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Abstract: Peatland of Indonesia is an increasingly important land resource for  livelihood and economic development, 
despite its high carbon storage. While under the natural forest it  serves as a carbon sink, it turns into a carbon source once the 
peat forest is cleared and drained. Therefore, strategies is needed for sustainably manage peatland  and reduce emissions. This 
research, conducted in 2009 in the districts of Kubu Raya and Pontianak, West Kalimantan Province of Indonesia, has the 
following objectives (i) to evaluate land use changes in the peatland of the two districts, (ii) to assess carbon stock and green 
house gas emissions from various land use systems, and (iii) to recommend options for mitigating CO2 emission. Satellite 
imageries of 1986, 2002 and 2008 were used for the evaluation of land use changes. This was followed by  field ground truth 
of land cover, and sampling and determination of carbon stock both in the peat and in the plant biomass, measurement of CO2 
flux using a portable gas chromatography. Results showed that peatlands in the two districts, including those of >3m thick,  
were used for various purposes such as the traditional slash and burn agriculture for maize, traditional and commercialized 
pineapple plantation,  intensive vegetable agriculture, and plantations of rubber (mostly smallholders) and oil palm. Parts of 
the land are still forest and shrub, but the peat forest area shrunk from 393,000 ha in 1986 to 329,390 ha in 2008, while the 
shrubs increased from 9,427 to 23,814 in the same time period. Oil palm plantation and paddy field farming also increased 
rapidly. Among the various types of land uses, the slash and burn farming systems emitted the highest amount of CO2 per unit 
area due mainly to burning conducted for nourishing the soil and to emission from peat decomposition. Arson not only 
increases the emission of CO2 but also causes haze around Pontianak Supadio Airport and thus interrupting flight 
schedule. Emissions was also high on peat shrub and pineapple plantation and these seems to be attributed to a relatively open 
field, and thus a rise to the soil temperature. For this area, CO2 emission from oil palm plantation was not any higher than 
those of other land uses. Emission reduction can be done through various scenarios. Scenario I is compliance to the Minister 
of Agriculture Decree (Permentan No. 14/2009), which elucidated that  in the future, no permit of agricultural land uses be 
granted on peatland of >3m thick as well as on land outside of agricultural land allocation (APL). Enforcement of this decree 
is expected to reduce 5.5±3.5% of 2010 to 2035 cumulative CO2 emission from the 127±42 Mt of the business as usual 
(BAU) level. Scenario II, application of peat ameliorant such as 5-10 Mg ha-1 fine clay or steel slag for all agricultural and 
plantation lands on top of the Scenario I, is expected to reduce cumulative CO2 emission as much as 15.5±5.5% compared to 
the BAU. Scenario III is provision of fertilizer subsidy to replace the traditional burning technique in addition to Scenario II 
and this is expected to reduce emissions as much as 19±7%. Scenario IV, swapping the future agricultural extensification to 
mineral soil, is expected to lower the cumulative emissions as much as 19±7%.  We recommend that the four scenarios be 
tested in the area and elsewhere in preparation for Reducing Emissions from Deforestation and Degradation ++ (REDD++) 
scheme which is currently under the United Nations REDD discussions. The test is expected to provide information on the 
technical, legal, social and economic feasibility of REDD++.   
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1. Introduction 

 
With the lesser availability of mineral land for agricultural expansion, the role of peatland is 
increasingly important, especially in provinces were the existence of peatland is dominant. In general 
the peatland development for production purposes pose a relatively higher environmental and soil 
fertility problems  and  entails a lower economic return. Higher capital is needed for it’s development, 
especially for drainage and infrastructural  construction (Herman et al., 2009). From the environmental 
aspect, peatland has  very important roles in water regulation, carbon storage and maintaining 
biodiversity. All of these environmental funtions rapidly decreases as the pristine peat forest is 
converted. It’s bulk density is very low, ranging from less than 0.1 to 0.4 g cm-3, thus the bearing 
capacity is also low for tree root anchorage (Agus and Subiksa, 2008). Under the natural condition, it’s 
mostly under water saturation except during long dry periods.    
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Peatlands’ carbon (C) reserve is very high, ranging from 30 to 70 kg C m-3 (Agus et al., 2009) or 
equivalent to 300 to 700 Mg C ha-1 per meter of soil depth. Initial estimate  (Wahyunto et al.,  2004) 
shows that on average,  peat in Sumatra is thicker and has C content of approximately 3000 Mg ha-1 
while the peat in Kalimantan is thinner and contains C average about 2000 Mg ha-1.  In comparison, C 
content of mineral soil usually concentrate in the several cm of the surface layer and rarely exceed 250 
Mg ha-1.   

In the state of natural forests, peatlands emit between 20-40 Mg CO2-eq ha-1 year-1 (Rieley et al. 
2008). In general emissions from peat forest has resulted from CH4 emission and the respiration of 
plant roots (autotrophic respiration) which is compensated by the fixation of CO2 via 
photosynthesis. Total CO2 absorbed through photosynthesis is generally higher than the CO2 released 
by root respiration, and the difference is manifested by increasing plant biomass. Addition of dead 
plants as well as leaf litter add up to the growth of natural  peat at the rates of 0 to 3 mm per year 
(Parish et al., 2007). 

When forests are cut and drained, there will be a drastic increase in CO2 emissions due to 
changes in the peat environment from anaerobic to aerobic conditions that accelerates microbial 
(heterotrophic) decomposition. Total emissions from peat decomposition is largely determined by the 
depth of drainage, although there are many other influencing factors such as soil pH, temperature, C/N 
ratio and peat maturity.  Provisional emission estimates, for land use systems with a depth of 60 cm 
drainage is around  55 Mg CO2 ha-1 year-1 (Hooijier et al. 2010), based on a  linear relationship 
between depth of water table and emissions. However,  Jauhiainen et al. (2008) found an indication 
that the relationship is not linear and the highest emissions occurred  when the water table depth is 
about 60 cm. With shallower water table the soil is too saturated and the water depth is  deeper, the 
soil becomes so  dry, and  not ideal for microbial activity. Carbon is also loss because of 
decomposition and/or burning of the plant materials as well as burning of peat.     

CO2 emissions from peatlands are considered as a  serious global problem because the amounts 
can be several times higher than emissions from mineral soil. It is also a local problem because it 
causes peat subsidence that, in turns, affect the hydrology of the area. Therefore appropriate measures 
must be taken for sustaining the peatland. 

This study aimed to (i)  analyze changes in the use of peatlands,  (ii) analyze the magnitude of 
CO2 emissions under different farming systems on peatlands, and (iii) develop scenarios of CO2 
emission reduction.  
 
2. Materials and methods  

 
Intensive observations of land use, carbon stock  and CO2 emissions were conducted in Kubu Raya 
and Pontianak Districts, West Kalimantan Province.  The main land uses observed included secondary 
forests, smallholder rubber plantations, palm oil plantations, pineapple plantations, vegetable, rice, and 
traditional slash and burn system  on maize farms on peatlands. For each system were observed the 
following items: 

 
2.1. Land use changes and  land management systems   

 
Land use changes   were analyzed through the interpretation of satellite imagery and interviews with 
local communities and government officials. The images used in this study included  Landsat Multi 
Spectral Scanner (MSS) of 1986, Landsat Thematic Mapper (TM)-7 taken in  2008, ALOS taken in 
2007 and 2008. Other maps used included Topographic maps of  2002 at 1: 250.000 scale, Land 
System and Physiographic Unit maps of West Kalimantan  at 1:250,000 scale (RePPProT, 1986), 
Geological Map of  Pontianak at scale 1:250,000 (Cameron et al. 1983),  forest and land status maps at 
a scale of 1:500,000 published by (West Kalimantan Forestry Office, 2008) and provincial land use 
planning map (West Kalimantan Development Planning  Agency, 2008). 

The land use and vegetation cover map developed by the National Land Agency of West 
Kalimantan in (2002) was used as a basic source for exploring  land use and land cover changes. Time 
series land use and land cover changes in the period of 1986-2008 were generated using remote 
sensing techniques, i.e. the Earth Resources (ER) Mapper software. The most recent images were 
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validated by ground truthing conducted in May to June 2009, to gather geo-referenced information on 
existing land uses. 

Sampling points were selected randomly to represent land use or land cover types, peat maturity, 
and peat depth. Using all the ground references as training sets, i.e. land use, land cover, peat depth, 
peat maturity, and soil drainage, the spectral signatures of each class category were extracted from the 
Landsat TM and ALOS scenes for classifying the types of land uses and land cover of the study areas. 
For the classification process, maximum likelihood supervised classifier was used and refined by 
hybrid knowledge based approach (Abkar et al. 2000; Singh et al., 2001; Wahyunto et al., 2010) to 
reach at least 80% assessment accuracy.  

Fourty nine peat observation points were selected by cross sectional transects stretching from the 
river banks or canal towards the centre of peat dome or by random observations at representative land 
uses. The potential uses of the peatland for agriculture (annual food crops, tree crops and plantation) 
were assessed based on peat properties (Djaenudin et al. 2003). To some extent, high economic value 
and environmental quality impact to reduce carbon emissions were also considered (Paris 2002). 
Peatland of >3 m peat thickness was recommended for conservation and environmental protection 
because of very low fertility and high potential emissions as outlined by the Minister of Agriculture 
Decree (Permentan No.14/2009). 

From information on the pattern of land use changes and land management systems and the C 
stock and/or emission level, we estimated  the amount of CO2  emission under the business as usual 
(BAU) and alternative scenarios. From the difference of CO2 emissions  under  BAU  and the 
alternative scenarios, we  calculated the amount of emissions that can be mitigated. 

 
2.2. Soil Carbon stock   

 
The carbon stock assessment was conducted in March to July 2009 to represent land cover  types.  The 
major land cover types evaluated included  rubber (Hevea brasiliensis) and oil palm (Elaeis 
guineensis) plantations, pineapple (Ananas comosus), dragon fruit (Hylocereus polyrhizus), vegetables  
and maize (Zea mays L.). As a comparison we also performed observations at Imperata grassland, peat 
shrub and secondary forest. Two main activities conducted in this study were (1) the measurement of 
carbon stored in peat (below ground organic pools) and (2)  measurement of carbon stored in plants 
(above ground organic pools).  A simple survey of burning practice by the maize farmers was also 
conducted. Morphological observations of peat soil (depth, maturity, presence of ash and clay layers) 
was conducted in the field using the samples hoisted by using a peat sampler (Eijkelkamp model). For 
land uses adjacent to the primary and secondary canals, peat samples were taken at transects 
perpendicular to the drainage canal at the distance of   1, 10, 50, 100, and 250 m from the canal. For 
land uses that are far from the main drainage, samples were taken randomly between field canals. 
Observations were carried out to the depth of the peat substratum. 

Each layer (with the 50 cm depth increment) of the selected peat samples was analyzed for bulk 
density (graphimetric technique) and ash content (loss on ignition, LoI, technique). Organic matter 
content was calculated based on the mass loss and organic C content was calculated by dividing   
organic matter content by a constant 1.724 (Soil Survey Staff, 2003; Agus, 2009). Based on the 
laboratory and field measurements of peat properties, peat  suitability for agriculture were evaluated  
based on criteria of Djaenudin et al. (2004).  

 
2.3. Above ground carbon stock   

 
Above ground C stock (C in plant biomass and necromass) was observed from  5 m x 40 m plot for 
each land use type. If trees with diameter at breast height (DBH)  >30 cm exist in the small plot, then 
the plot size was increased to 20 m x 100 m. Measurement of trees with DBH>5 cm was based on 
allometric equation, while for smaller plants and plant  litter (dead plant <5m diameter), measurement 
of oven dry weight was conducted. For large (>5 cm diameter necromass) assessments of volume was 
based on diameter and length measurement and of decomposition level which was  done manually in 
the field. Content of plant carbon was calculated by multiplying the plant biomass with a factor of 0.46  
(Hairiah and Rahayu, 2009).  
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2.4. CO2 Emission measurement   

 
The emitted gas through the peat surface was trapped by closed chambers made of transparent mica 
plate with the dimension of  60 cm long x 60 m width x 40 cm height. Gas samples from each 
sampling point within each  land use type was taken by a 10 ml syringe at 10 minute intervals for 40 
minutes in the morning (between 07:00 hr to 09:00 hr) and in the afternoon (between 12:00 hr-13:30 
hr). CO2 concentrations were analyzed with a portable gas chromatography.  

 
2.5. Carbon balance calculation analysis  

 
Net CO2 emission can be calculated as (Agus et al. 2009),   

t
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Where: 
Ea is emission associated with biomass decomposition and/or burning = plant C stock of the initial 

land use * 44/12; the index 44/12 is the conversion factor form C to CO2.   
Ebb is emission from peat burning (if the land use or land use change involves peat burning).  
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Where d is average depth of burned peat, A=area burned, Db= peat bulk density, OrgC(w) is the 

weight fraction of organic C and the index 44/12 is the conversion from C to CO2. The default value of 
volume based organic carbon, OrgC(v) which is Db* OrgC(w) ranges from 0.03 to 0.07 Mg m-3 or an 
average of 0.05 Mg m-3.  

Ebo = Emission from peat decomposition, which, in this case, was assessed using the modified 
relationship by Hooijer et al. (2010). These authors proposed that CO2 emissions increases as much as 
0.91 Mg ha-1 yr-1 with every cm increase of drainage depth. We multiply this rate with 0.6 to exclude  
about 40% of autotrophic respiration (Handayani, 2009) which is confounding most of the CO2 flux 
measurement normally taken from closed chamber (Agus et al., 2010).   

Sa is the sequestration component by the successive plants which equals time average C stock of 
the plant biomass * 44/12 t CO2 ha-1 within the time period, t.   
 
Table 1. Assumptions of drainage depths, above ground carbon stock,  peat decomposition and peat 

burning associated with land use and land use change on peatland within one economic cycle 
of plantation crop of 25 years.   

 

Land use 
type Drainage AG C stock 

Peat 
Decomposition

Burned peat 
from peat 
forest  

Burned peat 
from peat 
shrub 

Burn peat  on 
maize 

  Mg C ha-1 (25 yr)-1

Nat Forest  0 157 0 0   0
Shrub 40 15 147 75 0 0
Oil palm 60 40 221 75 25 0
Rubber/AF 30 60 110 75 25 0
Sawah 10 2 37 75 25 0
Maize 30 2 110 75 25 250
Pineapple 35 7 129 75 25 0
Vegetable 30 2 110 75 25 0
 

Several assumptions about the depth of drainage and plant biomass C stock  used for the 
calculation are given in Table 1 (adapted from Agus et al., 2010). We also assumed that if the peat 
forest or shrub is burned during the land clearing, then the depth of peat burned is expected as deep as 
15 and 5 cm, respectively. Furthermore, under the traditional maize farming systems, in which peat 
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burning is a regular practice to generate ash for improving the peat fertility, combustion thickness of 
about  2 cm per year was assumed. This assumption was based on the survey to the local farmers.   

Carbon balance was calculated based on net emissions for each land use and land use change for 
the period of 25 years multiplied by the area under the respective land use and land use change.  Land 
under primary forest   was assumed to have zero emission. Other land use types which did not change 
during the 25 year period emit CO2 from  peat decomposition. For traditional maize farming, 
emissions are resulted from the annual burning and peat decomposition.  

If forest land changes  into agricultural land, the amount of emissions is determined by the initial 
forest biomass C stock, time average C stock in the  plant biomass of the succeeding crop, carbon loss 
from peat burning and emissions from  peat decomposition in agricultural systems. 

Table 2 gives the approximate amount of emissions from land use and land use change based on  
25 year (one cycle of plantation) average. Emissions from biomass and peat combustion usually 
happen during land clearing. In this calculation we spread out the value into annual average within   
the 25 year period. For example, for shrub remains as shrub, with average water table/drainage  depth 
of 40 cm,  22  Mg CO2 ha-1 yr-1 is expected to be released from peat oxidation. On the other hand, if 
peat shrub is converted to Oil palm plantation, the annual emission will likely increase to about 38 Mg 
CO2 ha-1 yr-1, mainly because of the difference in the rate of peat oxidation, due to different drainage 
depths between the two land use types.  In this case, the difference in the above ground time average C 
stock of oil palm and that of the peat shrub vegetation was also accounted.  
 
Table 2. Estimated CO2 emissions from land use and land use change, based on 25 year average  (Mg 

CO2 ha-1 yr-1). 
 

Land use 
Peat 
forest Shrub 

Oil 
palm

Rubber/
AF Sawah Maize

Pine-
apple  

Vege-
table 

Peat forest 0 56 66 50 39 87 53 50
Shrub   22 38 22 11 59 25 22
Oil palm     32 x x x x x
Rubber/AF       16 x x x x
Sawah        5 x x x
Maize         53 x x
Pineapple          19 x
Vegetable            16

Remarks: 
x = No such trajectory of land use change exist in this research area. 
 
2.6. Scenarios of emission reduction 

 
From Table 2 it is shown that peat oxidation that is mainly associated with peat drainage, peat 
combustion, and above ground biomass removal are among the major sources of emission reduction. 
Therefore opportunities of reducing emissions are high if proper policy and management systems to 
reverse the processes can be implemented. The description of the business as usual (BAU) and each of 
the emission reduction scenarios is  elaborated in Table 3.  
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Table 3. Description of the business as usual (BAU) and a few emission reduction scenarios of the 
peatland of Kubu Raya and Pontianak District, West Kalimantan.   

 
Scenario  Description 
BAU  Areas of secondary forest, shrub and farmland increase, as a linear  extrapolation of 

historical 1985-2010 trend.   
 Most traditional farmers (mainly maize farmers), improve their peat soil fertility by 

burning of weed. It was assumed that peat layer as thick as 2 ± 1 cm is also burned 
annually. 

 There was no use of ameliorant for reducing emission reduction. 
I Compliance to Agricultural Ministerial Decree (Permentan 14/2009) that future 

concession of peatland for agriculture (especially for oil palm plantation) can only be 
allocated on peatland of <3 m thick within the allocated agricultural land (APL) areas, 
the relatively mature peat (sapric  or hemic maturity),  and the peatland without quartz 
and acid sulphate sub-stratum. 

II As Scenario I + the use of ameliorant on agricultural and plantation lands. The two 
candidates for ameliorants are  steel slag in the amount of 2-5 Mg ha-1 or lateritic clay  
soil.   Al3+ and  Fe3+ contained in  the slag or laterite are expected to from ligand 
complexes with organic acids and thus reduce the oxidation rate as well as the acid 
toxicity. Emission reduction of  20±10% using this treatment was reported by (Barchia 
and Sabiham, 2002)  

III As Scenario II + no burning under the traditional agricultural systems. The farmers 
should be provided with fertilizer subsidy to manage their soil fertility.    

IV Scenario III + swapping future agricultural extensification to mineral soil that have 
been allocated for agriculture (APL area).  

  
  
3. Results and discussion   
 
3.1. Land use change and management systems of the studied peatland   

 
Fig. 1 shows land use changes  from 1986 until 2008 and the linear extrapolation  under the business 
as usual (BAU) scenario by the year 2035. Area of peat forests declined significantly, but at the same 
time, paddy field, oil palm plantation and peat shrub land increased. This indicates that the majority of 
forest land that have been cleared was not transformed into plantations or other agricultural uses, 
rather it ended up in the expansion of   shrub land. Areas of rubber plantations, which are  mostly 
under smallholder, also decreased, presumably due to higher incentives in other agricultural systems. 
Interviews with residents, government officials and growers in the area revealed that most plantations, 
including  palm oil (as was also shown by the spatial data analysis), was developed from shrub and, to 
a lesser extent, from secondary forest. Smallholder rubber plantation and mixed cropping systems 
(agroforestry) decreased, while lands used for traditional systems of maize were almost unchanged.   
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Figure 1. Historical and linear extrapolation of areas under different land use systems in Kubu Raya 

and Pontinak Districts of West Kalimantan.  
 

3.2. Carbon stock  
 

Peat closer to the drainage canal tend to be more mature (F. Agus, unpublished), indicating a more 
intensified oxidation because, most of the time,  these points  have a deeper water tables, and thus 
oxidized condition, relative to those points far from drainage canal (Handayani, 2009).  Peat thickness 
varies because of the position in the dome, the relief of the substratum and the rate of emission and the 
level of compaction. Where the relief of the substratum is not distinct, then the compaction and 
oxidation rate determined peat thickness (Wösten et al., 1997; 2008).  

Fig. 2 shows peat thickness as a functions of distance from the drainage canal and land use types. 
The effect of location (initial peat depth) is dominant, as shown by the thicker (>600 cm at points in 
the middle of the farm) peat in the maize and pineapple farms (the two farms are about 300 m 
distance) compared to that of oil palm plantation.   

For the pineapple plantation where our observation points were located  at a transect 
perpendicular to the farm-level drainage canal of 70 cm deep and that this canal was relatively new 
(constructed in 2008), the distance from the drainage canal did not significantly affect peat 
thickness. In contrast, the peat thickness  close to  a drainage canal of about 200 cm deep in the maize 
field (the drainage coincides with the road drainage built in early 1970s), is significantly thinner than 
that relatively further away from the canal. For the oil palm plantation, with 1 m deep drainage canal, 
constructed in 2004, there was also a trend that peat thickness at the points closest to the drainage is 
thinner and vise versa, also the difference is not very distinct. These systematic spatial difference in 
thickness indicates stronger compaction and oxidation in the former.  

The data on the subsidence, as depicted by peat depth (Fig. 2), were in agreement with   carbon 
stock data (Fig. 3) where carbon stock was also the lowest at the points closest to the deep drainage 
canal.  These points seems to have undergone intensified aerobic microbial decomposition and thus 
decreased its carbon stock. The carbon stock at the study sites ranged from 1000 Mg ha-1 for the thin 
(1 to 1.5 m thick) peat and  3000 Mg ha-1  for the thick (6-7 m) peat. The initial peat depth and carbon 
stock (before conversion to the three land use types) seems to have dominated, but the proximity to the 
drainage canal and, hence water table depth,  strongly affected these two properties. Closer look at 
Figs. 2 and 3 under the maize farm, it seems that peat compression was strongly affected by the 
drainage as shown by the logarithmic relationship while the carbon stock (peat oxidation) is less 
strongly affected.  For the oil palm plantation (Fig. 3) we observed uneven layers of clay and sand near 
the drainage canal which seems to be resulted from the past piles of soil materials during the drainage 
excavation. This resulted in high variation of C stock near the drainage canal.     
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Figure 2. Peat thickness as a function of distance from drainage canals under three land use types (i) a 

maize farm with 200 cm secondary  drainage canal constructed in early 1970s, (ii) a 
pineapple plantation  developed in 2008 with the farm drainage of about 70 cm deep and 
(iii) an oil palm plantation developed in 2004 with the  tertiary drainage depth  of 100 cm 
(water table in the canal fluctuates between 40 to 70 cm). Observation was conducted in 
April 2009.  

 

 
Figure 3. Carbon stock as a function of distance from drainage canal under three land use types  (i) a 

maize farm with 200 cm secondary  drainage canal constructed in early 1970s, (ii) a 
pineapple plantation  developed in 2008 with the farm drainage of about 70 cm deep and 
(iii) an oil palm plantation developed in 2004 with the  tertiary drainage depth  of 100 cm 
(water table in the canal fluctuates between 40 to 70 cm). Observation was conducted in 
April 2009.  

 
We also observed that the more mature peat layers had the higher carbon content (Table 4). This 

information is useful for practical assessment of carbon stock monitoring as well as in assessing the 
emitted carbon from burning of peat of different maturity.  A certain volume of more mature peat that 
also likely have higher carbon content  emit higher CO2 when combusted, relative to the less mature 
peat. Thus it’s important to further develop  maturity versus volume based organic carbon content 
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relationship from representative sites areas where peatland is dominant. 
  

Table 4. Carbon content (volume base) in peat of Kubu Raya District by peat maturity. Samples were 
taken in April 2009.     

Peat maturity C-stock
Mean±std deviation (kg m-3) 

 
Number of sample

Sapric 66 ± 20 39 
Hemic 50 ± 14 75 
Fibric 39 ± 11 212 

  
3.3. Peat fertility    

 
In general, peat soil has a low fertility, but with a very intensive management, such as that under the 
dragon fruit, chili (Capsicum annum L.) and other vegetable crops, the fertility could be comparable or 
even higher than the mineral soil because of  accumulation of nutrients and bases. Fig. 4 shows that the 
high pH and base saturation of peat under the dragon fruits and chili. The local farmers apply high 
amount of ash and barnyard manure to fertilize the peat under intensive vegetable and dragon fruit 
farming. Among the six land use types, rubber (small holder) plantation is the lowest input system, but 
the peat in our observation point of rubber plantation was rather mature. On the other hand, dragon 
fruit and chili were the most intensive systems. Other vegetables, such as eggplant (Solanum 
melongena L.) also receive high nutrient and ash inputs. Soil nutrient management for the  pineapple, 
according to the plantation manager, only involves recycling of the plant residues and no fertilizer 
input was added. The systems without ash inputs has pH <3.5 with a trend of lower pH with soil depth, 
while the system with ash addition had the pH of >3.5 with the extreme one of over 5.5 at the surface 
layer, found for the dragon fruit.  
 

 
  
Figure 4. Soil base saturation and soil pH under several peat-land use types in Kubu Raya District of 

West Kalimantan Province. Samples were taken in June 2009.    
 
 
3.4. CO2 emission   

 
CO2 flux tend to increase with the increase water table depth (Fig. 5), but at water table depth 
exceeding 80 cm the flux decreases again. It appears that from this instantaneous measurement,  the 
water content is ideal for microbial decomposition to take place when water table is 80 cm. If the water 
table is shallow (<20 cm), it seems that the peat was too saturated and when the water table is >80cm, 
the soil is so dry for the bacterial activities. Similar trend was found by Juahianen (2008). 
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The measurement of CO2 emission under different farming systems,  conducted in April and 
June 2009, did not give a very clear pattern (Figure 6). Maize farm, which was a relatively open field 
and with the deepest water table (reaching 90 cm during this observation)   emitted the highest CO2. 
The vegetable and dragon fruit farms emitted relatively low CO2 and this seems to be related to the 
relatively  shallow (about 25 cm) farm level drainage. Rubber plantation also had a relatively low 
emission, perhaps  because of the mature peat and also a relatively shallow drainage. Emission from 
oil palm plantation is not among the highest compared to those of other land uses.   
 

 
Figure 5. CO2 flux  as a function of water table depth based on measurement in April and June 2009. 

The vertical bars are  standard deviations.   
 
 
 

 
Figure 6. CO2 flux under different land use types in   Kubu Raya District, West Kalimantan 

Province, based on measurements in April and  Juni 2009. The vertical bars are the  
standard deviations.   
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3.5. Emission reduction  
 
3.5.1. Land use and land status   
 
Because of the high potential for CO2 emissions from peatlands following peat  forest conversion, one 
of the efforts to limit the use of peatland  was the issuance of Minister for Agriculture Decree 
(Permentan No.14, 2009) which prohibits the opening of peatlands with a thickness> 3m, those within 
the conservation forest area, fibric maturity, and those with quartz and acid sulfate substratum.  Of all 
the criteria,  the easiest one to measure and mapped is the peat thickness and this criteria was adopted 
in the emission reduction scenario. Table 5 shows that only about a quarter of all peatland in this 
research area meet the criteria of <3m deep. From existing peat forests only about 35 000 ha (12%) 
and from peat shrub  only about 6000 ha (approximately 30%) that  meet the criteria of <3m. In 
addition to the criteria of peat thickness, agricultural expansion is also limited by land status   (Table 6). 
Land with the status of protection forest can not be converted while the land allocated for production 
(APL), after overlaid with peat  thickness map, has the potential to be used as agricultural land. It can 
be noted from Table 6 that forest area within the APL (production area) suitable for annual and 
horticultural crop development is quite large while the bushes and shrub available for agricultural 
development is quite small. Therefore, the chance for not cutting the peat forest is very small because 
of the pressing need for development. 

  
Table 5. Area (ha) of different land use on peatland with pit thickness of  <3 m and  >3 m based on the 

2008 satellite imagery evaluation of the current study and peatland Atlas of Wahyunto et al. 
(2004) in the districts of Kubu Raya, West Kalimantan Province. 

 

  Peat depth Total %

Landuse/ Land cover <3 m >3 m    
Forest 35,307 294,083 329,390 69%
Bushes 6,172 17,642 23,814 5%
Mixed garden (tree crops) 9,845 22,328 32,173 7%
Oil palm 3,022 5,682 8,704 2%
Rubber 6,792 6,394 13,186 3%
Pineapple 6,915 4,829 11,744 2%
Annual crops- vegetables 313 4,640 4,953 1%
Annual crops- maize 3,406 6,676 10,082 2%
Paddy field 40,082 1,671 41,753 9%

Total 111,854 363,945 475,799 1
% of Total 24 76 100   

 
3.5.2. CO2 emission potential   

 
It has been shown in Table 2 that the traditional maize farming system emitted the highest amount of 
CO2  of about 53 Mg CO2 ha-1 yr-1 because of high decomposition due to the deep drainage, and the 
traditional burning practice to generate ash . The mean annual emission will be far higher if the 
traditional farming system was generated from forest cutting because of the C stock in the plant 
biomass of the forest. Emission reduction from this traditional maize farming can be achieved through 
the provision of fertilizer subsidy to the farmers followed by enforcing of  burning banning regulation 
for any land uses.  Oil palm and pineapple plantations also emit appreciable amount of CO2, which is  
mainly triggered by the relatively deep drainage and, in the case of pineapple, the open field that 
causes increased in the soil temperature. 
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7.5.3. Emission reduction under several scenarios 
 

Under the business as usual scenario, annual emission from all peatland in the two districts increased 
as much as   68,500 Mg yr-1 (Figures 7 and 8). Enforcing scenarios of emission reduction starting in 
2010 will potentially decrease the emission significantly. Scenario I (legal compliance), for example, 
is estimated to reduce cumulative emission between  2010 and 2035 as much as 11.5 million Mg, or 
equivalent to 9% emission reduction relative to the BAU for the same time period  (Table 7). Scenario 
II, the use of ameliorant, on top of Scenario I will potentially reduce the cumulative 2010 to 2035 
emission as much as  21%. The ameliorant effect, per se, attributing to 12% emission reduction 
(Column 6, Table 7). Furthermore, imposing the no burning on the traditional maize farms which 
account only to about 2% of all peatland area of the two districts, will potentially contribute to an 
additional 5% of future emission reduction.  
 
Table  6. Suitability and  status  of peatland in Kubu Raya, West Kalimantan. The evaluation was 

conducted only for peatland of <3m thick. 
 
Current land 
use/land cover  Area (ha) Land status Potential for agriculture    
     
      
Forest 26,773 APL Annual crops, Horticulture crops 
  6,787 HPK Annual crops, Horticulture crops 
  1,747 HL Forest conservation protection  
     
Bushes and Shrubs 688 APL Annual crops, Horticulture crops 
  214 HPK Annual crops, Horticulture crops 
  5,270 HL Forest conservation protection  
     
Mangrove 1,273 HL Forest conservation protection  
     
Annual crops-
maize 430 APL Annual crops – maize
  362 HL Annual crops with conservation practices 
    
Oil palm plantation 691 APL Oilpalm plantation
  3,022 HPK Oilpalm plantation
  2,331 HL Oilplam Crop management regarding   
    conservation practices
    
Pineaple 1,700 APL Annual crops-pineaple
  4,022 HPK Annual crops-pineaple
  2,322 HL Pineaple crops management regarding 
    conservation practices
Annual crops -  
Vegetables 190 APL Annual crops- vegetables
  123 HL Annual crop management regarding  
    conservation practices
    
Rubber 5,342 APL Rubber
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The prospect of success of each scenario varies depending on costs and ease of implementation. 

Scenario I, will require delineation of peat thickness into at least two classification (<3m and >3m) 
which has to be detail enough to be implementable.  Scenario II promises a good success on a small 
scale, but may face a problem of supplying enough ameliorant in a large scale. In addition, imposing 
the costs to the land owner for purchasing the ameliorants  will be a big challenge until enough 
demonstration is set up to show the convincing positive effects of the ameliorants agronomically. 
Scenario III, linked with government willingness to provide fertilizer subsidies, promises the highest 
success because application of fertilizers not only will stop burning, but may increase crop yield 2 to 3 
folds. The use of nitrogen fertilizer to avoid the burning practice is expected to contribute to N2O 
emission, but the additional emission  will be more than compensated by emission reduction from no 
burning. Scenario IV will need assurance of the availability and accessibility of mineral land in the 
same district to replace the peatland that will be conserved. This  may require a legal reform to change 
the status of the peatland from the production to conservation area. We qualitatively estimate the level 
of success of implementation of each scenario and adjusted the estimate of emission reduction as 
shown in Table 8. The detail of the current management level and proposed mitigation option of each 
land use type in the area is presented in Table 9.    
 

 
Figure 7. Estimated historical annual emission (from 1985 to 2010) and potential emission (from 2010 

to 2035) under the business as usual and selected emission reduction scenarios, showing the 
contribution from each land use type.   
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Figure 8. Estimated historical (1985 to 2010) and projected (2010 to 2035) annual CO2 emission under 

different scenarios.  
 
Table 7. Estimated cumulative emission under different scenarios and the cumulative reduction 

relative from the business as usual (BAU), as well as incremental difference of the emission 
as contributed by each scenario from the BAU emission level.    

 

Scenario 
Cumulative 

emission

Cumulative 
difference      from 

BAU
Incremental difference  

from BAU
  t CO2 % t CO2 %
 
BAU  127,322,416                 -      
 
S I: Permentan 14/09   115,868,836    11,453,580 9  11,453,580  9

S II: Ameliorant   100,250,024    27,072,392 21  15,618,812  
 

12 

S III: No burning on Maize    94,423,829    32,898,587 26    5,826,195  
 

5 

S IV: Land swap    88,379,781    38,942,635 31    6,044,048  
 

5 
 
 
Table 8. Adjusted estimate of cumulative emission reduction under the different scenarios. 
 
Scenario 
  

Adjusted Cumulative emission reduction 

Mt CO2/25 years % of BAU  
S I.    Legal compliance 7±4.5 5.5±3.5  
S II.   Ameliorant  20±7 15.5±5.5  
S III.  No burning 25±8 19±7  
S IV. Land swap  30±9 24±7  
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Table 9. Land use types, the current management system and range of CO2 emission mitigation options. 
 
Land use type  Description   Possible mitigation  technologies   
Forest About  60% of the total forest area is 

logged forests (especially along the 
main rivers) with the C stock of about 
40-60 Mg ha-1, while about 40% is 
natural peat forest with the C stock of  
100-200 Mg ha-1. This land is 
decreasing and turns into shrub and 
plantation.  
 

Maintain as forest and let the natural 
regrowth happens. In case of pressing 
need for development, prioritize the use 
of secondary or log over forest.      

Shrub With about ±2 m tall bushes with 
diameter   <5 cm. This land stocks C 
about  ±15 Mg  ha-1.  

May be used for plantation bay taking 
consideration of peat thickness as 
stipulated in  Permentan No. 14/2009.  

 
Rubber 
plantation 

 
With traditional management system; 
planting using seedling rather than 
clone, no fertilizer application;  drainage 
depth of  20-50 cm.  

 
Adjustment of drainage system to ≤ 30 
cm; use of ameliorant.  

 
Oil palm 
plantation 

 
Drainage depth of  50-80  cm, and in 
general involves intensive fertilization    
(300 kg of urea ha-1 yr-1) 
  

 
Adjustment of drainage canal depth to 
maintain water level at 50 cm; 
amelioration with laterite or  steel slag.    

Dragon fruit 
and vegetables   

Continuous cropping, intensive 
fertilization, heavy use of barnyard 
manure and ash.   

Extensification of this system should be 
directed to shrub; use of ameliorant step-
wisely until reaching about  5-10 Mg ha-

1.
 
Pineapple 
plantation    

 
Replanting every  3 years, drainage 
depth of   about 70 cm, fertilization 
though plant residue recycling; no use of 
fertilizers.    
 

 
Adjustment of drainage depth to 30-50 
cm; amelioration with laterite or steel 
slag up to 10 Mg ha-1.  
 

Pineapple, 
traditional 
system  

Water table level of  25-45 cm,  without 
application of fertilizer.  Sparse plant 
spacing.  
 

Increase of plant population; use of 
ameliorant.  

Traditional 
maize farming 
with short  
fallow rotation    

About 8 months fallow and one maize 
crop per year. The fallow is burned to 
generate ash and this often burn about 2 
cm peat layer per year.  The smoke from  
burning also upsets the flight schedule 
of the nearby  Supadio airport.   

Transformation into a more intensive 
system and this should be initiated 
triggered by addition of ameliorant.  

 
 
4. Conclusions and recommendations   

 
Peatland is becoming more important for the livelihood in several districts of Indonesia such as Kubu 
Raya and Pontianak Districts where peatland is the dominant land resource. However, the carbon stock 
in the peat  is fragile and can easily transform into  CO2; the main green house gas source. The 
subsequent land uses following forest cutting include traditional slash and burn maize farming, 
vegetable farming, fruits plantation,  pineapple, oil palm and rubber plantations. Agricultural land, 
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except for rubber plantation, expands, but shrub land also increase at the expense of decreasing forest 
area. This indicates that forest clearing is not only driven by agricultural expansion, but also for timber 
harvest and so forth.  

From the various land uses the slash and burn maize emit the highest CO2 because of high 
emission from the annual burning practice in addition to the open field and deep drainage condition. A 
few Scenarios have been proposed including legal compliance, use of ameliorant, banning of burning 
practice and land swap to mineral land.  Each of the Scenario prompts different level of difficulties and 
costs and thus level of success. The option dealing with on farm treatment (ameliorant, no burning) 
likely have better chance of success while those dealing with land tenure, land status and legal system 
is likely more complicated and requiring regulatory reforms. 

The scenarios developed under this study will form a basis for a follow-up stringent test of the 
local acceptance. Verification of some technical details such as the effects of ameliorant and no 
burning will require a set of monitoring and/or research in the area. 
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