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PREFACE    
 

The South Sumatra Forest Fire Management Project (SSFFMP) is a 
technical co-operation project jointly funded, in terms of the 
financing memorandum IDN/RELEX/1999/0103, by the European 
Commission and by the Government of the Republic of Indonesia 
through the Ministry of Forestry (MoF). 

This report has been completed in accordance with the project 
Second annual Work Plan (AWP II) and 

in fulfilment of Activity 3.1.1.3 “conduct a landcover, landuse and 
peat distribution mapping study in the priority areas, and train 
counterparts / target groups on-the-job” 

and Activity 4.1.2 “Provide technical assistance on management & 
organization to relevant agencies to support improvements to the 
fire detection and early warning system” 

to achieve Result 3 “to creat capacities and support initiatives to bring 
land and natural resources under sustainable management” and 
Result 4 “to support government and non-government organizations 
to establish systems to monitor the impact of improved fire 
management on the environment and people and the results of the 
work place in the public domain” 

to realise the five-year project purpose, which is “Aid and facilitate 
the establishment of a coordinated system of fire management at 
province, district, sub district and village level throughout South 
Sumatra province in which all involved stakeholders, including the 
private sector, work together to reduce the negative impact of fire 
on the natural and social environment.” 

This report has been prepared with financial assistance from the 
Commission of the European Community. The opinions, views and 
recommendations expressed are those of the author and in no way 
reflect the official opinion of the Commission.  

The report has been prepared by:  

• Prof. Dr. Florian Siegert  

 

The report is acknowledged and approved for circulation by the 
Project Co-Directors when duly signed below. 

 

Palembang, 15 September 2004 

 

 

 

Dr. Ir. Dodi Supriadi Dr. Karl-Heinz Steinmann 
National Co-Director EU Co-Director 
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Executive Summary 
 
 

Fire has become a serious, recurring problem in Indonesia since the early 1980s 
when large scale conversion of lowland forests and peat swamp forests to agricultural 
land was initiated by the Indonesian Government’s transmigration programme and 
formerly remote forests have been opened up by logging companies. Fire became the 
principal tool of deforestation and is used during every dry season to clear land. The 
predecessor EU funded fire management project in Palembang (FFPCP) identified as 
major causes for fire in South Sumatra land preparation by farmers for agriculture, land 
clearing for the establishment of estate crops, plantations and transmigration areas, 
hunting and accidental and arson fires. 

 
These findings suggest that for successful fire management it is important to develop 

an in depth understanding of the dependence/linkage of fire and land use. As long as fire 
is used extensively for unsustainable land management there will be an extreme risk that 
fires become out of control and escape into the remaining forests resources or burn the 
extensive peat layers, which leads to the release dense smoke, haze and huge amounts 
of carbon. Tropical forests are not adapted to damage by fire and usually fire leaves huge 
amounts of unburnt biomass. This biomass consitutes an ideal fuel for coming fires. 
Forests, which have been burnt once, are much more likely to burn repeatedly. 
 

Major objective of this consultancy was to provide SSFFMP with up-to-date digital 
maps on land cover/land use for three priority districts and to provide training on the job 
for SSFFMP staff and stakeholders in the production and usage of these maps. In addition 
we supported the preparation of a survey on the location, extent and volume of peat 
areas in the three priority districts. 
 
Major Findings  
 

- The land cover/land use map gives an good overview of the current condition of 
the natural resources and land use 

- No pristine forests remain in the three priority districts 
- 99,9% of all forests have been burnt at least once or logged over 
- More than 40% of the formerly forested land of the three priority districts is now 

covered by regenerating vegetation, which is especially prone to fire  
- Important types of land use could not be discriminated using Landsat imagery, 

e.g. sonor system and shifting cultivation 
- Plantations could not be discriminated from forest regrowth unambiguously as 

well as different types of plantations  
 
Recommendations 
 

- More precise information on land use is required for fire management/risk, e.g. 
sonor, small holder plantations, permanent versus shifting cultivation, because 
sustainably managed land is less likely to burn 
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- Higher resolution satellite imagery is required to assess land use in the required 
detail; in addition field/social data has to be collected and evaluated 

- Change monitoring is required, because recurrent fire and land use change the 
landscape quickly 

- The peatland survey is essential, because peats are especially prone to fire 
- The legend of the land cover/land use map should be harmonized with 

stakeholders 
- SSFFMP aims that the land use/land cover map should be accepted as official 

source of information by counterparts and stakeholders and will be endorsed 
 
More detailed map information will help to analyse the fire problem and to improve land 
use management and planning. Up-to-date map information is also the basis for fire 
prevention planning and it might be used to (re-)allocate resources in case of severe peat 
fires. 
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1. Introduction 
 

Uncontrolled wildfires became the greatest threat to the forest ressources of 
Indonesia. In 1997/98 alone more than 10 million hectares of forests, peatland and other 
vegetation have been affected by fire with serious consequences on forest and peatland 
ecosystems, local livelihood and health problems linked to haze (Taconi, 2003).  
 

Forest and peatland fires have been a recurring problem in Indonesia since the 
early 1980s when large scale conversion of lowland forests and peat swamp forests to 
agricultural land was initiated by the Indonesian Government’s transmigration 
programme. Fire became the principal tool of deforestation and is used to clear land 
during the dry season by both small farmers and large plantation owners alike. The 
occurrence of extended periods without rain in El Nino years, however, provided drier 
conditions for longer periods. Major fire disasters with several hundred thousands of 
hectares burnt were linked to El Nino droughts in 1991, 1994, 1997/98 and 2002. The 
release of huge amounts of smoke haze affected not only people locally but extended 
over distances of several thousands of kilometers across the Southeast Asian region 
leading to repeated political disputes between Malaysia and Indonesia on the haze issue. 
 

Fires in tropical peat swamp forest are especially damaging to the environment and 
health (Aldhous, 2004). Peat is partly decomposed plant material which has accumulated 
where the soil is water logged for several months per year. Tropical peat soils support a 
highly specialized, species rich forest ecosystem with a high level of endemism, the so 
called peat swamp forests. The combination of an extremely long El Nino of 6 months in 
1997, linked with the conversion of over one million hectares of wetland (mostly peat 
swamp forest) in Central Kalimantan led to the most severe and damaging fire event 
ever experienced in Indonesia. The failed Mega Rice Project disrupted the peat swamp 
forest ecosystem over an area of at least one million hectares and it became fire prone. 
An area of around 55% of this landscape burned in 1997 releasing about 0.15 billion 
tonnes of carbon into the atmosphere while peatland fires throughout Indonesia as a 
whole liberated 1-2.5 billion tonnes of carbon equal to 15-40% of the annual global 
carbon emissions from the burning of fossil fuels (Page et al. 2002). Fires reoccurred in 
Kalimantan in 2002, although with less severity than in 1997 but nevertheless these 
resulted in a further loss to the atmosphere of large amounts of carbon (Rieley et al., 
2004; Bechteler & Siegert, 2004). 
 

This was a disaster of catastrophic proportions that not only released vast amounts 
of carbon from the peat store to the atmosphere as carbon dioxide, methane and soot 
but it also affected human health. In addition, it has led to increased flooding of these 
vast landscapes in the rainy season, because the peatland has lost much of its water 
absorption and retention properties. There are increasing periods of protracted drought in 
the dry season because the drainage channels excavated for agriculture and human 
settlement enable water to flow from the peatland quicker than in their natural state.  
 

Beside Kalimantan the most destructive fires occurred in the wetlands of Sumatra. 
Wetlands cover over 11 million hectares, equivalent to 23 percent of the total land 
surface of Sumatra. By far the largest wetlands are found in Riau province (4.75 Mha) 
and South Sumatra (3.2 Mha). Many of these wetlands are peatlands with up to 10 
meters of depth. Very detailed studies on peat depth and peat volume in Central 
Kalimantan showed that the peat layer may be up to 18 meters thick resulting in a 
carbon store of several Gt (Page et al., 2002; Siegert et al., 2004). Studies suggest that 
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tropical peat lands may store up to 20% of terrestrial carbon globally, however, this 
estimate is currently based on not very solid ground and must be reviewed by additional 
surveys (Rieley et al., 2004). 
 

South Sumatra holds large areas of peat mainly located close to the coast 
(Wetlands International, 2004). Inland peat areas occur in Oki regency and in north 
Muba regency. Since the late 80’s South Sumatra has lost almost 90% of it’s original 
cover of peat swamp forests. The loss of this ecosystem has been well documented by 
the EU funded Forest Fire Prevention And Control Project (FFPCP), a bilateral co-
operation between the Government of Indonesia and the European Union (see Anderson 
et al., 1999a,b; Bowen et al., 1999; Bompard & Guizol, 1999). Major fire-prone zones 
are located in the districts of Banyuasin, Musi Banyuasin, Ogan Komering Ilir (Figure 1) 
and their inland peat swamps and coastal wet-(peat) land areas.  
 

 
Figure 1. Province of South Sumatra and the three priority Banyuasin, Musi Banyuasin, 

Ogan Komering Ilir districts. 
 

Major causes for fire in South Sumatra were/are land preparation by farmers for 
agriculture, land clearing for the establishment of estate crops and plantations, 
transmigration schemes, hunting and accidental and arson fires. In one of their reports 
“Fire zones and the threat to the wetlands of Sumatra, Indonesia, with notes on the 1999 
fires” Anderson & Bowen state that  
 

- All vegetation fires in Indonesia are started by man (with the exception of some 
fires started from burning coal seams) 

- The fires are deliberately lit to clear land for arable farming, for new estate crops 
or, on occasion, to aid hunting, fishing, etc. 

- It follows that those who start the fires do not wish to extinguish them before 
they have done their work and appeals for them to do so will fail. 

 
Burnt peat swamps are a major fire hazard. With increasing drought and a lowering 

of the water table, the peat layer progressively dries out and becomes flammable. The 
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post-fire condition of the peatlands is such that they are open and exposed to the 
climatic elements and, therefore, they become much more susceptible to erosion and at 
risk of future fires. The desiccation and exposure of the peat substrate results in 
oxidation of the biomass and subsequently in a more rapid subsidence.  
 

Repeated use of fire as applied by the so called sonor rice farming system 
ultimately converts peat swamp forests into swampy grasslands where fires can be 
controlled only with great difficulty during the dry season (Chokkalingam et al., 2004). 
The absence of roads and limited river access make the task of reaching and carrying fire 
fighting equipment to such fires almost impossible. 
 

This has to be considered when planning fire management in South Sumatra. It is 
not sufficient to simply focus on technical aspects of fire management such as fire 
suppression efforts and related equipment needs (Hoffmann, 2004). Although in 
Indonesia the use of fire for land preparation is prohibited, only private companies but 
not impoverished settlers and smallholders can financially and technically afford the 
implementation of other means of land preparation. Since fires are deliberately set to 
prepare land for agricultural use the focus must be on Community Based Fire 
Management (CBFiM) and prevention measures including substantial environmental 
campaigns and awareness rising and promoting responsible and environmentally safe fire 
use.  
 

One important component of successful fire management in South Sumatra is an in 
depth understanding of the dependence/linkage of fire and land cover and land use. As 
long as fire is used extensively for such unsustainable land management practices as the 
sonor system or for land clearing for estate crop plantations there will be an extreme risk 
that fires become out of control and escape into the last remaining forests resources. On 
the other hand, huge amounts of unburnt biomass remain in burnt peat swamp forests. 
This biomass constitutes an ideal fuel for coming fires.  

 
Major objective of our consultancy was to provide SSFFMP with up-to-date digital 

maps on land cover/land use for three priority districts and to provide training on the job 
for SSFFMP staff and stakeholders in the production and usage of these maps. In addition 
we supported the preparation of an in depth survey on the extent of peatland in the 
three priority districts. 
 
Main tasks were to: 
 

• Recommend suitable satellite imagery to be procured by the project for its land 
use / cover & land system / unit mapping activity in the South Sumatra Province, 
as well as for its fire impact mapping/monitoring activity  

 
• Analyze & classify Landsat ETM 7 images of the year 2003 covering the three 

priority districts in the SSFFMP working area (District OKI, Banyuasin and MUBA) 
according to 

• Land system / unit types  
• Current land use / land cover types  
• Infrastructure  
• Rivers / Canals 
• Settlements  

 
• Conduct a ground-truthing survey 
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• Cross-check the classification result with existing data and together with the 

project’s counterparts & stakeholders 
 

• Integrate the results in the spatial database.  
 

• Support / advise the leader of the field-survey team on preparation, 
implementation and analysis and overall quality control of the peat-body field-
survey. 

 
• Work together with the project’s stakeholders/counterparts on a on-the-job 

training basis. 
 

• Reporting 
 
• Prepare a presentation of the Assignment’s Results for stakeholders / 

counterparts, in coordination with SSFFMP staff 
 

• Collaborate with the peat field-survey team, SSFFMP TA staff, other SSFFMP 
consultants, and counterparts to achieve efficient team-work 

 
 
 

2. Procurement and recommendations for satellite 
imagery 
 
 

Three Landsat ETM scenes were required to cover the area of the three priority 
districts in South Sumatra (Figure 2) 
 
The following Landsat scenes were provided by SSFFMP: 
 
124-62    acquired 16.5.2003 
124-63    acquired 16.5.2003 
124-61    acquired 18.9.2002 
124-62    acquired 18.9.2002 
125-61    acquired 18.9.2002 
 

Since most of the peat swamp forests in South Sumatra have been destroyed by 
fire in recent years we found it usefull to procure Landsat TM images acquired before 
these fires in order to better estimate the original extent of the peat swamp forests and 
subsequently peatland. A database search showed two suitable Landsat TM scenes were 
acquired in 1992. Therefore RSS procured the following Landsat scenes: 
 
124-62    acquired 26.6.1992 
125-61    acquired 16.5.1992 
 

Digital elevation data is very usefull as ancillary data for mapping. In this specific 
case we found SRTM data specifically helpful to identify dome shaped peat areas. The 
Shuttle Radar Topography Mission, a specially modified radar system onboard the Space 
Shuttle Endeavour, gathered elevation data in February 2000 for the whole globe. The 
SRTM DEM is the most accurate and complete topographic map of the Earth's surface 
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available. SRTM data for South Sumatra was downloaded for free and integrated into the 
spatial database at SSFFMP.  

 
Modis and NOAA AVHRR hotspot data of active burning fires is received by SSFFMP 

regulary by email. 
 
The survey about suitable satellite data for land cover/land use mapping included 

also higher resolution satellite imagery. Using Landsat mapping scale is restricted to 
1:50.000. For some regions in the province it might be usefull to have land cover/land 
use maps available at scale 1:25.000 or better. SPOT 5 is optimized for mapping the land 
surface and provides 5 panchromatic and multispectral bands in the visible and short-
wave infrared portions of the spectrum at high spatial resolution (Table 1). The cost-
benefit ratio is excellent.  

 

Spectral band HRG VEGETATION HRS 

PA 0.49 -0.69 µm  2.5 m* or 5 m - 10 m 

B0 0.43 - 0.47 µm  - 1 km - 

B1 0.49 - 0.61 µm 10 m -  - 

B2 0.61 - 0.68 µm  10 m 1 km - 

B3 0.78 - 0.89 µm 10 m 1 km - 

SWIR 1.58 - 1.75 µm 20 m 1 km - 

Swath 60 km 2250 km 120 km  
 

Table 1. Spectral bands and resolution of SPOT 5 instruments  
 
We endorse the project decision to use SPOT 5 imagery for high resolution mapping 

of agricultural areas and plantation areas as rubber, oil palm and pulp wood. The 
identification of areas of high economic value is important information for the planned 
fire information system. 

 
We recommend that future monitoring of land cover and land use change should be 

done using Landsat ETM imagery. This data is cheap and several stakeholders have 
already some experience with the interpretation of Landsat imagery. 
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A 

 

B 

 

C 

 
Figure 2. The three priority districts in the Province of South Sumatra and the coverage 
by Landsat imagery (RGB: bands 5,4,3). A. Landsat image mosaic, 2002 (dry season), B. 
Landsat image mosaic, 2003 (wet season), C. Landsat image mosaic, 1992 (dry season). 
Red polygon: area of interest for land cover/land use mapping. 
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2. Digital processing and classification of Landsat ETM 
imagery 
 
This task included the processing, georeferencing and classification of three Landsat 
images. The following steps were carried out (Figure 3): 
 

1. Georeferencing: the Landsat ETM images were georeferenced using the header 
file information. The result was compared to available GPS measurements taken 
during the field survey. Accuracy was +/- 3 pixel (equals +/- 90 meters). 
Projection parameters: WGS84, UTM, Zone 48 North. This value can be improved 
using the GPS measurements, however, due to problems with the georeferencing 
of other GIS data sets, this will be done at a later stage by SSFFMP. 

2. Image subsetting to remove bad pixel values along image borders 

3. We decided to use the Landsat mosaic of 2002, because only this dataset covered 
the complete area of the priority sites. In addition the images of 2002 were 
acquired in the dry season and have much more contrast/soil signal that allows to 
discriminate more classes than in images acquired in the wet season (compare 
Figure 2A and B). 
 
More recent imagery was not considered for evaluation because of the lower 
image quality due to the so called SLC-off instrument failure. Since 31 of May 
2003 unusual artifacts began to appear within image data collected by the 
Enhanced Thematic Mapper plus (ETM+) instrument. These artifacts are 
consistent with a failure of the instrument's scan line corrector (SLC), which is an 
electro-mechanical device that compensates for the forward motion of the 
spacecraft. The primary difference between an SLC-off Landsat 7 product 
compared to data collected prior to the anomaly will be the presence of duplicated 
data in the SLC-off image for Level One Radiometrically Corrected (L1R) data. In 
the case of a Level One Geometrically Corrected (L1G) product, the USGS 
processing systems replace the duplicated image data with null values (zero fill) 
and apply a small (2-pixel) interpolation along the scanline boundary. The SLC-off 
impacts are most pronounced along the edge of the scene and gradually diminish 
toward the center of the scene. The middle of the scene (approximately 22 
kilometers) contains very little duplication or data loss, and this region has the 
same quality as previous Landsat 7 image data. 
 
Classification was done using the image segmentation software eCognition. The 
eCognition software follws the concept that important information in an image is 
not represented by a singe pixel but by meaningful objects with specific properties 
such as colour, shape, texture, context and spatial relation. Compared to pixel 
based classification procedures eCognition does not classify single pixels but 
rather image objects which are extracted by image segmentation. These image 
segments were then used for the classification. Image objects with similar 
properties were combined into the desired classes using class descriptions and 
training sites refered from ground knowledge (Figure 4). 
 

4. Preliminary definition of legend; assignment of land cover classes according to 
unique object properties such as colour, shape and texture.  
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The final legend (Table 1) is based on the Puslit Tanah legend which in turn is based on 
REGIONAL PHYSICAL PLANNING PROJECT FOR TRANSMIGRATION (RePPProT) (Hikmatullah 
et al.,1990; Hidayat et al., 1989). 

For the classification process a preliminary legend based on the FAO Land Cover 
Classification System LCCS scheme was defined by RSS. The legend was refined in 
intense discussions with SSFFMP staff and during a workshop with stakeholders. Special 
emphasis was given to existing experiences and legend definitions of different 
stakeholders.  

 

3. Legend definition 

 

 

 
Figure 3. Image processing and classification work-flow.  

6. Visual on-screen control of classification and improvement of classification result. 
Errors were eliminated by a systematic visual control. Cloud and cloud shadows 
(especially those to the East and West) have been deleted whenever it was 
possible to guess the correct class below. The 2003 image mosiac was used als 
additional source of information for this procedure. 

 

5. GIS setup and conversion of the classification result into ArcView shp format.  



CODE Puslit Tanah Class (English) Puslit Tanah Class (Bahasa Indonesia) SSFFMP Legend 
B Bush, scrub, normally regrowth following cultivation Belukar, biasanya pertumbuhan kembali Bush, scrub, normally regrowth 

following cultivation 
Hg Peat swamp forest 

 
Hutan rawa gambut 
 

Peat swamp forest  
 Hg-A 

 

    
    

    

- undisturbed
Hg-B   - open,canopy closure <75% (logged 

over) 
Hg-C   - burnt, regenerating forest  dense  
Hg-D   - burnt, regenerating forest sparse 
Hh Lowland forest usually < 1000 m altitude Hutan dataran rendah (biasanya < 1.000 m ketinggian)* Lowland evergreen forest < 1000 m 

altitude, pristine 
Hx Lowland forest, logged Hutan primer yang dipotong kayunya Lowland evergreen forest, <75% 

(logged) 
111d  Lowland forest, fragmented  Lowland evergreen forest, fragmented 
Hr Swamp forest Hutan rawa yang tidak dibedakan* Swamp forest 
Hr-B   - open,canopy closure <75% (logged 

over) 
Hr-C   - burnt, regenerating forest  dense 
Hr-D   - burnt, regenerating forest sparse 
Hs Riparian forest on meander belt 

 
Hutan sepanjang sungai* 
 

Riparian forest on meander belt,   
 Hs-A - undisturbed,

Hs-B   - disturbed (dark green along rivers) 
Ht Tidal forest, undifferentiated; includes mangrove, 

nipah and palm 
Hutan payau, termasuk bakau, nipah, dan nibong* Tidal forest, undifferentiated; includes 

mangrove, nipah and palm* 
K Towns, villages, industrial areas, recreation areas, 

airports, and other settlements 
Kampung, kota, kawasan industri, daerah rekreasi, 
pelabuhan udara dan pemukiman-pemukiman lain 

Towns, villages, industrial areas, and 
other settlements 

L Shifting cultivation is characterised by a mosaic of 
scattered arable plots in regrowth of varying ages and 
forest types. This may include small plots of 
permanent cultivation and tree crops. 

Ladang dicirikan oleh adanya bentuk bidang-bidang 
lahan berupa suatu musaik dari lahan garapan yang 
terpencar-pencar dengan pertumbuhan kembali 
(belukar) dalam berbagai tingkat dan tipe-tipe hutan. 
Boleh mengandung bidang-bidang kecil suatu lahan 
garapan 

Shifting cultivation 

Pc Coconut Kelapa Plantation
Pk Rubber Karet Plantation
Pp Oil palm Kelapa sawit Plantation 
Ra Alang-alang Alang-alang Alang-alang
Rr Swamp including sedges, pandanus Rawa, termasuk rumput-rumput rawa (belidang/kerisan) Swamp including sedges, pandanus 
Sr Rainfed wetland rice Sawah tadah hujan Rainfed arable land 
10 Shrimp farm  Shrimp farm 

Table 1. The final legend based on the Puslit Tanah legend.
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Figure 4. Classification procedure. A. Classification result after segementation and 
segment fusion according to multispectral class properties. B. Classification result after 
visual on-screen control and elimination of clouds and cloud shadows.  
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5. Results of the land cover/land use mapping and set-up 
of a GIS  
 
Figure 5 shows the land cover/land use map for the study area within the three priority 
sites. The classification was done using the Landsat image mosaic of the year 2002, 
because this data set from the dry season allowed to discriminate more classes than the 
image mosaic of 2003, which was acquired in the wet seaon. In addition the 2002 mosaic 
has less cloud cover and covered a larger part of the area of interest. 

To the East and in the center of the priority area a dense pattern of clouds and cloud 
shadows interfered with the classification process. In order to obtain an up-to-date map 
information for all of the priority area we decided to merge cloud and cloud shadow 
polygons with the surrounding polygons/classes. In some instances this process led to 
wrong class assignments.  

To eliminate obvious errors caused by clouds we visually corrected wrong class 
assignments and polygon shapes by visual interpretation using the 2003 Landsat ETM 
mosaic as reference information, which is cloud free in the East and has less clouds in the 
center. 

Next we visually inspected the classification result of the complete priority area using a 
regular grid scheme. All serious and obvious errors were corrected by assigning new 
class names.  

To discriminate lowland forests from peat swamp forests we used the 1992 Landsat TM 
image mosaic and the SRTM DTM as additional information. Both forest types might be 
confused by the automated classification procedure, especially if they were degraded by 
logging or fire. Lowland forests were assigned for areas which showed a clear relief in the 
DTM. Peat swamp forests were assigned if there was no relief and if logging railways 
were visible in the 1992 image. 

To discriminate peat swamp forests from swamp forests we used the RePPProT peatland 
GIS layer. If this map indicated peat we assigned this area to peat swamp forests. 

Areas with little or low vegetation cover have occasionally a similar spectral appearance 
on dry and wet soils. In cases where these two classes, dry grasslands (Alang-alang 
dominated) and wetlands, could not be discriminated correctly by the automated process 
we used the DTM as additional in formation. Dry grasslands were assigned on ground 
with relief and wetlands on low elevations without relief.  

Shifting cultivation and rainfed arable land were discriminated according to their spectral 
appearance and spatial pattern. In fact actual land use, i.e. setting fire to clear the land 
in one year and move to the next plot the following year, might be quite similar for both 
classes. However, we decided to discriminate both, because this information is probably 
very meaningfull to fire management. Rainfed arable land were termed areas in well 
irrigated, coastal lowlands, where little forest is found and grass and bushlands are the 
dominating vegetation type. These regions are clearly discernible in Landsat images due 
to the strong soil signal. Land use is characterized often by the sonor farming system. On 
the other hand Shifting cultivation was assigned to areas on well drained soils. The 
vegetation is characterized by a complex pattern of regenerating forest vegetation of 
variable age mixed with recently burnt fields.  
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It was not possible to discriminate different types of plantation crops as oil palm, pulp 
wood, rubber etc.. Only one class - Plantations - was formed. It was also not possible to 
discriminate small holder plantations and regenerating forest. To solve this problem at 
least partially we suggest to use higher resolution of satellite imagery such as SPOT 5. 

 

Table 2 gives an quantitative overview on the current land cover/land use based on 
Landsat ETM satellite image classification. As can be seen there are almost none 
undisturbed forests left in the area (0.46%). Most of the peat swamp forests have been 
burnt at least once in the past 16 years (with reference to the 1992 satellite image) or 
have been logged over. The same was found for swamp forests on non-peat soils. Almost 
5% of the area are under shifting cultivation and more than 11% are rainfed arable land. 
7.57% are plantations of various types, as oil palm, pulp wood, rubber etc. 

Class Class 
label 

Polygon 
number 

Area (ha)  (%) 

Lowland evergreen forest < 1000 m 
altitude, pristine Hh 3 13994 0,46
Lowland evergreen forest, <75% 
(logged) Hx 3 45918 1,52
Lowland evergreen forest, fragmented 111d 9 120378 3,99
Peat swamp forest, undisturbed Hg-A 2 31 0,00
Peat swamp forest, open, canopy closure
<75% (logged over) Hg-B 92 234291 7,76
Peat swamp forest, burnt, regenerating 
forest dense Hg-C 542 430505 14,26
Peat swamp forest, burnt, regenerating 
forest sparse Hg-D 270 350597 11,62
Swamp forest, open, canopy closure 
<75% (logged over) Hr-B 6 7078 0,23
Swamp forest, burnt, regenerating forest
dense Hr-C 233 211009 6,99
Swamp forest, burnt, regenerating forest
sparse Hr-D 197 178382 5,91
Wetlands (swamp including sedges, 
pandanus) Rr 212 174236 5,77
Riparian forest on meander belt, 
undisturbed Hs-A 9 2794 0,09
Riparian forest on meander belt, 
disturbed Hs-B 49 65246 2,16
Tidal forest, undifferentiated; includes 
mangrove, nipah and palm Ht 51 171852 5,69
Plantation 420 157 228457 7,57
Bush, scrub, normally regrowth following
cultivation B 133 153909 5,10
Dry grasslands (alang-alang) Ra 38 30620 1,01
Shifting cultivation L 404 148966 4,94
Rainfed arable land Sr 39 344822 11,43
Shrimp farm 10 10 4396 0,15
Towns, villages, industrial areas, and 
other settlements K 10 18255 0,60
Water bodies 62 119 82364 2,73
Sum 3.018.105 100,00

Table 2. Area and percentage of current land cover/land use based on Landsat ETM 
satellite image classification. 

 17



 
 
Production of digital maps of land cover/land use  

 

 

 

Figure 5. Result of the land cover/land use classification based on a Landsat ETM image 
mosaic of the year 2002.  
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A GIS was set up for further analysis by SSFFMP. The following ancillary data sets were 
collected from SSFFMP to support map production and analysis: 

a) district boundaries,  

b) river system,  

c) road network 

d) settlements  

e) vegetation cover (Puslit Tanah, 1989) 

f) peat land map, (RePPProT, 1986). 

Figure 6 shows a comparison of the land cover/land use map based on 2002 satellite 
imagery and the RePPROT land cover map (based on information from the years 1988-
90). Generally there is a good agreement between both maps. Most significant 
differences result from deforestation and fire damage which occurred in these years.  
In addition the new land cover maps shows more spatial detail. 
 

 

 
Figure 6. Comparison of the land cover map (upper panel) with the RePPROT land cover 
map (lower panel). Same colors for same classes. 
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5. Field survey 
 
A three day field survey was conducted from 6.-8. August 2004. SSFFMP provided a car 
and speed boat for efficient transport. Beside Mr. Solichin the following counterparts 
joined the field survey: Day 1. Mr. Tajudin from Dinas Kehutanan OKI, Day 2. Mr. Tri 
from BKSDA OKI, Day 3. Mr. Wawan Sukawan from BKSDA MUBA 
 

 
Figure 7. GPS tracks of the field survey (red). 

  
Figure 8. Black water and thick peat layers. The location of the photographs is indicated 
by a red asterisk in Figure 7.  
 
The whole trip was recorded by GPS in the continuous track mode in which a location is 
stored every 20 seconds. The position of all ground observations and field photographs 
was also recorded. Figure 7 shows the tracks of the field survey superimposed on the 
land cover map. The route was selected in advance in such a way that most of the land 
cover classes relevant for fire management could be accessed in a short period of time. 
Mr Solichin took part in the field survey and was very helpful in arranging things in the 
field and in questioning local people. The field trip included several peatland areas where 
fire damage, forest regrowth and accessibility for the peat survey was checked.

 20



 
 
Production of digital maps of land cover/land use  

6. Preparation of the peat survey 
 
For successful fire management in South Sumatra it is important to know the location, 
extent and volume of peatlands. Fires in peatlands are a major source of haze and smoke 
causing problems with the neighbouring countries Malaysia and Singapore. 
 
One task of the consultancy was to support and advise the project and especially the 
leader of the field-survey team on the preparation and implementation of the peatland 
field-survey. 
 
A meeting with Mr. Robianto, the leader of the field-survey team, was held Friday the 
13th of August in Palembang. 
 
The preparation of the peatland survey was based on three data sources: 

1.) the atlas of the peatlands of Sumatra published by Wetlands International in 2004 
2.) SRTM digital surface model elevation data 
3.) Vegetation map based on Landsat TM/ETM imagery acquired in 1992 and 2002 

 
Figure 9A shows the SRTM digital surface model of part of South Sumatra Province. Peat 
domes are well visible in areas where forests have been burnt away (see arrows). These 
areas agree well with peatlands depicted in the peatland atlas (Figure 9B) and areas of 
peat swamp forest detected in Landsat TM/ETM images.  
 
There are several major peatland areas in the priority districts mainly located in the 
coastal flats. Most of these areas are highly inaccessible, because of dense vegetation 
growth after fire damage. They are most easily accessed during the rainy season when 
small streams and canals can be used by boat. 
 
The planning of the peatland survey considered several factors: 
 

- Importance of the peat area, i.e. supposed large volume and thickness 
- Accessibility, i.e. availability of canals, streams 
- Condition, i.e. burnt, still forest covered 
- Land use, e.g. sonor land use system, planned establishment of HTI’s (industrial 

timber plantations) 
 
Figure 9C shows the location of the proposed study sites and the planned transects. 
Transects are necessary to assess the shape and size of the peat dome. 
 
We recommend that the peatland survey includes an assessment of peat depth at regular 
intervals using a manual peat corer and the assessment of the peat surface in relation to 
a starting point using levelling instruments. 
 
The distance between two measurements should be 1 km. Measurements should be 
made in shorter intervals of 500 meters at the edges of the peat dome to increase the 
spatial accuracy of the 3D model. On the dome the interval could be extended to 2 or 3 
km. Conditions in the field might require an adaptation of this scheme. 
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A 

 

B 

 

C 

 
Figure 9. SRTM DEM image of the three priority districts. A. SRTM DEM image, 
elevation is given in grey values: black: sea level – white 300 meters above sea level. B 
Peat thicknes superimposed on SRTM image. Yellow: up to 1 meter, red: up to 2 meters, 
Brown: > 4 meters. C. Proposed sites and transects  for the peatland survey. 
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Small peat samples should be collected from 1 meter below the surface and from 1 meter 
above ground for further analysis of peat age and minerals like sulfur. If this will be 
considered special precautions for sample collection and storage have to be taken. 
 
 

7. Training of stakeholders 
 
A two day training in remote sensing and GIS based data evaluation was carried out for 
stakeholders and counterparts at the manager & technician/operator level. The training 
aimed at strengthening capabilities to understand the basic principles of remote sensing 
and GIS and it’s potential of application in South Sumatra.  
 
Participants were from the OKI, MUBA and Banyuasin Districts as well as from the South 
Sumatra Province, and included staff from the Regional Planning Agencies, Forest 
Services, Land Management Agencies and Forestry's Nature Conservation Body. In all, 20 
participants followed the training. 
 
The training programme included satellite data selection, image processing and data 
evaluation. The topics of the 1st day were:  
 

- principles of remote sensing 
- different satellite systems and measurement principles 
- practical examples of remote sensing and GIS 
- how to do a land cover / land use classification (work flow, methods/techniques) 
- land cover / land use change monitoring 

 
The topics of the 2nd day were:  
 

- why land cover / land use mapping (basis for natural resources management / 
regional development) 

- what kind of information  is needed (priorities, minimum requirements, 
purpose/analysis needs, quality control) 

- discussion of available legends, definition of important aspects of legend definition 
- who needs information on land cover / land use  
- what is needed to do a land cover / land use classification (requirements = human 

resources, organizational & management support/capacity, hard/software, data, 
costs) 

- how do we do a land cover / land use classification (implementation = work flow, 
methods/techniques, priorities) 

- verification and accuracy assessment 
 
 

8. DELIVERABLES 
 
1) Satellite imagery, processed and enhanced, georeferenced on DVD 

2) GIS on DVD 

3) This report 
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