŎǛӒ,ÃÉ�З̣,ǂ˵З̣,˵иЗ̣,ѫď,ΓʂΛ,ǀΏǀ˝

^З̣űeǛӒӌЂzǛʗMZCTκӒB<uSIwtBG-HaˣÿʈĐ_ǨMSǂ=

_͚̏[Cvoa\Ϝ?twv7 

ƝӠűeƝӡSƝӢ_Ѷů_G-G_ˣÿЗ̣���·zɾјMTҪaƿЗƝűeЗ̣

ˣƖa˛Аz΅O7 

kTSƝӣ_G-Haˣį�±É�SƝӤӬӞӝ_G-HzⅡΓˣЗ̣͚_ʈĐMTҪa

�¸É�z΅O7 

ò

ò

ò7ť÷òòüöÿw�»�ļľńŒ`Í?»7òò
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ò7Ũ÷ò üöĀw�ľŏŞľěw3Û®òò

1.88mž

2.23mž

1.24mž

0.43mž 0.37mž

1.05mž 0.55mž

ěƎƄƈưž

ƈƄƈƉưž

Ƈ
ƄƎ
Ǝ
ư
ž

�

½ž

V

�ž

�ž´8.2m 

��"¤��äN7*"w���vp�N7*Ó¸ž
  �Y¹7�+N7*�z7�)ž

0.72mž

0.58mž

�ž

�ž

1.05mž

�½ž

 àž

�¦��^¸��N7*Ó¸ž
  �Y¹�z10��N7*4��ž

�|N7*x�.%3ž

�0.58m×{¾0.72m×á�1.24m 

(	�)����ž (	�)����ž
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G-lV�:R7C4SV0LT5T"À®��%IT1 

G-lV�y¬F7:"À®��%IT1 
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G-lV�Ä¥CRTB"À®��%IT1 

G-lV�z¡m`<3P"À®��%IT1 VÜ��Ã�%IT1 
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ӤӛӞӛӡӛЗ̣˵иˀò�

G-HbSźӋpйҴΛaɃǃĔ[oSӌЂκэzˊѓ_РǙOvI\_suSЗ̣ӌ

ЂBŹϢ[<v7 

źӋ_]=ZbSRaД˟pƈќaҶa͊̆_osvBSҶaȠ=ʖƂpÌǷaҶA

taѰĩBŹϢ[<v7˵иÃÉ�aȢ=��ÉaҶ(��ÉBф=҃ľ)_ĩvI\b

Ũң[<vBSźӋaѠb[o��Éa˲їͪȠ=ҶƮB<uSѠYbI\bŹϢ\Ƚ

ywv7 

kTSӓșaӓ=\Ixbưʻͪ_Ͷ˷M^=I\o<uSͶ˷_X=Zoƒӈ^=7 

ò

ӤӛӞӛӢӛЗ̣ƥƮ�

G-GbʚʻƟįĪƮboVx{aI\S��,�Æ¡¥�},©À�,�É� ÀÁ},ś

˚űeţ˚[SЗ̣űeǛӒӌЂaǛώB<uS]I[oЂbI\BŹϢ[<v7G-H

_]=ZoSG-GaǛώðÌaӌЂBŹϢ[<v7 

ûMSѺʖ_^v\SRaľSΓњBȸА\^uSʯ_ӭ̕ƿaƳſbӭΏUaЮʐp

ɑρCBȸА\^uS���¼ÉÂaЀѫȿBɽ^ywvƳſB<v7 

kTSźӋ_]=ZbSRaȧҿ[ƥÌBȢӋpɃǃĔaƳſbͶҢ[C^=SɎ=

bSӑˣ[C^=ƳſB<uSѰэΛzϮbϜ?ZЗ̣ưƥpΓ̤zѾǙOvȸАB<

v7 

ń͚ŹϢ^ˑΰȚbS͒ƣSɖɺKwZ=vabӭӔĨǾΓ̤BʲţΗ[<uSRa

ӔĨǾΓ̤kTbśÚȂΓ̤z°É�\MZSѴ͚[CvΓ̤k[ŔMZ͆ʓzЋν

MTȭ_З̣zЂ>ʖ̈BϮ=\Ϝ?twv7kTSΓ̤_sWZѴ͚ŹϢʥҚBѹ>

a[̊ɇBȸА[<v7Ą͚ŹϢ^Γ̤bðÍa\]u[<v7 

ÈśÚȂΓ̤ӗˑΰȚB<u¬Ã��Â^ǨȺBŹϢӘ 

ÈӔĨǾΓ̤ӗˑΰȚa<vʲţΗaΓ̤Ә 

ÈҀВΓ̤ӗˑΰȚb<vBѴ͚ÌA^uņίB<vӘ 

ÈǇϗΓ̤ӗ͆ʓЋνŹϢӘ 

Èȵ×ǾΓ̤ӗ͆ʓЋνŹϢӘ 

ÈǞŸΓ̤ӗ͆ʓЋνŹϢӘ 

ÈʕͻƫΓ̤ӗ͆ʓЋνŹϢӘ 

ÈÏҀƟΓ̤ӗ͆ʓЋνÎŹӘ 

З̣ΤƜaЏΗ\ţΗ_X=ZbSʚʻaņΤƜb˂κ124șð˂[<uSIaӄ

Ʈ[aЗ̣bŹϢ\ȽywvBSʚʻaņ\àŊЮʐzЂ>ȸАB<v7kTSʚʻ

aņΤƜaţҠbśψ21ș[<uSⅡρъҲaЗ̽Atśψ21șðţ[aЗ̣bҳM

=\Ϝ?twv7 

ÌПažΓ̤aüϖқċzSƝӞӞ_΅O7 

źӋðƿoƄnZS˵иЗ̣_ń͚ŹϢ^ĪƟaΓ̤zSƝӞӟ_΅O7 
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ʚʻaņΤƜzƝӞӠ_΅O7 

Ӫ-HaⅡρъҲAtaЗ̽AtaӌЂŹϢ�Á}zƝӞӡ_΅O7G-HbG-G_Ǩ

Mί1.75ēaⅡρъҲzʴOva[җʥҚaЗ̣BŹϢ\^uSkTSśbś˚ƠSţ

b�É� ÀÁ}̅ǽS˂b§Å�SЏb˂ţűeţ}�}k[̿ν̂[ӌЂOvI\

BŹϢ[<v7 
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¢V²gj 

¼±ZÍ²gj 

FIR : Flight Information Region 
     ß¾�uj 
ACC : Area Control Center 
     ¼±ZÍ²gÒ 

°�FIR 

��¼±ZÍ²gÒ 

�[¼±ZÍ²gÒ 

°�¼±ZÍ²gÒ 

ÑÂ¼±ZÍ²gÒ 

Ç�b����²g��Æ��ß¾oº�Þt+ 
]�ä»¿Ùl�³Ë�±t�äeÌÆ���Á�ä 
ß¾Åo"��!�-oº��� + 

·cb�G#lV�¼¶ÉÚ(©Ð)�� ß¾oºEOA"¯�+!
]�ä\r�Þ±b�ß¾d��-EOA�� +!
(Xr,R0Ab�ß¾�Åom�Wo��|�! ã) 

��E<PP�

��AS(Q71�

��,AS3�
6T&BS����

0S)FTP����

(P(75����

RSI%KT@TS����
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��IAH�

;LTVOT����
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2015 Ȓ 10 ʳ_ĪƟĭƀń͚ͽΒɐ[<vƁŸǴǂǒaǓǘƥ͓͗ƶͽΒɐ_Sʚʻa

ⅡΓˣЗ̣ΛaÓˏzɞ>Tn_ӌϚÿЗ̣ɵѰ�Æ�Éӗʍɭ 3Sķʍɭ 1ӘBРϖKw

T7ʻͽΒaЗ̣ɵѰ]seˣÿaѴ͚bSIa�Æ�É\SIa�Æ�ÉzÓȷ\M

ZιϒKwvⅡΓˣЗ̣ɵѰǋƎ÷_suǛʗOv7kTЗ̣ЭӈJ\_З̣҃÷zР

GS˂çǂǒSƁŸǴǂǒSşⅰǂǒSƟΕ˚ƥͽΒɐSɄƲѫďͽΒˣ˜ӗNICTӘ

^]aͽΒϝBRwSwнózoWZЗ̣ͽΒzɵѰOv7ǪʴⅡΓˣb˴ҚˣaÃÆ

�Âz°É�\MZѴ͚zǋОMSͽΒϝbǪʴOvȥ[ń͚Ov7 

Iwtaĭƀń͚ÈĭƀͽΒaѴƕbS˂çǂǒǂ˵̌̕ͽΒɐaӟҭaЗ̣ͽΒⅤ

aѶů 50 Ȓ_yTvѴ͚aκӒzŰϜ_Ov\\o_JAXAⅡΓɕЃ҃ҘӌЂɕЃͽΒ

½£� _sv}¡¨��\MZaФӒɕЃ_қOvʇɼΛzŶGv7IwtaѴ͚ÿ

ņ_suĭƀń͚ͽΒЗ̣͚ⅡΓˣaѴ͚bŞľŹϢ[<v7 
�

ӤӛӟӛӞӛƁŸǴǂǒ� Ǔǘƥ͓͗ƶͽΒɐ� ӌϚÿЗ̣ɵѰ�Æ�É�

ӌϚÿЗ̣ɵѰ�Æ�Ébĭƀń͚ĭƀͽΒɡ̽\MZSҗʷͪ^Е̽AtⅡΓˣЗ

̣ͽΒĪÿzξɣÈɵѰOvBSÕ_ⅡΓˣѴ͚aЮʐÈǛʗzɞ>7kTSⅡΓˣЗ

̣ɵѰǋƎ÷zРGžЗ̣҃÷aМ͞zǦˌÈɱɛMSЗ̣ÈͽΒθÝȭ_bàȭУĈ

zǛʗOvˣϢzɤTQv7ƀ�Æ�ÉbⅡΓˣЗ̣ɵѰǋƎ÷\ʇɼιϒӗȭѣӘ\

aѮɿ_suSЗ̣ͽΒЭӈaЮʐS���¼ÉÂ͔SÞΡ͔S½É�ɢǂӗȖƲS

Ьʝ÷ӘS½É�ʇɼSƟҪŢŎaɵѰӗƟҪͽΒҰ÷ìӘSɌˇƲƇSϱɑʍϟS�

É�°É�ʐĜ^]zǛʗOv7kTSⅡΓˣɕЃ_қMZbSʚʻⅡΓǓǘǒ÷\a

ѮɿaÊ͗\MZSJAXAaⅡΓɕЃ҃ҘAtaőЛzŶGv7 
�

�

Ɲ�1. ⅡΓˣЗ̣aɵѰ]seˣÿѴ͚aιϒƝ7ɣȟįbSžЗ̣҃÷zŵ

uk\nvͽΒϝaˣқƁ7�
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ӠXa҉АͽΒЭӈӗ̢ǝœˇ˵ÿS�}Ä�ÂÈҶÈҟ˶SźӋÈҰÓйҴӘzƄ

mЗ̣М͞bSRwSwaЗ̣҃÷aЗ̣ÈͽΒМ͞_ưYCīŗņ_suЗ̣zɵѰ

MǛ_ͽΒɌˇz<Hv7Kt_̻ǟʥ^]_bџѬ^З̣zǛʗOv7 

Iwta®Ä��� aɌˇ_X=ZbSӌϚÿЗ̣ɵѰ�Æ�ÉÈⅡΓˣЗ̣ɵѰ

ǋƎ÷BàȭУĈzЂ>\\o_SȖbɌˇzīІOv7kTȰtwTЗ̣�É�b�

É�°É�ŚMSѻǚSīҙOv7Iwk[ⅡΓˣЗ̣aκӒBĪb^=ͽΒϝBŰŐ

[Cvs>_SžЗ̣҃÷\Ѯɿz\u^BtSⅡΓˣѴ͚ιϒӗ��»¹Æ¡È�

}È�Éª� ̂ ]ӘaǪ͚aɕЃʇɼ�É·pSⅡΓˣЗ̣a�´É aзǣ^Ǜώa

<vιϒӗʚʻǓǘ¬�ÉÀ·^]Ә^]zĄWZʇɼOv7Iwtaÿņ_suSǓ

ǘƥ͓͗ƶͽΒɐb 10 ȒҚ_yTvⅡΓˣЗ̣ͽΒaξɣˣқ\MZaȨŌzǛ_ˇ

TOI\BŹϢ[<v7 

ӌϚÿ�Æ�ÉbƟҪĭƀͽΒzΑ˚ͪ_ɵѰOv7}�}p˦ΩaͽΒϝḄǙƖ

zɾјMSĭƀЗ̣ͽΒzǛʗ[Cvs>_SžЗ̣҃÷\Ѯɿz\u^BtȖƲÈʇ

ɼzЂ>7kTȰtwT�É�zȏȖbÐ͟aͽΒϝ_ń͚MZot?vs>S�É�

°É�ʐĜpȖƲzǛʗOv7 

¿ÉÄ�©[bSEUFARӗEuropean Facility For Airborne ResearchӘB EU a 15 �Ɵaɐʴ

Ov 43 ˣ<kuaЗ̣ⅡΓˣzȣŎͪ_Ѵ͚MSƥ͓З̣ͽΒzɵѰMZ=v7ӌϚÿ�Æ

�Éb}�}[a EUFAR aȨŌzˇTMS}�}[aⅡΓˣЗ̣aÁÉ�É��®z\uS

Ð͟aͽΒϝ\aæ̑zČѰKQv7 

�
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�

�

Ɲ�2. ӌϚÿЗ̣ɵѰ�Æ�ÉÈĭƀń͚ѴƕǋƎ÷]sežЗ̣҃÷aȨŌ7IaƝ_

bʝ΅MZ=^=BSƿ҃aàŕʇɼιϒӗʚʻǓǘ¬�ÉÀ·^]ӘBžˮҧaĂ˙

a˙ŕʇɼzOvƿž

ž ž

�����
	�  ��
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ӤӛӟӛӟӛЗ̣҃÷�

ƥ͓ɅʟǒĪϪzЕҊ_ĩwSǂ˵È̌̕ÈҢƮ˗͘Èƥҹ̹ǹ_X=ZRwSw

З̣҃÷zРGv7˂çǂǒSƁŸǴǂǒSşⅰǂǒSƟΕ˚ƥͽΒɐSɄƲѫďͽΒ

ˣ˜ӗNICTӘ^]aͽΒϝBRwSwнózoWZЗ̣ͽΒzɵѰOv7žЗ̣҃÷

bҗʷͪ^Е̽At 10 ȒҚ_̠vЗ̣М͞ÈˣƖʐĜМ͞zΕ˒MSȒș˱_suĮ

ÿͪ^®ÀÆzΟǙOv7ĭƀń͚ѴƕǋƎ÷[ɔШzȰTȒșМ͞_ưYCͽΒaī

ŗÈɱɛzЂ>7RMZSɱɛKwTƟįƿaͽΒϝ\ʇɼιϒ\\o_З̣ͽΒzǛ

ʗMSǛ_ɌˇzΑl҉`vӗƝ2Ә7 

kTЗ̣҃÷zˠʔOvVҝ̻ WG:zРϖMSⅡΓˣЗ̣[ȰtwTǒͪГzҝ

̻_л͍[Cvȥ[ɷĆOvΜѷz˘НOv\\o_VⅡΓˣɕЃWG:zРGSǬˁ

ͪ^ⅡΓˣЗ̣ɕЃaͦǵzƝv7 

ҝ̻ WG [bSⅡΓˣЗ̣[ȰtwTǒͪГzЂʊpҝ̻_л͍[Cvȥ[ɷĆ

OvΜѷz˘НOv7ź̦[bźӋaѰэÈͦ−Þ̣aTn_ⅡΓˣAta¡Ä�®�

Æ�З̣ͽΒzǛʗMZCTBSRaɌˇBШntwZ͒ƣ[bź̦a˵иǲB͒˙a

źӋЗ̣\MZŵuι{[=v7ʚʻaⅡΓˣЗ̣[oS͒ƣaⅡΓˣЗ̣zͦǵKQ

Zҝ̻zΑ˚ͪ_ѰnvI\z˘НOv7 
�

ӤӛӟӛӠӛⅡΓˣѴ͚ιϒ\àŕʇɼιϒ�

ⅡΓˣѴ͚ιϒӗ��»¹Æ¡È�}È�Éª�^]ӘbЗ̣Ǫ͚ⅡΓˣaςɤÈ

͔SЗ̣ˣƖaɾјaɕЃʇɼSЗ̣ӌЂaǛʗS˞̪�É�ӗˣÿaüϖɄƲ^]Ә

aŵȰ\ɷĆ^]zǛʗOv710 ȒҚaЗ̣М͞aʲŁ[bSЗ̣҃÷Ataɷ˒_ư

YCӌϚÿЗ̣ɵѰ�Æ�ÉÈĭƀń͚ѴƕǋƎ÷Bŵuk\nTˣÿʈĐМ͞_ưY

CSЗ̣ˣaʈĐzǛʗMSʈĐ˘ˌz�Á}KQv7Iwk[ⅡΓˣЗ̣aκӒBĪ

b^=ͽΒϝBŰŐ[Cvs>_SKkik^ɕЃʇɼzǛʗOv7 

ⅡΓˣЗ̣a�´É aзǣ^Ǜώa<vιϒӗʚʻǓǘ¬�ÉÀ·^]ӘbS˝U

^àŕʇɼzЂ>7ą?cǓǘ¬�ÉÀ·aƳſIwk[ǓǘⅡΓͽΒҙͦˣ˜

ӗNASDA/JAXAӘAtaǋО_suⅡΓˣzĄWT̿҉ŎǛӒaʇɼzЂWZCZ=

v7IwtaǛώ_ưYCSĭƀń͚ѴƕǋƎ÷aʇɼSͽΒaīŗÈɱɛÈЮʐSⅡ

Γˣa Ѵ͚���¼ÉÂ͔SÞΡ͔S½É�ɢǂӗȖƲSЬʝ÷ӘS½É�ʇɼ

ӗˣƖaɾјʇɼṢǙƖaʈϮSǔĪȿĎӘSƟҪŢŎaɵѰӗƟҪͽΒҰ÷ìӘS

�É�°É�ʐĜSɌˇƲƇSϱɑʍϟ^]zǛʗOv7 

 ⅡΓˣѴ͚ιϒӗ��»¹Æ¡È�}È�Éª�^]Ә\àŕʇɼιϒӗʚʻǓǘ

¬� ÉÀ·ӘasuĮÿͪ^ˣÿѴ͚ÈɕЃʇɼιϒgaǋОàӁbðÍa\]u[<

v7 

ӞӛЗ̣͚ⅡΓˣaςɤÈ͔\�Æ¬ÀʐĜ!

(1)З̣͚ⅡΓˣaςɤÈ͔ 

2021Ȓsu2030ȒўaЗ̣ʷҚ_З̣Ǫ͚ⅡΓˣ\MZѴⅡOvTnaSˣÿʈѭ/
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ʈĐĂ˙aǛʗSÒe_ⅡΓ̈ДǙažΏ˘ˌS̽˘˙ŕzǛʗOv7 

ÈЗ̣Ǫ͚ⅡΓˣ\MZʕДͧҒ˙ŕzǛʗӗʕДͧҒSϞΓ˘ˌS̿φ˘ˌSӌЂ

ДΎSʐĜДǙΛӘ 

ÈЗ̣҃÷Ataɷ˒_ưYCӌϚÿЗ̣ɵѰ�Æ�ÉÈĭ͚Ѵ͚ń͚ѴƕǋƎ ÷B

ŵuϕnTˣÿʈĐМ͞_ưY=ZSⅡΓˣЌѭ¸É�AtaʇɼzƄnZ˴ҚⅡΓˣ

ë˝zЗ̣Ǫ͚ⅡΓˣë˝g\ˣÿzʈѭOv7 

ӗÕTvʈѭӧҸ̩҃SӌЂ�É�ЉϖSΓ˵�ÆÃ� ҃S���ÆÃ� ҃Sˣ

ƿɮ˵҃ѫďЉϖSȅŻϛΗ PMS ©�ÄÆS°ÁÉ´�¡ΛӘ 

ÈɾјOvЗ̣ˣƖűeƿЉΛӌЂȥɉBⅡΓ̈_ѻſOvI\zТʝMSⅡΓǲa

ɔШzȰv 

ÈĒUaӌЂ¶��¾Æ[aȥɉƽʯ_ҪMSƽʯȥɉ_ǨOvⅡΓǲaɔШzȰv7 

ÈⅡΓˣzπρĄ͚ŹϢ\OvTnäͪʐĜӗϞΓ˘ˌSžΏ̽˘ΛӘzǛʗMS

ⅡΓǲaɔШzȰv7 

(2)� З̣͚ⅡΓˣ_ċv�Æ¬ÀaʐĜ 

З̣͚ⅡΓˣaѴⅡzǛʗOvTnažΏ�Æ¬ÀzʐĜOv7 

ÈЗ̣Ǫ͚ⅡΓˣaǙϖƳzĎӗЗ̣ˣƖɾјűeʐĜĂ˙ǛʗaTnaˑΰȚӘ 

ÈЗ̣Ǫ͚ⅡΓˣ_ѻſOvӵӼӲӹӰӴSѴⅡ͔ƎűeʐĜƼaĎ 

ÈЗ̣ϝSͽΒϝaTnaɴ?ǝűe÷дǝaĎ 
�

ӟӛЗ̣ˣƖɾјaTnaɕЃʇɼ!

ӌϚÿЗ̣ɵѰ�Æ�ÉÈⅡΓˣЗ̣ɵѰǋƎ÷_suɱɛKwTͽΒЭӈ_X=ZS

ʇɼàŕǲ\ĭ_S½É�É_ǨMⅡΓˣ\a�Æ�¬�É�_ċvɄƲɷĆÈɕЃʇ

ɼ_suЗ̣М͞ĂɌʇɼSЗ̣ЉϖΛaЌĂʇɼzǛʗ7kTSͽΒЭӈaͱÙu_

ҪMɾјЗ̣ˣƖaɾјӷӰӳį҅ϖűeɾјӷӰӳaˣįѻ˨҅ϖΛaРМ˘НzǛʗ 
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Ɲ�3. ⅡΓˣѴ͚ιϒӗ��»¹Æ¡È�}È�Éª�^]Ә\àŕʇɼιϒ

ӗʚʻǓǘ¬�ÉÀ·ӘaȨŌ7�

�

ӠӛЗ̣ˣƖaɾјӬЗ̣ӌЂ/З̣˞̪�É�ŵȰӬЗ̣˞̪�É�aɷĆ(1)З̣ӌ

ЂŊ̪Ĝ!

ÈЗ̣М͞_X=ZSⅡΓǲgЬʝMⅡΓǲĐ͔ʈѭ˘ˌʚΎzĎ 

ÈЗ̣М͞_ưYC½É�ÉsuŶӄMTЗ̣ЉϖzӷӰӳį_ɾјűeˣƖɾјӷӰӳ z

ž

ž

ĶãǘŀĝǶǰǵȕȟșČdž

ǧȜǻȊǨȟǶŃ®�ńȠĶãȥȝ½/žȩ©¤�5nȡž

�V¢�Ȟ�į©¤ž

ĶãǶǰǵȕȟșǘĕ�ÒŃ®ž

ĶãŒV��ž

�ÆVHº��ž

ȀȟǻȍȟǶ6ž

ȞĶãe±ĸāºž

ž

ž

ĶãŹĮž

ȭç žȞĶãŹĮžȞô�ǉž

��ǋǣǐĊđłŷƅĶãy¿Ã�Ė¢čžĶãkþĪĒÑǔĶãÑJǔǘž
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ˣį҅ϖMS҅φÈ҅ɳρzǛʗ 

ÈΆįƥÌФӒӗҸȐ̞ФӒΛӘűeǗΕ÷=ƥÌФӒzǛʗ 

ÈΆįӌЂФӒűeǗӌЂФӒzǛʗMĐ͔ʈѭ˘ˌſˑТzŵȰ 

ÈЗ̣ΓƮ_ǨOvžⅡΓņSϥЄҦņSΩђņΛaӌЂМ͞СŹzŵȰ(2)З

̣aǛʗ 

ÈӌЂΓƮa˵иɄƲaŵȰӜɷĆ\ĭ_ӌЂŊӶӻӸӱӶӯӺӳӻzЂ>7 

ÈӌЂΓƮ[aЗ̣aǛʗӜЗ̣˞̪�É�ӗADCSTATSPOS ΛӘaŵȰ 

(3)З̣ӌЂȭĺϖ 

ÈɾјЗ̣ˣƖaŵuūMűe½É�ÉgaˣƖѡѦ 

ÈЗ̣˞̪�É�a½É�ÉgaɷĆ 
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ӤӛӠӛȒșМ͞\ÞΡ�

ʻͽΒ[b˴ҚɐʴaⅡΓˣzʲǂҠ͚̏OvI\\MZS��»¹Æ¡�}�Éª

�ΆɐʴaGulfstream IV ӗG-IVӘzǪʴÃÆ�ÂOvI\zɷ˒Ov7Iwk[aɷ˒

[bƟ͙ⅡΓˣ[<v MRJӗMitsubishi Regional JetӘzɦHZ=TBSҙͦaѱw\Ɵ

͙ˣń͚a¸Á� BɆǙsuoǯ^AWTTnSĪÿͪ^�� aǔ=G-IVÃÆ�Â

_Ŀuʱ?T7GÉ-IV_X=ZbS��»¹Æ¡�}�Éª�ΆŞľ^ɕЃ¦�§�z

ʴMZ=viASMRJ_˲hZēѠ=ⅡρъҲӗί7000kmӘzʴMZ]uSźӋpś˚

Ʈ[aЗ̣_ʴń[<v7 

ʲŁa 2ȒҚ[ˣÿʈĐp̣ǙƖa̪ĜzЂ=SRaȭa 8 ȒҚ_yTuМͪ͞_ƥ

͓З̣zǛʗOv7�}È®Ä��� ^]aǂД˟З̣ӗ80-100 ¬À� ʥҚӘz˱

Ȓ 2 ƘǛʗOv7ÊϪīŗЗ̣ÈͽΒp̻ǟǨȺ^]<yQZSĪÿ[ȒҚ 200 ʥҚa

¬À� zǛʗOv7Ia¬À� п͚_Ő?SⅡΓɕЃҙͦпpˣÿaǪʴSĐ͔ʈ

ѭSѴ͚ӗžΏèòп^]zƄmӘSЗ̣ˣƖʐĜSʍƎÈàŕƎèòпӗƿ҃ǋОz

ƄmӘSұпӗ÷дSȖƲ^]ӘzſyQZS10 ȒҚ[155Ģİaп͚BȸА[<v7 

ǂ˵ǒľҊðƿaƥ͓ǒľҊ[bSʻͽΒМ͞[З̣ˣ\MZǪʴzÞǙMZ=

v��� ˣðƿaS®Ä±ÀˣpӌЂϭań͚zȌʶMZ=vͽΒϝB=v7IaT

nSƥ͓З̣Ǫ͚aⅡΓˣań͚ðƿ_SʻͽΒaͯͪ_A^>ͽΒ_X=ZbSÊǙ

aÂÉÂ_ưY=ZSìaˣÿzÃÆ�ÂOvͽΒ_X=ZoS�´É zЂWZ=b7 

ǂ˵ǒľҊðƿaƥ͓ǒľҊ[bSʻͽΒМ͞[З̣ˣ\MZǪʴzÞǙMZ=

v��� ˣðƿaS®Ä±ÀˣpӌЂϭań͚zȌʶMZ=vͽΒϝB=v7IaT

nSƥ͓З̣Ǫ͚aⅡΓˣań͚ðƿ_SʻͽΒaͯͪ_A^>ͽΒ_X=ZbSÊǙ

aÂÉÂ_ưY=ZSìaˣÿzÃÆ�ÂOvͽΒ_X=ZoS�´É zЂWZ=b7 

�

�
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ӥӛсʓ�

ӥӛӞӛʚʻaⅡΓˣЗ̣aǛώʚʻBÕǭMTⅡΓˣЗ̣�

òzž

	ǐǢe±Ñţ

ĶãǭȔȜȎȟȜ

¸ÀȞW�ž

ĪĒÑǔ	ǖãdŵĆž 	Ĵǖ�Æž

ÕŅĊ

ƞƐƒƔƃƊž

ƇƏƏƍž�žƇž½žǯǥȑž

ƠƸƪƧƳƭƱƬƪƱžƛƪƳƯƭƱƪƃƽž

ǩǥțǺșƾǪǺȜž

�òzTǘ�mę`Šć*

xǤãdž

ÕŅĊƾƒƠƗƟƝž

ƞƐƒƔƃƋſƌž

ƇƏƏƍž�žƏƃƇƆž½ƾƇƏƏƎž�žƏƃƇƆž

½žǪȟǶȁȗȘǥƃǫȘȐȜǻ

Ȝž

ƕƲƮƮƪƳƃƕƈƍž

ǩǥțǺșƾǪǺȜƾȪȫž

ǫȘȐȜǻȜÌÅìíǗǟǢñ

ůę`ǘĞ�ķ´ž

ƜƐƠƓƐƂžE@o]b

ƑƗƑƚƔƃƐž

ƇƏƏƎž�žƏƃƇƆž½žǧȜȂȅǴǥž

ƖƶƯƫƴƵƳƪƧưƃƗƗž

ǪǺȜƾēĜŝ6õž

ŭǓý�ǌǐƜƝƹžǇòzǘǪ

ǺȜǤý�ǌǒǃǢǊǔǤĄĵž

ƜƐƠƓƐƂžE@o]b

ƑƗƑƚƔƃƑž

ƇƏƏƏž�žƎƃƏž½žǪȟǶȁȗȘǥž

ƖƶƯƫƴƵƳƪƧưƃƗƗž

ǪǺȜƾēĜŝ6õž

7śǪȟǶȁȗȘǥǘȆǧǪȐ

ǶóðǘǪǺȜý�Ǜǘ�Ŵž

Ǥľ�ž

ƜƐƠƓƐƂžÄ�]b

ƑƗƑƚƔƃƒž

ƈƆƆƆž�žƇƈž½žǪȟǶȁȗȘǥž

ƖƶƯƫƴƵƳƪƧưƃƗƗž

ǪǺȜƾēĜŝ6õž

òzǘŭǘ9�ȊȗǾǴȕǂ

ǐǡǘēĜŝ6õǘý�şǤž

�dž

ƘƐƛƠơƔƒȢƒƟƚȢƜƗƔƠž

ƞƐƚƐƢƈƆƆƈž

ƈƆƆƈž�žƇƈž½ž

ĳ^~Þž

ƖƶƯƫƴƵƳƪƧưƃƗƗž

ȂțǾȌǺȜȀƾŬȚȟǼƾȗǧ

Ǽž

ĊđīǀǜǠǃǁǔǘDÀǗǟ

ǢòzàÞ�ǘZĂp[3

ǘ�£ž

ƘƐƛƠơƔƒȢƒƟƚȢƜƗƔƠž

ƞƐƚƐƢƈƆƆƊž

ƈƆƆƊž�žƉž½ž

ĳ^~Þž

ƖƶƯƫƴƵƳƪƧưƃƗƗž

ȂțǾȌǺȜȀƾŬȚȟǼƾȗǧ

Ǽž

ĊđīǀǜǠǃǁǔǘDÀǗǟ

ǢťÖǴǶǿȑüZWǘ�£ž
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ƘƐƛƠơƔƒž ƖƶƯƫƴƵƳƪƧưƃƗƗž P�ȚȟǼǔǘDÀǗǟǢťž

ƞƐƚƐƢƈƆƆƋž ȂțǾȌǺȜȀž ÖǴǶǿȑüZWǘ�£;ǚž

ƈƆƆƋž�žƌž½ž  Ñ3ąĶãȀȟǻD6ǧȜȇž

ĳ^~Þž  ǮȁǘòzǆǠ�ģ�Ǜǘ�ž

  §ž

ƘƐƛƠơƔƒž ƖƶƯƫƴƵƳƪƧưƃƗƗž ĊđīǀǜǠǃǁǔǘDÀǗǟž

ƞƐƚƐƢƈƆƆƎž ȂțǾȌǺȜȀž ǢȒǹjßĚüZWǘ�£ž

ƈƆƆƎž�žƌž½ž   
ĳ^~Þž   

ÕŅĊž ƓƚƟžƕƧƯƩƲƱž BŸ¼řĶãÜǘ¾2�ǘž

ơƃƞƐƟƒƈƆƆƎžƀĎĊŇǀĪž ȂțǾȌǺȜȀž ľ�ž

ĒÑǤþǃǐ1bȞò1bž ȗǧǼȟž  
Wǘć�ĶãǗǟǢBŸǘž   

ãAĨ�ǗţǍǢĊđǁƁž   
ƈƆƆƎž�žƎƃƏž½ž   
ĳ^~Þž   
ƘƐƛƠơƔƒž ƖƶƯƫƴƵƳƪƧưƃƗƗž #úűŰ1Ŭķ!ȓȀșž

ƞƐƚƐƢƈƆƇƆž ȂțǾȌǺȜȀž ȠƜƗƒƐƛȡǗǟǢçȘǥșǻǧž

ƈƆƇƆž�žƌž½ž  ȑ
VeźǔǘÔŌÍĽž

ĳ^~Þž   

ž

�ģ�ž

ĶãǭȔȜȎȟȜž

¸ÀȞW�ž

ĪĒÑǔ	ǖãdŵĆž 	Ĵǖ�Æž

ƜƐƠƓƐƂžÄ�]b

ƞƔƐƒƔƃƐž

ƈƆƆƈž�žƇž½ž²Âŏàž

ƖƶƯƫƴƵƳƪƧưƃƗƗž

ǪǺȜƾēĜŝ6õž

(aǘǥǵǥ]ŧǆǠǘÙÇž

]ÕǘŎőğŋȞ*xǔǪǺ

Ȝý�Ǜǘ�Ŵľ�ž

ƜƐƠƓƐƂžÄ�]b

ƞƔƐƒƔƃƑž

ƈƆƆƈž�žƊƃƋž½ž²Âŏàž

ƖƶƯƫƴƵƳƪƧưƃƗƗž

ǪǺȜƾēĜŝ6õž

·aǘǥǵǥ]ŧ�ǘÙÇõ

ňǘĩĀjßOǛǘŎőǔǪž

ǺȜý�Ǜǘ�Ŵľ�ž

ƘƐƥƐƂžÄ�]b

ƞƔƐƒƔƃƒž

ƈƆƆƊž�žƉž½ž²Âŏàž

ƖƶƯƫƴƵƳƪƧưƃƗƗž

ǩǥțǺșƾǪǺȜž

]Õ�ǓǘȋȗǾǮǫȟȏȜǘ

[ňŗďǘķ´ž

Ä7]bž

]ÕǘdÀǲȜȌȘȜǯž

ƇƏƍƏž�ƃž

²Â�Ēž

mRÑȠǸǶȃȨȡǅǟǚžƛƓƃž

ȦȨž

âf2ÆÕ�ž

ƒƝƈžǤ_ǝǔǍǢâf2ÆÕ

�ǅǟǚǏǘD��ǘŻ�,

ǘ¸Ţ[3ƿƒƝƈžǘĪĒÑĶž

ãǓǙ�Ă¼šȚǱȟȂƿž
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ÕŅĊž

Ď�ŇǀťūÑÏǁž

ƇƏƏƉž�žƇž½ž²Âàž

ƑƈƆƆơž

Ŭõûž

²Âà�ǗĄýǍǢťūŬǘ

ťÖÑÏǔ�vŃėǘAĨ�ž

Ǥľ�ž

ÕŅĊ

ƘƐƒƒƠž

ƇƏƏƋž�ȬƈƆƆƆž�h�Àž

²ÂàƾÄǴȃàž

ƑƈƆƆƂžƒƊƆƊž

Ŭõûƾ«lž

Ŭǘ%śÏœǔǏǘ«lö�

Ǥľ�ž

ÕŅĊž ƛƢƃƈƂžƑƈƆƆž qr�ťūŬǘťÖÑÏǘž

-ÈǼȑ$DĊđǀqr�ťž Ŭõûž ķ´ǔ�vťūǘAĨ�ľ�ž

ūŬǁž   
ƇƏƏƎž�ȬƈƆƆƈž�h�Àž   
Ât�śž   
ÕŅĊƾE@o]bƾƜƗƒơƾž ƑƈƆƆƾƖƃƗƗƾƒƭƵƧƵƭƲƱžƣž (aaėŸ¸ǅǟǚÊŪÀǗž

ŤíĎĊž ŬõûƾŬȚȟǼƾȂțǾȌǺž )ùǍǢĞĥ6ǌǐjßŬǘž

�ăǀȒǹjßĚǁž ȜȀƾȐǧǮțÝ«lĸž %śÏœǘķ´ž

ƇƏƏƏž�ȬƈƆƆƉž�h�ÀȠ²Âž  
àȡȞ¹�ÀȠÄǴȃàȡž   

ÕŅĊž ƑƈƆƆơƾƛƢƃƈƾƛƪƳƯƭƱƃƊž qr�ťūŬǘťÖÑÏǘž

Ď�Ňǀ�vťŪȞťūǁž ŬõûƾǩǥțǺșƾǴȟȀǦž ķ´ǔ�vťū�įǘŻ�6ž

ƈƆƆƍž�ȬƈƆƇƆž�h�ÀȠÂtž Ȝǯž ǅǟǚ¹�ÀKN�ĒǗǆǆž

�śȡȞ¹�ÀȠKNȡž  ǢŬǘťÖÑÏǔ�vťŪǘž

  AĨ�ľ�ž

Ä�]bȞĬS]bȞųNž ƙƭƱƬžƐƭƳž ·aǘǥǵǥ]ŧǆǠǘ�ïž

ƖƗƠơž ǩǥțǺșƾŬõûƾ�şÕž ŉæǩǥțǺșǘŎőȞŦ:ž

ƐƃƕƝƟƒƔƃƈƆƆƏž �ž ŗďǔǏǘŬõû�Ŵľ�ž

ƈƆƆƏž�žƊž½žÄǴȃàȞżàž   
Ä�]bȞĬS]bȞÕŅĊž ƙƭƱƬžƐƭƳž (aȞ³·aǘǥǵǥ]ŧǆž

đ�ž ǩǥțǺșƾŬõûƾ�şÕž Ǡǘ�ïŉæǩǥțǺșǘŎž

ƐƃƕƝƟƒƔƃƈƆƇƉƤž �ž őȞŦ:ŗďǔǏǘŬõû�ž

ƈƆƇƉž�žƈƃƉž½žÄǴȃàȞżž  Ŵľ�ž

àž   
Ä�]bȞĬS]bȞÕŅĊž ƙƭƱƬžƐƭƳž \aǘŽêĠßTǅǟǚ7ĳž

đ�ž ǩǥțǺșƾŬõûƾ�şÕž ^~Þǘ�pŬǔǩǥțǺșž

ƐƃƕƝƟƒƔƃƈƆƇƉƠž �ž ǘ�Ŵľ�ž

ƈƆƇƉž�žƍž½ž�BÚȞ7àŘž   
Ä°Úž   

ž

Żģ�Îž

ĶãǭȔȜȎȟȜž

¸ÀȞW�ž

ĪĒÑǔ	ǖãdŵĆž 	Ĵǖ�Æž

NĔÎPĊđ�ž

ƐƐƛƞž

ƖƶƯƫƴƵƳƪƧưƃƗƗž  

NĔÎPĊđ�ž

ƐƐƛƞƃƈž

ƖƶƯƫƴƵƳƪƧưƃƗƗž  
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NĔüZĊđ�ž ƗƚƃƇƎž ǴȍȘǥäPzǞǬǶÿǆǠž

ǴȍȘǥâf2ÆÕ�Ķãǭž âf2ÆÕ�ƾD��ƾǪǺž ǘȒǻȜĄýşǘ�dǞĄýž

ȔȜȎȟȜž Ȝž æödƿÌÅǘžCO2žG=ƿž

ƇƏƏƈƃƇƏƏƊžǘ\až   
ǴȍȘǥ#Tž   
NĔüZĊđ�ž ƐƱƃƈƊƂžƐƱƃƉƆƂžƐƱƃƈƂžƚƃƊƇƆƂž âf2ÆÕ�ǘŻ�,aėž

ǴȍȘǥâf2ÆÕ�dÀĶž ơƶƃƇƉƊž [3Ǟğ�[3ƾǖǠǚǗ]ž

ãž âf2ÆÕ�ƾD��ž ŧǔÛsTǘwǤ´ǠǆǗǌž

ƇƏƏƉƃž  ǐƿž

ƠƶƳƬƶƵƂžƜƲƷƲƴƭƨƭƳƴƮƂžƦƧƮƶƵƴƮž   

ž

ǯțȟȆșž

ĶãǭȔȜȎȟȜ

¸ÀȞW�ž

ĪĒÑǔ	ǖãdŵĆž 	Ĵǖ�Æž

ÕŅĊ

ƗƜƠơƐƒƃƇž

ƇƏƎƏž�Ɖž½ž²ÂƼǧȜȂȅǴ

ǥž

ƠƸƪƧƳƭƱƬƪƱžƛƪƳƯƭƱƪƃƽž

ǩǥțǺșƾȒǻȜƾƜƝƾǪǺ

Ȝž

�śjßOȠŻ�žƊƄƋƮưȡǘǩ

ǥțǺșĞ�ǘģ�*xǤã

dž

ÕŅĊ

ƗƜƠơƐƒƃƈž

ƇƏƏƆž�žƈƃƉž½ž7ģžƌƋƻƃ8ž

ģžƌƋž

ƖƶƯƫƴƵƳƪƧưƃƗƗž

ǩǥțǺșƾǪǺȜž

àYę`ǘ�śjßOǛǘ

ŎőǤĄĵž

ÕŅĊ

ƗƜƠơƐƒƃƉž

ƇƏƏƇž�žƈž½ž7ģžƌƋƻƃ8ģž

ƌƋƻž

ƖƶƯƫƴƵƳƪƧưƃƗƗž

ǩǥțǺșƾǪǺȜž

�ś�pOȞ�śjßOǓǘ

ǩǥțǺș*xǘãdž

ÕŅĊƾƒƠƗƟƝž

ƞƐƒƔƃƇƃƉž

ƇƏƏƊž�žƇž½ƃƇƏƏƌž�žƍž½ž

ȒșȏșȜƃ�Bž

ƕƲƮƮƪƳƃƕƈƍž

ǩǥțǺșƾǪǺȜƾƒƝž

ĳ^~ÞTĩĀjßOƀŻ�

ƋƃƌƮưƁǘǩǥțǺșę`ë

�ȞĞ�*xǤaė,Ǘãdž

ÕŅĊ

ƞƐƒƔƃƍž

ƈƆƆƆž�ƈž½E@oƃǥȜǫȚǵž

ƃǯǥȑž

ƖƶƯƫƴƵƳƪƧưƃƗƗž

ǩǥțǺșƾǪǺȜƾƒƝž

OĂŲ�ŏǘžƒƝȞǩǥțǺș

Ǥãdž

ÕŅĊđ�ž

ƘƐƚžĶã

ƇƏƏƉƃƈƆƆƋž

²ÂƃņtŢž

ƑƲƪƭƱƬƍƊƍž

âf2ÆÕ�ž

�ĒǗǅǉǢģ�,ǘâf2

ÆÕ�ĶãǓǙ�Ă¼šƿî

Ĝ�üƾÌÅìíƾİµÍĽž

ǖǕǘ�Æƿž
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Exective summary 
!

Promotion of Research on Climate and Earth System Science by Advanced 
Aircraft Observations: 

Plans for the New Aircraft Program of Japan 

 
Summary of the report of the Aircraft Observation Planning Committee  

of the Meteorological Society of Japan (MSJ) 

 
Toshiki Iwasaki (President of MSJ) and Makoto Koike (Chair of the 

Committee) 

 
February 14, 2019 

 
1.! Background 

The Earth’s environment has been changing rapidly, particularly as manifested by global 

warming, and the changes are imposing large impacts on the fundamental structures of our 

lives, including socio-economic activities and supplies of water and food. It is critically 

important to fully understand the current status of the changes and to investigate the 

controlling processes, in order to predict future changes and protect human society and 

ecosystems from serious damage. At present, direct atmospheric observations by aircraft 

are lacking in important geographical regions; they are needed for understanding 

greenhouse gases, aerosol-cloud interactions, and the hydrologic cycle, including 

predictions of typhoons and torrential downpours. Japan lacks an aircraft dedicated to 

scientific measurements, so Japanese scientists have been obliged to charter commercial 

aircraft for their experiments. Therefore it has been difficult to plan and conduct systematic 

aircraft experiments, which are indispensable for studies of climate and Earth system 

science. 

 
2ӛAims of the Program 

The purpose of this program is promoting atmospheric and climate research as well as 



�

�

		��
 

Earth system science as a whole by introducing aircraft platforms for Earth observations. 

We plan to acquire a dedicated aircraft and outfit it with an observation system that will be 

designed and utilized by scientists from a variety of fields and institutions on a long-term 

basis. Our aim is to enable the systematic planning of next-generation Earth observations 

and research activities by operating instrumented aircraft platforms on a long-term basis 

and attaining the highest levels of scientific outcome and impacts. We plan to provide 

today’s scientists and the next generation of scientists with exciting opportunities to use 

aircraft platforms to pursue new scientific ideas and to develop and use new technologies 

and methodologies. It is also planned to extend these new research opportunities to foreign 

scientists so that this Japanese system serves as a center of research and promotes Earth 

observations throughout Asia. The basic scientific knowledge obtained by this program will 

be made public in order to contribute to the welfare of world societies. All the processes 

involved in this research plan, including organizing scientists and activities, selection and 

scheduling of instruments, soliciting proposals, making field measurements, data archiving, 

and using the data, will be transparent to all scientific communities. 

 
3ӛNeeds for Aircraft Observations 

Japanese scientific communities are successfully conducting Earth observations using 

satellite platforms (e.g., GCOM, GOSAT, GPM, and EarthCARE) and successfully 

developing and using large complex numerical models of the atmosphere and ocean 

supported by large-scale computing systems. However, Japanese aircraft observation 

systems are far behind the international standard set by the USA and Europe due to the lack 

of dedicated aircraft and the number of suitable payload instruments. Direct atmospheric 

observations of gases and aerosols from aircraft using in-situ and remote sensing 

instruments are essential to complement those made on larger scales from satellites. For 

example, microphysical properties of aerosols, clouds, and precipitation, which can be 

measured adequately only by direct aircraft observations, are critical parameters for studies 

of the global environment and climate change. Processes critical for reliable predictions of 

climate change strongly depend on these parameters. At the initial stage of this proposed 

program, we will stress the need for accurate and systematic observations of microphysical 

quantities, including the chemical and physical properties of aerosols, the size distributions 

of cloud and precipitating particles, and the distribution of greenhouse gases on small to 

large spatial scales, in order to yield insights into key processes and ultimately to achieve 



�

�

		��
 

scientific breakthroughs. Having more precise, accurate and abundant atmospheric 

observations from aircraft will facilitate improvements in satellite remote sensing methods 

and contribute to advances in model predictions of global change through improved 

understanding of basic processes and more comprehensive comparisons with observations. 

 
4. � Important research areas for climate 

A.! We consider three areas as priorities for climate science research with instrumented 

aircraft platforms: 

a)! Greenhouse gases, which drive global warming; 

b)! Aerosol, clouds, and precipitation, which are some of the most uncertain factors for 

estimating global radiative forcing and the climate response; 

c)! Typhoons and torrential downpours, which may have strong impacts on societies as 

climate changes proceed further; 

These areas have been studied for a long time by Japanese scientists, making strong 

links with satellite observations and modeling studies. 

 

B.! Earth system science and disaster prevention 
Earth observations by instrumented aircraft will promote the wider study of climate 

and Earth system science, including the biosphere (terrestrial and marine ecosystems) 

and the physics and chemistry of the ocean and sea ice, for which the lack of sufficient 

observations by aircraft is limiting scientific advances. Direct observations of 

microscale properties, such as vegetation types and the extent and distribution of sea ice, 

will enable insightful interpretations of macroscopic properties observed by satellites 

and will contribute to improved understanding of basic processes needed for model 

development. 

Aircraft observation systems (e.g., synthetic aperture radar and gas and aerosol 

detectors) will be used to make observations that will help minimize damage from 

natural disasters such as earthquakes, volcanic eruptions, tsunamis, floods, fires, and 

severe storms, and prevent serious accidents such as pollution of marine ecosystems and 

accidents in nuclear power plants. 

C.�New aeronautical technology for weather observation 

Considering that the future aircraft observation of weather, development of the 
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Unmanned Aerial Vehicles (UAV) technology is desired in terms of flight area, 

frequency and cost.  In collaboration with the Japan Society for Aeronautical and Space 

Sciences, UAV observation technology for weather observation/monitoring is planned.   

 
5ӛOrganizations and operations 

The Institute for Space-Earth Environmental Research of Nagoya University has 
established the “Center for Orbital and Suborbital Observations” in order to play a central 
role in aircraft observations. This center will organize and manage activities related to 
aircraft observations in close cooperation with scientists from several institutions in Japan, 
such as the University of Tokyo, Chiba University, the Meteorological Research Institute, 
the National Institute for Environmental Studies,�the National Institute of Polar Research, 
and the National Institute of Information and Communications Technology. 

Operations related to aircraft observations will be supported by companies and 

foundations, such as Diamond Air Service Inc. and Japan Space Forum, which are fully 

experienced with the operations and management and support necessary to conduct 

successful aircraft observation studies.  We can receive advice and support aeronautical 

section of JAXA on determination of test plan and flight conditions in the flight test to 

realize more efficient and safety flight experiment. 

 
6. Planned Aircraft 

We plan to use the Gulfstream IV type aircraft as rental from a private company such 

as Diamond Air Service. This is the major change from the previous plan issued in 

2015: Mitsubishi Regional Jet (MRJ) is the proposed aircraft in the previous plan.  The�

advantages to introduce Gulfstream IV are longer flight range about 6500 km that is 

about 1.5 times longer range than MRJ, and rental cost is much cheaper than the 

procurement and maintenance cost of MRJ. 
 


