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Abstract. Eight different fire datasets for Indonesia were compared with each
other and to fine spatial resolution burnscar maps. Results show that each
dataset detects different fires. More than two-thirds of the fires detected by one
dataset are not detected by any other dataset. None of the datasets detect fires in
all test areas. Fire regime, satellite sensor characteristics and fire detection
algorithms all influence which fires are detected. Fire datasets were not
complementing each other as they all had commission as well as omission errors.

1. Introduction

A variety of space-borne sensors are being used to map fires and burnscars on a

global scale (Arino and Melinotte 1998, Eva and Lambin 1998, Siegert and Ruecker

2000, Elvidge et al. 2001). Fire detection by satellite is determined by sensor

characteristics—i.e. spectral bands, data processing chains, detection algorithms,

revisit frequency and data acquisition time (Li et al. 2001)—and fire characteristics.

Fuller and Fulk (2000) found in Kalimantan a correspondence of 77% between the

Demilitarized Meteorological Satellite Program Operational Line Scanner (DMSP-

OLS) and the Advanced Very High Resolution Radiometer (AVHRR) fire data.

Fire detection also depends on fire regimes as these result in different spatial and

temporal patterns of burning. The objective of this study was to evaluate the ability

of coarse spatial resolution data to detect the ground fire effect (area burned) for

different fire regimes in Indonesia. Readily available coarse spatial resolution fire

datasets were compared with each other and to fine spatial resolution burnscar

data.

2. Data
Active fire data were obtained from: (i) the AVHRR, with a 1.1 km spatial

resolution and at least two acquisitions per day over Indonesia; (ii) the Along Track

International Journal of Remote Sensing
ISSN 0143-1161 print/ISSN 1366-5901 online # 2004 Taylor & Francis Ltd

http://www.tandf.co.uk/journals
DOI: 10.1080/01431160310001618022

*Corresponding author; e-mail: fstolle@wri.org

INT. J. REMOTE SENSING, 20 JANUARY, 2004,

VOL. 25, NO. 2, 471–479



Scanning Radiometer (ATSR), with a 1 km spatial resolution and 4-day return

interval in Indonesia; (iii) the DMSP-OLS, with a 1 km spatial resolution after

processing and 1 day return interval (as two satellites are available over Indonesia);

(iv) the Tropical Rainfall Measuring Mission Science Data and Information System

(TRDIS-TSDIS), with a 2 km spatial resolution and 1 day return interval and (v)

the Moderate Resolution Imaging Spectroradiometer (MODIS), with a 1 km spatial

resolution and two acquisitions per day.

Three AVHRR active fire datasets exist for Indonesia from 1997 onwards: (i)

the European Forest Fire Prevention and Control Project (EU-FFPCP) for

Sumatra (http://www.mdp.co.id/ffpcp/, Anderson et al. 1999), (ii) the Japanese

Forest Fire Prevention and Management Project (JICA-FFPMP) for Sumatra and

Kalimantan (http//ffpmp2.hoops.ne.jp/), and (iii) the German Integrated Forest

Fire Management Project (GTZ-IFFM) for Kalimantan (http://www.iffm.or.id/,

Siegert and Hoffmann 2000). Each of these datasets is based on a different

processing chain and fire detection algorithm.

Fires were also detected from ATSR using a high (ATSR-01) and a low (ATSR-

02) temperature threshold, and from optical DMSP data (only available in 1997)

based on detection of light sources during night time images (http://web.ngdc.

noaa.gov/dmsp/dmsp.html) (Fuller and Fulk 1998). Fire detection from TRDIS

(available 1999–2001) was based on brightness temperature after exclusion of bare

ground and sun glint pixels (http://tsdis.gsfc.nasa.gov/tsdis/Fire/fireintro.html). The

MODIS dataset (starting 2001) uses brightness temperatures (http://modis-fire.

gsfc.nasa.gov/) to detect fires. Eight active fire datasets (the three AVHRR, the two

ATSR, and the TRDIS, DMSP-OLS and MODIS datasets) were used in the inter-

comparison (table 1).

Detailed burnscar maps were produced for six test sites by Applegate et al.

(2001) by visual interpretation of Landsat Thematic Mapper (TM) and Enhanced

Thematic Mapper (ETM), Système Pour l’Observation de la Terre (SPOT)

multispectral (XS) and European Resource Satellite (ERS) Synthetic Aperture

Radar (SAR) data acquired at the end of the burning season from 1997 to 2001.

These interpretations were checked by field visits.

3. Method

Fire detection was first evaluated for the whole of Sumatra and Kalimantan on

an annual basis, and then for 10 km610 km cells every 10 days. Spatio-temporal

correspondence between fire datasets was expressed as the number of the same cells

that have more than 0 fires in both datasets compared with the total number of cells

that have more than 0 fires (in Percentage).

The fire datasets were then compared with detailed burnscar maps from 1997 to

2000 (thus excluding the MODIS dataset) over six sites. In 1997, many fires

occurred in most sites due to El Niño-induced drought conditions. Fires (and

clouds) change rapidly in position and character through the day and sensors are

therefore not always expected to detect the same fires. For each site, the number of

fires in a 10 km610 km grid cell were correlated with the fraction of the cell area

being burnt (in %). Only cells with more than 5% of their area being burnt were

used. In a few extreme cases, very hot but small fires could be tallied as errors of

commission. The active fire data were at most 1 year more recent than the burnscar

maps. The ability of different fire datasets to detect fire under different fire regimes
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Table 1. Characteristics of the fire detection chain for the eight datasets.

Fire dataset Daytime algorithm Threshold Night-time algorithm Threshold

EU-FFPCP
(AVHRR)

contextual (Flasse and
Ceccato 1996)

varies manually
(around 320 K) simple threshold varies manually

JICA-FFPMP
(AVHRR)

contextual (Flasse and
Ceccato 1996)

set to 315 K simple threshold set to 310 K

GTZ-IFFM
(AVHRR)

multiple threshold (Arino
and Melinotte 1995)

varies manually (between
317 and 322 K)

multiple threshold (Arino
and Melinotte 1995)

varies manually (between
303 and 308 K)

ATSR-01 none simple threshold set to 312 K
ATSR-02 none simple threshold set to 308 K
TRDIS multiple threshold set at 320 K and

channel 3–4 w20 K
multiple threshold set at 315 K and

channel 3–4w15 K
DMSP-OLS none optical light

MODIS
simple threshold if w330 K,

otherwise contextual
contextual threshold

set to 320 K
simple threshold if w315 K,

otherwise contextual
contextual threshold

set to 315 K
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was assessed by measuring fire density and initial burnt vegetation cover in all sites.

The latter was assessed from a time series of images from the 1970s to the 1990s.

4. Results

4.1. Inter-comparison between fire datasets

There is a large difference in the number of fires detected by different datasets

(table 2). The daily acquisition, 1 km spatial resolution sensors (AVHRR, DMSP

and MODIS) detect more active fires than ATSR with its 4-day acquisition

frequency, and TRDIS with its 2 km spatial resolution. The AVHRR-based

datasets detected 60% less fires than the DMSP dataset, even though DMSP only

detects fires at night. DMSP may be double counting light sources due to spatial

resampling (Fuller and Fulk 1998).

The difference between datasets in the number of active fires detected is not

consistent between years. In 1999, the ATSR-01 dataset detects 4% of the total

number of fires it detects from 1997 to 2000, while for JICA-FFPMP it is 12%.

ATSR-based datasets revealed a 20 times higher fire occurrence in 1997, a dry year

when larger than usual fires took place, compared to 1999, a non-dry year. This

increase is only 5–10 times for the other datasets. ATSR datasets thus miss some of

the small fires which are more common in non-dry (normal) years.

The number of pixels identified more than once as a fire pixel vary from one

dataset to the other. These pixels either correspond to long duration burning (e.g.

peat fires) or several subpixel fires (e.g. forest clearing by small-holders). For

ATSR-based datasets, 88% of the fires are unique in a given pixel, for a given year.

This number is 65% for AVHRR-based datasets (table 2). This spurious difference

could be misleading when interpreting fire regimes.

For Sumatra only, the datasets also show few similarities in detected fires

(table 3), but correspondence increases in 1999, a non-dry year. On average, 67%

(standard deviation of 26%) of the fires in a dataset were not detected by any other

dataset. The same level of dissimilarity is found whether one compares different fire

maps for a 10-day period or whether different dates of observation are compared

for a given 10 km610 km cell. Differences in overpass time and cloud cover are

unlikely to account alone for such discrepancies.

4.2. Fires versus burnscars comparison

For each test site, each characterized by a different fire regime, a different fire

dataset has the largest correlation coefficient with the burnscar map (table 4). The

EU-FFPCP fire dataset is not correlated with burnscars in any of the sites. The

Palembang site, for which there is high correlation between fires and burnscars for

more than one dataset (table 4), is dominated by large continuous burnt areas

(4000 ha on average). These are easily detectable, also on night-time images of

ATSR. The other site, Sanggau, with a medium strong correlation between fires and

burnscars for two datasets (GTZ-IFFM and JICA-FFPMP), has many small fires

associated with complete forest conversion. Indigenous fire management techniques

produce high temperature controlled fires of a short duration (ca 6 h), which are

extinguished by night. For one site, Danau Sentarum, only the DMSP dataset is

correlated with burnscars. This site has many small fires in open swamp vegetation

which do not generate much heat but do produce large flames and thus optical

light. For three sites, none of the fire datasets correlate with burnscars. For the
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Table 2. Number of active fires and percentage of fire pixels for which there is just one fire detection over a year for each dataset. Data concern
Sumatra and Kalimantan.

Dataset

Sensor

AVHRR ATSR TRDIS DMSP MODIS

EU-FFPCP
(only Sumatra) JICA-FFPMP

GTZ-IFFM (only
Kalimantan) ATSR-01 ATSR-02 TSDIS DMSP-OLS MODIS

1997 Number of fire points 24 011 151 785 88 500 16 107 26 968 268 524
Per cent of unique fire points 71 59 58 82 77 88

1998 Number of fire points 13 730 64 201 55 807 4993 8604 1958
Per cent of unique fire points 56 62 57 91 87 85

1999 Number of fire points 13 705 30 589 9652 843 1348 1214
Per cent of unique fire points 62 81 82 92 88 92

2000 Number of fire points 18 852 600 1030 961
Per cent of unique fire points 58 95 92 91

2001 Number of fire points 714 18 372
Per cent of unique fire points 91 63
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Table 3. Cross-table of the percentage of 10 km610 km cells with at least one active fire in a 10-day period for the different fire datasets. The data
only concern Sumatra island.

Year Dataset
Number of cells

with w0 fire points
EU-FFPCP
(AVHRR)

JICA-FFPMP
(AVHRR) ATSR-01 ATSR-02 TRDIS MODIS

1997 EU-FFPCP (AVHRR) 5521 x 13.3 1.6 10.3 x x
JICA-FFPMP (AVHRR) 10 539 0.0 x 0.4 14.8 x x
ATSR-01 294 29.3 14.6 x 100 x x
ATSR-02 2955 19.2 52.9 9.9 x x x

1998 EU-FFPCP (AVHRR) 2800 x 45.8 2.3 3.4 4.0 x
JICA-FFPMP (AVHRR) 7429 17.3 x 2.0 2.8 2.8 x
ATSR-01 218 29.8 66.5 x 100 17.9 x
ATSR-02 347 27.4 60.5 62.8 x 13.8 x
TRDIS 406 27.8 x 9.6 11.8 x x

1999 EU-FFPCP (AVHRR) 3748 x 64.6 4.3 6.2 5.4 x
JICA-FFPMP (AVHRR) 6415 37.7 x 2.6 3.8 3.6 x
ATSR-01 275 58.5 60.7 x 99.6 24.4 x
ATSR-02 424 55.2 57.8 64.6 x 19.6 x
TRDIS 459 44.0 50.1 14.6 18.1 x x

2000 JICA-FFPMP (AVHRR) 3367 x x 0.9 6.6 4.9 0.1
ATSR-01 252 x 11.9 x 7.1 2.4 0.8
ATSR-02 383 x 57.7 4.7 x 18.0 0.3
TRDIS 430 x 38.1 1.4 16.0 x 0.2
MODIS 150 x 2.7 1.3 2.7 0.7 x

2001 TRDIS 208 x x x x x 21.2
MODIS 854 x x x x 5.2 x
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Table 4. Correlation coefficients between burnscars (in per cent burnt of 10 km610 km cells) and active fire datasets (from the data of the burnscar
map until 1 year before) for cells that have a burnscar area of more than 5% of the cell.

Test sites

Date of
burnscar
detection

Satellite
sensor Path/Row

EU-FFPCP
(AVHRR)

JICA-FFPMP
(AVHRR)

GTZ-IFFM
(AVHRR) ATSR-01 ATSR-02 TRDIS DMSP-OLS

Menggala 3 Sept 1999 TM7 123/63 0.02 20.06 n.a. – – – n.a.
Sekincau 14 Oct 1997 TM 124/64 20.35 0.13 n.a. – 0.06 n.a. 20.03
Sanggau 8 Mar 2000 TM 120/60 n.a. 0.59 0.82 – – – n.a.
Danau

Sentarum
11 Jun 1997, SPOT-XS 292/348 n.a. 0.32 – – – n.a. 0.74
12 Jul 1997 292/349

Ketapang Dec 1999 ERS-SAR n.a. – 0.00 20.04 – – n.a.
Palembang 1 Jan 1998 TM 124/62 0.47 0.71 n.a. 0.79 0.82 n.a. 0.29
Overall

equation
y~96xz439 y~18xz267 y~80xz437 y~60xz398 y~6xz276 y~24xz143

Overall
correlation (r)

0.58 0.77 0.79 0.82 0.32 0.47

n.a., dataset does not have data at this site; –, not enough cells with more than 0 fire points to do correlation, y, burnt area in hectares per cell, x,
number of active fires per cell.
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Ketapang site, with peatland, burnscars may result from fires that took place

several years earlier. Actually, correlation between the burnscar map and active

fires from ATSR-01, ATSR-02 and JICA datasets increases to, respectively, 0.78,

0.82 and 0.64 when adding 1997, 1998 and 1999 fire data. In general, subpixel fires

and post-fire vegetation recovery are unlikely to account alone for the discrepancies

between maps of active fires and burnt scars.

The JICA-FFPMP dataset shows the highest correlation between active fires

and burnt areas compared to the EU-FFPCP and GTZ-IFFM datasets (table 4).

Since these three datasets are based on the same sensor, the contextual algorithm

(of JICA-FFPMP) performs more accurate in detecting fire effects compared to the

other algorithms, which rely on manual adjustments or multiple thresholds. The

ATSR datasets, based on simple thresholds, consistently under-represent actual

burnscar area (by a factor 80 for ATSR-01) used for the JICA-FFPMP dataset.
Totalling all fires from the different datasets for each site does not increase

correlation between fire and burnscar data. Actually, commission and omission

errors are found for all fire datasets, in varying proportions between datasets and

sites. These errors seem to be located randomly.

5. Discussion and conclusions

The assessment of fires by low spatial resolution satellite sensors in tropical

forested regions is still problematic. Large variations were found in the number and

location of fires detected between different datasets over the same region and

period. More than two-thirds of the fires detected in one dataset are not represented

in any other dataset. The detection of fires is determined by fire regime, sensor

characteristics and the fire detection algorithm used.

Large continuous burnt areas were well detected by several fire datasets while

scattered burning with low fire densities were not, except when large forest areas

were completely burnt. Since different types of fire (e.g. surface forest fires, small-

holder daytime fires for land preparation in shifting cultivation, fires for land

clearing by commercial companies, long duration peat fires) occur simultaneously

in Indonesia, an assessment of the total number of fires is difficult and likely to be

biased toward certain fire regimes. The existing fire datasets are not complementary

and cannot be combined as they all have both omission and commission errors.

Datasets based on AVHRR data, with a contextual fire detection algorithm

using a low temperature threshold, have the highest correlation with burnt scars in

Indonesia. However, in areas with many small fires, a multiple threshold algorithm

with varying threshold temperatures gives the highest correlation between active

fires and burn scars (as also found by Fuller and Fulk 2001). ATSR-based fire

datasets underestimate fires in different fire regimes given the night-time acquisition

and 4 days revisit time of this sensor. However, this underestimation is consistent

and can therefore be corrected easily using a regression estimator to estimate the

total number (but not the location) of fires. In Indonesia, available TSDIS and

DMSP fire maps did not correlate with burnscars. MODIS fire maps could not be

thoroughly assessed as their date did not coincide with the other datasets.
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