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SUMMARY 
 
Peat surface moisture was significantly higher in the forest comparing that of grass land. This high moisture in the 
forest will be important for prevent easy igniting of surface peat. To control the carbon emission by peat fire and 
microbiological decomposition from tropical peatlands, the efficiencies of rewetting peatlands by rising 
groundwater level, controlling peat fire by firefighting, recovering forest were evaluated with some outcomes of the 
JST-JICA SATREPS project ―Wild Fire and Carbon Management in Peat-Forest in Indonesia". Carbon emission by 
peat fire after the rising groundwater level with dam construction is estimated to be 76% of that before dam 
construction. The extinguish rate by firefighting is directly affected on the decreasing rate of carbon emission from 
peatlands. Using relationship between the net ecosystem CO2 exchange (NEE) and groundwater level (Hirano, et 

al., 2012), the amount of carbon emission from the un-drained forest was estimated to be decreased to 27% by rising 
the annual mean groundwater level from 0.2 m to 0.1 m.  
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INTRODUCTION 
 
 Soil moistures of surface layer in tropical peatland are different with the canopy density of trees at the 
sites. And the moisture has a relationship with the occurrence of peat fire (Adi Jaya et al., 2011). The one 
dimensional tank models were applied to estimate the difference of surface peat moisture in open grass land and 
dense forest. The surface peat moisture in open grass land has been dried by evapotranspiration from surface layer 
in three month after the last rainfall. But the surface peat moisture in the forest was not so dry (Takahashi, et al., 
2013). The higher moister content of surface peat layer in the forest means that forest recovery on peatland is one of 
keys for pear fire prevention.  
  Rewetting of peatland by rising groundwater level is the most important and basic method for peat fire 
prevention (Takahashi et al., 2011). The most of peat fire is caused by human carelessness. The extinction of fire in 
early stage is the most important to prevent the surface fire spread to peat fire.  
  The outline of scenario of carbon management is mentioned and the reduction of carbon emission from peatlands 
was roughly estimated in this paper.  
 
THE EFFECT OF FOREST CANOPY ON PREVENTION OF PEAT FIRE 
  
Peat moisture in the fields 

 
i. Study sites for peat moisture measurement 
 Two sites with different surface cover and land use were set-up for measurement of peat surface moisture 
in the tropical peatland of Central Kalimantan. The first site was a peat swamp forest (NF) without large effect of 
canal in the Sebangau Nature Laboratory. The second site was the open grass land area with small tree cover after 
peat fire (OG). 
 
ii. Measurement of peat moisture 
 Measurement of peat moisture was carried out using DL6 with Theta Probe (ML2x) sensor. The sensor 
was buried in peat at depth of 5 cm.. The data was recorded at 1 hour interval. The groundwater level 
logger(DL/N70 STS) was deployed at the same locations. The measurement was conducted for 2 years, starting 
from 1st June 2011 until 13 August 2013. 
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iii. Annual change of the surface peat moisture in the fields 
 Moisture of surface peat layer in the forest is clearly higher than that in the grassland during dry season in 
2011 and 2012 (Figure1). The dry seasons in both years were not so longer than that in 2009 then the moisture of 
the surface peat in grassland was not lower than 0.4. But the surface peat moisture in the open grassland OG was 
decreased very soon after rainfall. On the other hand, it in the forest, NF, was decreased slowly. The difference of 
the decreasing speed of peat moisture in both sites was caused by the difference of strength of solar radiation on the 
ground surfaces. From this result, we can conclude that the forest canopy has an important role to keep the surface 
peat in wetter condition.  

 
Figure 1: Annual changes of the moisture of surface peat layers in a grass land and forest 
 

Peat moisture and ignition  
 The dry bulk density of tropical peat in the basin and dome area is 98.4±22.3 kg m-3 (Shimada et al., 2001). 
The dry bulk density of 100 kg m-3 was used to convert the peat moisture from the gravimetric density to 
volumetric/bulk density. According to Jaya et al., (2012), analyzing the relationship between number of fire spot 
observed by MODIS and peat moisture in a forest revealed that the critical moisture of peat for ignition was around 
0.15 in volumetric moisture. The probability of ignition of the upper sphagnum also increases at around 0.15 in 
volumetric moisture (Babrauskas, 2003). From the moisture behaviors of surface peat layers in the forest and the 
open grassland, the forest canopy is very important to keep the surface peat in wet and to prevent the surface peat 
ignition 
 
CONTROLS OF CARBON EMISSION BY REWETTING AND FIRE MANAGEMENT 
 
The rising of groundwater level by construction of dams in the canal 

 Ishii et al. (2012) conducted very precise measurements of water level in the canal, groundwater level in 
the peat dome in the north of block C, the Mega Rice Project area. The effect of dam construction on the 
groundwater level was calculated using MODFLOW model. The groundwater level near the center of the target 
area, where was the top of peat dome, rose around 1 m at near the canal and 0.2 m at 400 m far from the canal after 
dam construction. The effect of rising groundwater level on the carbon emission was evaluated using the 
relationship between the annual lowest groundwater level and the amount of carbon emission from MRP area shown 
in Figure 2. 
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Figure.2: The amount of carbon emission by peat/forest fire relating to the annual lowest groundwater level in a peat swamp forest in Central 
Kalimantan. Groundwater level was measured at the site in the Sebangau National Park, named Plot-1b and located 2°19'15.80"S, 113°54'4.10"E 
in coordinate. The amount of carbon emission was estimated using the number of fire spot in the Mega Rice Project area by Dr. Indra Putra. 
 
 The effect of rising groundwater level on carbon emission by fire was estimated for the area 1 km far from 
the canal. The area was divide into 4 zones namely Zone A: from the canal to 100 m far from canal, Zone B: from 
100 me to 200 m, Zone C from 200 m to 500 m and Zone D from 500 m to 1000 m. The mean groundwater level I 
each zone was used the values along the line X0 – X0‘ in Figure 3. The amount of carbon emission was calculated by 
using the regression formula shown in Figure 2 and Table 1. 
 The amount of carbon emission after dam construction in Zone A decreased to 46.4% of that before dam 
construction. The ration of carbon emission after the dam construction was 66.0% in Zone B, 71.8% in Zone C, 
90.6% in Zone D. 
 Around 50% of carbon emission by peat/forest fire in the area from canal to 200 m far from canal can be 
decreased by dam construction. Most of peat/forest fire is generally occurred in the area along road and canal with 
human errors. Decreasing of carbon emission by fire in the zone along the canal will make a ripple effect on carbon 
emission far from the canal. 
 

Table 1: Controls of carbon emission from peatland by peat/forest fire with dam 
construction and firefighting activity 
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The firefighting effect on reduction of carbon emission by peat/forest fire 

 Pear fire occurs generally from surface fire near the canals and roads, which burns the grass and organic 
materials on the ground with human mistake. Therefore, the area from canal or road to 200 far from them is very 
important area for peat/forest fire control. Generally, fire in urban area is control by the fire service of local 
government whereas fire in forest area is control by firefighting team belong to the forest management bureau. 
Peat/forest fires occur mostly in the abandoned land which experienced peat/forest fire before. However, the 
severity of peat forest fire is beyond the abilities of both local government and forest bureau firefighters to control. 
The firefighting activity by people in local community is the most important, useful and effective for fighting on 
peat/forest fire. In general, the most important action for firefighting is the initial fire extinguishing. The compact 
firefighting system which was handled by local people is useful for the initial fire extinguishing (Takahashi et al., 
2013). 
 The effect of firefighting on carbon emission by peat/forest fire was classified to three ranks; 50%, 70% 
and 100% (Table 1). The peat/forest fires more than 200 m from the canal and road are mostly caused by the 
spreading fire from the area near canal and road. So if 50% the peat/forest fire is extinguished by local firefighting 
team, 50% of carbon emission will be decreased. In the case of the firefighting effects 70% and 100%, the carbon 
emission by peat/forest fire will be decreased with same way. 
 
CONCLUSION 
 
Three activities, forest recovery, rewetting and firefighting, for reduction of carbon emission from tropical peatlands 
were evaluated and concluded as follows: 
 
1. Forest recovery is necessary and important to prevent the surface layer of peatland become dry and reduce the 

fire risk. Rising of groundwater level by constructing dams is remarkably effective in the area from canal to 
200 m far from canal which also reduced the carbon emission due to peat/forest fire by 50% of that without 
dam. 

2. Firefighting by local community on the peat/forest fire is also very important to prevent the fire spreading. If 
50% of peat/forest fire in the area from canal to 200 m far from the canal is extinguished, the carbon emission 
by peat/forest fire will be decreased to 50% of that without firefighting. 
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