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Introduction
As part of the Carburet project (www.carbopeat.org) we
have been involved in collecting and synthesising data to
determine the past, current and future importance of
tropical peatlands as carbon (C) stores, with a particular
focus on ascertaining the extent and magnitude of the con-
temporary peat C store in South-east Asia. This paper
reviews the current state of knowledge and degree of
uncertainty on the extent of tropical peatlands globally and
their C stocks, with the intention of providing a basis on
which to evaluate the magnitude of emissions from them
and their importance in climate change processes. It is
hoped that highlighting data uncertainties and gaps will
lead to more detailed field and remote sensing surveys and
more accurate data inventories. This is vital given present in-
ternational interest in the socio-economic drivers of
greenhouse gas (GHG) emissions from deforestation and
land management, in which tropical peatlands play a
significant part; policy initiatives to reduce GHG emissions
from deforestation and forest degradation in developing
countries (REDD, UNFCCC); and the potential for
peatlands to play a role in the financial arena with regard to
C offset and trading agreements. 

Materials and methods
In order to estimate the past and current carbon sequestra-
tion potential of tropical peatlands, information is needed
on the age of the deposits, their genesis, depth, bulk density
(BD), carbon (C) content, peat and C accumulation rates.

Data on the developmental history of tropical peatlands are
very limited; there have been some palaeoecological studies
of South-east Asian peatlands but almost none for deposits
in other tropical regions. The most recent summary of this
information for South-east Asia is provided by Wüst et al.
(2007) and their review forms the basis of the C accumula-
tion rates used in this paper. We accept that these figures
are derived from a small number of peat cores with limited
geographical distribution.

We used a number of data sources to provide estimates
of the contemporary extent (area and thickness) of tropical
peatlands. These data were combined with information on
peat BD and C content to provide an estimate of the peat
C store which, with best estimates of current peat and C ac-
cumulation rates, we used to calculate C sequestration
potential. Principal data sources and uncertainties associated
with using these sources were reviewed by Page et al. (in
press). There are also significant data gaps for tropical peat
BD and C content values; thus uncertainties in peat volume
estimates are compounded. A further consideration is that
there has been considerable land use change since 1990 in
most of the countries with extensive tropical peatland
deposits. As many of the values for area are derived from
pre-1990 sources and since deforestation and drainage can
lead to rapid oxidative losses of organic material (Hooijer
et al., 2006), there has likely been a more recent reduction
in the area (and thickness) of peatland which is not
accounted for in these estimates. The figures presented are,
therefore, a best estimate of the near-recent tropical peatland
resource.
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Results
In South-east Asia, the onset and development of contem-
porary peat deposits range from the Late Pleistocene to the
Holocene (Page et al., 2004; Wüst et al., 2007). Palaeoenvi-
ronmental studies indicate that the extensive coastal deposits
are the youngest peatlands, with accumulation commencing
around 3,500-6,000 cal yrs BP, whilst the sub-coastal and
inland peatlands, particularly in Borneo, commenced accu-
mulation earlier, in the Late Pleistocene (~40,000 14C yrs BP
to ~23,000 14C yrs BP) through to the early Holocene
(10,000-7,000 14C yrs BP). Unfortunately, scarcity of dated
cores prohibits an accurate reconstruction of the development
of South-east Asia’s peatlands, which could be used to assess
their carbon sink potential and their role as a carbon store
during the Late Quaternary. Available data indicate that peat
accumulation rates over both the Late Pleistocene and
Holocene range mainly between 0 to 3 mm yr-1, with a
median accumulation rate of ~1.3 mm yr-1, which is about 2
to 10 times the rate for boreal and subarctic peatlands (~0.1-
0.8 mm yr-1) (Wüst et al., 2007). Carbon accumulation rates
over the same time period vary between 30-270 g C m-2 yr-1,
whilst values for rates of near-recent surface peat / C accu-
mulation range from 2.2 mm yr-1 (85 g C m-2 yr-1) for Central
Kalimantan (Page et al., 2004), to 1.5 mm yr -1 (81 g C m-2

yr-1) for Riau, Sumatra (Neuzil, 1997) and 1.4 mm (74-85 g
C m-2 yr-1) for West Kalimantan (Neuzil, 1997).

Tables 1 and 2 provide our best estimates of the near-
contemporary area of tropical peatland by region and for
South-east Asian countries; they also indicates values for
minimum, maximum and range. Our best estimate of near-
current peatland area in South-east Asia is 253,204 km2,
representing 67.1% of the total global resource; South
America and Africa rank second and third, with 50,336 km2

(13.3%) and 48,365 km2 (12.8%), respectively. Within
South-east Asia, Indonesia has a best estimate of 206,950
km2 of peatland (i.e. 82% of the region’s and 55% of the
world’s tropical peatland resource), followed by Malaysia
(25,180 km2) and Papua New Guinea (16,950 km2). Using
best estimate values of area (Table 2) and a default peat
depth of 0.3 m, except in Philippines, Indonesia, Malaysia
and Brunei where values of 0.5 m, 5 m, 3 m and 3 m have
been used respectively, volumes of peat have been calculated
and are given in Table 3 (values are based on published
estimates, including Bord na Móna (1984) for the
Philippines, Page et al. (2002) for Indonesia, and Hooijer et
al. (2006) for Malaysia and Brunei). It is clear that small
variations in mean depth values result in large variations in
the resulting volume. The mass of C stored in tropical peat
in South-east Asian countries is also given in Table 3 and
this is based on a volumetric C density of 45 kg m-3. As with
volume, small variations in density can lead to significant
differences in the C store.

Table 1. Best estimate, minimum, maximum and range of area of tropical peatland (km2); the figures in parentheses
show the percentage of the global tropical values. Caution should be taken when using the best estimate value as the
range of values is more appropriate.

Table 2. Maximum and minimum tropical peatland area (km2) by country in Southeast Asia. Best estimate value is an av-
eraged area (km2). Caution should be taken when using the best estimate value as the range of values is more appropriate. 
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Table 3 suggests that South-east Asian peatlands
represent a near-recent C store of 50.4 Gt; this compares
with a value for global tropical deposits of 52.2 Gt. South-
east Asian peatlands therefore represent 96.6% of the global
tropical peat C sink. This dominance of South-east Asian
peat is similarly represented in the total global volume of
tropical peat of 1159.3 x 109 m3 compared to the South-
east Asian volume of 1119.4 x 109 m3 (96.6%). Owing to
the compounding of uncertainties through the use of ranges
of the variables the best estimate values should be cited with
extreme caution. As an example, the range of values of C
content can vary by an order of magnitude.

Applying the range of surface peat C accumulation rates
of 74-85 g C m-2 yr-1 (from Page et al. (2004) and Neuzil
(1997)), to our best estimate of the peatland area in Indonesia
(206,950 km2) produces a potential C sink of 15.3 - 17.6 Mt
yr-1, whilst for all South-east Asian peatlands (253,204 km2)
the estimated potential C sink is 18.7 - 21.5 Mt yr-1. 

Discussion and conclusions
Tropical peatlands have, at a best estimate, a global area of
380,000 km2 with the largest amount located in South-east
Asia (253,204 km2) mostly in Indonesia, Malaysia and Papua
New Guinea. These peatlands hold a vast store of organic C.
The peatlands of South-east Asia have an estimated store of
52 Gt C and a storage potential of 18.7 - 21.5 Mt C yr-1.
These values compare with estimated values for the global
peat C store of 202-500 Gt (Post et al., 1982; Markov et al.,
1988) and a recent estimate of the total C storage potential
for global peatlands of 76 Mt C yr-1 (Vasander and Kettunen,

2006). Thus peatlands in South-east Asia comprise of around
10-26% of the global peat C store; provide between 25 and
28% of the total global peatland C storage potential and
3.7% of the total soil C pool (1395 Gt C; Adams et al.,
1990). It should be noted, as with previous estimates of the
global tropical peatland resource, that there is considerable
variation in published values for the magnitude of both global
peat and soil C stores.

The tropical peatland C pool has accumulated over
millennial timescales but is currently at high risk of desta-
bilisation as a result of land use change, in particular
conversion to plantation agriculture, drainage and fire.
These activities convert peatlands from C sinks to C
sources, with positive feedbacks to climate warming. Over
the last decade the C sequestration function of South-east
Asian peatlands has been either severely impaired or
completely destroyed. Land use changes have removed the
sequestration machinery (peat swamp forest) and led to
lowered water tables and hence oxidative conditions which
promote rapid loss of the C store. It is estimated that
130,000 km2 of peatland in South-east Asia are currently
deforested and either being used for agriculture or have been
abandoned (Hooijer et al., 2006). This represents a
potential loss of C sink function of 9.6-11.0 Mt C yr-1.
According to figures for fossil-fuel burning, cement
production, and gas flaring in 2004
(http://cdiac.esd.ornl.gov/trends/emis/top2004.tot), this is
almost equivalent to the total emissions of CO2 from the
Republic of Ireland (11.5 Mt C yr-1). In addition, it is
predicted that further large areas of tropical peatland will

Table 3. Volume and carbon store of tropical peat by Southeast Asian country based on areas in Table
2, the depth values given and an assumed volumetric carbon density of 45 kg m-3. Caution should be taken
when using the best estimate value as the range of values is significant and may be more appropriate.
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be lost to large-scale agricultural development in the next
few years, particularly to oil palm and pulpwood
plantations. It should be noted that the values for loss of C
sink function do not take into account C emissions
resulting from loss of forest biomass, peat oxidation and fire;
both components (i.e. loss of C sink potential plus C
emissions) are required to complete a full account of the
impact of different land uses on the peatland C budget (see
Rieley and Page, this volume, for a more detailed discussion
of this issue).

Acknowledgements
This work was carried out as part of the EU-funded
CARBOPEAT project. We are grateful to various members
of the global peatland community for their inputs.

References
Adams, J.M., Faure, H., Faure-Denard, L., McGlade, J.M. and Woodward,

F.I. (1990). Increases in terrestrial carbon storage from the Last Glacial
Maximum to the present. Nature 334488, 711-714.

Bord na Móna (1984). Fuel Peat in Developing Countries. Dublin.

Hooijer, A., Silvius, M., Wösten, H. and Page, S. (2006). PEAT-CO2,
Assessment of CO2 emissions from drained peatlands in SE Asia. Delft
Hydraulics report Q3943.

Markov, V.D., Olunin, A.S., Ospennikova, L.A., Skobeeva, E.I. and
Khoroshev, P.I. (1988). World Peat Resources. Moscow ‘Nedra’, 383pp.

Neuzil, S.G. (1997). Onset and rate of peat and carbon accumulation in
four domed ombrogenous peat deposits, Indonesia. In J.O. Rieley and

S.E. Page (eds.), Biodiversity and Sustainability of Tropical Peatlands –
Proceedings of the International Symposium on Tropical Peatlands, 55-
72. Palangkaraya, Indonesia; Samara, Cardigan.

Page, S.E., Banks, C.J. and Rieley, J.O. (2007). Tropical peatlands: Dis-
tribution, extent and carbon storage – uncertainties and knowledge
gaps. In J.O. Rieley, C.J. Banks and B. Radjagukguk (eds.), Carbon-
climate-human interaction on tropical peatland. Proceedings of the Inter-
national Symposium and Workshop on Tropical Peatland, Yogyakarta. EU
CARBOPEAT and RESTORPEAT Partnership, Gadjah Mada
University and University of Leicester.

Page, S.E., Wüst, R.A., Weiss, D., Rieley, J.O., Shotyk, W. and Limin,
S.H. (2004). A record of Late Pleistocene and Holocene carbon accu-
mulation and climate change from an equatorial peat bog (Kalimantan,
Indonesia): implications for past, present and future carbon dynamics.
Journal of Quaternary Science 1199((77)), 625–635.

Post, W.M., Emanuel, W.R., Zinke, P.J. and Stangenberger A.G. (1982).
Soil carbon pools and world life zones. Nature 229988, 156-159.

Rieley, J.O. and Page, S.E. (2008). Carbon budgets under different land
uses on tropical peatland. Proceedings of the 13th International Peat
Congress (this volume).

Vasander, H. and Kettunen, A. (2006). Carbon in boreal peatlands. In
R.K. Wieder and D.H. Vitt (eds.), Boreal Peatland Ecosystems. Ecological
Studies 118888, 165-194. Springer-Verlag, Heidelberg. 

Wüst, R., Rieley, J., Page, S., v.d.Kaars, S. et al. (2007). Peatland
evolution in SE Asia over the last 35,000 yrs: implications for
evaluating their carbon storage potential. In J.O. Rieley, C.J. Banks
and B. Radjagukguk (eds.), Carbon-climate-human interaction on
tropical peatland. Proceedings of the International Symposium and
Workshop on Tropical Peatland, Yogyakarta. EU CARBOPEAT and
RESTORPEAT Partnership, Gadjah Mada University and University
of Leicester.


