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ŧŢƝĬǏ,ĄȊ')<ǀȬNIpj7õ��ɍūĮƽ+v�ŒȬ�Ȫ	�6üý��ǣȶ,ŊƨĒ

�"%	<ëÔ��<�ŒǀȬNIpj�õ��)<'ɍǣȶ¯+ŒǀȬƩ)ƜíƥȑĨ�õ��)

<�6ɍƽ�µƟ&�<XSR7î»�<��+�6ɍ9;ô�+ƽ�úå�%7ƝĬǏůǨ,ɄÜ
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�*�	'Ǥ�:=<�#3;ɍŒǀȬNIpj+Ȟ	*9"%ɍƝƕôŬĨ'ƝĬǏůǨ+ȭ�Ĩ

,ƥ)<ÐǨĨ�Ɉ	�þȳɍŒȬNIpj8ǀȬƩƥȑĨ+î»*�	ɍƝĬǏůǨ*��<ƽô

ŬĨ+½ţ,9;ę�)<�'�þɇƩ*ƶ�=%	<ɋTilman et al. 2001, Cardinale et al. 2007, 

Cardinale 2011Ɍ� 

7
q#+ƛơ'�%ɍ�=3&+ô�+ń�þɇ8ƛȇƴƿ�ôŬĨñÁ+ǧœ*�<Ǻà@

Ǥĭ�%�:�ɍhnQc)ǣȶūĮñÁ@�ý�%	<�'�Ĺ�:=<�þȳ+ȧóǣȶ,hn

Qc)ƽ+ȶ3;&,)�ɍŶƆ8ȮŷȨɍäï+ǦŹĕɍȠƻ§ĕ)(+ƜíǺà'ƽ+ůǨĚȑ

'+ȭ�&�+ūĮ�Ÿ3"%	<'Ǥ�:=<ɋCornwell &Ackerly 2010, Katabuchi et al. 2012Ɍ��+

9
)ƜíǺà,ƝƞĨ)(*7ƭĽěȻ�<�6ɍǪƒƝĬǏ*��<ôŬĨ'ƝĬǏůǨ+ȭ�

,ôŬĨ+ÀȤ�Ɲ��Ǻà*7�ú�<ÐǨĨ�Ɉ	ɋJiang et al. 2009, Paquette & Messier 2011Ɍ�3

�ɍƜíñ¾8Ń{�ȓ��ëÔɍǣȶ:ƽ�ƀ÷7��,ƄĈ�<ȾĔ,hnQc&,)�ɍƜ

íñ¾8Ń{*Ą�<ƽ+ĥǇ+Ȟ	*ċÓ�=<ɋLarsen et al. 2005, Zavaleta et al. 2009Ɍ�#3;ɍ

ôŬĨ'ƝĬǏůǨ+ȭ�,ɍƜíñ¾8Ń{+PC^8�=*�ú�<ƽ+ƀ÷ɏƄĈȾĔ*9"

%ƥ);ɍƽ+ĥǇ,ůǨĚȑ*9"%~Ƈ&�<ÐǨĨ��<ɋLarsen et al. 2005Ɍ�ğ"%ɍƜíñ

¾8�ƑŃ{�ôŬĨ@��%ŧŢ+ƝĬǏůǨ*u�<ěȻ@~Ƈ�<*,ɍƜíǺà@Ǥĭ�%

ôŬĨ'ƝĬǏůǨ+ȭ�@ő:*�<+*»�ɍƖý+Ɯíñ¾8Ń{*Ą�<ǣȶūĮ+ñÁ

@ůǨĚȑ*é$	%ő:*�<ĤǺ��< >
ɋá 2Ɍ� 

�=:+�'@Ǥĭ�%ɍƙåƹ�!�Ŏś@Ø5şBMB+ŧŢ@ĄȊ*Ȝ6%	<ƴƿ@Ǔ

���	��+ƴƿ+ƬƩ+q#,ɍŧŢ+ƝĬǏůǨ*��<ôŬĨ+ěȻ@ýȨƩ*Ȃ��ɍƜ

íñ¾8�ƑŃ{*9<ƝĬǏůǨ+ñÁ@~Ƈ�<�'&�<ɋá 2Ɍ��+�6ɍȆŤĄȊæè*

��<ŧŢȆŤ^lSU@Ž	³�ɍŧŢ¾ĬTpP_pN+ūǋ8³ƙŮřƽ+ůǨĚȑTpP_

pN+ūǋ@Ƕ"%	<�Ŏśã¯&,ɍz*ƜíƯ+eXPinHKCU 1000+ȆŤ^lSU@Ą

Ȋ'�ɍ��*³ƙ�<Ůƽ+ǐ 9¹*��< 300ƽ+Kn^inH�ǔ}�##�<ɋá 3Ɍ�ůǨ

Ěȑ'�%,ɍŜĀĕ8¢ǲȺƾɍLMA, ǲ+ęĕ8ǂǒƌĕɍ�ű�Ȉƞƕƌĕ)(@Ƈý�%	

<�ŜĀĕ,ŧŢ+YCEaN@Ÿ6<ȦǺ)Ěȑ'�=%�;ɋChave et al.2009Ɍɍ3�ɍ±ƆĎ

:ÂŌŢ&,ɍærȢ+qűƝƞ,LAI ɋleaf area index; Æ�äæȺƾ��;+ǲǣȺƾɌ'ǲ+ǂ

ǒƌĕ:ľý&�<�'�ƶ�=%	<ɋReich 2012Ɍ��*7ɍáȩ:Ŧ+ƭĝ8ǭ+ĚɍǬɍ

ȫǭŘ)(ɍƝƞĨ�ó+ŧŢ+ƝĬǏůǨ8Kp[N*ȭ?;
<ĩê+ĵ³7Ƕ"%	<� 

�+9
)TpP@Ɵ	ɍ3�ɍƙå+ŧŢ+ǣȶūĮɋƽôŬĨɍůǨƩôŬĨɍ©Èƽ+ů

ǨĚȑ)(Ɍ'ƝƞĨ)(+ƝĬǏůǨ'+ȭ�@ő:*��	'Ǥ�%	<ɋá 2ɍƱÉ aɌ�Ů

řôŬĨ�ŧŢ+ƝĬǏůǨɍƖ*ærȢYCEaN8ƝƞĨ*u�<ěȻ#	%+ƴƿ,î�##

�<�ɍ�+ô��ŨŢæ)(&ƽŊɋô�%7 10ƽƼĕɌ@ń���þɇɋPotvin & Gotelli 2008, 

Ruiz-Jaen & Potvin 2010Ɍ8ɍLbfkpLgn*9<ƴƿɋBunker et al. 2005, Morin et al. 2011Ɍ&�<�

�=:+ƴƿ,ɍǯæþɇ&Ġ:=%��ǗţÕŬɍ�'�%ŮřôŬĨ,ærȢYCEaN8Ɲ

ƞĨ*Ų+½ţ@ķ#�'@ƶ�%	<�ɋNadrowski et al. 2010, Zhang et al. 2012ɌɍƃŨ�<ƽ*9"

%�+½ţ,ƥ)<ëÔ��<ɋFirn et al. 2007, Cavard et al. 2010Ɍ�3�ɍǪƒƝĬǏ&Ƕ?=�ŊĈ

)	ƴƿ&,ɍƝƞĨ*Ą�<ôŬĨ+½ţ,ŝ�*9"%ƥ);ɍĤ��7Ų&,)"�ɋVilà�  

et al. 2003, 2007Ɍ��=:+ƴƿ+	�#,ɍŶ¤8äïǦŹĕ'	"�ɍƝƞĨ'ƽŊ+wŌ*ę
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�ěȻ�<Ǻà@JnUlpj�%�:�ɍ3�ôŬĨ+)&7ƽŊ*�ưƬ�%	)	��

�ɍǪƒƝĬǏ@ĄȊ'��ƴƿ+
!ɍÂǍõȱ+ƆĎŢ:ÂŌŢ*ŉ:-< 12,000+ōú+ŧ

Ţ^lSU'ōú+ůǨĚȑTpP@Ɵ	%Ƕ?=�ƴƿ&,ɍŶ¤8ƜíǺà@Ǥĭ��r&ɍô

ŬĨ�ŧŢ+ƝƞĨ*Ų+ěȻ@u�<�'�ƶ�=�ɋPaquette & Messier 2011Ɍ�)&7ɍŨƕ*

'"%ŵȔƩƜí+Ì�	ÂŌŢ&,ǣȶ+ůǨƩôŬĨɋŜĀĕɍŖõŮɈɍƽøȦ@Ɵ	%ǿǈ

�=�¥Ɍ�ȦǺ&�;ɍƆĎŢ&,©Èƽ+ůǨĚȑ�ȦǺ&�<�'�ƶÝ�=���Ğɍ�+

9
)ƴƿ�7"'ĤǺ*)< >
�ƙåƹ�!�ƴƿ@Ƕ"%	<eXPinHKCU 1000+Ȇ

Ť^lSU7ɍ�ƓĎŢ:�ĂĎŢ3&ēǊ)PC^+ŧŢ@ØA&�;ɍŶƆ@,�6'��Ɯ

í§ĕ@Ǥĭ��r&ɍƝƕôŬĨ'ƝƞĨ'+ȭ�@ǽš&�<'Ǥ�%	<� 
�  

 

 

 

 

 

 

 

 

 

 

ű*ɍ�<Ɩý+Ɯíñ¾8Ń{*Ą�<ǣȶūĮñÁ@ő:*�<~ý&�<ɋá 2ɍƱÉ

b, cɌ�Ɯíñ¾8Ń{+ƽɂ*9"%ɍƽôŬĨ8ůǨƩôŬĨ+ñÁ,�3�3*ƥ)<'Ǥ�:

=<ɋMayfield et al. 2010Ɍ��+ȳɍ(+9
)ůǨĚȑ@7#ƽ��<Ɩý+Ń{*Ą�%ǩĘɍ

(+9
)ůǨĚȑ@7#ƽ�Ń{Ğ*ƻ¬7��,¢�Ŋ@î8�ɍ)(@ǽő�<�'&ɍƜ

íñ¾8Ń{*Ą�<ĆŞ+ǣȶūĮñÁ@ůǨĚȑ:~Ƈ&�<ÐǨĨ��<��+Œɍǣȶū

Įƽ+ĥǇĚȑɋresponse traitɌ'½ţĚȑɋeffect traitɌ+ȭ�*ŻĪ�<ĤǺ��< >
�ĥǇĚ

ȑ',Ɯíñ¾8Ń{/+ƽ+ĥǇɍ#3;ǣȶūĮ*ȭ?<ůǨĚȑ+�'&ɍ½ţĚȑ',ƝĬ

ǏůǨ*ěȻ�<ůǨĚȑ+�'&�<ɋLavorel, & Ganier 2002, Suding et al. 2008Ɍ�ĥǇĚȑ'½ţĚ

á 2ɎƜíñ¾s*��<ŧŢƝĬǏůǨ+ñÁ@~Ƈ�<]kpcmpG�ŧŢ+ƝĬǏůǨ'�%ƝƞĨ

*ưƬ��ëÔɍŧŢǣȶūĮ'ƝƞĨ'+ȭ�@ƝƞĨ*ěȻ@u�
<Ůř+ůǨĚȑɋ½ţĚȑɌ*é

$�ő:*�<ɋƱÉ aɌ��+'�ɍƝƞĨ8ťɅìģƜ)(+ƝĬǏůǨ,ŧŢǣȶūĮ*7ěȻ@u�


<��ƑŃ{ɋƱÉ bɌ8Ɯíñ¾ɋƱÉ cɌ,ŧŢ+ǣȶūĮ@ñÁ��<�'&ȬĽƩ*ƝĬǏůǨ@

ñÁ��<��+'�ɍŧŢǣȶūĮ+ñÁ,�ƑŃ{8Ɯíñ¾+ƽɂ'ūĮƽ+ĥǇ'+ȭ�*9"%ƥ

)<��+ñÁ,ɍūĮƽ+ĥǇ*ȭ?<ĚȑɋĥǇĚȑɌ:~Ƈ&�<ÐǨĨ��<�Ɯíñ¾,ƝĬǏ

ůǨ*ƭĽƩ*7ěȻ@Í2�ɋƱÉ dɌ�Ɯíñ¾'�ƑŃ{�ÕŒ*ȓ�<ëÔɍƝĬǏůǨ+ñÁ*�

�<�=:+ěȻ@ŲƵ*~Ƈ�<*,ɍƱÉ bɍcɍd+ƮĄƩȦǺĨ@ő:*�<ĤǺ��< >
� 
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ȑ�Õqɍ7��,ĀĽ*ȭ?"%	=-ɍƜíñ¾8Ń{*�
ǣȶūĮñÁ,���3ƝĬǏů

Ǩ*ěȻ�<�ș*ɍĥǇĚȑ'½ţĚȑ*ȭ��)�=-ɍƜíñ¾8Ń{*�
ǣȶūĮñÁ,

ƝĬǏůǨ+ñÁ*ƭǗ�)	7�=)	ɋLarsen et al. 2005Ɍ�ƙåƹ�!,ɍ�ƑŃ{*9<�ű

ŢÁ*�
ǣȶūĮ+ñÁ@ȆŤ�%	<�Ŏś*,ɍǴƐŢ+µƟ�)�)"%Ňǡ�=��űŢ

�ô	��+9
)�űŢ@ȴĽ�<ËƝŢ'ŵȔ�ɍŃ{PC^'ƽôŬĨ8ůǨƩôŬĨɍǣȶ

+ĥǇĚȑ'½ţĚȑ+ñÁ'+ȭ�)(@ő:*�<�'&ɍŃ{PC^'ǣȶūĮƽ+ůǨĚ

ȑ:Ń{*Ą�<ǣȶūĮñÁ@~Ƈ&�<ÐǨĨ@ƶ��	'Ǥ�%	<� 

�
�%ǣȶūĮ'ƝĬǏůǨ'+ȭ�ɋá 2� ƱÉ aɌ8ɍƜíñ¾8Ń{*Ą�<ǣȶūĮñ

Áɋá 2 ƱÉ b, cɌ@ǽő�<�'&ɍĆŞ+Ɯíñ¾8Ń{*Ą�<ƝĬǏůǨ+ñÁ@~Ƈ&�

<'Ǥ�:=<��+ȳɍƝĬǏůǨ*��<Ɯíñ¾+ƭĽƩ)ěȻ+Ǥĭ7ȦǺ&�<ɋá 2, Ʊ

É dɌ�Ɯíñ¾s*��<ĆŞ+ƝĬǏůǨ+ŲƵ)~Ƈ+�6*,ɍ�+ƭĽƩ)ěȻɋá 2, Ʊ

É dɌ'ɍǣȶūĮ+ñÁ@���ȬĽƩ)ěȻɋá 2, ƱÉ b, cɌ+ƮĄƩȦǺĨ@ő:*�<Ĥ

Ǻ��< >
ɋSrivastava & Vellend 2005, Hillebrand & Matthiessen 2009Ɍ��+ƮĄƩȦǺĨ+ũȁ,

þɇƩ)ƴƿ)(*9;ȃ4:=%	<�ɍ(+9
)ŝ���+ƮĄƩȦǺĨ@ċÓ�<+,Ś

 1'A(ƛǽ�=%	)	���ɍSrivastava & Vellend ɋ2005Ɍ,ɍƜíñ¾8Ń{+PC^*

9"%�+ƮĄƩȦǺĨ,ƥ)<'~Ƈ�%	<���-ɍȝ¸�ļ'	"�Ń{�ƝĬǏůǨ*u

�<ěȻ,ɍƭĽƩ)7+9;7ǣȶǕĮ+ñÁ@���ȬĽƩ)ěȻ+Ō�õ�	'Ǥ�:=<�

qŌ�ƆŔÁ)(+Ɯíñ¾�ƝĬǏůǨ*u�<ěȻ,ɍƝƞĨ8ƕȑģƜ'	"�ƝĬǏůǨ�

éśƩ*Ɔĕ8ƈĕ*�ú�<�6ɍǣȶǕĮñÁ@���ȬĽƩ)ěȻ*»�ɍƭĽƩ)ěȻ7õ

�	 >
� 

Ń{+ƽɂ'ůǨĚȑ*é$	�Ũƕ+ĥ

Ǉ@Ǥĭ�<�'+ȦǺĨ@ƶ��q#+�

@Ǔ���	�Bunker:ɋ2005Ɍ,ɍÅǍZW

a+YlJlhVĉ+�< 50ha ^lSU*³

ƙ�< 227Ůƽ@Ɵ	ɍôŬĨ+Ł÷�ĆŞ+

ærYCEaN*u�<ěȻ@LbfkpL

gn���Ń{+ƽɂ'ůǨĚȑ@Ǥĭ���3�3)ǚƊLWiE*9<LbfkpLgn+Ǘţɍ

ǚƊ+�Ō*9"%ĆŞ+ƽūĮ,õ��ƥ);ɍærȢYCEaN, 6£�r7ƥ)<�'�ő:

')"���+�':7ɍƜíñ¾s*��<ĆŞ+ƝĬǏůǨ@9;ŲƵ*~Ƈ�<*,ɍǣ

ȶ�Ï�<Ɯíñ¾8Ń{@Ɩý�ɍ�=*Ą�<ǣȶ+ĥǇ*ȭ�<Ʋǻ@ǳƾ�%	�ĤǺ��

< >
� 

á 3ɎeXPinHKCU1000*��<Kn^i

nHȆŤÄ@ƶ���Ȓy, 2011 Ēĕ*Kn^

inH�ǔ}��ȆŤÄ�Ƨĳ�, 2012 Ēĕ*

Kn^inH@Ƕ"%	<ȆŤÄ�ȆŤÄ,Â

:Åɍöđż¦'Ŏśſ¦@ǝǢ�<9
*ȡý

�%�<� 
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4. ,��������%$	�����	��! 
ƹ�!+ƴƿ+7
q#+ƬƩ,ɍŧŢƝƞĨ+üýĨ*Ą�<ôŬĨ+½ţ+ũȁ&�<�Ŷ

¤ñ¾,ɍđçƩ)ŶƆrŐ �&)�ɍŪǄ)ƙȊɋĐ-#8ŧŢƍƏɍÑɃɍŏǵ+õƦƝ)(Ɍ

+ȿĕ'Ǽŭ@îõ��<'�=%	<ɋIPCC ǆɒűêÚŕ Fischlin et al. 2007Ɍ��+9
)~Ƈ+

ȷ�	ǁƦƩ)Ń{*Ą�<ŧŢƝƞĨ+üýƩ)ǜķ,ɍŧŢ�7�:�ƝĬǏKp[N+ķǛƩ

)µƟ*�	%7ȦǺ)ȅɁ&�<�9;ôŬ)ŧŢ+ƝƞĨ,ɍ9;üý�%	<'Ǿ�<+ >


ɓ�+9
)ôŬĨ+½ţ,ɍŧŢǣȶ+ȪŘeXPinHTpP@Ɵ	ɍ��- 10ĒȬ*ƅ<

ŧŢƝƞĨ+ñ¾'ǣȶ+ƽôŬĨ8ůǨƩôŬĨ'+ȭ�@ǽš�<�'&Ȃ�&�<'Ǥ�%	

<��+ȳɍôŬĨ+x&7�ĥǇôŬĨ�*ưƬ�<�'�ȦǺ&�>
�ĥǇôŬĨ',ɍ�<

ƝĬǏůǨ*Ą�<ȌƗĕ��%	<ƽǣɋůǨƩ*°Ȫ)ƽǣɌ+x*ɍŃ{*Ą�<ĥǇĨɋī

ÏĨɌ�ƥ)<ƽ@ô�Ø5�'&�<ɋElmqvist et al. 2003Ɍ���-ɍ10ĒȬ+
!*ŪǄ*Ȯŷ

Ȩ+Ĉ)	Ē��"�'�<��<ŧŢǣȶ¯*|ƔǥĨ+ƥ)<ƽ�®ú�%	=-ɍ�+Ē*|

Ɣ*Ę	ƽ+ĮȪțĕ��s��'�%7ɍ�+ƽ'ǅ�ȭ�*�"�|Ɣ*ę	ƽ�ĮȪțĕ@î

»��<�'*9;ɍŪǄ*|Ɣ��Ē&7ǣȶ�+ƝƞĨ,ǜķ�=<7Ʋ=)	�ŪǄ)±

ò+Ē��=-ɍƆĕ*Ą�<ĥǇĨ+ƥ)<ƽ�®ú�%	<�'�ȦǺ&�>
�#3;ɍǣȶ

¯*�3�3)ĥǇôŬĨ@ØA&	=-ɍ�:+Ń{�Ɲ�%7ɍůǨǣ¯+%+ƽ+ĮȪț

ĕ8¢�Ŋ�ƄĈ�<�',)�ɍŃ{Ğ7ƝĬǏůǨ,ǜķ�=<�'�~Ƈ�=<ɋWalker et al. 

1999, Elmqvist et alɎ2003, Folke et alɎ2004Ɍ� 

 

5. ���� 
ŧŢ*��<ƝƕôŬĨ'ƝĬǏůǨ8�+üýĨ'+ȭ�*ȭ�%,ɍƴƿĄȊ�ı	*�	�

'7�;ɍŚ ƴƿĮţ+ǳƾ�Ĉ)	���ɍŒǀȬNIpj)(+ÞɁ*9;ɍǯæþɇ:

+Ǘţ@ȟƟ&�)	ÐǨĨ@Ǥ�=-ɍþȳ+ŧŢƝĬǏ&ƴƿ@ľȜ�%	�ĤǺ��<�',

őƧ&�<�Ɯí/+ĥǇ,ƽ*9"%�3�3)�6ɍƜíñ¾8Ń{�ǣȶñÁ@��%ƝĬǏ

ůǨ*u�<ěȻ+~Ƈ,ȷ�	�ɍ�=@~Ƈ�<+*�ůǨĚȑ�,ŗ½)İŴ')<ÐǨĨ�

Ɉ	�Ɩ*Ůř'	
ąÛ�Ȫ�ɍƜí/+ĥǇ*7Ȫ	ŒȬ@Ǻ�<9
)Ɲƕ@ĄȊ'�<*�

�"%ɍůǨĚȑ*é$�~Ƈ,�+ȦǺĨ@î� >
� 

3�ɍª*7ȗ0�9
*ɍƜíñ¾s*��<ŧŢƝƞĨ+üýƩ)ǜķ+�6*,ɍŧŢǣȶ

+ĥǇôŬĨ+ �ĤǺ 'Ǥ�:=<�Laliberte et al. ɋ2010Ɍ,ǯæ:ŧŢ*ƅ<�3�3)

ƝĬǏ:+TpP@ǙÔ�ɍäæµƟęĕ+îõ�ĥǇôŬĨ@ƄĈ��<�'@ƶ�%	<� �

+9
)ĥǇôŬĨ+ƄĈ,ɍ�:)<Ń{8Ɯíñ¾*Ą�<ǣȶ+üýĨ@�s��< >
�

#3;ɍĥǇôŬĨ@ƄĈ��)	ŧŢµƟ8ǉƛ*9;ɍƆŔÁ8�=*�
ǁƦƩ)Ń{*Ą�

<ŧŢ+ǩĘĨ@�Ƅ&�<ÐǨĨ��<�(+9
)Ń{8Ɯíñ¾*Ą�ɍ(+9
)ƝĬǏů

Ǩ@ǜķ��	&ɍ(+9
)ôŬĨ@ �<0��Ÿ3"%�< >
�ŧŢ+ƝĬǏůǨ

,řŜƝƞ8Ŷ¤¶ġ �&,)�ɍŃ{8Ɯíñ¾+ƽɂ7�3�3*�<�ôŬ)Ń{*Ą�ɍ

ô�+ƝĬǏůǨ@ǜķ�9
'Ħ�-ɍ9;ô�+ôŬĨ�ĤǺ')"%�<'Ǥ�:=<ɋIsbell 

et al. 2011Ɍ�ƝƕôŬĨ+Ł÷,tÐș&�<�ƝƕôŬĨ,Ȫ	ȜÁ+ųÒ@ǖ%�;ɍqĕ÷?=
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=-�ȬƸ�+ŒȬNIpj&Ģž�<�',3�)	��+9
)ƝƕôŬĨ@ƾŪƩ*ǉƛ� 

�%	��',ɍƝĬǏůǨ*��<~ƇtƵþ)Ń{8Ɯíñ¾+ěȻ@ǠǷ�<� Ȳ�')

<+&�<� 
 

24 
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�;,ǐŋČǙɕƏ):<ƝƃeEInVȳǶʃ+ÿÌ�ŵ;�)�>$=ʩOhtsuka et al. 

2009ʫăü 2012ʪ�2004į),ɩʒ+ĬȕʅȱƝƋ%8ɄƷ�Ć4<ʫCO2ju\NV�ŵ

;�)�>$=ʩSaitoh et al. 2010ʪ��>;+ǨǷSE_,Ȕ�$�ʦġSE_�&æ->ʫ

ʎ�ǐŋȄ+�ɿÍƾȉju\NVɄƷc\_z~NʩAsiaFluxʫhttp://asiaflux.net/ʪ9ʇƂ

ǐŋČǨǷc\_z~NʩJaLTERʫhttp://www.jalter.org/ʪ+Řƿ&�$ñ·ā+ǐŋȄƞȢ

ǨǷ+ǘĞ)ɛǈ�$=ʩhttp://sateco-archive.green.gifu-u.ac.jp/Newhtml/takayama_portal/ʪ� 

� ȰȱİȱƝƋ)��=ɄƷȏƌAȐâǙ)¾Ɗ�=&ʫǐŋȄȈǐǑʃ9ƃɽeEInV

+�ƠǐǑʃ),ʠȲ(ȎįÿÌ�=�&ʫ���ȱțeEInV),ŵǤ(ȎįÿÌ�(

&�ǅŁ�Ɂ��>$=ʩOhtsuka et al. 2009ʪ�ɇŞ�>-ʫ�+ƒƋ%,ȱʃ�

Ƣį23�Ē(+)ė�$ʫƝƃeEInVȳǶʃ,į):!$ÿÌ�$=&��&)

(=��>,į):!$²âŐǐǑʃ�ȎįÿÍ�$=�&AǬê�$�<ʫ�+ȡż&

�$ʫ�ȱț+jFdyU~�į):<ÿÌ�=�&ʫ�ƥɚƇ�+ĸʚAÝ�$²âŐƮ

ņ�į):!$Ǘ(=�&ʫ�ßʢ):<Ƌº�ţ�AÝ�=�&�ȝ�;>=��>;�

&�+�ɒAƔɌ�=�7)ʫǻȞ;� 2003į)Ć7��ȿƋºƃ+«ȱ²âŐȢ(;.)

ƋºȱʗǶ+ƷĒȏƌAǐŋȄƾȉÛťr^w%ɆƊ��&�?ʫ«ȱ²âŐ�:.Ƌºȱ

ʗǶ+jFdyU~+ȎįÿÌʩĞȱʈĆʫŐǃʫȇȱ+YEo{Oʪʫ(;.)ĀƂ+ƥɚ

Ƈ�+ÿÌ�ʫȰȱİȱƝƋ´¢+²âŐǐǑʃ)ĸʚA8�;��&�ŵ;�&(!�ʩï

ʱʹMuraoka et al. 2010ʺIto et al. 2006ʺIto 2010ʫ2�)Wilson et al. 2001ʪ� 

 

植物科学最前線3: 32（2012）

BSJ- Revi ew 3: 32



H. Muraoka et al. - 4 
 

 

ïʱ� «ȱ+²âŐȢ&Ƌº+ȱʃ+ċȀņ�Ƌº+²âŐɰı)8�;�ĸʚ� 

 

� �>;+ǦɁ,ʫƒƋǐŋȄ+ƾȉĿǏ}ÛťƞƘ+ǐŋČǙʫŀƥɚČǙǍɆ&ƥ¬ÿ

Ìĸʚ+�Ʒ)�$ʫƠ+�;(=ǨǷ+ŃȿņAǬê�$=��(@ ʫʩʰʪƋºƃ

«ȱ+ĶŋǙƘɱʩȱʗǶʫȱțeEInVʪ&ǐǍǙƞȢʩ²âŐʫæåʪ+jFdyU

~+ǐǍǐŋČǙǍɆ&�Ʒr^w+ƔɉʫʩʱʪƒƋȱț+Ƙɱ&ƞȢ+ʇƂ}İøǙɄƷ

Aēǋ�=ɄƷŕȸ+ʈǘ(;.)�>;+ǐǍǐŋČǙƔɌ%�=��+� ʩʰʪ)ʊ

�$ʫƝƃȱ%,»Ƃ�;+ƁÊǶǿƥƶ& ƶÁƼ�Ȫ+�ǡŔǩ&ʈȱAÀľ�=�&

�@�<Ć7$�<ʩPolger and Primack 2011ʪʫęƈ+ƥ¬ÿÌ�ƝƃjFdyU~ʫ�;

),ǐŋȄ+ƾȉåÛȢ)8�;�ĸʚA�Ʒ�=�7),ʫʂā)��=ʇƂɄƷʩMenzel 

et al. 2006ʺMuraoka et al. 2010ʪ9ƶžÍƛŤēʥʩNakamura et al. 2010ʪ('Aä7�Ăƙ

(ǨǷCky~[):=Ɇŵ�Ńȿ&�>=ʩCleland et al. 2007ʪ�  

� �Ůʫʩʱʪ)"$,õǌɄƷȹŶ)šɦ�>�¾²ČǙX{S~):=vr~_X{T

{O�ƁÊ%�=ʩRunning et al. 2004̋ Churkina et al. 2005̋ Nagai et al. 2010bʪ�ǻȞ;,�ʦ

ġSE_�%+ȐâǙɄƷ&r^wɆƊAɯ�$ʫȹŶvr~_X{T{O):=ǐŋȄƘ

ɱ}ƞȢɄƷ+ʦıÍAǛŚ�$��ʩ�ȹŶǐŋČ�ʫMuraoka and Koizumi 2009ʪ��ȹŶǐ

ŋČ�Cky~[ǨǷ%,�ɽġĥõī+�ɽ+ƯøòǐŋȄ+ƾȉÛťŝĒ+�7)ʫƒ

Ƌ9ɧȟõ+ȱʗǶŚũ+ȹŶɄƷʫƒƋeEInVɕƏʫ(;.)ǐŋȄ+ƾȉÛťr^

v{OAɳ7$���ʫƅǵ%,ǅ)Ƌº²âŐǐǑÇ+vr~_X{T{O)"$Ơʜ

)ɆɒAɎ5=� 
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R�� ������������54>/DBC�

� ƒƋ),ăƥ�ɿÍƾȉƽı+ɕȀƞȢ�Ƃĺ�>=�Ů%ʫƒƋAƘŐ�=Ɲƃ+²â

Ő9æåʫ�>;+jFdyU~,ʫƥɚǏý+ĸʚAĵ�Ý�9�&8ȝ�;>=��

��!$ƒƋǐŋȄ+ǐŋČǙƘɱ&ƞȢ)ǣǛ��ʇƂ}İøǙǨǷ,ǏýǯČ+�ȿɔ

ʟ+�"%�<Ȓ�ʫ�+ǘĞ),ƓǄǐǍǐŋČǙɃƿA�ł&��ŹǸʉVP~wșŬ

Ǚ(Ü<ȍ5�Ńȿ&�>$=�ȹŶvr~_X{T{O):=ʎ�ǐŋȄ+ɄƷǨǷ,

ǅ)ƾȉÛť+ŝĒ9ǐŋȄ+õǍǙ¾Ī+ÿÍ+Ɣ½)Ăǒ�>$=����ǐŋȄ+

ɺǱ9Ȥǀţ�):=Ìŋʫ4�ʫƥ¬ÿÌ�ǐŋȄ+Ƙɱ}ƞȢ)8�;�ĸʚAǐŋČ

Ǚ(ùƹ%ɄƷ}ŝĒ%�=:�)�=�7),ʫȹŶɄƷ):!$Ľ;>=¾²ČǙŇú

+Ɇʀ)ǐǍǐŋČǙ(ɃƿAĚ³�=1�%�=��(@ «ȱʽƝºʽƋº&�:�

)ǐŋČǙVP~wAɯ��ȐâǙ(ùǫǨǷ��ÞƟ%�=ʩïʲʪ�(�¾²ǅņ+ɈƷ

ÖǍ)"$,�ɣʩ2009ʪ)ɏ�� 

 

ïʲ� ƒƋǐŋȄ+ǐǍǐŋČǙƘɱ}ƞȢ&¾²ǅņ+ėńʊ§�ǐǍǐŋǙǅņ)"

$,áǐŋČǙVP~w%ȝō�1�ǐŋČǙȿȉ)"$Ɋ�ʫ¾²ǅņ)"$,¿ǒ

ÞȢ(ɄƷœƪAɊ��� 

 

ROP� !G�"'0F�$":.�

� g_,Ɲƃ+ȱ+ċȀǙ(ÿÍAʫȩ+ÿÍ%Ɂ=�&�%�=�ȱ+ȩ+ÿÍ,ʫĶŋ

ǙƘɱ&ȱ·)ä4>=ȩȉʩNyyjDw9C{_TCb{ʪ+ȍŐ&ʃ)ń�$ȱ+¾

²ǅņʩÚĘʫåÛVmN_wfY~{ʪ�ÿÍ�=�&):!$ǐ�=ʩSims and Gamon 

2002ʪ�ïʳ)oWau+ʏȱ+ƗɄ&²âŐȢʫ¾²ǅņ+ċȀÿÍAǬ���ĞȱʈĆǜ

Ļʩ5ƀʪ+ȱ,ŐǃƂʩ7ƀʪ+ȱ)ƣ1$ʫNyyjDw�Ĝ(�7)²âŐȢ�Ȳ�

� �ʫ4�ʫ²âŐƁÊƫʇøʩ400ʽ700 nmʪ+� ǅ)ɟȩ²+åÛǉ� �ʫÚĘǉ

植物科学最前線3: 34（2012）

BSJ- Revi ew 3: 34



H. Muraoka et al. - 6 
 

�ʦ�ȱ+ȜÍ)�²âŐȢ, ��ʫɟȩ²+åÛǉ+ �&ÚĘǉ+�ų�ɑ7;

>=�Ğȱɮ�+ȱ%,ɩɟā²+ÚĘǉ� �ʫȱ�Őǃ�=&ʦ�(=�&8ǅŁǙ%

�=� 

 

ïʳ� oWauʏȱ+ƗɄʩaʪʫ²âŐȢʩbʪʫåÛ&ÚĘVmN_wʩcʫdʪ+ċȀÿÍ�

ƷĒ,¼ƶīȰȱİȱƝƋ+Ƌºƃ+ʛ�+ȱ)"$ȷ!��ʩƆģ;ʫƄǘȺʪ 

�  

� ȹŶvr~_X{T{O):!$ɄƷ�>=ƒƋ+VmN_wŇú,ʫ«ȱxlw%+Ķ

ŋ}ǐǍ}¾²ǅņʫ�:.ȱ+ǸʉǙɾȚ&Ėı):<ǅŁ#�;>=ȱțƘɱ+ǝ�£

ǒ):!$ǐ�=Ƌº·%+ŧĘ�ɸ+ȏƌ&�$ɈƷ�>=ʩïʴʪ��(@ Ƌº+²â

ŐǐǑÇAɂĒ�=ƘɱʩȱțeEInVʪ&ƞȢʩ²âŐʪ+vr~_X{T{O),ʫ

«ȱ+ǐǍ}¾²ǅņʩSims and 

Gamon 2002 ʪ & ȱ ț Ƙ ɱ

ʩKobayashi et al. 2007ʪAȝō�

�^~YɆʀ&œƪƔɌ�Ńȿ

&�>=��+ƿ%ʫƓǄɆÄ

ǐǍČ9ǐǍǐŋČ+Ƀƿ�&

$8ʁȿ%�<ʫʩVerhoef� 1984ʪ

+ȱțƘɱʩȱ+ʆǜ¾ĪʫɅ

ı¾ĪʪAȝō��ŧĘ�ɸǍ

ɖ&+ȶâ):<ʩȾǓ}Ɔģ 

2006ʪʫƋº+ǐǍǐŋČǙǆŋ

+vr~_X{T{O+ʦıÍ

�Ƃĺ�>=� ïʴ� «ȱ&ƋºVP~w+²âŐ&¾²ǅņ+ʊ§ 
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ROQ� 4#�������&*������

� ȹŶvr~_X{T{O):=ƒƋɄƷ^~Y+ɆƊ9Ɇʀ,ʫõ�%+ƋºÚĘVmN

_w&ǐǍǐŋČǙǆŋ+ėńʊ§+Ð¾(ƔɌAŃȿ&�=��>AȹŶvr~_X{T

{O+�õ�ƔɌ�&æ/�Ɠǐ+ȱțeEInV9jFdyU~ʫ¾²ǅņ+vr~_X

{T{O+õ�ƔɌ)ɝ�=ʇƂɄƷ^~YAȳǶ�=�&AǛǙ&�$ʫ2003 į)

"Phenological Eyes Network (PENʫhttp://www.pheno-eye.org/ʪ"�ǘɢ�>�ʩóǓ; 2005ʺ

Nishida 2007ʪ��&�-ʦġSE_%,ïʵ)Ǭ�:�)ƋºɄƷYz~+ʛ�)´Ą¬ö

¾²ŧĘɈʩMS-700ʫȬĳȃƞƑĲ�ǭʪ&ʧǢx{W��^UYwJquʩCoolPix4500ʫ

FC-E8ʫbQ{ʪAɋȚ�$ʫÃȞ):<´Ą�;+³ĘVmN_w&Ƌº�;+ÚĘVm

N_wAƷ<ʫĻȞ):<Ƌº+¹ǠŢĸAȑȒ�$=�4��+Yz~%,«ȱ+ǐǍ

ǐŋČǙǅņʩȱʗǶʫNyyjDwäʃʫ²âŐ&æåɰıʪ+ɄƷ8ēů�$=��

>;+ɄƷ^~YAċȀ9įAɯ�$ƣɥ�=�&):<ʫƋº+ÚĘVmN_w9¹Ǡ+

RGBŇú�;ǐǍǐŋČǙǆŋAŝĒ�=œƪAʈǘ}ƔɌ%�=ʩNagai et al. 2010aʫ2011ʪ� 

 
ïʵ� ȰȱİȱƝƋ+ǜ�)ɋȚ��¾²ŧĘɈ%ɈƷ��Ƌº+ÚĘVmN_wʩĨʪ&

ã�Ț�;Ţĸ��Ƌº¹Ǡʩàʫũĉ,ɯįűʪ�Muraoka and Koizumiʩ2009ʪ:<Ŧÿ� 

 
� ƒƋǐŋȄƞȢ+ŹʉǙÌŋ9ƥ¬ÿÌ0+ńǾAƔ½}Ɇŵ�=�7),ʫĂɅǙ(Ʉ

ƷAʇƂǙ)ȑȒ�ʫĎĒǙ(ɍ¦ŚƚAĽ=�&�ʁȿ%�=�ȹŶvr~_X{T{O

):=ƓǐɄƷ%,ʫÚĘVmN_wŇú�;ǿ½�>=�ƓǐŚƚʩvegetation indexʪ��

ǒ;>=ʩ�ɣ 2009ʪ�ȱț+ċȀņ+rbYv{O), NDVIʩNormalized Difference 

Vegetation IndexʺTucker 1979ʪ9 EVIʩEnhanced Vegetation IndexʺHuete et al. 2002ʪʫGRVI

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+ʦȹŶ^~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��=� 
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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+ʦɈƷ�Ńȿ( 2ǳʡ+

ƓǐŚƚʩCIʹChlorophyll IndexʫCCIʹCanopy Chlorophyll IndexʫSims et al. 2006aʪ)"

$8Ɣɉ��� 

 CI = (R750 - R705) / (R750 + R705) 
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ǘç>ūǛ¹'ȇƢ�:�$(#:ōǽ#�9 , íƯƱô(öÅ>Ȕ.:~#�ÔƋ

&5($&�"�:�ŲǍ#) , �(ǾŪtp{]TxPxL'7:žŸí~ȱcCF

lR6ƤǞȸ(ȇƢ'Ƀ�:Ʈì(ǅǐÄÜ>Ǡ��:� 

cCFlR$) , ƲƩ(�ƨȶȸ(�$#�9 , žŸ(ƫň>ǿ�Ŭ5ñŲƻ&ȸ(

+$ #�:�žŸƲňǛ(�#5, Ɖű(cCFlR), žŸ#(ƩȗĸƱ, ƪ'ƤǞ

(Äň>ȉũ�:�4'Ľɗ(ńò#�:�Ɖű), |ǲƻ', °Ùŉ'7�"ǑƔ�(

�ȴÅƤǞ>�³'Ð9Ȟ2 , �;>ƤƕÅƩ-$öŘ�"Ĩ6ż , Ǹ&%(äă'Ǻ
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>Ő �ȴÅƤǞ(Äň>Ŏř�:�$�Ɨ48;"�:� , �(�4') , cCFl

R>Ƣą�:�$�Ƚ$&:�|Ŧ# , ŸƁ(7�'űŴ>ÂƭƻzŐǦƻ'ƲƳ�:
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�:žŸƠĎ6ÁÅ�8(ơćÂŹHRœ·½Ơ , &8,'žŸ§²zŐǦÔ

ǯ&žŸǖưzžŸƤǞǺǏ(õİɥ(Ð9Ǣ2��Ƹƻ'ȩ48;"
9 , cCFl

RƢą(ȶȂŀ$ȂƗ), 1�1�İ�&�""�:�REDD+), �', ƧģɑŸ�ø

�ÿì�:ȥ~é>ċȕ'�"
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#, žŸ�Ŕ6ÁÅ>Ʉ�Ð9Ǣ2#�:�¢	*, �:ċȕíð'
�", žŸ�Ŕ>

Ʉ��$#�ȴÅƤǞ(œ·>�¾�ņɤj{RsCxɥ795½Ơ��óÙ') , �

(½Ơ¸>ƤǞKvQY]$�"œ·ƈÐĭ'¼ƴ#: , $���Ǣ2�Ǭ	8;"
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�:��1�Ɗǯ�;*, ơćÂŹHR(œ·½Ơ��#&�, úƦŸ6��'ƲŁ�:

øǌøƅ&ƲƩ>§²�:�$'5 &�:�REDD+(Ćŧ')ƅ�&æɐ��:� , 

�7951�¾ŗ$�" , žŸ(ƤǞǺǏ ,  19cCFlR(Ǝǆ&Ȏ¤ŋƛ�Ľɗ

#�:�ǚī�Ɨ48;:()5�<?(�$, REDD+#)íð6é$���ȅƇ#(

Ð9Ǣ2>ņą�"�:�4 , ĩð>�1&�ȇƢ�:ĽȂ��9 , �8') , �Ŕ6

ÁÅ&%(ūɂƻöÅ5Œ	:ĽȂ��:�í~ȋƢ6ǱǑƊȇƢ#ɘð²�>Gc{

�:')Ȗƴ�øù'��9 , Ɉ��ēĕíģ6ĉŸ(ü&%(AKTRæɐ&óŊ(

ȇƢ5�&�;*&8&���;8(ãɚ>ȉƘ�:Ŧƛ$�" , ǾŪȇƢ�İ�ŰĴ

�;"�:ɤGibbs et al. 2007ɥ�Ʈì, ø�(ǅǐǭ�ǾŪ\{V(ȉŷŋƛ6ťȅǾŪ

TxN(Ɂƺ>ȏ2"�:� 

�ĝǾŪ'7:ȇƢ(otY]$�" , ĩð>P{nvR'ȇƢ#:�$ , AKT

Ræɐ&íð6ËɈ&íð(ȇƢ�Ôǯ#�:�$ , ūǛ¹(ȇƢ�Ôǯ#�:�$ , 

&%�ő�8;:�ſƲȇƢ'7�ƴ�8;:ǾŪTxNɤɜǼɡī 600-800 kmɥ#�

;*, |å(Ȧȫū'
�:ȇƢĥ)Ţ kmɧǜ 2000 km, əī)ƒŨɧŢyŭ�$(ȇ

Ƣ�Ôǯ#�:ɤȉ®ī$ȇƢĥzəī')]v{^Fg(Ƀ¥��9 , ȉ®ī�ɡ�

&;*, ȇƢĥ�Ƭ�, əī5��&:ɥ�1�, ǾŪȇƢ), +$ (ŋƛ#ĩð>î|

'ȇƢ�:�$�Ôǯ#�9 , NxitxLĉī6ŋƛ(Ȯ�'7:íðɂ(cCAR

>Ȱ�:�$5#:�|Ŧ, \otY]), \{V(ȉȵ6Ʃưȸ-(öŘ�ɐ���

$#�:�/$?%(ǾŪTxN), ȇƢ(�4'ɓǇƜ>¡�"
9, Ʋ\{V$�", 

ɓǇƜ(İī6�ƾ, ¬Ɯ&%�Ȍȼ�;:��(�4, �;8>Ɖű(cCFlR6ê

íȀȃ¸ɛè&%, ĽȂ$�:Ʃưȸ6�ɚè'öŘ�&�;*&8&�� 

� ǾŪ'7:žŸcCFlRȇƢ' �") , 1�ƺđȥ~(Ɛɋ#�9 , ŋƛ>ǆǒ

�:')ǰ�"�&��øǌøƅ&Aiw{X�ȏ28;"�:(�Ʈƫ#�:�ƴ�

8;:TxN)øƅ#, ɓƜ>ƴ��v{W, °āTxNɤǃƜŝČ&%(Ɠțƻǃ�Ɯ

ȿ(ɓǇƜ>�'¼ƴ�:TxNɥ, LiDARɤLight Detection And Rangingɥ( 3ǌ��ǿ

ƻ#�:� 

� �;8(\{V>¼ƴ�:Aiw{X') , ù�¸�" , ǾŪ\{V>ƽŕƻ'c

CFlR'öŘ�:Ŧƛ$ , êíȀȃ6ƉµɀȾī&%>|īŖą�"�8cCFlR

>Ŗą�:Ŧƛ( 2ǌɛ��:ɤLu 2006; è 1ɥ�¾ǭ) Direct remote sensing method (DR

ƛ), ĵǭ) Combine and assign methodɤCA ƛɥ$5ß*;:ɤGoetz et al. 2009ɥ�DR ƛ

) , žŸí~ȱcCFlR$ǾŪȇƢ\{V(Ƀ¥>Ȕ. , ǣɠƻ'cCFlR>Ɨ4

:Ŧƛ#�:�|Ŧ, CA ƛ), ǾŪ\{V&%>ƴ�" ŉ��ſƲè6�Ŕ¸ġè&

%�8óŊ�$'KsR¸�>Ǽ� , ØKsR'ċ�"cCFlR6ƤǞȸ(�ǿ«>

�"��Ŧƛ#�:�DR ƛ)ȨǦƻ&Ŗą«>·¿�:�4, CA ƛ'Ɠ."Ȑǟ&¸

ġ>ŗ£#:����, Ʈƫ#)ċĿ#:ǾŪ\{V)Ɇ8;"
9ɤȐǟ)ĵȡɥ, 

�ĵ(ǅǐɁƺ�ŰĴ�;"�:� 

� �Ʌ, �ĝǾŪ(TxN�$'ŋƛ(ƪĺ6ȓɚ' �"ȡ.:� 
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�

è 1� ǾŪ\{V�8žŸí~ȱcCFlR>Ŗą�:�4(, 2ǌɛ(Aiw{X� 

�

7�� "(5!���
��*.�

 

ÙŉɁÒv{WɤSAR: Synthetic Aperture Radarɥ), ǾŪ6ǱǑƊ'ŚȜ�;�Ax[

_�8lCKwƜɤƜȿǜ 1 mm – 1 mɥ$ß*;:ɓƜ>ȣ¨�, íƯǿɕ�8Š��

;�ɓƜ(İī, �ƾ, ¬Ɯ>Ȍȼ�:��;8(ńò�8, íƯǿɕ(ƫň>Ȕ.:�

$�#:�SAR (Ůƴ&ƪĺ$�", 1�, ɡ¸ȉǯ#�:�$�ő�8;:�|ǲ', 

ǾŪTxNɤĆɁÒv{W>Ý3ɥ(Ǒɂ¸ȉǯ)Ɯȿ�ȿ�&:/%���:�lC

KwƜ( L cx^$Ȋ=;:Ɯȿģɤǜ 23 cmɥ>ƴ��óÙ, �(¸ȉǯ)ǜ 15 km ǋ

ī'&:�$�<� SAR #), duRëǩ$ÙŉɁÒ$�� 2  (ōǽ>ɟ¡�:�$

'7�", �(¸ȉǯ>, Ţ m(F{W{'1#Ü~��:�$�#:�1�, SAR), 

²úª#ȇƢÔǯ#�:$��¼ƥ>Ő �lCKwƜ(�� , ƓțƻƜȿ(ȿ�5(

' �") , ɒ6ɑ>�9ŏ�:�$�Ôǯ#�9 , ɒ(�(íǿɕ(ȇƢ�Ôǯ#�

:ɤè 2ɥ��(ƪĺ), ƪ'Ƨģ&%(ɒ(ø�íð#ɔĤ'Ůƴ#�:�Ʈì, ø�

(ǾŪ SAR �íƯȇƢ(�4'Ȫƴ�;"�:ɦALOS PALSARɤL cx^, ŨŲ, 2011

ħ'Ȫƴǡ�ɥ, ALOS-2 PALSAR-2ɤL cx^, ŨŲ, 2013ħŌ�~��ąɥ, RADARSAT 

1/2ɤC cx^ , G_Wɥ , ENVISAT ASARɤC cx^ , ƍĜ , 2012 ħ'Ȫƴǡ�ɥ , 

TerraSAR-X / Tandem-XɤX cx^, ^CZɥ, CosmoSkyMedɤX cx^, CVtAɥ� 

� SAR (Ƣą�:ĵŦŠ�¥ŢɤÉ�ɕǏ��9(, ±ČɓƜ�|ƅŦÜ'Š���ó

Ù(ɓƜİī'ċ�:, ĵŦ'Š��;:ɓƜİī(Ɠɥ), žŸ(í~ȱcCFlR'

Ŀǔ�"öÅ�:�$�ǂ8;"�:�SAR �8ȣ¨�;�lCKwƜ), žŸ(Iq

bf{(�'1#Ȥȫ�, Ɖű(NCS6ĉī, Ȉī&%(Ƅȧ'Ŀ�"Š��;:�l

CKwƜ(Ɯȿ'7�"Ŀǔ)ƹ&9, ƓțƻƜȿ(ǃ� X cx^6 C cx^#), Ĩ
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��#&�, Ǹ6ǟ�ź'7�"5Š��;:�|Ŧ, Ɯȿ(ȿ� L cx^6 P cx^#

), Ǹ')�19Ňī�&�, Ĩ6ź'7�"Š��;:��(�4, Ɯȿ'7�", ĵ

ŦŠ�¥Ţ$cCFlR(Ƀ¥)ƹ&�"�:ɤLe Toan et al. 1992; Imhoff 1995ɥ���

�&�8 , cCFlR��:ǋī1#ù�&:$ , ĵŦŠ�¥Ţ�/$?%öÅ�&

�&:ɝà(Ʈȕ�ș�:�ɝà(ș�:cCFlR(«)Ɯȿ'7�"ƹ&9 , Ɯȿ

�ȿ�/��, 79ɡ�cCFlR1#Ňī>Ő � 

è 3), ŨŲ(ØǌžŸ'
�:, SAR(ĵŦŠ�¥Ţ$í~ȱcCFlR(Ƀ¥#�

:�200 t/haǋī#/0ĵŦŠ�¥Ţ�Û�«>ǈ�7�'&9, Ňī���&�"�:

�$�=�:�Ɔƣ¬ğ)ǜ 100 t/ha#�:�, 200 t /ha��(iwY](2>ċȕ$�

:$, ǜ 50 t/ha $&:�Ķ8;�ǣɠĬ>ƴ�:$, ɝà(Ĳɖ(�4ɡ�cCFlR

(ǚī)Ń��, è 4 (7�&¸ġè>Ķ8;:��(/�, AlUxɤLuckman et al. 

1997ɥ, PjtAɤRauste 2005ɥ, F{R]stAɤLucas et al. 2010ɥ, ŶÈAQAɤEnglhart 

et al. 2011ɥ, AgtGɤMitchard et al. 2009ɥ, ÆƍɤSandberg et al. 2011ɥ&%, Ţø�

(íð#~Ȍ$Ûƅ(Ƀ¥�Ķ8;"�:�SAR (\{V>ƽŕƻ'ƴ�:Ŧƛ#) , 

�(ĵŦŠ�¥Ţ>ƴ�:Ŧƛ�Ǭ	8;:� , ɝà(Ĳɖ(�4 , ɡ�cCFlR>

Ŗą�:�$�#&���(�4, ĩð'ȯƴ�"�:�¢), cCFlR(Ɠțƻ�

�íð�/$?%#�:�ɝà(Ĳɖ>ŬčɆ'�:�4', �;1#(ǾŪ SAR #)

¡=;"�&�, Ɯȿ(ȿ� Pcx^>ƴ��ǾŪ SARɤBIOMASSmYPrx; Hélière et 

al. 2009ɥ�ȋƷ�;"�:�1�, ĵŦŠ�¥Ţ��#&�, ɓƜ(Ő �ƾ6¬Ɯ(

ńò>ƴ�:Ŧƛɤksto]tYKzCxV{gDwo]tɥ5ǅǐ�;"
9

ɤPapathanassiou and Cloude 2001ɥ, �ĵ(ĆƴÅ�ŰĴ�;"�:� 

 

è 2� ǾŪ ALOS 'ŚȜ(ÙŉɁÒv{WɤSARɥ$°āTxN'7:ÐĶƷ®ɤȇƢ
Ũ: 2007ħ 9ŭ 15Ũ, óŊ: Ŷ��ļȱÞȝɥ�(a) Lcx^ SARɤPALSAR, R/G/B = HH
¬Ɯ/HV ¬Ɯ/HH ¬Ɯ�HV ¬Ɯɥ, (b) °āTxNɤAVNIR-2, R/G/B = cx^ 3/cx
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^ 2/cx^ 1ɥ� 

è 3� ƱôƿƲƩøƅŀTxV{p`VtxLNC] 1000ɤǄÌ8 2010; Ishihara et al. 
2011ɥ'7:žŸí~ȱcCFlR\{V$ ALOS PALSAR (ĵŦŠ�¥ŢɤHV ¬Ɯɥ
(Ƀ¥�Motohka et al. (2011)>Ŝö� 
 

 
è 4� è 3(ǣɠĬ>ƴ�"Ŗą��žŸ(í~ȱcCFlR¸ġɤÖɥ� 
 
86� �$���
��*.�
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°āTxN) , ÔȆð$Ș÷ð(Ɯȿģ>Ƣą�:TxN#�9 , �'ûɉ°(Î

ČzŠ�6ƧŝČ>ȇƢ�:�¢	* , CxV{aY](íèN{eR#¡=;:ɡȉ

®ī(ǾŪǑ�´ǁ5 , °āTxN'7:5(#�:�TxN6ǾŪ'7�"ȉ®īz

ȇƢĥzȇƢəī)ƅ�#�9 , ſƲȇƢ'7�ƴ�8;:TxN')ƌ(7�&5(

��:ɦTerra/Aqua MODISɤȉ®ī 250-1000 m, Ǚéɥ, ENVISAT MERISɤȉ®ī 300 m, 

ƍĜ, 2012ħ'Ȫƴǡ�ɥ, Landsatɤȉ®ī 30-120 m, Ǚéɥ, ASTERɤȉ®ī 15-90 m, Ũ

ŲzǙéɥ, ALOS AVNIR-2ɤȉ®ī 10 m, ŨŲ, 2011ħ'Ȫƴǡ�ɥ, GeoEyezIKONOSz

QuickBirdzWorldView-1/2&%(âƴTxNɤȉ®ī Ţ 10 cm-Ţ mɥ� 

� ǾŪ'7�"Ƣą�;:žŸ(¸°ÎČƪŀɤƜȿ»(°(ÎČƭɥ$í~ȱcCF

lR(Ƀ¥) , Ó��8Ȕ.8;"�:5(( , ƾɃ����$�=��"�:ɤSader 

et al. 1989ɥ��;), žŸ'
�:ÔȆðzȟȘ÷ð(ÎČƭ��'Ǹ(ȸzǴǞzȲǪ

(Ĳɖ>İ�Ñ�, Ĩ6ź(ȸ')Ňī�į��4#�:�1�, ¸°ÎČƪŀ)đǸ6

ǝǸ&%(ſƩĀǗɤgDbwQ{ɥ'7�"ù�öÅ�:�$5 , cCFlR(Ŗ

ą>æɐ'�:ɤMuukkonen and Heiskanen 2007ɥ��8'), ɒ6ùƔEAwUu(Ĳɖ

>Ñ�:�4 , �;8>ɇÍ�:¾¶ư�ĽȂ'&:��(7�'æɐ)ø��:� , 

MODIS&%(�ȉ®īɤ250-1000 mɥ\{V>ƴ�"ĩð(cCFlR¸ġ>Ŗą�"

�:�¢5�:ɤBaccini et al. 2008ɥ�|Ŧ, �ȉ®ī�~ɤ60 m ��ɥ(\{V#), Ʒ

®ǿɕ([KRXq>ƴ�:Ŧƛ5�9 , ¸°ÎČƪŀ(2>ƴ�:óÙ'Ɠ."ǚī

�Ü~�:�$�ǈ�;"�:ɤSarker and Nichol 2011ɥ� 

� ~Ȍ(7�& DR ƛ')ø�(æɐ��:�4�1�Ɖµ(ɀȾī6êíȀȃVCi

&%>ǾŪ\{V�8Ƙą�, ���8cCFlR>Ŗą�: CA ƛ(Ɂƺ5ø�Ǽ=

;"�:ɤHall et al. 2006; Labrecque et al. 2006; Asner 2009, Asner et al. 2010ɥ��(Ŧƛ#

), Landsat&%(�'�ȉ®īɤ10-60 mɥ�8ɡȉ®īɤ-10 mɥ(žŸ(JqYi6ĉ

ī�ºȒ#:\{V�7�ƴ�8;:�ŖąǚīɤRMSEɥ), 50 t/haǋī�Ķ8;"

�:� 

 

96� ����� 
��*.�

 

LiDAR ), ċȕ'Ü�"v{O{°>ƺČ�, ÎČ6Š��;"Ƞ�"�°(ĳķ

ūɂ6İī&%>Ƣą�:TxN#�:�°�ƺČ�;"Ƞ�"�:1#(ūɂ�8 , 

ċȕ1#(Țɏ>ǂ:�$�#:��ĝǾŪ�8žŸ'Ü��"v{O{°>Ō�Ȟ

3$ , Ǹ , ź , Ĩ , ŸĪſƲ , íɕ&%ØƄŉȂǞ�8(ÎČ�ūɂğ#Ȍȼ�; , ÎČ

İī(ȻƽŦÜiwg@Cu>Ķ:�$�#:ɤè 5ɥ�|ǲ', íɕ�8(ÎČİī

)Ŭ5ù� , |Ŧ#Ɖµ)ÎČ(Ɂýȱ#�:$Ȅ&�:(# , �(ūɂğ>Ȅ:�

$#, Ɖµɡ>Ŗą�:�$�#:� 

LiDAR >ŚȜ���ĝǾŪ'), Ǚé( ICESat��:ɤSchutz et al. 2005ɥ�ICESat(

�Ƽƻ)ƖĪ(ȗȸÏś(ȉũ#�:� , žŸ(cCFlRŖą'5\{V)Ɲƴ�;

"�:�ȪƴŰɂ) 2003 ħ�8 2009 ħ#�9, Ʈì)ĵǥ( ICESat-2 �ȋƷ�;"�
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:�ICESat( 1å(ȇƢ(gY]itx])ǜ 70 m, v{O{°(Ɯȿ')ȟȘ÷ɤ1064 

nmɥ$ÔȆǧɤ532 nmɥ�ƴ�8;"�:��(�4, ɒ��:$�<#)ȇƢ#&

��AlUx6Ǚé³#(ƀȍ#), ICESat'7:Ɖµɡ(ŖąǚīɤRMSEɥ) 3-5 m

ǋī#�:ɤLefsky et al. 2005; 2007; Lefsky 2010ɥ�ƪ', Lorey’s heightɤǮɡŤɕǏ#ȶ

2!�Ħî��Ɖɡɥ(Ŗąǚī�Ŭ5ɡ��$�=��"�:ɤLefsky 2010ɥ�žŸc

CFlR(Ŗą), ICESat '7:Ɖµɡ(Ŗą«$í~ȱcCFlR(ɂ(ǣɠĬ>ƴ

�"Ǽ=;"�:�ǣɠĬ).ɃŢ'&:�$�, s[xAotG, AgtG, ŶÈA

QA(ǜ 500ƥ(cCFlRȇƢ\{V>ƴ�"ǆ�48;"�:ɤLefsky et al. 2005; 

Saatchi et al. 2011ɥ�Lefsky et al. (2005) ), í~ȱcCFlR>ǜ 60 t/ha(ǚīɤRMSEɥ

#Ŗą�"�:� 

LiDAR (ȋƢ'
�:v{O{°duR), |ąɂɌ�$'ƺČ�;:�ICESat (ó

Ù) 40 Hzɤ1Ǌɂ' 40åɥ#�9, �;), ǾŪȩǼŦÜ'ƚ�"Ħîǜ 170 m (ɂɌ

#ȇƢ�:�$'&:��&=�, LiDAR '7:Ƣą), ɕƻ&\{VÐĶ#)&�, ɏ

Šƻ&ƥ#(\{VÐĶ'&:��(�4, LiDAR '7:Ŗą«$°āTxN&%(ȇ

Ƣ\{V$Ǣ2Ù=�:�$# , Ɖµɡ6í~ȱcCFlR , ƤǞǺǏȸ(ɕƻ&Ŗą

�Ǽ=;"�:ɤLefsky 2010; Saatchi et al. 2011; Harris et al. 2012ɥ�ŋƛ), ICESat'7

9Ŗą�;�cCFlR>şĢ\{V$��ƊŽāǫ#�9, ±¿$�"MODIS\{V

6lCKwƜŠ�ȋ\{VɤQuickSCATɥ��'ƴ�8;"�:�MODIS6Š�ȋ\{

V(ȉ®ī����4, �;'Ù=�"·¿(cCFlR¸ġ5ȉ®ī 1 km$&�"�

:�, �ĵ(ɡȉ®īÅ�ů1;:� 

è 5� ǾŪ LiDAR '7�"Ķ8;:\{V(ƇĬèɤĞè�(ȘǨɥ�ȇƢƥ�$', è

(7�&Ɯı\{V�Ķ8;:� 

 

:6� 	��

 

� ~ȡ(7�', ǾŪȇƢ'7:cCFlRŖą')ƅ�&Aiw{X��9 , �;�

;'otY]z\otY]��:�íð¼ƴ'ĽȂ$�;:ȉ®īɤ10-100 m ǋīɥ#
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