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1 � 	
 (C) 1500 – 2400 Pg C  

2.3–5.3  1.8–2.9  (IPCC 2013)  
 (Lal 2004)  

  
  

  
  (CO2) IPCC (2013) 2002

2011 0.9 ± 0.8 Pg C yr-1

 CO2

 (IPCC 2013)  1990

2015 3.1%  (4,128 Mha 3,999 Mha)  
 (0.984 Mha)  (0.684 Mha)  (FAO 2015)

 (Miettinen et al. 2011) 
2000  

(Miettinen et al. 2012)  

  
 

  (Mäkiranta et al. 2010; Rowson et 

al. 2010)  
 

 (Melling et al. 2005; Hirano et al. 2007; Jauhiainen et al. 2012) Hooijer et 

al. (2010) 2006 0.10 – 0.23 Pg C yr-1

 （  

 (Schothorst 1977; Wösten et al. 1997; Hooijer et al. 2012)

  

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

  
 (NCL: net carbon loss)  

。  (Jauhiainen et al. 2008)  NCL
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  NCL

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

 NCL ー
 NCL ー  

NCL  
 (Hirano et al. 2014; Jauhiainen et al. 2014)

  
 (Inubushi et al. 2003; Furukawa et al. 2005; Hadi et 

al. 2005; Melling et al. 2005; Couwenberg et al. 2010; Sundari et al. 2012)  
。  (Jauhiainen 

et al. 2008)  

 (Birch 1958) 

 (Marumoto et al. 1977; van Gestel et al. 

1993)

 

 (Kessavalou et al. 1998; Borken et al. 2003; Yanai et al. 2007; Unger 

et al. 2012)  

(Goldhammer and Blodau 2008; Fenner and Freeman 2011)  
 

 NCL

NCL

 (Page et al. 2009)  
NCL  

  
NCL ー ー  ー  NCL

 NCL

  

 2 NCL

 3 ー 4



 3 

 
5

 NCL ー ー  
6

 NCL 7 4 6  
  8
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2 � 	

2.1 	
 

 Soil Taxonomy (Soil 

Survey Staffs 2014) World Reference Base (IUSS Working Group 2015) 

Histosols ）  (Sphagnum sp.)  

(Carex sp.) 々  
 (Shorea sp.)  (Calophyllum sp.)  (Tetramerista glabra Miq.) 

々  (Anderson 1964; Page et al. 1999)  

3%  1/4

469.2–486.4 Pg C  (Page et al. 2011) ( 2.1)

80–83%  (IPCC 2013)

15–19% 81.7–91.9 Pg C  (Page et al. 2011)

77% ・  80%

・  (Page et al. 2011)  
 (0.72´105 km2)  (0.58´105 km2)  (0.80´105 km2) 

・  (Wahyunto et al. 2010)  
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	 2.1	  (a)  (b)

IPCC (2013) Page et al. (2011)  

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 	
。  

(Schothorst 1977; Wösten et al. 1997; Deverel and Leighton 2010)

 (Schothorst 

1977; Hooijer et al. 2012)

  (shrinkage)  
 

CO2  
  

  (Schothorst 

1977; Wösten et al. 1997; Pronger et al. 2014) Hooijer et al. (2012) 

 1 75 cm yr-1 2–5

19 ± 4 cm yr-1 6 5.0 ± 2.2 cm yr-1  
   

 (Deverel and Leighton 2010; van Asselen 2011)  
 

 (Schothorst 1977; Hooijer et al. 2012)  

  
 (Roulet 1991; Price and Schlotzhauer 1999)

  
 (Fritz et al. 2008)  

 。
（  (Leifeld et al. 2011; Aich et al. 2013; 

Pronger et al. 2014)  
 (Schothorst 1977; Hooijer et al. 2012) ー

 

2.3 	
 ー  

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

2.3.1 	
ー   



 6 

 ー
 CO2  CO2 

flux (NEE: net ecosystem exchange) ー ー  
 (Nykänen et al. 1995; Silvola et al. 1996; Ojanen et al. 2012; Knox et al. 2015)

  (NCL: net carbon loss) 

ー Murdiyarso et al. (2010) NCL  

(   )  
NCL  Hergoualc’h and Verchot (2011) 

NCL

 NCL  
NCL

ー  

2.3.2 	
ー

  
 ー

ー  (Schipper and McLeod 2002; Leifeld et al. 2011; 

Simola et al. 2012; Aich et al. 2013) 
 (Hooijer et al. 2012; Couwenberg and Hooijer 2013)  

ー ー  ー ー
NCL  (Grønlund et al. 2008) ー

NCL  ー
NCL  

 NCL ー ー
 

2.4 	
NCL   NCL

 (HR: heterotrophic respiration)  ( 2.1)

 (SR: soil respiration) 

 SR HR  
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2.4.1 NI_[	

HR

SR  (Wagai et al. 1998; Raich and 

Tufekciogul 2000)  (Inubushi et al. 2003)

 (Takakai et al. 2006)  (Melling et al. 2005) 

SR HR  

2.4.2 I�	
SR HR

SR HR

SR HR

Jauhiainen et al. (2014) 

SR HR  

2.4.3 I =�	
 (GWL) SR HR

 (Kim and Verma 1992; Glenn et al. 1993; 

Silvola et al. 1996)

GWL SR HR

 (Couwenberg et al. 2010; Hirano et al. 2014)  

2.4.4 �
E
>.]�	
SR HR

SR HR

 (Murayama and Bakar 1996; Ye et al. 2012)

 (Takakai et al. 2006; Arai et al. 

2014; Comeau et al. 2016)  

SR HR SR

HR GWL pH

SR GWL

GWL  (Jauhiainen et al. 2008; Hirano et 

al. 2009) GWL SR



 
9 

GWL SR GWL  (Kim 

and Verma 1992; Jauhiainen et al. 2008)  

 (Birch 1958) 

 (Marumoto et al. 1977; van Gestel et al. 

1993) SR HR GWL

GWL

 (Kessavalou et al. 1998; Borken et al. 2003; Yanai et al. 2007; Unger et al. 2012)

 (Goldhammer 

and Blodau 2008; Fenner and Freeman 2011)
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G39� J1I�TU	

3.1 J1I#]	

40 km APRIL

130 km  ( 3.1)  

  

 

 

 

 

 

 

 

 

 

3.1.1 ������3-0	
Mega Rice Project

26.5°C 2235 mm  

(Hirano et al. 2007) 26,000  (Page et al. 2004) 3–6 

m Hemic Haplofibrists

Typic Haplofibrists  (Soil Survey Staffs 2014)  

1981 1995 82  

(Commercial Advisory Foundation in Indonesia 1996) 1.5 Mha

 ( Mega Rice Project, Proyek Lahan Gambut Sejuta 

Hektar) 

 (Limin et al. 2007) 1997  (Page 

et al. 2002)  (Ambak and Tadano 1991) 

1999  (Limin et al. 2007)

 (burned 

land: BL)  (cropland: CL)  (forest land: FL)  (grassland: GL) 

;	 3.1	

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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 3.2  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (BL) 4  (BL1, BL2, BL3, BL4) 

1997  (Langner and Siegert 2009; Yulianti 

et al. 2012) 1997 2002 2009

 

(Stenochlaena palustris (Burm. f.) Bedd. Pakis Dayak Kalakai) 

 (Combretocarpus rotundatus Danser Dayak Tumih) 

 (Pteris spp. Dayak ) 

cm cm BL1 (2°20’31” S, 

114°02’16” E) BL2 (2°19’23” S, 114°00’59” E) 1997

30 cm BL1 BL2

 BL1 2002 7 BL2 9

BL3 (2°18’40” S, 114°03’59” E) 

3 km BL4 (2°19’19” S, 114°03’28” E) 4 km BL3

;	 3.2	  (Google Earth, Digital Globe, 2016 12

31 ) 

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 BL3

BL1, BL2, BL4  

 (CL, 2°17’00” S, 114°00’40” E) 3  (CL1, CL2, 

CL3) 1981

0.25 ha

2–4 ha CL1

CL3  (Zea mays L.) 1

 (Spinacia oleracea L.) CL2

 (Phaseolus vulgaris L.)  (Manihot esculenta Crantz.)  (Solanum 

melongena L.)  (Capsicum annuum L.)  (Arachis hypogaea L.)

 (Carica papaya L.)  (N 16%, P2O5 16%, 

K2O 16%) Table 

3.1  

Q	 3.1  (CL1, CL2, CL3)  (N)  

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). 

 (FL) ― 

(Tetramerista glabra Miq.)  (Shorea sp.)  (Calophyllum sp.)

 (Combretocarpus rotundatus Danser)  (Palaquium sp.)

 (Syzygium sp.)  (Dactylocladus stenostachys Oliv.)  (Dyera 

costulata Hook. f.)  (Ilex cymosa Blume)  (Tristaniopsis obovate 

(Benn.) Peter G. Wilson & J.T. Waterh.)  (Diospyros sp.)  (Tuah et 
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al. 2003) FL1 (2°20’41” S, 114°02’14” E) 8 km

300 m FL2 (2°19’35” S, 113°54’15” E) FL3 (2°19’00” 

S, 113°54’29” E) CIMTROP (Center for International Cooperation and 

Management of Tropical Peatland) NLPSF (Natural Laboratory of Peat Swamp 

Forest) FL2 700 m FL3

FL1 FL2

FL3  

CL1–3  (GL, 2°17’01” S, 114°00’39” E) 2002

 (Takakai et al. 2006) CL

GL 2009

 

3.1.2 ����P�	

 (Cecil et al. 1993)

1997 11 12 1998

3  (Acacia crassicarpa A. Cunn. ex Benth.) 

 (Stenochlaena palustris (Burm. f.) Bedd.) 

6 2 3 2005

12 2006 1 1333

 ha-1 1 250 g  10 g

 ( 15% 10% 6%) 30 1

40 g 50 g

100 m 6  (AP1–AP6, 0°09’09” 

N, 101°33’49” E, 16–17 m)  ( 3.3) AP1

AP6 2008 9

2010 12 3 2

13

10 km  
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3.1.3 �����P�	
 

 (Acacia crassicarpa A. 

Cunn. ex Benth.)  

(Stenochlaena palustris (Burm. f.) Bedd.) APRIL

2009

2001

 (Bathgate and Rachmady 2012) 2012–2013

4

3.4

2  (A1, A2) A1 (0°14’40” N, 102°31’30” E) A2 (0°13’50” 

N, 102°32’45” E) A2

A1 A1 2010 A2 2009

3–4

A1 A2 1  (N, 

0°17’13” N, 102°33’10” E) 

1  (B, 0°16’09” N, 102°32’23” E) B  (Melaleuca sp.) 

;	 3.3	 (Google Earth, Digital Globe, 2016 12 31 )

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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2010  ( 3 )

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. 

 

2. -0.9 -0.4 m

 ( ) -0.5 m -0.4 m

 

3.  

2

 

  

;	 3.4	  

Fig.	3.4 Map of research plots in Meranti estate. 
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3.2 J1(&	
3.2  

Q	 3.2  

Table	3.2 Sampling periods and intervals 

 

Site 

 

Plot 

 

Sampling periods and intervals 

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

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

 BL3 2008–2011 ( 1) 

 BL4 (BL3 ) 

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

 FL1 (BL1 ) 

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

 FL3 (FL2 ) 

 GL (CL1–CL3 ) 

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

Meranti A1 2012 6–7 2013 3–7  ( 1);  

2012 11 –2013 2  ( 1) 

 A2 (A1 ) 

 B (A1 ) 

 N 2012 6–7  ( 2); 2013 3–7  ( 1); 

2012 11 –2013 2  ( 1) 

3.3 N:QW��
�������	
 (Toma et al. 

2011)

30 cm

 ( 60 cm × 30 cm) CO2 flux

 (SR) CO2 flux  (HR) 

 (  25 cm, 18.5–21.0 cm) 

 ( 18.2 cm) 3
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6 Tedlar  (GL Sciences Inc., Tokyo, Japan) 

CO2  (ZFP-9, Fuji Electric Systems, Tokyo, Japan) 

CO2 CO2

CO2 

free 1820 × 10−6 m3 m−3 CO2

 (N2 ) CO2 flux (mg C m−2 h−1) 

 (Ta, °C, testo 635, testo, Kanagawa, Japan) 

 

CO
#
	flux = *

+,

+-

.

/
0

273.15

273.15 + 8
9

12.0

44.0

 3.1 

ρ CO2  (1.977 kg m−3) Dc

CO2  (10−6 × m3 m−3) Dt  (0.1 h = 6 min.) V

 (m3) Sb  (m2) 12.0 44.0 C

CO2  

3.4 �������	�,Y��%+]�	
4 cm  (Ts, °C)  (m3 m−3, ADR, ML2 

Theta Probe Delta-Y Devices, Cambridge, UK) 3

PVC –

–  (GWL, m) 

 (CST, cm) 

 

3.5 N:
`!$?	
10 cm 2 mm

1:20 pH  (2009 pH meter F-

22, 2010 pH meter F-25, Horiba, Kyoto, Japan) pH

1:20 1:5 0.2 µm

 (NO3
−-N)  

(DIONEX Ion Chromatograph DX-AQ, DIONEX Japan, Osaka, Japan)

 (water-soluble organic carbon: WSOC)  (TOC-5000A, Shimadzu, Kyoto, 

Japan)  (NH4
+-N) 2 mol 

L−1 KCl 1:20  (UV mini 1240, 
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Shimadzu, Kyoto, Japan)  (Na+, K+, Mg2+, Ca2+) 1 mol L−1

 (Z5010, Hitachi, 

Tokyo, Japan)  (cation exchange capacity: CEC) 

80% 1 mol L−1 KCl

CEC  

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

100 cm3 10 cm

 (DIK-1110, Daiki Rika Company, Saitama, Japan) 

105°C 48 WFPS

 

3.6 ^\^4	
A1 N

3

 

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

 (TOC: total organic carbon, g C g-1)  (%) 

10 cm

800°C 2–3  

3.8 N:QW	���@VHCD5
<LTU	
 (NCL: net carbon loss, kg C m-2 yr-1) 

 

3.8.1 AF$M6U	
NCL HR HR (kg C 

m-2 yr-1)  

Cumulative	HR =

1

2

× EF
G
+ EF

GHI
× -

G
− -

GHI
×24×

365

-
L
− -

I

×10
HM

N

GO#

 3.2 

n HRi HR ti  
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Cumulative	LF =

RS
G

-
G
− -

GHI

N

GOI

×365 3.3 

n LFi  (kg C m-2 period-1) ti

 

NCL (kg C m-2 yr-1)  

NCL = Cumulative HR - Cumulative LF 3.4 

3.8.2 K U	
 (GWL) 

 (Price and Schlotzhauer 1999; Fritz et al. 2008) 

NCL  

BD TOC

BD TOC  

1.  

2. BD  

3. BD TOC  

4.  

BD TOC BD TOC

4  (Dinit, cm) 

 

Dinit = Dcurr + Y × S 3.5 

Dcurr  (cm) Y  (

13 4 ) S  (cm yr−1) Dcurr

BD TOC S
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NCL

 

NCL =

U
init
×WU

sub
×8Z[

sub
− U

curr
×WU

top
×8Z[

top

`

×10 3.6 

BDsub TOCsub BD TOC BDtop TOCtop

BD TOC NCL

 (Joint Committee for Guides in Metrology 2008)  
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G49� I =�SO�N:/*	Y���,	

4.1 8c	
2  (SR: soil respiration) 

 (GWL)  (Melling et al. 2005; Couwenberg et 

al. 2010; Sundari et al. 2012) SR GWL ̶
 

(Birch 1958) SR GWL

 (Kessavalou et al. 1998; Borken et al. 2003; 

Yanai et al. 2007; Unger et al. 2012)

 (Goldhammer and Blodau 2008; Fenner and Freeman 2011)

 

SR GWL

SR  ( ) SR

SR

SR SR GWL

SR SR

SR 95%  

( ) SR GWL

 (Clark et al. 2005; Nishina et al. 2009; Li et al. 2015) Li et al. (2015) SR

SR SR GWL

SR GWL  

GWL

SR SR

GWL
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4.2 2a�TU	

4.2.1 J1I	
3 3.1.1

2.9–6.5 m  ( 4.1)

Mega Rice Project  
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24 

2002 2011 ATSR World Fire Atlas 

(Arino et al. 2012)  
1%

 (Putra 2010; 4.2)  

!	 4.2  

1%  2008 2010

  

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.	

 

Year 

 

Annual fire counts 

 

Dry month length 

 

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 ���������#����	
1 2 2002 2011  

BL 2004–2009 FL 2006–2009 2  ( ) 9  (

) 2  BL2 2008   

SR GWL 4 cm  (Ts) water-filled pore space (WFPS)  (ARH: 

atmospheric relative humidity)  (BD: bulk density) pH  

(TOC: total organic carbon)  (MBC: microbial biomass carbon)

 (WSOC: water-soluble organic carbon)  (TN: total nitrogen)

 (CEC: cation exchange capacity)

Na+ K+ Mg2+ Ca2+ 3 3.2–3.4

  

4.2.3 �
��"����	
 ( ) GWL

  

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

×30				!"#$ 1 = 0 4.1 

DGWL (m month−1) GWL date t

 (= 1, …, n) n  
1  Eq. 4.1

DGWL 30  DGWL GWL

 DGWL  (drying)  (rewetting)

 (fluctuating) 4.3   

!	 4.3  DGWL GWL IQRDGWL DGWL

 DGWL GWL   

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.	

 

GWL changing direction 

 

Cases 

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

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

Fluctuating The other cases 
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4.2.4 WFPS ����	
WFPS  ( WFPS WFPS

WFPS )  WFPS WFPS

WFPS WFPS WFPS

  

4.2.5 ���	
Shapiro  SR

 (P < 0.001) SR  SR  

( 4.2)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

N = 148
µ = 4.31
σ = 0.79

N = 422
µ = 5.67
σ = 0.52

N = 162
µ = 4.77
σ = 0.59

N = 144
µ = 5.43
σ = 0.47

(a) BL (b) CL

(c) FL (d) GL

0

25

50

75

100

0

25

50

75

100

0 400 800 1200 0 400 800 1200
SR rate (mg C m−2 h−1)

C
ou

nt

�	 4.1  (SR)  N µ

s   

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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SR Ts GWL WFPS

Tukey-Kramer  SR

WFPS Tukey-

Kramer   

SR GWL WFPS Ts

  
SR GWL   

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

ajkl bjkl σy  
exp(a) GWL 0 m SR  β GWL

SR  ajkl bjkl WFPS

3  (j = 1 2 3 ) WFPS

3  (k = 1 WFPS 2 WFPS 3 WFPS )

4  (l = 1 BL 2 CL 3 FL 4 GL)  ( 3´3´4 

= 36 )  

ajkl bjkl   

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

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

µα µβ WFPS

a b  sa sb a b  gaj, gβj, dak, dβk, 

lal, lβl WFPS

 (Qian and Shen 2007)  

 gaj, gβj, dak, dβk, lal, lβl, sy, sa, sb

 (Gelman 2006) µa µβ 106  
RStan (Stan Development Team 2016; Version 2.6.0) 

 (Hoffman and Gelman 2014)  4

10,000  5,000  
Gelman-Rubin  (Gelman and Rubin 1992)  
SR GWL Ts WFPS  (R2)

 (RMSE: root mean square error) Akaike information criterion (AIC; Akaike 
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1987) 2  (AIC/2n) widely applicable information criterion 

(WAIC; Watanabe 2010)  R2 RMSE

AIC/2n WAIC  
SR SR   

a b 95%  (CI) 2.5% 97.5%

 95%CI 0  
95%CI

  

a b a b

Ts BD pH TOC MBC WSOC TN NH4
+ NO3

-

CEC  (Na+ K+ Mg2+ Ca2+)  Pearson

  

R  (R Development Core Team 2015; Version 3.1.3) 

  

4.3 ��	

4.3.1 ��$���	
3.1 m ( ) 6.5 m (BL1 BL2)  

 
pH Ca  

NH4-N

NO3-N   

4.3.2 �	��
���WFPS	
 (Ts)  Ts

 ( 4.4)  
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!	 4.4  (n)  (SR rate) 4 cm  (Ts)  (GWL) WFPS 

 ±   (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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 (GWL)  ( 4.4)

GWL Ts GWL Ts
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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  (a)  (b) 

Pearson  a  b   (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.	

 

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

ARH −0.608 *** 0.466  

Ts 0.626 *** −0.318  

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  

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:  (atmospheric relative humidity); Ts: 

 (soil temperature); BD:  (bulk density); TOC:  (soil total organic 

carbon); MBC:  (microbial biomass carbon); WSOC:  

(water-soluble organic carbon); TN:  (soil total nitrogen); CEC:  

(cation exchange capacity)  
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4.4 27	

4.4.1 5;?��&L��YB1,�c�	�-	
 WFPS

 SR GWL  ( 4.6)

 SR

 

SR  ( 4.5) WFPS

WFPS  (0.54–0.75 m3 m−3) 

 (Linn and Doran 1984) WFPS

SR  SR

 (Jauhiainen et al. 2014; Comeau et al. 2016) 
 

 GWL SR  

(Couwenberg et al. 2010)  GWL  GWL

SR WFPS  
SR  ( 4.5) GWL 0.6 m

 ( 4.4)   WFPS WFPS

SR  ( 4.5)  GWL SR  (b) 

WFPS   ( 4.8)

SR  (Birch 1958) 
GWL SR  

(Couwenberg et al. 2010) SR

 
 
 (Birch 1958; Marumoto et al. 1977; van Gestel et al. 1993)

SR  (Borken 1999; Cable et al. 2008) Borken 

(1999)  SR

SR  

WFPS  (b)  WFPS

b  ( 4.8) WFPS GWL SR

 SR
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SR  (Davidson et al. 2000; 

Jauhiainen et al. 2008)  WFPS GWL

 (Chen and Hu 2004)  
 (Beven and Germann 1982; Mooney 2003)

  
GWL WFPS  

GWL  
 WFPS GWL CO2

 (Fierer et al. 2003; Kusa et al. 2010) SR WFPS

  WFPS GWL

 GWL  WFPS GWL  SR

GWL WFPS b

Hirano et al. (2009) Kalimantan

SR  hummock GWL  +0.1 m  hollow -0.2 m

 SR GWL  
GWL SR

 

 
WFPS GWL

 ( 4.5)   GWL

WFPS GWL SR

 b

 ( 4.8)  WFPS SR

 ( 4.5)  SR

  
GWL  WFPS WFPS

 ( 4.5) SR

 WFPS WFPS

 WFPS WFPS  ( 4.5)

SR  
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4.4.2 I^
.��F0f�	
a b  (

4.9) a Ts  SR

 
Nepstad et al. (1994)  

 
 (Nicolas et al. 

1985; Liu et al. 2004)

 (Melling et al. 2005)  

a   pH   CEC Ca2+

   CEC

 (Ramchunder et al. 2009)  a

SR

  
Ca2+ pH  ( 4.1)

  (Murakami et al. 2005)

 SR  

a NH4
+  NO3

− SR

SR

 NH4
+  NO3

−  
a NH4

+ NO3
−  

b Na+ Mg2+  
 ( 4.9)  SR

Na+ Mg2+  Na+ Mg2+

K+ Ca2+  ( 4.1)  b Na+

Mg2+  

4.5 /k	
SR  WFPS

SR  GWL

SR  WFPS
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SR  
 

 WFPS SR GWL

a   
 b  
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R5A� ���������������V�
G

aSKP:�<`'Z%	

5.1 @k	
2   (NCL: net carbon loss) 

 NCL  (Hooijer et al. 

2010)   
 (Miettinen et al. 2012) 0.52 – 4.85 kg C m-2 yr-1

NCL  ( 2.1)  (0.19 – 0.80 kg C m-2 

yr-1, 2.1)  

 NCL

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

NCL  (Murdiyarso 

et al. 2010; Hergoualc’h and Verchot 2011)  (Couwenberg and Hooijer 2013) 

 
  (Hooijer et al. 

2012)  

 (GWL) 

 (Price and Schlotzhauer 1999; Fritz et al. 2008)  
NCL

NCL  
  (Hooijer et al. 2012; Aich 

et al. 2013)   
NCL  

NCL  

 (Berry and 

Poskitt 1972; van Asselen 2011; Zanello et al. 2011)   (1990)  
 

(Juárez-Badillo 1981)  (CSIR: cumulative irreversible 

subsidence)  
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CSIR =
&'

1 + *+,-
 5.1 

 H  t  e g d  GWL

 (Price and Schlotzhauer 1999; Fritz et al. 2008)

 5.1 GWL

 
   

NCL  

 (1) 

  (2) 

NCL  NCL

 

5.2 6i
_`	

5.2.1 U4T$f	
3

  
 (Cecil et al. 1993)

 (Acacia crassicarpa A. Cunn. ex Benth.)  
 (Stenochlaena palustris (Burm. f.) Bedd.) 

 100 m AP1 AP6 6

2008 9 2010 12

3 2  13

 

5.2.2 MW_`	
3 3.2–3.4   (HR: heterotrophic respiration) 

 (3 )  
4 cm  (Ts)  (CST: cumulative total subsidence)  

(GWL: groundwater level) PVC

 3

  

AP1 AP3 AP6  10 cm
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 (H, cm)   (BD: bulk density, g cm–3) 
 (TOC: soil total organic carbon, g C g–1) 3 3.4

AP2, AP4, AP5   BD TOC 
 

10 km  

5.2.3 H8JV�
=O�g1,�"*���	
 (CST: cumulative total subsidence)  

(CSIR: cumulative irreversible subsidence)  

CST	01 = CSIR	01 + surface	oscillation	

=
&1'1

1 + *1+0
,->

+ ?1 @AB01 − @AB1 + &DEF	01 

5.2 

 i = 1, …, n; j = 1, …, J n  J  (= 6) ej CST

 gj  dj

 bj  @AB1
GWL eCST ij 5.2 5.1  

(CSIR)  (  1990)  CST

5.2  CSIR 5.1  

 (eCST ij) 0 
sCST  ej, gj, dj, bj µe, µg, µd, 

µb se, sg, sd, sb µε, µγ, µδ, µβ

 se, sg, sd, sb, sCST  

(Gelman 2006)  

HR GWL Ts  

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

 i = 1, …, N; j = 1, …, J a1j, a2j a3j  GWL

 Ts  eHR ij  

 (eHR ij) 0 
eHR  a1j, a2j, a3j µa1, µa2, µa3 

sa1, sa2, sa3 µα1, µα2, µα3

 sa1, sa2, sa3, sHR  

5.2 5.3 RStan (Stan Development Team 2016; 
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Version 2.10.1)  (Hoffman and Gelman 

2014) 4  20,000  10,000

Gelman-Rubin  (Gelman and 

Rubin 1992)  

5.2.4 GaSKP:�DW	
 (NCL: net carbon loss, kg C m−2 yr−1)  3 3.8.1

 HR  

NCL  3 3.8.2  
  

1.  

2. BD  

3. BD TOC  

4.  

 (SIR: irreversible 

subsidence rate, cm yr−1) CST 5.2  
5.1 CSIR (cm)  CSIR  

PQO =
CSIR	R − CSIR	I

+R − +I
×365 5.4 

SIR  CSIR 1 CSIR N CSIR

 

GWL Ts  
Holm t NCL

Tukey-Kramer

 t BD TOC 
Tukey-Kramer

R  (R Development Core Team 2015; Version 3.3.1)  

5.3 /!	

5.3.1 3Ej	
1–2  ( ) 6–8  ( )  3–

5 11–12  ( 5.1) 2008

2934 mm 2009 2260 mm 2010 2975 mm  (Kim 
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et al. 2011) 2009 5–9  
2009  2009 11 2010 10

 2010  2009

11 127.8 mm  2009 12 433.2 mm  

 

  

 

 

 

 

 

 

 

 

 

 

 

5.3.2 T�E�	
 (GWL, ) –1.19 m 0.68 m

 ( 5.2) 2009 11  2009 10

11 GWL AP6 1.37 m month–1  

GWL  (P < 0.001)  (P < 0.01) GWL

2009 AP2  GWL 2010 AP5  ( 5.1)

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  (GWL)  (Ts) (  ± )

 (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).	

 

Plot 

 GWL (m)   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 

 

  

(a) AP1 (b) AP2 (c) AP3

(d) AP4 (e) AP5 (f) AP6
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Fig.	5.2 Time series of groundwater level (GWL) in each plot.	
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5.3.3 T�	
 (Ts)  25°C 33.0°C  (

5.3) Ts  AP3  

( 5.1) Ts 2010 AP4  Ts 2010 AP6

 ( 5.1)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.3.4 =O�g1,	
 (HR) 2.4–557.0 mg C m–2 h–1  (

5.4) 2009 11 2010 1  
 HR HR GWL Ts

 R2 0.10–0.62  ( 5.4, 5.2) HR GWL

 (a1)  ( 5.2) GWL HR

 HR Ts  (a2)  ( 5.2) 
Ts HR  

HR 2009 2010  (Table 5.3) 2009 AP3

 2010 AP1  (Table 5.3)  

  

(a) AP1 (b) AP2 (c) AP3

(d) AP4 (e) AP5 (f) AP6
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Fig.	5.3	Time series of soil temperature at 4-cm depth (Ts) in each plot.	
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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  (HR)  (GWL)  (Ts) 

HR = a1 + a2´GWL + a3´Ts 95%

R2 HR  

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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[	 5.3  (HR)  (kg C m-2 yr-1)

 (P < 0.05)  

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. 

 

Plot 

HR 

Annual cumulative HR 

 

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	
  

 
AP3  AP4  ( 5.3)  

5.3.6 H8V�
\ +V�NX	
 (CST)  ( 5.5)  2009 11

2010 1 GWL  ( 5.2) CST

 ( 5.6) CST 5.2  R2 0.86–

0.91  ( 5.4)  

CST  CSIR 5.1

CST  CSIR 95%  (

5.5) CSIR  (SIR) 5.4 SIR  (P < 0.001) 
 (P < 0.001)  ( 5.5) SIR 2009 AP6  
SIR 2010 AP1 SIR GWL

 (SIR = 0.38 - 0.049 ´ GWL, P < 0.001, R2 = 0.92, 5.6)

 AP6  (
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5.5)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

(a) AP1 (b) AP2 (c) AP3

(d) AP4 (e) AP5 (f) AP6

10.0

7.5

5.0

2.5

0.0

10.0

7.5

5.0

2.5

0.0

Sep Ja
n
May Sep Ja

n
May Sep Ja

n
Sep Ja

n
May Sep Ja

n
May Sep Ja

n
Sep Ja

n
May Sep Ja

n
May Sep Ja

n

  2009      2010                 2009      2010                 2009      2010        

C
um

ul
at

iv
e 

su
bs

id
en

ce
 (c

m
)

C	 5.5  (CST)  

CST  

 (CSIR) 95%  

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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[	 5.4  (CST) CST = e×H / (1 + g×t−d) + b×(GWL−@AB) 

 (e, g, d, b) 95% H  (cm) t

 GWL  (m) 	@AB  (cm) 

R2 CST  

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 2009  2010   

(SIR, )  (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).	

 

Plot 

 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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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	
 (BD)  (TOC)  

0–60 cm  60–300 cm  ( 5.7) BD TOC 
 ( 5.6) AP1, AP3, AP6

 (BD)  (0–60 cm) 0.13 ± 0.03 g cm–3  (60–300 cm) 0.074 

± 0.010 g cm–3 0.43 ± 0.05 g C g–1 0.53 ± 0.01 

g C g–1 22.6 ± 7.4% 7.3 ± 1.3%  

5.3.8 GaSKP:	
HR   

(NCL)  (P < 0.001)  (P < 0.001)  ( 5.7)

NCL 2009 AP4  NCL 2010 AP1  (

5.7)  NCL 0.74–1.67 kg C m−2 yr−1  
AP3 AP4  AP6  ( 5.6)  

  
NCL 0.02–0.73 kg C m−2 yr−1 5.7 NCL

  NCL

 AP3 AP4 AP5

5.7  
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L	 5.7  (NCL, kg C m−2 yr−1)  

(  ± )  (P < 0.05)

 

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.	

 

Plot 

 

Biometric method 

(A) 

  

Subsidence method 

(B) 

 

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	
 (SIR)  (P < 0.001)  (P < 0.001) 

 ( 5.5)  SIR GWL  ( 5.6)

SIR GWL 2009 2010 SIR

2009 El Niño GWL  ( 5.1)  

Hooijer et al. (2012) GWL -0.70 ± 0.2 m 5.0 ± 2.2 cm yr-1

 Wösten et al. (1997) GWL -0.50 ± 0.38 m 4.6 ± 3.0 cm 

yr-1 SIR (2.9 ± 0.4 cm yr-1, 5.5) 

GWL (–0.37 ± 0.34 m) 

  

  ( 5.6) 
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 (Deverel and Leighton 2010; van Asselen et al. 2010) Hooijer et al. (2012) 

1.2 ± 1.13%   (22.6 ± 7.4%, 5.6) 1/10

  

(Cecil et al. 1993)  SIR  

5.4.2 5PB8>)	
AP3 AP4 AP5  (NCL) 

 ( 5.7)

 ( 5.6) BD  

( 5.5)  BD 2 (

5.2.4 )   
NCL  

 
 (Wösten et al. 1997; 

Hooijer et al. 2012)   
 

 

Hooijer et al. (2012) 

NCL  GWL -0.70 ± 0.2 m 1.85 kg C m-2 yr-1

 ( GWL –0.37 ± 0.34 m 0.43 ± 0.84 kg C m-2 yr-1) 

 Hooijer et al. (2012) GWL

 (HR)  NCL HR GWL

 (Jauhiainen et al. 2012; Hirano et al. 2014) HR

GWL  ( 5.2)  

  
NCL

 
NCL NCL

Hergoualc’h and Verchot (2011)  
NCL

GWL -0.60 ± 0.05 m NCL 0.98 ± 0.30 kg C m-2 yr-1

 Murdiyarso et al. (2010) 

NCL  GWL -0.50 m 0.52 ± 0.11 kg C m-2 yr-1
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GWL (–0.37 ± 0.34 m)  
NCL (1.20 ± 0.29 kg C m-2 yr-1) 

 

 HR

 Hergoualc’h and Verchot (2011) HR 0.93 ± 0.27 

kg C m-2 yr-1  HR (1.68 ± 0.10 kg C m-2 yr-1)  

5.5 �X	
 

  (SIR)  SIR NCL

 NCL

 GWL  

NCL

  

  
NCL  NCL
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A6/� 3�U���GBC����E��5PB8

>)	

6.1 .X	
5  

 (NCL)  (Wösten et al. 1997; Hooijer 

et al. 2012) NCL  
NCL  (Page et al. 2009)  

NCL

 

  
 

 
  

 ( )  

  
 

 
 

  
NCL  NCL

NCL

 (Page et al. 2009; Couwenberg et al. 2010) 4

  (GWL -0.76 ± 0.28 m) GWL

  (WFPS > 0.75 m3 m-3) 

Takakai et al. (2006) N2O

 (Reiche et al. 2009; Estop-

Aragonés and Blodau 2012)  (Goldberg and Gebauer 2009; Muhr et al. 2010) 
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NCL

   
 

6.2 &V�NO	

6.2.1 D$C�S	
3 3.1.3

 
 2009

 
 2001  

 (Bathgate and Rachmady 2012)

2012–2013  4

A1 (0°14’40” N, 102°31’30” E) A2 (0°13’50” N, 102°32’45” E) B (0°16’09” N, 

102°32’23” E) N (0°17’13” N, 102°33’10” E) 4  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1	 6.1	  

Fig.	6.1 Map of research plots in Meranti estate. 
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6.2.2 ;FNO	
3 3.2–3.4   (SR)  (HR) 

 4 cm  (Ts) 10 cm WFPS

 (CST)  (GWL) PVC

SR HR  4 4.2.3

GWL  

A1, B, N  10 cm

 (BD, g cm–3)  (TOC, g C g–1) 3 3.4

A2 BD TOC APRIL

 

 (CST)  
 (SIR)  

6.2.3 5PB8>)�2F	
 (NCL, kg C m−2 yr−1)  3 3.8.1

 HR  

NCL  3 3.8.2  
SIR  

6.2.4 K�H�F	
SR HR Shapiro-Wilk GWL HR

 Tukey-Kramer BD

TOC Tukey-Kramer HR

 GWL  Ts  3  
AIC (Akaike 1987) 

 (VIF > 10) R

 (R Development Core Team 2015; Version 3.3.1)  
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6.3 ��	

6.3.1 "3W	
1  ( ) 6–8  ( )  ( 6.2)

2333 mm (2012 ) 2174 mm (2013 )  

 

 

 

 

 

 

 

 

 

 

 

 

 

6.3.2 C�3	
 (GWL, ) -1.2 m -0.1 m  ( 6.3) GWL

 (P < 0.001) A2  B N  (

6.1) A1 A2  (

6.3)  2012 A2  GWL  

GWL   (6 ) 

  (7 )  ( 6.3) GWL

  ( 6.3)  
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1	 6.2  

Fig.	6.2 Daily precipitation in Meranti estate. 
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L	 6.1  (n)  (Ts)  (GWL) water-filled pore space (WFPS) 

 (ARH) (  ± )  (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 

 

  

A1 A2

B N
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2012           2013                        2012           2013               

G
W

L 
 (m

)

GWL changing
direction Drying Rewetting Fluctuating

1	 6.3  (GWL) 

 

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	
  (Ts) 23.8–34.0°C  38.8–93.3%

Ts  ( P < 0.001) Ts

B  Ts

N  ( 6.1)  

6.3.4 WFPS	
WFPS 0.04–1.0 m3 m-3 WFPS  (P < 

0.001) A1  B N  ( 6.1) A2 B N WFPS GWL

 A1  ( 6.4)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.3.5 J0 �<I�+=�T �<I	
SR HR 8–3010 mg C m-2 h-1 8–1390 mg C m-2 h-1

 ( 6.5) HR  ( 6.5 1) A1  
SR  (15 , 6.5 2) A1

 4 SR HR

1	 6.4 10 cm WFPS  (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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 ( 6.2)  SR HR  
SR HR  ( P < 0.001) 

A1  B  ( 6.3)  

 SR HR GWL Ts  WFPS

 SR HR GWL Ts  WFPS

 ( 6.4)  
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1	 6.5 CO2 flux ( SR HR) 
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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 ( ) 

±  ( )   (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) 

 

Plot 

 

Drying 

  

Rewetting 

  

Fluctuating 

 

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 

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  (SR)  (HR) 

 (kg C m-2 yr-1,  ± ) SR HR

 (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).	

 

Plot 

SR 

Cumulative SR 

HR 

Cumulative HR 

 

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	 6.4  (SR rate)  (HR rate) (mg C m-2 

h-1)  

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

 

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. 

 

Plot 

 

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	
 (BD) 6.6 N 50–70 cm

  50 cm

 70 cm BD A1 B N  (P < 

0.001)  ( 6.4)  
 0.58 g C g-1  
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L	 6.5  (BD)  ±  ( )

 (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). 

 BD (g cm-3) 

Plot  Topsoil  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	 6.6  (N)   

50 cm  70 cm  

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	
 (CST)  ( 6.7) CST GWL

 B N CST GWL  ( P < 0.001) 
A1 A2  ( 6.7)  

6.7  (SIR) SIR

 (P < 0.001) A2  (9.2 ± 0.8 cm yr-1) A1 (6.9 ± 0.5 cm yr-1) 
B (3.0 ± 0.5 cm yr-1) N (3.1 ± 0.5 cm yr-1)  (

 ± ) SIR GWL  ( 6.8)  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

1	 6.7  (CST) CST

  (SIR)  

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). 
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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
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B N
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1	 6.8  (CST)  (GWL)  

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

1	 6.9  (SIR)  (GWL) 95%  

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. 
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6.3.8 5PB8>)	
NCL  (P < 0.001) A1  

(3.97 ± 0.26 kg C m-2 yr-1) N  (0.71 ± 0.15 kg C m-2 yr-1, 6.6)  
NCL HR  ( 6.10)  

   ( 6.6)

A1 A2

 A2

 

L	 6.6  (NCL)  ± 

  (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).	

 NCL (kg C m-2 yr-1)  

Plot  

Biometric method (A) 

 

Subsidence method (B) 

 

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�	
 (CST) 

 ( 6.7)  (SIR)  SIR GWL

 ( 6.9)  
 GWL  

B N CST GWL  ( 6.8) B N

 

(Price and Schlotzhauer 1999; Fritz et al. 2008)  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  (HR)  (NCL) 

 95%  

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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 ( 6.8)  A1  (BD) B N

 ( 6.5) A1 A2

A2 A1 SIR  GWL A2

 ( 6.1, 6.9) A1 GWL  (-0.9 

m -0.4 m)  A2  (

6.3) A2   A1

 

6.4.2 J0 ��
	+=�T ��4�S��%*-����	
 (SR)  (HR)  (Ts)  GWL

  WFPS  ( 6.4) GWL

SR HR  (Couwenberg et al. 

2010; Jauhiainen et al. 2014)  WFPS SR HR

SR HR  

A1 A2 HR WFPS  ( 6.4)  WFPS

A2 A1  ( 6.1)  A1 A2 HR

A1 WFPS WFPS

 SR HR  (Melling 

et al. 2005)  GWL A1 A2  ( 6.1, 6.3) A1 WFPS GWL

 ( 6.4) A1

 GWL WFPS  A2  (BD) 

A1  ( 6.5) WFPS GWL  

( 6.4) A2  
 GWL WFPS HR

 

SR HR  
 ( 6.2) 4 SR  GWL

 WFPS 0.75 m3 m-3  
A1 A2 WFPS 0.21 m3 m-3, 0.56 m3 m-3  0.75 m3 m-3  

( 6.1) A1 A2  GWL

A1  GWL

 A2 GWL

 GWL  ( 6.1) 
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WFPS  

6.4.3 5PB8>)	
NCL A1  ( 6.6)  

NCL HR  ( 6.10)  A1

NCL A1 HR  ( 6.3) HR

WFPS  WFPS NCL

 

 B N NCL  ( 6.6) B N GWL

 ( 6.3) HR   
B GWL WFPS  ( 6.4) N GWL

HR  ( 6.4) Hergoualc’h and Verchot (2011) 

 0.10 ± 

0.17 kg C m-2 yr-1 N

NCL (0.71 ± 0.15 kg C m-2 yr-1) N

 2009 2001  
 (Bathgate and Rachmady 2012) Yupi et al. (2016) 

N MD (41.6–55.5 g C m-2 yr-1)  TR (26.2–34.9 g C m-2 

yr-1)  MD

 
N  GWL

 NCL  

NCL  
BD  ( 6.5) BD NCL

BD  
4  

 

6.5 �X	
 

NCL

GWL  NCL HR  HR

WFPS WFPS
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 SR HR  
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A7/� :#!'	

4  (SR) 

 5  (NCL) 

6 4 5  
NCL

 SR  (HR)  
 NCL SR  HR  (GWL)  (WFPS) 

 GWL

 NCL  SR

HR   

7.1 D$C�
�C�3�J03M���	
 (A1 A2) 

GWL ( -0.58 m -0.93 m) AP1–6

GWL (-0.48 m -0.74 m)  ( 7.1)

  
   

 (2010 )  
GWL   (2012–2013 ) 

  (2174–2333 mm) 

2009  (2260 mm)  
2008 2010  (2934, 2975 mm) 

 
GWL  

  (2235 mm) 

 N GWL

 (FL1)   (FL2 FL3)  

( 7.1) FL1  GWL

 N  
 N GWL FL1
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 FL2 FL3  
 N

 FL2 FL3 N

 

GWL (-0.66 m -0.93 m) 

GWL (-0.58 m -0.93 m)  (

7.1)  GWL

 ( 7.1, F , P < 0.05) GWL

 GWL

 WFPS  (0.20, 0.56 m3 m-3) 

 (0.61–0.69 m3 m-3) 

 A1 WFPS GWL

 ( 6.4) WFPS

 

7.2 J0 ��+=�T ��4�S�	
 GWL WFPS 0.75 m3 

m-3  SR  ( 4.5) 
 SR HR

 ( 6.2) A1 A2 WFPS 0.21 m3 m-3, 0.56 m3 m-3  0.75 

m3 m-3  ( 6.1) A1 A2  GWL

 7.1  A1 A2

A1 A2 GWL

 GWL

B N  WFPS 0.75 m3 m-3  ( 0.85 m3 m-3 0.82 m3 m-3) 
GWL  B N

 

 A1

SR HR  ( 7.1)  SR HR

WFPS  ( 7.1)  A1 SR

HR A1 WFPS WFPS

SR HR  

(Melling et al. 2005)  A1
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WFPS  A1 SR HR

WFPS SR HR  
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�	 7.1   (GWL)  (WFPS)  (SR) 

±  

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. 

 

Site 

 

Plot 

 

n 

 

GWL 

 

WFPS 

 

SR 

 

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 ��	�����	
 BD  

BD  (van Asselen et al. 

2010)  BD  
   

(Schothorst 1977; Hooijer et al. 2012)  

 (A1 A2) 

 (AP1–AP6) 

 ( 7.2, 7.3)  GWL

 

( 7.2, 7.3) 2009  4

 13–15

  
  (BD) 

 (0.11–0.16 g cm-3 5.6)  
 BD  (0.046–0.14 

g cm-3 6.6)  BD

 ( 7.2)

 

Hooijer et al. (2012) 

 A1 A2 2  ( 7.2) BD

Hooijer et al. (2012) BD  ( 7.2)  
Hooijer et al. (2012) 

 

7.4 ����
������	
 (A1

A2) NCL  (AP1–

AP6) NCL  ( 7.2, 7.3)

GWL  BD BD

 ( 7.2, 7.3)  
 NCL Hooijer et al. (2012) 

 ( 7.2) Hooijer et al. (2012) BD BD
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7.2, 7.3 GWL NCL 7.2a GWL NCL

( 7.2a) GWL NCL

 WFPS  
NCL WFPS  ( 7.2b) GWL

NCL  

 GWL NCL  (

)  ( 7.4) NCL

  NCL

5  
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�	 7.4  (GWL)  (NCL)  

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

(GWL). 

 df F P 

GWL 1 16.95 < 0.001 

NCL NCL method 1 0.77 0.39 

Residuals 25   

7.5 ��	
GWL  GWL  

BD   GWL

 BD  GWL

 WFPS

 SR HR  
WFPS SR HR  

 
 GWL  SR HR

 GWL WFPS NCL

 

  

�	 7.2	  (NCL)  (GWL)  (WFPS) 

 

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. 

NCL = −0.46 − 3.65 ×GWL
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