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SI Text
The data presented in Tables 1 and 2 in the main text of this
article were adopted from calculated data obtained from pub-
lished literature including journal articles, theses, and conference
proceedings. They are organized into two categories: first, the cal-
culated average C stocks in the aboveground biomass of the trees
in virgin peat swamp forests, oil-palm plantations on peat, and the
loss of peat C stock from land-clearing fire, shown in Table S1,
and second, the calculated C fluxes accumulation rate in virgin
peat swamp forests, litterfall, root mortality, soil respiration, root
respiration, heterotrophic soil respiration, and dissolved and
particulate organic C loss rates in oil-palm plantations on peat,
as shown in Table S2. For both tables, when the C content of dry
matter in the phytomass was not provided by the authors, a value
of 50% of dry matter was used. In all calculation we used a peat C
density of 0.05 g of C per cm−3 (1).

Uncertainty estimates are reported as standard errors. The
Gaussian error propagation (GEP) method was used for propa-
gating uncertainties. This method is adequate for stepwise calcu-
lations that are intended for computation of ecological quantities.
The latter can then be expressed as an analytical model using
mathematics to calculate C stocks or fluxes (2). The method
assumes that uncertainties can be considered independent and
normally distributed. In the calculation of the average of N
values, whenever the uncertainty of at least one value was miss-
ing, the average uncertainty was calculated as the standard error
of the N values. In such a case, a comparison was made between
the two calculated uncertainties: the standard error of the N
values (SEValues) and the standard error calculated by using
the GEP method (SEGEP). In all cases, the largest error value
was reported. When there was no uncertainty we assigned a high
standard error amounting to 50% of the average value.

Calculation of C Stocks. Calculation of aboveground C stocks of peat
swamp forests. The average C stock in the aboveground biomass
of the trees in virgin peat swamp, adopted in this article, is the
average of the values found in the literature. In ref. 3, the tree
aboveground biomass C pool includes C in the stems of the trees
only, estimated from trees diameter at breast height (DBH) and
height (H) measurements. This reference comprises three mixed
swamp forests, one tall pole forest, and one low pole forest. In
ref. 4, the tree aboveground biomass C pool includes C in the
stems, branches, and leaves of the trees calculated applying
the allometric relationship of five to DBH and H measurements.
This reference comprises one mixed swamp forest, one low pole
forest, and one tall interior forest.

Calculation of aboveground C stocks of oil-palm plantations on peat.
The average C stock in the aboveground biomass of the trees in
oil-palm plantations on peat adopted in this article is the value
calculated in the literature (5). In this paper, the aboveground C
pool of tree biomass was calculated by developing a relationship
between the age of the oil-palm plantations and C stocks in the
aboveground tree biomass in 51 case studies. Integration of the
equation and dividing by a 25-y rotation provided the time-aver-
aged C stock in the aboveground biomass of oil palms. This
calculation is based on oil-palm plantations grown on mineral
soil. Hence, we assume that oil palm grow similarly on peat soil
as it does on mineral soil, because almost no biomass values were
available for oil-palm plantations on peat soils.

Calculation of C loss from land-clearing using fire. The loss of peat C
stock from land-clearing fire was calculated as the product of the
depth of peat burnt and the peat C density. The adopted depth of
peat burnt (6) from land-clearing fire was used to calculate
the stock.

Calculation of C Fluxes. Peat C accumulation rate in the peat swamp
forest. The peat C accumulation rate was calculated as the
product of the peat accumulation rate and the peat C density.
We used an intermediary value (1.5 mmy−1) in the range of peat
accumulation rate (1–2 mmy−1) from the literature (7).

C inputs from litterfall in oil-palm plantations on peat. The average
C input from litterfall in oil-palm plantations on peat adopted
in this article is the average of the values from the published lit-
erature (8). The litterfall rates were measured in two oil-palm
plantations in Indonesia, Malaysia, and Benin grown on mineral
soil. Hence, we assume that litterfall rates of oil palms grown on a
peat soil are similar to that of oil palms grown on mineral soil.

C inputs from rootmortality in oil-palm plantations on peat.The aver-
age C input from root mortality in oil-palm plantations on peat
adopted in the article is the average of the values from the pub-
lished literature (8) of studies in Indonesia Malaysia and Benin
and from a case study in Malaysia (9) with oil-palm densities of
120, 160, and 200 palms ha−1. In the first reference the oil-palm
plantations were grown on mineral soils, whereas in the second
reference they were grown on peat.

Soil respiration in oil-palm plantations on peat. The average soil
respiration in oil-palm plantations on peat adopted in this article
is the average of two case studies in Malaysia (10, 11).

Root respiration in oil-palm plantations on peat. The average root
respiration in oil-palm plantations on peat adopted in this article
is the average of the values from a case study (9) in Malaysia of
16-y-old oil palms planted on peat at densities of 120, 160, and
200 palms ha−1. This ecophysiological study simulated the main-
tenance and growth respiration of biomass components (roots,
trunk, fronds, and bunches) by using a dynamic model validated
with data obtained from the plantations. The procedures and
coefficients used in the model are described in the two studies
(9, 12).

Heterotrophic soil respiration in oil-palm plantations on peat. The
heterotrophic soil respiration in oil-palm plantations on peat is
calculated as the difference between total soil respiration and
root respiration.

Dissolved organic carbon (DOC) and particulate organic carbon (POC).
The average DOCþ POC losses were estimated by using the
combined maxima of what was observed in northern peatlands
for POC and DOC (13). Indeed in some recent studies
(14, 15) DOC concentrations in tropical peat swamp forests were
observed to be twice (50–124 mg of C per L) that in Northern
peatlands (9) (20–60 mg of C per L).

Murdiyarso et al. www.pnas.org/cgi/doi/10.1073/pnas.0911966107 1 of 2

http://www.pnas.org/cgi/doi/10.1073/pnas.0911966107


1. Page SE, et al. (2004) A record of late Pleistocene and Holocene carbon accumulation
and climate change from an equatorial peat bog (Kalimantan, Indonesia): Implications
for past, present and future carbon dynamics. J Quat Sci 19:625–635.

2. Lo E (2005) Gaussian error propagation applied to ecological data: Post-ice-storm-
downed woody biomass. Ecol Monogr 75:451–466.

3. Brady MA (1997) Organic matter dynamics of coastal peat deposits in Sumatra,
Indonesia. PhD thesis (University of British Columbia, Vancouver).

4. Waldes NJL, Page SE (2001) Forest structure and tree diversity of a peat swamp forest
in Central Kalimantan, Indonesia. Peatlands for People: Natural Resource Functions
and Sustainable Management. Proceedings of the International Symposium on Tropi-
cal Peatland, 2001, eds Rieley JO, Page SE (BPPT and Indonesian Peat Association,
Jakarta, Indonesia), pp 16–22.

5. Germer J, Sauerborn J (2008) Estimation of the impact of oil palm plantation establish-
ment on greenhouse gas balance. Environ Dev Sustainability 10:697–716.

6. Rieley JO, Page SE (2008) Carbon budgets under different land uses on tropical peat-
lands. Future of tropical peatlands in Southeast Asia as carbon pools and sinks, eds
Rieley JO, Banks CJ, Page SE (CARBOPEAT, International Peat Society, University of
Leicester), pp 27–32.

7. Sorensen KW (1993) Indonesian peat swamp forests and their role as a carbon sink.
Chemosphere 27:1065–1082.

8. Lamade E, Bouillet J-P (2005) Carbon storage and global change: The role of oil palm.
OCL—Oléagineux, Corps Gras, Lipides 12:154–160.

9. Henson IE, Dolmat MT (2003) Physiological analysis of an oil palm density trial on a
peat soil. J Oil Palm Res 15:1–27.

10. Melling L, Hatano R, Goh KJ (2005) Soil CO2 flux from three ecosystems in tropical
peatlands of Sarawak, Malaysia. Tellus 57B:1–11.

11. Murayama S, Bakar ZA (1996) Decomposition of tropical peat soils—2. Estimation of in
situ decomposition by measurement of CO2 flux. Jpn Agric Res Q 30:153–158.

12. van Kraalingen DWG, Breure CJ, Spitters CJT (1989) Simulation of oil palm growth and
yield. Agric For Meteorol 46:227–244.

13. Holden J (2005) Peatland hydrology and carbon cycling: Why small-scale process
matters. Phil Trans R Soc A 363:2891–2913.

14. Yoshioka T, et al. (2002) Biogeochemical properties of a tropical swamp forest ecosys-
tem in southern Thailand. Limnology 3:51–59.

15. Yule CM, Gomez LN (2009) Leaf litter decomposition in a tropical peat swamp forest in
Peninsular Malaysia. Wetlands Ecol Management 17:231–241.

Table S1. Aboveground C stocks of the trees in peat swamp forests and in oil-palm plantations growing on peat,
and loss from the peat after land-clearing fire

Source C stocks, Mg of C per hectare Refs. Adopted value, Mg of C per hectare

Tree biomass of peat swamp forests 254.5 ± 57.0 3 179.7 ± 38.2
262.0 ± 58.5 3
244.3 ± 52.3 3
65.5 ± 23.0 3
9.25 ± 3.1 3

156.0 4
124.5 4
321.5 4

Tree biomass of oil palm 24.2 ± 8.1 5 24.2 ± 8.1
Peat fire during land clearing −(20 cm burnt) 6 100.0 ± 50.0

Values are mean� standard error.

Table S2. C fluxes in peat swamp forest and oil-palm plantations on peat

Source C flux, Mg of C per hectare per year Refs. Adopted value, Mg of C per hectare per year

Peat accumulation in the forest −(1–2 mmy−1) 7 0.75 ± 0.25 (1.5� 0.5 mmy−1)
Litterfall in oil palm 1.33 8 1.5 ± 0.1

1.79 8
1.5 8
1.24 8

Root mortality in oil palm 5.44 8 3.6 ± 1.1
5.26 8
3.45 8
8.44 8
0.59 9
0.82 9
1.05 9

Soil respiration in oil palm 10.0 10 12.7 ± 2.7
15.4 ± 4.4 11

Root respiration in oil palm 2.7 10 3.4 ± 0.4
3.5 10
4.0 10

Soil heterotrophic respiration in oil palm 9.3 ± 2.7
DOC 0.01–0.5 13 1.0 ± 0.5 (DOC + POC)
POC 0.02–0.4 13

The data sources and value adopted in the article are presented. Values are mean� standard error.
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