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ʩGreen-Red Vegetation IndexʺTucker 1979ʺMotohka et al. 2010ʪ�:�ǒ
;>=� 

 NDVI = (RNIR - RRed) / (RNIR + RRed) 
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 EVI = G�(RNIR - RRed) / (RNIR + C1�RRed + C2�RBlue + L) 

 GRVI = (RGreen - RRed) / (RGreen + RRed) 

��% R,áVmN_w+ÚĘǉʫGʫC1ʫC2ʫL,Ēũ%�<ƅǨǷ%,�>�> 2.5ʫ6ʫ

7.5ʫ1%�=ʩHuete et al. 2002ʪ�NDVI,ȕȱ�ɟȩ²A:�åÛ�=�ɩɟā²AÚĘ�

=�&A¿ǒ��Śƚ%�<ʫ�ȨǙ),ȕȱ+ʃ)ƣ¤�$­�ă��(=�����Ē

+ȱʃAɡ�=& NDVI­,ʣè�$�4��7ʫŭ�) EVI�ʈǘ�>��GRVI ,ȱț

+ȕȱ+ʃʩȕȩ+ƽ�ʪ�+8+)Úń�9�
Śƚ%�=� 

� �>;+ƓǐŚƚ):<ȱțjFdyU~+ɏȊ(ÿÌAɈƷ�=�7),ʫÐ¾(õ�

ƔɌAŃȿ&�=ʩMotohka et al. 2010̋ Nagai et al. 2010aʪ�ïʶ),ȰȱİȱƝƋƋº+ GRVI

+ċȀÿÍ+ 6 į¾+ɄƷ^~YAǬ���GRVI ,ǶʕƂ), 0 AǬ��ȶʕĻ) 0 ��

) ��ʫƋº+ʈȱ&ãŹ)�ųAĆ7=�6 ƀ+Ğȱď�Ƃ)ſă­)ɸ��Ļ),Ș

9�) ��ʫȇȱ}Ȱȱ):<¸. 0 ǲı+­AǬ��GRVI ,ǅ)ĞȱƂ&ȰȱƂ+Ƌ

º+ÿÍ)ŨŊ)Úń�=Śƚ%�<ʫĞȱ}Ȱȱ+ȎįÿÌAɄƷ�=+)ɹ�$
=� 

 

ïʶ� ƓǐŚƚ+�"%�= GRVI):!$Ɂ�ƋºjFdyU~&�+ȎįÿÌ� 

 

ROR� 54�"'0>?%�����������+(K �

� �ɫ+:�)ƋºVP~w%+ÚĘVmN_w�ȱț+jFdyU~A:�Ⱥ��&�;ʫ

ȹŶvr~_X{T{O):=ƓǐŚƚAǐŋȄxlw+²âŐɰıʩȔ²âŐɰıʹGross 

Primary ProductionʫGPPʪ+Śƚ&�$¿ǒ�=�7+ǨǷ�ȂñA�ł)ɳ7;>$��

ʩTurner et al. 2003ʫ2006ʺXiao et al. 2004ʺSims et al. 2006bʪ�GPP,Ƶǝʊƪ):= CO2j

u\NVɄƷ­):<̒ GPP = NEP + Reco &̓�$Ƨ7;>=ʩNEṔ Net Ecosystem Productionʫ

ǐŋȄȈǐǑʃʺRecoʹEcosystem RespirationʫǐŋȄæåʃ�Ƶǝʊƪ)"
$, AsiaFlux

ɴíćé�ȗʩ2003ʪ9ūȴʩ2009ʪAØǁ�>�
ʪ��>;+ǨǷ%,ʫƣɥǙŹʉ¾Ɇ

Ȣ+ʦ
ȹŶ^~YʩTerraȹŶ9 AquaȹŶ)šɦ+ MODISʹModerate Resolution Imaging 
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Spectroradiometerʪ�ǒ
;>$�<ʫă4�),ʎ�ǐŋȄ+Ȕ²âŐɰı+ċȀņ9Ǹʉ

¾ĪAŝĒ�=�&�ÞȢ)(!$
=���� MODIS +ǸʉɆ¯ı,^~Y+ǳʡ):

< 250ʽ1000m %�<ʫĄ¬��:�>-Ƣű+^~Y�Ľ;>=�ʫ²Čvr~_X{T

{O,ʖ+ĸʚAÝ�=�7ʫũű�;ɲÒ�%+ƟƷƂʉ�ǐ�=��+:�(ɄƷȁî}

ʞı+ʐ�<ʩVP~wMs\kʪ9ʫũű�; 1ɲʉǲı+ǧƂʉ%ɠ�=ǐŋČǙÿÌ

AƔǦ��>(
&
�ŕȸǙ(ëʟ��<ʫǅ)ƉCUC+:�)ʖ%ɀ@>=�&�Ă

�ȽʔõĶ)Őǹ�$
=ƓǐAėɚ&��ɄƷ+�7),ʫŌʁ(õ�ƔɌ�Ńȿ&�>

=ʩMuraoka and Koizumi 2009ʺMuraoka et al. 2010ʺNagai et al. 2010bʫ2011ʪ� 

� ïʷ,ʦġSE_+ȰȱİȱƝƋʩTKYʪ&ĬȕʅȱƝƋʩTKCʪ)��=ȱțĖıʩPAIʹ

Plant Area IndexʫƒƋóõʗǶ��<+țȰõ�ɽ+ǶǿʗǶʪ&²âŐǐǑÇʩGPPdayʹ

űǶǿ²âŐɰıʫGPPmaxʹűſă²âŐɰıʪʫGRVI +ċȀÿÍAǬ��ȹŶvr~_

X{T{O):=ƒƋǐŋȄ+²âŐǐǑÇ+rbYv{O%,ʫȱʗǶŚũ)ǣǛ�>=

�&�Ă
�ʫĬȕʅȱƝƋ+:�)ȱțeEInV+ċȀņ���
ƒƋ%,ȱʗǶŚũ

,²âŐǐǑÇ+ċȀņAȺ�Śƚ)(;(
�4�űǶǿ²âŐʃ,ŀƥɚƇ�+ǧƂǙ

(ÿÌ+ĸʚAä6�7ʫƓǐŚƚ):=ŝĒȃı,ʦ�(
�6�?ʫŽĄű+Ȕ²âŐ

ɰı+ſă­ʩűſă²âŐɰıʪ,ȱț+ƻôǙ(²âŐȢÇ)ɩ
�7ʫGRVI +:�

(ƓǐŚƚ):<ŝĒ�9�
ÞȢņ��=� 

 

植物科学最前線3（2012）

BSJ- Revi ew 3



H. Muraoka et al. - 10 
 

ïʷ� ȰȱİȱƝƋʩĨʪ&ĬȕʅȱƝƋʩàʪ+ȱʃʩPAI = Plant Area Indexʪʫ²âŐǐ

ǑÇʩGPPdayʹűǶǿ²âŐʃʫGPPmaxʹűſă²âŐɰıʪ&ƓǐŚƚ GRVI+ċȀÿ

Í�PAI,Ƌº+²âŐƁÊŧĘ+ɭɶǉ�;Ƨ7ʫGPPday& GPPmax,Ƶǝʊƪ):=

CO2ju\NVƷĒ­�;Ƨ7�� 

 

� �+:�)ƒƋǨǷSE_%+Ƶǝʊƪ4�,ǐŋȄƾȉÛťr^w):=Ȕ²âŐɰı

&Yz~�%+¾²ŧĘɈɄƷ^~YAǒ
�ɏȊ(Ɣɉ,ʫűƅ%,ȰȱʅȱƝƋʩNakaji 

et al. 2007ʺIde et al. 2010ʪ9ĬȕʅȱƝƋʩNagai et al. 2012ʺSaitoh et al. 2012ʪʫȰȱİȱƝ

ƋʩMuraoka et al. ƄǘȺʪ%ȷ@>$
=� 

� ïʸ,ǻȞ;�ȰȱİȱƝƋʩTKYSE_ʪ+Ƌº²âŐɰıAǐŋȄƾȉÛťr^w)

:<Ɉǿ�ʫYz~�%ɈƷ��ƋºÚĘVmN_w�;ǿ½�� 5ǳʡ+ƓǐŚƚ&+ė

ńʊ§Aɕ1�ȏƌ%�=ʩMuraoka et al.ƄǘȺʪ���%,ŰĊ+ȹŶvr~_X{T{O

^~Y�;Ɉǿ%�= 3ǳʡ+ƓǐŚƚ)È�$ʫ¾²Ɇ¯ı+ʦ
ɈƷ�Ńȿ( 2ǳʡ+

ƓǐŚƚʩCIʹChlorophyll IndexʫCCIʹCanopy Chlorophyll IndexʫSims et al. 2006aʪ)"


$8Ɣɉ��� 

 CI = (R750 - R705) / (R750 + R705) 

 CCI = D720 / D700 

��% R750& R705,�>�>+ƫʇA�ł&�� 10 nmĭ+ÚĘVmN_wʫD720& D700,

�>�>+ƫʇA�ł&��ĭ 10 nm+ÚĘVmN_w+�Ơŀ¾­%�=� 

� NDVIʫEVIʫGRVIʫCI & GPPmax ,ċȀAɯ�$gV]vTVǆ+ʊ§AǬ�ʫCCI )

"
$,23ȖĶ+ʊ§AǬ���ÃȞ 4ǳʡ+ƓǐŚƚ,ÚĘǉ­AǜŜǒ
$
=+)

ė�$ʫCCI,NyyjDwåÛī+� ǅ) 710 nmɩɨ+x\`G\U&æ->=Nyy

jDwƽı&ǅ)ʦ
ǝʊAř"ƫʇ+ŀ¾ÚĘVmN_w):!$Ɉǿ�>$
=��(

@ ÃȞ 4ǳʡ+ƓǐŚƚ,NyyjDw��%(�Jy[dE`9C{_TCb{('�

+ȩȉ+äƁʃ+ÿÍ)8ń�=+)ė�$ CCI,²âŐȢAǜŜŗ�NyyjDwäʃ)

+5ń�=&ȝ�;>=�Ɠǐ+²âŐȢAʦȃı)ɄƷ�=�7),ʫCCI +:�(Śƚ

AɈǿÞȢ(ÚĘVmN_wAȹŶvr~_X{T{O%ɈƷ%�=:�)(=�&�Ƃĺ

�>=� 
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ïʸ� ȰȱİȱƝƋ+²âŐǐǑÇ&áǳ+ƓǐŚƚ&+ʊ§�ï%, 1įAʲ"+Ƃʉ)

¾�$ky\_�$�=�2004ʽ2009į+� 5įʉʩ2008įAʍ�ʪ+ɆƊȏƌ� 

 

� ��+:�(ƓǐŚƚ,ȱțeEInV9²âŐȢ+ŝĒ)ƁÊ%�=�ʫÈ�$ʫȧǸ

ƞ9ɄƷYz~)šɦÞȢ(ʦɆ¯ı+¾²ŧĘɈAǒ
�ÚĘVmN_wɄƷ):<ʫN

yyjDwȵ²+ĵı9ʃĈÛǉʩΔF/Fm'ʪ+:�(²ÍČȄƮņŚƚʩZarco-Tejada et al. 

2000ʪʫ�=
,LS{_jDwSENw+²ńǾAÚŷ�=ƓǐŚƚʩPRIʹPhotochemical 

Reflectance IndexʫGamon et al. 1997ʪ):=²âŐƮņ+ɍ¦8ÞȢ)(<Ć7$
=�ſ

ɩ%, 2009 į)Ŕ ��;>�ƶĔÊƌKVɄƷŕȸȹŶʩGOSATʪ):<Ɠǐ+Nyy

jDwȵ²+ɄƷ�ÞȢ)(!$�<ʫ²âŐƮņ+ȹŶɄƷ�ēǋ���%�=� 

� ǻȞ;+ǨǷ+ſȌǛƚ,ʫȹŶvr~_X{T{O):<ƒƋǐŋȄ+ȱțƘɱ9ƞȢ

+jFdyU~ʫ�:.ƥ¬ÿÌ��>;)Ù3�ĸʚAƔ½�ʫƒƋǐŋȄƞȢ&ƥɚǏ

ýʫõǍǙǏý&+ʊ§AɁ
���&%�=���%ïʸ)Ǭ��ȏƌ+� ʫ²âŐǐ

ǑÇ+ċȀņAƣɥǙ:�ŝĒ%�= EVI)ǣǛ�$ʫİøAėɚ&��ƒƋ+²âŐǐǑ

Ç+n\i{OAɎȷ��ʩïʰʯʫMuraoka et al. ƄǘȺʪ���%, MODIS ):= EVI

^~Y)�Ɋ+ EVI-GPPmaxʊ§Aɹǒ�$
=�ǻȞ;+œƪ):<ʫ²âŐǐǑÇ+Ź

ʉǙ}ǸʉǙ¾ĪA��4�)Ŗş%�=:�)(!��ʫǐǍǐŋČǙɃƿ%+:<ɏȊ

(əɖAÞȢ)�=�7),�;(=õ�ƔɌAŃȿ&�=� 

 

植物科学最前線3（2012）

BSJ- Revi ew 3



H. Muraoka et al. - 12 
 

 
ïʰʯ� ƓǐŚƚ EVI& GPPmax+ʊ§)ù#
�ƒƋǐŋȄ+²âŐǐǑÇn\k� 

 

S�� 	�
�

ƓǄeEInV)ǣǛ��ǐǍǐŋČǙǨǷ&¾²ɄƷ}ȹŶɄƷ+ȶâ,ʫǋĊ+ʎ�

ǐŋȄ+Ƙɱ&ƞȢ+ŹǸʉǙ¾Ī+ǐŋČǙƞƘ&
�ʇį+ɔʟ)ɪ=8+&(=�?

��4�ãŹ)ʫ�+ɔʟ,ʫõø�;õǌɂƛ%+ƥ¬ÿÌ�ʎ�ǐŋȄ+ƞȢ9ǐǄĂ

ƙņ)8�;�ĸʚ+Ɣ½&�Ʒ)8Ƴ�ʊ@=ʩMuraoka et al. 2012ʪ� 

ǐŋȄ&,ǐǄ&ǄǍǏý�ǝ�£ǒA8!�ÌǙ(Ȅ%�=�ǐŋȄ+ǐǄČǙƘɱ&

ƥɚǏý&+ʊ§,ʫ²âŐ9æå('+ǰÒ��;ʫƓǄ+Őʇ+:�(ũ|ƀʽįÒ�ʫ

ƓǐɺǱ+:�)ũįʽũÐįVP~w)Ù/�4�ƓǄĶɞ+õǍǙÿǗʩHiura 1998ʺ

Tateishi et al. 2010ʪAȡż)ʫǐŋȄ+ǏýńǾƞƘ,õøņAř"&�ň�>=����

!$ǐŋȄƞȢ+ŹǸʉǙÿÌ9ʫ�+ƥ¬ÿÌ&+ʊ§Aİ
õǍǙVP~w%Ɇŵ�=

�7),ʫǐŋȄƞȢ&�+ǐǍǐŋČǙkyXV+ǏýńǾ&õøņ)ʊ�=ǍɆ��Þ

Ɵ%�=�4�ɶ×�;ǋô)ȥ=ŹʉǙ}õǍǙ(ÿÍAŵ;�)�ʫ�;)ęƈ+ÿÌ

A�Ʒ�=�7),ʫ«ȱ�;ƒƋxlw)ȥ=ƾȉĿǏkyXVʩ²âŐʫƓǄ&óþ+

æåʫjFdyU~ʫeEInVȳǶʪ)ė�=ƥ¬ÿÌ+ĸʚAǐǍǐŋČǙqJbWp

)ǣǛ�$ēʥǙ)Ɇŵ�ʫr^wÍ�=ǨǷ�Ɩ7$ʁȿ%�=��;)�+:�(ǐŋ

ȄƞȢ+ǋǆ&ÿÍAȹŶɄƷ):!$ǙǪ)Ɣ½�=),ʫȽũ+Ǘ(=õǌɄƷȹŶ+

^~Y�;ǐǍǐŋČǙkyXV9ǏýÿÌ+TOawAŻɵǙ)ɓ5Ɇ�ŭ�(ɆƊCw

RvWp+ʈǘ�Ƨ7;>=��&�-ǻȞ;,�ɫ+ȰȱİȱƝƋ+ƋºƃʩoWauʪ

)�
$ʫ«ȱ}ȱț+ǐǍǙǅņ&¾²ǅņʫ(;.)�>;+ėńʊ§)ė�=ƶžÍ

+ĸʚAŵ;�)�=�7)ʫƝº+�ɽAʈŧöƶĔ%î�ƛŤƶžÍēʥAʈĆ���

4�ʫűƅ+ŭ�(õǌɄƷȹŶʩGCOM-Cʫ2015į)čđȧǸǨǷʈǘƞƘ�Ŕ ���
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Ēʪ):=Ɠǐ+ȱʗǶŚũ9²âŐǐǑÇŝĒ+�7)ʫƙ�(ƒƋ9ȯÖ+«ȱ&ȱț

+¾²}ǐǍǐŋČǙǅņ)ù#
�^~YɆƊCwRvWp+ʈǘ8ɳ7;>$
=� 

��+ǏýǯČ)��=ìȓ+ɔʟ)ʊ�=ǨǷ+ŝɳ)�
$ʫǐŋȄ&Ǐý+Ŝƿ%

�=ǐǍǐŋČǙkyXV)ǣǛ��ČʑǙ�"VP~wșŬǙ(Ƀƿ��Ļ8ʁȿ(ĹÅ

Aŗ��?�� 

 

LM�

� ƅǵ%ȋ���ǻȞ;+ǨǷ,ʦġSE_%+µãǨǷȞ9ǨǷÑÇȞʫPhenological Eyes 

NetworkʫAsiaFluxʫJaLTERʊ§Ȟ+ÑÇ):<ɳ7;>$
=�ǅ)ɤőŎ�}ĕƅ©Â}

ăü¨�ʩĢʋăČʪʫěƩÓʩŲǴǓăČʪʫ�ƍªĈ}�ȴŸķʩñǹǏýǨǷŒʪʫƆġ

ŴĮ}ɩȴȻŸʩǑƕŕȸȔâǨǷŒʪʫƅģơʩčđȧǸǨǷʈǘƞƘʪʫűƱË}�ɣɸ

ɼʩÎƲɷăČʪʫJohn D. TenhunenʩeEyE_ăČʪ+áƤ)Ŋɘ��
�ǻȞ;+ʇƂ

ǙǨǷ,Ơ+ǨǷÉŐÀı+ťŠAÝ�$
=ʹǏýǞõǌǏýǨǷȔâŝɳɜʩS-1ʪʫĢ

ʋăČ 21�ȅ COEkyOup�ȹŶǐŋČÆǐŘƿ�ʫűƅČȸśȦ�ʮű�ʙjH~SE

_�ƕʫűƅČȸśȦ�}ǯČǨǷɜȼÉʄʩȫœ Bʫ18710006ʺùǚǨǷ Bʫ22310008ʪʫ

čđȧǸǨǷʈǘƞƘ GCOM-C RAʩ#102ʫȔâǙ(ʎøǐŋȄŇú+ʈǘʪʫǏýǞǏýǨ

ǷȔâŝɳɜʩD0909ʫS-9-3ʪʫűƅČȸśȦ�ʮſ±Ǻ}Ơ��ǨǷʈǘťŠkyOup� 

 

,@1;�

AsiaFlux ɴíćé�ȗʩ2003ʪʎøǐŋȄ)��=�ɿÍƾȉǼ+ju\NVɄƷ+ēʑ�
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