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Context
Fire has been a traditional means to clear land for agricultural production in Indonesia (Tacconi, 2003). However in
the last three decades, fires has also been reported as significant driver to the huge loss of forest cover in Indonesia
(Siegert and Hoffmann 2000; Margono et al 2014; Siegert et al 2015). The huge loss due to fires are significantly
contributed by the enormous Indonesian fires in period of 1982-1983 and 1997-1998 (Siegert and Hoffmann,
2000; Tacconi 2003, 2007). The emission from Indonesia’s land and forest fires (Karlahut), especially emission from
peatlands, is reported huge (e.g. Page et al 2002, IFCA, 2007, GFED 2015, MoEF 2015). Yet, estimating the emission
from peat fires is still problematic.
El Niño–Southern Oscillation (ENSO) phenomenon is an irregularly variation in winds and sea surface temperatures,
occurred periodically over the tropical eastern Pacific Ocean that affecting much of the tropics and subtropics region
(Byron et al 1998, Wang et al 2000). The warming phase is known as El Niño and the cooling phase as La Niña. The
onset of El Niño–Southern Oscillation (ENSO) bring prolonged drought for Indonesia, which according to Karl and
Trenberth (2005) it occurs on average every 2-7 years. In fact the cycles of ENSO are likely shifted due to global
climate change (Trenberth and Hoar 1997). With that, the prolonged drought likely occurs more frequently. The past
few decades, Indonesia has experienced an increase presence of ENSO, which also increased the risk of uncontrolled
fires by extreme drought and climate variation (Siegert and Hoffmann 2000; Tacconi 2003). An increased risk of fire
leads to fire susceptibility that significantly affect the amount of carbon released to the atmosphere. Condition is
even worse when fires occurred over the peatland. Tropical peatland, the largest near-surface reserves of terrestrial
organic carbon, has enormous implications for climate change mitigation (Page et al 2002). Environmental changes
to these ecosystems, such as drainage and forest clearing (Page and Rieley 1998, Uryu et al 2008), can intensify
vulnerability and be a link to fire susceptibility.
This info brief explains some problems encountered in fitting the land and forest fires (Karlahut) into the submitted
FREL. As well as presents the risks and possibility of over estimating emission from the peat fire. Those are some of
the reasons why the submitted FREL does not account peat fire emission.

Estimating Peat Fire Emission
Indonesia has submitted the Indonesia Forest Reference Emission Level (FREL) during the COP-21 in Paris. The
submission, however, excludes emission from land and forest fires (Karlahut) due to high uncertainty on data of
Karlahut. Estimating tropical peat fire is challenging and passing high uncertainty due to many factors, such as the
extent of burnt peatland in period of observation, variation in burnt peat depth, variation of emission factor for
burnt peat, variation of existing fuel mass, as well as the frequency of fires on certain areas. The factors affecting the
uncertainty of peat fires emission explains in the following formula (Figure 1).

Figure 1. Parameters and data that are affecting the emission from peat fire.

Data limitation and data availability in capturing the emission from peat fire
Data for peat fire emission consists of data activity (AD) and emission factor (EF). Besides land cover and land cover
change, burnt scar area is one of the most required data activity. Generating data on the extent of land and forest fire
(burnt scar) in Indonesia is always challenging. Not only because lack of near-real-time remote sensing data during
fires event due to the presence of cloud and haze. Nor because of complicated field work during the event of fires,
but also due to the quick vegetation recovery post fires. Marks of fire detected from space tend to be disguised after
rain that stimulate pioneer vegetation to grow.
It is unfortunate, Indonesia has not yet established map for burnt scar specific theme at fine resolution on operational
basis. Although several initiatives have been initially done, but likely it covers only small area, not the entirety of
the country. The national active fire data that frequently collected are hotspot generated from NOAA and MODIS,
which later accumulated and reported in weekly and monthly database, such as in http://modis-catalog.lapan.go.id/
monitoring/ and in http://sipongi.menlhk.go.id/home/main. The two (early warning) fire monitoring system works
using thermal band to detect the active fires, which means detect only fire indicators. In the field, indicators could
presence as real or false active fire, depends on threshold employed in the system. In fact, detecting active fires do
not solve the main problem, and for more comprehensive analysis, burnt scar theme is much more important. The
Indonesia burnt scar map 2015 based on Landsat is in Figure 2.

Figure 2. Map of Indonesia’s natural forest 2014, and burnt scar areas of Karlahut 2015 generated from Landsat and
point density analysis of MODIS hotspot, dated up to October 28, 2015.
The emission from peat fire at national scale, was calculated by the Ministry of Environment and Forestry (MoEF) at
the first time in 2015. The estimated area burnt is 2.6 Mha (Figure 2) with estimated emission of 1.1 Gt CO2e. Landsat
was used for providing burnt scar area (Activity Data /AD), which was then divided into areas of mineral soil (1.7 Mha)
and areas of peat (0.9 Mha) using the peatland map of the Ministry of Agriculture (peatland data custodian). The
peat emission factor used for Indonesia was 923.1 t/Ha, with average burnt peat depth 33cm and bulk density 0.153
ton/m3 (see Document FREL 2015 Annex 4 http://ditjenppi.menlhk.go.id/berita-ppi/2655-tingkat-emisi-rujukandeforestasi-dan-degradasi-hutan-frel). However, the peat emission factor is fit only for area burning at the first time.
The peatland on recurrent fires would not match to this value. The current estimated emission for Indonesia’s Karlahut
is therefore likely be overestimated, as some areas are recurrent fires.

Data Processing and Analysis linked to the submitted FREL
Some analysis have been elaborated to illustrate technical reasons for excluding the emission of Karlahut from the
submitted FREL. The analysis are including (1) generating recurrent fires in Indonesia, and (2) checking agreement
between maps used for estimating recurrent fires toward existing fine scale burnt scar map. Data being analyzed for
that purpose are:
yyBurnt scar map generated by The Ministry of Environment and Forestry (Directorate General of Forestry
Planning and Environmental Governance), based on Landsat 7 ETM+/Landsat 8 LDCM integrated with point
density analysis of MODIS Hotspot, from the period of February to October 28 2015 (Map 1).

yyThe series of annual burnt scar map from MODIS Hotspot, generated for the period of 2000 to 2015. The
method is developed by REDD+ Agency and presented in the document FREL (Annex 4)/BUR. The newest
burnt scar map from MODIS Hotspot of 2015 is signed as the Map215, and the annual burnt scar map generated
from MODIS Hotspot 2000-2014 are recognized as Map200 up to Map214.
yyThe peatland map of The Ministry of Agriculture of Indonesia that was lastly published in Ritung et al (2011).
The map was an update version of the previous peatland map of Wahyunto (2006). This map is a peatland map
and not the same with the peat hydrological unit (Kawasan Hidrologi Gambut) map.
The Map1 was used to estimate areas and emissions from land and forest fires (Karlahut) in Indonesia 2015 (detail
explanation is in Info-Brief for Karlahut serial 01). While the series of Map2 (Map200 up to Map215) were established
to illustrate and estimate annual burnt areas within the period of 2000 to 2015; as well as to indicate the areas that
(a) burning at the first time and (b) repeated area burnt/areas of recurrent fires. Map1 and Map215 are in the same
year, so that used to analyze the agreement and disagreement between the two different approaches. The general
method to establish Map1 and the series of Map2 for comprehensive analysis is in Figure 3.

Figure 3. General method employed for analysis, consists of: Part A - the burnt scar map of 2015 using 30 meters
resolution remote sensing data (Map1); Part B - the series of burnt scar map 2000-2015 using MODIS; and AA – part
for Agreement Assessment between Map1 and Map215.
The agreement assessment to compare Map1 (reference map) and Map215 is necessary to see how reliable the series
of Map2 (250 meters resolution burnt scar map) compare to Map1 (30 meters resolution burnt scar map). Result is
displayed in below table (Table 1), and the map of agreement and disagreement is in Figure 4.

Table 1. Contingency table explains the connection of burnt scar map of MODIS Hotspot toward the burnt scar map
of Landsat
Map for
agreement
assessment
Reference Map
Burnt scar from
Landsat

Omission (%)

Burnt scar from MODIS Hotspot
Burned

Not Burned

Commission (%)

Total Expected

Burned

755,041

1,831,134

2,586,175

70.8

73.0

Not Burned

2,036,468

184,465,485

186,501,953

1.1

1.0

Total Observed

2,791,509

2,791,509

189,088,129

User’s agreement (%)

27.0

99.0

Producer’s agreement (%)

29.2

98.9

Figure 4. The map of agreement and disagreement between Map1 and Map215. Red areas are the agreement
between two maps, with blue only the areas signed burnt by Landsat and green only by MODIS hotspot
The agreements (user’s agreement and producer’s agreement) between Map 1 and Map215 are very low (< 50%).
Technical explanation for the low agreement are presented in table 2, and visually illustrated in Figure 5. The low
agreement between the two maps (data activity) is one of the main reason why Indonesia did not include the emission
from fire in the submitted FREL.
Table 2. Reasons behind low agreement between Map1 and Map215
Criterion

30 meters resolution

250 meters resolution

Detail information

Presented in vector data format in 30 meters resolution (fine resolution)

Presented in grid of 1 km x 1 km
(rough resolution)

Technique employed

Manual delineation based on visual observation

More automatic process with
limited visual observation

Degree of detection

More detail, includes all polygons that bigger than
6.25 hectares

Less detail, could miss lots of
small polygon

Accuracy

> 90% accuracy (link to the accuracy of land cover
classification, see document FREL Annex1)

Less accurate (tend to be over/
under-estimated)

Figure 5. MODIS hotspot in 1km x 1 km grid on top of delineated burnt scar area form Landsat imagery. An example
of part of South Sumatra province.
Figure 5 gives an example, how the active fires hotspot from MODIS data do not line up properly with the delineated
burnt scar map from Landsat. Some burnt areas detected from Landsat have not captured by the MODIS hotspot.
However, series of burnt scar map from Landsat is not yet available, and recurrent fires were generated only from
MODIS data. The assessment result to illustrate recurrent fires from 2000 up to 2015 is presented in Figure 6.
In Figure 6, magnitude of fires with area burnt more than 1 Million Hectares appears only for 2012 and onward, with
more areas burned only once. Exception is area burned in 2013, which mostly were the recurrent fires. Although not
as wide as the area of first fire, area for recurrent fires occurs every year from 2000 to 2015.
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Figure 6. Total burnt area in two categories of fire frequency (first fire and recurrent fires)
In regard to the emission estimation, areas of recurrent fires, especially within peatland, have to employ smaller
emission factor. As it compares to areas that burning at the first time. Englhart et al (2013) who did their result in
Central Kalimantan reported that approximately 90% of the initial carbon content are emitted by the first fire. The
depth of peat burn also decrease in area with higher fire frequency (Balhorn et al 2009). Result for Indonesia’s area
burnt in two different frequencies (first time fire, and recurrent fires), over peatland and mineral soil respectively, is
displayed in Figure 7.
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Figure 7. Indonesia’s area burnt in two different frequencies (first time fire, and recurrent fires), over peatland and
mineral soil respectively
To conclude, in regard to the peat fire emission, the uncertainties are coming from several reason as follow:
Uncertainty for Activity Data:
yyLandsat burnt scar map was at first, established in 2015. Extra efforts required to create a series of burnt scar
map from Landsat.
yyDocument FREL Annex 4 explains only the methodology to derive burned area using MODIS hotspot. That is,
however, the only enable and available approach for the time of FREL development.
yyThe FREL employ historical data on the time period of 1990 to 2012. For comprehensive activity data for fire
emission, a series of annual burnt scar map of 1990 onward is required.
yyMODIS (The moderate-resolution imaging spectroradiometer) on board of Terra and Aqua satellites launched
in 1999/2002. So that MODIS data are only available for the year 2000 and onward.
yyMODIS active fires however severely affected by the thick haze and smoke (Figure 8), and tend to be
underestimating the active fires.
yyLow agreement between the burnt scar map of Landsat and burnt scar map of MODIS.
Uncertainty for Emission factor:
yyEstimated fire emission in Indonesia as reported in Info-Brief of Karlahut series 01, used a same emission factor
value for all area burning in the entirety of Indonesia.
yyIn fact, there are some areas are recurrent fires.
yyThe recurrent fires areas on peat should consider different value of peat emission factor, as well as the depth
of peat burnt.

(a)
MODIS active fires over Kalimantan (Borneo) Island, date September 24, 2015. Thick
haze and smoke (in the middle areas) hamper MODIS hotspot detection.

(b)
Area the same of (a) with a strip of TET satellite data *). The areas previously under thick
haze, is now detecting active fires.
*) TET-1 (in Germany: Technologieerprobungsträger ~ Technology Experiment Carrier) 1 is microsatellite operated
by the German Aerospace Center.
Figure 8. Effect of thick haze and smoke in detecting MODIS active fires (source: RSS Remote Sensing Solution
GmbH 2015)

Closing Remarks
It is obvious, there are factors and parameters that affecting emission from peat fire with high uncertainties. Those
are including uncertainty for peat data activity and peat emission factor. Indonesia needs more work and effort to
eliminate the above uncertainties.
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