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Peatland area in Indonesia was estimated at about 14.91 million hectares spread out in Sumatra 6.44 
million ha (43 %), Kalimantan 4.78 million ha (32 %), and Papua 3.69 million ha (25 %) (Osaki et al 2016). The 
unique characteristics of soil, water, and Green House Gas (GHG) emission make peatland is an important 
ecosystem. Peatlands that are covered by forest vegetation play an important role in sustaining life 
through cycle and store amount of carbon (Hergoualc’h et al 2018). Peatland is key for several ecosystem 
functions. It is a habitat for biodiversity and important refugial sites for migratory birds. Peatland regulates 
water across the landscape, i.e., reduces the impact of floods and droughts and buffers saltwater in the 
coastal area. Peatland supports the economy of local communities through freshwater fish, timber and 
non-timber forest product.

Emission from forest and peat fires in Indonesia increase from 505.3 Mt CO2e in 2000 to 979.4 MtCO2e in 
2014 (Republic of Indonesia, 2017). Logging activity for timber extraction remaining bare land or secondary 
growth then becomes the prone area to fire in the dry season. The demand for arable land for palm oil 
and pulp production contributes to land use and land cover conversion in peatland, then induce carbon 
emission.

Peatland stores a vast amount of belowground (BG) carbon stock compared to aboveground (ABG), 
depending on the peat thickness and maturity. In the pristine condition, peat swamp forests in Indonesia 
stores 220 ± 28 Mg C per ha aboveground biomass (Hergoualc’h and Verchot 2011), and 668 ± 20 Mg C per 
ha per meter depth of peat (Warren et al 2012). Belowground carbon stock in the peat soil in a 3:1 ratio 
compared to aboveground in the shallow peat 1-m-deep (Hergoualc’h et al 2019). In 160 cm depth of fibric 
peat in the buffer zone of Lamandau Wildlife Reserve, Central Kalimantan belowground carbon stock 
reach 1500 Mg per ha (Rahayu & Dariah 2019). The total carbon stock of Indonesian peatland is ranged 
13.6 Gt C – 40.5 Gt C with the best estimate of 28.1 Gt C (Warren et al 2017).

Section 1.

Introduction



Carbon Stock Assessment in Peatland in North Kalimantan2

Logging activity in the peatland forest directly impacts aboveground carbon stock and tree diversity due 
to losing big trees, which is stored a huge of carbon. Moreover, forest conversion to agriculture directly 
reducing both above and belowground carbon stock through losing forest cover and peat decomposition. 
Forest conversion to oil palm plantation will potentially emit 0.96 g CO2 m

-2 hour-1 or 84 Mg ha-1 year-1 based 
on a study in Kalimantan (Rumbang 2015) and reach up to 121 Mg ha-1 year-1 in Sumatra (Khasanah & van 
Noordwijk 2018). 

Maintaining peatlands in Indonesia can save up to 20 times the mineral soil carbon (Pantau Gambut, 
2019). Moratorium on primary forest clearance and peatland conversion (President Instruction No. 5/2019) 
as one of the peatland management strategies. This makes the contribution of peatland to the target of 
reducing Indonesia’s greenhouse gas emissions at 29% or 41% with international support by 2030. Peatland 
management in Indonesia divided by Peat Hydrological Unit (Kesatuan Hidrologis Gambut/KHG) referred 
to SK Menteri LHK No. 129/MenLHK/Setjen/PKL.02/2/2017. 865 KHGs are covering 24,667,804 ha in Sumatra, 
Kalimantan, and Papua. KHGs extend beyond peatland and covers areas with mineral soil located between 
two rivers as integral parts of peat hydrological units. There are 13 KHGs, that cover around 347,082 ha of 
area, in North Kalimantan laid in Tana Tidung and Nunukan District. The Provincial Government of North 
Kalimantan has defined clear climate and natural resource protection goals. These goals become part of 
the province’s revitalization plan for the Kayan Sembakung Delta as well as through Governor’s regulation 
number 7, 2019 concerning North Kalimantan Mitigation Action Plan to Reduce Green House Gases 
Emissions (Rencana Aksi Daerah Penurunan Emisi Gas Rumah Kaca/RAD GRK).

However, the basic data of emission factors (above and belowground carbon stock) in various land covers 
systems in North Kalimantan did not exist. The information on the exact peatland area within these KHGs 
is also limited. The aim of the project is to assess and provide data on the aboveground and belowground 
carbon stock at the plot level in the peatland of North Kalimantan. In particular, the assessment is focused 
on areas that are not under any concessions or permit for management (non-permit) of secondary forest 
and shrub. The data is crucial as the basis for estimating carbon emission from land use/cover and land 
use/cover changes.
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Carbon stock measurement for peatland in this project followed closely the method outlined in “Petunjuk 
Praktis Pengukuran Cadangan Karbon Tanah Gambut” (Agus et al, 2011) for belowground carbon stock. As 
for the aboveground carbon stock assessment, we followed the method in “Petunjuk Praktis Pengukuran 
Cadangan Karbon pada Berbagai Tipe Penggunaan Lahan dari Tingkat Plot sampai Tingkat Bentang 
Lahan” (Hairiah et al. 2011). Tree diversity sampling and analysis also conducted during the assessment 
based on the method elaborated in “Pemantauan dan Evaluasi Keanekaragaman Hayati pada Bentang 
Lahan” (Rahayu et al. 2016).

The carbon stock assessment was focused in Tana Tidung and Nunukan District. The sampling was 
designed based on the land cover/land use map of Kayan Sembakung Delta, peat depth map and 
accessibility to reach the plot samples through desk study, as well as focused on non-concession land 
(Figure 1).

Stratified random sampling was conducted during assessment through considering land cover 
(secondary forest and shrub) and peat thickness, while accessibility to reach the sample point (availability 
of road, river or stream) used as consideration on setting the plot. The sample plot focused in Kecamatan 
Sesayap Hilir, Tana Tidung District and Kecamatan Sembakung, Nunukan District (Figure 2).

Figure 1. Land cover, peat thickness and potential access of rivers and roads in Delta Kayan Sembakung, 
North Kalimantan 

Section 2.

Methods
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2.1. Plot Design

Aboveground carbon stock was collected through tree inventory at nested plots of 40 m x 5 m for tree 
5-30 cm DBH and plot of 100 m x 20 m for tree ≥ 30 cm DBH (Figure 3). Diameter breast height/DBH for 
all trees in each category of the plot was measured. Leaves specimen were collected during the inventory. 
Tree diversity was analyzed based on species inventory in 5 x 10 m x 10 m for the tree above 5-10 cm DBH; in 
5 x 20 m x 20 m for tree 10 – 20 cm DBH; and in 100 m x 20 m for the tree above 20 cm DBH.

Figure 2. Plot samples position (green light dot)

40m

10m

10m

5m

20
m

100m

Figure 3. Plot sample design for carbon stock and tree biodiversity assessment

Plot sample for tree biodiversity (tree >10 cm DBH) and carbon stock (tree > 30 cm DBH)
Plot sample for tree biodiversity (tree 5–10 cm DBH)
Plot sample for carbon stock (tree 5–30 cm DBH) 
Peat sampling
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The basic activity on belowground carbon stock measurement in the peat area is peat sampling using 
peat auger in each 50 cm peat depth until reaching the mineral soil. The peat sample from peat auger 
then collected (Figure 4). Visual identification of peat maturity was directly made during peat sampling.

Figure 4. Peat sampling using peat auger

2.2. Supporting data collection

Plot level information included administrative information (name of the village, sub-district, district, forest 
unit management, etc.), GPS position, history of land use, management, the issue on forest fire, logging 
activity, restoration activity, hydrological condition, etc. was collected during the survey. Interviewing local 
people, local government, and other relevant key informants is a method to get the information.

2.3. Laboratory analysis

Laboratory analysis was conducted on the bulk density of peat, organic carbon content, and peat maturity. 
This was done in the Soil Research Institute, Bogor. Tree species identification was conducted in the 
Herbarium Bogoriense, Cibinong. 

2.4. Carbon stock calculation

Aboveground tree biomass of general species was calculated using an allometric equation developed by 
Chave et al. (2005) for humid/moist topical forest stand with precipitation between 1500 mm-4000 mm/year:

For palm species we use allometric equations developed by Brown (1997) that compiled in Hairiah et al. 
(2011): 

Where: AGB Biomassest = estimation aboveground tree biomass, kg/tree; D = DBH, diameter at breast height, 
cm; Р = Wood density, g cm-3 (available from: http://db.worldagroforestry.org/wd).
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Semi destructive sampling through cutting the leaves and stalk, weighting fresh and oven-dried materials, 
remunerate the number of leaves in each stump, the number of stumps in a plot area applied for estimating 
biomass of Nipah (Nipa frutican). We used 46% carbon content in biomass (Hairiah et al 2011). To estimate 
understorey vegetation, deadwood, and litter, we used 15% (Rahayu et al. unpublished data) of biomass with 
considering visual observation in the field.

Belowground carbon stock was calculated based on peat thickness (cm) that was obtained from field 
measurement using peat auger multiplied by bulk density (gcm-3) and organic carbon content (%) from 
laboratory analysis.

2.5. Tree diversity analysis

Species richness and important value index (IVI) was analyzed. Species richness is the number of different 
species represented in an ecological community, landscape, or region (Colwell, 2009). Important Value 
Index (IVI) expressed dominance species in the unit area that calculate based on relative frequency, relative 
density and relative dominance (Curtis & McIntosh, 1950)
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Sampling for carbon stock assessment was conducted in Kecamatan Sesayap Hilir, Tana Tidung District 
and Kecamatan Sembakung, Nunukan District

3.1. Kecamatan Sesayap Hilir

Sesayap Hilir is one of kecamatan in Tana Tidung District that covered area of 1.317,53 km², divided by 8 
kampung, with population density is 6 people per km2. Administrative boundaries of Kecamatan Sesayap 
Hilir is Kecamatan Sembakung, Nunukan District in the north, Muara Sesayap, Kota Tarakan in the east, 
Bulungan District in the south and Kecamatan Sesayap in the west. 

Figure 5. Kecamatan Sesayap Hilir, Tana Tidung District

Nineteen plots inventory was conducted in Tana Tidung. They are predominantly located in Bebatu 
(9 plots) and Menjelutung (8 plots) Kecamatan Sesayap Hilir; one plot in Kecamatan Sesayap and one 
plot in Kecamatan Sebawang. The dominant land cover class in Sesayap Hilir and Sesayap is secondary 
swamp forest and shrub (Figure 6). Logging activity by logging company operated up to 2005 in the area 
remaining secondary forest and shrub. Secondary forest in Bebatu represented secondary succession 
process from degraded forest after logging activities, no land clearing. Dense undestorey vegetation, such 
as Pandanus sp. found in the relatively open area in secondary forest.

Section 3.

Site Description
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Figure 6. Secondary forest performance in Bebatu, Sesayap Hilir

Peat thickness in the area is dominated by deep peat above 400 cm where located in secondary forest. 
A 6 m wide canal was built along the road located in the boundary area between timber plantation and 
secondary forest. In some areas under secondary forest and shrub, peat deep is about 200 – 400 cm. 
Mineral soil and shallow peat found in Bebatu near the fishpond, which Nipah (Nipa frutican) and Nibung 
(Oncosperma sp.) as the dominant vegetation.

Different condition found in Menjelutung, where primary succession that categorized as shrub (Figure 7) 
found in the open area after logging and land clearing on 2005, due to forest fire or cleared for temporary 
building during the logging company operating period. This shrub is indicated by pioneer species of 
Macaranga gigantea and Macaranga hypoleuca as dominant vegetation. 

Figure 7. Shrub performance in Menjelutung, Sesayap Hilir

3.2. Kecamatan Sembakung

Kecamatan Sembakung is one kecamatan in Nunukan District (Figure 8). Administrative boundaries 
of this kecamatan is Kecamatan Sebuku in the North, Kabupaten Tana Tidung in the east and south, 
Kecamatan Sembakung Atulai in the west. This kecamatan divided by 9 villages, are: Atap, Butas 
Batu, Labuk, Lubakan, Manuk Bungkul, Pagar, Plaju, Tagul, Tepian and Tujung. Sample plot for carbon 
stock assessment focused in Tepian and Plaju village. Secondary forest is dominant land cover along 
Sembakung river in Tepian and Plaju village, while shrub is located in about 1.5 – 2 km from the river. Peat 
thickness in the area is in medium 200 – 400 cm.
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Figure 8. Kecamatan Sembakung, Nunukan District

Secondary forest cover in Tepian and Plaju mostly logged by community. Density of tree more than 
30 cm DBH in Nunukan (Tepian and Plaju) is higher compared to Tana Tidung (Bebatu and Menjelutung) 
(Figure 9). Amount of 13 plots sample observed in Kecamatan Sembakung, 7 plots in Tepian and 6 plots in 
Plaju.

Figure 9. Secondary forest performance in Tepian and Plaju, Kecamatan Sembakung
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4.1. Aboveground Carbon stock 

Basically, there are two land cover classifications observed in the assessment, are secondary forest and 
shrub, but shrub only sampled in Tana Tidung District. Secondary forest in the assessment defined a 
secondary succession of the forest after logging activities where some primary species remaining in the 
system mixed with some pioneer species or development process of the existing seedling primary species. 
In comparison, the shrub is primary succession developed from the open area after logging and land 
clearing activities, mostly dominated by pioneer species.

Aboveground carbon stock at plot level is varied is ranged from 21.7 Mg ha-1 at minimum value to 
349.4 Mg ha-1 at maximum value (Table 1). Average value aboveground carbon stock at the land cover level 
is 145.4 ± 74.1 Mg ha-1 for secondary forest and 41.0 ± 11.3 Mg ha-1 for shrub (Table 2).

Table 1. Aboveground carbon stock at plot level in Tana Tidung and Nunukan

Plot code District Land cover Aboveground carbon stock (Mg ha-1)

Kaltara 1 Tana Tidung Secondary forest  116.5 

Kaltara 2 Tana Tidung Secondary forest  107.6 

Kaltara 3 Tana Tidung Secondary forest  97.0 

Kaltara 4 Tana Tidung Secondary forest  205.4 

Kaltara 5 Tana Tidung Secondary forest  51.5 

Kaltara 6 Tana Tidung Shrub  44.1 

Kaltara 7 Tana Tidung Secondary forest  117.9 

Kaltara 8 Tana Tidung Shrub  53.5 

Kaltara 9 Tana Tidung Shrub  45.7 

Kaltara 10 Tana Tidung Secondary forest  141.9 

Kaltara 11 Tana Tidung Secondary forest  71.4 

Kaltara 12 Tana Tidung Shrub  28.3 

Kaltara 13 Tana Tidung Shrub  34.2 

Kaltara 14 Tana Tidung Shrub  34.1 

Kaltara 15 Tana Tidung Shrub  21.7 

Kaltara 16 Tana Tidung Secondary forest  164.4 

Kaltara 17 Tana Tidung Secondary forest  86.8 

Kaltara 18 Tana Tidung Secondary forest  271.3 

Kaltara 19 Tana Tidung Secondary forest  93.1 

Kaltara 20 Tana Tidung Shrub  23.3 

Kaltara 21 Nunukan Secondary forest  138.7 

Kaltara 22 Nunukan Secondary forest  240.1 

Section 4.

Results and Discussions
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Plot code District Land cover Aboveground carbon stock (Mg ha-1)

Kaltara 23 Nunukan Secondary forest  74.5 

Kaltara 24 Nunukan Secondary forest  137.2 

Kaltara 25 Nunukan Secondary forest  140.0 

Kaltara 26 Nunukan Secondary forest  276.3 

Kaltara 28 Nunukan Secondary forest  349.4 

Kaltara 29 Nunukan Secondary forest  80.7 

Kaltara 30 Nunukan Secondary forest  86.4 

Kaltara 31 Nunukan Secondary forest  175.7 

Kaltara 33 Nunukan Secondary forest  83.7 

Kaltara 35 Nunukan Secondary forest  158.6 

Kaltara 37 Nunukan Secondary forest  170.2 

Average aboveground carbon stock at land cover level in both Tanah Tidung and Nunukan is 145.4 ± 74.1 
Mg ha-1 for secondary forest and 35.6 ± 11.3 Mg ha-1 for shrub (Table 2). 

Table 2. Aboveground tree carbon stock in Tana Tidung and Nunukan District

Land cover
Average aboveground 
carbon stock (Mg ha-1)

Standard deviation 
(Mg ha-1)

Number of 
observed plots

Tana Tidung and Nunukan

Secondary forest 145.4 74.1 25

Shrub 35.6 11.3 8

Tana Tidung

Secondary forest 127.1 61.5 12

Shrub 35.6 11.3 8

Nunukan

Secondary forest 162.4 82.2 13

The average aboveground carbon stock in secondary forest is relatively higher in Nunukan compared to 
Tana Tidung, but not different statistically. High-density forest with some big trees above 60 cm DBH still 
found in secondary forest of Nunukan, particularly in Tepian and Plaju, Kecamatan Sembakung, where 
the sample plots were set up. No shrub sample plots took in Nunukan. According to the local community, 
shrub available in about 1.5 – 2 km distance from Sembakung river. 

By integrating the estimated value of other aboveground carbon pools (dead wood, understorey 
vegetation, and litter) at 15% of tree biomass, we estimated a total aboveground carbon stock of 
167.3 Mg ha-1 for secondary forest and 41.0 Mg ha-1 for shrub. The carbon store per area is higher than 
the secondary peat swamp forest in the buffer area of Lamandau Wildlife Reserve in Kotawaringin Barat, 
Central Kalimantan, which is 77 Mg C ha-1 with the same method assessment (Janudianto et al 2011). 
Different forest cover and vegetation structure is the main factor that affects aboveground carbon stock. 
Big trees above 30 cm diameter in Lamandau are rare, except jelutong trees (Dyera poliphylla), which 
maintained by the community to be tapped.

The aboveground carbon stock is lower than the average aboveground carbon stock in remaining peat 
swamp forest in Kalimantan, 211.8 ± 12.7 Mg ha-1 based on lidar estimation (Ferraz et al 2018). However, 
aboveground carbon stock is comparable to the average amount of carbon in the aboveground biomass 
of mature tropical rainforest, typically 130–240 Mg C ha-1 (Aalde et al 2006).
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4.2. Belowground carbon stock

Belowground carbon stock pool in peatland is consist of peat carbon and root carbon. However, in this 
assessment, belowground carbon stock only generated from peat since it still lacks information on carbon 
stock of root in peatland. 

Total carbon stock in peatland depends on peat thickness, peat maturity, and peat density. Both peat 
maturity and peat density are possible indicators to represent peat carbon content. Both in Sesayap Ilir 
and Sembakung, peatland characterized hemic and fibric, low bulk density, and high carbon organic 
content (Table 3). Maximum bulk density and minimum carbon organic content found in peaty clay, 
whereas boundary layer between peat and clay soil.

Table 3. Peat characteristic in Sesayap Ilir and Sembakung

Bulk density (g cm-3) Corganic (%)

Minimum 0.03 10.20

Maximum 0.49 51.78

Average 0.12 47.27

Standard deviation 0.07 8.17

Average bulk density of 0.12 ±0.7 g cm-3 and carbon organic content of 47.27 ± 8.17% indicates that peat 
maturity in the area is mostly categorized as fibric (unmatured peat) referred to Agus et al (2011). This value 
is lower compared to the carbon density of Indonesian peatlands ranging from 54.5% for Jambi to 69.76% 
for Riau (Warren et al 2012).

Peat thickness in observed plots is 7 cm at minimum and 673 cm at maximum with a range of carbon 
stock is 27.1 – 4071.6 Mg ha-1 (Table 4). The peat carbon store in the area is comparable to the previous 
estimation in excess of 1000 Mg C ha-1 with values over 7500 Mg C ha-1 reported for exceptionally thick 
above 12 peat layers (Warren et al 2012). Peat carbon stock measurement in Lamandau Wildlife Reserve 
reached 1400 Mg C ha-1 at 150 cm peat layer (Rahayu & Dariah 2019).

Table 4. Peat thickness and carbon stock in Tana Tidung and Nunukan District

Plot code District Land cover Peat depth (cm) Belowground C stock (Mg ha-1)

Kaltara 1 Tana Tidung Secondary forest 502 2150.4

Kaltara 2 Tana Tidung Secondary forest 500 1274.1

Kaltara 3 Tana Tidung Secondary forest 492 3954.4

Kaltara 4 Tana Tidung Secondary forest 114 1138.6

Kaltara 5 Tana Tidung Secondary forest 487 3506.4

Kaltara 6 Tana Tidung Shrub 7 70.5

Kaltara 7 Tana Tidung Secondary forest 25 870.7

Kaltara 8 Tana Tidung Shrub 429 1765.4

Kaltara 9 Tana Tidung Shrub 589 4071.6

Kaltara 10 Tana Tidung Secondary forest 11 27.1

Kaltara 11 Tana Tidung Secondary forest 195 197.5

Kaltara 12 Tana Tidung Shrub 570 2021.2

Kaltara 13 Tana Tidung Shrub 189 822.7

Kaltara 14 Tana Tidung Shrub 384 2063.9
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Plot code District Land cover Peat depth (cm) Belowground C stock (Mg ha-1)

Kaltara 15 Tana Tidung Shrub 673 2744.9

Kaltara 16 Tana Tidung Secondary forest 216 1387.0

Kaltara 17 Tana Tidung Secondary forest 487 2198.0

Kaltara 18 Tana Tidung Secondary forest 250 1169.8

Kaltara 19 Tana Tidung Secondary forest 243 894.5

Kaltara 20 Tana Tidung Shrub 288 1272.4

Kaltara 21 Nunukan Secondary forest 300 1683.1

Kaltara 22 Nunukan Secondary forest 185 1201.9

Kaltara 23 Nunukan Secondary forest 297 1381.3

Kaltara 24 Nunukan Secondary forest 140 843.1

Kaltara 25 Nunukan Secondary forest 167 1135.0

Kaltara 26 Nunukan Secondary forest 31 280.1

Kaltara 27 Nunukan Shrub 164 1074.6

Kaltara 28 Nunukan Secondary forest 179 876.5

Kaltara 29 Nunukan Secondary forest 137 909.7

Kaltara 30 Nunukan Secondary forest 513 2613.1

Kaltara 31 Nunukan Secondary forest 286 1224.9

Kaltara 33 Nunukan Secondary forest 174 879.1

Kaltara 35 Nunukan Secondary forest 184 1015.8

Kaltara 37 Nunukan Secondary forest 232 1178.3

Average value of belowground carbon stock classified based on peat thickness classes referred to Wetland 
International Indonesia classification at 0 – 100 cm, 100 – 200 cm, 200 – 400 cm and above 400 cm (Table 
5).

Table 5. Average value of belowground carbon stock in peatland of Tana Tidung and Nunukan

Peat thickness range 
(cm)

Average carbon stock 
(Mg ha-1)

Standard deviation  
(Mg ha-1)

Number of observed 
plots

0 - 100 977.0 654.5 4
100 – 200 1328.5 659.3 12
200 - 400 1464.6 695.4 8
>400 1614.2 1408.2 10

4.3. Tree species diversity

Species richness
Total of 115 tree species found during the assessment, 74 species found in 20 plots of 2000 m2 each (4 ha) 
in Tana Tidung and 92 species in 13 plots (2.6 ha) in Nunukan. Species richness in Nunukan higher than in 
Tana Tidung. 

At the plot level, species richness of sapling (tree 5 – 10 cm DBH) and pole (tree 10 – 20 cm DBH) in 
Nunukan (Kaltara 21 – 37) is higher than in Tana Tidung (Kaltara 1 – 20) (Figure 10). The average species 
richness of sapling and pole in each plot area in Tana Tidung (Kaltara 1 - 20) is 8 and 14, while in Nunukan 
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(Kaltara 21 – 37) is 11 and 16 for sapling. Species richness in secondary forest in Tana Tidung (Kaltara 1 – 7, 10 
and 11) and in Nunukan (Kaltara 21 – 37) is 15 for pole and 10 for sapling, but lower for shrub (Kaltara 8 – 9, 12 
– 19), about 10 for pole and 5 for sapling. 

Figure 10. Species richness of sapling and pole in observed plots of peatland in Tana Tidung and Nunukan

Species richness of tree 20 – 30 cm DBH in Tana Tidung and Nunukan is similar, 9 species in average, 
but species richness of tree > 30 cm DBH in Nunukan (Kaltara 21 – 37) is higher than in Tana Tidung, with 
average value is 7 species and 5 species, respectively (Figure 11). 

Figure 11. Species richness tree > 30 cm DBH in observed plots of pet land in Tana Tidung and Nunukan

Tree density
At the plot level, tree density sapling (tree 5 – 10 cm DBH) in Nunukan is higher than Tana Tidung but 
remain the same for pole (tree 10 – 20 cm DBH) (Figure 12). Average tree density of sapling is 33 trees in 
100 m2 (660 trees per ha) in Nunukan, 24 trees in 100 m2 (480 trees per ha) in Tana Tidung; average tree 
density of pole is 105 trees in 400 m2 (525 trees per ha) in Nunukan and 101 trees in 400 m2 (505 trees per 
ha) in Tana Tidung
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Figure 12. Tree density of sapling and pole in observed plot in Tana Tidung and Nunukan

Tree density of tree 20 – 30 cm DBH in Nunukan is higher than in Tana Tidung, 120 tree per ha and 109 tree 
per hectare, respectively. Tree above 30 cm DBH is varied from 0 to 33 in 2000 m2 (Figure 13), with similar 
average value at 12 trees in 2000 m2 (60 trees per ha) in Tana Tidung and 14 trees in 2000 m2 (70 trees per 
ha). 

Figure 13. Tree density of tree 20 – 30 cm DBH and tree above 30 cm DBH in Tana Tidung and Nunukan

Higher tree density of pole stage (10 – 20 cm DBH) at 660 trees per ha than sapling stage (0 – 10 cm DBH) 
at 525 trees per ha occurred in Nunukan; while in Tana Tidung tree density of sapling is higher (505 trees 
per ha) than pole (480 trees per ha). This condition indicates a different succession stage between Tana 
Tidung and Nunukan.
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The dominant land cover in the non-permit area in Sesayap Ilir (Tana Tidung) and the Sembakung 
(Nunukan) District are secondary forests, shrubs, and plantations. Peat thickness is ranged from 0 – 7 m. 
Total aboveground carbon stock is 167.3 Mg ha-1 for secondary forest and 41.0 Mg ha-1 for shrubs. 

Peat condition in the secondary forest and shrub in the non-permit area in Sesayap Ilir and secondary 
forest in Sembakung is characterized as hemic and fibric in term of maturity with average bulk density is 
0.12 ± 0.07 g cm-3 and organic carbon content is 47.27 ± 8.17%. Peat thickness is ranged from 7 – 673 cm. 
Average carbon content in peat is 977.0 ± 654.5 Mg ha-1 for peat thickness 0 – 100 cm, 1328.5 ± 659.3 Mg 
ha-1 for 100 – 200 cm, 1464.6 ± 695.4 Mg ha-1 for 200 – 400 cm and 1614.2 ± 1408.2 Mg ha-1 for > 400 cm. 

Tree species richness in Nunukan is higher than in Tana Tidung, 92 species in 2,6 ha and 74 in 4 ha. Higher 
species richness found in diameter classes of 10 – 20 cm and 20 – 30 cm DBH. Tree density in secondary 
forests is dominated by pole (10 – 20 cm DBH), but in shrubs is dominated by sapling (5 – 10 cm DBH).

Section 5.

Conclusions
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The value of aboveground carbon stock in secondary forest and shrub, as well as peat carbon stock in 
this assessment, was estimated from plot-level inventory. In this assessment, we observed 25 plots for 
secondary forest and eight shrub plots, which only covered 6.5 hectares. Compared to the total area of 
secondary forest and shrub in non-concession peatland in Kahayan – Sembakung Delta, the coverage area 
of the sample lacks representative due to high variability of canopy cover, tree species and peat thickness 
across the area. More plots inventory is better to meet the representativeness of the data. 

However, with limited data available, we still possible to use the data for broader purposes by providing 
detailed information on the number of plot samples and standard error deviation of the data.

Otherwise, for future works, there are possible options to increase the representativeness of data: (1) 
combining other available data with similar survey methods, and (2) do additional plots samples with the 
same method.

Section 6.

General Remarks
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