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This is one of a series of reports prepared during 1999 by the Forest Fire Prevention and 
Control Project. Together they cover the field-level prevention, detection and control of 
vegetation fires in Sumatra. Titles are: 
 
Vegetation fires in Indonesia: operating procedures for the NOAA-GIS station in Palembang, 
Sumatra. I.P. Anderson, I.D. Imanda and Muhnandar. 
 
Vegetation fires in Indonesia: the interpretation of NOAA-derived hot-spot data. I.P. 
Anderson, I.D. Imanda and Muhnandar. 
 
Vegetation fires in Sumatra, Indonesia: the presentation and distribution of NOAA-derived 
data. I.P. Anderson, I.D. Imanda and Muhnandar. 

 
Vegetation fires in Indonesia: the fire history of the Sumatra provinces 1996-1998 as a 
predictor of future areas at risk. I.P. Anderson, M.R. Bowen, I.D. Imanda and Muhnadar. 

 
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 of 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 
 

  
European Commission 
 
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, South Sumatra 
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Summary 
 

The risk of vegetation fire occurrence can be assessed by reference to, 
 
• a mapped history of previous fire occurrence 
• a drought or soil dryness index, and 
• indices of current relative vegetation dryness. 
 
Maps plotted to show the occurrences of previous vegetation fires are a useful tool to 
predict future fires. Anderson et al. (1999) provide fire history data for Sumatra for the 
years 1996-1998. The numbers and severity of fires in an area can be related to land-
use, vegetation type and rainfall and fire-prone areas are readily identifiable. The use of 
a drought index and satellite images processed for vegetation status as possible 
predictors of fire occurrence are described here. 
 
A fire danger rating based on the Keech-Byram method was assessed using daily 
weather data supplied by government meteorological stations in the provinces of 
Lampung, South Sumatra, Bengkulu, Jambi and Riau. The fire danger assessment is 
based on a water balance approach that uses daily rainfall and estimated evapo-
transpiration as the two variables to calculate a soil dryness (SDI) or drought index. It 
is assumed that the drier the soil the greater the danger that vegetation fires will occur. 
Based on the SDI, fire danger is rated as either low, moderate or high.  
 
Examination of data from South Sumatra province for the years 1997 and 1998 shows 
a high (+0.69) and significant (0.1%) correlation between the number of NOAA 
detected fires and the SDI. However, a comparison of hot-spots numbers with total 
monthly rainfall shows a weaker and less significant correlation of -0.55. The SDI 
therefore provides a better measure of, and is a more reliable predictor of, fire 
occurrence than rainfall data alone.  
 
Fire danger warnings are issued by FFPCP when the SDI exceeds 1000 (moderate fire 
danger). In 1997 the first danger warnings were made at the end of May, two months 
prior to the outbreak of extensive and serious wildfires that followed in August. By 
mid-June the SDI had entered the high danger range (SDI > 1500), a clear indicator of 
immediate fire risk. 
 
The Normalised Difference Vegetation Indices (NDVI), derived from NOAA-AVHRR 
data, were used as an empirical measure of the quantity and photosynthetic activity of 
the vegetation. Maximum Value Composites (MVC) of images of Sumatra south of 
Lake Toba were prepared using IDRISI software to give indices which may provide a 
surrogate measure of the dryness of the vegetation, and thus of its susceptibility to fire. 
Areas of low NDVI reflectance are likely to imply dry vegetation and therefore higher 
susceptibility to fire. The monthly variation in the status of the vegetation as indicated 
by NDVI is illustrated for the years 1996 to 1998. 
 
In the drought year of 1997, NDVI images showed a progressive loss of greenness 
from June to November throughout Sumatra. By July, particularly low NDVI values 
were recorded in Riau and Lampung. By August similarly low values were noted in 
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South Sumatra and Jambi. In September widespread fires started in the dried-out 
coastal wetlands and the smoke haze was clearly visible on the MVC images. Fire 
danger in 1997, based on Palembang weather data, reached the maximum of the SDI 
scale from August to October. 
 
Re-greening over the whole island started with the onset of the rains in mid-November 
1997 and was largely completed by March 1998. However, burn scars remained clearly 
visible on the April 1998 composite at the sites of the most severe wetland fires in 
South Sumatra, Jambi and Riau. 
 
In 1998, a year of average rainfall, there was comparatively little variation in the NDVI 
between the different regions. The highlands of Sumatra tended to be somewhat 
greener, as these zones receive higher rainfall and have undisturbed forests. 
Considerable local variation in the NDVI of lowland areas reflects a complex mosaic of 
different land-uses and vegetation types. Larger areas of low NDVI values occurred in 
the provinces of Lampung, Riau and South Sumatra during the dry season. These were 
associated with permanent agriculture in Lampung, large-scale land clearance in Riau 
and with the extensive wetland area in South Sumatra south of Palembang. Fire danger, 
as indicated by the drought index, remained at a low level throughout 1998. 
 
This preliminary investigation of two approaches to the estimation of fire risk – using 
NDVI and SDI as surrogate measures of vegetation flammability – suggests that the 
SDI provides the more practical and realistic, if more laborious, method. Although 
seasonal changes are broadly reflected in the NDVI image product, the coarseness of 
the the data and the heterogeneity of land cover are likely to invalidate any prediction 
of fire occurrence for a particular area. 
 
Combining SDI and NDVI information to make a firmer prediction of fire occurrence 
is one way forward. While this may lead to more reliable indicators of the susceptibility 
of vegetation to burn, the actual occurrence of fire is irrevocably linked to man’s 
activities. As a stand-alone guide to fire early warning in Sumatra, the NDVI product 
appears to be worthless – it has yet to be proven a useful adjunct to the real but elusive 
bio-physical factors that determine fire danger. 
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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 if 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. APPROACHES TO THE ASSESSMENT 
OF THE RISK OF OCCURRENCE OF 
VEGETATION FIRES 
 
 
 
The European Union funded Forest Fire Prevention and Control Project (FFPCP) has 
investigated three methods to help predict the timing and likely locations of vegetation 
fires in Sumatra. The risk of fire occurrence in a particular area has been assessed 
through; 
 
• a mapped history of previous fire occurrence,  
• a drought or soil dryness index, and 
• indices of current relative vegetation dryness. 
 
Fire History 
 
Maps plotted to show the occurrences of previous vegetation fires are a useful tool to 
predict future fires. Anderson et al. (1999) describe in detail the fire history of Sumatra 
for the years 1996 – 1998: fire-prone areas are readily identifiable and the numbers and 
severity of fires in an area can readily be related to land-use, vegetation type and 
rainfall. A major fire crisis developed in Sumatra during the second half of 1997, with 
the most seriously polluting and ecologically damaging fires centred on the coastal 
wetlands of South Sumatra. The fires coincided with a period of no effective rainfall in 
southern Sumatra from mid-May to mid-November.  
 
Fire history for the three year period shows that the number and persistence of fires and 
ensuing smoke haze is greatest in Riau province. In 1998, based on all NOAA detected 
fires, Riau province had fourteen time more fires per unit area than South Sumatra 
province. Most of the Riau fires are assumed to be associated with large scale land 
clearance for tree crops. 
 
The use of a drought index and satellite images processed to show vegetation status as 
predictors of areas at risk of fire are described here. 
 
Soil Dryness Index 
 
An increase in soil dryness during periods of low rainfall leads to an increase in the 
dryness of the vegetation; the drier the vegetation, the greater the fire risk. FFPCP  
used readily available daily rainfall and daily maximum temperature readings to 
calculate a soil dryness index (SDI). Fire danger on a particular day is classified as low, 
moderate or high depending on the calculated value of SDI. The procedure is a 
modification of the Keech-Byram method and is described in detail in Annex 1. 
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A series of charts (Annex 1) is used to illustrate the monthly variation in the average 
soil dryness index – and thus fire danger – in the province of South Sumatra from 1990 
to 1998. The relationship between SDI and the number of fires detected is examined. 
Using weather data from four other provinces, the regional variation in SDI is 
described for one year, 1998. Meteorological data were supplied by the provincial 
offices of the National Meteorological Agency (BMG). 
 
Normalised Difference Vegetation Index 
 
The second method investigated by FFPCP to assess the risk of fire occurrence 
involves the processing of daytime NOAA 14 satellite images to create a NDVI 
product, colour coded to show the degree of reflectance from actively growing 
vegetation. Low reflectance is likely to imply dry vegetation and thus higher 
susceptibility to fire. However, the technique requires some knowledge of field 
conditions before conclusions on fire risk can be drawn. Areas that are flooded, cleared 
for agriculture but not under a crop, or recently burnt-over also have low reflectances 
but are not high fire risks. Early research into fire risk and fire danger assessment for 
Sumatra using NOAA data is described by Ceccato (1998). 
 
The images used to illustrate the report are Normalized Difference Vegetation Index 
(NDVI) products combined to create monthly maximum value (MVC) composites 
using IDRISI software.  
 
The technique eliminates clouds with the exception of those that persist throughout the 
month - a common situation over the Bukit Barisan, a mountain range in western 
Sumatra. Persistent cloud appears as black. Dry vegetation, sparsely vegetated land,  
burnt-over areas, persistent smoke cover and water bodies (low or no photosynthetic 
activity) appear yellow or brown. Dense, actively growing vegetation is coded green. 
Technical details and a time series of images for 1996 - 1998 are given in Annex 2. 
 
From 1990 to 1996 and before the serious fires of 1997, large areas in Riau and 
Lampung provinces consistently registered low reflectance (apparent dryness). The low 
reflectance probably mirrored extensive land clearance in Riau and the high proportion 
of agricultural land already developed in Lampung (Map 1). From late 1997 additional 
areas of low reflectance were evident at the sites of the serious wetland fires of 
September to November (Map 2). 
 
The time sequence of monthly vegetation index images have a limited value. Seasonal 
changes are broadly reflected in the NDVI image product but, owing to the coarseness 
of the data and heterogeneity of land cover, any prediction of the risk of fire 
occurrence for a limited area is likely to be invalid.  
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2. THE PREDICTION OF FIRE DANGER 
BASED ON A SOIL DRYNESS INDEX 
  
 
 
Fire danger in the eastern districts of South Sumatra province was examined for the 
period 1990-1998. The level of danger was estimated on the basis of the Soil Dryness 
Index for each month. The process to calculate the index is given in Annex 1 together 
with the monthly plotted SDI data for the nine years. Daily rainfall and daily maximum 
temperature data were supplied by the BMG meteorological station at Palembang 
airport. Monthly rainfall recorded at Palembang (1990-1998) is shown in Table 1. 
 
In years of average to above average rainfall (1990, 1992, 1993, 1995, 1996 and 1998) 
the SDI, and thus fire danger, reached its peak in August or September. In some years 
these peaks entered the high danger range but only for a short period of time. 
 
In drought years (1991, 1994 and 1997) the SDI reached its maximum attainable level 
(2000) for either two or three months. In 1994 the peak occurred during August and 
September, while in 1991 and 1997 peak values continued for an additional month and 
ran from August to October.  
 
 
Table 1. Monthly rainfall for 1990-1998 recorded at the BMG Palembang Airport    

meteorological station, South Sumatra. 
    

 
Year  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

1990 211 606 216 222 247 274 33 73 42 58 204 390 2576 

1991 190 298 423 236 167 58 2 0 34 18 286 550 2262 

1992 187 385 285 349 120 68 110 59 78 379 227 367 2614 

1993 229 243 311 340 90 203 150 65 40 96 659 370 2796 

1994 245 194 348 239 100 61 52 0 100 100 241 503 2183 

1995 497 415 360 280 206 187 78 187 122 258 232 297 3119 

1996 191 248 273 202 128 273 151 106 100 419 225 185 2501 

1997 147 294 328 422 275 61 3 1 0 4 124 409 2068 

1998 255 216 437 202 258 232 123 332 255 268 400 400 3378 
Mean 239 322 331 277 177 157 78 91 86 178 289 386 2610 

 
Note: Mean annual rainfall (1951-1998) at Kenten BMG station 10 km from the airport is 2621 mm; 
remarkably similar to the nine year mean of 2610 mm recorded at the airport. 

 
The climate in Palembang is not representative of South Sumatra. The agroclimatic 
mapping of Sumatra by Oldeman, Las and Darwis (1979) shows a gradient of 
increasing annual rainfall from the coast east of Palembang westwards to the Bukit 
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Barisan mountains. The monthly distribution of rainfall also differs between east and 
west. The eastern part of the province has, on average, two to three consecutive dry 
months with rainfall less than 100 mm. The western part only one or no dry months 
(Table 2).  
 
Table 2. Mean monthly and annual rainfall for Palembang and Kayu Agung (east South 

Sumatra) and Lahat and Muara Enim (west South Sumatra). Dry months 
(<100 mm) shown in red. 

 
Mean monthly rainfall (mm) Station 

(Years of record) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Annual 
total 

 
Palembang (Airport) 

(1990-1998) 

 
239 

 

 
322 

 
331 

 
277 

 
177 

 
157 

 
78 

 
91 

 
86 

 
178 

 
289 

 
386 

 
2610 

 
Kayu Agung 
(1931-1957) 

 
309 

 

 
270 

 
334 

 
259 

 
176 

 
113 

 
86 

 
98 

 
98 

 
172 

 
291 

 
329 

 
2535 

 
Lahat 

(1931-1959) 

 
508 

 

 
374 

 
354 

 
293 

 
215 

 
147 

 
120 

 
166 

 
165 

 
253 

 
303 

 
405 

 
3303 

 
Muara Enim 
(1931-1951) 

 
479 

 

 
383 

 
348 

 
319 

 
217 

 
170 

 
113 

 
193 

 
208 

 
255 

 
298 

 
435 

 
3418 

 
Rainfall is the primary inhibitor and supressant of vegetation fires. This climatic 
difference thus reflects a lower fire danger in the west of the province. A similar east to 
west decrease in fire danger is found throughout Sumatra. However, the island’s 
climate is essentially humid and 85 percent of Sumatra has a dry season (monthly 
rainfall less than 100 mm on average) of less than two months. If undisturbed forest 
cover remained the risk of wildfires would be negligible, even during the periodic 
drought years. However the major deforestation and degradation of the natural 
vegetation cover that has taken place over the last few decades has greatly increased 
the risk of fire. 
 
Palembang meteorological data have been used to examine the correlation between the 
number of NOAA-detected fires (hot-spots) in South Sumatra province and the 
calculated SDI in 1997 and 1998. The relationship is shown in Figure 1 and Figure 2. 
 
Statistical analysis of the data showed a high positive correlation coefficient of 0.69, 
significant at the 0.1 percent level between SDI and fire numbers. A similar comparison 
between the number of hot-spots and the monthly rainfall alone showed a weaker 
correlation of -0.55, significant at the 1 percent level. The SDI therefore provides a 
better measure of, and is a more reliable predictor of, fire occurrence than rainfall 
alone.  
 
Meteorological data from Bandarlampung (Lampung province), Bengkulu (Bengkulu), 
Jambi (Jambi) and Pekanbaru (Riau) were used to calculate SDI and fire danger in 
1998. (The plotted SDI values are given in Annex 1). Analysis of one year’s data is 
insufficient to establish regional trends in fire danger but the results suggest that the 
annual variation in the provinces that lie to the north of South Sumatra, is more 
complex than the annual variation in southern Sumatra.  
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Fire danger in Riau province to the north varied from low to moderate levels 
throughout 1998. The province has a bimodal pattern of rainfall distribution (Oldeman, 
Las and Darwis, 1979). The absence of clearly defined, prolonged wet and dry seasons 
may explain – at least in part – the fluctuating fire danger ratings. 
 
To the south in the provinces of South Sumatra, Bengkulu and Lampung there is a 
single dry season and the time of maximum fire danger clearly corresponds to this. 
Jambi province, lying between South Sumatra and Riau, appears to have an annual 
pattern of fire danger intermediate between those of its neighbours. 
 
Further analysis of historical weather data is needed to establish if there is indeed a true 
regional variation in the seasonal pattern of fire danger as reflected by drought indices.  
 

Fire danger warnings are issued by FFPCP to provincial offices in Sumatra and also to 
national forestry offices when the SDI exceeds 1000 (moderate fire danger) and 
continue to be sent on a weekly basis while the index remains above this level. In 1997 
the first danger warnings were sent at the end of May, two months in advance of the 
outbreak of the extensive and serious wildfires that followed in August. By mid-June 
the SDI had entered the high danger level  (>1500), a clear indicator of immediate fire 
risk. 
 
In 1998 none of the Sumatra provinces monitored by FFPCP registered SDI values that 
indicated a high danger of fires. And, indeed, there were few serious fires recorded 
apart from some prolonged fires in Riau province associated with large scale land 
clearance. In South Sumatra SDI values rose in July and presaged the sharp increase in 
the number of fires recorded in September (Figure 2). 
 
Fire danger estimates based on the SDI calculation using Palembang weather data 
produced realistic results for the two contrasting years of 1997 and 1998. The method 
is being introduced at five District Fire Centres supported by FFPCP in South Sumatra 
Provinces (Nicolas, Anderson and Pansah, 1999). 
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3. REGIONAL VARIATION IN NDVI AND 
THE PREDICTION OF FIRE DANGER 

 
 
 
Regional Variation in NDVI in Average and Wet Years 
 
In years of average (1996) and above average (1998) rainfall, the large-scale regional 
variation in NDVI throughout Sumatra was small. The west and north of the island 
tended to have higher NDVI readings (greener in the composite images), that 
correspond to the higher rainfall in these regions and to the sizeable areas of forest not 
yet  exploited. 
 
Elsewhere in Sumatra the detailed variation in NDVI in 1996 and 1998 was complex. 
Small-scale variations were associated with the mosaic of land-uses and natural 
vegetation types. Many of the low NDVI areas persisted from month to month. Some 
were presumed to be cleared arable land ready for planting to field crops in the next 
growing season. Others were likely to be reflections from areas with particularly low 
soil fertility and thus sparse vegetation cover. The third category of areas with 
persistently low NDVI was those damaged by recent fires; vegetation had either been 
destroyed or its photosynthesis severely inhibited. 
 
In 1996 and 1998 there were several larger areas with periodically low NDVI readings 
within the overall mosaic (Map 1). One to the south of the South Sumatra - Lampung 
border was related to intensive agriculture. Another occurred in Riau and extended 
from the provincial capital, Pekanbaru, northwards to Dumai on the coast and 
eastwards to the Kampar peninsula. An over-flight in November 1998 showed that the 
area was undergoing rapid development;  
 
• there has been extensive clearance for estate and small-holder oil palm plantations, 
• the petroleum industry had cleared large areas with extensive loss of soil and 

vegetation cover, and 
• wetland areas had been deforested for transmigration sites, now abandoned 

probably as the soils were found to be infertile. 
 
 
Regional Variation in NDVI in Drought Years 
 

The 1997 time series of NDVI composites (Annex 2, Maps 4a – 4c) shows a 
progressive loss of greenness throughout Sumatra from July to November, a marked 
contrast to 1996 and 1998. This decline in photosynthetic activity corresponded to a 
period of negligible rainfall over much of Sumatra. From 1 June to 15 November 1997 
the total rainfall recorded at Palembang Airport was 86 mm, with less than 10 mm from 
July to October. (By contrast, rainfall in 1996 and 1998 for the same period was 1092 
mm and 1396 mm.) 
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Low NDVI values predominated in Lampung and Riau provinces by July 1997 and  
spread to South Sumatra and Jambi in August as the vegetation dried out. In 
September there was a major outbreak of smoke producing fires in the by now severely 
drought affected ‘wetlands’ of South Sumatra, Jambi and Riau. These fires continued 
to burn until the second half of November when they were supressed by the on-set of 
heavy rain at the start of the rainy season. The image composites for the drought period 
clearly show the smoke haze (Map 4b, September and November). Some of the smoke 
source fires detected by NOAA are superimposed on the NDVI image composite for 
October 1997 (Map 3). 
 
The only areas that showed NDVI evidence of vegetation growth at the start of 
November 1997 were the extreme south of Lampung Province, a number of the islands 
in Riau Province and parts of North Sumatra Province. With the onset of the main 
rainy season, composites showed increased greenness particularly in the west of 
Sumatra and in the coastal and inland swamps of Riau. 
 
Fire scars are clearly visible on the April 1998 composite (Map 2) as brown areas in 
Pampangan due east of Palembang. In Jambi Province similar evidence of the major 
1997 fires can be seen east of Jambi town where fires encroached on Berbek National 
Park. In Riau Province areas with very low NDVI values are evident to the south of the 
Kampar River estuary, an area with a history of fires. 
 
Pampangan was over-flown by FFPCP in September 1998. Well over half the area of 
the wetlands was seen to have burnt in the 1997 fires. The great majority of the valued 
and thus heavily exploited Melaleuca cajuputi (gelam) woodland was found to have 
been destroyed. Perhaps half the skeletal trees remained standing, the remainder had 
fallen where fire had burnt the peat and roots. At the time of the flight all the land was 
wet and some was flooded, but almost no regeneration had started. It seemed that 
much of the peat soil had been destroyed and with it any seeds to start the regenerative 
process (Plate 1). 
 
The Prediction of Fire Danger based on NDVI 
 
Research was commissioned by FFPCP in 1997 to investigate the value of NOAA 
derived vegetation indices in estimating fire danger and in identifying regions with fire 
risk due to human activity (Ceccato, 1998). The major conclusion of the investigation 
(which used NOAA data from 1996 and 1997) was that further research and validation 
was required to quantify the factors that determine fire danger before any operational 
system based on satellite data could be put to practical use. These factors were: 
 
• vegetation status in terms of moisture, 
• weather (rainfall, temperature, wind, humidity), 
• elevation and slope, 
• fuel type and fuel load, 
• fire risk associated with human activities. 
 
The results reported here are a part of the further research and validation exercise 
arising from the work of Ceccato. The first factor examined was the moisture status of 
the vegetation, which was estimated at a regional level using NOAA vegetation index 



 8

products. Information on the second, weather data, was readily available from the 
network of BMG stations in Sumatra and these were also added as a factor in the 
calculation process.   The three remaining factors - site, fuel and human influence – 
were also looked at. However, they proved impossible to quantify at a level 
appropriate to the needs of provincial fire managers and are thus not included. (It is 
most improbable that such quantification wil be possible in the forseeable future). 
 
Seasonal changes in vegetation status at the broad regional level can be monitored 
using MVCs and post-fire damage to vegetation when sufficiently severe and extensive 
can be identified. But the conclusion is that NDVI data are of no value as a practical 
predictive tool at field-based provincial level. As a guide to fire early warning NDVI 
work should be considered no more than a low priority research option. 
 
 
Plate 1.  Coastal wetlands in Pampangan, OKI District, destroyed by fire in September 

– November 1997 during a severe drought. (Photographed in September 
1998 by which time the land had re-flooded). 
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Abbreviations and Acronyms 
 
AVHRR Advanced Very High Resolution Radiometer 
BMG Badan Meteorologi dan Giopisika (Agency for Meteorology and Geophysics) 
EU European Union 
FFPCP Forest Fire Prevention and Control Project (EU) 
IDRISI Image processing software 
GIS Geographic Information System 
MVC Maximum Value Composite 
NDVI Normalized Difference Vegetation Index 
NOAA National Oceanic and Atmospheric Administration (weather satellite with daily  

worldwide coverage) 
SDI Soil Dryness Index 
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Annex 1 
 
CALCULATION OF THE FIRE DANGER RATING 
(SOIL DRYNESS INDEX) 
 
The fire danger rating is an approximate measure of soil dryness. As soils become drier 
the vegetation they support also dries and thus is more liable to burn. 
 
The Soil Dryness Index (SDI) is calculated on a daily basis from rainfall and maximum 
temperature both of which affect evapo-transparation. The level of SDI on a scale 0-
2000 represents, in 0.1 mm units, the rainfall needed to restore soil moisture to field 
capacity in the surface 1.2 metres of soil. Field capacity is the water remaining in a soil 
when free drainage has ceased following saturation. For example, an index of 800 
means that 80 mm of rain are required to restore soil moisture to field capacity. When 
soils are at field capacity it is assumed that the vegetation is free of water stress and 
thus unlikely to burn. 
 
The link between SDI and vegetation flammability is approximate and the method used  
fails to take into account at least three major variables: (i) the water holding capacities 
of soils are highly variable, depending on soil type, texture and drainage conditions; (ii) 
non-infiltrating rainfall intercepted by vegetation cover or lost to run-off is not 
considered and; (iii) the soil water holding capacity of 200 mm assumed in the 
calculations is on the high side (Weidemann, 1999), as it is representative of deep, 
clayey soils but not sandy or shallow soils. Despite these deficiencies and 
approximations, preliminary evaluation of the method as described in this report 
suggests that the SDI results are valid and useful. 
 . 
The daily rainfall and temperature are applied in a table to calculate the number of units 
of rise or fall on the SDI scale (Table 3). An Excel program has been written to 
facilitate calculations. 
 
Table 3.  Daily calculation of the Soil Dryness Index 
 

Date 
Rainfall 

(mm x 10) 
Soil Dryness 
Index - am 

Yesterday’s 
maximum 

temperature 
(°C) 

Evapo-
transpiration 

Soil Dryness 
Index - pm 

Feb 16 160 1322 32 67 1389 
Feb 17 50 1339 33 67 1406 
Feb 18 0 1406 32 20 1426 
Feb 19 390 1036 28 45 1081 

 
Column 1. Current date 
Column 2. Take 24-hour rainfall measured at 0800 hrs on the current day, in mm x 10 
Column 3. Present day morning SDI (yesterday’s afternoon SDI less Column 2) 
Column 4. Take yesterday’s maximum temperature 
Column 5. Read equivalent evapo-transpiration from Table 4 below 
Column 6. Present day afternoon SDI (morning SDI plus evapo-transpiration) 



 11

Table 4.  Estimation of evapo-transpiration from daily maximum temperature and SDI 
 

Temp                  
 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

SDI                  
0-250 0 4 8 12 16 20 24 29 35 40 46 51 57 62 68 73 79 

251-500 0 3 6 8 10 13 17 22 28 33 29 44 50 55 61 66 72 
501-1400 0 0 1 3 5 8 12 17 23 28 34 39 45 50 56 61 67 
1401-1650 0 0 0 1 3 4 5 7 8 10 11 13 14 16 17 19 20 

1651+ 0 0 0 0 1 1 2 3 3 4 5 5 6 7 7 8 9 

 
 
 

The fire danger rating for the day is assessed from Column 6 in Table 3. The rating 
values are described as: 
0 to 1000:  low fire danger 
1001 – 1500: moderate 
1501 – 2000: high 

 

Daily maximum temperature (°C) 

Evapo-tranpiration (mm x 10) 
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Annex 2   
 

THE NORMALISED DIFFERENCE VEGETATION 
INDEX   
 
 
The Normalised Difference Vegetation Index (NDVI) is used as an empirical method 
to assess both the amount of vegetation and its photosynthetic activity. 
 
The low reflectance of green plants in the visible region of the electromagnetic 
spectrum (detected by AVHRR channel 1) is caused by its strong absorption by 
chlorophyll. In contrast, the high reflectance in the near-infrared (detected by the 
AVHRR channel 2) is a result of these wavelengths being scattered by cell walls and 
other internal structures. 
 
Vegetation indices are applied to NOAA-AVHRR channel 1 and channel 2 daytime 
images to enhance the contrast between areas with actively photosynthesising biomass 
and those with a sparse vegetation cover or where the vegetation has dried. 
 
The NDVI is calculated as (channel 2 - channel 1) / (channel 2 + channel 1) 
where channels 1 and 2 are respectively, the red and near infrared reflectance. 
 
The equation produces values in the range of minus 1.0 to plus 1.0. The programme 
used by FFPCP to create NDVI images is described in Anderson, Imanda and 
Muhnandar (1999). It typically produces values in the range -0.3 to +0.65 which are 
stretched over the available pixel intensity range, i.e. 5 to 250. Positive index values of 
0.0 to 0.2 correspond to bare soils, and values of + 0.21 to + 0.60 indicate an 
increasing presence of green vegetation. 
 
For viewing, a green scale is applied so that areas with a low NDVI appear yellow or 
brown and areas covered by actively growing vegetation appear green. 
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