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ABSTRACT 

 

The Copernicus Atmosphere Monitoring Service (CAMS) reported that increasing of GHG emissions from Indonesia 

in 2019 was mainly due to carbon-rich peatlands burning. About 1.65 million ha were burnt and a half million ha of peat 

were burned in devastating fire events in 2019, yet GHG (greenhouse gas) emissions released was almost nearly compared 

to the 2015 fires where 2.6 million ha areas were burnt. Thousands of acres of ecologically significant land were burned, 

resulting in toxic haze which threatening human health as well as disrupting natural forests and wildlife habitat. Peatlands 

consists of decomposed organic matter, and peat degradation will produce significant amount of GHG emissions, 

especially when the areas are burnt. The lowering ground water level (GWL) on peatlands will increase the sensitivity to 

the fires because of the drier condition of peat surface. The restoration efforts implemented in degraded peat ecosystem 

(i.e: rewetting and revegetation) seem like the best solution, if and if the fire prevention management activities are really 

well implemented. Fire suppression has high potential to reduce GHG emissions resulted from peat fires into the 

atmosphere. The success of peatland fire suppression will depend on the skill of fire brigades, strategy, and the availability 

of equipment, direct and indirectly in the ground. Lack of knowledge and experience to combat peat fires will spread 

more fires and potentially out of control fire break outs. Finally, this condition will produce significant amount of GHG 

emissions as dry peat burnt is difficult to control. 
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ABSTRAK 

 

Copernicus Atmosphere Monitoring Service (CAMS) melaporkan bahwa peningkatan emisi GRK hutan dan lahan 

Indonesia pada tahun 2019 terutama disebabkan oleh pembakaran lahan gambut yang kaya karbon. Sekitar 1,65 juta ha 

terbakar dan setengah juta ha gambut terbakar dalam peristiwa kebakaran hebat pada tahun 2019, namun emisi GRK 

(gas rumah kaca) yang dihasilkan hampir mendekati dibandingkan dengan kebakaran tahun 2015 di mana 2,6 juta ha 

area terbakar. Ribuan hektar lahan yang secara ekologis penting dibakar, mengakibatkan kabut asap beracun yang 

mengancam kesehatan manusia serta mengganggu hutan alam dan habitat satwa liar. Lahan gambut terdiri dari bahan 

organik yang terdekomposisi, dan degradasi gambut akan menghasilkan emisi GRK dalam jumlah yang signifikan, 

terutama jika areal tersebut terbakar. Penurunan muka air tanah (GWL) di lahan gambut akan meningkatkan kepekaan 

terhadap kebakaran karena kondisi permukaan gambut yang lebih kering. Upaya restorasi yang dilakukan di ekosistem 

gambut yang terdegradasi (yaitu: pembasahan dan revegetasi) tampaknya merupakan solusi terbaik, jika dan jika 

kegiatan manajemen pencegahan kebakaran benar-benar dilaksanakan dengan baik. Pemadaman kebakaran memiliki 

potensi tinggi untuk mengurangi emisi GRK akibat kebakaran gambut ke atmosfer. Keberhasilan pemadaman kebakaran 

lahan gambut akan sangat bergantung pada keterampilan petugas pemadam kebakaran, strategi, dan ketersediaan 

peralatan, baik langsung maupun tidak langsung di lapangan. Kurangnya pengetahuan dan pengalaman untuk 

memerangi kebakaran gambut akan menyebabkan lebih banyak kebakaran dan berpotensi menimbulkan kebakaran yang 

tidak terkendali. Terakhir, kondisi ini akan menghasilkan emisi GRK yang signifikan karena gambut kering yang terbakar 

sulit dikendalikan. 
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INTRODUCTION 

 

Peat fires in Southeast Asia, particularly in Indonesia, 

are major cause of smog and particulate air pollution 

(Hayasaka et al., 2014; Reddington et al., 2014), with 

serious consequences for human health (Kunii et al., 2002; 

Kunii, 1999, Marlier et al., 2012; Wooster et al., 2012) and 

local blocking of sunlight that can suppress plant 

photosynthesis (Davies and Unam, 1999). In addition, 

peatland fires are responsible for forest habitat loss and 

degradation for flora and fauna, including those in marine 

systems (Jaafar and Loh, 2014; Posa et al., 2011; Yule, 

2010). Fire suppression efforts, lost timber and crop 

resources, missed workdays, and travel disruptions incur 

high economic costs (Barber and Schweithelm, 2000; 

Tacconi, 2003; Ruitenbeek, 1999),  It is estimated that 

Indonesia lost US$20.1 billion during the 1997/98 fire 

season alone (Varma, 2003). The World Bank reported 

(2016) that economic loss during Indonesia’s 2015 fires is 

estimated exceed US $16 billion. Indonesia 2015 forest and 

land fires which burnt about 2.6 million ha had released 

about 1.74 Gt CO2-eq . Both national and international 

policies have been implemented to reduce fire impacts in 

Indonesia prior to the 2015 fire events (e.g., ASEAN 

Agreement on Transboundary Haze Pollution, Singapore’s 

Trans- boundary Haze Pollution Act, and Indonesia's 

national law (Act No 41/1999) banning corporations from 

using fire to clear land for palm-oil plantations), but with 

limited success (Cattaua et al., 2016). Given the variety and 

severity of the consequences of tropical peatland fires in 

Indonesia, there is a high global interest to understand this 

changing disturbance regime and reduce fire occurrence 

(Harrison et al., 2009). 

Fires in Indonesia have consequences from the local to 

global scale, including burning forest that serve as a home 

to endemic and endangered flora and fauna, emitting haze 

that compromises human health and impacts economies 

across the region, and converting peatlands from a major 

carbon sink to a major source of CO2. Identifying the 

sources of fire ignitions and LULC (Land Use Land Cover) 

classes associated with fire ignitions is a key factor for 

reducing fire on this landscape, which allow us to more 

pointedly target management and policy interventions 

(Cattaua et al., 2016). 

Indonesia contains large areas of peatland that have 

been drained and cleared of natural vegetation, making 

them susceptible to burning (Kiely et al., 2019). Peat fires 

emit considerable amounts of carbon dioxide, particulate 

matter (PM) and other trace gases, contributing to climate 

change and causing regional air pollution. However, 

emissions from peat fires are uncertain, due to uncertainties 

in emission factors and fuel consumption (Kiely et al., 

2019). 

Who is responsible for ignitions in Indonesia is highly 

contested, and reports of the ignition sources are varied 

(Dennis et al., 2005; Page et al., 2009b), often resulting in 

a chain of finger-pointing (e.g., Suyanto, 2000). Although 

some large-holders  clear the land mechanically, most 

forest clearing is involved fire(Stolle et al., 2003). Since 

fires set for clearing can ‘escape’ beyond their intended 

boundaries, both large and small holders have been held 

responsible (e.g., Stolle et al., 2003; Page et al., 2009b), 

which is commonly found in rainforest fires (Goldammer, 

1991). Burning to clear land has been the traditional 

practice of smallholders and indigenous groups, and there 

is some evidence that smallholders' use of fire has been 

historically relatively small-scale and well-managed 

(Tomich et al., 1998; Bowen et al., 2000; Seavoy, 1973; 

Wibowo et al., 1997). However, this is likely not the case 

today. The scale of land cleared by fire has expanded with 

increased use of burning by both smallholders and larger-

scale rubber and oil palm concessions (Brauer and Hisham-

Hashim, 1998; Potter and Lee, 1998; Stolle et al., 2003). 

Originally, the Indonesian government blamed smallholder 

shifting cultivators for fire, but later publicly claimed that 

it was more likely larger- scale companies opening land on 

commercial plantations for palm oil, pulpwood, and 

timber, some of which was promoted by government 

policies themselves (Brown, 1998; Page et al., 2009b). 

The problem of forest fires cannot be considered a 

simple issue as it involves multi actors such as local actors, 

large firms, and political economy actors, such as 

governors, regents, and regional level companies. Forest 

fires are not only driven by internal factors like types of 

peatlands and soils (Purnomo et al, 2019). External factors 

such as the dry climate also contribute to causing forest 

fires. The research proposed to know potential HGH 

emission reduction from peat fires. 

 

 

METHOD 

 

The research was conducted in the year 2020 with the 

main purpose to find out how much potential greenhouse 

gas emissions are produced as a result of forest and 

peatland fires that can be suppressed through control 

efforts, it is necessary to know how much peat land is 

burned, where the fires occur, what control measures 

should be taken. Answering these questions, this research 

was carried out through two major activities, namely 

literature studies and group discussions with experts in this 

regard, namely from the Ministry of Environment and 

Forestry. 

 

Literature review 

Literature studies are carried out on both national and 

international journals, including reports on research results 

that can be accounted for and valid results. The focus of the 

study is aimed at: 1. Sources of Greenhouse Gas emissions 

from peat fires, 2. Estimates of Greenhouse Gas emissions 

resulting from fires that occur, 3. Efforts that have been 

made to reduce GHG emissions from peat fires which 

include what is meant by peat fires, monitoring and 

prevention systems are carried out, 4.  Managing peat land 

not to burn in the right ways. 

 

Forum Group Discussion (FGD) 

The forum discussion was held in order to share 

perceptions about the high potential to reduce greenhouse 

gas emissions through real peat management. Discussions 

are really needed to emphasize and strengthen each other 

about the need for proper peat management. This meeting 

was held several times together with a team of experts from 
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the Ministry of Environment and Forestry with different 

backgrounds. Each meeting was attended by around 20-30 

participants facilitated by the Ministry of Environment and 

Forestry. 

 

 

RESULTS AND DISCUSSIONS 

 

GHG emissions from Peatland fires  

Press release made by CAMS (The Copernicus 

Atmosphere Monitoring Service). “ As a very high number 

of forest fires rage across Indonesia, with thousands of 

acres of ecologically important land being burned causing 

a toxic haze”,  revealing how it has been monitoring fire 

effects. Using the CAMS Global Fire Assimilation System, 

data from the service shows that the daily estimated 

equivalent CO2 emissions are reaching a similar level to 

the devastating fires in the same period in 2015. The total 

so far for the area this year (1 August to 18 September) is 

approximately 360 megatons of CO2, compared to 400 

megatons over the same period in 2015. Data also shows 

that in recent days the activity in Indonesia, particularly in 

Kalimantan, has been well above the 2003-2018 average. 

Air quality is thought to be equally as poor as the 2015 

fires”. “It is estimated that the Indonesian fires which 

started in August, pumped out at least 708 megatons of 

CO2 until the end of November 2019”. 

The fires were mainly caused by the burning of 

carbon-rich peatlands and drier than average conditions. 

What also stood out was that the daily total fire intensity 

was higher than the average of the last 16 years.  Thousands 

of acres of ecologically significant land were burned, 

causing a toxic haze, threatening the health of the local 

population as well as the natural forests and wildlife.  

Fortunately, the fire intensity and the volume of emissions 

started to decline in October and was down to 48 megatons 

of estimated CO2 in the first two weeks of November. The 

reason for this was rain in southern Kalimantan through 

October although some fires continued in southern 

Sumatra”. 

In undisturbed peat forests, peat C stocks are relatively 

stable. Disturbance, especially drainage, greatly increases 

CO2 emissions from biological oxidation (decomposition) 

of peat because a larger volume of peat and litter is exposed 

to toxic conditions (KFCP, 2014). Enhanced release of 

CO2 from biological oxidation is often the major source of 

GHG following the disturbance of forests on peat. The rate 

of CO2 emissions depends on the quality of decomposable 

substrate for microorganisms and thus the rate may change 

over time. CO2 emissions can continue for many decades 

until all the aerated peat is decomposed (KFCP, 2014). 

Total greenhouse gas from CO2, CO, and CH4 

emission from forest and peat fire was calculated from peat 

fire in Sumatera, Kalimantan and Papua. These three were 

the largest gaseous carbon compounds emitted by peat fire 

and contributed more than 95% of total carbon emitted 

(Christian et al., 2003; Stockwell et al., 2014; Stockwell et 

al., 2016). Emissions of CO2 are much greater than the CO2 

equivalents of the non-CO2 GHG emissions in fire The 

other trace gaseous and particulate carbons were usually 

neglected (Setyawati and Suwarsono, 2015). Fire can be a 

major source (and the dominant source in major fire years) 

of GHG emissions (both CO2 and non-CO2) from tropical 

peatland, especially after drainage or forest removal, and 

during El Nino years (KFCP, 2014). 

Ignitions in Indonesia, as in many parts of the tropics, 

are primarily of anthropogenic origin (Bompard and 

Guizol, 1999; Bowen et al., 2000), resulting in either 

accidental or deliberate fires. The human contribution to 

changing fire regimes and our capacity to manage fire 

remains somewhat uncertain (Bowman et al., 2009; 

Bowman et al., 2011). Thus, a key component to 

understand changing fire regimes in the tropics is to 

identify the sources of fire ignitions and the land use/land 

cover (LULC) classes associated with fire ignitions 

(Cattaua et al., 2016). 

Fire causes from human activities mostly originated 

from swamp shrub burning and land clearing for farming 

(Thoha et al., 2019).  Carbon emissions as a result of fires 

in peatlands are particularly high, as peat is extremely rich 

in belowground organic carbon (Cattaua, 2019) ; peat-

swamp forest with a depth of 10 m can store 12–19 times 

the amount of carbon as other tropical forest types (FRIM-

UNDP/GEF, 2006). Mean annual CO2 emissions from 

decomposition of deforested and drained peatlands and 

associated fires in Southeast Asia are estimated at _2000 

Mt CO2 y_1 (Hooijer et al., 2006). However, there is annual 

variability in emissions during El Niño phases of ENSO far 

 

Figure 1 total estimated CO2 equivalent emissions 

calculated for Indonesia between 1 August 

and 18 September for all years between 2003 

and 2019. Credit: CAMS/ECMWF 

 

Figure 2 Daily total estimated CO2 equivalent 

emissions, comparing 2019 (in red) with 2015 

(in yellow) and the 2003-2018 mean (in grey), 

showing the comparability of recent 

emissions to the same days in 2015. Credit: 

CAMS/ECMWF 
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exceed those from non-El Niño periods (van der Werf et 

al., 2008). Over 90% of these peat emissions come from 

Indonesia, which has the one of the largest amounts of 

tropical peat carbon globally (Page et al., 2011; Page et al., 

2006; Rieley et al., 1996; 7). It is estimated that 0.81–2.57 

Gt C were released from Indonesia’s peatlands during the 

1997/98 fire season alone due to peat and vegetation 

combustion (Page et al., 2002). 

Fire is also used as an agricultural tool to clear 

vegetation (Carlson et al., 2012; Page et al., 2002). These 

human disturbances can make peatlands particularly prone 

to fire. In 2015, 53% of fires in Indonesia occurred on 

peatland, which made up only 12% of the land area 

(Miettinen et al., 2017). Fires on peatland can burn into 

these underground organic layers and smoulder for weeks 

after the surface fire has gone out (Roulston et al., 2018), 

resulting in substantially greater emissions compared to 

surface vegetation fires. Peat fires are estimated to 

contribute 3.7% of global fire carbon emissions (van der 

Werf et al., 2017). In Indonesia, peatland fires are the 

largest contributor to fire emissions in the region 

(Reddington et al., 2014; van der Werf et al., 2010). For 

the fires in 2015, Wooster et al., (2018) found that 95% of 

the particulate matter (PM2.5) emissions came from 

peatland fires, and Wiggins et al., (2018) estimated that 

85% of smoke plumes detected in Singapore originated 

from peat fires. 

 

GHG emission calculating and estimation 

As peatland is composed of organic matter, peat 

decom¬position produces a significant amount of 

greenhouse gases (GHGs); carbon dioxide (CO2) 

aerobically, methane (CH4) anaerobically and nitrous 

oxide (N2O) both aerobically and anaerobically. Global 

warming potential (GWP) of CH4 and N2O is 28 and 265 

times larger than CO2, respective¬ly, over a 100-year 

period, and those GWP values do not include climate-

carbon feedbacks (IPCC, 2014), and N2O is an important 

ozone-depleting substance emitted into the atmosphere 

(UNEP, 2013). 

GHG emissions from fires that burn above-ground 

fuels are reasonably well understood, but are very different 

in character to peat fires that are very poorly understood 

(KFCP, 2014). Smouldering peat fires produce more CO 

relative to CO2, and there can be significant loss of C as 

other volatile compounds. In an excellent study in which 

the smouldering of blocks of peat was realistically 

achieved under a range of moisture contents, Rein et al., 

(2009) found that only 60% of the C in combusted peat was 

emitted as CO andCO2 (i.e. there were emissions of many 

other volatile C compounds). This contrasts with about 

95% of combusted C released as CO2 and CO for surface 

fires. 

The emission factors (EF, g/kg of fuel burnt) for the 

combustion of above-ground biomass in tropical forests 

(IPCC, 2006) are 1580 (CO2), 6.8 (CH4), and 0.2 (N2O). 

After adjusting for the GWP of these gases, CO2 is ~ 10 

fold more important than methane, and ~ 25-fold more 

important than N2O. However, release of the non-CO2 

GHGs is significant because they represent long-term net 

GHG emissions from fire, in contrast with CO2 that can be 

re-fixed by re-growing vegetation (KFCP, 2014). 

To estimate CO2 emissions from peat decomposition, 

it is necessary to measure or estimate the net (root free) 

emissions of CO2 (KFCP, 2014). Separating the root 

respiration from the CO2 flux (resulting from peat 

decomposition) is a major challenge. This is made more 

difficult by the heterogeneous nature of peat forests, as is 

the scaling of fluxes over both space and time. 

Consequently, there exists only a very modest amount of 

reliable data on net (root free) CO2 emissions from peat 

decomposition in tropical peatlands that can be used for the 

calculation of emissions in a GHG accounting 

methodology. 

When peat forests are disturbed, the peat typically 

begins to subside (KFCP, 2014). The subsidence rate is 

correlated, to some extent, with drainage depth (depth of 

the water table) across a wide range of environmental 

conditions, suggesting that it may be a useful proxy for the 

rate of peat decomposition. However, a range of other 

factors such as vegetation cover and prior fire disturbance 

also affect subsidence, although their effects are difficult to 

quantify. Couwenberg et al., (2009) in their survey of the 

literature found a linear relationship between subsidence 

rate and water depth for Southeast Asian tropical peat soils, 

with subsidence increasing by 0.9 cm a-1 for each 10 cm 

of additional drainage depth. This is substantially more 

than in other parts of the world (Hooijer et al., 2006; 

Couwenberg et al., 2009). 

Total annual GHG emissions were estimated by 

multiplying the area affected by drainage and fire by an 

activity specific emission factor (EF). In addition, direct 

emissions from drained organic soils were also accounted 

for to cover all relevant gases. Separate EFs were used for 

peat biological oxidation, direct N2O and CH4 emissions 

from drained organic soils, and peat fires (Krisnawati et al., 

2015). EFs from peat biological oxidation, N2O and CH4 

were derived from the 2013 Supplement to the 2006 IPCC 

Guidelines for National GHG Inventory on Wetlands 

(IPCC, 2014), for which most of the figures were generated 

from studies in Indonesia. EFs from peat fires were 

adopted from the studies in Indonesia reported by Page et 

al., (2014) which used the information on depth of burn for 

the first and subsequent fires, peat bulk density and carbon 

content values, but adapted to meet international reporting 

requirements following the approach described in Equation 

2.8 IPCC (2013) (Table 1). These emission factors have 

been considered to be more representative of normal fire 

conditions than the emission factors presented in the IPCC 

2013 (Hooijer et al., 2014; Konecny et al., 2016). 

To calculate annual CO2-C and Non-CO2 emissions 

from organic soil fire using this following equation (IPCC, 

2014). 

L𝑓𝑖𝑟𝑒 =  A x MB x Cf x Gef x 10−3 

 

Where: 

Lfire = amount of CO2 or non-CO2 emissions, e.g. 

CH4 from fire, tonnes 

A = total area burnt annually, ha 

MB = mass of fuel available for combustion, t ha-1 

Cf = combustion factor, dimensionless 
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Gef = emission factor for each gas, g kg-1 dry matter 

burnt 

Mass of fuel available for combustion = burnt area (m2) x 

burnt depth (m) x bulk density (t m–3) 

 

Emission factor values used to calculate carbon 

emission from peat fires are listed in Table 1. Emission 

factor for Kalimantan peat fire was the average of emission 

factors from three previous studies (Stockwell et al, 2014; 

Stockwell et al, 2016; Setyawati et al, 2017). Because there 

were no previous studies for Papua and West Papua peat 

fires, therefore we used emission factor for CO2 of 1,111 

g/kg by extrapolating peat carbon mass fraction of 0.3053 

for hemic peat (Wahyunto et al, 2006)) to the regression 

linear equation of emission factor for smoldering peat fire 

(Setyawati, 2017). The corresponding emission for CO and 

CH4 can be calculated by multiplying their emission ratio, 

by using CO2 as a reference species, with the calculated 

emission of CO2 by applying the equation below 

(Penmann et al, 2003): 

𝐸 = 𝐸𝐶𝑂2 x 
𝐸𝑅𝑥

𝐶𝑂2
 

 

where Ex is amount of emission of x (CO or CH4) (ton), 

ECO2 is amount of emission of CO2 and ERx/CO2 refers 

to emission ratio of x with respect to CO2 (mol/mol). For 

the purpose of this study, therefore ERCO/CO2 is 0.153 

mol/mol and ERCH4/CO2 is 0.029 mol/mol (Setyawati 

and Suwarsono, 2015). 

 

Roulston et al. (2018) and Wooster et al. (2018) found 

that EFs for tropical peat fires could be underestimated by 

a factor of three (PM2,5 EF from peat fires is assumed to 

be 9.1 g kg-1 in the Global Fire Emissions Database 

(GFED4), compared to 24 g kg-1 suggested by Roulston et 

al., 2018, and 28 g kg-1 suggested by Wooster et al., 2018). 

There are large variations in EFs for peat in Indonesia 

(Kiely et al, 2019). 

In one study measuring emissions from peat fires in 

central Kalimantan during 7 d in 2015, PM2,5 EFs were 

found to vary between 6 and 30 g kg-1 (Jayarathne et al., 

2018). Kuwata et al. (2018) used measurements from 

Indonesian peatland fires to estimate EFs of PM10 of 13±2 

g kg-1 in 2013 and 19±2 g kg-1 in 2014.  

Tansey et al. (2008) used an analysis of MODIS 

hotspots and MODIS burned area in a peat swamp in 

Indonesia to estimate 15–16 ha of burned area per hotspot. 

However, 60% of burned areas did not have an identified 

hotspot, implying an area burned per MODIS hotspot of 

approximately 40 ha. Over areas defined as peatland, we 

therefore assumed a burned area of 40 ha of peat burnt per 

hot spot, smaller than the 100 ha assumed for vegetation 

fires (Kiely et al, 2019). 

New measurements of tropical peat combustion have 

led to an upward revision of particulate emission factors, 

leading to a suggestion that some fire emission inventories 

may underestimate particulate emissions from peat fires 

(Kiely et al, 2019). The WRF-chem model along with 

extensive observations of PM to make a revised estimate 

of PM emissions from Indonesian fires during August–

October 2015 (Kiely et al, 2019). Kiely et al, (2019 agree 

that total emissions agree with estimations by Wooster et 

al. (2018) (9,1±3,2) and Jayaranthe et al. (2018) (6±5,5 Tg 

from peat fires). 

Kiely et al, (2019) find that emissions from peat 

combustion make up a substantial fraction of total fire 

emissions from the region. We estimate that peat 

combustion contributed 55% of total CO2 emissions and 

71% of primary PM2,5 emissions during September–

October 2015 (Kiely et al, 2019). Peat combustion 

contributed 76% of fire-derived surface PM2,5 

concentrations over Sumatra and Borneo during this 

period. This highlights the importance of peat fires and the 

need for better estimates of emissions from peat 

combustion Kiely et al, (2019). 

The depth of peat burn is a crucial factor controlling 

emissions from peat fires but it is poorly constrained (Kiely 

et al, 2019). We found that using satellite remotely sensed 

soil moisture to control the assumed depth of peat burn 

improved the simulation of PM, with the correlation 

between simulated and measured PM increasing from 0.48 

with fixed peat burn depth to 0.56 with soil moisture 

control (Kiely et al, 2019). There is little data available on 

the relationship between surface soil moisture and burn 

depth, more work on this could lead to further 

improvement in the simulation. Work is also needed to 

examine whether this is consistent for years other than 

2015 (Kiely et al, 2019). 

 

GHG emission Reduction from Peatland Fires  

Peatland Fires 

Burning peat is difficult to extinguish and the flames 

can creep beneath the surface so land fires can spread out 

of control (Thoha et al., 2019). Dry peat with very low 

moisture levels due to drought and irreversible drying in 

the dry season becomes a combustible fuel, being a 

detected hotspot area in high density. the dried peat cannot 

absorb water anymore if it is dampened and will be easily 

burned (Agus and Subiksa, 2008), 

Agribusiness companies, smallholders and small-scale 

farmers have cleared land by means of fire in often 

fragmented and degraded landscapes (Carmenta et al., 

2017). Perceived economic benefits of clearing land 

through burning (i.e., it is cheap, easy and effective) have 

driven agribusiness companies and smallholders to use fire 

as a means for preparing, developing and maintaining 

agricultural and plantation lands (Purnomo et al., 2017; 

Simorangkir, 2007; Luca Tacconi, 2016). Relatedly, small-

scale farmers have cleared land by means of fire – a 

farming method that is referred to as slash-and-burn – to 

prepare agricultural land, generate natural nutrients, 

enhance soil fertility, eliminate destructive weeds and 

Table 1 Emission factors (g/kg dry peat burned) used 

for the calculation of carbon emission 

(Setyawati and Suwarsono, 2015) 

 Sumatra 

(Christian et 

al,2003) 

Kalimantan 

(Stockwell et 

al, 2014) 

CO2 1,73 1,677 

CO 210,3 221 

CH4 20,8 13,1 
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increase production yield (Henley, 2011; Kleinman, 

Pimentel, & Bryant, 1995; Padoch et al., 2007). In the same 

line, environmental activists have advocated for the 

practice of slash and-burn by small-scale farmers and 

consider commercial land clearing by means of fire 

environmentally destructive (Jong, 2017; WWF, 2006). 

While exuberant use of natural resources, seismic land-use 

change and land clearing by means of fire within 

Indonesia’s forest and peat landscapes have been 

responsible for the occurrence of large-scale fires 

(Cochrane, 2003; Luca Tacconi, 2016; Varkkey, 2013), 

research shows that stakeholders’ actions concerning the 

fires appear to have perpetuated the fires’ recurrence 

(McCarthy, 2013; Thung, 2018; Wijedasa et al., 2017). 

The choice of strategy in suppressing wildfires and 

carrying out prescribed burning depends largely on how 

the fire is expected to behave i.e., its rate of the spread, 

direction of travel and intensity (Saharjo, 2006). The 

aspects of fire behaviour which are prerequisites for the 

start and spread of fire are flammable fuels, sufficient heat 

energy to bring fuels to the ignition temperature and 

adequate of oxygen (Lorimer 1990). How and why fire 

behave is determined by a number of inter related factors 

such as fuel, weather, topography and seasonal changes 

and tome of day (Lorimer 1990). 

Thoha et al., (2018) also found that unmanaged land 

almost burns every dry season. Other causes of fire are 

clearing of land for dry agricultural land, for paddy fields, 

for having land tenure, clearing of areas around the gold 

mine, clearing land to dispose of pests, wildfire from 

hunting, wildfire from fishing activities, wildfire from 

smoking activities, timber harvesting and conversion from 

secondary forests to plantations (Thoha et al., 2019). 

Research of Akbar et al., (2011) in the Kapuas peatland 

area found that the sources of land fires also came from 

farmers and fishers. In addition to the marsh bushes, galam 

forest was also a source of fire that many people 

mentioned. 

Human activities mostly originated from shrubs 

swamp burning and land clearing for farming, while 

hotspot density was determined by peat depth, land cover, 

accessibility and human activities (Thoha et al., 2017). 

There are lots of reasons for the use of fire in land 

preparation, but the most prominent motive is economic 

consideration (Murniati and Suharti, 2018). 

Cattaua et al., ( 2016)  results support previous 

research that most fires occur in non-forest or degraded 

areas (including oil palm in Gaveau et al., 2014; Miettinen 

et al., 2007) and that emissions from fire are associated 

with highly degraded areas (Marlier et al., 2015a), by 

showing both that the majority of fires are ignited in non-

forest and highlighting that fires actually start in non-forest 

rather than merely just occur in non-forest (with the 

possibility that ignition started there or elsewhere). 

Different fuel characteristics (potency, moisture, bed 

depth, and type) at the same level of peat decomposition 

will have significantly different fire behavior as it 

happened also on the depth of peat destruction except fibric 

(Saharjo, 2006). The same condition occurred in the fire 

behavior at different level of peat decomposition (Saharjo, 

2006). 

In the year 2016, Indonesian President decided to 

established Peatland Restoration Agency (PRA/BRG). The 

establishment of PRA was motivated by the massive forest 

and land fires in 2015. That year was the worst period in 

the history of forest and land fire in Indonesia during the 

last 18 years. The fire occurring from June to November 

had burned 2.6 million hectares of land and resulted in 

thick smoke and haze. One of the factors which triggered 

the fire is the practice of draining, causing the peatland to 

be more prone to fire, particularly during the dry season. 

However, a further analysis on the peatland fire indicated 

a rather complex and systematic problem situation, while 

the data and knowledge on the characteristics of the peat 

ecosystem and the safe appropriate technology to manage 

the peatland were still too limited. 

According to MoEF’s data, it had been recognized that 

fires in the peatlands area especially the 7 provinces PRA 

mostly increased very significant except Papua (Table 3). 

It clearly shown that South Sumatra province peatland fires 

were the highest among others province with the increasing 

about 6,460 %, followed by Jambi with 3,870 %, Central 

Kalimantan 640 %, Riau 186 %, West Kalimantan 150 % 

and Papua -7.3 % (Table 3 ). 

Table 2 Indonesian Forest and land fires areas 2015-2019 in the BRG restoration area (MoEF, 2019) 

Province 2015 2016 2017 2018 2019 2015-2019 % 

South 

Sumatra 

646,298.80 8,784.91 3,625.66 16,226.60 328,457.00 1,003,329.97 18.8 

Central 

Kalimantan 

583,833.44 6,148.42 1,743.82 47,432.57 303,881.00 943,039.25 17.67 

West 

Kalimantan 

93,515.80 9,174.19 7,467.33 68,422.03 151,070.00 329,669.35 6.18 

South 

Kalimantan 

196,516.77 2,331.96 8,290.34 98,637.99 136,428.00 442,205.06 8.29 

Riau 183,808.59 85,219.51 6,866.09 37,236.27 90,233.00 403,636.46 7.56 

Jambi 115,634.34 8,281.25 109.17 1,577.75 56,593.00 182,195.51 3.41 

Papua 350,005.30 185,571.60 28,767.38 88,626.84 104,981.00 758,952.12 14.22 

Total area 

burned 

Indonesia 

2,611.411.44 438,363.19 165,483.92 529,266.64 1,592,010.00 5,336.535.19  
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Hotspot detecting 

Increasing number of hotspots occurs when monthly 

rainfall decreases (Thoha et al., 2019). Most high fire 

activities are located in peatland, swamp shrubs, close to 

road, close to river and far away from villages (Thoha et 

al., 2019). Hotspot density has various relationship with 

peat depth, land cover, accessibility, and human activities. 

The hotspot density increases as the distance from 

rivers and canals decrease 4 (Thoha et al., 2019). Closer to 

the river, denser hotspots are detected. The density of the 

hotspots will decrease and no hotspot is found in areas over 

6 km from the river. This is related to the activities of 

people who utilize rivers and canals, such as picking and 

transporting timber, hunting, fishing, and farming (Thoha 

et al., 2019). According to Hecker (2005) and Hooijer et 

al., (2008), more than 4000 km of canals have been built in 

the ex-peat land area of the Ex-PLG which provides access 

to the peatlands that allows a lot of community activities to 

take place. 

Hotspot density also increases with the decreasing 

distance to roads (Thoha et al., 2019). The highest density 

of hotspots is found in areas 1 km away from the road 

(Thoha et al., 2019). Roads provide access to communities 

and corporations to conduct a variety of activities that 

cause the land vulnerable to cultivation (Thoha et al., 

2019). Many people clear the land by burning, generally 

close to the road. Activities that cause burning land are 

smoking activity and clearing land for getting land tenure. 

Analysis of Boer et al., (2007) also showed that significant 

portions of fires in Central Kalimantan occur close to the 

road network, which can also predict the important causes 

of fire. 

The number of hotspots is inversely proportional to 

rainfall. According to the time, August-October is the time 

of hotspot in Kapuas District. The high number of hotspots 

does not always indicate the fires occurred in regions of 

Kapuas District. Hotspot density as an indication of fire 

activity is determined by the presence of peatlands, land 

cover, accessibility, and human activities. Areas with the 

densest hotspots are generally distributed on peat soil sites 

with marshland bush cover, close to the river, close to the 

road, some distance from humans and on farmland and 

plantation cultivation fields (Thoha et al., 2019). 

Generally, hotspots increase when rainfall decreases 

(Thoha et al., 2019). Study by Tata et al., (2018) also found 

a similar pattern in Pelalawan District of Riau Province that 

the majority of hotspots usually occurred in June to 

August. Rainfall is very influential on the water content of 

fuel, especially on peatlands. As rainfall increases, 

peatlands will store large amounts of water so the water 

content of the fuel increases and they are difficult to burn 

(Thoha et al., 2019). When the rainfall decreases, the water 

content of the peat decreases. Peat with low moisture is 

very susceptible to burning (Thoha et al., 2019). Taufik et 

a.l (2011) and Syaufina et al., (2004) found that rainfall 

greatly affected the dynamics of groundwater and 

groundwater level. Both fluctuations are strongly 

influenced by the dynamics of rainfall soaking the soil. In 

low rainfall season, water level falls on critical thresholds 

that cause peatlands highly flammable (Wosten et al., 

2008). 

The highest density of hotspots is at a distance of 3-5 

km from the center of the village (Thoha et al., 2019). In 

the year when the incident of high fires occurred in 2002, 

2006 and 2009, the highest density was found in the area 

6-10 km away from the village center (Thoha et al., 2019). 

In areas which are very close to the villages, people tend to 

take good care of their land so they are relatively safe from 

fires. In the center of the village, there are many 

community settlements and public facilities, so it generally 

gets intensive supervision and care (Thoha et al., 2019). 

 

Managing Peatlands 

Indonesia has over 13,34 million ha of peatlands 

(Anda et al. 2021), which is over 12% of its forest land 

spreading across islands of Sumatra, Kalimantan, Sulawesi 

and Papua . This is the one of largest tropical peatland areas 

in the world after Brazil (Gumbritch et al.2017), followed 

by Democratic Republic of Congo, with the peatland area 

reaches 9 million ha, and the Republic of Congo with the 

area reaches about 5.5 million ha (Miles et al., 2017). 

Those emission was about 60% of the 2030 target 

using Business as usual (BAU) scenario, that was about 

2.88 Gt CO2-eq totally as it mentions in Intended 

Nationally Determined Contribution (INDC). This meant 

that, fire prevention activities become very important as 

Indonesia have promised to reduce GHG emission about 

29 % by the year 2030 (MoEF, 2018). 

Tropical forests have a vital role in buffering the brunt 

of global environmental change. The forests act as a giant 

carbon sink, and well-preserved tropical forests can reduce 

global emission by at least 30% (Busch & Seymour, 2016; 

Turetsky et al., 2015). Unfortunately, tropical forest 

conservation efforts have faced a significant challenge 

from the occurrence of fires (Carmenta, Coudel, & 

Steward, 2018). Extensive fires have become more 

frequent and pervasive in tropical forests worldwide 

(Fernandes et al., 2017; Jolly et al., 2015). Indonesia has 

been identified as a hotspot of fires activities, a 

considerable proportion of which has come from within its 

peat landscape (Gaveau et al., 2015; Tacconi, 2016; 

Table 3 Burned peatland in the PRA restoration area 

(MoEF, 2019) 

Province 2018 

(ha) 

2019 

(ha) 

% Difference 

South Sumatra 2,071 133,711 6,460 

Central 

Kalimantan 

27,516 175,915 640 

West 

Kalimantan 

39,573 59,729 150 

South 

Kalimantan 

9,902 11,305 114 

Riau 33,867 62,965 186 

Jambi 622 24,045 3,870 

Papua 2,372 2,199 -7,3 

PRA 

Restoration 

area 

115,923 469,869 405 

Burned 

peatland area 

in PRA 

125,340 480,178 383 
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Wijedasa et al., 2017). Due to their severity, frequency and 

cross-scale impacts, Indonesia’s forest and peat fires are of 

particular concern both nationally and globally. 

Drained peatlands are highly susceptible and 

frequently subjected to fire, resulting in significant 

greenhouse gas emissions (Field et al., 2016) and 

transboundary haze pollution that cause extremely severe 

human health problems (Kunii et al., 2002; Marlier et al., 

2013), economic losses (World Bank, 2016) and 

international tension throughout the region. Fires are 

started for the purposes of land clearing and claiming, 

fishing, hunting, cooking and non-timber forest product 

collection (Sinclair et al., 2020). However, in drained, 

degraded landscapes, these surface fires are often difficult 

to control or properly extinguish, and can escalate into 

wildfires and persistent smouldering peat fires. Drainage 

also stimulates biological oxidation of peat in the upper 

peat profile, and the resultant greenhouse gas emissions are 

equal to if not greater than those from fire (Hooijer et al., 

2014; Miettinen et al., 2017).  

Results of research shown there was a tendency that 

low level of peat decomposition (fibric) will have lower 

rate of the spread of fire, higher flame height that directly 

related to fire intensity which finally resulted in less peat 

destroyed (Saharjo, 2006). This means that fire in the low 

level of peat decomposition was relatively difficult to be 

controlled. Among the three site Sapric, hemic, and fibric 

that burned, it had been found that fire in fibric site will be 

the most difficult to be controlled when fire blow up and 

sapric site will be the worst (Saharjo, 2006).  

Management to reduce ignitions in degraded non-

forest areas, in addition to reducing the probability of 

continued burning when ignitions do occur, will be pivotal 

in reducing fire across the landscape (Cattaua et al., 2016). 

This strategy is also key to preventing forest fires and the 

associated loss of habitat, as we found that the majority of 

forest fires start in non-forest. Achieving this goal among 

numerous smallholders is likely to prove even more 

difficult than reducing fire ignition and burning in oil palm 

concessions, however, as the latter have much greater 

capacity to implement consistent management policies 

over large areas and provide necessary management 

resources, and are under higher pressure to do so. There are 

some existing village-level fire teams (Regu Pemadam 

Kebakaran = RPK) and community groups for fire 

management (Kelompok Masyarakat Pengendali 

Kebakaran = KMPK1) operating in degraded, non-forest 

areas, but these groups are small-scale and under-funded. 

It is also easier to identify actors of illegal burning within 

concessions and bring prosecutions against a single 

concession holder, compared to numerous smallholders 

operating illegally in areas with ill-defined land ownership 

(Cattaua et al., 2016). 

This approach is likely to be even more challenging in 

very remote areas that are not being frequented or 

cultivated by smallholders, as much of this land is 

discarded wasteland. In these areas, regeneration efforts, 

including reforestation and hydrological restoration, will 

be key for fire reduction on the landscape. In making this 

recommendation, we recognize that some previous projects 

focusing on restoration in this area appear to have failed 

due to a combination of insufficient or inconsistent 

funding, land tenure concerns, misinformation between 

project organizers and local people, etc. (e.g., Atmadja et 

al., 2014). 

Research done by Putra et al (2018) in ex-MRP shown 

that, most of the fires in the study area occurred with GWL 

conditions of 30 – 39 cm below the peat surface, but fire 

occurrences with GWL of less than 10 cm below peat 

surface may strongly suggest that degraded peatlands are 

very vulnerable to fires even under relatively moist 

conditions. Therefore, degraded peatlands should be 

maintained in wet conditions with critical GWL of less 

than 10 cm below peat surface, to prevent the area from 

experiencing surface peat fires. Dry conditions of degraded 

peatland create a suitable condition for the fire to burn 

downward into deeper peat layers and ignite deep peat 

fires, resulting in devastating peat fires in the area.  

Relationships between fire occurrences and GWL may 

suggest that the low GWL accelerated conditions where 

fires ignite with ease. In 2011, large number of fires started 

occurring in August following the drop of the mean GWL 

to – 33 cm, while in August 2012 fires began with a mean 

GWL of -34 cm. Usup et al. (2004), Putra and Hayasaka 

(2011), Susilo et al. (2013) and DeVries (2010) suggested 

critical groundwater level of 40 cm below peat surface to 

prevent fire. However, our findings suggest that shallower 

GWL below peat surface should be maintained to prevent 

peat fire occurrences in dry-degraded peatlands. 

The groundwater level (GWL) could be one of the key 

indicators assessing fire risk in peatlands because the 

dryness of peat and the moisture content of surface peat are 

directly influenced by GWL (McKinnon et al, 1997). In its 

natural condition, peat always inundated with water 

(Murdiyarso and Adiningsih, 2006). However, our 

prolonged research observed the deficit of GWL in the area 

 
Figure 3 Relationships between number of fire occurrences and precipitation (left), and with GWL at study area 

(right) (Putra, 2011) 
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for the whole of the year (Putra et al, 2016), it was the 

unnatural phenomenon for the peat hydrology system. This 

study reveals the similar findings. The recent GWL in the 

area remains in negative value below peat surface for 

almost whole of the year. It may greatly explain the severe 

dry condition of the peat in the area and indicates the peat 

has lost its ability to absorbing and storing water 

(hydrophobic condition). This condition exacerbates peat 

burning conditions in the area. 

Additionally, the underlying causes of fire can be both 

complex and site-specific (Dennis et al., 2005; Applegate 

et al., 2001; Bowen et al., 2000), and so management and 

policy actions need to take into account the diverse needs 

of all stakeholders. Important and complementary 

information that we cannot deduce through satellite data 

could be ascertained through interviews (e.g., motivations 

for lighting fires, willingness or ability to adapt alternative 

land clearing strategies, etc.). Institutional issues are also 

relevant to this conversation, as national and regional 

policies affect land use zoning (Stolle et al., 2003), and 

how these policies are implemented affects the behavior of 

stakeholders (e.g., communities and government agencies) 

on the ground. For example, when the customary laws 

under the marga system, which gave rights to forest 

resources to local communities, were replaced with current 

forest laws, local communities were left feeling 

marginalized, with little incentive to engage in fire-fighting 

efforts outside the boundaries of their plots (Bompard and 

Guizol, 1999). Recent law changes are now giving more 

forest rights back to communities, but there is concern that 

this too will lead to more forest destruction (Handadhari, 

2015). Additionally, the underlying causes of fire can be 

both complex and site-specific (Dennis et al., 2005; 

Applegate et al., 2001; Bowen et al., 2000), and so 

management and policy actions need to take into account 

the diverse needs of all stakeholders. Important and 

complementary information that we cannot deduce through 

satellite data could be ascertained through interviews (e.g., 

motivations for lighting fires, willingness or ability to 

adapt alternative land clearing strategies, etc.). Institutional 

issues are also relevant to this conversation, as national and 

regional policies affect land use zoning (Stolle et al., 2003), 

and how these policies are implemented affects the 

behavior of stakeholders (e.g., communities and 

government agencies) on the ground. For example, when 

the customary laws under the marga system, which gave 

rights to forest resources to local communities, were 

replaced with current forest laws, local communities were 

left feeling marginalized, with little incentive to engage in 

fire-fighting efforts outside the boundaries of their plots 

(Bompard and Guizol, 1999). Recent law changes are now 

giving more forest rights back to communities, but there is 

concern that this too will lead to more forest destruction 

(Handadhari, 2015). 

 

 

CONCLUSION 

 

Based on our analysis, proper peat management 

reduces forest and land fires risks and consequently avoid 

greenhouse gas emissions through prevention activities. 

There is a high opportunities to reduce greenhouse gas 

emissions resulted from peat fires. However, because there 

are still some differences in principles and calculations, the 

uncertainty remains high.. It clearly shows that good 

management of peatlands to control forest and land fires 

events will bring a significant positive contribution in 

country’s reducing greenhouse gas emissions.  

There is still large variation of EF which vary from 9.1 

g/kg – 28 g/kg; as well as for CO2, CO, CH4, PM 2.5 and 

PM 10. within addition, peat burnt depth has also large 

variation, where there are many researchers still assume the 

default value, such as an average of 0.3 meter, 0.5 meter 

etc, that does not reflect the actual field condition. The 

other generalization data also occurred with bulk density. 

This situation will make the GHG emission at each species 

will caused under estimate or mostly over estimate. This 

situation especially case for Indonesia had been warned by 

Stockwell et al (2016, which mention that those field data 

support significant revision of the EFs for CO2 (−8%), 

CH4 (−55%), NH3 (−86%), CO (+39%), and other gases 

compared with widely used recommendations for tropical 

peat fires based on a lab study of a single sample published 

by Christian et al (2003) 
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