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Introduction
Tropical	  peatlands	  cover	  an	  area	  of	  approximately	  441,000	  km2	  (10-‐16%	  

of	  global	  peatland	  area)	  (Page	  et	  al.	  2011).	  Southeast	  Asia	  contains	  about	  
60%	  of	  the	  tropical	  peat	  area,	  with	  about	  0.2M	  km2	  in	  Indonesia.	  
Tropical	   peatlands	   vegetaJon	   is	   predominantly	   lowland	   evergreen	  

forests,	   oKen	   called	   peat	   swamp	   forests	   (PSF).	   They	   have	   both	   high	  
producJvity	   and	   total	   carbon	   stocks.	   However,	   intense	   deforestaJon	  
pressures	   and	  perhaps	  be	   followed	  by	   lowering	  of	   	   the	  water	   table	  are	  
faced	  by	  PSF	  ,	  leads	  to	  large	  CO2	  emissions.

Objectives:
•Collect	  and	  analyze	  tropical	  PSF	  peat	  cores	  to	  esJmate	  peat	  carbon	  

stocks.
•Modify	  the	  Holocene	  Peat	  Model	  (HPM)	  to	  be	  applicable	  in	  tropical	  

ecosystems.
•

Methods
✤Field Study (Cores sampling)
•Sampling	   was	   conducted	   in	   Tanjung	   PuJng	  

NaJonal	  Park,	  Kalimantan	  (TPG;	  3	  sites),	  and	  
Berbak	   NaJonal	   Park,	   Sumatra,	   Indonesia	  
(BBK;	  3	   sites)	   in	   June-‐July	  2012.	  These	  sites	  
could	  be	  classified	  as	  coastal	  peatlands.

•Peat	   cores	   were	   collected	   at	   50	   m	   intervals	  
along	  250-‐m	  transects	  (6	  cores	  per	  site).

•Cores	   taken	   from	   peat	   surface	   to	  basal	   peat	  
with	   the	   systemaJc	   depth	   interval	   (eg.	  
0-‐15cm,	  15-‐30cm,	  30-‐50cm,	  etc).	  

•Peat	  cores	  were	  extracted	  by	  using	  Eijkelkamp	  peat	  auger.	  Then,	  we	  
took	  of	  about	  8	  sub	  samples	  per	  core	  with	  the	  thickness	  of	  5	  cm	  for	  
each	  sample.

•All	  samples	  were	  dried	  to	  constant	  weights	  at	  60oC.
•The	  dried	  samples	  then	  were	  ground,	  homogenized	  and	  analyzed	  for	  

carbon	  and	  nitrogen	  concentraJon	  using	  a	  LECO	  TruSpec	  inducJon	  
furnace	  C	  analyzer.

✤Modeling
In	  this	  study,	  we	  modified	  the	  HPM	  (see	  Box	  1)	  to	  be	  applicable	  for	  
tropical	  ecosystems:	  
•Running	   in	  sub-‐annual	   cycle	   (monthly	  Jme	  step)	   for	  capturing	   the	  

seasonal	  climate	  impacts	  on	  the	  peat	  development

•Using	   modified	   Plant	   FuncJonal	   Type	   (PFT),	   porJoned	   into	   leaves,	  
woods,	   and	   roots	   (NPP	   and	   decomposiJon	   rates	   from	   Chimner	  
and	  Ewel	  2005).

•ConstrucJng	  scenarios	  based	  on	  probabiliJes	  of	  wet,	  moderate,	  and	  
dry	  years.	  We	  divide	  the	  simulaJon	  Jme	  into	  three	  Jme	  periods,	  
i.e.	  0-‐3000,	  3000-‐5000,	  5000-‐8000	  yrs.	  The	  scenario	  was	  based	  on	  
the	  combinaJon	  of	  wetness	  condiJon	  and	  simulaJon	  Jme	  zones.
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Box	  1.	  Holocene	  Peat	  Model	  (HPM;	  Frolking	  et.	  al.	  
2010)
•Annual	  Jme	  step;	  1000	  –	  10,000	  year	  simulaJons
•Coupling	  of	  carbon	  and	  water	  balance	  
•12	  plant	  funcJonal	  types:	  mosses,	  sedges,	  other	  

vascular
•PFT	  licer	  input	  is	  a	  funcJon	  of	  peat	  depth	  and	  water	  

table	  depth
•CalculaJng	  total	  peat	  

height	  and	  C	  
content,	  bulk	  
density,	  peat	  water	  
content,	  and	  water	  
table

•Evaluated	  in	  Canadian	  
peatland

4 S. Frolking et al.: A new model of Holocene peatland net primary production
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Fig. 1. (a) Connections between peatland carbon and water cycles

and some links to the climate system; (b) schematic of HPM.

above), but HPM simulates peat carbon in addition to peat

height, and includes refinements to the productivity and de-

composition functions and peat hydrological properties – i.e.,

each term on the right-hand side of Eq. (5).

The vegetation sub-model in HPM is based on the assump-

tion that the controls that the peat environment exerts on peat-

land vegetation composition and productivity (NPP per unit

ground area) can be adequately described by two factors: (1)

annual water table depth (zWT, measured down from the sur-

face), which can vary rapidly (annually or every timestep in

HPM; e.g. Roulet et al., 2007) and have or not have a longer-

term trend, and (2) total peat depth (hPD) as a proxy for om-

brotrophy, i.e., access to mineral nutrients, or buffering ca-

pacity against organic acidity generated by decomposition,

which can only vary slowly (except for major disturbances

like fire or harvest), and will generally have an increasing

trend over time. In this first development of HPM, we are as-

suming no groundwater exchange so the chemical influence

through depth is by diffusion only, but in principle advection

could be added.
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Fig. 2. Relative annual NPP as a function of water table (zWT, hor-

izontal axis) and total peat height (hPD, vertical axis) as a proxy

for ombrotrophy for (a) minerotrophic sedge PFT, (b) hummock

Sphagnum PFT, (c) ombrotrophic shrub PFT, and (d) sum of all

12 PFTs. See Eq. (6) for the functional form and Table 1 for the

parameter values for all 12 PFTs. Note that for vascular PFTs, the

water table depth used is the mean of the current and past 10 years,

while for bryophytes the current year water table depth is used.

Color bar is linear in all panels, but represents a relative scale from

low (dark blue) to high (dark red). NPP for all PFTs is scaled by

a single value so that the maximum NPP in panel (d) equals a site-

specific prescribed value. Each year the developing peatland has

particular values for zWT and hPD, which determine NPP for each

PFT. All NPP is deposited as litter (i.e., no live biomass accumu-

lation), and vascular PFT NPP is partitioned into above and below-

ground fractions (see Table 1 and text for details).

3.1 Carbon balance equations

In HPM, peatland vegetation is aggregated (or disaggregated,

depending on your world-view) into 12 plant functional types

(PFTs). The PFTs are distinguished by their productivity

characteristics (relative maximum NPP, optimal peat depth

and water table depth, sensitivity to non-optimal peat depth

and water table depth), their rooting characteristics (below-

ground fraction of NPP, root density profile); and their lit-

ter tissue quality (Table 1). Seven PFTs represent the vas-

cular plants (two of these are woody shrubs – trees will be

added in a later version of HPM), and five PFTs represent the

bryophytes. Vegetation composition is determined by the rel-

ative productivities of each PFT. Seedling establishment/PFT

recruitment is not modeled; all PFTs are always present,

though with near-zero productivity in non-optimal conditions

(Fig. 2). Annual NPP is modeled as two-dimensional, asym-

metric Gaussian functions (Fig. 2) for each PFT.
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	  Figure	  1.	  The	  map	  of	  study	  area.

Results

Figure 2.  Peat properties on the six pristine forests sites in Tanjung Puting and Berbak NP. The bulk densities are 120+/-5.3 (mean+/-s.e.) and 109 +/- 7.7 
kg/m3; C-concentrations are 44.1+/-0.5 and 49.5+/-2.2%; and C-densities are 50.3+/-1.4 and 52.1+/-0.8 kgC/m2, for Tanjung Puting and Berbak NP, 
respectively.

Figure 3.  Peat depth and  carbon stock in six 
sites.

Figure 6. Final simulated peat profile after 
8000 years, resulting peat carbon stocks in 
amount of 1,350 MgC/ha. Left, Simulated peat 
profile mass by vegetation components as a 
function of the peat age. Right, Simulated 
peat profile presented as the fractional 
composition of the vegetation components by 
depth.

Conclusion
The model results indicate that peat 
accumulation rates are sensitive to climate 
(moisture) condition. The dry condition, 
perhaps generated by higher 
frequencies and intensities of El-Nino 
conditions, lead to reduced rates of peat 
accumulation. Simulated peat profile (Figs. 5 and 
6) show that the majority of the remaining peat mass 
is derived from roots, which accounted for 12% of 
total NPP and had a decomposition rate 
intermediate to leaves and wood. The simulated 
peat mass and depth are within the range of the field 
measurements. 
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Figure 4. The simulated peat height 
along 8,000 yrs based on four 
scenarios. 
Scenario 1: Wet-Wet-Wet; Scenario 2: 
Wet-Moderate-Moderate; 
Scenario 3: Wet-Dry-Dry; and 
Scenario 4: Wet-Moderate-Dry.

Figure 5. Profile of the root fraction of the 
remaining peat along simulation timeline of the 
Scenario 4.  The black line shows the water table 
position on the peat profile. The year of 8,000 
represents the root fraction in the peat core of the 
modern era. It shows that the peat surface was 
dominated by non-roots components while at the 
depth of 0.5-1 m mostly composed by roots with 
the age of about 2,000 yrs.
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Figure 7. Simulated depth vs age 
of the final peat core.
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