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A14� 3Z	
ɂƽ,.ȞǴ (C) �ǳî( 1500 – 2400 Pg C Ĝȅ�'�=  ?.ƿʄ`EHfT

- 2.3–5.3ɤ ȓß- 1.8–2.9ɤ,Ǹɉ�> (IPCC 2013)� -"8 ɂƽ.ȞǴAȫǼ
�>Ɲˁ+ÝɝAʴ�'�> (Lal 2004)�5" ɂƽȪ-ȞǴ.ƌ)�'ɂƽʴÝʄ)
�'ȨǢ�?'�= ɂƽʴÝʄ.ɂƽ-ʐǐǗ)ɡǐǗAĽ8 ƿʄ2-˃ʅòðě
)+= ɂƽɴǜʄÊǗAĽ8>ÝɝAʴ�'�>�)�į�ȣ<?'�>� 

���+�< ǅ˙�<ɞȤ2-½Ń:ǅ˙­ŏ+*,;%' ɂƽ�ƿʄĐ�<Ȟ
Ǵ�ȆƁ� ɕŞ¤ȞǴ (CO2) )�'ȓß,ɡƟ�?'�"�IPCC (2013) . 2002ə
�< 2011ə,��'ɂȤˈʿʌ¤,;= 0.9 ± 0.8 Pg C yr-1�ɂƽ�ƿʄĐ�<ȆƁ�
'�>)ĔǢ9= ¤ǡɚ˔-ɚƵ-Ź,ƌˁ+ǋ�Ⱥ CO2 ɡƟ.ǅ˙ɨōAƌ)�
"ɂȤˈʿʌ¤(
>)ʔĿ�" (IPCC 2013)�ƅő, ǔ»-ǅ˙ʩǢ. 1990ə�<
2015ə,��'ʱ 3.1%ĚƲ� (4,128 Mha�< 3,999 Mha) ŋȓ-ǅ˙ĚƲ.ɘȎ ɒ
,cmSo (0.984 Mha) �;0Er[]RC (0.684 Mha) (ä�%'�> (FAO 2015)�
Er[]RC(.ǅ˙ʩǢ-ĚƲȀɁ.ȸȞȤ(ŋ9Ľ� (Miettinen et al. 2011)  ?
.ƌ)�' 2000 əzļ,½Ń�?"ưùdmrX�RlrʩǢ-Âȓ,ä��'�" 

(Miettinen et al. 2012)� 

�ɭȺ, ȸȞȤ-ɞùˈʿ,.ɡǐ�ɪ��ȸȞȤ-ɡǐ.ɂƽAīßȺ,� ɂ
ƽʴÝʄ-ʅ¶ȀɁAĽ8>� -"8 ɡǐ�?"ȸȞȤ(.ʅ¶�ǜŜAƻ·>;
�,+= ǚʡȞǴȆƁ�ǜ�>�)�ȣ<?'�> (Mäkiranta et al. 2010; Rowson et 

al. 2010)�ɘȎȸȞȤ(9ưùdmrX�RlrʩǢ�Âȓ�"�),;= ȉ�-ɘ
ȎȸȞȤ�ɡǐ�?>;�,+%"� -č¬ ɡǐ�?"ɘȎȸȞȤ�<ȉ�-ȞǴ
�ȆƁ�?'�" (Melling et al. 2005; Hirano et al. 2007; Jauhiainen et al. 2012)�Hooijer et 

al. (2010) . 2006ə,ɡǐ�?"ɘȎȸȞȤ�< 0.10 – 0.23 Pg C yr-1�ȆƁ�")ʔĿ
� ǳî-ȞǴƣÑ,（ű(�+��øAʸ
'�>)ūȹ�"�5" ɡǐ�?"ȸ
ȞȤ-ȞǴȆƁ.ʄˋȺvƞ))9,ȸȞȤɺʩ-ȱ£A��ä���)�ȣ<?'
�> (Schothorst 1977; Wösten et al. 1997; Hooijer et al. 2012)�²Ɂ+ȱ£.ɞùErbm
-ɠȆ:ƕʎ��<-ƛǐ,;%' ŷȃȺ+ɂȤˈʿAʚ�>�ɞƻ-±ȕ(
> 

(Gambolati et al. 2006; Verhoeven and Setter 2010; Hooijer et al. 2015)� 

ɘȎȸȞȤ-ȞǴȆƁAȵ˖� ˄ Ǖ�>�).Ɲˁ+±ȕ#� ɘȎȸȞȤ,��
'ɂƽ�<ȓß2-ǚʡȞǴȆƁ (NCL: net carbon loss) .ŸāÔȺ,ȓ��ʌɍ� 
。ÃƅǗ�ȓ�� (Jauhiainen et al. 2008)� -"8 ɘȎȸȞɂƽ- NCL-ǕĞˁ�
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-¶ʧAǊ8 ǏȵǞɁAĪƻ�>�)�ɶˁ(
>�5"˜šȺ, ȸȞȤ- NCL

Aɻ¦�>Ǝー)�' ÁǜȐć²ȷAǢ6ƻ�>ǜȐÆȺƎー) ́ ǢƝʌ¤)ȱ£
ȀɁ�<Ǐȵ�>ȱ£ー (Kasimir-Klemedtsson et al. 1997; Grønlund et al. 2008) -ɕ&�
ȶy�?'�"� ɘȎȸȞȤ,��> NCL -ƎーÔ-ɰÅ.5#ĸ@?'�+��
 -"8 ɘȎȸȞȤ- NCLAɻ¦�>ɕ&-Ǝー-đƹ�ɶˁ(
>� 

NCL -ƌˁ+ĲǘˁǴ(
>Ɯȁ�˃Ġì. ȸȞȤ,��'.Ȥ£ǐ{-ȴ£,
;=ǽǊ�?>)ķ
<?'�> (Hirano et al. 2014; Jauhiainen et al. 2014)����+�
< ɘȎȸȞȤ,��'Ɯȁ�˃Ġì,Õ�>Ēï.5#Ğ<?'�= Ȓ@=,ɂƽ
Ġì,Õ�>Ēï�į�ĸ@?'�" (Inubushi et al. 2003; Furukawa et al. 2005; Hadi et 

al. 2005; Melling et al. 2005; Couwenberg et al. 2010; Sundari et al. 2012)�5" ɘȎȸȞȤ
,��'ɂƽĠì�Ɯȁ�˃Ġì)Ȥ£ǐ{-ÕĂ.5#。ÃƅǗ�ȓ�� (Jauhiainen 

et al. 2008) ɘȎȸȞȤ-ɂƽĠì�Ɯȁ�˃Ġì.5#;�ˋ¶�?'�+�� 

ÌǷĤ-ɂƽ-ŊƃƦ¤,;=ʴÝʄʅ¶�ǽǊ�>ÌɂĨ¬ (Birch 1958) .ȸȞ
Ȥ(9Ɲˁ(
>�ÌɂĨ¬.ɂƽ-²Ì,;=Űʨ�"ɴǜʄʵ˅-~ʅ¶ǗʴÝʄ
�ŊƃƦ¤Ĥ,�6:�,ʅ¶�?>Ĝƺ(
> (Marumoto et al. 1977; van Gestel et al. 

1993)��-ÌɂĨ¬.ɂƽĠì�Ɯȁ�˃Ġì)Ȥ£ǐ{-ÕĂ,��>ȓ�+ʌɍ
Aǧʧ�>Ɲˁ+ˁ�-�&�9�?+��+�+< ȸȞȤ(.Ȥ£ǐ{-ȟÜȺ+
ƻƳ,;%'ɂƽ-ŊƃƦ¤�ɼɬ,ǜ�'�>�<(
>�ɂƽ-ÌɂĨ¬.ĻƄɂ
ƽ(.į�ȣ<?'�= (Kessavalou et al. 1998; Borken et al. 2003; Yanai et al. 2007; Unger 

et al. 2012) ʜʕȸȞȤ(9ʴÝʄʅ¶AȟÜȺ,ƻƳ��>�)�ȣ<?'�> 

(Goldhammer and Blodau 2008; Fenner and Freeman 2011)����+�< ɂƽ-ÌɂĨ¬
.ɘȎȸȞȤ(.5#ʔĿ�?'�+�� 

ɘȎȸȞȤƻ-ưùdmrX�Rlr,��' NCL�ȸȞȱ£A*-;�,˄Ǖ(
�>�,Õ�>ȣĔ-ȨǢ.5#ʙ����ɭȺ,.Ȥ£ǐ{AƻƳ��>�)(NCL

�Óˢ�?>)Üȏ�?'�> (Page et al. 2009)����+�< ǐÒˋ�?"ɘȎȸ
ȞȤ,��' NCL�ȸȞȱ£Aɻ¦�"Ēï.4)B*+�� 

 �(ʟĒï(. Er[]RC-�+>ɂȤˈ �ʿ�+>ǐÒˋ-ȸȞȤ,��' 
NCL AǜȐÆȺƎー)ȱ£ー( ?!?ɻ¦� ƎーÔ-ɰÅAĸ��) NCL )ȸ
Ȟȱ£-ǕĞˁ�Aʧ<�,�>�) ɘȎȸȞȤ-ǐÒˋ�ȸȞȱ£) NCL ,ʸ

>�øAʧ<�,�>�)AʬȺ,ĒïAĸ%"�  

ʟˡʆ(. Ȕ 2ƶ(�?5(,ĸ@?"ɘȎȸȞȤ- NCL,Õ˞�>ĒïAǙˋ
� Ȕ 3ƶ(ʟĒï-ʕーAƠ3>�Ȕ 4ƶ(.ǐÒˋ�?'�+��5�5+ɂȤˈ
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ʿ( ŊƃƦ¤Aɪ�Ȥ£ǐ{-ƻƳ�ɂƽĠìȀɁ)Ȥ£ǐ{-ÕĂ,ʸ
>�øA
ʧ<�,�>�Ȕ 5ƶ(.ǐÒˋ�?'�+�CIRCdmrX�Rlr,��'ȸȞ
ȱ£Aɻ¦�"ƻ( NCLAǜȐÆȺƎー)ȱ£ー(ɻ¦� ˓ ƈAɰÅđɌ�>�Ȕ
6ƶ(.ǐÒˋ�?"CIRCdmrX�Rlr)ÓƸȎA×7ʐħ˙,��'ɂƽĠ
ì NCL ȸȞȱ£Aɻ¦�>�Ȕ 7ƶ(.Ȕ 4ƶ�<Ȕ 6ƶ-č¬AɰÅ�ǹľ� 
ɘȎȸȞȤ-ǐÒˋ�ɂƽĠì ȞǴȆƁ ȱ£,ʸ
>�ø,&�'ķŗ�>�Ȕ 8

ƶ,.ʟˡʆ-ˁŮAƠ3>� 
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A24� %",	

2.1 GBC�NM	
ȸȞȤ. ǐʘˢ:Ľ�ɂƽǐʅ-"8,ƿʄ�ȋ�ʢʅ¶-55ǒǩə��'Ǣ6

ƻ�= ĩ�ȌǢ�"ƃȤ(
>�ȸȞȤ,ȅŒ�>ȸȞɂƽ. Soil Taxonomy (Soil 

Survey Staffs 2014) �;0 World Reference Base (IUSS Working Group 2015) -˓ƈ(
Histosols )ʦ）�?'�>�ʜʕȸȞ�ƌ)�'gUPNȁ (Sphagnum sp.) :TOȁ 

(Carex sp.) +*A々œ)�>ǺʟȸȞ(
>-,ȍ�' ɘȎȸȞ.ƌ)�'Qm^K
ȁ (Shorea sp.) :Xn_eLȁ (Calophyllum sp.) d\	 (Tetramerista glabra Miq.) +
*-ȉʼ+įˀƓ˙A々œ)�>ʫƄȸȞ(
> (Anderson 1964; Page et al. 1999)� 

ȸȞȤ.ǳˍ�ʩǢ-ʱ 3%AǪ8>,��+�� ǳˍ�ȞǴĜȅ˖-ʱ 1/4 ,Ǹ
ɉ�> 469.2–486.4 Pg C�ȸȞȤ,Ĝȅ�'�> (Page et al. 2011) (ǎ 2.1)��?.ǳî
-ȓß,Ĝȅ�>ȞǴ- 80–83%,Ǹɉ�> (IPCC 2013)�ɘȎȸȞȤ,.ǳî-ȸȞ
Ȥ,Ĝȅ�>ȞǴ- 15–19%,Ǹɉ�> 81.7–91.9 Pg C�Ĝȅ�'�> (Page et al. 2011)�
ɘȎȸȞȤ-ʩǢ- 77%.ɇɔCSC,ʅ・�  -�$- 80%.Er[]RC)f
p�RC,ʅ・�'�> (Page et al. 2011)�Er[]RC,��' ȸȞȤ.TfZm
Ʌ (0.72´105 km2) InfrVrɅ (0.58´105 km2) adCɅ (0.80´105 km2) -�Øʂ,
ƌ,ʅ・�'�> (Wahyunto et al. 2010)� 
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6	 2.1	ǳî)ɘȎ-ȞǴĜȅ˖ (a) )ɘȎȸȞȤʩǢ (b)�Gm�`�.ŋƱŋȓȢAŻ��Y

�V. IPCC (2013) �;0 Page et al. (2011) �<�ʿ�"� 

Fig.	2.1	Carbon stocks in global and tropical scale (a), and the area of tropical peatland (b). Error bars show 

the minimum and maximum. Data are cited from IPCC (2013) and Page et al. (2011). 
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2.2 GBE�	
ȸȞȤ.ɡǐ�?>)Ȥɺʩ�。¨ëȺ,ȱ£�>�)�į�ȣ<?'�> 

(Schothorst 1977; Wösten et al. 1997; Deverel and Leighton 2010)��-ɡǐ�?"ȸȞȤ-
ȱ£.ƌ)�'ʄˋȺ²ȷ)¤ÆȺ²ȷ(Ĳǘ�?>)ķ
<?'�> (Schothorst 

1977; Hooijer et al. 2012)�ʄˋȺ²ȷ.ɡǐ,;%'ǜ�"Ĭ˯�ƻ�<-¯Ɲ:żƝ
,;=&1?>²ȷ( vƞ (shrinkage) )Ġ/?>��ʕ ǜʄȺ²ȷ.ɡǐ,;%
'īßȺ,+%"ȸȞʄƄ�ʅ¶�? ȸȞɂƽ�<ȆƁ�>²ȷ(
>��-ȆƁ²
ȷ.ȓß2-ɕŞ¤ȞǴ�CO2�ɡƟ 
>�.ʾȅȐʴÝʄ�ːŦȐʴÝʄ-ʾț�
ķ
<? *$<9ȞǴȆƁ)�'ɻ¦�?>� 

ȱ£ȀɁ.ɡǐƨÜ,ȓ�� Ʈ�,Ó:�,+>�)�ȣ<?'�> (Schothorst 

1977; Wösten et al. 1997; Pronger et al. 2014)�Hooijer et al. (2012) .ɘȎȸȞȤƻ-CI
RCdmrX�Rlr(ȱ£ȀɁAǿȵ� ɡǐĤ 1 ə(ʇû 75 cm yr-1 2–5 əĤ,
19 ± 4 cm yr-1 6əzļ. 5.0 ± 2.2 cm yr-1-ȱ£ȀɁAʔĿ�'�>�5" ȓ�+ʹ
ǢƝ ȴ�Ĭ˯ˎ Ľ�ºʅ×˖.ȱ£-ʄˋȺ²ȷA˄Ǖ�>�)( ȱ£ȀɁAȴ
£��>�)�ȣ<?'�> (Deverel and Leighton 2010; van Asselen 2011)��<, Ȥ
£ǐ{-ȴ£.ȱ£-ʄˋȺ²ȷ�ǜʄȺ²ȷ-˓ƈAǽǊ�>�)( ȱ£ȀɁAƻ
Ƴ��>�)�ȣ<?'�> (Schothorst 1977; Hooijer et al. 2012)� 

�ʕ ")
ȸȞȱ£�+�%")�'9 ȸȞȤɺʩ.àǦȺ�ȟÜȺ,ʌ¤�>
�)�ȣ<?'�> (Roulet 1991; Price and Schlotzhauer 1999)��-ȸȞȤɺʩ-¨ëȺ
+Ǥɍ. ȸȞ�Ȥ£ǐ{-ƻƳ,;=ʛȬ� Ȥ£ǐ{-£ļ,;=Ɣƞ�>�),
;%'ä�>)ķ
<?'�> (Fritz et al. 2008)�ȸȞ-ȱ£ȀɁAǏȵ�>ő,. 
�-ȤɺʩǤɍ-�øAƍ=Ư�ɶˁ�
>� -"8 。¨ëȱ£,ȍ�'ȤɺʩǤ
ɍ�（ű(�>4*-ȯÜȺ+ȭŇÜÔAǥ�> (Leifeld et al. 2011; Aich et al. 2013; 

Pronger et al. 2014) 
>�.ȤɺʩǤɍAĦņ)�'w� Ȥɺʩȴ£)ɡǐĈ²ŸÔ
)-·Þúǯ�<ȱ£ȀɁAǏȵ�> (Schothorst 1977; Hooijer et al. 2012) ʕー�ōʿ
�?>� 

2.3 GBC�:SB<?/7FQR	
˜šȺ, ȸȞȤ-ǚʡȞǴȆƁ-ɻ¦Ǝー.ƌ)�'z£-ɕ&�ȶy�?'�" 

(Kasimir-Klemedtsson et al. 1997; Grønlund et al. 2008)� 

2.3.1 ;@�H1R	
ǜȐÆȺƎー. Ɯȁ�˃Ġì:ˇˀˇů+* ǜȐćɓ-ȞǴ-�ɍAĲǘˁǴ�
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),ğʊ,ǿȵ� òð˖)ȆƁ˖-ņ(ɻ¦�>Ǝー(
>�ɒ,ʜʕ-ǺʟȸȞȤ
(. �3'-ȞǴȆƁ� CO2 )�'ȓß,ɡƟ�?>)¥ȵ� ǜȐć�<- CO2 

flux (NEE: net ecosystem exchange) AǜȐÆȺƎー:�ǸÕー(ǿȵ� ȞǴƔŬ)�
'ɻ¦�'�" (Nykänen et al. 1995; Silvola et al. 1996; Ojanen et al. 2012; Knox et al. 2015)�
�ʕ ɘȎȸȞȤ,��'ɂƽɺʩ-ǚʡȞǴȆƁ (NCL: net carbon loss) AǜȐÆȺ
Ǝー(ɻ¦�"Ēï.Ʋ+��Murdiyarso et al. (2010) . NCLAĲǘ�>ǜȐÆȺ²ȷ 

(ˇˀˇů ĢŰń˖ Ɯȁ�˃Ġì) AÛ�-ˡʆ�<�ʿ� iV¶Ǡ,;%'a�
hʲdmrX�Rlr(- NCLAǏȵ�"�5" Hergoualc’h and Verchot (2011) 9Ɏ
ʼ,iV¶Ǡ,;%'ɘȎȸȞȤƻ-�5�5+ɂȤˈʿ,&�' NCL Aɻ¦�;�
)Ų6 żǲ˙)a�hʲdmrX�Rlr( NCL Aɻ¦�"����+�< ɘȎ
ȸȞȤ,��>9��&-ƌˁ+dmrX�Rlr(
>CIRC- NCL .ǜȐÆȺ
Ǝー,;%'5#ɻ¦�?'�+�� 

2.3.2 E�R	
ȱ£ー.ȸȞȱ£,ɪ�ʹǢƝ-ʌ¤��3'ȱ£-ʄˋȺ²ȷ,ä��>)¥ȵ

� ɡǐǱ)ĜŒ-ʹǢƝ�;0ʴÝȐȞǴ×˖Aʿ� ȱ£˖�<ɡǐǱ-ɺǶɂƽ
-ĩ�Aí8 ɡǐǱ�<ĜŒ5(-ɂƽȞǴĜȅ˖-ĚƲȀɁ(ɻ¦�>Ǝー(
>�
ȱ£ー.ƌ)�'ʜʕȸȞȤ(ʿ�<? (Schipper and McLeod 2002; Leifeld et al. 2011; 

Simola et al. 2012; Aich et al. 2013) üə(.ɘȎȸȞȤ(9Ȼʿ�?>;�,+%'�
" (Hooijer et al. 2012; Couwenberg and Hooijer 2013)� 

ʜʕȸȞȤ(.ǜȐÆȺƎー)ȱ£ーAɰÅ� ȱ£ー�ǜȐÆȺƎー;=9Ľ�
NCLAǏȵ�>�)�ʧ<�,+%" (Grønlund et al. 2008)��?.ȱ£ー�ȍƺ)�
> NCL -ÜÔ�ɡǐȰǱ�<ĜŒ5((
>-,ȍ� ǜȐÆȺƎー�ȍƺ)�>
NCL -ÜÔ.ǿȵÜÔ-6( ɡǐƨÜ-ȓ�+ȞǴȆƁA×B(�+��<#)ķ

<?'�>��ʕ NCL AǜȐÆȺƎー)ȱ£ー(ɰÅ�"Ēï.ɘȎȸȞȤ,.
5#+�� 

2.4 GBC�I5'!�2>�X'!
9&W�	
ɘȎȸȞȤ- NCLAɻ¦�"Ēï.5#Ʋ+� 5" NCL-ƌˁ+ĲǘˁǴ(


>Ɯȁ�˃Ġì (HR: heterotrophic respiration) ,Õ�>Ēï95#Ʋ+� (ɺ 2.1)��
��ɘȎȸȞȤ-ɂƽĠì (SR: soil respiration) .ɰÅȺį�ɻ¦�?'�"���(
. SR�;0 HR-ǕĞˁ�,&�'Û�-ĒïAǙˋ�>� 
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2.4.1 NI_[	
ǣǇɔɋ-ŴȣĢ,ĄƱɡ;ƈǎƯǢ�Ȩ¨�?�('�ĢĆÜ+ǐƕǛ*�æCɇ


?!�'*��Ǉ¦;ǣůƂȤ�ǣůɖ¨Àƅ�Ȩ¨�?�('ĢĆÜ( HR+Ëƕ
Ǜ*�æCɇ
�SR CȨ¨��?�(�ǆ=@&�? (Wagai et al. 1998; Raich and 

Tufekciogul 2000)�ǻƸǚǂǇ+��&-�łƠɣ�=Ƃǟ (Inubushi et al. 2003)�ĕį
Ǉ (Takakai et al. 2006)�n	xɄr��c	W~� (Melling et al. 2005) +ǣǇɔɋ�
Ȩ¨�?�('�SR�</ HR�Ȩ¨�?�(�Ȼ=�+*#&� � 

2.4.2 I�	
Ǉ¦-SR�</HRCƄą�?:#(:ÐȴǛ*Çãɍ�(�&Đ�ǆ=@&�?�

ȳȭǚǂǇ+��&:�Ǉ¦,ŭŦ+<> SR�</ HR�ƫŻ�?�(�Ȭğ�@&
� ��ȭ�ǻƸ'-Ǉ¦,ÖƘȨ¨�Ť*� 9�Ǉ¦( SR�</ HR,Ìí�ș
Ȼɟ'
?�(�ƴ��Jauhiainen et al. (2014) -ŋČ�?�('Ǉ¦CȨ¨���ǻƸ
ǚǂǇ':Ǉ¦,ŭŦ� SR�</ HRCƫŻ��?�(CȻ=�+� � 

2.4.3 I =�	
ǚǂǇƈƹò'-�ǣůƂȤ+ƺB>Ǉ§Ƃ� (GWL) � SR�</ HRCƄą�?

ŭ'śɍ'
?�(��@6'Ȭğ�@&�  (Kim and Verma 1992; Glenn et al. 1993; 

Silvola et al. 1996)�*�*=ǚǂǇƈƹò+��&�Ǉ§Ƃ-ě�(*=/ǣůƂȤ,
śɍ*ßă!�='
?�ǻƸǚǂǇ+��&: GWL ,Ǖ§� SR �</ HR CƫŻ
�?�(�Ȭğ�@&�  (Couwenberg et al. 2010; Hirano et al. 2014)� 

2.4.4 �
E
>.]�	
Ǉ¦;Ǉ§Ƃ��¹+:�SR �</ HR +�§,Ƅąɍ��Ȭğ�@&� �ǚǂ

ǣů-Ĵƅűù+
?�(�ƴ��ǣůĴƅ,ǋɪ� SR�</ HRCƫŻ�?�(�
ǆ=@&�? (Murayama and Bakar 1996; Ye et al. 2012)�6 �ĹȒ;ɏȤ¬ßƅ,ƪ
ƻ�ǚǂ,Ȥ³CƫŻ�@?�(:Ȼ=�+*#&�  (Takakai et al. 2006; Arai et al. 

2014; Comeau et al. 2016)� 

ǻƸǚǂǇ+��? SR �</ HR +Ì�?�@6',ǆÿ-Ō(�&ǼƑĳ SR�
HR(ǼȦèǇ¦�ǼȦè GWL�ǼȦè pH*)(,Ìí�=ǲ=@&�>�r�[Y
�s�,ǆÿ-6!șƮ�&�?�ǻƸǚǂǇ, SR ƯǢ- GWL �ǇȖȽȚé'-
GWL,Ǖ§+<>ƫŻ�?�(�Ȼ=�+*#&�  (Jauhiainen et al. 2008; Hirano et 

al. 2009)��ȭ'�GWL�Ǖ�Ȗƣǣů�ÃƦ�&�?(�+-�SRƯǢ-ƻ��Ȩ
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Ǯ� GWL'-ƝðǛ+ƙȻ'���SRƯǢ( GWL(,Ìí-ǔŬï+ÿ
? (Kim 

and Verma 1992; Jauhiainen et al. 2008)� 

ÃƦĈ,ǣů,ĦŅŠ¨+<>ɅÓȣȤ³�ƫŻ�?Ãǣč® (Birch 1958) -ǚǂ
Ǉ':śɍ'
?�Ãǣč®-ǣů,±Ã+<>ļȼ� ȓƈȣɆɐ,�Ȥ³ƅɅÓȣ
�ĦŅŠ¨Ĉ+�7;�+Ȥ³�@?Ąū'
? (Marumoto et al. 1977; van Gestel et al. 

1993)��,Ãǣč®- SRƯǢ�HRƯǢ( GWL,Ìí+��?ƻ�*ȨǮCƙȻ�
?śɍ*ɍ�,�$�:�@*��*�*=�ǚǂǇ'- GWL,ǃÒǛ*ŭŦ+<#
&ǣů,ĦŅŠ¨�Șȏ+ƈ�&�?�='
?�ǣů,Ãǣč®-Ěņǣů'-Đ�
ǆ=@&�> (Kessavalou et al. 1998; Borken et al. 2003; Yanai et al. 2007; Unger et al. 2012)�
ȳȭǚǂǇ':ɅÓȣȤ³CǃÒǛ+ŭŦ��?�(�ǆ=@&�? (Goldhammer 

and Blodau 2008; Fenner and Freeman 2011)����*�=�ǣů,Ãǣč®-ǻƸǚǂǇ
'-6!Ȭğ�@&�*�� 
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G39� J1I�TU	

3.1 J1I#]	
ȴþÞ-G�fjWE,�*?ǣǇɔɋ�ǣǇÈɖCÍ8n��N�|ĸéę,N�

�n�O�Ƴ(�EIŔn�N��Q��`ĸ�=ǴǴǥ2Ƀ 40 km, APRILšɅ,
��Oxȁ��</Ǵǥ2Ƀ 130 km,x��cFȁ�,ǚǂǇCƷū(�  (ſ 3.1)� 

  

 

 

 

 

 

 

 

 

 

3.1.1 ������3-0	
ǋ£N�v�^�Ŕn��N�|ĸéę- Mega Rice Project +<?ƂɩìİĈ+Ƃ

Èɖ�@&�*�ǚǂǇ'�ǼȦèÕ¦ 26.5°C�ǼěƂɡ 2235 mm (Ȭğ�@&�? 

(Hirano et al. 2007)�ǚǂ-Ƀ 26,000ǼƟ�=ƶƑ�Ķ9 (Page et al. 2004)�ĄĮ- 3–6 

m ƶƑ�&�?�ǣůï-ȁǇ'- Hemic Haplofibrists +��@�¹,ǣǇɔɋ'-
Typic Haplofibrists+�@�@Ȥɥ�@? (Soil Survey Staffs 2014)� 

�,Ǉ�+- 1981 Ǽ�=·ġ�ǸŴ�Ķ6# �1995 Ǽ,ƻǪɢɦƼ 82 ĝ 

(Commercial Advisory Foundation in Indonesia 1996) +<>�ƨô 1.5 Mha,ǚǂǇCƂ
ǟ+·ġ�?ô² (à Mega Rice Project, G�fjWEĉȺ Proyek Lahan Gambut Sejuta 

Hektar) �ŇĹ�@�ƻ×Ⱦ*ȄƂɩ�n��N�|ĸéę�=µÎ6'Ś¤+ìİ�
@  (Limin et al. 2007)���� 1997Ǽ,K��h	h~Ąū+Ȋ�ǚǂǇ¯Ī (Page 

et al. 2002) ;ȓɡȔŽ�ɏƢõȱ+Ù��?�,șȹ (Ambak and Tadano 1991) +<
>��,ô²-ȄƂɩCĵ� 66 1999Ǽ+ƇŃ+ŕɝ�  (Limin et al. 2007)��ŭ
,<�*ǣǇɕɨ+<>�ĄĮ�n��N�|ĸéę+-Ō(�&¯ĪƓǇ (burned 

land: BL)�ĕįǇ (cropland: CL)�Ÿɣ (forest land: FL)�ƩǇ (grassland: GL) �ƱĮ�

;	 3.1	ǍĤǇ,Ǉſ�
Fig.	3.1 Map of the research site 

Kalampangan, Palangka Raya
Central Kalimantan
(2°17'S, 114°01'E)

Pangkalan Kerinci,
Riau

(0°21'N, 101°52'E)
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?�ǍĤǇǝ-Ō(�&ǚǂf	xǏŭ+�ǈ�?� ǍĤǇǝ,ǇſCſ 3.2+Ł�� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¯ĪƓǇ (BL) +- 4$,ǍĤr�ae (BL1, BL2, BL3, BL4) CƗ� �¯ĪƓǇ
'- 1997Ǽ�ě�45ȶǼǚǂ¯Ī�ȇƈ�&�  (Langner and Siegert 2009; Yulianti 

et al. 2012)�ǋ':K��h	h~Ǽ'
? 1997Ǽ�2002Ǽ�2009Ǽ+-ÊƭǇǝ+
��&:ǚǂ¯Ī�ȇƈ� �¯ĪƓǇ+��?Ōɍ*Ŵƈ-W_Ŵȣ,nPY 

(Stenochlaena palustris (Burm. f.) Bedd.�G�fjWEȺ Pakis�DayakȺ Kalakai) '�ɮ
ɀ,eHw (Combretocarpus rotundatus Danser�G�fjWEȺ�DayakȺ Tumih) ;W
_Ŵȣ,Gkze]Iư (Pteris spp.�DayakȺ) �Ĳÿ�@ �ǣůȖƣ+-ǚǂ¯Ī
'ƈƆ� (Ė
=@?ǂ�ƃ cm �=Řƃ cm ƶƑ�&�?�BL1 (2°20’31” S, 

114°02’16” E) �</ BL2 (2°19’23” S, 114°00’59” E) - 1997Ǽ,¯Ī+<>ǚǂȖƣ�
ħƻ 30 cmŹ6'ŧń� �BL1-¯ĪĈ+ŸɣŴƈ,´ȡ�¼Ǻ�@ ��BL2'-
¼Ǻ�@*�# ���� BL1 � 2002 Ǽ 7 ø�</ BL2 � 9 ø+ĦǢ¯Ī+
��
�Ĉ)"=:ŸɣŴƈ-´ȡ�&�*��BL3 (2°18’40” S, 114°03’59” E) -Nl|�ƚ
�=ǴƋ+Ƀ 3 km�BL4 (2°19’19” S, 114°03’28” E) -Ƀ 4 kmɗ@&Ɨǈ�@ �BL3

;	 3.2	n��N�|ĸéę+��?ǍĤǇǝ,Ǉſ (Google Earth, Digital Globe, 2016 Ǽ 12 ø

31ǷǸŎ) 

Fig.	3.2 Map of research plots near Palangka Raya, Central Kalimantan, Indonesia (Google Earth, Digital 

Globe�retrieved in 31st December, 2016) 
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( BL4 ,Ë+-ÅƝǰɩ�Ȝ�@&�?��, 9�BL3 ,Ƃ�-Nl|�ƚ,�æ
Cä�Ő�&�?��BL1, BL2, BL4-Ő�&�*�� 

ȁǇ+-ĕįǇ (CL, 2°17’00” S, 114°00’40” E) + 3 $,ǍĤr�ae (CL1, CL2, 

CL3) CƗ� �ȁǇ-Ō(�& 1981Ǽ�=ǸŴ�&� ż�+<>�6@�N��n
�O�ƳCĒƆ�&�?�ǸŴ+ĭ�&-�ć
 > 0.25 ha,ŗáúĬ��Ŕ�=ɇ

=@�Ŕ+źƌ�â¬�§>@.�ȁ­- 2–4 ha ,ŷ×ȁǇC·ġ'�?�CL1 �
</ CL3'-Ō(�&eIz�UW (Zea mays L.) �ĩȅ�@�1Á,œ�+ƃÁ,t
I��Ʃ (Spinacia oleracea L.) �ĩȅ�@?�(�
# �CL2'-tI��Ʃ;G�
T�  (Phaseolus vulgaris L.)�P{aVm  (Manihot esculenta Crantz.)�gY  (Solanum 

melongena L.)�eIO�W (Capsicum annuum L.)�o	gab (Arachis hypogaea L.)�n
nG| (Carica papaya L.) *)�ĩȅ�@&� �Ȃŏŀ+¨ÀȒɞ (N 16%, P2O5 16%, 

K2O 16%) ���,ƃŖËĈ+ǹƢ;ƶȒ�¶*)�Ĺɇ�@ �ǊƢĹȒɡC Table 

3.1+Ł�� 

Q	 3.1ĕįǇ (CL1, CL2, CL3) +��?ǊƢ (N) ĹȒɡ 

Table	3.1	Nitrogen (N) fertilizer application rate in croplands (CL1, CL2, CL3) 

Plot Year Main crop 
N fertilizer application 

year−1 kg N ha−1 year−1 

CL1 2002–2011 Corn 3–4 665–1638 

CL2 2002–2005 Egg plant 4 773–800 

 2006–2008 Grass 0–1 0–84 

 2009 Peanut and spinach 9 608 

 2010 Red pepper 3 78 

 2011 Papaya 4 37 

CL3 2002–2011 Corn 3–4 785–1278 

Data in 2002–2004 were cited from Takakai et al. (2006), and data in 2005–2006 

were cited from Toma et al. (2011). 

Ÿɣ  (FL) -ǚǂ¯Ī;·ġƟ,Ā�,ǣǇɔɋ'
?�ĒƆőŏ-Ō+rg― 

(Tetramerista glabra Miq.)�[�O�� (Shorea sp.)�c�luQư (Calophyllum sp.)�S
�i^x (Combretocarpus rotundatus Danser)�h|e	ư (Palaquium sp.)�IL	^	
Ox (Syzygium sp.)�X~�U� (Dactylocladus stenostachys Oliv.)�XJ�e� (Dyera 

costulata Hook. f.)�v	W}t�	 (Ilex cymosa Blume)�r��� (Tristaniopsis obovate 

(Benn.) Peter G. Wilson & J.T. Waterh.)�N`kPư (Diospyros sp.) *)'
? (Tuah et 
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al. 2003)�FL1 (2°20’41” S, 114°02’14” E) -Nl|�ƚ�=ǴƋ+Ƀ 8 km�ȄƂɩ�=
Ƀ 300 mɗ@ Ůš+�ǈ�&�?�FL2 (2°19’35” S, 113°54’15” E) �</ FL3 (2°19’00” 

S, 113°54’29” E) -n��N�|ƻÀ CIMTROP (Center for International Cooperation and 

Management of Tropical Peatland) �Èɖ�? NLPSF (Natural Laboratory of Peat Swamp 

Forest) +
>�FL2 -[m�OIƚ�=Ƀ 700 m ǴǴƋ+�FL3 -[m�OIƚÎ+
�@�@�ǈ�?�FL1 -ȄƂɩ,�æCŐ��ǼËCǓ�&Ǉ§Ƃ�-Ǖ���FL2

�</ FL3-ȄƂɩ�ƱĮ�*�łƠȪĊɣ'
?� 

ƩǇ+- CL1–3,é�+�$,ǍĤr�ae (GL, 2°17’01” S, 114°00’39” E) C 2002

Ǽ+Ɨ�  (Takakai et al. 2006)��@-N��n�O�Ƴ, CLr�ae,��ɤ+�
ǈ�?�GLr�ae,Ŵƈ-ňƈ'�2009Ǽ6'ĹȒ�@�+­ǉɋĨƩǇ(�&È
ɖ�@&� � 

3.1.2 ����P�	
�EIŔ��Oxȁ�-n�rɋENWE,r��c	W~�'�N�n�ƚ,Ȏɓ

ā+�ǈ�?�6 �W�e�Ǿǣ�ȯț'�ēƂŀ+N�n�ƚ�=�.@ ǣĥ�
Ȗƣ+ƶƑ�&�? (Cecil et al. 1993)�ȴȁ�-�ȁýōǲƟ+-ǜƠɣ'
# ��
1997Ǽ 11ø�= 12ø+��&ǜƠɣ�ȈĨ�@�ȄƂɩ�ìİ�@ ��,Ĉ�1998

Ǽ 3ø�=ENWE (Acacia crassicarpa A. Cunn. ex Benth.) ,r��c	W~���6
@�ɣť+-W_Ŵȣ,nPY (Stenochlaena palustris (Burm. f.) Bedd.) �ȏȿ�&� �
6ǼœÒ,Ŵɣ�Œ½�	c	W~�� 2´ĘB@�3ǢɁ,�	c	W~�- 2005Ǽ
12ø�= 2006Ǽ 1ø+��&ĘB@ Ƥ�ɀ,Ŵɣ�=·Ķ�@ �ENWE- 1333

ȴ ha-1,ĩŴȸǢ'Ŵɣ�@�ɀ 1 ȴ
 >��ĚƐ 250 g�tIĥ 10 g�ɰɛų,
Ǳ��¡Ȓɞ (Ǳ 15%��¡ 10%�ɚ¥ 6%) �Ĺɇ�@��Ŵ 30ǷĈ+ɀ 1ȴ
 >
ǹƢ 40 g(¢¨N�Ix 50 g�Ĺɇ�@ ��,r��c	W~�,ȄƂĔ+Ʒ�&
ƀǐ+e��[QeCƗ��ȄƂĔ�= 100 m Ë¿' 6 $,Ǉǝ (AP1–AP6, 0°09’09” 

N, 101°33’49” E, µȉ 16–17 m) CƗ�  (ſ 3.3)�AP1-ȄƂĔ+ħ:é��ħ:ƛ�
ǚǂĎC:$��ȭ�AP6-ħ:Ď�ǚǂĎC:$��@=,ǍĤǇǝ' 2008Ǽ 9ø
�= 2010Ǽ 12ø+��&ȶøǍĤCĘ# ��,ǍĤÒË- 3ǢɁ,ĩȅ,Œ½Ɵ 2

ǼË+Ƨǧ��ȴǍĤǇ�ȄƂ�@Ķ9&�= 13 Ǽó±Ĉ+V�r��RCĶ9 �
ěƂɡ-ȴǍĤǇǝ�=Ƀ 10 kmɗ@ Ůš'Êƭ�@ � 
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3.1.3 �����P�	
 �EIŔx��cFȁ�-N�n�ƚə�,ěƂɬɏƅǚǂǇ+ƱĮ��ÉŪƸC

åD'ȪĊɣCǚǂf	xǏŭ+ĵ�*�=n�rɋENWE (Acacia crassicarpa A. 

Cunn. ex Benth.) ,r��c	W~���6@�ɣť+-W_Ŵȣ,nPY 

(Stenochlaena palustris (Burm. f.) Bedd.) �ȏȿ�&� �ȴȁ�- APRILŉ��ȁýō
ǲĈ, 2009 Ǽ+r��c	W~�ê²,·ġ(ȄƂ�·Ķ�@ ���ȁýōǲƟ,
2001 Ǽ�=łƠɣ,�ȮƽȈ�ĘB@�ţ×Ⱦ*ȄƂɩ�ǚǂf	xǏŭé�6'ì
İ�@&�  (Bathgate and Rachmady 2012)�ǍĤ- 2012–2013Ǽ+Ę���@-ȄƂ
Ĉ 4Ǽ�ó±�&� �ĩŴȸǢ(ĹȒ-��Oxȁ�(ǯɉ!# �ǚǂf	xǏŭ
+ÉŪƸCÍ9 łƠɣCĵ�&�?�ǍĤǇǝ,ǇſCſ 3.4+Ł��ENWEr�
�c	W~�+ 2Ǉǝ (A1, A2) CƗ� �A1 (0°14’40” N, 102°31’30” E) - A2 (0°13’50” 

N, 102°32’45” E) <>ȕĜ,Ǖ��ǈ+
>�A2,é�+-ǨĜƝ(ƀǐ*Ƃɩ�
?
��A1-ǨĜƝ(ƀǐ*Ƃɩ�=ɗ@&�?�A1- 2010Ǽ+�A2- 2009Ǽ+�@
�@Ŵɣ�@�ǍĤÒË+��&ENWE,őɧ- 3–4Ǽ!# �ENWE,Ɔǎ-ȑ
¾Ǜƥ��A1�A2+��&ɣÄ-Ñ+ȧ�&� �łƠɣ+-f	xǏŭ+ 1Ǉǝ (N, 

0°17’13” N, 102°33’10” E) CƗ��łƠɣ(ENWEr��c	W~�,Ë,ÉŪƸ+
1Ǉǝ (B, 0°16’09” N, 102°32’23” E) CƗ� �Ǉǝ B+-y��INư (Melaleuca sp.) 

;	 3.3	��Oxȁ�+��?ǍĤǇǇſ� (Google Earth, Digital Globe, 2016Ǽ 12ø 31ǷǸŎ)�
Fig.	3.3 Map of Langgam estate (Google Earth, Digital Globe�retrieved in 31st December, 2016) 

Small
drainage

ditch

AP1
AP2

AP3
AP4

AP5
AP6

100 m
100 m

100 m
100 m

100 m
100 m

Shallow peat
(3.5 m)

Deep peat
(4.5 m)

16 m a.s.l.

17 m a.s.l.
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� 2010Ǽ+Ŵ
=@ (ǍĤÒË+��&őɧ 3Ǽ)�ENWE(-�*>ɣÄ-6!ȧ
�&�*�# � 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȴǍĤǇ-�§,ƂɩƗô(ƂÈɖCĘ#&� � 

1. Ƃɩ-ENWEr��c	W~�+,7�ÐȴǛ+ǨĜƝ+�#&ìİ�@ �ż
;ȣľ,ȍŝǸCɁǛ(� ǨĜƝ(ƀǐ*Ƃɩ+-_xCƗǈ��Ƃ�CÈɖ
'�?<�+� � 

2. r��c	W~�ê²,�Ö,Ǉ§Ƃ��-0.9 �=-0.4 m +*?<�+_x,·
ȧCǍƘ� (ɁȕǇ§Ƃ�)�ÃÖǫɐƟ+-Ǉ§Ƃ��-0.5 m�=-0.4 m+*?
<�+ǍƘ� � 

3. ÃÖ+-_xCŰ+ȧ�  

ŭØ 2'Ø� Ǉ§Ƃ�-ɁȕƂ�'
>���ø+�Ǣ,ȘǢ'ȁ�ÈɖY^ap�
r��c	W~�ºǇ'Ǉ§Ƃ�Czh^��R��_x,·ȧCǍƘ� � 

  

;	 3.4	x��cFȁ�+��?ǍĤǇǝ,Ǉſ 

Fig.	3.4 Map of research plots in Meranti estate. 
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3.2 J1(&	
ǍĤÒË-ǍĤǇ+<>�*?�Ȗ 3.2+ºǇǝ,ǍĤÒËCŁ� � 

Q	 3.2ǍĤǇǝ,ǍĤÒË�</ȘǢ 

Table	3.2 Sampling periods and intervals 

ǍĤǇ 

Site 

Ǉǝ 

Plot 

ǍĤÒË�ȘǢ 

Sampling periods and intervals 

Palangka BL1 2003, 2009–2011 (ø 1); 2002, 2004–2008 (Ǽ 2) 

Raya BL2 2003 (ø 1); 2002, 2004–2008 (Ǽ 2) 

 BL3 2008–2011 (ø 1) 

 BL4 (BL3+ǯ�) 

 CL1–CL3 2003–2005, 2010–2011 (ø 1); 2006–2009 (ø 2) 

 FL1 (BL1+ǯ�) 

 FL2 2004–2005, 2010–2011 (ø 1); 2006–2009 (Ǽ 2) 

 FL3 (FL2+ǯ�) 

 GL (CL1–CL3+ǯ�) 

Langgam AP1–AP6 2008Ǽ 9ø – 2010Ǽ 12ø (ø 1) 

Meranti A1 2012Ǽ 6–7ø�2013Ǽ 3–7ø (Ŗ 1);  

2012Ǽ 11ø–2013Ǽ 2ø (ø 1) 

 A2 (A1+ǯ�) 

 B (A1+ǯ�) 

 N 2012Ǽ 6–7ø (ø 2); 2013Ǽ 3–7ø (Ŗ 1); 

2012Ǽ 11ø–2013Ǽ 2ø (ø 1) 

3.3 N:QW��
�������	
ǣůȖȽ�=,OYp�aQY-ƎǛ`{�m	Ȯ+<>ƭǖ�  (Toma et al. 

2011)�ºǇǝ+-ǇŭȞƩȴCÂ>ō# ê²(�ǣůɅÓȣȤ³-ǇŭȞƩȴCÂ
>ō>�30 cmŹ,ĢCƔǄ��ǬŅȲĢW	e'ǣůǄȽCȢ��ǣůCȵ9ɂ� 
ĢƔê²C�@�@Ɨ�  (��@: 60 cm × 30 cm)�ƟŊ,ê²�=, CO2 fluxCǣ
ůĆÜ (SR)�ĈŊ,ĢƔê²�=, CO2 fluxCřư�ɏĆÜ (HR) (� �`{�m
	Ȯ+-Ȇŵ,Yc��YƊ�ǩ,`{�m	 (Ĝ� 25 cm, ǳñ 18.5–21.0 cm) (s
	Y (ǳñ 18.2 cm) Cɋ� �ºê²+ 3Ȍȡ's	YCŰƗ��V�r��Rȶ+`
{�m	Cs	Y+ǈ�&V�r��RC·Ķ� � !�ĕįǇ+��&-s	Y,
ǦǵȲĻ, 9�ƟǷ+ǍĤǇǝ+ȝ��̀ {�m	Cǣů+ǐƕģ�ĠD'ƭǖ� �



 
17 

`{�m	, 6ȤË,ȸȧƟĈ,OYC TedlarmaR (GL Sciences Inc., Tokyo, Japan) 

+ȟǸ���,Ƿ,�"+ƒ¹Ɲ CO2ȤƏÓ (ZFP-9, Fuji Electric Systems, Tokyo, Japan) 

Cɋ�& CO2ǿǢCƭǖ� �ƒ¹Ɲ CO2ȤƏÓ-V�r��Rȶ+\�ǝđƇC�
G�fjWEǡėȶ+Yn�đƇCĘ# �\�ǝđƇ+-]	_Ɛ¶Cɋ�& CO2 

freeOYCįƆ���@Cɋ� �Yn�đƇ+- 1820 × 10−6 m3 m−3,üǖȚ� CO2ȕ
şOY (N2s	Y)� CĿı�&��@Cɋ� �CO2 flux (mg C m−2 h−1) ,ôĳ-`{
�m	ȸȧǋ+ƭǖ� Õ¦ (Ta, °C, testo 635, testo, Kanagawa, Japan) Cɋ�&��§
,Ń'Ę# � 

CO
#
	flux = *

+,

+-

.

/
0

273.15

273.15 + 8
9

12.0

44.0

 Ń 3.1 

��'�ρ-ȕşųƹ+��? CO2,OYȸǢ (1.977 kg m−3)�Dc-`{�m	ȸȧƟ
Ĉ, CO2ǿǢ,ģ (10−6 × m3 m−3)�Dt-`{�m	,ȸȧŀË (0.1 h = 6 min.)�V-`
{�m	,ɈƑ (m3)�Sb-s	Y,ǗȽƑ (m2)�12.0�</ 44.0-�@�@ C,āķ
ɡ�</ CO2,Ȥķɡ'
?� 

3.4 �������	�,
Y��%+]�	
`{�m	ȸȧǋ+ 4 cm Ź,Ǉ¦ (Ts, °C) �</ƵƑÍƂɘ (m3 m−3, ADR, ML2 

Theta Probe Delta-Y Devices, Cambridge, UK) Cº`{�m	3Ȍȡ'ƭǖ� �6 �
ºǇǝ+ǚǂƶƑȣ§,Ěņǣƣ+ƿ�?6' PVCnGrC¡ǐ+Ɨǈ��Èǭ–ƂȽ
�</Èǭ–ǇȖȽ,Ĝ�CU�saQY'ƭǖ�?�('�Ǉ§Ƃ� (GWL, m) (Ƒ
ĳơǑ§ɡ (CST, cm) Cƭǖ� �ƧƷŅǢ-Õ¦,ƭǖ(ǯŀ+ǯ�ƭÏCɋ�&ƭ
ǖ� � 

3.5 N:
`!$?	
ºǇǝ'V�r��Rȶ+Ȗƣ 10 cm ,»ɒǣůCĨō��ȠÃĈ 2 mm '0?#

 �ȠÃǣ(ǀ¢ƂC 1:20'Ŷɯ��O�YǠçȚ� pHô (2009Ǽ6' pH meter F-

22, 2010Ǽ�ě- pH meter F-25, Horiba, Kyoto, Japan) 'ǣů pHCƭǖ� ��,ǣ�
ȑ 1:20-ŷƞǣ(ǀGM�Ƃ 1:5+Ƨǧ�?��,ûƾ�C 0.2 µm,y�q��pF
�^	'ǌŝ��ǣů,ŨĴƹǊƢÍɡ  (NO3

−-N) CGM�Q�veR�pȮ' 

(DIONEX Ion Chromatograph DX-AQ, DIONEX Japan, Osaka, Japan)�ƂɊƅɅÓƹǂƢÍ
ɡ  (water-soluble organic carbon: WSOC) CǽŧȮ'  (TOC-5000A, Shimadzu, Kyoto, 

Japan)��@�@ȤƏ� �ǣů,E�zhIxƹǊƢÍɡ (NH4
+-N) -ȠÃǣ( 2 mol 

L−1,KClɊ�C 1:20'Ŷɯǌŝ��G�fpJk	�ƍȮ+<>ȑŵȮ (UV mini 1240, 
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Shimadzu, Kyoto, Japan) 'ȤƏ� �ċÆƹN`M� (Na+, K+, Mg2+, Ca2+) - 1 mol L−1

,žĴE�zhIx'Ŷɯǌŝ�� ČČǢȮ�</āķÜČȤƏȮ (Z5010, Hitachi, 

Tokyo, Japan) +<>ȤƏ� �ɎGM�ċÆɈɡ (cation exchange capacity: CEC) -ŭ
ØǌŝĵɭC 80%K^k	�'ƜŲĈ�1 mol L−1, KCl Ɋ�'Ŷɯǌŝ��E�zh
IxƹǊƢǿǢCG�fpJk	�ƍȮ'ȤƏ� �¢ÐȰɪǢ-ċÆƹN`M�,ɪ
C CEC 'Ţ�&Ý9 �ǣů,ơǂƢ�ơǊƢ-ȠÃǣůCȓȥīĈ�ÃŃǽŧȮ 

(SUMIGRAPH NC-1000, Sumitomo Chemical Co., Ltd., Tokyo, Japan) 'ƭǖ� �  

ǣů,șɫɒĽɞ- 100 cm3Ɉ,�ǩĨǣÏCɋ�&Ȗƣ 10 cm�=Ĩō� �ďɱ
ɘ-dX^�ŇɈƑô (DIK-1110, Daiki Rika Company, Saitama, Japan) Cɋ�&ƭǖ��
ǯĽɞC 105°C ' 48 ŀË�ŭÃƦĈ�śɡCƭ?�('ɈƑśCĳŝ� �WFPS -
ƵƑÍƂɘCďɱɘ'Ţ�?�('Ý9 � 

3.6 ^\^4	
ɑɌɑĺ-��Oxȁ�,ơǇǝ��</x��cFȁ�, A1( N'Ý9 �ºǇ

ǝ+�^	e�arC 3Ȍȡ'Ɨǈ��ɑɌɑĺCȶø´Œ� �́ Œ� Ľɞ-ȓȥ
īĈ�ÃŃǽŧȮ'ǂƢÍɡCÝ9 � 

3.7 ZB7�N:X)FHC�"R'b	
��Oxȁ�(x��cFȁ�'-ɈƑś (BD: bulk density, g cm-3)�ǣůơɅÓƹ

ǂƢÍɡ (TOC: total organic carbon, g C g-1)�¶ȤÍɡ (%) CÝ9? 9+u	��R
ǍĤCĘ# �ȋ�ų,o	eV�r�	Cɋ��ǚǂC 10 cmË¿'Ĩō� �Ĩō
� Ľɞ,ƂȤÍɡCÝ9�ɈƑśCôĳ� �6 �ȠÃĽɞCȓȥīĈ�ǣů,Ã
ŃǽŧȮ'ơǂƢCƭǖ� �¶ȤÍɡ- 800°C' 2–3ŀË,äǻĂɡ'ȗ«� � 

3.8 N:QW	���@VHCD5
<LTU	
ǣůȖȽ+��?ƇȷǂƢƲń (NCL: net carbon loss, kg C m-2 yr-1) C�§,Ƕ$,

ȭȮ'Ɓǖ� � 

3.8.1 AF$M6U	
ƈƹÀǛŎȮ'-�NCL-Ƒĳ HR(ƑĳɑɌɑĺ,ģ�=Ý9 �Ƒĳ HR (kg C 

m-2 yr-1) -ƝðȫËȮ+<>�§,Ń'ôĳ� � 

Cumulative	HR =

1

2

× EF
G
+ EF

GHI
× -

G
− -

GHI
×24×

365

-
L
− -

I

×10
HM

N

GO#

 Ń 3.2 

��'�n-ȕȴƃ�HRi-ºŀǝ, HRƯǢ�ti-ºŀǝ,ǷȚC�@�@Ȗ�� 
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��Oxȁ�,ƑĳɑɌɑĺ-�Ǥɀ+<>�^	e�ar�ªǢ:ȃƲ�  9�
ºǇǝ'ȦèɑɌɑĺɡCĳŝ��ǼËǅ+ǐ�&ɋ� �x��cFȁ�,ƑĳɑɌ
ɑĺ-ºø,ɑɌɑĺCƑĳ�&Ý9 � 

Cumulative	LF =

RS
G

-
G
− -

GHI

N

GOI

×365 Ń 3.3 

��'�n-ȕȴƃ�LFi-ºø,ɑɌɑĺɡ (kg C m-2 period-1)�ti-ºŀǝ,ǷȚC�
@�@Ȗ�� 

ƈƹÀǛŎȮ+<? NCL (kg C m-2 yr-1) -�§,Ń'ôĳ� � 

NCL = Cumulative HR - Cumulative LF Ń 3.4 

3.8.2 K U	
ǚǂǇȖȽ,ơǑ§-ȄƂ+Ȋ�ș¬ÛǛ*Ǒ§(Ǉ§Ƃ� (GWL) ,ȨǮ+Ȋ�

ǇȖȽƖǮ (Price and Schlotzhauer 1999; Fritz et al. 2008) �=ĒƆ�@?�6 �ǚǂǇ
ȖȽ,ș¬ÛǛǑ§-ȣɖǛ±Ǚ(ƈȣǛ±Ǚ�=ĒƆ�@?�ș¬ÛǛǑ§,ȣɖǛ
±Ǚ-�łś;ȖȽ�=,°ś+<>�ǚǂǣů,ďɱ�$1@�ďɱǳ,ȣņ�ò¹
+ǒ�ŝ�@?±Ǚ'
?�ďɱ�ÕƧ'ǣůëÕ�ǒ�ŝ�@?ŮĞCŒŜ�ďɱ�
�Ƨ'ǣůɊ��ǒ�ŝ�@?ŮĞC�ȸ(Ć1��ȭ�ǚǂǑ§,ƈȣǛ±Ǚ-ǚǂ
ǣůɅÓȣ�ȓƈȣ+<>Ȥ³�@�ƇȷƲń�?±Ǚ��*B" NCL'
?� 

Ǒ§Ȯ-ĄĮ�</ȄƂƟ+��?Ȗƣǣů,Ź��BD�TOC�Ȕɍ'
?�ȴþ
Þ'-�§,©ǖCǈ�&ȄƂƟ+��?Ȗƣǣů,Ź��BD�TOCCôĳ� � 

1. Ǒ§-Ȗƣǣů',7Ù�? 

2. �3&, BDȨ¨-ŒŜ��ȸ+,7Ù��? 

3. §ƣ, BD�</ TOC-ȄƂƟ,ųƹCȪĿ�&�? 

4. ĄĮ,Ǒ§ƯǢ-ȄƂĈ�=�ǖ 

u	��RǍĤ,÷®�=�ȴþÞ'-ĄĮ,Ȗƣǣů�</§ƣǣ,Ď�CǍĤǇ�
(+ö9�Ȗƣǣů, BD�</ TOCCĄĮ,ųƹC�§ƣǣ, BD�</ TOCCȄ
ƂƟ,ųƹC�@�@Ȗ�(� �6 �©ǖ 4�=ȄƂƟ,Ȗƣǣů,Ď� (Dinit, cm) 

C�§,Ń'ôĳ� � 

Dinit = Dcurr + Y × S Ń 3.5 

��' Dcurr-ĄĮ,Ȗƣǣů,Ď� (cm)�Y -ȄƂ·Ķ�=,ó±Ǽƃ (��Oxȁ
�' 13Ǽ�x��cFȁ�' 4Ǽ)�S-Ǒ§ƯǢ (cm yr−1) '
?�Dcurr-u	��R
ǍĤ�=Ý9 BD ( TOC �Ʌ�+Ȩ¨� Ź�(ǖÚ� �S ,ôĳȭȮ-ºũ'
Ł�� 



 
20 

�ŭ�=�Ǒ§Ȯ+<? NCL -ȄƂǐƟ�=ĄĮ6',ǂƢĄƱɡ,ĂŤƯǢ(�
&�§,Ń'ôĳ�  

NCL =

U
init
×WU

sub
×8Z[

sub
− U

curr
×WU

top
×8Z[

top

`

×10 Ń 3.6 

��'�BDsub�</ TOCsub-§ƣǣ, BD �</ TOC C�BDtop�</ TOCtop-Ȗƣ
ǣ, BD�</ TOCC�@�@Ł��Ǒ§Ȯ+<? NCL,ș¼Ňƅ-ș¼Ňƅ,Ǟȍ
Ƭ (Joint Committee for Guides in Metrology 2008) +Ð%�&ôĳ� � 
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G49� I =�SO�N:/*	Y���,	

4.1 8c	
Ƽ 2ũ'Ş3 <�+�ǻƸǚǂǇ+��&-ǣůĆÜ (SR: soil respiration) ƯǢ(

Ǉ§Ƃ� (GWL) ,Ìí�Ō(�&³Ə�@&�  (Melling et al. 2005; Couwenberg et 

al. 2010; Sundari et al. 2012)���� SRƯǢ( GWL,Ìí+-̶Ơ(�&ƻ�*ș¼
Ňƅ�ĵ#&�?�ǣů�ÃƦĈ+ĦŅŠ¨�?(ɅÓȣȤ³�ƫŻ�@?Ãǣč® 

(Birch 1958) -SRƯǢ(GWL,Ìí+��?ƻ�*ȨǮ,Ōɍ*ā��:�@*��
Ãǣč®-Ěņǣů'-�ȐǛ+Êƭ�@ (Kessavalou et al. 1998; Borken et al. 2003; 

Yanai et al. 2007; Unger et al. 2012)�ȳȭ�¦ƸǚǂǇ+��&:�ŀǛ+ɅÓȣȤ³,
ƫŻ�?�(�ǆ=@&�? (Goldhammer and Blodau 2008; Fenner and Freeman 2011)�
���*�=�Ãǣč®-ǻƸǚǂǇ'-6!Ȭğ�@&�*�� 

(�A'�SRƯǢ-Ǉ¦;ǣůƂȤ�GWL+ä��æCŐ���@=CƙȻȨƃ(
� ´ÔŃ'Ȗ�@?��ȐǛ*´ÔȤƏ'-Ɣȩ(î�-�$,ǅ(�&Ɓǖ�@�
ƙȻȨƃ'
? SR ƯǢ:�$,ǅ(�&Ɓǖ�@? (ǝƁǖ)��ȐǛ*ǣů'- SR

ƯǢ-Ǉ¦'ƉǢɠ�Ɓǖ¬Ȁ'
>�SR ƯǢ,ǝƁǖǅ��,ŀ,Ǉ¦'ƺȖ� 
SRƯǢ(7*��(�'�?����ǻƸǚǂǇ,<�+ SRƯǢ( GWL,Ìí+ƻ
�*ș¼Ňƅ�
?ŮĞ�SR ƯǢ,ǝƁǖ-Ňƭ SR ƯǢ�=ƻ��ɗ@&�6�Ů
Ğ�
?���'�´Ôíƃ( SRƯǢC 95%,¼ɘ'ƱĮ�?êË(�&Ɓǖ�@. 

(êËƁǖ)�SRƯǢ( GWL,Ìí+��?ș¼ŇƅCȗ«�?�(�'�?�ǣůO
Yp�aQY,³Ə'�,êËƁǖCĘ�ŎȮ(�&�̧ ƣsGZ³Ə�ǘ��@&�
  (Clark et al. 2005; Nishina et al. 2009; Li et al. 2015)�Li et al. (2015) -�SRƯǢ(Ǉ
¦�ǣůƂȤ,Ìí+��?´ÔíƃC¸ƣsGZ³ƏCɋ�&ǣƅ�(+êËƁǖ��
SR ƯǢ(Ǉ¦�ǣůƂȤ,Ìí,ș¼ŇƅC³Ə� �ȴþÞ':�SR ƯǢ( GWL

,Ìí+��?´ÔíƃC¸ƣsGZ³ƏCɋ�&Ãǣč®�ǣůƂȤ�ǣǇɔɋ�(
+êËƁǖ�?�('�SRƯǢ( GWL,Ìí,ș¼ŇƅC³Ə'�?� 

ȴþÞ,ɁǛ-�ǻƸǚǂǇ+��&Ãǣč®�ǣůƂȤ�ǣǇɔɋCĖɜ�&�GWL

Cɋ�& SRƯǢCƁǖ�?r�[Y�s�,zd�C·ȇ�?�('
?�6 �SR

ƯǢ(GWL,Ìí+��?Ɣȩ(î�CƄą�?ǣůɖ¨ÀƅCÍ9 Çãɍ�Cǁ
?� 
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4.2 2a�TU	

4.2.1 J1I	
ǍĤ-Ƽ 3ũ 3.1.1'Ş3 ǋ£N�v�^�Ŕn��N�|ĸéę'Ę# �ǍĤ

Ǉ-Nl|�ƚ�</[m�OIƚə�+�ǈ��ǚǂĎ� 2.9–6.5 m'
? (Ȗ 4.1)�
à Mega Rice Project,·ȇǇ�'�Ƃɩ�ìİ�@&�>�ƂÈɖ�@&�*�� 
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ĳă¬ÿ&
�5 2002 Ĕ�3 2011 Ĕ-"'g��|��( ATSR World Fire Atlas 

(Arino et al. 2012) "~ñ�6�Ĉüp¯ĢČ�3Ęý�� Ăj>ZT]G]Ç&


!��p¯ėßÛ�Ĕ�p¯ėßÛ' 1%7Ą���7|��#ć����6`v7g
��#ć��� (Putra 2010; Ġ 4.2)  

!	 4.2 Ăj>ZT]G]Ç&
�5p¯ėßsÛ%3*&|��#�'ą� |��(��p

¯ėßsÛ�Ĕ�p¯ėßsÛ' 1%7Ą���#ć� 2008 Ĕ# 2010 Ĕ(Ăj>ZT]G]

Ç",#8$p¯�ėß�%����/�|��(%
  

Table	4.2 Annual fire counts and the length of dry month in Central Kalimantan. The dry month is defined 

as the months in which the monthly fire counts exceed 1% of the annual fire counts. There are not dry 

months in 2008 and 2010 due to almost no fires.	

Ĕ 

Year 

Ĕp¯ėßÛ 

Annual fire counts 

|���� 

Dry month length 

|��'ìõÂČ 

Relative humidity in 

dry months (%) 

2002 2366 
123 days  

73.6 ± 7.2 
(July − Oct.) 

2003 433 
184 days  

69.9 ± 5.8 
(Mar., May − Sep.) 

2004 887 
92 days  

72.7 ± 8.1 
(Aug. − Oct.) 

2005 163 
153 days  

69.0 ± 7.8 
(Mar., June − Sep.) 

2006 2221 
122 days 

57.1 ± 8.1 
(Aug. − Nov.) 

2007 35 
184 days 

68.3 ± 10.4 
(Jan., June − Oct.) 

2008 5 0 days  

2009 720 
123 days  

54.9 ± 13.3 
(July − Oct.) 

2010 0 0 days  

2011 95 
153 days  

70.1 ± 14.1 
(June − Oct.) 
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4.2.2 ���������#����	
ñć(�ĳĉ&� 1Č-�( 2Č'ĢČ" 2002Ĕ�3 2011Ĕ&��!¨�� ��

��BL' 2004–2009Ĕ�FL' 2006–2009Ĕ&

!( 2� (g��) 
2* 9� (|
��) ' 2Č'.ñć�� BL2'ñć( 2008Ĕ&Èń��  

SRòČ�GWL�4 cm×ÿk (Ts)�water-filled pore space (WFPS)�÷�ìõÂČ (ARH: 

atmospheric relative humidity)�ĻâÉ (BD: bulk density)�čÒ pH�čÒèĸ�öüé 

(TOC: total organic carbon)�ĞßħO:=TCüé (MBC: microbial biomass carbon)�Ú
ĽÝĸ�öüé (WSOC: water-soluble organic carbon)�čÒèāé (TN: total nitrogen)�
9]XM;Vöāé�Ï·öāé�ŀ:=]¡}ĻŅ (CEC: cation exchange capacity)�
¡}ö Na+�¡}ö K+�¡}ö Mg2+�¡}ö Ca2+'Ĩá(ø 3Ð 3.2–3.4"�°��2
�&ñć��  

4.2.3 �
��"����	
ÿlÚaĬmİ¤ (|ëm�­ÂËm�_ć) 7ć��5�/&�GWL'ĬmòČ7

`l'Á"ć���  

!"#$ % =
"#$ % − "#$(% − 1)
+,%- % − +,%-(% − 1)

×30				!"#$ 1 = 0 Á 4.1 

��"�DGWL (m month−1) ( GWLĬmòČ�date(A]RZ]?ē�t(wÿċ&

�5A]RZ]?ē'Ċ½ (= 1, …, n)�n(ğĳÛ7�6�6Ġ� ĳ��'A]RZ
]?�z(�ĳĉ&� 1Č���ă¬ÿċ1ă¬ē&24d%5 �'�/�Eq. 4.1&


!DGWL7 30ē&ğÊm�� Þ'DGWL(çsA]RZ]?¾�3 GWL�Ñ
Î���#7cĴ�5 �'DGWL 7ľ
!�|ëm (drying)�­ÂËm (rewetting)�
_ć (fluctuating) 7Ġ 4.3'2�&ć���  

!	 4.3ÿlÚaĬmİ¤'ć� DGWL( GWL'ĬmòČ�IQRDGWL(DGWL'¸Ĩaěb7

�6�6À� Þ'DGWL( GWL'ÑÎ7cĴ�5  

Table	4.3 The definition of GWL changing direction. DGWL is the rate of change in the GWL, IQRDGWL is 

the inter-quartile range of the DGWL, respectively. The positive DGWL represents the rise in the GWL.	

ÿlÚĬmİ¤ 

GWL changing direction 

Ô� 

Cases 

|ëm� � Drying DGWL(t) < 0 & DGWL(t−1) < 0; or DGWL(t) < −IQRDGWL 

­ÂËm Rewetting DGWL(t) > 0 & DGWL(t−1) > 0; or DGWL(t) > IQRDGWL 

_ć� � � Fluctuating The other cases 
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4.2.4 WFPS ����	
ĠêčÒ'|ëČª
7Ġ��/�´ ' WFPS ěb (Ć WFPS ěb�Ă WFPS ě

b�©WFPSěb) 7ć��� ĆWFPSěb(WFPS�øe¸ĨaÛ`l'0'7�
© WFPS ěb( WFPS �ø´¸ĨaÛ`Ñ'0'7�Ă WFPS ěb(�63`v'0
'7Ġ�  

4.2.5 ��
�	
-�¹/&�Shapiro Þ�Ý�ć&24 SR òČ(Þ�Ĩģ&����!
%���

�/ (P < 0.001)�SRòČ7õÛĬ}�� SRòČ(õÛÞ�Ĩģ&2�	!(-�� 

(Ø 4.2)  
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ĀĮÛ�s(õÛÞ�Ĩģ'ÄČĮÛ  

Fig.	4.1 Histogram of soil respiration (SR) rate in each land use. N is the sample size, µ is the location 

parameter of lognormal distribution, and s is the scale parameter of lognormal distribution, respectively.	
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õÛ SRòČ�Ts�GWL�WFPS'ÿċ�«7�ć�5�/�e�ĕĀĨµĨá
2
* Tukey-Kramer ı&25ôÉĜy7¨�� -��wčÿłľ&

!õÛ SR òČ
'ÿlÚaĬm# WFPS ěb'«7�ć�5�/&�Ē�ĕĀĨµĨá
2* Tukey-

Kramerı&25ôÉĜy7¨��  

õÛ SRòČ# GWL�WFPS�Ts'�É�s�Ĩá7�èK�GEIL7ľ
!¨�
� ���%�3��63's�Ĩá�o(àČ�^��� ����!�uêS:D
rá7ľ
�SRòČ7 GWL&2�!`l'Á"s���  

234567~LogNormal(9567 − :567"#$4567, <=>) Á 4.2 

��"�ajkl #bjkl (äĭ#��"�σy (õÛÞ�Ĩģ'ÄČĮÛ"	5 äĭ'ºÛ
exp(a) ( GWL� 0 m'#�' SRòČ&ìĎ�5 -��Þ' β( GWL'Ćl&2
4 SRòČ�ï÷�5¼7À� ajkl #bjkl(ÿlÚaĬm�WFPSěb�čÿłľ&2
4d%4�ÿlÚaĬm( 3ÚÊ� (j = 1�|ëm�2�­ÂËm�3�ļĐ)�WFPS

ěb( 3ÚÊ� (k = 1�Ć WFPSěb�2�Ă WFPSěb�3�© WFPSěb)�čÿ
łľ( 4ÚÊ (l = 1� BL�2� CL�3� FL�4� GL) ��6�6	5 (èĤ" 3´3´4 

= 36'd%5þ�ó±)  

ajkl #bjkl(�6�6`l'¼çĨģ&����#��  

9567 ∼ Normal FG + IG5 + JG6 + KG7, <G>  Á 4.3 

:567 ∼ Normal FL + IL5 + JL6 + KL7, <L
>  Á 4.4 

��" µα# µβ (�+!'ÿlÚaĬm�WFPSěb�čÿłľ7�8�èK�GEI
L�3�¶�65a#b'èĪ�"	5 sa#sb(a#b'ğÊī«"	5 gaj, gβj, dak, dβk, 

lal, lβl(ÿlÚaĬmİ¤�WFPS ěb�čÿłľ�#&ŇňÜķ7q�6�ĬÛ"�
ĨµĨá'Å¢o#đ�cĴ70  (Qian and Shen 2007)  

ŉcĉ%¼çĨģ'æù7ĝ�5�/�ĆÓį¼çĨģ#�)65ĜyĉĪú%¼ç
Ĩģ7Ñ�'PYW�G&õ�!ľ
� gaj, gβj, dak, dβk, lal, lβl, sy, sa, sb&(ę@�B
�Ĩģ (Gelman 2006) 7ľ
�µa# µβ&(Ĩµ� 106'Þ�Ĩģ7ľ
� �63'P
YW�G7 RStan (Stan Development Team 2016; Version 2.6.0) "Ãî�6!
5NU[
LM9]�X]J>[\ı (Hoffman and Gelman 2014) &24�¶�� è 4s�¶��
ws'Ěĥ�¶Û7 10,000s#�� �'���ę' 5,000�7Ùć&ľ
� ÆðĘ
ć&( Gelman-Rubinı (Gelman and Rubin 1992) 7ľ
� ĦÛ's�XK[7Ĝy�
5�/�SR# GWL�Ts�WFPS'��&
�5ws�XK[& 
!��ć�Û (R2)�
Ī�Īİ « (RMSE: root mean square error)�Akaike information criterion (AIC; Akaike 
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1987) 7ğĳÛ' 2 Ė"Ì��0'  (AIC/2n)�widely applicable information criterion 

(WAIC; Watanabe 2010) 7�6�6ġn�� �6�6�©
 R2�Ć
 RMSE�Ć

AIC/2n�Ć
WAIC�àČ'©
XK["	5�#7À� �3&�ws�XK['ĸ
cÝ(Ãñ'õÛ SRòČ#Ĺñ��õÛ SRòČ'Ī�þ#'ì�"Ęý��  

a#b' 95%Õľ�� (CI) (�6�6'¼�Ĩģ' 2.5%
2* 97.5%'��#ć�
�� s��Û' 95%CI� 07�8"
%
#���'s��Û(ĸc�#Ęý�� 
-��Ē 's��Û�6�6' 95%CI �É%3%
#���'Ē 's��Û(�

&ĸc�#Ęý��  

a#b�$'2�%čÒŃm{Ý#���	5�7û³�5�/�ĸc%a#b��7
æ*�ìõÂČ�Ts�Ĉü£�BD�čÒ pH�TOC�MBC�WSOC�TN�NH4

+�NO3
-�

CEC�¡}ö>H=] (Na+�K+�Mg2+�Ca2+)�i�ĲňČ #' Pearsonì�Ĩá7¨
��  

`Ñ'ď�ĉ�¶( RFQL;<9 (R Development Core Team 2015; Version 3.1.3) "
¨��  

4.3 ��	

4.3.1 ��$���	
Ĉü£( 3.1 m (¦²ÿ
2*íÿ) �3 6.5 m (BL1
2* BL2) 'ěb��� Ļâ

É(¦²ÿ1íÿ"÷����63'čÿłľ"¥Ŋ�Í�
�#7Ěh�!
� č
Ò pH (¦²ÿ"©��t»ĺ&25©
¡}ö Ca �Ņ'�o�#§�36� Öņ
&
�5©
 NH4-N �Ņ(ŁĿ&25©
āé��#©
āéĵ�m��f#§�3
6�¦²ÿ'©
 NO3-N�Ņ(©
Ïm��f#§�36�  

4.3.2 �	��
���WFPS	
ÿk (Ts) &(Ķx%�åĬm�Ĕ¿�Ĭm�%��� Ts(¦²ÿ1íÿ"p¯ã

ÿ1Öņ24ĸc&©��Öņ"®Ć��� (Ġ 4.4)  
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!	 4.4ă¬ÿċ'ğĳÛ (n)�čÒ��òČ (SR rate)�4 cm×ÿk (Ts)�ÿlÚa (GWL)�WFPS 

þ(Ī�þ ± ğÊī«7Ġ� đ�ĩ½(ĸc«�%
�#7À� (P < 0.05)  

Table	4.4	The sample size (n), soil respiration (SR) rate, soil temperature in 4-cm depth (Ts), groundwater 

level (GWL), water-filled pore space (WFPS) in each plot. The value denotes average ± standard deviation. 

Values with the same letters are not significantly different (P < 0.05).	

Plot n SR rate Ts GWL WFPS 

  (mg C m−2 h−1) (°C) (m) (m3 m−3) 

BL1 58 99 ± 69 d 30.4 ± 1.8 bc −0.16 ± 0.25 a 0.80 ± 0.26 abc 

BL2 26 72 ± 33 d 30.5 ± 1.5 abc −0.56 ± 0.31 bc 0.62 ± 0.19 ef 

BL3 31 116 ± 143 d 29.7 ± 1.5 cd −0.06 ± 0.28 a 0.88 ± 0.19 a 

BL4 33 111 ± 89 d 28.7 ± 1.6 de −0.08 ± 0.24 a 0.86 ± 0.23 ab 

CL1 141 351 ± 185 a 31.1 ± 1.8 ab −0.70 ± 0.28 c 0.64 ± 0.10 ef 

CL2 140 316 ± 173 ab 30.8 ± 2.3 bc −0.93 ± 0.26 d 0.61 ± 0.10 f 

CL3 141 330 ± 175 a 31.6 ± 1.9 a −0.66 ± 0.23 c 0.69 ± 0.12 de 

FL1 68 167 ± 67 c 27.6 ± 1.2 ef −0.45 ± 0.29 b 0.42 ± 0.12 g 

FL2 46 94 ± 58 d 26.8 ± 1.4 f −0.15 ± 0.27 a 0.70 ± 0.27 cde 

FL3 48 103 ± 50 d 26.9 ± 0.7 f −0.18 ± 0.19 a 0.75 ± 0.26 bcd 

GL 144 259 ± 151 b 31.4 ± 2.1 ab −1.08 ± 0.29 e 0.59 ± 0.12 f 

All 876 243 ± 176  30.3 ± 2.4  −0.63 ± 0.42  0.65 ± 0.19  
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�B{< (GWL) #ck�����y��Ej���xµ����� (¨ 4.4)�y�
GWL.L������ Ts
f�Wb!������� 
*�GWL# Ts)+')+
���«����GWL#�5�3246�-1.96 m (2006  9[ 28�" GL) �* 0.80 

m (2003  3[ 28�" BL1) "M�«��� (z 4.3)�0:�7�79 ��, 2006 
� 2009 ! GWL"¯H ©"8�1
^*-��@¬�2004 '0:�7�79 
����
�5�3"Y�!)+©"8�1#^*- ���� 

WFPS# 0.04 m3 m−3 (2002  9[ 27�" BL1) �* 1.0 m3 m−3 (Ej���xµ"�
{o) "M�«��� (z 4.4)�WFPS"�@��lnª<|�*�WFPS¦=#;B"
)	!�Q�-���WFPS¦=# 0–0.54 m3 m−3��WFPS¦=# 0.54–0.75 m3 m−3�
f WFPS ¦=# 0.75–1.0 m3 m−3�Ej��"¥ª;v" WFPS #f WFPS ¦=!ª¶
�-�ck����"¥ª;v#� WFPS ¦=!ª¶�-��xµ�#�¢{!)+
FL1"%�/�#�WFPS¦=!ª¶�-�
�FL2�)$ FL3"%�/�#fWFPS

¦=!ª¶�-�� 

G��´³!����WFPS� GWL"M!#°> }"�N
^���� (z 4.5)�
GWL!��,WFPS"W�#Ej���xµ�ck�(��)+S�����"��
# GWL«C!¤	WFPS"«C
Ej��(xµ�)+SX!P�,��.p�� 

4.3.3 ������	
�w`R (SR) ��# 3 mg C m−2 h−1 (2010  4[ 10�" BL3) �* 1242 mg C m−2 h−1 

(2006  1[ 27�" CL2) !���«��� (z 4.6)�BL1�BL4# 2009 !��Ej
.r��
�Ej��!��, SR ��# 2009  "��Ej�a�°>!�� * 
�����"�&�®]T�#��Ej
 SR��!��±
�AU#d
 ��SR�
�#��M�°>!? + (P < 0.001)�i�" SR ��# CL1–CL3 �L��-� (¨
4.4)�����´³�� SR��!°> ��Mg# FL1;F! ����&�SR��
"��´³Mg.\��,�&!@_£�ªmª~� Tukey-Kramer ­"�s§J.e
����"ZD�i�" SR ��#ck���*-�iu" SR ��#Ej���xµ
��*-� (P < 0.001, ¨ 4.5)� 
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N = 148,  R2 = 0.49,  P < 0.001

WFPS = 0.82 + 0.23 ×GWL
N = 422,  R2 = 0.30,  P < 0.001

WFPS = 0.75 + 0.57 ×GWL
N = 162,  R2 = 0.38,  P < 0.001

WFPS = 0.74 + 0.14 ×GWL
N = 144,  R2 = 0.11,  P < 0.001
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Fig.	4.4	Relationship between water-filled pore space (WFPS) and groundwater level (GWL) in each land 

use. Two horizontal dashed lines represent the first (0.54 m3 m−3) and third (0.75 m3 m−3) quartile of the 

whole WFPS data. Open squares represent drying periods, open circles represent rewetting periods, and 

open triangles represent fluctuating periods. 
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� �SR�«�¤K�C¹L� WFPSµD\�F�.�0l¨�.�( �T¬¤
ÂÀ�±n³¥¸~¸����¶V0u���¤K�C¹L�¶V�.��t|¤!v
WFPSµD 
���SR�«"y��L�X�L+-)¼E v��� (· 4.5)���
�§�¦ WFPS µD�"¼Ex"�����´  N{�¤ 
��"�§ WFPS µ
D 
�� SR�«"X�L�y��L+-)¼E v��¦�vWFPSµD�"¼E
x"���� (· 4.5)�� WFPSµD�"�t|¤! SR�«"y��L�X�L�¾
®+-)¼E v��´  �N{�¤! SR�«"y��L�X�L+-)¼E �
���� (· 4.5)� 

SR�«0WFPSµD�¶V�.��N{�¤�"X�L 
���§WFPSµD�
v WFPSµD+-¼E v� SR�«�°,/� (· 4.5)�¯¿ ��Ç�"y��L

+#¾® 
���§WFPSµD�vWFPSµD+-¼E v� SR�«�°,/� 

(· 4.6)�´  �t|¤! SR�«"y��L 
���vWFPSµD�§WFPSµD
+-¼E v� SR �«�°,/� (· 4.5)��¤K�C¹L�'.��N{�¤��
Ç�"§ WFPSµD�v WFPSµD+-¼E v� SR�«�°,/���CL�"°
,/���� (· 4.5)��¤!SR�« "��/!�w )¼Ex"���� (· 4.5)� 

4.3.4 �	�����
������	
¤K�C¹L�WFPS µD�¬¤ÂÀ�/�/! SR �«� GWL !]h0� 4.7  

���SR�«!;�4" GWL��0.8�,�0.4 m!\ o/��.+� m	.� 

 � SR�«� GWL�WFPS�Ts�!\!�jP`¸�0u�� (· 4.6)�����
�,��/,!P`!�«"@����� �9�768:0¤K�C¹L (3 ��)�
WFPS µD (3 ��)�¬¤ÂÀ (4 ��)  ¸���/�/!�9�768: (3×3×4 = 

369�768:) � � SR�«� GWL�!�jP`¸�0u��������,�
¼E�]h"��!9�768:�°,/�������������R�<25O�
0ªÀ��� 
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(a1) BL, Low WFPS (a2) BL, Intr. WFPS (a3) BL, High WFPS

(b1) CL, Low WFPS (b2) CL, Intr. WFPS (b3) CL, High WFPS

(c1) FL, Low WFPS (c2) FL, Intr. WFPS (c3) FL, High WFPS

(d1) GL, Low WFPS (d2) GL, Intr. WFPS (d3) GL, High WFPS
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Fig.	4.6	Relationship between soil respiration (SR) rate and groundwater level (GWL). Lower triangles 

show the drying periods, upper triangles show the rewetting periods, and circles show the fluctuating 

periods. Gray area represents the 95% predictive interval of the significant relationship between SR rate 

and GWL.	
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�	 4.6¬�pc (SR) !P`>9?!¶V (n = 876)�v� R2�§� RMSE�§� AIC/2n�§�

WAIC"Ä�>9?0��� 

Table	4.6	Comparison of regression models for soil respiration (SR) rate with groundwater level (GWL), 

water-filled pore space (WFPS) and soil temperature (Ts). Higher R2, lower RMSE, lower AIC/2n, and 

lower WAIC show better model.	

 �¹Y�jP`¸� 

Log-transformed linear regression analysis 
P R2 RMSE AIC/2n 

Log(SR) = 4.59 – 0.98 × GWL < 0.001 0.247 179.7 6.541 

Log(SR) = 6.05 – 1.29 × WFPS < 0.001 0.086 188.1 6.578 

Log(SR) = 2.01 + 0.11 × Ts < 0.001 0.095 179.0 6.533 

Log(SR) = 3.44 – 0.88 × GWL + 0.040 × Ts < 0.001 0.258 178.6 6.558 

R�<25O� Log(SR) ~ GWL 

Hierarchical Bayesian analysis by Log(SR) ~ GWL 
P R2 RMSE WAIC 

Full model < 0.001 0.528 143.4 6.096 

Without GWL changing directions < 0.001 0.516 146.2 6.100 

Without WFPS ranges < 0.001 0.495 145.9 6.121 

Without land uses < 0.001 0.390 167.2 6.214 

R�<25O�0À��SR �«" GWL 0À��¼E P`�.����
� �
SR�«!�jP`¸��,�«�s��� (· 4.6)�R�<25O�!kM��$�!
�º (a) "¼E��� (· 4.7)��!a" 3.97–5.72�¹®���/" GWL� 0 m!�

! SR�«� 53–306 mg C m−2 h−1��.�� �­�.�a"t|¤�¼E v��
�¤��Ç�N{�¤!� v��� (· 4.7)�T¬¤ÂÀ!a"vWFPSµD�§�
¦WFPSµD+-¼E ����� (�¤!X�LBS�)�i
 (b) "vWFPSµD
�"�$�¼E�����§�¦WFPSµD�"%�1��¼E�"���� (· 4.8)�
¼E�b" 0.26–1.21 m-1�¹®�� (· 4.8)��¤K�C¹L�"�v WFPSµD 

��z)d�b"�Ç�°,/�z)[*��b"t|¤��¤�°,/� (· 4.8)�v
WFPS µD!b"�N{�¤�t|¤��Ç 
��y��L�¾®+-¼E d��
&��N{�¤�t|¤ 
��y��L"X�L+-¼E d��� (· 4.8)� 

�º (a)�i
 (b) �¬�ÃLW�0_(�ZfÁJ�!�]¸�0u�� (· 4.9)�
Shapiro-Wilkl¨�"a�b"e ¼E �b��²/�"������(��]¸� 

��a�b"¹�¹Y0�������a"¢a� �«�Ts�©£r�BD�¬� pH�
TOC�TN�WSOC�CEC�qY¡ Na+_Å�qY¡ Ca2+_Å�NH4

+_Å�NO3
-_Å�!
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�]�¼E��� (· 4.9)�I»�b"qY¡ Na+_Å
+#qY¡ Mg2+�!�]�¼
E���� 
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[	 4.9 ƖĺÛ¸ũƕ'ž�Ňv+¬Å*��<Œǋ (a) �9/Æ� (b) '¨½ǲ�'+Ţ¬ǅ

ŏ�ż, Pearson+ŐǽŢ¬Åň@Ė��Ǩx) a ' b +4@ŚA&�< 6 ƺǗň (n) �

{)<� 

Table	4.9	Correlation analysis for the intercept (a) and the slope (b) of the relationship between SR rate 

and GWL. Values show Pearson’s correlation coefficients. The sample sizes (n) are different because only 

significant a and b are selected.	

¨½ǲ� 

Environmental factors 
a (n = 36) b (n = 16) 

ARH −0.608 *** 0.466  

Ts 0.626 *** −0.318  

Ǝźã Peat thickness −0.832 *** 0.234  

BD 0.838 *** −0.329  

pH (H2O) 0.581 *** −0.043  

TOC −0.760 *** 0.176  

MBC −0.057  0.122  

WSOC −0.490 ** −0.112  

MBC:WSOC ratio 0.298  −0.033  

TN −0.429 ** 0.296  

C:N ratio −0.119  −0.158  

CEC −0.692 *** 0.319  

Exchangeable Na+ −0.378 * 0.587 * 

Exchangeable K+ 0.053  0.381  

Exchangeable Mg2+ −0.003  0.633 * 

Exchangeable Ca2+ 0.375 * 0.191  

Total exchangeable cations 0.242  0.442  

�®ǓȊƕ Base saturation 0.387  0.296  

NH4
+ −0.533 *** 0.158  

NO3
− 0.463 ** 0.135  

* P < 0.05; ** P < 0.01; *** P < 0.001; ARH: Ŷ³ŢŲĚƕ (atmospheric relative humidity); Ts: ž

� (soil temperature); BD: ǬŐħ (bulk density); TOC: ƖĺŝǨ±ŵźş (soil total organic 

carbon); MBC: ƸōǄ_CGeQźş (microbial biomass carbon); WSOC: ŇǯŊǨ±ŵźş 

(water-soluble organic carbon); TN: Ɩĺŝƀş (soil total nitrogen); CEC: ǳCGqà§Ǭȃ 

(cation exchange capacity)  
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4.4 27	

4.4.1 5;?��&L��YB1,�c�	�-	
�ŠcCR�², ž�ŇvǊ��WFPSƵw�ƖžǺǰ+|�@êǿ�<�'*9

#% ŲňǊ§řÇ�²ǅŏ9;7SRũƕ@GWL&ŕǞ�<�'*ŋá�  (ƻ 4.6)�
� �#% u�&,�ŠcCR�ŏ+Í�@Ô* SRũƕ+Ɵƃ'�+ŉÙǲ�@ê
Ă�<� 

úŶ+ SR ũƕ,éāž&ƞ:=  (ƻ 4.5)�ǗÒ¼&,éāž+ǇÁ WFPS ,Ɓ
WFPSƵw (0.54–0.75 m3 m−3) *�# ��=,ä³Əǝ±��úƐ*)<ƖĺŇǅļ
Ï'�%9�Ž:=%�< (Linn and Doran 1984)��+čƐ WFPS �éāž+Ŷ�)
SR ũƕ*¯ǫ� +�7�=)��3  éāž*��<ƀşĊƷ7 SR ũƕ@Ŧń
� �7�=)����$�+Ò¼&,ƣųƎźž+ƀşĊƷ�Ǝźǅ�@Ŧń� '
Ǐñ�=%�; (Jauhiainen et al. 2014; Comeau et al. 2016) �=:+Ò¼,ǗÒ¼Í�
@ĉē�%�<� 

ƣųƎźž*��% GWL +Ɗ�*9< SR ũƕ+ťŶ��=3&Ǐñ�=%�  

(Couwenberg et al. 2010)���&, GWL+Ɗ�'ƝǮ* ùĚĬ�@Ư
 GWL+ĸ
ĳ� SRũƕ@Ŧń�<�'@Ė��éāž+ïWFPSƵw&, ùĚĬ�&¦š�9
;7Ŷ�) SRũƕ�Ó$�#  (ƻ 4.5)��+éāž,ǇÁ GWL�	0.6 muł!#
  (ƻ 4.4)�3  éāž+ùĚĬ�*��%, ïWFPSƵw&ƊWFPSƵw9;7
ï� SRũƕ�Ó$�#  (ƻ 4.5)���% GWL*Ų�<Ųň SRũƕ+Æ� (b) ,
éāž+ïWFPSƵw*��% ùĚĬ�&¦š�8ǭƜ9;7¹!#  (ƻ 4.8)��
=:+Í�,éāž+ SR ũƕ,ùĚĬ�&¦Ɩâ�*9;Ŧń�= (Birch 1958) �
:)< GWL +ĸĳ�Ð³ļÏ@��¶���'*9#% SR ũƕ,ǵŉ�=< 

(Couwenberg et al. 2010) �'@Ėõ�%�<��+ùĚĬ�*9< SRũƕ+Ŧń,ì
ěƖĺ&,~ƴƏ& �¦*9;Čǟ� ƖĺƸōǄǩǶ+yǅ�ŊǨ±Ǆ�ǅ��<
�'*9#% 3 �¦*9;ƖĺǨ±Ǆ�ǊŊ�<�'*9#%��¶��=<'ê
�:=%�< (Birch 1958; Marumoto et al. 1977; van Gestel et al. 1993)�ùĚĬ�*9<
SRũƕ+Ŧń,ǥ�Ò¼&7Ǐñ�=%�< (Borken 1999; Cable et al. 2008)�Borken 

(1999) ,�ųȆ+ìěƖĺ*��% ùĚĬ�°«&¦š�°«9; SRũƕ�ťŶ�
 'Ǐñ� ��+¦Ɩâ�7éāž+ï� SRũƕ*¯ǫ� !>
� 

ï WFPS Ƶw*��<�1%+Æ� (b) ,Ǩx!# � Ɗ�Ɓ WFPS Ƶw&,�
�$�+b!��Ǩx!#  (ƻ 4.8)��+�',ƊWFPSƵw*��% GWL, SRũ
ƕ@ŉÙ&�%�)��'@Ėõ�%�<�9�Ž:=%�<9
* SR ũƕ+ŉÙ
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ǲ�,Ğ'�%ž�'ƖĺŇǅ&�<�ƣų*��%, �ƕ,Ļ*ĥǅï�z Ɩĺ
Ňǅ� SR ũƕ+Ğǲ)ŉÙǲ�*)<�'�~ƴƏ&�< (Davidson et al. 2000; 

Jauhiainen et al. 2008)�3  ƻŠƖĺ+WFPS,Ǣ©Ƃȅ*9#% GWL*9;ŉÞ�
=< (Chen and Hu 2004)����)�: 9�ƭŸ� ŞåȌ@7$�ŠƖ*��%,
Ǣ©åȌ+ȉūŊ,ǔ�� (Beven and Germann 1982; Mooney 2003)�ƣųƎźƖĺ,Ş
Ŷ)ǣěĀȁ�:ōŋ�=%�; Ɵ*ėŜȆ&, �ŠƖ*,ŞåȌ�9�ƭŸ�%
�<�Ǣ©åȌ+ĝŻ,GWL�ƻŠƖĺ+WFPS@ŉÞ�<�'@Ǖ�<��+ 6 
ǗÒ¼&7 GWL�ĥǅł�Ĕ*,Ǣ©åȌ+ĝŻ�¶�# +!>
���% �+
9
)ļÏ&, ƻŠƖĺ+WFPS, GWL*9;ŉÞ�=)��CO2,Ğ'�%ƻŠ
Ɩĺ&ōŋ�< 6 (Fierer et al. 2003; Kusa et al. 2010) SRũƕ,ƻŠƖĺ+WFPS*
�¿�= Ǣ©åȌ+ȉūŊ�Ǎ =%�<'�*, �+WFPS, GWL*9;ŉÞ
�=<����)�: GWL�ł� WFPS� GWL*ŉÞ�=%�)�Ĺð SRũ
ƕ, GWL *9;ŉÙ�=ƞ)���+�'�Ɗ WFPS Ƶw*��%Æ�b�Ǩx&,
)�ǻǩ�7�=)��Hirano et al. (2009) ,Ɓ� KalimantanĢ+ƣųƎźĚžėŜȆ
& SRũƕ@ŨƋ� hummock&, GWL�ŹŇĔ +0.1 muĸ& hollow&,-0.2 m

uŘ& �=�=ƢǇÁ SRũƕ' GWL+«*Ǩx)řÇ¬Å@ƞ ���� �=
:uł+ GWL&, SRũƕ'Ǩx)¬Å@ƞ:=)�# ��=:+Í�7ƣųƎź
Ɩĺ*��<Ǣ©åȌ+ĝŻ�Õ��7�=)�� 

ŞåȌ�ƩŇ*ǫ�<�¿,�ýőž'ŁȆ&éāž'ţž9;7¾��)�): 
WFPS' GWL+¬Å*��<Æ�,�ýőž'ŁȆ&éāž'ţž9;7¹!�:&
�< (Ņ 4.5)��)?" �ýőž'ŁȆ&,éāž'ţž*ƶ1% GWL+ĸĳ*Ư
�WFPS�9;¹Ê*ĸĳ�<��+�', GWL+ĸĳ*9; SRũƕ�¹Ê*Öı
�<�'@��¶�� !>
�Ĝþ Æ�b,�ýőž&éāž�ţž9;7¹&�
; (ƻ 4.8) éāž',ƱŲ* �ýőž+ŝ WFPSƵw*��< SRũƕ,ùĚĬ�
&¦š�9;Ǩx*İ��#  (ƻ 4.5)�� �#% �ýőž&ùĚĬ�� SR ũƕ
*ǁ+�¿@ǫ�  �<�,ŁȆ&�¿@ǫ�)�# +, ŞåȌ�ƩŇ*ǫ�<
â�*9<7+�7�=)��ţž&, GWL,Ļ*ł� WFPS,2'A(ï WFPS

Ƶw*Ơ�)�#  (Ņ 4.5)��+�'�ţž&ùĚĬ�� SR ũƕ*ǫ�<�¿�4
$�:)�# �'+Õ��7�=)��ŲĴƏ* éāž+ǇÁWFPS,ƁWFPSƵ
w*�; �$WFPS,�-�-ïWFPSƵw*Ÿ�%�  (Ņ 4.5)��+�'�éā
ž&ùĚĬ�� SRũƕ*Ō+�¿@ǫ� �'+Õ��7�=)�� 
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4.4.2 I^
.��F0f�	
Œǋa'Æ�b,Ɩĺǻ�¤Ŋ@­5¨½ǲ�'Ǩx)Ţ¬@ƞ<�'�&�  (ƻ

4.9)�a' Ts'+Ǩx)Ō+Ţ¬, ï�ž�& SR ũƕ�Ŧń�=<�'@Ė�%�
<!>
�ŢŲĚƕ'+Ǩx)ǁ+Ţ¬, ¦šĽŵ&ôÛ¸�Ŧń�=<�'@Ė�
%�<�7�=)��Nepstad et al. (1994) ,BeUqŗǾ}Ƙǂ*��% ¦´*Ɩĺ
ž�ł��:Ň@ƞ< 6*ô�ĿƆ� ů�+ŝźş�ž�ǂ*ƪǅ�= �'@Ǐ
ñ� ��+¦šĽŵ*��<ôĿƆ+ťŶ,ôÛ¸@Ŧń�<!>
 (Nicolas et al. 

1985; Liu et al. 2004)�Ɗ�ŢŲĚƕ&ôÛ¸�Ŧń�=<'�
đ 9
)Í�,eo
�PBƣųƎźž+ėŜȆ&7ƞ:=%�< (Melling et al. 2005)� 

a'Ǝźã ǬŐħ Ɩĺ pH Ɩĺŝźş Ɩĺŝƀş CEC à§ŵ Ca2+­ȃ'+
Ǩx)Ţ¬,Ǝźž+�ó*Ư
ŁȆ�:éāž8ţž0+ƖžǺǰƑ§�Õ��7
�=)��ƧÀǺǰ*9<Ǝźž+�ó,ƩŇ@ƹǲ'�<��+�ó'ƩŇ,Ǝźã
+Öı ǬŐħ+ťŶ Ɩĺŝźş�ŝƀş+Öı CEC+Öı@��¶��'Ø?=
%�< (Ramchunder et al. 2009)�� �#% a'Ɩĺǻ�¤Ŋ'+Ǩx)Ţ¬,éā
ž'ţž*��%�ó'ƩŇ� SR ũƕ@Ŧń� �'@Ʊ��%�<'ê�:=<�
3  �+ž}+Ƨ�,āƾǙ*�@ǫ�<+�~ƴƏ& �=�éāž&Ů+ƖžǺ
ǰ9;à§ŵ Ca2+­ȃ' pH �ï�Í�*)# 'ê�:=< (ƻ 4.1)�ƖĺĆŊ+Ɓ
Ȋ,ƸōǄ¥Ŋ@Ŧń� Ǩ±Ǆǅ�+Ŧń@��¶�� (Murakami et al. 2005)�� 
�#% éāž*��<�Ċǫ,Ŷ�) SRũƕ+Õ�+~$'ê�:=<� 

a' NH4
+'+Ǩx)ǁ+Ţ¬ �9/ NO3

−'+Ǩx)Ō+Ţ¬, SRũƕ�¦š� 
ƖžǺǰ&Ŧń�=<�'@Ʊ��%�<�7�=)��Ɩĺ+¦š, SRũƕƝǮ*
ĵ�@Ŧń� Ɩĺ NH4

+­ȃ@Ɗ��� Ɩĺ NO3
−­ȃ@ĸĳ��<�� �#% 

¦šĽŵ*��<ĵ�+Ŧń�a' NH4
+�NO3

−'+Ǩx)Ţ¬+Õ��7�=)�� 

Æ�b,à§ŵ Na+�9/ Mg2+­ȃ'Ǩx)Ţ¬��# � �+Ů+à§ŵHWG
q8ŝà§ŵHWGq',Ǩx)Ţ¬�)�#  (ƻ 4.9)����)�: SRũƕ'à
§ŵ Na+�9/ Mg2+­ȃ'+¬Å,ǻ��=%�)��3  à§ŵ Na+�9/ Mg2+­
ȃ,à§ŵ K+�9/ Ca2+­ȃ9;7�=�=Ɗ� (ƻ 4.1)�� �#% b'à§ŵ Na+

�9/ Mg2+­ȃ'Ǩx)Ţ¬�ƞ:= Õ�,Ǟ:�&,)�� 

4.5 /k	
SR ũƕ,éāž&ú7ï� �ýőž'ŁȆ&ú7Ɗ�# �éāž&,ï WFPS

Ƶw*��<Ɩĺ+ùĚĬ��¦Ɩâ�*9; SRũƕ@Ŧń� �:)< GWL+ĸ
ĳ�Ð³ƏļÏ*9; SRũƕ@ǵŉ� �ŲĴƏ* �ýőž&,ïWFPSƵw*�
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�<Ɩĺ+ùĚĬ�,¦š�'ƶ1% SRũƕ@Ɗ��� �3  �+ùĚĬ�+â
�,ŁȆ'ţž&,Ó$�:)�# � 

�ŠcCR�ŏ@ǰ�% Ğ'�%ïWFPSƵw*��% SRũƕ, GWL@ǰ�%
Ǩx*�²&� �Œǋa,ï��ƕ ¦šĽŵ ƖĺĆŊ+ƁȊ*9;Ŧń�= �
~ǐ Æ�b,Ɩĺ+ǻ�¤Ŋ@­5¨½ǲ�&9�ŕǞ�=)�# � 
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R5A� ���������������
V�
G

aSKP:�<`'Z%	

5.1 @k	
ŷ 2Ķ&ĩ1 9
* ƎźƖĺ,ƩŇ*9#%Ōǚźşŭę (NCL: net carbon loss) 

�ō� �+ NCL ,ŝ»+źşĪ¨*ǝĎ&�)��¿@ǫ�%�< (Hooijer et al. 

2010)�Ɵ*ÂƤ ƣųƎźž+�ƭ,¹ũ*�Ŷ� ƩŇ�= ƣųƎźž�æ�#%
�< (Miettinen et al. 2012)��+ƩŇ�= ƣųƎźž�: 0.52 – 4.85 kg C m-2 yr-1+
NCL�Ǐñ�=%�; (ƻ 2.1) �ų�ǖǐƎźž9;7Ŷ�� (0.19 – 0.80 kg C m-2 

yr-1, ƻ 2.1)� 

ȈćƏ*, ƎźƖĺ NCL @ņƋ�<ĠǑ'�%ōŵ¤ƏĠǑ'ƈ�Ǒ+ơ$�ƌ
t�=%� � (Kasimir-Klemedtsson et al. 1997; Grønlund et al. 2008) ƣųƎźž*�
�%ȀĠǑ,Ɲ~+žƒ*��%3!ƶ¢Ñƛ�=%�)��3  ƣųƎźžĸ*�
�%`�gǧblqY�Pkq'ėŜȆ*��%, NCL �ōŵ¤ƏĠǑ (Murdiyarso 

et al. 2010; Hergoualc’h and Verchot 2011) �9/ƈ�Ǒ (Couwenberg and Hooijer 2013) &
Ƽ��= � ̀ �gǧ+ĕ*Ğǲ)ƣųƎźžĸ+ĄÀblqY�Pkq&�<BH
PBblqY�Pkq*��%, 3!ƈ�Ǒ&��Ƽ��=%�)� (Hooijer et al. 

2012)� 

ƎźžƻǠ+ŝƈ�,ƩŇ*Ư
ƽ�·Ə)ƈ�'ž�Ňv (GWL) +ǊƜ*Ư

žƻǠœƜ (Price and Schlotzhauer 1999; Fritz et al. 2008) �:çŋ�=<�3  Ǝźž
ƻǠ+ƽ�·Əƈ�,ǄǻƏ�ƍ&�<ġĨ�rǛ'ōǄƏ�ƍ&�< NCL �:çŋ
�=<�ƈ�Ǒ@ǰ�% NCL @ņƋ�<Ĺð Ɔ°«+Őąŝƈ�@ǰ�%ƈ�ũƕ
@Éą�<�'�ů� žƻǠœƜ,ßö'�%s?=%�  (Hooijer et al. 2012; Aich 

et al. 2013)����)�: ŝƈ�*Ŗ6<žƻǠœƜ�ǝĎ&�)�Ĺð ƈ�Ǒ*
9< NCLņƋ*žƻǠœƜǩǶ+Ŷ�)ƽ ĜŊ�ō3=<�ƦŊ��<��+ 6 
ƈ�Ǒ*9< NCLņƋ*,ƽ�·ƈ�+ũƕ@ǰ�<ƹǲ��<� 

ǖǐƎźž&,ƽ�·ƈ�@ŕǞ�<iZn���$�ƌt�=%�  (Berry and 

Poskitt 1972; van Asselen 2011; Zanello et al. 2011)� '�- ƦƔ (1990) , ƽ�·ƈ
�śÝ*��<Ǝź+ŰŐƶ'È�Ĕ«ƶ�ŲňQM�n&ƶȇ�<'�Ƌ� 

(Juárez-Badillo 1981) ǖǐƎźž+Őąƽ�·ƈ�  (CSIR: cumulative irreversible 

subsidence) @u�+Ę&iZn�� � 
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CSIR =
&'

1 + *+,-
 Ę 5.1 

��& H,Ǝźã t,È�Ƣň e g d,�²Åň&�<�~ǐ žƻǠœƜ, GWL

+ǊƜ*ƶȇ�%�<'Ǐñ�=%�  (Price and Schlotzhauer 1999; Fritz et al. 2008)�
�+ 6 Ę 5.1' GWLǊƜ+~ĕĘ+Ȋ*9#%ŝƈ�@iZn�&�<'°Ŵ&
�<����)�: ƣųƎźž*��%ŝƈ��9/ƽ�·ƈ�+iZn�,3!ƌ
t�=%�:� 3  žƻǠœƜ�ǝĎ&�)�Ĺð* ƽ�·ƈ�@ǰ�%ƈ�Ǒ
*9; NCL@ņƋ� Ò¼,3!Ǐñ�=%�)�� 

ǗÒ¼+ǤƏ,ƣųƎźžĸ+BHPBblqY�Pkq*��% (1) ĜŨ� ŝ
ƈ�@iZn�� žƻǠœƜ@­3)�ƽ�·ƈ�@ņƋ�<�' (2) ņƋ� ƽ
�·ƈ��:ƈ�Ǒ*9< NCL@ņƋ� ōŵ¤ƏĠǑ&ņƋ� NCL'ƶ¢�<�
'&�<� 

5.2 6i
_`	

5.2.1 U4T$f	
Ƅ÷,ŷ 3Ķ&ĩ1 mBDĢ*�<lqIgƧ�&ë# �ǗƄ÷ž,Hq`nŗ

+ƲǹÕ*vſ�<ž�ŇȋǴŊƎźž&�<�3  Pn[�ƥƖ�ǒƿ& èŇĔ
*Hq`nŗ�:�-= Ɩø�ƻŠ*űŐ�%�< (Cecil et al. 1993)�ǗƧ�&,B
HPB (Acacia crassicarpa A. Cunn. ex Benth.) blqY�Pkq��3= ȆĲ*,`
JQ (Stenochlaena palustris (Burm. f.) Bedd.) �Ƴǡ�%� ���*[lqSK[@Ŕ
� 100 m«£&ƺï+Ɗ�2
�:ĭ* AP1�: AP63& 6žƒ@Ŕ� ��=:
+Ƅ÷žƒ& 2008Ƥ 9Î�: 2010Ƥ 12Î*��%ǙÎƄ÷@ë# ��+Ƅ÷°«
, 3ƕǤ+üƫ+ġ¡ś 2Ƥ«*Ţƙ� ǗƄ÷ž�ƩŇ�=Ĉ6%�: 13ƤÈ�Ý
*OqbmqL@Ĉ6 � 

5.2.2 MW_`	
ŷ 3Ķ 3.2–3.4&ŕǞ� 9
* ĦŪ�ǴÛ¸ (HR: heterotrophic respiration) ,�ž

ƒ+ôŒÃ&Kp�R\Wjq_�Ǒ (3 Ʊǃ) *9#%ŨƋ� Wjq_�ǛǈĔ+
4 cmłž� (Ts) @ŨƋ� �Őąŝƈ� (CST: cumulative total subsidence) 'ž�Ňv 

(GWL: groundwater level) ,�žƒ&ƎźŠ�+ìěƖŠ*Ÿ�<3& PVC`Cb@�
Ƈ*ǘ6 NqcXKQ&ŨƋ� �ǸǱǸċ,�žƒ 3Ʊǃ&mV�[lXb@Ŕſ
� ǙÎ�ġ� � 

AP1 AP3 AP6&d�mqLƄ÷@ë� 10 cm«£&ďȁ@ûğ� �d�mqL
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Í��:Ǝźã (H, cm) @º6 ûğ� ďȁ+ǬŐħ (BD: bulk density, g cm–3) ŝǨ
±ŵźş­ȃ (TOC: soil total organic carbon, g C g–1) �ǅ­ȃ,ŷ 3Ķ 3.4&ŕǞ� 
9
*ŨƋ� �AP2, AP4, AP5&, Ǝźã,řÇǎ«& BD TOC �ǅ­ȃ,Ǉ
Áż@ǰ� � 

íŇȃ,Ƅ÷žƒ�:Ǧ 10 kmǼ= Ƨ�ĐǜįÂ�&ŨƋ� � 

5.2.3 H8JV�
=O�g1,�"*���	
Őąŝƈ�  (CST: cumulative total subsidence) @u�+Ę+9
*Őąƽ�·ƈ� 

(CSIR: cumulative irreversible subsidence) 'žƻǠœƜ+Ȋ&iZn�� � 

CST	01 = CSIR	01 + surface	oscillation	

=
&1'1

1 + *1+0
,->

+ ?1 @AB01 − @AB1 + &DEF	01 

Ę 5.2 

��& i = 1, …, n; j = 1, …, J�n,ƺǗň J,žƒň (= 6) ej,�žƒ+ CSTġŧÝ
+úģ.�4 gj,�žƒ+ŝƈ�Į°ũƕ*¬�<`lh�V dj,�žƒ+ŝƈ�
ġŧũƕ*¬�<`lh�V bj ,�žƒ+žƻǠœƜ*¬�<`lh�V @AB1,
�žƒ+ǇÁ GWL eCST ij,ßöî&�<�Ę 5.2 +ŷ~î,Ę 5.1 +Őąƽ�·ƈ� 

(CSIR) *Ţƙ� (ƦƔ 1990) ŷơî,žƻǠœƜ*Ţƙ�<�� �#% CST @Ę
5.2*�%,6 Ý ƞ:= �²Åň@ǰ�% CSIR@Ę 5.1�:Éą� � 

iZn+�%,6*,�ŠcCRǑ@ǰ� �ßöî (eCST ij) ,ǇÁ� 0 ƺīǉö
�sCST '�<Ōµǅǀ*Ħ
'� �3  ej, gj, dj, bj+Đśǅǀ*,ǇÁ� µe, µg, µd, 

µb ƺīǉö�se, sg, sd, sb+Ōµǅǀ*Ħ
'� �µε, µγ, µδ, µβ+ƅĐśǅǀ*,ȉ
ū~Ǯǅǀ@ se, sg, sd, sb, sCST +ƅĐśǅǀ*,ưN�P�ǅǀ@�=�=ǰ�  

(Gelman 2006)� 

HR, GWL' Ts@ǰ�%u�+Ę&�²� � 

HR01 = HI1 + HJ1@AB01 + HK1LM01 + &NO	01 Ę 5.3 

��& i = 1, …, N; j = 1, …, J�a1j, a2j�9/a3j,�=�=�žƒ+Œǋ GWL*Ų�
<Æ� Ts*Ų�<Æ�& eHR ij,ßöî&�<� 

iZn+�%,6*,�ŠcCRǑ@ǰ� �ßöî (eHR ij) ,ǇÁ� 0 ƺīǉö�
eHR'�<Ōµǅǀ*Ħ
'� �3  a1j, a2j, a3j+Đśǅǀ*,ǇÁ� µa1, µa2, µa3 
ƺīǉö�sa1, sa2, sa3+Ōµǅǀ*Ħ
'� �µα1, µα2, µα3+ƅĐśǅǀ*,ȉū~Ǯ
ǅǀ@ sa1, sa2, sa3, sHR+ƅĐśǅǀ*,ưN�P�ǅǀ@�=�=ǰ� � 

Ę 5.2 �9/ 5.3 +`lh�V+ĐÝǅǀ, RStan (Stan Development Team 2016; 
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Version 2.10.1) &ĜŤ�=%�<^fn[]Bq�iqYHnpǑ (Hoffman and Gelman 

2014) @ǰ�%Éą� �ŝ 4�Éą� ��&ƱǃÉąň@ 20,000'� Ýư 10,000

Ú@Éą*ǰ� �ÉąÍ�+ġŧŃŻ*, Gelman-Rubin Ǒ@ǰ�  (Gelman and 

Rubin 1992)� 

5.2.4 GaSKP:�DW	
ōŵ¤ƏĠǑ*9<Ōǚźşŭę (NCL: net carbon loss, kg C m−2 yr−1) , ŷ 3Ķ 3.8.1

&ŕǞ� 9
* Őą HR'ŐąǸǱǸċ'+ö&Ƽ�� � 

ƈ�Ǒ*9< NCL, ŷ 3Ķ 3.8.2&ŕǞ� 9
* ƩŇƇś'×ÿ'+Ɩĺźş
×Ŭȃ+ǇÁÖıũƕ&º6 ��+þ u�+�Ƌ@��%Éą� � 

1. ƈ�,ƻŠƖĺ&+4¶�< 

2. �1%+ BDǊ�,ġĨ�rǛ*+4¶��< 

3. �Š+ BD�9/ TOC,ƩŇś+Ľŵ@Ǎē�%�< 

4. ×ÿ+ƈ�ũƕ,ƩŇÝ�:~Ƌ 

�+ƈ�Ǒ&ǰ�<ƈ�ũƕ*u�+9
*º6 ƽ�·ƈ�ũƕ (SIR: irreversible 

subsidence rate, cm yr−1) @ǰ� �CST@Ę 5.2&�²� Ý* ƞ:= �²Åň@ǰ
�%Ę 5.1& CSIR (cm) @Éą� �+ CSIR@ǰ�%u�+Ę&Éą� � 

PQO =
CSIR	R − CSIR	I

+R − +I
×365 Ę 5.4 

��& SIR,ƽ�·ƈ�ũƕ CSIR 1�9/ CSIR N,�=�=Éą°«śÝ+ CSIR&�
<�ƚÉƏÑƋ 

GWL�9/ Ts+žƒ«�Ƥ«ö,Ä;ǌ�ŨƋ+�<ơÔƪſǅăǅŏ@ë� ů
ħƶ¢*, Holm Ǒ&ǎŌ� Ų��< t ÑƋ@ǰ� �ōŵ¤ƏĠǑ*9< NCL +
žƒ«�Ƥ«ö,ơÔƪſǅăǅŏ' Tukey-Kramer Ǒ&ÑƋ� �ōŵ¤ƏĠǑ'ƈ
�Ǒ+ƶ¢*,ȀĠǑ«+ö@�žƒ&Éą� tÑƋ@ǰ� �BD TOC �ǅ­ȃ
+žƒ«�łƕ«ö,ơÔƪſǅăǅŏ' Tukey-Kramer Ǒ&ÑƋ� �uĸ+ƚÉƏ
Éą, RTa[DEB (R Development Core Team 2015; Version 3.3.1) &ë# � 

5.3 /!	

5.3.1 3Ej	
ı)�íŇȃ� 1–2Î (İ¦´) �9/ 6–8Î (Ŷ¦´) *ªŨ�= ů�íŇȃ 3–

5 Î�9/ 11–12 Î*ªŨ�=  (Ņ 5.1)�ǗƄ÷ž+ƤíŇȃ,�=�= 2008 Ƥ*
2934 mm 2009Ƥ* 2260 mm 2010Ƥ* 2975 mm!# �Fn�]�]k×ķ (Kim 
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et al. 2011) *9#% 2009Ƥ 5–9Î+íŇȃ,Ɵ*ı)� Ŷ¦´,Ɔ�# ��+Í
� 2009 Ƥ,ı�Ƥ*)# ����)�: 2009 Ƥ 11 Î�: 2010 Ƥ 10 Î*��%
,l�]�]j×ķ*9#%ů���í; 2010 Ƥ,ů�Ƥ')# �Ɵ* 2009 Ƥ
11Î+ŷ~Ĥ*, 127.8 mm+��í; 2009Ƥ 12Î*, 433.2 mm+��í# � 

 

  

 

 

 

 

 

 

 

 

 

 

 

5.3.2 T�E�	
ž�Ňv (GWL, Ōż,ŹŇ@Ė�) ,ŝƄ÷°«�ŝžƒ&–1.19 m�: 0.68 m&

ǊƜ�  (Ņ 5.2)�2009 Ƥ 11 Î+l�]�]j×ķ+�Ĉ*9; 2009 Ƥ 10 Î�:
11Î*��% GWL,Ŷ��ĸĳ� �úŶ, AP6*��% 1.37 m month–1+ĸĳ�� 

GWL ,žƒ (P < 0.001) �9/Ƥĕ (P < 0.01) &Ǩx*{)# �úł+ GWL ,
2009Ƥ+ AP2&ªŨ�= úŘ+ GWL, 2010Ƥ+ AP5&ªŨ�=  (ƻ 5.1)�ŝ°
«�ŝžƒ+ǇÁ GWL,–0.37 ± 0.34 m!# � 
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Fig.	5.1 Daily precipitation in Langgam estate, Riau, Indonesia.	
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[	 5.1�žƒ*��<ž�Ňv (GWL) 'ž� (Ts) (ǇÁż ± ƺīǉö)�Ɲ�ǆĒ,Ü�*Ǩ

x&,)��'@Ė� (P < 0.05)� 

Table	5.1	Groundwater level (GWL) and soil temperature (Ts) in each plot (mean ± standard deviation). 

Values with the same letters are not significantly different (P < 0.05).	

žƒ 

Plot 

ž�Ňv GWL (m)  ž� Ts (°C) 

2009 2010  2009 2010 

AP1 −0.63 ± 0.23 cd −0.15 ± 0.39 abc  27.7 ± 1.5 a-e 27.2 ± 1.2 de 

AP2 −0.69 ± 0.18 d −0.23 ± 0.39 abcd  27.5 ± 1.1 cde 27.6 ± 1.1 de 

AP3 −0.48 ± 0.13 abc −0.14 ± 0.36 ab  27.4 ± 1.4 cde 28.4 ± 1.5 ab 

AP4 −0.59 ± 0.22 bcd −0.12 ± 0.32 a  28.4 ± 2.0 abc 29.4 ± 2.6 a 

AP5 −0.54 ± 0.19 bc −0.10 ± 0.31 a  27.4 ± 1.4 de 27.6 ± 1.6 bcd 

AP6 −0.74 ± 0.28 d −0.16 ± 0.33 abc  27.1 ± 1.3 de 27.0 ± 1.4 e 

Ave. −0.61 ± 0.22 B −0.15 ± 0.34 A  27.6 ± 1.5 A 27.9 ± 1.8 A 
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Fig.	5.2 Time series of groundwater level (GWL) in each plot.	
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5.3.3 T�	
ž� (Ts) ,Ļ*ï� ŝƄ÷°«�ŝžƒ& 25°C �: 33.0°C +«&ǊƜ�  (Ņ

5.3)��+ Ts,žƒ«*Ǩx)ö��# � AP3u�&Ƥĕ«*,Ǩxö,)�#  

(ƻ 5.1)�úï+ Ts, 2010Ƥ+ AP4&ªŨ�= úƊ+ Ts, 2010Ƥ+ AP6&ªŨ�
=  (ƻ 5.1)� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.3.4 =O�g1,	
ĦŪ�ǴÛ¸ (HR) ,ŝƄ÷°«�ŝžƒ& 2.4–557.0 mg C m–2 h–1 &ǊƜ�  (Ņ

5.4)�2009Ƥ 11Î�: 2010Ƥ 1Î*��% èŇ*9;Ňv�Wjq_�+ï�9;
7ï�)#  6 �+°«+ HR,Ëŭ�%�<�ªŨ�= HR, GWL' Ts@ǰ
�%Ǩx*�²�= �+ R2, 0.10–0.62!#  (Ņ 5.4, ƻ 5.2)�HR*Ų�< GWL+
Æ� (a1) ,ŝžƒ&Ǩx*ǁ&�; (ƻ 5.2) �+�',ł� GWL& HR�ï�Đ@
Ė�%�<�ƝǮ* HR*Ų�< Ts+Æ� (a2) ,ŝžƒ&Ǩx*Ō&�; (ƻ 5.2) 
�+�',ï� Ts& HR�ï�Đ@Ė�%�<� 

Őą HR, 2009Ƥ& 2010Ƥ9;7Ǩx*ï�#  (Table 5.3)�2009Ƥ+ AP3&ú
7ï� 2010Ƥ+ AP1&ú7Ɗ�#  (Table 5.3)� 
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Fig.	5.3	Time series of soil temperature at 4-cm depth (Ts) in each plot.	
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C	 5.4 �žƒ*��<ĦŪ�ǴÛ¸ (HR) +ÈĔǊ��ƬƮ��,ĜŨż@ òƓ;�,ņƋ

ż@ Fl�_�,ĜŨż+ƺīǉö@Ė� �ľ+Ȅ},ņƋÍ�+ 95%ǪŨÃ«@Ė�� 

Fig.	5.4	Time series of heterotrophic respiration (HR) rate in each plot. Open circles show the observed HR, 

the closed circles show the estimated HR, error bars show the standard deviation of the observed HR, and 

gray area show 95% credible interval of the estimated HR, respectively.	
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[	 5.2 ĦŪ�ǴÛ¸ (HR) ũƕ+ž�Ňv (GWL) 'ž� (Ts) *9<

�²Ę HR = a1 + a2´GWL + a3´Ts*��<�Åň+ǇÁż' 95%ŀǰÃ

«�R2,�žƒ*��< HR�²Ę+ÌƋÅň@Ė�� 

Table	 5.2	 Mean and 95% credible interval of the regression equation for 

heterotrophic respiration (HR) rate by groundwater level (GWL) and soil 

temperature (Ts): HR = a1 + a2´GWL + a3´Ts. R2 show the coefficient of 

determination of the regression model in each plot.	

Plot a1 a2 a3 R2 

AP1 
−383 −145 18.3 

0.25 
(−611, −142) (−243, −52) (9.4, 26.6) 

AP2 
−382 −138 18.4 

0.18 
(−610, −141) (−233, −45) (9.6, 26.7) 

AP3 
−377 −282 19.0 

0.23 
(−604, −135) (−428, −139) (10.2, 27.4) 

AP4 
−381 −253 18.7 

0.62 
(−610, −140) (−362, −151) (10.1, 26.8) 

AP5 
−379 −165 18.8 

0.22 
(−607, −139) (−267, −63) (10.1, 27.1) 

AP6 
−382 −84 18.4 

0.10 
(−611, −142) (−170, −5) (9.6, 26.7) 
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[	 5.3ƤŐąĦŪ�ǴÛ¸ (HR) �9/ǸǱǸċ (kg C m-2 yr-1)�Ɲ�ǆĒ,Ü�*Ǩx*{)

:)��'@Ė� (P < 0.05)�ǸǱǸċ,žƒ«*Ǩxö,)�� 

Table	5.3 Annual cumulative heterotrophic respiration (HR) and litter fall (kg C m-2 yr-1, mean ± standard 

deviation). Values with the same letter are not significantly different (P < 0.05). Annual litter fall was not 

significantly different among plots. 

žƒ 

Plot 

ƤŐą HR 

Annual cumulative HR 

ƤǸǱǸċ 

Annual litter fall 

 2009 2010 Whole  

AP1 2.40 ± 0.21 ab 1.06 ± 0.02 d 1.48 ± 0.08 AB 0.50 ± 0.28 

AP2 2.08 ± 0.52 abc 1.50 ± 0.32 cd 1.51 ± 0.33 AB 0.51 ± 0.08 

AP3 2.92 ± 0.13 a 1.57 ± 0.17 bcd 2.07 ± 0.08 A 0.39 ± 0.17 

AP4 2.74 ± 0.29 a 1.78 ± 0.63 bcd 2.11 ± 0.48 A 0.51 ± 0.06 

AP5 1.85 ± 0.11 bcd 1.71 ± 0.21 bcd 1.63 ± 0.14 AB 0.44 ± 0.07 

AP6 1.70 ± 0.19 bcd 1.10 ± 0.09 d 1.27 ± 0.15 B 0.52 ± 0.22 

Ave. 2.28 ± 0.52 A 1.45 ± 0.39 B 1.68 ± 0.10  0.48 ± 0.17 

5.3.5 heh9	
ǗƄ÷ž,Ɨǣ�ů� mV�[lXb+ƨŭ�ů�#  6 Ƅ÷°«Ɓ+�žƒ

*��<ǇÁǸǱǸċ@ǰ� �ǸǱǸċ*Ǩx)žƒ«ö,Ó$�:)�# � Ǉ
Áż, AP3&ú7İ�� AP4&ú7Ŷ��#  (ƻ 5.3)� 

5.3.6 H8V�
\ +V�NX	
Őąŝƈ� (CST) ,žƻǠ@ǊƜ��)�:Ɗ��  (Ņ 5.5)�Ɵ* 2009Ƥ 11Î

�: 2010Ƥ 1Î*��% GWL�ĸĳ� �'*Ư� (Ņ 5.2) �+°«* CST,Ŷ�
�ǊƜ�  (Ņ 5.6)�ĜŨ CST,Ę 5.2+iZn*ŎƕȂ��%,3; �+ R2, 0.86–

0.91!#  (ƻ 5.4)� 

CST�ŎƕȂ��%,3# +& ƞ:= �²Åň@ǰ�% CSIR@Ę 5.1�:Éą
� ���$�+ CST ,žƻǠœƜ*9; CSIR + 95%ŀǰÃ«�:�=%�  (Ņ
5.5)��+ CSIR�:ƽ�·ƈ�ũƕ (SIR) @Ę 5.4&Éą� �SIR,žƒ« (P < 0.001) 
Ƥĕ« (P < 0.001) &Ǩx*{)#  (ƻ 5.5)�úŶ+ SIR, 2009Ƥ+ AP6&ƞ:= 
úİ+ SIR, 2010Ƥ+ AP1&ƞ:= ��+ SIR,ƤǇÁ GWL'Ǩx)ǁ+Ţ¬@ƞ
<�'�&�  (SIR = 0.38 - 0.049 ´ GWL, P < 0.001, R2 = 0.92, Ņ 5.6)�Ƅ÷°«ŝŰ@
Ɖ�%+ƈ�ũƕ,žƒ*9;Ǩx*{); úŶ+ƈ�ũƕ, AP6 &ƞ:=  (ƻ
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C	 5.5�žƒ*��<Őąƈ�+ÈĔǊ��ƬƮ��,ĜŨ+Őąŝƈ� (CST) @ ò

Ɠ;�,ņƋ CST Fl�_�,ĜŨż+ƺīǉö@Ė� �ľ+Ȅ},ņƋŐąƽ�

·ƈ� (CSIR) + 95%ǪŨÃ«@Ė�� 

Fig.	5.5	Time series of the cumulative subsidence in Langgam estate, Riau. Open circle show the 

observed cumulative total subsidence (CST), close circle show the estimated CST, error bars show 

the standard deviation of the observed CST, and the gray area show the 95% credible interval of 

the estimated cumulative irreversible subsidence (CSIR).	
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[	 5.4Őąŝƈ� (CST) +�²Ę CST = e×H / (1 + g×t−d) + b×(GWL−@AB) *��<

�Åň (e, g, d, b) +ǇÁż' 95%ŀǰÃ«���& H,Ǝźã (cm) t,È�Ƣ

ň GWL ,ž�Ňv (m) 	@AB,�žƒ+ǇÁž�Ňv (cm) @�=�=Ė��

R2,�žƒ*��< CST�²Ę+ÌƋÅň@Ė�� 

Table	5.4	Mean and 95% credible interval of the coefficients (e, g, d, b) of the regression 

equation for the cumulative total subsidence (CST) CST = e×H / (1 + g×t−d) + b×(GWL−@AB) 

where H is peat thickness (cm), t is the progressed days, GWL is groundwater level, and 

@AB is the mean GWL in each plot, respectively. R2 show the coefficient of determination 

of the regression model in each plot.	

Plot e × 102 d g b R2 

AP1 
2.20 0.94 129 −1.43 

0.85 
(1.76, 3.22) (0.62, 1.26) (36, 349) (−2.0, −0.82) 

AP2 
2.57 0.86 134 −1.67 

0.91 
(1.88, 4.58) (0.56, 1.16) (49, 341) (−2.22, −1.17) 

AP3 
2.67 0.78 146 −1.31 

0.88 
(1.64, 6.09) (0.51, 1.06) (59, 343) (−2.03, −0.41) 

AP4 
2.35 0.82 84 −1.48 

0.89 
(1.66, 4.64) (0.43, 1.26) (19, 305) (−2.04, −0.87) 

AP5 
2.91 0.78 180 −1.81 

0.85 
(1.83, 5.90) (0.57, 1.02) (74, 383) (−2.67, −1.15) 

AP6 
3.24 0.82 168 −1.87 

0.85 
(1.99, 6.49) (0.59, 1.09) (64, 373) (−2.85, −1.16) 
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[	 5.5 �žƒ+ 2009 Ƥ 2010 Ƥ Ƅ÷°«ŝŰ*��<Ƥƽ�·ƈ�ũƕ 

(SIR, ǇÁ� 
� ƺīǉö)�Ɲ�ǆĒ,Ü�*Ǩx&)�Đ@Ė� (P < 0.05)� 

Table	5.5	Annual irreversible subsidence rate (mean ± standard deviation) in each 

plot in 2009, 2010 and the whole sampling periods. Values with the same letter are 

not significantly different (P < 0.05).	

žƒ 

Plot 

ƽ�·ƈ�ũƕ SIR (cm yr−1) 

2009  2010  Whole  

AP1 3.2 ± 1.1 ab 0.7 ± 1.2 d 2.7 ± 0.3 B 

AP2 3.5 ± 0.9 a 1.0 ± 0.9 d 2.9 ± 0.3 B 

AP3 2.8 ± 0.9 abc 1.1 ± 0.9 d 2.4 ± 0.3 B 

AP4 3.3 ± 1.0 ab 0.8 ± 1.0 d 3.0 ± 0.3 AB 

AP5 3.3 ± 1.3 ab 1.4 ± 1.3 cd 2.8 ± 0.4 B 

AP6 4.4 ± 1.7 a 1.7 ± 1.8 bcd 3.7 ± 0.5 A 

Ave. 3.4 ± 0.5 A 1.1 ± 0.5 B 2.9 ± 0.4  
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R2 = 0.92,  P < 0.001
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Fig.	5.6	The relationship between annual subsidence rate and the annual mean of groundwater 

level (GWL). Gray area show the 95% confidence interval of the regression between subsidence 

rate and mean GWL. Error bars show the standard deviation of subsidence rate.	
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5.3.7 dH>�Jb)QSK(j�#](j	
ƖĺŻǠ*��<ǬŐħ (BD) ŝǨ±ŵźş­ȃ (TOC) �ǅ­ȃ+Ǌ��: ƻ

ŠƖĺ@ 0–60 cmł �ŠƖĺ@ 60–300 cmł'�  (Ņ 5.7)�BD TOC �ǅ­ȃ*
,Ǩx)žƒ«ö�łƕ«ö��#  (ƻ 5.6)�d�mqLƄ÷@ë# AP1, AP3, AP6

+ǇÁǬŐħ (BD) ,ƻŠ (0–60 cm) & 0.13 ± 0.03 g cm–3 �Š (60–300 cm) & 0.074 

± 0.010 g cm–3!# �ŝǨ±ŵźş­ȃ,ƻŠ& 0.43 ± 0.05 g C g–1 �Š& 0.53 ± 0.01 

g C g–1!# ��ǅ­ȃ,ƻŠ& 22.6 ± 7.4% �Š& 7.3 ± 1.3%!# � 

5.3.8 GaSKP:	
ƤŐą HR 'Ƥ«ǸǱǸċ+ö&7Ƽ��  ōŵ¤ƏĠǑ*9<Ōǚźşŭę 

(NCL) ,žƒ« (P < 0.001) �9/Ƥĕ« (P < 0.001) &Ǩx*{)#  (ƻ 5.7)�úŶ
+ NCL, 2009Ƥ+ AP4&ªŨ�= úİ+ NCL, 2010Ƥ+ AP1&ªŨ�=  (ƻ
5.7)�Ƅ÷°«ŝŰ&, ōŵ¤ƏĠǑ*9< NCL, 0.74–1.67 kg C m−2 yr−1&ǊƜ� 
AP3�9/ AP4&Ǩx*7#'7ï� AP6&ú7Ɗ�#  (ƻ 5.6)� 

~ǐ ƩŇś�:×ÿ3&+Ɩĺźş×Ŭȃ+Öıũƕ&Ƽ��  ƈ�Ǒ*9<
NCL, 0.02–0.73 kg C m−2 yr−1&ǊƜ� �ƻ 5.7��ƈ�Ǒ*9< NCL,ƽ ĜŊ�Ŷ
�� žƒ«*Ǩx)ö,Ó$�:)�# ���� ōŵ¤ƏĠǑ*9< NCL �:
+ö@�žƒ&ÑƋ� '�> AP3 AP4 AP5 *��%Ǩx*ōŵ¤ƏĠǑ&ƈ�
Ǒ9;7Ŷ��# �ƻ 5.7�� 
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L	 5.7Īŏ�ŪāƠ#Ť~Ơ&36ĩƦŘĽňû (NCL, kg C m−2 yr−1) #�'á 

(Ɨ³Ś ± ƍČƙá)�Ŷ�Ɩõ(Î	&ưlá(%	 (P < 0.05)�<JMbJD

(Īŏ�ŪāƠ#Ť~Ơ'áƕ�ưl"�6�#:ø�� 

Table	5.7	Net carbon loss (NCL, kg C m−2 yr−1) of biometric and subsidence method, and 

their difference (mean ± standard deviation). Values with the same letter are not 

significantly different (P < 0.05). Asterisks show that the difference between biometric 

and subsidence method are significantly different in each plot.	

Ŝŭ 

Plot 

Īŏ�ŪāƠ 

Biometric method 

(A) 

 Ť~Ơ 

Subsidence method 

(B) 

āƠ�á 

Difference of method 

(= A - B) 

AP1 0.97 ± 0.29 ab  0.59 ± 0.91 0.37 ± 0.55  

AP2 1.00 ± 0.34 ab  0.40 ± 0.71 0.61 ± 0.42  

AP3 1.67 ± 0.19 a  0.73 ± 0.83 0.95 ± 0.48 * 

AP4 1.60 ± 0.49 a  0.44 ± 0.72 1.14 ± 0.43 ** 

AP5 1.19 ± 0.16 ab  0.39 ± 0.71 0.85 ± 0.42 * 

AP6 0.74 ± 0.27 b  0.02 ± 1.17 0.82 ± 0.68  

Ave. 1.20 ± 0.29   0.43 ± 0.35 0.79 ± 0.26 *** 

* P < 0.05; ** P < 0.01; *** P < 0.001 

5.4 !'	

5.4.1 E�<I	
Ɛ�©Ť~ńŮ (SIR) (Ŝŭ� (P < 0.001) �3)ž÷� (P < 0.001) &ưl%á�

��� (Ǝ 5.5)�.� SIR(žƗ³ GWL #ưl%Ƒ'ŀ��ŷ47� (Ģ 5.6)��7
4'¿�( SIR�Ġ	 GWL"łġ�76�#:ø�!	6�2009ž" 2010ž35 SIR

�ő�
��'( 2009ž� El Niñož" GWL�Ġ
�� (Ǝ 5.1) �0#×�476� 
Hooijer et al. (2012) (Ɨ³ GWL�-0.70 ± 0.2 m"Ť~ńŮ� 5.0 ± 2.2 cm yr-1#ƝÜ

���.� Wösten et al. (1997) (Ɨ³ GWL�-0.50 ± 0.38 m"Ť~ńŮ� 4.6 ± 3.0 cm 

yr-1#ƝÜ����74'Ť~ńŮ(ƣÄ¬' SIR (2.9 ± 0.4 cm yr-1, Ǝ 5.5) 351Ú	�
�7(ƣÄ¬'Ɨ³ GWL (–0.37 ± 0.34 m) ��74'ƖÃ#Ƌ+!ĵ	�#�Çr

1�7%	�  

.� ƣÄ¬'Ú	�ƕ�Ǉ (Ǝ 5.6) 1Ŧ	Ť~ńŮ&�Ʋ��
1�7%	��ƕ
(ũŘůę'Ôǐ:Ƥ0 Ôǐǁ�Ŧ~�6�#" Ť~ńŮ:đ���6#Ë97!
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	6 (Deverel and Leighton 2010; van Asselen et al. 2010)�Hooijer et al. (2012) (�ƕ�Ǉ
: 1.2 ± 1.13%#ƝÜ� �7(ƣÄ¬'�ƕ�Ǉ (22.6 ± 7.4%, Ǝ 5.6) ' 1/10ŨŮ"
�6�ƣšâŜ(BfWcĴ'ƈƾÇ&jŝ� ůãŋĮ��ƕ'¯­É&%�!	6 

(Cecil et al. 1993)��'�0 �'ůã�ƣÄ¬' SIR:đ����
1�7%	� 

5.4.2 5PB8>)	
AP3 AP4 AP5 "ĩƦŘĽňû (NCL) (Īŏ�ŪāƠ"Ť~Ơ35ưl&ő�


�� (Ǝ 5.7)��7(ůãŋĮ�Çr
1�7%	�ƣšâŜ(ůãŋĮ&35Ǝľů
ę&(�ƕ�ŞĮ�!�5 (Ǝ 5.6) �'ůãŋĮ(Ǝľ BD'Łő&�Ʋ���8
 

(Ǝ 5.5)��'�0 BD'Łő��+!ƔǀŪŤ~&§r�6#��Ť~Ơ'�ŧ 2 (Œ
5.2.4 Ĳ) �Ɓ7�
1�7%	��'�0 ƂĥĺÏ'ŘĽÊŇǇ'á�đ��%5 
Ť~Ơ"Ĥŧ�� NCL��đƏ��7�#×�476� 

.� ƣÄ¬"(Êè'Ť~ńŮ�Ƃĥď 
4pŧ"�6#�ŧ�!Ť~Ơ:ūƵ
����
�Ƃĥď 'Ħž�(Ť~ńŮ�ő�	#Ë97!	6 (Wösten et al. 1997; 

Hooijer et al. 2012)��'�0 Ƃĥď Ħž�'Ť~ńŮ'�đƏ�� ƂĥţÏ
4
Êè."'ĮíŤ~Ǉ:�đƏ�� �7�Ť~Ơ&36ŘĽňûĤŧ'�đƏ�& 
%���
1�7%	� 

Hooijer et al. (2012) (ŽōũŘŜė'<BI<YafP�I`f&�	!Ť~Ơ&3
6 NCL:Ĥŧ� Ɨ³ GWL�-0.70 ± 0.2 m" 1.85 kg C m-2 yr-1#ƝÜ����'¿�
(ƣÄ¬'Ť~Ơ&36¿� (Ɨ³ GWL�–0.37 ± 0.34 m" 0.43 ± 0.84 kg C m-2 yr-1) 

35ő�	��'�#( Hooijer et al. (2012) 351ĵ	ƣÄ¬' GWL�ćŅxƸÍ
ª (HR) :ƹħ���0 NCL�đ��%��'�8
�HR(ĵ	 GWL&3�!ƹ
ħ�76#	97!�5 (Jauhiainen et al. 2012; Hirano et al. 2014) ƣÄ¬&�	!1 HR

ńŮ# GWL'�&(ưl%Ƒ'ŀ��Å 
�� (Ǝ 5.2)� 

pƟ ƣÄ¬(ŽōũŘŜė'<BI<YafP�I`f&�	! Īŏ�ŪāƠ&
35 NCL :Ə���ď0!'ǍƖ"�6�<BI<YafP�I`f#Ŷƴ&´ž'
ŽōũŘŜ"ƿƵ��ő�!	6W�\ƮYafP�I`f#Ƌ+6# <BI<Ya
fP�I`f' NCL (ŽōũŘŜė'W�\ƮYafP�I`f' NCL 351ő�
	�Hergoualc’h and Verchot (2011) (�.�.%ǍƖ:sƵ� Īŏ�ŪāƠ&3�!
ŽōũŘŜė'�.�.%ůŜƿƵ' NCL :Ə��3
#ó/��W�\ƮYafP
�I`f"(Ɨ³ GWL�-0.60 ± 0.05 m" NCL: 0.98 ± 0.30 kg C m-2 yr-1#ƝÜ���
.� Murdiyarso et al. (2010) 1Ŷƴ'ƟƠ"ŽōũŘŜė'W�\ƮYafP�I`
f' NCL:Ĥŧ� Ɨ³ GWL�-0.50 m" 0.52 ± 0.11 kg C m-2 yr-1#ƝÜ����7
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4(ƣÄ¬'Ɨ³ GWL (–0.37 ± 0.34 m) 351Ġ	&1�94� ƣÄ¬'Īŏ�Ūā
Ơ&36 NCL (1.20 ± 0.29 kg C m-2 yr-1) 351đ�	��7(<BI<YafP�I`
f"(ƽƶ&3�!ůę&ĞĹư¡Ɣ�Ě&¯­�7!	6
4
1�7%	�W�\
ƮYafP�I`f"(ƶ#ò(ŧ Ū&į5ƽ#�7 .#0!ƜĘ&ƞŝ�76'
�pƉŪ"�6��'�ǀ&3�!W�\ƮYafP�I`f"(ĞĹư¡Ɣ'¯­�
<BI<YafP�I`f351ƹħ�7 HR �ƹħ�7!	6
4
1�7%	�
ýç& Hergoualc’h and Verchot (2011) (W�\ƮYafP�I`f' HR: 0.93 ± 0.27 

kg C m-2 yr-1#ƝÜ�!�5 ƣÄ¬' HR (1.68 ± 0.10 kg C m-2 yr-1) 351đ�	� 

5.5 �X	
ƣÄ¬(ŽōũŘŜė'<BI<YafP�I`f&�	! ýŃ��ļŤ~:^Q

c�� Ɛ�©Ť~ńŮ (SIR) :Ĥŧ���.� �' SIR:Ƶ	!Ť~Ơ" NCL:Ĥ
ŧ� Īŏ�ŪāƠ"Ĥŧ�� NCL #Ƌ����ļŤ~(Ɛ�©Ť~#ŜƎƩİŵ'
ǎ"īŮǆ�Ĥŧ"���.� Ť~ńŮ(Ŧ	 GWL&35łġ�7�� 

Ť~Ơ(Īŏ�ŪāƠ#Ƌ+! NCL :�đƏ�����'Ť~Ơ'�đƏ�(ƣÄ
¬Ŝ'ůãŋĮ# Ť~ńŮ�ƂĥţÏ
4Êè."pŧ#���ŧ&35 ƂĥţÏ

4Êè."'ĮíŤ~Ǉ:�đƏ����#'Ż �Çr#×�47��ƣÄ¬Ŝ'
3
%ƈƾÇ2z�ƒ'3
& Õĥ&36ůãŋĮ�ÅÞ.76Ŝo2 ƂĥţÏ'
Ť~ǇQ�M:ŷ47%	Ŝo&�	! NCL'Ĥŧ&Ť~Ơ:ūƵ�6# NCL:�
đƏ��6
1�7%	� 
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A6/� 3�U���GBC����E��5PB8

>)	

6.1 .X	
Œ 5Ĕ"ø�7�3
& ŽōũŘŜ'Ƃĥ(Ť~#ŘĽňû:Ɔ
��'Ť~#ĩ

ƦŘĽňû (NCL) (Ƃĥď "Ÿ&ő�	#Ë97!	6 (Wösten et al. 1997; Hooijer 

et al. 2012)�Ť~ńŮ# NCL(Ŝ~ĥj'ėē&3�!Ŧ~�6�0 ūį%ĥ�ǀ&
3�!Ƃĥď 'Ť~# NCL:�ǎ"�6
1�7%	 (Page et al. 2009)��
� Ž
ōũŘŜ&�	!ĥ�ǀ�Ƃĥď 'Ť~# NCL &Ʋ�6v²& 	!ƨ4
"(%
	� 

.� ŽōũŘŜ&YafP�I`fƀy:Ý
4ŐƲ�76ĘÛ ũŘS�\Ţė
&ùĻǉ:î��#:Ʒ«�76�#��5 YafP�I`fµ�&Š5Ď4�7�
ĥǋ�ùĻǉ:Ƃĥ�%	3
&�6ƌƷ��6��
� �#�ũŘS�\Ţė&Ƃ
ĥǋ:ı�%
��#�!1 �'ũŘS�\'şƓ&Ƃĥǋ:ı�6�#" ũŘS
�\Ţė
41Ƃĥ�!�.
�#�ś47!	6 (ƷsƵ)� 

ŬºŪ&( Ƃĥǋ(ŰÚķ&ģţ&·ê�76��
� ŰÚķ&ģţ%ĥǋ(ƍ
Úá
4Ī�6Ƃĥ:�ǀ�6�#�ź�	�����! ŰÚķ#ƗØ&ĥǋ:ı�
6�#" ĥǋ:ı�6YafP�I`fµ�2ũŘS�\Ţė&î�ùĻǉ
4'Ƃ
ĥ:ƹħ"�6
1�7%	� 

�
� �'3
%ŰÚķ#ƗØ%ĥǋ&3�!ĥj:�ǀ��ŽōũŘŜ&�	! 
ũŘŤ~# NCL:šâ��Ä¬(,#;$%� �'ũŘŤ~# NCL&$'3
%ħ
ÌƷr��6
9
�!	%	�pƉŪ&(Ŝ~ĥj'ėē&35Ť~ńŮ# NCL (
�ǎ�76# Ŏ�76� (Page et al. 2009; Couwenberg et al. 2010) Œ 4Ĕ"ø�7�
3
& Ƃĥ�7�ÖéŜ (GWL �-0.76 ± 0.28 m) " GWL �ėē�ůę�äüč�
�6# ůęĥƕ�Ú	#�& (WFPS > 0.75 m3 m-3) �ůÒ�&3�!ũŘƕ��Ł
ő�6
1�7%	�Takakai et al. (2006) 1ũŘƕ�:Ɔ
ő�% N2O Ƃĉ:t¤&
�Ń�!	6��'�ůÒ�&36ư¡Ɣƕ�'łġ(Ħż (Reiche et al. 2009; Estop-

Aragonés and Blodau 2012) 
4pgÀ (Goldberg and Gebauer 2009; Muhr et al. 2010) '
ö�JF�c"ő�	#Ë97!	6��'�0 �ůÒ�:#4�6�0&(pgÀ
Ƨƥ'HfYbfE���Ƣ.�	� 

ƣÄ¬"( ŰÚķ&ƗØ%ĥǋ&3�!ĥj:�ǀ��ŽōũŘŜ&�	! ũŘ
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S�\Ţė&î��ùĻǉ#YafP�I`fµ��7�7"Ť~�3) NCL :Ə�
� �'ħÌƷr:ƨ4
&�6�# .� �'3
%ĥ�ǀ~"äüč��ũŘƕ
�&Ʋ�6v²:ƨ4
&�6�#:ƬŪ&Ä¬:Ø��� 

6.2 &V�NO	

6.2.1 D$C�S	
šâ(Œ 3Ĕ 3.1.3"Ċ+�\afP=ƀy"Ø���\afP=ƀy(BfWcĴ

ǃo'ÙĥǏƸĨũŘŜė&jŝ� �ĕō:±;"ƛÐǉ:ũŘS�\Ţė&î�%
�4 WcYƵ<BI<'YafP�I`f�u.7!	6�uƀÂĀŷÏ' 2009 ž
&YafP�I`fµ�'�ß#Ƃĥ��ï�7 ĥǋ(�ƣŪ&ŰÚķ&z�!·ê
�7���
� uƀÂĀŷĺ' 2001 ž
4ùĻǉ'nƠœƅ�Ø97 đ¥ƪ%Ƃ
ĥǋ�ũŘS�\Ţė´�."·ê�7!	� (Bathgate and Rachmady 2012)�šâ(
2012–2013ž&Ø	 �7(ƂĥÏ 4ž�¼��!��<BI<YafP�I`fµ�
' A1 (0°14’40” N, 102°31’30” E) A2 (0°13’50” N, 102°32’45” E) �ĕō' B (0°16’09” N, 

102°32’23” E) ùĻǉ' N (0°17’13” N, 102°33’10” E) ' 4Ŝŭ:ı��� 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1	 6.1	\afP=ƀy&��6šâŜŭ'ŜĢ 

Fig.	6.1 Map of research plots in Meranti estate. 
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6.2.2 ;FNO	
Œ 3 Ĕ 3.2–3.4 "ĳƨ��3
& ůęÍª (SR) �3)ćŅxƸÍª (HR) :Dd

�KSN_fV�Ơ"Ńŧ� Ŷö& 4 cmĠŜ} (Ts) # 10 cmĠWFPS:Ńŧ���
ĮíļŤ~ (CST) #Ŝ~ĥj (GWL) (�Ŝŭ&ıŝ�� PVCW>Y
4GfZOD
J"Ńŧ���SR�HR ńŮ#äüč�'�¸:�Ĭ�6�0 Œ 4 Ĕ 4.2.3 #Ŷƴ&
Ŝ~ĥjƚ�ƟÓ: GWL'ƚ�ńŮ
4ŧ¨��� 

A1, B, N"[�bfEšâ:Ø	 10 cm��"óǅ:æĀ���[�bfE"æĀ
��óǅ'ƳĮĈ (BD, g cm–3) �3)ļư¡ŏŘĽ�Ǉ (TOC, g C g–1) (Œ 3Ĕ 3.4"
ĳƨ��3
&Ńŧ���A2 ' BD �3) TOC ( APRIL þ�Ńŧ��<BI<µ�
Ŋŭ[�bfEšâ'¿�:Ƶ	�� 

ĮíļŤ~ (CST) #šâ�ï
4'¼�żĦ#'Çŭť�ķ»�¢:Ø	 �'¹
�:Ť~ńŮ (SIR) #��� 

6.2.3 5PB8>)�2F	
Īŏ�ŪāƠ&36ĩƦŘĽňû (NCL, kg C m−2 yr−1) ( Œ 3Ĕ 3.8.1"ĳƨ��3


& Įí HR#Įíƽƶƽò#'á"Ə���� 

Ť~Ơ&36 NCL( Œ 3Ĕ 3.8.2"ĳƨ��3
& Ƃĥţĺ#Êè#'ůęŘĽ
ÊŇǇ'ÈĒńŮ"«0���'Ť~Ơ"Ƶ	6Ť~ńŮ&ė¦"«0� SIR:Ƶ	�� 

6.2.4 K�H�F	
SR�3) HR'ĩ¥ĨÁŧ&( Shapiro-WilkÁŧ:Ƶ	��GWL�3) HR'Ŝŭ

�á&(pÆƃŝƕìƕĬ:Ø	 ŊĈƋ�& Tukey-Kramer Ơ:Ƶ	��BD �3)
TOC 'Ŝŭ��ĠŮ�á(ŻÆƃŝƕìƕĬ# Tukey-Kramer Ơ"Áŧ���HR 'ħ
ÌƷr:Ŗ6�0 GWL  Ts ŀŌüŮ šâĺ 3ż�'ÙĥǇ:ĳƨƚĦ#�� 
AIC (Akaike 1987) :�Č#�6JPOYe>KĈ�¢ƕĬ:Ø���ĳƨƚĦ'°ķ
Ĩ�Ú	#�( (VIF > 10) īŮ'Ú	ĳƨƚĦ:ĸ;��iė'ű½Ū½í( RLX
R?@< (R Development Core Team 2015; Version 3.3.1) "Ø��� 
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6.3 ��	

6.3.1 "3W	
ÙĥǇ( 1 À (đ�¤) �3) 6–8 À (ő�¤) &Ē%
�� (Ģ 6.2)�žÙĥǇ(

2333 mm (2012ž) �3) 2174 mm (2013ž) ���� 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.3.2 C�3
	
Ŝ~ĥj (GWL, ĩŚ(ŗĥ:ø�) (-1.2 m
4-0.1 m"ƚŵ�� (Ģ 6.3)�GWL

(Ŝŭ�"ưl&m%5 (P < 0.001) A2"å1Ġ� B�3) N"å1ĵ
�� (Ǝ
6.1)�A1 �3) A2 "(,#;$'ĘÛ"t¤'ƬƍĥjƊkŹ&ă.�!	� (Ģ
6.3)��
� 2012ž�¤' A2"(t¤'Ƭƍĥj:~�5 Ġ	 GWL:¦ǌ��� 

GWLƚ�ńŮ
4Ŝ~ĥjƚ�ƟÓ:ŧ0�¿� ő�¤ï0 (6À) &�Ŀ��ņ
� ő�¤ą95 (7À~ċ) &äüč��ơ76¹Ó&��� (Ģ 6.3)�t¤( GWL

�ėē�~Ù�!�5 �Ŀ��äüč��hŧ(��3�ŶĦŇè�� (Ģ 6.3)� 
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1	 6.2\afP=ƀy'żÙĥǇ� 

Fig.	6.2 Daily precipitation in Meranti estate. 
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L	 6.1�Ŝŭ'ƍƣĦ (n) Ŝ} (Ts) Ŝ~ĥj (GWL) water-filled pore space (WFPS) ŀŌü

Ů (ARH) (Ɨ³Ś ± ƍČƙá)�Ŷ�Ɩõ(ưlá�%	�#:ø� (P < 0.05)� 

Table	 6.1 Sample size (n), soil temperature (Ts), groundwater level (GWL), water-filled pore space 

(WFPS), atmospheric relative humidity (ARH) in each plot (mean ± standard deviation). Values with the 

same letter are not significantly different (P < 0.05).	

Plot n Ts (°C) GWL (m) WFPS (m3 m-3) ARH (%) 

A1 21 27.9 ± 1.3 ab -0.58 ± 0.12 a 0.20 ± 0.08 c 65.8 ± 9.6 b 

A2 21 27.0 ± 1.3 bc -0.93 ± 0.15 a 0.56 ± 0.09 b 69.1 ± 8.4 b 

B 23 29.1 ± 2.4 a -0.33 ± 0.16 b 0.85 ± 0.10 a 58.1 ± 8.9 c 

N 19 25.9 ± 0.8 c -0.28 ± 0.12 c 0.82 ± 0.06 a 78.1 ± 4.9 a 
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1	 6.3šâŜ'Ŝ~ĥj (GWL) '¼öƚ���Ĝ'ǈo(�¤:ø��Ɓķ(<BI<Yaf

P�I`f&��6t¤'ƬƍŜ~ĥj� 

Fig.	6.3 Time series of groundwater level (GWL). Gray area show the dry season. Dashed lines show the 

target GWL in the rainy season in the Acacia plantation. 
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6.3.3 C��9?*I	
ļŜŭ" Ŝ} (Ts) ( 23.8–34.0°C" ŀŌüŮ( 38.8–93.3%"�7�7ƚŵ���

Ts�3)ŀŌüŮ(Ŝŭ�"ưl&m%5 ($�41 P < 0.001) å1Ú	 Ts#å1Ŧ
	ŀŌüŮ(ǉ�'.�Ƙ�!	%	 B " å1Ŧ	 Ts#å1Ú	ŀŌüŮ(ǉ�'
ƄŔ�� N"�7�7Å47� (Ǝ 6.1)� 

6.3.4 WFPS	
ļŜŭ" WFPS( 0.04–1.0 m3 m-3"ƚŵ���WFPS(Ŝŭ�&ưl&m%5 (P < 

0.001) A1"å1Ŧ� B# N"å1Ú
�� (Ǝ 6.1)�A2 B N&(WFPS# GWL

'�&ưl%ĩ'ŀ������ A1&(%
�� (Ģ 6.4)� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.3.5 J0 �<I�+=�T �<I	
ļŜŭ' SRńŮ# HRńŮ(�7�7 8–3010 mg C m-2 h-1 8–1390 mg C m-2 h-1"

ƚŵ�� (Ģ 6.5)�åő' HRńŮ (Ģ 6.5'ƭq 1) ( A1"äüč�ö&�Ń�7 
åő SRńŮ(�'÷'�Ńö (15żÏ, Ģ 6.5'ƭq 2) &Ŷ� A1"�Ń�7���
�" Œ 4Ĕ#Ŷƴ& SRńŮ# HRńŮ& 	!Ŝ~ĥjƚ�ƟÓ'ŊĈƋ�:Ø�

1	 6.4šâŜ&��6Ġ� 10 cm'ůęĥƕ�WFPS�#Ŝ~ĥj (GWL) '�¸� 

Fig.	6.4 The relationship between water-filled pore space (WFPS) in 10-cm depth and groundwater level 

(GWL). 

WFPS = 1.03 + 0.53 ×GWL

R2 = 0.74,  P < 0.001

WFPS = 1.07 + 0.55 ×GWL

R2 = 0.83,  P < 0.001

WFPS = 0.95 + 0.49 ×GWL

R2 = 0.80,  P < 0.001

B N
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� (Ǝ 6.2)��
� SRńŮ# HRńŮ"�7�7 �Ŀ�#äüč�&ưlá(%

���Įí SR#Įí HR(�7�7Ŝŭ�&ưl%á��5 ($�41 P < 0.001) $
�41 A1"å1Ú� B"å1đ�
�� (Ǝ 6.3)� 

�Ŝŭ" SR ńŮ�HR ńŮ# GWL Ts ŀŌüŮ WFPS #'Ĉ�¢ƕĬ:Ø�
�¿� �Ŝŭ' SRńŮ�HRńŮ(Ġ	 GWL Ú	 Ts Ŧ	ŀŌüŮ Ŧ	WFPS

"Łő�� (Ǝ 6.4)� 
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1	 6.5šâŜ' CO2 flux (ůęÍª SR#ćŅxƸÍª HR) '¼öƚ���Ĝ'ǈo(�¤:ø

��Aa�V�(ƍČƙá:ø��A1 'ƭq 1 ( HR 'åő: ƭq 2 ( SR 'åő:�7�

7ø�� 

Fig.	6.5 Time series of CO2 flux (soil respiration (SR) and heterotrophic respiration (HR)) in each plot. Gray 

area show the dry season. Error bars show the standard deviations. The arrow 1 shows the maximum HR 

in A1, and the arrow 2 shows the maximum SR in A1, respectively. 
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L	 6.2 CO2 flux (ůęÍªńŮ#ćŅxƸÍªńŮ) '�Ŀ��äüč��hŧ�'Ƌ��Ś(Ɨ

³±ƍČƙá (ƍƣĦ) " Ŷ�Ɩõ(Î	&ưlá�%	ô:ø� (P < 0.05)� 

Table	6.2 Comparison of CO2 flux (soil respiration (SR) and heterotrophic respiration (HR) rate) among 

drying, rewetting and fluctuating. Values show mean ± standard deviation (sample size), and values with 

the same letters are not significantly different (P < 0.05). 

 CO2 flux (mg C m-2 h-1) 

Ŝŭ 

Plot 

�Ŀ� 

Drying 

 äüč��  

Rewetting 

 hŧ 

Fluctuating 

 

ůęÍªńŮ SR rate 

A1 1381 ± 415 (9) a 1397 ± 577 (4) a 1458 ± 705 (8) a 

A2  285 ± 121 (11) b  279 ± 37 (3) b  235 ± 56 (7) b 

B  126 ± 94 (8) b  176 ± 101 (6) b  149 ± 104 (8) b 

N  243 ± 105 (7) b  155 ± 83 (3) b  197 ± 96 (8) b 

ćŅxƸÍªńŮ HR rate 

A1  446 ± 257 (9)   655 ± 590 (4)   416 ± 160 (8)  

A2  276 ± 191 (8)   351 ± 127 (2)   197 ± 47 (3)  

B  139 ± 74 (8)   136 ± 104 (6)   127 ± 82 (8)  

N  198 ± 59 (5)    88 ± 114 (2)   123 ± 51 (6)  

 

L	 6.3�Ŝŭ'žĮíůęÍª (SR) žĮíćŅxƸÍª (HR) ž

Įíƽƶƽò (kg C m-2 yr-1, Ɨ³Ś ± ƍČƙá)�Įí SR Įí HR

�7�7"Ŷ�Ɩõ(ưlá�%	�#:ø� (P < 0.05)� 

Table	6.3 Annual cumulative soil respiration (SR), heterotrophic respiration 

(HR) and litter fall (kg C m-2 yr-1, mean ± standard deviation). Values with 

the same letters are not significantly different (P < 0.05).	

Ŝŭ 

Plot 

Įí SR 

Cumulative SR 

Įí HR 

Cumulative HR 

Įíƽƶƽò 

Cumulative litter fall 

A1 10.89 ± 3.60 a 4.26 ± 0.26 a 
0.30 

A2  2.27 ± 0.33 b 2.21 ± 0.85 b 

B  1.08 ± 0.53 b 1.26 ± 0.29 b No litter fall 

N  1.63 ± 0.31 b 0.99 ± 0.15 b 0.28 
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L	 6.4ŌĦƚ�ůęÍªńŮ (SR rate) �3)ćŅxƸÍªńŮ (HR rate) (mg C m-2 

h-1) :ƬŪƚĦ#��JPOYe>KĈ�¢ƕĬ'¿��ĳƨƚĦ#�!Ŝ} 

(Ts, °C) Ŝ~ĥj (GWL, m) ůęĥƕ (WFPS, m3 m-3) ő£ŀŌüŮ (ARH, %) :

Ƶ	�� 

Table	6.4	Stepwise multiple regression analysis for log-transformed soil respiration (SR) and 

heterotrophic respiration (HR) rate (mg C m-2 h-1) using soil temperature (Ts, °C), groundwater 

level (GWL, m), water-filled pore space (WFPS, m3 m-3), atmospheric relative humidity 

(ARH, %) as explanatory variables. 

Ŝŭ 

Plot 

�¢ú 

Regression equation 

P R2 

For ln(SR rate)   

A1  8.11 - 1.02´GWL - 0.022´ARH < 0.05 0.40 

A2 No variables are selected.   

B  9.53 - 0.023´ARH - 3.77´WFPS < 0.05 0.27 

N -2.58 + 0.26´Ts - 3.57´GWL < 0.001 0.78 

For ln(HR rate)   

A1  7.45 - 7.31´WFPS < 0.001 0.43 

A2  6.73 - 5.91´WFPS  < 0.01 0.43 

B  9.27 - 0.037´ARH - 2.65´WFPS < 0.01 0.31 

N  4.40 - 1.84´GWL 0.07 0.17 

6.3.6 R6,�
	7Q�@B8�W	
ůęřƩ&��6ƳĮĈ (BD) 'ƚ�:Ģ 6.6 &ø��N "( 50–70 cm Ġ&
�!

¶���5 óǅ�æĀ"�%
����'�0 �+!'Ŝŭ" 50 cmiĵ:Ǝľů
ę 70 cmiĠ:~ľůę#���BD( A1" B2 N351ưl&ő�
��� (P < 

0.001) Ġ�'�&(ưl%á(%
�� (Ǝ 6.4)�pƟ ļư¡ŏŘĽ�Ǉ(Ŝŭ�Ġ
�",#;$ƚ��� ļŜŭ�ļĠŮ'Ɨ³( 0.58 g C g-1���� 
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L	 6.5šâŜ'ƳĮĈ (BD) 'Ɨ³Ś ± ƍČƙá (ƍƣĦ)�Ŷ�Ɩõ(ưlá�%	�#:ø

� (P < 0.05)� 

Table	6.5	Bulk density (BD) in each plot (mean ± standard deviation (sample size)). Values with the same 

letter are not significantly different (P < 0.05). 

Ŝŭ BD (g cm-3) 

Plot Ǝľ Topsoil ~ľ Subsoil 

A1 0.100 ± 0.042 (5) a 0.080 ± 0.017 (15) ab 

A2 0.14  0.10  

B 0.046 ± 0.024 (5) bc 0.036 ± 0.012 (14) c 

N 0.053 ± 0.020 (5) bc 0.049 ± 0.031 (13) c 

200

150

100

50

0

0.00 0.05 0.10 0.15
Bulk density (g cm−3)

D
ep

th
 (c

m
)

Plot
A1
B
N

1	 6.6ůęřƩ&��6ƳĮĈ�Ɓķ(ùĻǉ (N) "óǅ�¾ň��Ġ�" �'�#
4 

50 cmiĵ:Ǝľůę 70 cmiĠ:~ľůę#��� 

Fig.	6.6 Bulk density through soil profile. Dashed lines show the depths in which the peat soils could not 

be taken, so that topsoils are above 50 cm depth, and subsoils are below 70 cm depth, respectively. 
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6.3.7 6(7E��E�<I	
ĮíļŤ~ (CST) (�+!'Ŝŭ"§��� (Ģ 6.7)�CST# GWL '�¸:Å�#

�8 B# N"( CST# GWL'�&ưl%ĩ'ŀ������ (	�71 P < 0.001) 
A1# A2"(Å47%
�� (Ģ 6.7)� 

Ģ 6.7&��6Çŭ�¢ú'¹�:Ɛ�©Ť~ńŮ (SIR) #���SIR(Ŝŭ�"ưl
&m%5 (P < 0.001) A2"å1ő�� (9.2 ± 0.8 cm yr-1) ÷	" A1 (6.9 ± 0.5 cm yr-1) 
åÏ& B (3.0 ± 0.5 cm yr-1) �3) N (3.1 ± 0.5 cm yr-1) "å1đ�
�� (�+!Ɨ³
Ś ± ƍČƙá)��' SIR(�Ŝŭ'Ɨ³ GWL#ưl%Ƒ'ŀ����� (Ģ 6.8)� 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

1	 6.7šâŜ&��6ĮíļŤ~ (CST)��Ĝ'ǈo(�¤:ø��Ɓķ( CST#HfYbfE

�ï
4'¼�żĦ#'Çŭ�¢:Ǝ� �'¹�(Ɛ�©Ť~ńŮ (SIR) :ø�� 

Fig.	 6.7 Cumulative subsidence in each plot. The open circles show the observed cumulative total 

subsidence (CST), and the dashed lines show the regression lines whose slope is the irreversible subsidence 

rate (SIR). 

CST = −6.87 × years
R2 = 0.95, P < 0.001

CST = −3.01 × years
R2 = 0.83, P < 0.001

CST = −9.19 × years
R2 = 0.95, P < 0.001

CST = −3.12 × years
R2 = 0.89, P < 0.001
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CST = −0.35 + 5.32 ×GWL

R2 = 0.66,  P < 0.001

CST = −0.20 + 7.53 ×GWL

R2 = 0.56,  P < 0.001

A1 A2

B N

10.0

 7.5

 5.0

 2.5

 0.0

10.0

 7.5

 5.0

 2.5

 0.0

−1.2 −0.9 −0.6 −0.3 0.0 −1.2 −0.9 −0.6 −0.3 0.0
GWL  (m)

C
S T

 (c
m

)

Year
2012
2013

1	 6.8 �Ŝŭ'ĮíļŤ~ (CST) #Ŝ~ĥj (GWL) '�¸� 

Fig.	6.8 The relationship between the cumulative total subsidence (CST) and groundwater level (GWL). 

1	 6.9Ɛ�©Ť~ńŮ (SIR) #Ɨ³Ŝ~ĥj (GWL) '�¸��Ĝǈo( 95%ĝƻµ�:ø�� 
Fig.	6.9 The relationship between the irreversible subsidence rate (SIR) and the mean groundwater level 

(GWL) in each plot. The grey area shows the 95% confidence interval of the regression. 

SIR = 0.32 − 9.88 ×GWL
R2 = 0.94, P < 0.05
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6.3.8 5PB8>)	
Īŏ�ŪāƠ&36 NCL (Ŝŭ�"ưl&m%5 (P < 0.001) A1 "å1ő�� 

(3.97 ± 0.26 kg C m-2 yr-1) N"å1đ�
�� (0.71 ± 0.15 kg C m-2 yr-1, Ǝ 6.6)�.� 
Īŏ�ŪāƠ&36 NCL(Įí HR#ưl%ĩ'ŀ����� (Ģ 6.10)� 

pƟ Ť~Ơ"(Ɛ�ýĨ�ő�� ưl%Ŝŭ�á(Å 
4%
�� (Ǝ 6.6)�
�
� A1 �3) A2 "ŘĽňû�ő�	¹Ó�����Īŏ�ŪāƠ#Ť~Ơ'áƕ
1Ɛ�ýĨ'ő��
4ưlá(Å 
4%
��� A2 :Đ	!Īŏ�ŪāƠ"Ť
~Ơ35ő�	¹Ó����� 

L	 6.6Īŏ�ŪāƠ#Ť~Ơ&36ĩƦŘĽňû (NCL) 'Ƌ��Ś(Ɨ³Ś ± ƍČƙ

á" Ŷ�Ɩõ(Î	&ưlá�%	�#:ø� (P < 0.05)� 

Table	6.6 Comparison of net carbon loss (NCL) between biometric and subsidence method. Values 

show the mean ± standard deviation, and values with the same letters are not significantly different 

(P < 0.05).	

Ŝŭ NCL (kg C m-2 yr-1)  

Plot Īŏ�ŪāƠ 

Biometric method (A) 

Ť~Ơ 

Subsidence method (B) 

āƠ�á 

Difference of method� (= A - B) 

A1 3.97 ± 0.26 a  1.73 ± 7.01  2.24 ± 4.11 

A2 1.91 ± 0.86 b  2.80 ± 7.16 -0.89 ± 4.20 

B 1.26 ± 0.29 b -0.12 ± 3.40  1.38 ± 2.00 

N 0.71 ± 0.15 b  0.52 ± 4.85  0.20 ± 2.84 
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6.4 !'	

6.4.1 GBE��4�S�	
�+!'Ŝŭ"šâ�ï
4'¼�żĦ#ĮíļŤ~ (CST) '�&ưl%Ƒ'ŀ�

��5 (Ģ 6.7) Ɛ�©Ť~ńŮ (SIR) :½í"���.� �Ŝŭ' SIR# GWL'�
&(ưl%Ƒ'ŀ����� (Ģ 6.9)��74'¿�( �+!'Ŝŭ"ũŘŤ~�§
��!�5 �7( GWL'Ŧ~&35łġ�76�#:øà�!	6� 

B# N"( CST# GWL'�&ưl%ĩ'ŀ����� (Ģ 6.8)��'�#( B# N

"§���Ť~(ÿ#�!�©Ū%ŜƎƩİŵ&35§��!	6�#:øà�6 

(Price and Schlotzhauer 1999; Fritz et al. 2008)�pƟ A1# A2"( CST# GWL'�&(

A1

A2

B

N
NCL = −0.12 + 0.95 ×HR
R2 = 0.99, P < 0.001

0

1

2

3

4

0 1 2 3 4
Cumulative HR (kg C m−2 yr−1)

N
C

L 
(k

g 
C

 m
−2

 y
r−1

)

1	 6.10 ĮíćŅxƸÍª (HR) #Īŏ�ŪāƠ&36ĩƦŘĽňû (NCL) '

�¸�Aa�V�(ƍČƙá:ø� �Ĝǈo(�¢ţķ' 95%ĝƻµ�:Ǝ�� 
Fig.	 6.10 The relationship between cumulative heterotrophic respiration (HR) and net 

carbon loss (NCL) estimated by the biometric method. Error bars show the standard 

deviation, and the gray area shows the 95% confidence interval of the regression. 
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ưl%ŀ��¸�%
�� (Ģ 6.8)�.� A1&�	!ƳĮĈ (BD) ( B# N35ư
l&Ú
�� (Ǝ 6.5)��74'¿�( A1 # A2 'Ť~(ÿ#�!Ɛ�©Ū%Ť~&
35§��!	6�#:øà�!	6�A2" A135 SIR�Ú
��'( GWL� A2

"Ġ
���0�#×�476 (Ǝ 6.1, Ģ 6.9)�A1"( GWL�t¤'Ƭƍĥj (-0.9 

m
4-0.4 m) 'ƊkŹ&ă.�!	�� A2"(Ƭƍĥj:~�6�#���� (Ģ
6.3)��7( A2 �ŰÚķ#ģţ%ĥǋ&±.7�#�8&jŝ��'"  A1 35Ŋ
�Ƃĥ�7��0�#×�476� 

6.4.2 J0 ��
	+=�T ��4�S��%*-����	
�Ŝŭ'ůęÍª (SR) ńŮ#ćŅxƸÍª (HR) ńŮ(Ŝ} (Ts) 'ėē GWL'

Ŧ~ ŀŌüŮ'Ŧ~ WFPS'Ŧ~&35łġ�7� (Ǝ 6.4)�Ŝ}'ėē�3) GWL

'Ŧ~&36 SR ńŮ�3) HR ńŮ'łġ(3�ś47!	6 (Couwenberg et al. 

2010; Jauhiainen et al. 2014)�.� ŀŌüŮ'Ŧ~#WFPS'Ŧ~&36 SRńŮ# HR

ńŮ'łġ($�41�Ŀ� SRńŮ# HRńŮ:łġ���#:øà�!	6� 

A1# A2' HRńŮ(°&Ŧ	WFPS"ưl&Ú
�%5 (Ǝ 6.4) .� Ɨ³WFPS

( A2 " A1 35Ú
�� (Ǝ 6.1)��74'¿�
4 A1 " A2 35Ú	Įí HR (
A1'Ŧ	WFPS&36¿�
1�7%	�Ŧ	WFPS(ůę'�Ŀ#CJ�ì'Łő
&35 SRńŮ�3)HRńŮ:łġ�6�#�ŽōũŘŜ"1ś47!	6 (Melling 

et al. 2005)�pƟ GWL( A1" A235Ú
�� (Ǝ 6.1, Ģ 6.3)�A1(WFPS# GWL

'�&ưl%ŀ�(Å47%
���#
4 (Ģ 6.4) A1 "(ƫ�ǊƼ�įř�7�
�0 GWL�Ú	t¤"1WFPS�Ŧ�ƛ�7�'�8
�pƟ A2"(ƳĮĈ (BD) 

� A1 35ő�� (Ǝ 6.5) .� WFPS # GWL &ưl%ĩ'ŀ��Å47��#
4 

(Ģ 6.4) A2"(ƫ�Ôǐ�Ł�� Ǝľ*'ƫ�ėē�ƛ�7��ſĨ��6���
��! ƣÄ¬Ŝ"( GWL 351 WFPS 'ėē&3�! HR ńŮ:ƹħ"�6�8

� 

SR ńŮ# HR ńŮ:�Ŀ��äüč��hŧ"ƕ�!ŊĈƋ�:Ø��� ưlá
(%
�� (Ǝ 6.2)�Œ 4Ĕ"(äüč�&36 SRńŮ'łġ�§���'( GWL

'ėē&Ɔ	äüč�� WFPS� 0.75 m3 m-3iė&%��ÖéŜ'/����pƟ 
A1# A2'Ɨ³WFPS(�7�7 0.21 m3 m-3, 0.56 m3 m-3" 0.75 m3 m-335Ŧ
�� 

(Ǝ 6.1)��'�0 A1 # A2 "( GWL �ėē�!1Ǝľůę�Ćƕ&äüč��7
%
��
1�7%	�A1"(ė¦'3
&ƫ�ǊƼ'įř&35 GWL'ėē�Ǝ
ľůęĥƕ'ėē& %�4%
���0�#×�476�pƟ A2 "( GWL 'ė
ē&35Ǝľ*'ƫ�ėē�ƛ�7��8
� Ġ	Ɨ³ GWL&35 (Ǝ 6.1) Ǝľů
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ę'WFPS(Ćƕ&ėē�%
��'�Çr�8
� 

6.4.3 5PB8>)	
Īŏ�ŪāƠ&36 NCL( A1"ưl&å1Ú
�� (Ǝ 6.6)�.� Īŏ�ŪāƠ

&36 NCL (Įí HR #ưl%ĩ'ŀ����� (Ģ 6.10)�����! A1 'Ú	
NCL( A1'Ú	 HRńŮ (Ǝ 6.3) &361'�#×�476�ė¦'3
& HR(Ú
	WFPS&35ƹħ�76�#
4 Ǝľůę'WFPS:Ú�ƛ �#" NCL:ƹħ
"�6
1�7%	� 

pƟ B2 N"1 NCL�§��!	� (Ǝ 6.6)��7( B2 N"�¤& GWL�Ġ
�%5 (Ģ 6.3) HRńŮ�łġ�7��0�#×�47��ýç& �¢ƕĬ'¿� 
B "( GWL #ưl%ĩ'ŀ�'�6 WFPS 'Ŧ~" (Ģ 6.4) N "(Ġ	 GWL "�
7�7 HR ńŮ�łġ�76 (Ǝ 6.4)�Hergoualc’h and Verchot (2011) (]M�Ĭ&3
5ŽōũŘŜė'ùĻǉ&�	!ůęƎƩ'ĩƦŘĽăð:Ə�� ùĻǉ"( 0.10 ± 

0.17 kg C m-2 yr-1'ŘĽ:ĩƦªă�!	6#Ĥŧ����7(ƣÄ¬' N &��6
NCL (0.71 ± 0.15 kg C m-2 yr-1) #ưl&m%6�N&(<BI<µ�'3
%ĥǋ(·
ê�7!	%	� 2009ž'uƀÂĀŷĺ' 2001ž
4nƠ%œƅ�Ø97 đ¥ƪ
%ĥǋ�·ê�7� (Bathgate and Rachmady 2012)�Yupi et al. (2016) (ƣšâŜ'Ŝŭ
N'´�' MD (41.6–55.5 g C m-2 yr-1) " 35ùĻěŏ&´	 TR (26.2–34.9 g C m-2 

yr-1) 35Ú	ļư¡ŏŘĽ'�ĴƑ�Ǉ:ƝÜ� MD 'Ú	ŘĽƑ�Ǉ(�®'n
Ơœƅ#đ¥ƪĥǋ'·ê&35Ť~�ġØ� ư¡ŏŘĽ�Ķŕ�72��%���
0�8
#Ċ+��ƣÄ¬' N&�	!1 �®&·ê�7�đ¥ƪĥǋ&35 GWL

�Ŧ~� NCL�§���
1�7%	� 

Ť~Ơ&36 NCL (Ɛ�ýĨ�ő�� Ŝŭ�á(Å47%
����7(Ǝľů
#~ľů" BD&ưlá�%
���0 (Ǝ 6.5) BD'Ɛ�ýĨ� NCL'Ɛ�ýĨ&
ő��Ǝ7��0�#×�47��BD�Ǝľů#~ľů"ưlá�%
��'( ƣ
šâŜ�Ƃĥ�7ï0!.� 4ž�
¼��!�4� ũŘŤ~�ĆƕġØ�!	%	
�0�#×�47�� 

6.5 �X	
ƣÄ¬(ŰÚķ&ƗØ%ĥǋ&3�!ĥj:�ǀ��ŽōũŘŜ&�	! ũŘS�

\Ţė&î��ùĻǉ#YafP�I`fµ�'Ƃĥď Ť~ńŮ# NCL :Ə����
Ť~ńŮ( GWL'Ŧ~&35łġ�7��pƟ NCL(ő�% HR&35Łő� HR

(Ǝľůę' WFPS 'Ŧ~&35łġ�7��ƣÄ¬Ŝ"(äüč�&35 WFPS �
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Ćƕėē�%
���0 �ůÒ�&36 SR# HR'łġ(Å47%
��� 
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A7/� :#!'	
ƣÄ¬"(>fSUI<'ŽōũŘŜ&��6ũŘŤ~#ĩƦŘĽňû:ÿ%šâ

ŌĖ#���Œ 4Ĕ"(äüč�:Ɔ
�ůÒ�&3�!ůęÍª (SR) �łġ�6�
#:ø� Œ 5Ĕ"(<BI<YafP�I`f&�	!ĩƦŘĽňû (NCL) 'Ə�
ƟƠ:Áų���Œ 6Ĕ"(Œ 4�5Ĕ'¿�:Ŵ.�! ĥ�ǀ�7�<BI<Ya
fP�I`f#ũŘS�\Ţė&î��ùĻǉ&�	!Ť~ńŮ# NCL 'ħÌƷr:
ƨ4
&� äüč�� SR#ćŅxƸÍª (HR) &Ʋ�6v²:Áų����'¿� 
Ť~ńŮ NCL SRńŮ HRńŮ&(Ŝ~ĥj (GWL) #Ǝľ'ůęĥƕ (WFPS) �
ĈƷ%ħÌƷr&%�!	����" ƣĔ"(.�šâŜ&3�! GWL�m%6Ç
r:×ë�6��'Ï Ť~ńŮ�3) NCL'ħÌƷr& 	! ÷&�ůÒ�� SR

ńŮ�HRńŮ&Ʋ�6v²& 	! �7�7�|'Ä¬¿�:Ñ�!×ë�6� 

7.1 D$C�
�C�3
�J03M���	
ĥ�ǀ�7�\afP=ƀy&��6<BI<YafP�I`f (A1�A2) 'Ɨ³

GWL (�7�7-0.58 m -0.93 m) (ĥ�ǀ�7!	%	afC\ƀy&��6 AP1–6

'Ɨ³ GWL (-0.48 m
4-0.74 m) #Ƌ+!ŶŨŮ
�7351Ġ
�� (Ǝ 7.1)��
7(Ǆƀy'ǂŜ#£Ė'n	:Ƈw�!	6
1�7%	�ǄšâŜ(Ŷ�BfWc
Ĵǃo&�6� \afP=ƀy(ÙĥǏƸĨũŘŜ" Õĥ'v²:Ă�!	%	�
pƟ afC\ƀy(BfWcĴ'ƈƾÇ&jŝ� Õĥ'v²:Ă�!	6�Ÿ& 
afC\ƀy'šâåąž (2010ž) (a�T�T_ÊĖ:¦ǌ��ž" Ɨž351
GWL�Ú
���pƟ \afP=ƀy'šâž (2012–2013ž) (Ɨ³Ū%ž����
�7&1�94� \afP=ƀy'žÙĥǇ (2174–2333 mm) (afC\ƀy'A
c�T�T`ÊĖ:¦ǌ��ž"�6 2009ž'žÙĥǇ (2260 mm) #ŶŨŮ" af
C\ƀy&��6 2008�2010ž'žÙĥǇ (2934, 2975 mm) 351Ē%
����7
4'�#�\afP=ƀy"ĥ�ǀ:�!	6&1�94� afC\ƀy351
GWL�Ġ
��ǀƱ#×�476� 

pƟ žÙĥǇ (2235 mm) �ŶŨŮ'\afP=ƀy#BafWfCf:Ƌ��6
# \afP=ƀy'ùĻǉ N&��6 GWL(BafWfCf&��6Ƃĥ�7�ğ
ǉ (FL1) #Ƌ+!ĵ
��� BafWfCf'ùĻǉ (FL2�FL3) 35(Ġ
�� 

(Ǝ 7.1)�FL1(ŰÚķ&ģţ%Ƃĥǋ
4Ƃĥ'v²:Ă�!�5 ¼žŪ& GWL�
Ġ	�pƟ N&(ĥǋ�%� <BI<µ�&��6ŰÚķ&ƗØ%ĥǋ&3�!Ƃ
ĥ�ƹħ�7!	�#×�47���'�0 N' GWL( FL1351ĵ
��#×�
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476�pƟ FL2# FL3(ũŘS�\'Ą{ƒ&jŝ�!	6�0 Ùĥ'ŉ&ũŘ
S�\Ţė2�Ĵ
4'ĥ¯­��6#×�476��7&Ō�! N(ũŘS�\Ţ
ė&jŝ�!�5 Ùĥ�Ưp'ĥ¯­É"�6��'�0 FL2�FL3&Ƌ+! N(ĥ
j�~�52�	ǂŜ&�6#×�476� 

Ƃĥ:Ø�!	6BafWfCf'ÖéŜ&��6Ɨ³ GWL (-0.66 m
4-0.93 m) 

(\afP='<BI<µ�&��6Ɨ³GWL (-0.58 m -0.93 m) #ŶŨŮ��� (Ǝ
7.1)��
�%�4 GWL'ƍČƙá(\afP="BafWfCf35ưl&đ�

�� (Ǝ 7.1, FÁŧ, P < 0.05)��7(\afP='<BI<µ�"t¤' GWL:Ƭƍ
ĥjiŹ&ă0 �¤Ųƺĺ& GWL :ėē���ĥ�ǀ&361'�#×�47��
	�-
" WFPS(\afP='<BI<µ� (0.20, 0.56 m3 m-3) "BafWfCf
'ÖéŜ (0.61–0.69 m3 m-3) 35Ŧ
����7(ÖéŜ"ĭ��ñƲ�7!���#
"Ôǐǁ�Ŧ~���0�#×�47��.� A1 &�	!( WFPS # GWL '�&
ưl%ŀ��%
���#
4 (Ģ 6.4) ƫ�ǊƼ'įř&35WFPS�Ŧ�ƛ�7�
#×�47�� 

7.2 J0 ��+=�T ��4�S�	
BafWfCf'ÖéŜ"( GWL'ėē&Ɔ
äüč�&3�!WFPS� 0.75 m3 

m-3iė&%��#� SRńŮ�łġ�7 (Ǝ 4.5) �ůÒ�&361'�#×�47
���
�%�4 \afP="(�ůÒ�&36 SR ńŮ�HR ńŮ'łġ(Å47
%
�� (Ǝ 6.2)�A1# A2'Ɨ³WFPS(�7�7 0.21 m3 m-3, 0.56 m3 m-3" 0.75 

m3 m-335Ŧ
�� (Ǝ 6.1)��'�0 A1# A2"( GWL�ėē�!1Ǝľůę�
Ćƕ&äüč��7%
��
1�7%	�.� 7.1"ėĊ��3
& A1�A2"(
ĥ�ǀ&35 A1�A2&��6 GWL'ƍČƙá(BafWfCf'ÖéŜ351đ�

���0 GWL �BafWfCf'ÖéŜ,$ėē�%
��#×�476�pƟ
B# N"( WFPS( 0.75 m3 m-3iė���� (�7�7 0.85 m3 m-3 0.82 m3 m-3) Ɨ
³ GWL�BafWfCf'ÖéŜ35ĵ
���#
4 B# N"(�ůÒ���4
976'&Ćƕ%�Ŀ�ƄĪ�%
���#�Çr�#×�47�� 

\afP="(äüč�&36�ůÒ�(/47%
��� \afP=' A1"å
ő' SRńŮ# HRńŮ�/47� (Ǝ 7.1)�.� �Ŝŭ'Ɨ³ SRńŮ�HRńŮ#
Ɨ³WFPS'�&(ưl%Ƒ'ŀ��/47� (Ģ 7.1)��'�#( A1"åő' SR

ńŮ# HRńŮ( A1'Ŧ	WFPS�Çr"�6�#:øà�6�WFPS'Ŧ~(ůę
'�Ŀ#CJ�ì'Łő&3�! SR ńŮ�HR ńŮ:łġ�6�#�ś47!	6 

(Melling et al. 2005)��'�0 ƣÄ¬"1 A1&��6ƫ�ǊƼ'įř&35Ŧ�ƛ�
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7� WFPS &	3�! A1 &��6 SR ńŮ# HR ńŮ�łġ�7�#×�47��
�'�#(WFPS'ėē&35 SRńŮ�HRńŮ:ƹħ"�6�#:øà�6� 
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�	 7.1 �m�§"µÂ� �E�> (GWL) ©��» (WFPS) ©�bV (SR) w�BËbV�

�#¼Z±µy½l� 

Table	7.1 Sample size (n), Groundwater level (GWL), water-filled pore space (WFPS), soil respiration (SR) 

and heterotrophic respiration (HR) in each plot. Values show the mean ± standard deviation. 

�m� 

Site 

�§ 

Plot 

µÂ� 

n 

�E�> 

GWL 

©��» 

WFPS 

©�bV 

SR 

w�BËbV 

HR 

   (m) (m3 m-3) (mg C m-2 h-1) 

Kalampangan BL1 58 −0.16 ± 0.25 0.80 ± 0.26 99 ± 69  

 BL2 26 −0.56 ± 0.31 0.62 ± 0.19 72 ± 33  

 BL3 31 −0.06 ± 0.28 0.88 ± 0.19 116 ± 143  

 BL4 33 −0.08 ± 0.24 0.86 ± 0.23 111 ± 89  

 CL1 141 −0.70 ± 0.28 0.64 ± 0.10 351 ± 185  

 CL2 140 −0.93 ± 0.26 0.61 ± 0.10 316 ± 173  

 CL3 141 −0.66 ± 0.23 0.69 ± 0.12 330 ± 175  

 FL1 68 −0.45 ± 0.29 0.42 ± 0.12 167 ± 67  

 FL2 46 −0.15 ± 0.27 0.70 ± 0.27 94 ± 58  

 FL3 48 −0.18 ± 0.19 0.75 ± 0.26 103 ± 50  

 GL 144 −1.08 ± 0.29 0.59 ± 0.12 259 ± 151  

Langgam AP1 28 −0.37 ± 0.37 0.47 ± 0.34  186 ± 94 

 AP2 28 −0.45 ± 0.35 0.51 ± 0.31  195 ± 92 

 AP3 28 −0.31 ± 0.30 0.44 ± 0.37  269 ± 95 

 AP4 28 −0.34 ± 0.34 0.55 ± 0.34  261 ± 125 

 AP5 28 −0.31 ± 0.32 0.51 ± 0.35  199 ± 116 

 AP6 28 −0.44 ± 0.39 0.50 ± 0.32  158 ± 78 

Meranti A1 22 -0.58 ± 0.12 0.20 ± 0.08 1413 ± 542 474 ± 310 

 A2 22 -0.93 ± 0.15 0.56 ± 0.09 267 ± 95 270 ± 160 

 B 24 -0.33 ± 0.16 0.85 ± 0.10 148 ± 97 134 ± 82 

 N 20 -0.28 ± 0.12 0.82 ± 0.06 208 ± 98 147 ± 73 
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7.3 ��	
�����	
¡E�¨#{� fÑÏ!*,Ì��. {� fÑÏ#�
 BD0?Ä�-�' 

¡E�¨#�
 BD !*��(Ì��.-����+.��- (van Asselen et al. 

2010)�%� ¡E�U�-� BD#�+!��� ¡E�¨#�+!¢E�-��"�
' °�­�� � -� ¡E�¨#q�!Ì��.�������+.��- 

(Schothorst 1977; Hooijer et al. 2012)� 

�NÎ�.�:<=72"13519<=7�5;= (A1�A2) !
�-¡E�¨#
�NÎ�.�� �<=4:"13519<=7�5;= (AP1–AP6) )QD"`X
]H"¡E�¨*,(�
��� (¶ 7.2, 7.3)�%� ¡E�¨� GWL "P[#�N
Î�.�:<=72��NÎ�.�� �<=4:)QD"`X]H*,(W��� 

(¶ 7.2, 7.3)�:<=72# 2009 ­!°��Kp�. �mRO!
�-°�­�# 4

­��-"!��� <=4:#�mRO!
�-°�­�# 13–15­��-����
�� :<=72#<=4:*,°�­��t����' ¡E�¨��
����h
	+.��%� <=4:�#g�!*,����©n�fÑ0Ã'�É�x (BD) 0
���� (0.11–0.16 g cm-3 ¶ 5.6) ¡E�¨0Ì����-�h	+.��AÀ :
<=72�#©n��#U���
+� BD#<=4:"("*,{�� (0.046–0.14 

g cm-3 ¶ 6.6)�%� :<=72#QD"`X]H�´$�( BD �{��\d!�
�� (¶ 7.2)��.+"���:<=72�<=4:*,¡E�¨��
���ÎÇ�
�h	+.-� 

Hooijer et al. (2012) #¬�¤��"13519<=7�5;=!
��°�zR"¡
E�¨0¿i��
, �"�# A1�A2 "Å 2 ±��� (¶ 7.2)�:<=72" BD

# Hooijer et al. (2012) "°�zR BD*,(�
�\d!�- (¶ 7.2)������ 
:<=72�"¡E�¨# Hooijer et al. (2012) "]H*,(��v�!d�����
"�(�. �� 

7.4 ����
������	
��M¥uÁ!*-�NÎ�.��-:<=72"13519<=7�5;= (A1�

A2) !
�- NCL#�NÎ�.�� �<=4:"13519<=7�5;= (AP1–

AP6) !
�- NCL)QD"`X]H*,(�
��� (¶ 7.2, 7.3)��.#:<=7
2� GWL ������'��h	+.��%� :<=72" BD #<=4:" BD

*,{�� (¶ 7.2, 7.3)��"���©�0eT¥!� ÆSº»J0�����(�
. ��AÀ :<=72" NCL#ª�°�zR!�- Hooijer et al. (2012) "]H*
,({���� (¶ 7.2)�Hooijer et al. (2012) "°�zR BD#:<=72" BD*,
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({��\d!�-�' �.�©�0eT¥ �^!� ÆSº»J0�����(
�. �� 

¶ 7.2, 7.3�+ GWL� NCL"P[0� 7.2a!r���GWL� NCL"O!#Æ? 
¹"�P�&+.�� (� 7.2a)��.#�� GWL� NCL����-��0?Ä���
-�%� WFPS �«+.-<=4:¯C�:<=72¯C"8�6"&0Ê�-� 
NCL � WFPS "O!Æ? ¹"�P�&+.� (� 7.2b)��.+"]H# GWL "~
|!²�¶�©��»"~|!*�� NCL�Ì��
-��0rk�-� 

AÀ GWL 0Y¾Ð����
" NCL "�£uÁ!*-l (��M¥uÁ�¡E
Á) 0Y»o»��_£����/ (¶ 7.4) �£uÁ# NCL!Æ? l0È	 ��
���"�' ��M¥uÁ�¡EÁ"��+"ÀÁ0Ê��( NCL0�£�
-�
�0r���-����� 5}"]H�+ ³Ía �"©n��"�-�@)°�z
R¡EÐ8�60«+. ��@�#I{·F"G®���, � 6}"]H�+ °
�zR�¶��E�� BD !Æ?l� ��@�#¡EÁ#¸Ls���
� -G
®���-���� �+ ¡EÁ0�.+"�@�¦Ê��`X#%�¿i�.�

+� jc"`X�R��.-� 
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�	 7.4� k7_2 (GWL) (E}�����
�c�jehS (NCL) �4IvlE{P{d� 

Table	7.4 One-way analysis of covariance for net carbon loss (NCL) controlling for groundwater level 

(GWL). 

 df F P 

k7_2 GWL 1 16.95 < 0.001 

NCL^pU� NCL method 1 0.77 0.39 

QM Residuals 25   

7.5 ��	
GWL �mNk�"$3�$ GWL ��k!C[ _?��5G(F�V�����

i
� BD�%��Y��K���"$ n7gq�o7����� L� GWL�"
�� n7gq�o7������� BD fi��%Awbx �%�� GWL (\
Z�%_?��"��n7gq��`�
%�'��4� L�WFPS�"���Bz
{<�+,=P	�`�& �&�"�� SRgq� HRgq�o7������� 
WFPS(L�~�_?�"�� SRgq� HRgq(�`�
%� �&����� 
_?��&�/01-)u6��r]�;>!OTX8	�`�& >rJ:	D
#
��������� GWL�}s(�`�%_?��"�� SRgq� HRgq(�
`�
%� �&����#� GWL ! WFPS �\Z�"�� NCL (�`�
%9
ta	�%� 

  

�	 7.2	c�jehS (NCL) �k7_2 (GWL) r]_{ (WFPS) �@H�*0�.��yW

|M(R� 

Fig.	7.2 The relationship between net carbon loss (NCL), groundwater level (GWL) and water-filled pore 

space (WFPS). Error bars show the standard deviation. 
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