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Abstract: A benchmarking study on biomass and carbon was carried out in Kahayan 
watershed. Three land uses were investigated, consisting of natural forest on peatland, 
damaged forest due to felling tree and forest fire. Prediction and both field and standard 
laboratory measurements were used in the study. Results of this research revealed that 
vegetation with average breast height diameter (BHD) of less than 10 cm was abundant 
on the peat land use, whereas BHD of more than 20 cm was characteristic of felling 
trees and various diameters were for the land subjected to forest fire. The natural forest 
on peatland contains living plants biomass (circa 600 tonne/ha) and carbon content 
(circa 340 tonne/ha) that were about twice of the other land uses. Dead plants on 
peatland, having biomass weight of circa 20 tonne/ha and carbon content of circa 11 
tonne/ha were about half of the other two land uses. This revealed the paramount 
importance priority to conserve tropical forest on peatland in order to sequestrate 
carbon, leading to prevent air pollution.  
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INTRODUCTION 
 

Natural resources such as tropical forest is vitally linked to environmental and conservation 
issues, as well as its economic value for human survival. One of the forest formations is on 
peatland that is characterised by the higher accumulation rate of organic matter than it can be 
decomposed [4]. Peat formation in the tropics results under constant conditions of water logging 
or in wet coastal areas where organic matter is produced in abundance by an adapted vegetation 
of mangroves, grasses or swamp forest trees [3, 6]. In Indonesia peatland covers an area of 16 
Mha – 27 Mha [7, 8], and this ecosystem is subjected to various land use including forestry, 
agriculture, energy and horticulture [5]. During the last ten years, forest-based carbon trading has 
been developed to achieve global environmental health. This requires carbon accounting that is 
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the process of assessing the amounts of carbon found in different parts of a system. It is needed 
to estimate the amount of carbon that may be traded or used as an offset against greenhouse 
gas emissions. There are two main methods of carbon accounting in forests i.e. actually 
measuring carbon present in the trees, litter and soil, and using models to estimate carbon 
present in forest systems. Indonesia has a great concern on this issue because peatland with on 
average depth of 3 m and tropical forest are ecological reservoir for carbon, potentially preventing 
global warming. In addition, most of the peatland is unclassified land use [9] as well as forest fire, 
leading to deforestation. Therefore, this study took an approach to forest conservation to: (1) 
characterize vegetation on the different land uses, and (2) identify carbon content of above 
ground biomass for the investigated land use. This study supports carbon sequestration using 
forest-based resources.  

 
MATERIALS AND METHODS 
 

Satellite imaging of forest land in Kahayan watershed representing three research sites 
namely, natural peatland, the damaged forest due to felling trees and fire formed the basis of the 
present investigation (Fig. 1). Each forest was covered an area of about 0.5 Mha. This was 
achieved by collecting the earlier records from the local agency. Additional information from local 
community was considered to locate where the forest previously experienced in felling trees 
(1997) and fire (1997 and 2000).  

 

 
Fig. 1: Map of research sites 
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Field equipment consisting of measuring tape, chainsaw, and balances of various scales (1 

Kg, 20 Kg and 50 Kg) were used to measure fresh weight measurement on site. Three plots, 

each measuring 10 m x 10 m square plot, were chosen randomly from each forest area. Each 

plot was divided into five subplots of 2 m x 2 m where samples were taken. 

Living plants was measured at breast height diameter (BHD) above ground level before 

cutting. After felling the trees, the above biomass was cut into small pieces that could be weigh. 

An amount of 100 g – 200 g was collected and preserved for dry weight measurement. Dead 

plants were collected in a separate sack, the fresh weight was measured, and an amount of 100 

g – 200 g was taken and preserved for dry weight measurement.  

Water content was determined according to Indonesian standard laboratory practice [1]. 

Biomass dry weight was measured gravimetrically by drying it in an oven at 80 oC – 90 oC till 

constant weight (2 - 4 days). Carbon content was measured by ashing the dried biomass at 700 

oC for 5 hours. The result of the measurements could be converted into tonne/ha since the plot 

area was known. 

In addition, biomass weight was predicted using Brown’s formula [2] in equation 1 as follows: 

Above ground biomass weight = 38.4908 – 11.7883 (D) + 1.1926 D2   (1) 

where D is plant diameter in cm and applicable for breast height diameter.  

Hydrometeorology data consisting of water table, rainfall and peat surface temperatures were 

obtained from Sulistyanto [10]. The data were confirmed and updated yearly by local agencies 

located at Natural Watershed Laboratory, Tjilik Riwut Airport and Kota Palangka Raya. 

Temperature and precipitation influence biomass distribution of forests [13]. 

 

RESULTS AND DISCUSSION 

 

The average annual rainfall measured in the three research sites varies between 2,124 mm 

and 2,301 mm. The amount of rainfall in the rainy season (October to April) covers 82 % of 

annual rainfall. Ground water table only came above the surface of about 10 cm – 40 cm between 

March and June 2001. Most of the surface temperatures (88 %) in the destroyed forest lay 

between 26 oC to 30 oC. In areas with denser vegetation cover, temperature ranges from 23 oC to 

28 oC.  The data were not show significant different among the three sites, and this is a typical 

tropical forest conditions.  

Biomass was classified into eight classes based on the breast height diameter (DBH) with an 

increment range of 5 cm. The diameter frequency (f) and biomass (b) were presented in Table 1 

for the three land uses.  It could be generalized that peatland was characterized by abundance of 

vegetation of less than 10 cm diameter and small portion of biomass of less than 10 %, whereas 

vegetation with its diameter of more than 25 cm had more than 50 % biomass. Vegetation at the 

damaged forest due to felling tree was tended to lowering biomass as its diameter increased. The 

vegetation characteristics of the damaged forest due to fire were in between the two land uses.  
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Table 1: Biomass distribution on forest peatland and land subjected to felling trees and forest fire 

 DBH, 

cm 

-5 5-10 10-15 15-20 20-25 25-30 30-35 35+ 

Natural 

forest on 

peatland 

         

Plot 1 f, % 43.90 26.83 4.88 4.88 4.88 0.00 9.76 4.88 

 b, % 0.77 1.37 1.91 3.69 5.59 0.00 34.14 52.53  

Plot 2 f, % 64.71 19.61 7.84 0.00 0.00 3.92 1.96 1.96 

 b, % 6.41 3.33 5.89 0.00 0.00 25.10 21.07 38.21 

Plot 3 f, % 57.14 28.57 3.90 2.60 2.60 1.30 2.60 1.30 

 b, % 1.82 6.30 2.05 5.09 31.45 10.76 23.51 19.02 

Damaged 

forest due to 

felling tree 

         

Plot 1 f, % 68.22 21.50 6.54 0.00 1.87 0.93 0.93 0.00 

 b, % 4.20 11.85 16.18 0.00 21.64 20.53 25.60 0.00 

Plot 2 f, % 55.41 24.81 10.81 2.70 2.70 2.70 0.00 1.35 

 b, % 1.17 4.58 10.75 8.22 13.62 21.17 0.00 40.49 

Plot 3 f, % 57.89 14.47 17.11 6.58 2.63 1.32 0.00 0.00 

 b, % 2.41 6.43 25.49 27.50 22.60 15.57 0.00 0.00 

Damaged 

forest due to 

fire 

         

Plot 1 f, % 49.20 42.95 4.67 1.32 1.91 0.00 1.52 0.00 

 b, % 11.26 39.65 13.93 7.05 18.83 0.00 36.13 0.00 

Plot 2 f, % 57.89 14.47 17.11 6.58 2.63 1.32 0.00 0.00 

 b, % 2.41 6.43 25.49 27.50 22.60 15.57 0.00 0.00 

Plot 3 f, % 49.20 42.95 4.67 1.32 1.91 0.00 1.52 0.00 

 b, % 11.26 39.65 13.93 7.05 18.83 0.00 36.13 0.00 

 

Results of biomass dry weight and carbon content for 152 samples were presented in Table 

2. The paired-t-test between predicted and measured biomass showed that the two 

measurements were highly correlated (coefficient correlation of 0.945) and no significant 

difference between predicted and measured biomass. Thus Brown’s formula (eq.1) could be 

applied to predict biomass dry weight in central Kalimantan tropical forest conditions.  

Based on F-test at p 0.05, biomass weight as well as carbon content in the two damaged 

forest were not significantly different. However, the natural forest on peatland was significantly 

different with them. It was shown that natural peatland contains living plants biomass and carbon 

content about twice of the other land uses. Contrarily, the dead plants in natural peatland were 

about half of the other two land uses. Carbon contents were on average 56 % of the biomass 

production. 
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Table 2: Biomass dry weight and carbon content 

 Predicted biomass dry 

weight using Brown’s 

formula, tonne/ha 

Measured biomass dry 

weight, tonne/ha 

Measured carbon 

content, tonne/ha 

                                           Living 

plants 

Dead  

plants 

Living 

plants 

Dead 

plants 

Living 

plants 

Dead 

plants 

Natural 

forest on 

peatland 

      

Plot 1 935.78 18.55 908.91  

± 26.30 

18.55  

± 1.86 
518.40 

± 12.63 

 10.48 

± 0.93  

Plot 2 425.06 58.39 371.66 

± 37.17 

58.39 

± 1.71 
242.79 

± 21.28 

33.23 

± 0.32 

Plot 3 602.91 14.56 491.62 

± 98.20 

14.56 

± 0.15 
292.69 

± 61.12 

8.28 

± 0.82 

Damaged 

forest due to 

felling tree 

      

Plot 1 366.62 44.54 372.10 

± 4.21 

44.54 

± 0.45 
221.98 

± 2.19 

21.66 

± 0.22 

Plot 2 377.26 40.43 331.13 

± 33.11 

40.43 

± 0.34 
188.22 

± 2.02 

19.81 

± 0.18 

Plot 3 253.80 24.02 197.54 

± 53.19 

24.02 

± 0.42 
110.25 

± 21.11 

7.78 

± 0.08 

Damaged 

forest due to 

fire 

      

Plot 1 282.94 78.66 280.65 

± 2.82 

78.66 

± 0.79 
102.90 

± 1.29 

46.25 

± 0.63 

Plot 2 444.15 43.09 417.66 

± 12.41 

43.09 

± 0.39 
237.80 

± 6.24 

29.44 

± 0.34 

Plot 3 157.27 56.76 156.42 

± 1.63 

56.76 

± 0.68 
89.33 

± 1.12 

26.65 

± 0.27 

 

The total biomass weight in each land use was slightly higher than the results obtained by 

previous researchers in Central Kalimantan [12]. This was probably due to the difference in 

diameter classification that the earlier investigations were based on diameter classification of 

more than 5 cm. However, this result was in agreement with the earlier studies that validated 55 

% - 70 % of forest peatland dominated by vegetation of 5 cm – 10 cm diameter. The measured 

carbon content was about 56 % of biomass dry weight, and therefore, it could be used to predict 

carbon loss due to fires or illegal tree felling. In 1997, forest fire occurred at the site and therefore, 

0.56 tonne of carbon/tonne of biomass dry weight was lost. Comparatively, the damaged forest 

due to felling trees in Jambi, Sumatera, resulted in biomass loss of about 46%, or 159 tonne/ha 

[11]. 
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CONCLUSIONS 

 

There was significant difference of biomass and carbon content between natural forest on 

peatland and the forest damaged due to tree felling and forest fire. Biomass weight ranging from 

400 tonne/ha to 900 tonne/ha, carbon content in the range of 240 tonne/ha – 400 tonne/ha, and 

breast height diameter of tree of the natural forest on peatland characterized. Damaging forest 

would result in releasing carbon of about half of the potential content and therefore such 

inhumane activities should be prevented. In addition, Brown’s formula for predicting biomass 

weight based on breast height diameter of tree could be applied. However, carbon content of 56 

% biomass dry weight should be used for Central Kalimantan tropical forest conditions. 
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