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This is one of a series of reports prepared during 1999 by the Forest Fire Prevention and Control 
Project. Together these reports cover the field-level prevention, detection and control of vegetation 
fires in Sumatra. Titles are: 
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Vegetation fires in Sumatra, Indonesia: a first look at vegetation indices and soil dryness 
indices in relation to fire occurrence. I.P. Anderson, I.D. Imanda and Muhnandar. 
 
The training of forest firefighters in Indonesia. M.V.J. Nicolas and G.S. Beebe (Joint publication 
with GTZ). 
 
The management of forest fires in the timber concessions of Indonesia. M.V.J. Nicolas and G.S. 
Beebe (Joint publication with GTZ). 

 
A field-level approach to coastal peat and coal-seam fires in South Sumatra province, 
Indonesia. M.V.J. Nicolas and M.R. Bowen. 

 
A fire danger rating system for South Sumatra province, Indonesia. M.V.J. Nicolas, I.P. 
Anderson and H. Pansah,   

 
 
FFPCP will also publish reports on; 
- the policy, planning and implementation aspects of natural resource management in the 

province South Sumatra, 
- the role of local communities in fire prevention, and 
- environmental education in primary schools. 
 
 
 
 
 
 
Copies of these reports are also available in Bahasa Indonesia, and can be obtained from; 
 
The Project Leader, FFPCP, PO Box 1229, Palembang 30000, Indonesia 
Fax number: +62 711 417 137 – Homepage: http://www.mdp.co.id/ffpcp.htm 
or 
Counsellor (Development), Representation of the European Commission, PO. Box 6465 JKPDS, 
Jakarta 10220, Indonesia 
Fax number: +62 21 570 6075 
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FOREWORD 
 

  
EC Representation 
  
Tropical rain forests cover less than six percent of the surface of the earth, but contain 
more than 50 percent of the world’s biodiversity. Indonesia’s forests are considered to 
be one of the biodiversity centres of the world. However, these vital areas are under 
threat from over-exploitation, encroachment and destruction because of fire. 
 
The seriousness of the threat to Indonesia’s forests has prompted the European 
Commission to reorient its development co-operation with Indonesia to focus on the 
sustainable management of forest resources. Based on the Agreed Minutes of a meeting 
between the Government of Indonesia and the Commission, which were signed in May 
1993, the Commission supports a range of projects in the field of conservation and 
sustainable forest management. The funds for this support have been donated in the 
form of grants. 
 
The importance of the fire issue cannot be over-emphasised. Estimates have set the 
economic loss caused by the haze that blanketed the region in 1997 at around Euro 1.4 
billion. The loss of wildlife habitat, which will take decades to regenerate or the soil 
erosion, which is the inevitable result of heavy burning, is too great to be expressed in 
financial terms. 
 
Because fire prevention and control is such an important issue, the Commission has 
been willing to support the Forest Fire Prevention and Control Project, which started in 
April 1995, with a grant of Euro 4.05 million. The long-term objective of the project 
was to, “Furnish support, guidance and technical capability at provincial level for the 
rational and sustainable management of Indonesia’s forest resources.” Its immediate 
purposes were to evaluate the occurrences of fire and its means of control, to ensure that 
a NOAA-based fire early warning system would be operational in South Sumatra, and 
that a forest fire protection, prevention and control system would be operational in five 
Districts within the province. 
 
In co-operation with local government, representatives of the Ministry of Forestry and 
Estate Crops and the private sector, the project set out to implement a series of activities 
that would support the achievement of these purposes. The results of these activities are 
now made available in a series of technical reports of which this is one. We believe that 
these professional publications will be of considerable value to those concerned in the 
forestry, agriculture and land-use planning sectors.   
 
 
Klauspeter Schmallenbach 
Head of the Representation of the European Commission in Indonesia 
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Kanwil Kehutanan dan Perkebunan 
 

Vegetation fires have undoubtedly become a more urgent focus of concern to the 
regional office of the Ministry of Forestry and Estate Crops in South Sumatra after the 
widespread smoke haze pollution of 1997. As part of our commitment to sustainable 
forest management, considerable efforts have been made to prevent fires happening 
again on such a scale. We hope that in the new spirit of reform the people of South 
Sumatra will play a greater role in protecting and managing the forests and their 
resources. 
 
I warmly welcome the FFPCP series of reports on their work from 1995 to 1999. These 
reports examine in detail the underlying causes of vegetation fires in the province, and 
this understanding allows us to suggest how numbers may be reduced. The reports also 
set out methods of prevention, NOAA satellite detection, and control of fires. These are 
based on methods that have been shown to work under field conditions and when fully 
introduced will bring practical benefits to us all. 
 
I also hope that the work will serve as a reminder that we need to keep improving our 
capability to deal with future fires. While good progress has been made, much work still 
remains to be done before damaging vegetation fires are a thing of the past. 
 
 
Ir. Engkos Kosasih  
Head of the Provincial Forestry and Estate Crops Office of South Sumatra 
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SUMMARY 
 

The Forest Fire Prevention and Control Project is funded by the European Union and is 
based in Palembang, South Sumatra, where it works with the provincial and regional 
branches of the Indonesia Ministry of Forestry and Estate Crops. A receiver system 
linked to a GIS, is used to capture and process data in five spectral bands from NOAA 
12 and 14 satellites to detect vegetation fires in Sumatra and Kalimantan. 
 
Channel 3 in the mid-infrared waveband is sensitive to thermal emissions and is used to 
detect the fires. Potential fire pixels appear on the image as black dots. The temperatures 
of these potential fire pixels are compared with those from adjacent pixels to set a  
threshold temperature to process the data. One of two algorithms is used to select all 
pixels above the chosen threshold temperature, and thus the true fire pixels. 
 
Six sources of error reduce the accuracy of the NOAA data when used to detect 
vegetation fires. Four are inherent to the nature of the data received from the satellites, 
and two are a function of the processing software. All errors can be minimised with care 
and operator training. 
 
The greatest spatial resolution of the NOAA image is 1.1 km in the centre of the swept 
area. Resolution distortion errors increase towards the edge the scanned swath. Data 
from the peripheral 200 pixels on each side are thus discarded.  
 
The AVHRR scanner flown on NOAA is saturated by temperatures above 323°K – well 
below that of burning vegetation. The maximum threshold that can sensibly be set is 
thus 323oK, although lower thresholds, in the range 305°K - 315°K, are often needed to 
map fires realistically. Setting too low a threshold results in false-fire readings. The 
choice of threshold temperature is always subjective but is guided by visual examination 
of the Channel 3 image, followed by measurement of the temperature of fire pixels. A 
threshold temperature is then set to maximize fire detection while eliminating false 
positives. 
 
False readings may occur: hot soils, clouds and water-glint can all produce ‘phantom 
fires’. Reflections from water are obvious and they can easily be deleted from the data 
set. But the success of other extraction and filtering techniques is heavily dependent on 
their calibration which requires a knowledge of local land-cover. The system operator 
thus needs a sound understanding of the seasonal patterns of vegetation changes if he is 
to screen out false fires. Areas of hot cultivated soils in the south of Sumatra are at 
major source of potential error. 
 
NOAA detectors are unable to penetrate thicker cloud and smoke haze. Both therefore 
reduce the number of fires recorded. However the frequent collection of data - every six 
hours if required - largely overcomes the problem of ‘missed’ fires. Masked areas rarely 
remain covered for more than two or three passes and persistent fires are eventually 
recorded. 
 
Alignment of the digital map contained in the GIS with the NOAA image is a source of 
subjective error. Coastlines and rivers provide reference points and, with care, errors can 
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be kept within 3 km. Re-registering the data to coincide with a surveyed fire-point, such 
as a large gas-flare (see below), further reduces error. 
 
Daytime data can be processed using either a simple threshold algorithm or a contextual 
algorithm named FIREINDO. The choice of which algorithm to use is subjective. The 
threshold algorithm takes into account only the temperature above which a fire pixel is 
recognised; the contextual also takes into account the spatial variability of thermal 
signals around the potential fire. The use of a contextual algorithm thus reduces the 
probability of detecting false fires that result from hot soils and sun-glint. However, 
FIREINDO is sensitive to thin cloud and haze and can thus be used only on clear 
images. It is also not adapted to night images, when again the threshold algorithm is 
used. Operator training and freedom to discriminate are essential if the best use is to be 
made of data sets. 
 
Despite these potential errors NOAA-derived data provide a fast, low-cost and reliable 
way to locate vegetation fires. Independently supervised over-flights showed that 87 
percent of FFPCP supplied co-ordinates were correlated with flaming fires, while the 
remainder coincided with recently burnt areas. 
 
It was thought that the NOAA sensors only detected large fires. It is now shown that a 
small but intense fire – a gas-flare 20 metres in diameter – is also recorded. (The flare is 
associated with the petroleum exploration industry). The flare was detected 54 times in 
1998, all but 10 on evening, night or early morning images: 13 passes resulted in the 
generation of two or four contiguous hot-spots. 
 
Sixty three percent of the NOAA hot-spots were within 2 km. of the true position of the 
flare; 89 percent within 3 km. For a reason that is not understood, the direction of error 
was predominantly to the south and east. 
 
During July to September, the peak fire season in Sumatra, large numbers of ephemeral 
fires were detected. These were associated with small-scale land clearance by farmers 
and are of little importance to fire prevention and control agencies. Fires of considerably 
more concern are represented by persistent, spreading clusters of hot-spots.  
 
The classification of fire clusters is based on operator experience but NOAA data 
collected in the three years 1996 to 1999 suggest that three types of cluster can be 
distinguished. The first are discrete clusters of contiguous hot-spots that indicate a large 
or a spreading fire. The second, elongated clusters derived from successive NOAA 
images, suggest the linear progression of a fire. The third cluster type is made up of 
many single hot-spots or small clusters of hot-spots spread over a relatively large area to 
form a ‘fire-zone’. A major fire-zone, such as the coastal wetlands of South Sumatra in 
1997, contains several smaller fire-zones. 
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DEFINITIONS 
 

 Vegetation Fires, Hot-spots, Wildfires and Smoke Haze 
 
 
The term ‘forest fire’ is widely used - it occurs in the title of FFPCP - but, when 
referring to Indonesia, is often misleading. Fires on land within the natural forest estate - 
in legal terms ‘forest’ - often burn little except grassland and scrub. In areas outside 
forest-land, it is again agricultural waste, land-clearance and low-value vegetation, 
which are most vulnerable to fire. Fires in these non-forested areas are sometimes 
referred to as land fires. This term can also be misleading f confused with ground fires 
that burn organic material (e.g. peat) beneath surface fires. NOAA satellite imagery is 
incapable of distinguishing fires that burn trees from those which do not. The term 
vegetation fire is thus preferred, and is used throughout the five reports which cover the 
capture, processing, interpretation and presentation of NOAA-derived fire data. 
 
Wildfire is used for a vegetation fire that is out of control. It does not suggest that the 
fire was ignited by lightning or other natural means - only a fraction of a percent is. 
 
Hot-spots indicate the location of vegetation fires as seen on a computer monitor or 
printed map, or when referred to by their co-ordinates. It is a populist term introduced 
early in the use of NOAA imagery to detect vegetation fires, and is now well understood 
by all. Acceptance of the more obvious term ‘fire-spot’ has been resisted, as its 
introduction has inevitably been proposed by interests wishing to suggest that many hot-
spots do not indicate fires. In this they are mistaken. For all practical purposes a hot-
spot is synonymous with a fire-spot. Hot-spot is thus used throughout all FFPCP 
reports. 
 
Smoke is defined by the Deutsches Institut fur Normung (DIN) as, ‘A visible aerosol 
resulting from combustion’; haze, by the World Meteorological Organisation, as ‘Where 
the visibility is reduced owing to dry particles’. Neither term is used uniformly in the 
literature on vegetation fires in Indonesia and FFPCP has thus chosen to use the general 
phrase ‘smoke haze’ throughout its reports. 
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1. INTRODUCTION 
 
 
The European Union funded Forest Fire Prevention and Control Project (FFPCP) works 
with the provincial office of the Ministry of Forestry and Estate Crops (Kanwil 
Kehutanan dan Perkebunan) and the regional office of the Directorate General of Forest 
Inventory and Land Use (INTAG) in South Sumatra (BIPHUT). FFPCP uses a receiver 
system to capture data in five spectral bands from NOAA 12 and 14 satellites. The data 
are processed to detect vegetation fires in Sumatra and Kalimantan. Detailed operating 
instructions for data capture, processing and fire-product generation are given by 
Anderson, Imanda and Muhnandar (1999) and methods to present and distribute the 
NOAA-derived data by Anderson, Imanda and Muhnandar (1999a). 
 
NOAA data are also used by a number of other organisations within Indonesia to detect 
vegetation fires, as well as by several European and USA-based agencies: a listing is 
given by CIFOR (1998). Despite this interest, the quality of coverage and data 
interpretation remains weak and there are plans to strengthen the existing national and 
regional institutional capability under the ASEAN Regional Haze Action Plan (Qadri and 
Scarsborough, 1998).  
 
Data interpretation, in particular, remains controversial and many authors have 
commented on the strengths and weaknesses of the techniques; amongst others are, 
Justice et al. (1996), Hoffmann and Siegert (1998), and Siegert and Hoffmann (1998). It 
is thus not surprising that misunderstandings remain over the interpretation of NOAA 
data used to detect vegetation fires. For example, MoE/UNDP (1998), writing about the 
experience of The National Coordinating Team on Land and Forest Fire Management 
(Bapedal TKNPKHL Posko) during the 1997-1998 fire crisis, state, “Data from various 
agencies was frequently incompatible. The temperature limits used to determine hot 
spots, for example, are different between agencies. LAPAN used the standard 
temperature of 50oC or higher, whereas FFPMP/JICA used temperatures ranging 
between 37o and 48oC … and a contextual algorithm for daytime observation. Some of 
the data can be processed to make them compatible, but others are difficult or even 
impossible to process.” 
 
In fact all the data referred to were comparable, and all can be accepted as ‘accurate’. 
What TKNPKHL Posko did not take into account is that the detection of vegetation fires 
is not simply a mechanical process: a skilled systems operator will always detect more 
fires and locate these more precisely than an unskilled operator. There are, however, as 
recognised by Posko, limitations. 
 
This paper deals with the methods used by FFPCP to interpret the NOAA-derived data 
in a way that recognises the limitations and gives a true reflection of the numbers and 
locations of vegetation fires in Sumatra.  
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2. THE RECOGNITION OF HOT-SPOTS 
 
 
Channel 3 in the mid-infrared waveband is sensitive to thermal emission and is used to 
detect vegetation fires. The image display system used by FFPCP has 246 pixel intensity 
levels for the grey-level image that enable subtle differences in the temperature of the 
ground to be detected. The hotter the surface, the darker the image pixel. Cold, high-
level clouds therefore appear white and fire pixels black. 
 
Close visual examination of a Channel 3 image thus reveals potential fire pixels as small 
black dots (Plate 1). A number of potential fire pixels are selected and their temperature 
values read from the image screen. These temperatures are then compared with those 
from adjacent pixels. After comparison the operator selects a threshold temperature that 
is high enough to reject the pixels that definitely do not show as fires.  
 
 
Plate 1.  Channel 3 hot-spots (discrete black dots) in South Sumatra, September 1997. 
The large dark area in the south is caused by hot soil. A contextual algorithm is used in 
image processing to remove this effect (Plate 2). 
 

 
 
One of two algorithms is then used to select all pixels on the image with temperatures 
above the threshold value. These are the ‘fire-pixels’ and their geographical co-ordinates 
are determined as described by Anderson, Imanda and Muhnandar (1999). The co-

PALEMBANG 
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ordinates in latitude/longitude decimal degrees are subsequently used to prepare a 
variety of fire-maps and statistical data (Anderson, Imanda and Muhnandar, 1999a). 
 
The performance of NOAA system operators is improved by feedback from field crews 
who report the position of smoke-plumes and validate the existence of fires at hot-spot 
co-ordinates. Such checks remain advisable despite the overwhelming evidence that hot-
spots equate with fires when the data are processed by experienced operators. 
Surprisingly small fires, if sufficiently hot and flaming, can be detected despite the low 
resolution of the NOAA sensor, as shown by the Peninjawan gas-flare (below). 
 
Helmy (1998) reported that in a BAPEDAL-UNDP sponsored aerial surveillance 
exercise carried out in Riau Province (14 surveys, 34 flying-hours) in November 1998, 
87 percent of FFPCP supplied hot-spot co-ordinates were matched with flaming fires; 
the remaining 13 percent equated to areas burnt, ‘Very recently’. This match between 
NOAA-AVHRR detected hot-spots and field study was also found by Siegert and 
Hoffmann (1998) working in East Kalimantan. 
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3. SOURCES OF ERROR IN SATELLITE 
DATA FIRE DETECTION  

 
 
There are six main sources of error that reduce the accuracy of satellite data when used 
to detect vegetation fires. These errors can be divided into four that are inherent to the 
nature of the data received from the NOAA satellite and two that are a function of the 
processing software. Inherent in the data received are errors of resolution distortion, hot-
spot temperature variation, false readings, and cloud and smoke haze cover. Map 
alignment procedures and algorithm choice may lead to errors during the processing of 
the satellite data. All errors can be minimised with care and operator training. 
 
Resolution Distortion 
 
The highest spatial resolution of the NOAA image is approximately 1.1 km (pixel 
dimension of 1.1 km by 1.1 km) and is achieved directly below the flight path of the 
satellite. However, owing to the AVHRR sensor scanning geometry, resolution decreases 
towards the edge of the swath, i.e. the sensor sweep which is 2048 pixels wide. The 
result is an image that is distorted geometrically at its east and west edges. This 
distortion reduces the accuracy of fire locations at the image extremes to an 
unacceptable level (of the order of 16 km) and it is thus advisable to ignore the 200 
pixels at either edge of the swath. 
 
Map Alignment 
 
The software used to process NOAA data includes a digital map that shows the Sumatra 
coastline and other physical features. This map is over-laid on NOAA images and 
moved pixel by pixel until a best-fit with the image is obtained. The procedure ensures 
that the pixel geographical co-ordinates are correct. However, there is an element of 
subjectivity in the selection of a best-fit that can result in map-image misalignment. 
FFPCP has found that with care, alignment error can be reduced to less than three 
kilometres but not entirely eliminated even by experienced operators; a situation not 
recognised by TKNPKHL Posko in their comparison of data received from different 
sources (MoE/UNDP, 1998). Re-registering the data on a single known fixed coordinate 
rather than less clearly defined features further reduces error. See discussion on the 
‘Peninjawan flare’, Section 4. 
 
Threshold Temperature 
 
The most difficult question raised by data users is, ‘What is an appropriate threshold 
temperature for fire detection?’ The AVHRR scanner was developed for meteorological 
purposes (to read sea and cloud temperatures) and is therefore optimised for 
temperatures lower than 40°C. In Channel 3, pixels are saturated at temperatures in 
excess of 50°C (323°K). Thus calls to set a higher threshold temperature (Malik, 1998) 
in the belief that this will avoid the detection of ‘false fires’ is misguided. As pointed out 
by Malingreau (1990) and Kennedy, Belward and Gregoire (1994), Channel 3 is 
saturated much below the temperature of burning vegetation. 
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The key procedure that guides the operator in the selection of an appropriate threshold 
temperature, is visual examination of the Channel 3 image. Probable fire pixels can be 
identified as black spots. A number of these are then sampled to find the sensor 
temperature. 
 
Hot-spot temperatures vary both within and between images, largely because of 
atmospheric effects and slight differences between the NOAA 12 and 14 sensors. Also, 
hot-spot temperatures obtained from night images are usually lower than those from day 
images. The operator must therefore use his discretion to select an appropriate threshold 
value.  
 
Experience has shown that a value of 320°K, close to saturation, is generally an 
appropriate threshold for NOAA 14 afternoon images. With evening, night and early 
morning images the threshold values vary, and a lower threshold temperature - 
commonly between 305oK and 315oK - is often required. In some instances a value as 
low as 300°K may need to be set to produce a realistic fire map. In the specific case of 
the Peninjawan gas-flare the mode threshold value for night detection during 1998 was 
303°K. The GTZ-Integrated Forest Fire Management Project uses a similar range of 
threshold temperatures (Siegert and Hoffmann, 1998). 
 
False Readings 
 
Hot soils, bright clouds and reflections from water bodies can all produce false fire-
spots. These effects are obvious when the hot-spots appear to be in the sea or coincide 
with the course of a river and the system-operator can easily delete them from the data 
set. 
 
All extraction and filtering techniques depend to a considerable extent on their 
calibration to local land-cover types (Kennedy, Belward and Gregoire, 1994). A sound 
knowledge of local conditions is thus of importance. In Sumatra in the dry season, 
extensive areas of hot, cultivated soils – often found in central Lampung - register high 
Channel 3 daytime temperatures. The system-operator needs to be aware of such 
seasonal effects. If genuine vegetation fires are though to be present in these hot soil 
areas, the use of the contextual algorithm (Plate 2) will assist in the assessment of the 
true fire situation.  
 
The claim made by EUFREG (1998) - without any supporting data – that night-time 
images always show fewer hot-spots as they have no spurious readings from hot land, is 
not borne out by FFPCP experience. Night images indeed often do show a sharp 
decrease in the number of hot-spots detected, but field observations suggest that the 
alternative explanation offered by EUFREG is more accurate; fires lit in the morning for 
small-scale land clearing have burnt out by evening. 
 
In allocating priorities to hot-spot data in terms of probable fire size and risk of 
spreading, greater weight is given to groups of contiguous hot-spots that are detected by 
successive satellite passes, both day and night. Procedures to group and simplify hot-
spot data are described in Section 4. 
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Plate 2.  The contextual algorithm ‘FIREINDO’ (Flasse and Ceccato, 1996) being used 
to identify and isolate areas of hot soil shown in purple. 
 

 
 
 
 
Cloud and Smoke Haze Cover 
 
NOAA images of Sumatra are rarely cloud free. Some areas, such as the Bukit Barisan 
mountain back-bone of Sumatra, are subject to persistent cover owing to orographic 
effects. Bangka Island, the only higher land area – up to 700 metres - in the east of 
southern Sumatra, is also frequently cloud covered - usually by convectional clouds that 
develop from late morning. 
 
Fires below thick clouds are not detected by NOAA and under these circumstances the 
number of fires may be underestimated. However, cloud masking is to an extent reduced 
owing to the high temporal resolution of the data (approximately six hours using NOAA 
12 and 14 data). And, as rain often falls from heavy, extensive cloud formations – 
discouraging the lighting of, and extinguishing existing fires – it is probable that few 
significant fires are missed through cloud cover. 
 
Smoke, like cloud, can conceal fires. However FFPCP observations from January 1996 
to February 1999 suggest that the recorded number of fires were only significantly 
reduced by masking smoke from early September to mid-November 1997. This was at 
the height of the Sumatra fire crisis when most of Sumatra north of Lampung was 
obscured by dense smoke haze.  

BANGKA 

LAMPUNG 
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Smoke is the key indicator of a serious, polluting fire and is detected visually from 
Channel 1 NOAA images. The identification of emitted smoke is sufficient warning of a 
fire whether or not the source is detected by NOAA as a hot-spot. The smoke forms a 
characteristic extended plume oriented along the prevailing wind (Plate 3). Surface and 
ground-fires in wetlands are the prime source of severe pollution; controlled burning in 
dryland areas of Sumatra is rarely associated with significant smoke. 
 
NOAA does not detect small ground-fires in wetlands as they lack a flaming front – an 
observation confirmed by field surveys in Riau Province. And, as light haze is difficult to 
differentiate from low-level cloud on NOAA images, fires in wetland areas are likely to 
be detected only when they are numerous and burning fiercely. 
 
 
 
Plate 3.  Smoke plumes from wetland fires in South Sumatra, September 1997. Bangka 
island is partly cloud covered. Scale approximately 1:1.8 million 
 
 

 

PALEMBANG 

BANGKA 
ISLAND 
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Algorithm Choice 
 
The system-operator has the option to use either a threshold algorithm or a contextual 
algorithm to process the data from daytime images. A threshold algorithm defines only 
that temperature above which a fire pixel is recognised; a contextual algorithm also 
takes into account the spatial variability of thermal signals around a potential fire pixel, a 
procedure designed to reduce the probability of detecting false fire pixels. 
 
Several contextual algorithms have been produced for AVHRR fire detection. The 
contextual algorithm FIREINDO developed by the Natural Resources Institute, UK 
(Flasse and Ceccato, 1996), is used by FFPCP. This was proposed as an algorithm 
suitable for global fire mapping and approved in 1996 by the Fire Working Group of the 
International Geosphere Biosphere Programme (Malingreau and Justice, 1996). The use 
of other contextual procedures is reviewed by Justice and Dowty (1993). 
 
FFPCP uses the simple threshold algorithm for night images, as the contextual algorithm 
is not adapted for low light conditions. In daytime images, FIREINDO effectively 
eliminates errors introduced by hot soils and sun-glint. However, FFPCP experience has 
shown that the contextual algorithm is extremely sensitive to the presence of thin cloud 
or smoke haze, and rejects underlying hot-spots despite clear evidence of their existence 
on the Channel 3 image. It is thus advisable to use FIREINDO only for images that in the 
main are free of cloud and haze (when hot soils and reflection from water bodies are 
most likely). The threshold algorithm is used to process cloudy or haze-covered images. 
Operator training and freedom to discriminate are essential. 
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4. SPECIFIC ASPECTS OF HOT-SPOT 
INTERPRETATION 

 
The 5 November Fire in Palembang Town 
 
A major fire in Palembang town (Plate 4) in the early morning of 5 November 1997 was 
detected using NOAA 14 data and provided an opportunity to check the accuracy of the 
hot-spot coordinates generated by the NOAA system software. The fire, which destroyed 
545 houses over an area of 5 ha, produced a group of four hot-spots. These locations are 
shown in Table 1 in relation to a GPS fix taken at the edge of the fire affected area. The 
comparison suggests a locational accuracy of ± 2 km; within the margin of error to be 
expected from the NOAA data. It also shows that an intense fire can saturate several 
contiguous pixels. 
 
Table 1.  Palembang fire – 5 November 1997. Comparison of location of NOAA hot-
spots with true position established with Global Positioning System receiver. 
 

GPS Fix NOAA system hot-spot locations 
 3.00°S  104.76°E 

2.99°S  104.76°E 3.00°S  104.77°E 
 3.01°S  104.77°E 
 3.01°S  104.78°E 

 
 
Plate 4.  Fire in Palembang town detected by NOAA 14 on 5 November 1997. 
(Photograph, Sumatera Ekspres, 6 November 1997) 
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The Peninjawan Gas-Flare 
 
A fire was intermittently detected near Peninjawan in OKU District, South Sumatra 
Province (Map 1) from late 1997 onwards. A visit showed this to be a large flare, some 
20 metres in diameter (Plate 5) vented by the petroleum/gas exploration industry. 
 
 
Map 1.  Location of gas-flare, Peninjawan Sub-District 
South Sumatra Province 
 

 
 
 
The latitude and longitude of the gas-flare and other detection details, as determined 
from the 1998 NOAA imagery, are shown in Table 2. Of the 54 satellite passes when the 
flare was detected, thirteen generated a group of two or four (never three) contiguous 
hot-spots. This is perhaps surprising for such a small fire but accords with the detection 
of the Palembang town fire. Only ten of the passes were by the afternoon NOAA 14 
satellite when temperature thresholds between 313°K to 320°K (average 319°K) were 
applied. The remaining data come from early evening, night and early morning passes 
when thresholds between 299°K and 320°K (average 306°K) were used. The 
distribution of the hot-spot locations around the true position of the flare is shown in 
Figure 1. 
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Plate 5.  The Peninjawan gas-flare, OKU District, South Sumatra 
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Table 2. Latitudes and longitudes of the Peninjawan gas flare as determined by NOAA passes in 1998: capture and processing details  
are given. Time is west Indonesia local. Grouped hot-spots are shaded in blue. 

  
Latitude 

°S 
Longitude 

°E 
Date 
1998 

Time Temperature 
Threshold (°K) 

Algorithm  Latitude 
°S 

Longitude 
°E 

Date 
1998 

Time Temperature 
Threshold 

(°K) 

Algorithm 

-3.81 104.35 19-Jan 5.44 303 api.bat  -3.82 104.35 5-Aug 2.56 307 api.bat 
-3.83 104.34 22-Jan 6.19 305 api.bat  -3.82 104.36 5-Aug 2.56 307 api.bat 
-3.83 104.35 22-Jan 6.19 305 api.bat  -3.82 104.33 6-Aug 6.07 309 api.bat 
-3.82 104.34 23-Jan 14.28 320 api.bat  -3.82 104.35 7-Aug 3.33 303 api.bat 
-3.83 104.36 2-Feb 18.15 305 api.bat  -3.83 104.35 7-Aug 3.33 303 api.bat 
-3.84 104.34 10-Feb 6.01 305 api.bat  -3.82 104.34 10-Aug 6.19 307 api.bat 
-3.83 104.36 24-Feb 2.33 305 api.bat  -3.82 104.33 10-Aug 14.44 320 fireindo 
-3.83 104.35 10-Mar 18.23 305 api.bat  -3.82 104.33 11-Aug 3.29 304 api.bat 
-3.82 104.35 15-Mar 15.08 317 api.bat  -3.83 104.35 12-Aug 3.18 302 api.bat 
-3.82 104.34 15-Mar 18.13 310 api.bat  -3.83 104.36 12-Aug 3.18 302 api.bat 
-3.82 104.34 26-Mar 6.11 300 api.bat  -3.82 104.35 19-Aug 6.21 302 api.bat 
-3.83 104.33 26-Mar 6.11 300 api.bat  -3.83 104.34 22-Aug 17.53 312 api.bat 
-3.83 104.34 26-Mar 6.11 300 api.bat  -3.83 104.34 23-Aug 2.57 303 api.bat 
-3.84 104.34 26-Mar 6.11 300 api.bat  -3.83 104.34 23-Aug 6.32 304 api.bat 
-3.79 104.37 27-Mar 18.49 301 api.bat  -3.83 104.35 23-Aug 6.32 304 api.bat 
-3.79 104.38 27-Mar 18.49 301 api.bat  -3.82 104.35 24-Aug 6.11 310 api.bat 
-3.80 104.35 27-Mar 18.49 301 api.bat  -3.82 104.35 29-Aug 3.31 299 api.bat 
-3.80 104.36 27-Mar 18.49 301 api.bat  -3.82 104.33 29-Aug 6.01 308 api.bat 
-3.81 104.34 3-Apr 15.01 317 api.bat  -3.82 104.33 9-Sep 3.09 305 api.bat 
-3.80 104.33 6-Apr 14.27 313 api.bat  -3.81 104.33 10-Sep 2.58 312 api.bat 
-3.83 104.34 2-May 6.18 303 api.bat  -3.83 104.34 11-Sep 6.13 303 api.bat 
-3.81 104.34 22-May 18.21 303 api.bat  -3.83 104.35 11-Sep 6.13 303 api.bat 
-3.82 104.34 30-May 6.06 303 api.bat  -3.82 104.34 11-Sep 2.47 305 api.bat 
-3.83 104.33 6-Jul 5.51 303 api.bat  -3.83 104.33 12-Sep 5.51 308 api.bat 
-3.82 104.32 13-Jul 14.53 320 fireindo  -3.83 104.34 12-Sep 5.51 308 api.bat 
-3.80 104.36 25-Jul 3.17 302 api.bat  -3.83 104.36 12-Sep 18.29 310 api.bat 
-3.81 104.37 25-Jul 3.17 302 api.bat  -3.83 104.34 16-Sep 6.02 303 api.bat 
-3.83 104.32 30-Jul 15.06 320 api.bat  -3.82 104.34 21-Sep 5.52 315 api.bat 
-3.83 104.33 30-Jul 15.06 320 api.bat  -3.83 104.34 27-Sep 17.58 320 api.bat 
-3.82 104.34 2-Aug 3.29 303 api.bat  -3.86 104.38 8-Oct 17.15 310 api.bat 
-3.82 104.35 2-Aug 3.29 303 api.bat  -3.83 104.36 9-Oct 6.54 310 api.bat 
-3.82 104.35 2-Aug 18.35 305 api.bat  -3.82 104.33 11-Oct 14.59 320 fireindo 
-3.84 104.37 4-Aug 3.07 303 api.bat  -3.82 104.33 12-Oct 14.47 320 fireindo 
-3.84 104.38 4-Aug 3.07 303 api.bat  -3.80 104.33 3-Nov 17.41 315 api.bat 
-3.85 104.37 4-Aug 3.07 303 api.bat  -3.82 104.33 19-Nov 5.48 305 api.bat 
-3.85 104.38 4-Aug 3.07 303 api.bat  -3.83 104.34 3-Dec 15.12 318 api.bat 
-3.82 104.33 5-Aug 1.55 307 api.bat        



 13

3.78

3.79

3.8

3.81

3.82

3.83

3.84

3.85

3.86

3.87

104.31 104.32 104.33 104.34 104.35 104.36 104.37 104.38 104.39

0 

-1 

-2 

-3 

-4 

+1 

+2 

+3 

km 

  0 +1 +2 +3 +4 -1 -2 

km 

°E 

   
°S 

Figure 1.  Peninjawan hot-spot detections in 1998. True position of flare as 
determined by GPS at 3.815°S  104.338°E (red symbol). 



 14

The distribution of hot-spots, listed with their frequency of detection, is shown in Table 
3. The detection error shows that 63 percent of the NOAA hot-spots were within two 
kilometres and 89 percent within three kilometres of the gas-flare. The direction of error 
is predominantly to the south and east of the gas-flare position, accounting for 83 
percent of hot-spots. The reason for this bias is not known but is in agreement with the 
vectorial error found by IFFMP in East Kalimantan where the average error was 3 km to 
the east and 2.5 km to the south (Siegert and Hoffmann, 1998). 
 
 
Table 3.  Hot-spot frequency and detection error with respect to Peninjawan gas-flare 
 

Latitude Longitude Frequency Distance 
from flare 

3.83°S 104.34°E 11 1.67 km 
3.82°S 104.33°E 9 1.04 km 
3.82°S 104.35°E 8 1.44 km 
3.82°S 104.34°E 8 0.62 km 
3.83°S 104.35°E 6 2.12 km 
3.83°S 104.36°E 5 2.96 km 
3.83°S 104.33°E 4 1.88 km 
3.80°S 104.33°E 2 1.88 km 
3.81°S 104.34°E 2 0.62 km 
3.84°S 104.34°E 2 2.80 km 
3.79°S 104.37°E 1 4.53 km 
3.79°S 104.38°E 1 5.48 km 
3.80°S 104.35°E 1 2.12 km 
3.81°S 104.35°E 1 1.44 km 
3.81°S 104.37°E 1 3.61 km 
3.81°S 104.33°E 1 1.04 km 
3.82°S 104.32°E 1 2.08 km 
3.82°S 104.36°E 1 2.51 km 
3.83°S 104.32°E 1 2.61 km 
3.84°S 104.37°E 1 4.53 km 
3.84°S 104.38°E 1 5.44 km 
3.85°S 104.37°E 1 5.26 km 
3.85°S 104.38°E 1 6.02 km 
3.86°S 104.38°E 1 6.83 km 

 
 
 

Hot-Spot Clustering 
 
During the Sumatra fire season, generally at its peak from July through September, large 
numbers of ephemeral fires are detected. These are known to be in the main connected 
with land preparation by small-scale farmers and are therefore not of immediate 
importance to those involved in fire control and prevention. Fires that are of 
considerably more concern are those that are represented by clusters of hot-spots, 
particularly when these clusters persist and spread from one day to the next. Highlighting 
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these hot-spot clusters is a useful means to focus attention on what appear to be the 
priority fires and to provide a target location for field inspection. 
 
The classification of fire clusters into different categories is subjective. However, 
examination of the NOAA-detected fire distribution pattern in Sumatra from 1996 to 
1999 shows that three types of clusters can be distinguished: 
 
• A discrete cluster of contiguous hot-spots that may identify a large fire (from one 

satellite overpass) or a spreading fire (from a composite of several satellite 
overpasses). The cluster is labelled by the latitude and longitude coordinates of its 
centre. Examples are shown in Map 2. 

 
• An elongated cluster of hot-spots, usually evident from composite data derived from 

successive NOAA images and indicating a linear progression of the fire. The 
progression may be related to ecotonal vegetation boundaries (fire ecotones) or to 
linear features such as roads and natural or man-made drainageways that are known 
to be sites of high fire risk. The cluster is labelled by the coordinates of its 
extremities. An example from Riau Province is shown in Map 3. 

 
• A fire zone, comprising many single hot-spots and small clusters of hot-spots 

distributed over a large area. The zone is labelled by the four latitude/longitude 
coordinates that define its extremities. An example from South Sumatra Province is 
shown in Map 4. A major fire zone can also be identified where several discrete 
clusters occur in the same general area. The coastal zone wetlands of South Sumatra 
in late 1997 (see Map 2) provide an example. 

 
This approach to grouping fires is similar to that used by the FIRE and TREES projects 
in the analysis of fire activity in northern South America during March 1998 (Gregoire et 
al., 1998). 
 
Data derived from Map 2 are shown in Table 4. Four hundred and eleven hot-spots, 
detected during the night of 23 October 1997 at the height of the Sumatra smoke crisis, 
are grouped into 29 clusters. The approximate centre of each cluster is shown in decimal 
degrees. The grouping of fires into clusters by the NOAA system operator allows the 
data user to focus on the areas of concern: in this case, two major fire zones in east and 
north of South Sumatra. 
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Table 4.  Data from NOAA night image of 23 October 1997, 01:51 hrs West Indonesia 
time. Four hundred and eleven hot-spots grouped in 29 clusters. 
 

Centre of cluster in decimal degrees Cluster 
designation 

Number of hot-
spots in cluster Latitude (°S) Longitude (°E) 

A 6 2.61 103.06 
B 9 2.55 103.48 
C 6 3.12 103.29 
D 4 3.25 103.53 
E 7 3.04 104.03 
F 2 2.99 104.24 
G 2 3.50 104.96 
H 1 3.88 105.83 
I 4 2.03 103.91 
J 2 1.91 104.30 
K 18 2.11 104.45 
L 2 2.14 104.30 
M 13 2.22 104.37 
N 11 2.27 104.28 
O 14 2.51 104.34 
P 53 2.37 104.34 
Q 2 2.33 104.44 
R 19 2.33 104.58 
S 32 2.16 104.65 
T 28 2.69 105.41 
U 58 2.87 105.47 
V 9 2.77 105.61 
W 6 2.94 105.35 
X 44 2.87 105.71 
Y 6 3.02 105.44 
Z 22 3.01 105.84 

AA 4 3.00 105.53 
BB 25 3.11 105.49 
CC 2 3.07 105.77 
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ABBREVIATIONS AND ACRONYMS 
 
 
ASEAN Association of South East Asian Nations 
AVHRR Advanced Very High Resolution Radiometer 
BAPEDAL Badan Pengendalian Dampak Lingkungan (Regional Development 

Planning Agency (MoFEC) 
BIPHUT Balai Inventarisasi dan Pemetaan Hutan (INTAG regional office, 

Ministry of Forestry and Estate Crops) 
CIFOR International Center for Forestry Research 
EU European Union 
EUFREG European Union Fire Response Group 
FFPCP Forest Fire Prevention and Control Project (EU) 
FFPMP Forest Fire Prevention and Management Project (JICA) 
INTAG Inventarisasi dan Tata Guna Hutan (Forest Inventory and Land Use) 
GIS Geographic Information System 
GPS Global Positioning System 
GTZ Gesellschaft für Technische Zusammenarbeit (German Agency for 

Technical Cooperation) 
JICA Japanese International Cooperation Agency 
LAPAN Lembaga Penerbangan dan Antariksa Nasional (Indonesian National 

Institute for Aeronautics and Space) 
MoE Ministry of Environment 
NOAA National Oceanic and Atmospheric Administration (weather satellite 

with daily worldwide coverage) 
OKI Ogan Komering Ilir ( a District in South Sumatra) 
Posko Pos Komando (Command post)  
TKNPKHL National Coordinating Team on Land and Forest Fire Management 
UNDP United Nations Development Programme 
  
  
 
   


