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ABBREVIATIONS AND TERMS
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m
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Landsat Multispectural Scanner. An imaging system found on the first
five Landsat satellites. The system collects multispectral data in four non
thermal radiation andswith a spatial resolution of 79 x 79 m.

Landsat Thematic Mapper. A multispectral scanner imaging system on board
the Landsat 4, 5 and 7 satellites. The imaging system collects multispectral data
in seven bands. The six non-thermal bands have a spatia resolution of 30x30
m, whereas the thermal band has a spatial resolution of 120 x 120 m. The
temporal resolution is 16 days.
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National Oceanic and Atmospheric Administration, USA
Provincia land use planning
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satellite program designed to collect high resolution imagery (resolution
of 20 x 20 m)
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SUMMARY

Within the framework of the CIFOR/ICRAF/USFS project on underlying causes and impacts of
fires in South-east Asia, 8 sites were studied in detail by linking spatial data with socio-
economic information, to provide a solid basis for a scientific study of the causes and impacts
of vegetation fires. This report provides the results of an analysis of the causes and impacts of
vegetation fires in the Mus Banyu Asin (MUBA) coastd swamp area in South Sumatra
Province, Sumatra, Indonesia. The 250,000 ha study area can be generally classified as coastal
swamps with a fringe of mangroves and nipah (Nypa fruticans) palm situated along the tidal
rivers and seacoast. Inland from the coast, most of the swamp forests have disappeared due to
logging (both legal and illegd), fires and transmigration development. In 1997, large-scalefires
burned up to 45 % of the land area of the sSite, destroying most of the remaining, abeit
degraded, swvamp forest. The largest, single, contiguous burnt area was amost 32,000 hain size

producing much smoke in the process.

The results of the socio-economic research indicate that the magjority of large firesin 1997 were
started as small, deliberate fires which rapidly got out of control. The large-scale firesin the
degraded swamp forest were identified as being caused by the activities of illegal loggers and
fishermen. Drainage of these swamps since the early 1980s for transmigration has caused a
generd drying out of the swamps, thus making them vulnerable to fire. The influx of
transmigrants and the improved access to the area since the early 1980s has created a high fire
risk as activities suchasillegal logging, fishing and swamp rice cultivation have increased.



1. INTRODUCTION

Large-scale fires and associated smoke are an increasing problem in Indonesia and surrounding
countries. For instance, maor fires occurring in the El Nifio years 1982/1983, 1987, 1991,
1994, and 1997/1998 (Dennis, 1999) devastated large areas of forest and caused significant
economic losses, both in Indonesia where most fires occurred and in neighboring countries. The
economic costs of the 1997/98 fires in Indonesia have been estimated to exceed 9 billion US$
with carbon emissions high enough to elevate Indonesia to one of the largest polluters in the
world (Asian Development Bank (ADB), 1999; Barber and Schweithelm, 2000). The maor

causes of these fires are, however, still largely unclear. Some have blamed small-scale farmers,
others large-scale estates for causing fires, suggesting that these actors deliberately set fires to
forest to open up land for plantations or agriculture. In 1994, the Indonesian government blamed
slash-and-burn activity by smallholders as the mgor cause of fire, and they estimated that these
people were responsible for more than 85 % of the 5,000,000 ha burned (Jakarta Post, 7

October 1994). Environmental NGOs, however, blamed activities by forest concessionaires
and plantation owners as the major cause of fires (Jakarta Post, 3 October 1994). In contrast,
taking advantage of data obtained from fire hot-spot information and satellite imagery, al

institutions including government agencies believe that large-scale land clearing for plantations
of fast growing trees for pulpwood and oil pam were the mgor causes of fire in 1997 and
1998. Ye, fires occurred at multiple scales and for many reasons, and impacts on local

communities and forest had a variety of complex causes.

In this report, the Center for International Forestry Research (CIFOR), the International Centre
for Research in Agroforestry (ICRAF), and the United States Forest Service (USFS) provide a
study of the underlying causes and impacts of vegetation fires in Indonesia. The am is to
answer guestions about the reasons (why), nature (what), perpetrators (who), and locations
(where) that were associated with the fires. Several methods of information gathering were
used, ranging from satellite-derived remote sensing imagery at the landscape level to in-depth
field investigations at the village level. When used in combination, a more complete picture of
fire can be developed. For example, satellite imagery information on the location, extent, and
the type of land cover burned. However, only through extensive interviews with local people
combined with onthe-ground participatory mapping, can an answer be found to whom was

responsible for the fires and what were their underlying reasons. From the field investigations
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and the use of a Geographic Information System (GIS), a more accurate estimate of what burned
can be determined at the landscape level.

This study will apply three levels of spatial analysis: islad-wide, province, and site. At the
site-specific level, the study focuses on the relationship between fire and land cover/land use
change. The province wide (Landsat TM-level) study will concentrate on genera land cover
change, burn scars and hot-spots, and compare these pattern with the site-level findings. Finaly,

hot-spots for Sumatra as awhole will be compared to those for the province and the site.

The Mus Banyu Asin (MUBA) site was chosen for a number of reasons. The occurrence of hot
spots in the area during 1997 fires was dense, when compared to other parts of Sumatra and
Kdimantan. Of al the eight study areas, the swamp forest areas surrounding MUBA to the north
and east appears to have burned the most extensively. This was confirmed in the province-level
analysis using full Landsat TM images. Additionaly, since much of the area that burned was
formerly swamp forest, the peat soils and corresponding vegetation were likely responsible for
much of the smoke that drifted across Indonesia and other portions of Southeast Asia. In
addition, the EU Forest Fire Prevention and Control Project based in Palembang, South
Sumatra, suggested that this was an important area of study that was outside their focus sites. As

such our results would provide important input to this project and complement existing studies.



2. SITE DESCRIPTION

The fourth site in the series of eight fire studies covering Sumatra and Kalimantan is Mus

Banyu Asin (MUBA). The MUBA site is located in the eastern coastd lowlands of Sumatrain
the Bayung Lincir and Sungsang sub-districts, Musi Banyu Asin District, South Sumatra
Province (Figure 21 and 22). The dimensions of the site discussed here are 67 km (west to
east) by 44 km (south to north) covering an area of 253,400 ha. This site is low-lying and flat
with an elevation of less than 50 m above sea level. A geomorphological survey conducted by
the Directorate Genera of Forest Protection and Nature Conservation (PHPA) and Asian
Wetland Bureau (AWB), classified most of our site astidal lowlands (Danielsen and Verheugt,

1990). The Mus Banyu Asin estuary system dominates the hydrology. Four main rivers are
located in the study site: the Banyu Asin, Calik, Lalang, and Sembilang Rivers.
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Figure 2-1 Location of study site



This siteistypica of the tidal lowlands, which cover approximately 20 % of the total area of
Sumatra (Danielsen and Verheugt, 1990). The areais geologically young and mainly consists of
young maine clays and river sediments. The natural forest, although much has now
disappeared, is afringe of mangroves backed by freshwater swamp forests.

Due to itsinaccessible location, there was little human activity in this site until the early 1980s,
and the area was 4till largely covered by natural forest. However, Javanese and Buginese
immigrants living in Sungsang are engaged in small-scale logging activities, fishing and farming
in the area. Sungsang is a small town located on the border of the study site. It was established
by Javanese settlers at the end of the seventeenth century, while the Buginese from Sulawes
arrived in Sungsang in 1964 (Danielsen and Verheugt, 1990).

Figure 2-2 Map of the study ar ea, showing locations mentioned in the text and main rivers.



The study site is located within the former forest concession areas of PT Sukses Sumatra
Timber (PT SST) and PT Nindita Bagaskari (PT NB). These concessions were granted in the
1970s. The PT SST area is located in the north of the Site, north of the Sembilang River. The
company was initialy given 237,000 ha of land, but later this was decreased to 179,000 ha (see
Section 4.2.1) to make way for transmigration scheme development. In the south-western part of
our site, PT NB logged around 52,000 ha between 1979 and 1999. The mangroves areas are
classified by the Department of Forestry as Protection Forest.

Since the early 1980s, this site has become dominated by two transmigration settlementswhich
were established between 1983 and 1993. Transmigration was devised by the Soeharto
government as a means of relieving population pressure on Java, Madura and Bali, increasing
food production and promoting regional development. Rural people from these islands were
moved to transmigration settlements on the outer idands, such as Sumatra. South Sumatra has
been one of the largest recipients of transmigrants, with 800,000 people by 1990 (Danielsen
and Verheugt, 1990). The first transmigration settlement established in this Siteis called Karang
Agung Hilir. It is located in the area Situated north of the Musi Banyu Asin River, east of the
Lalan River, south of the Sembilang River, and west of the tidal swamp forest near the Bungin
River (see Figure 2-2). The second transmigration settlement is called Karang Agung Tengah.
This settlement is divided into several smaller areas. The largest is located north of the Lalan
River, the second is located south of the Lalan and Calik Rivers, while athird is located along
the Lalan River. Along with the development of transmigration, the swamps have been dtered
dramatically by drainage systems, which were establisned primarily for draining the swamps

for navigation and access to the transmigration settlements.



3. METHODOLOGY

3.1 Socio-Economic Study Methods

The techniques used to study the socio-economic background of the area comprised sketch
mapping at the landscape level and rural rapid appraisal. These activities were conducted
between August and November 1999. A sketch map (see Figure 3-1) was devel oped based on a
1998 Landsat TM image and a land use/development map of South Sumatra Province (scale
1:250,000) issued by the Transmigration Department. Subsequently, forma and informa
community leaders, community members, logging companies and local government officers
were interviewed, and several field visits for additional information were made. Information
obtained through interviews included the history of the plantations and villages, the history of
land clearing and planting, land clearing techniques, fire history, demography, land use,
agricultural activities, and land tenure conflicts. The information provided through these
interviews was added onto the existing base maps, and checked during the field visits.

BB en S B

Figure 3-1 Sketch map of the MUBA site



3.2 Remote Sensing and GIS

3.2.1 Site-wide methodology

Through the use of remote sensing and Geographic Information System (GIS), burn scar size and
distribution were determined and the historic and current patterns of land cover and land use
change were analyzed. Selection of satellite imagery for the MUBA site (see Table 31) was
simplified by the fact that it fell completely within the boundary of one Landsat image scene.

Table3-1 Remote sensing imagery analysed for the MUBA site

Date Sensor Scene (path/row)
26 June 1986 Landsat MSS 124/62
26 June 1992 Landsat TM 124/62
1 January 1998 Landsat TM 124/62

The imagery was generally cloud free and of good quality (see Figure 3-2). The Landsat MSS
image for 1986 was almost cloud free and of good quality. The June 1992 Landsat TM image
was completely cloud free and of excellent quality. The next image in the time segquence,
Landsat TM January 1998, was aso of good quality with some patchy haze. This image (post-
1997) clearly showed burn scars from the previous year. An image for 31 May 1994 was also
purchased, but the cloud cover was rather high over the MUBA site. The imagery for 1986 and
1992 was purchased from the Tropica Rain Forest Information Centre at Michigan State
University. In November 2000, the project received imagery for the 2001 fire research. The
new imagery for the MUBA dite, 1978 and 2000, extended the time series backwards and
forward. These images were not classified for this current study but they were used for

reference.

Once the imagery was selected for classification, it was geo-referenced using 1:50,000
topographic base maps. The 1998 Landsat TM was used as the base for geo-referencing and the
remaining images were co-registered to it. The map projection used was UTM Zone 48S with
the Padang datum. Prior to classification, all images were spectrally enhanced and various band
combinations were assessed. For Landsat MSS a 4,3,1-band combination was preferred and for
Landsat TM, bands 4,5,7 were preferred as it highlighted vegetation as well as recent burn

SCars.
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Figure 3-2 Satelliteimagery selected for the MUBA site

Remote sensing provides avauable source for quantitative measurement and monitoring of
burned areas (Antikidis et al., 1999; EUFREG (European Union Fire Response Group), 1998;
Hoffmann et al., 1999; Liew et al., 1998; Pereira et al., 1997; Siegert and Hoffmann, 1998;
Trigg and Flasse, 2000). Recent burns have a high composition of charred materia and a
spectral reflectance that is very distinct from vegetation. Over time, the spectral reflectance of
the burn scar changes, as pioneer and eventually secondary vegetation grows back.
Interpretation of satellite imagery, with a good knowledge of field conditions, alows burn scar
maps to be created. Unless collateral information on the exact date of burning is known it is not

possible to date burn scars precisely from satellite imagery aone.

The next stage in the process was classification of the imagery into land cover classes. On-
screen digitizing was the selected digitizing method. The 1986 image was the first to be
classified and the result was then used as a tenplate for identifying the changesin the 1992 and
1998 images.



3.2.2 TMimage level

Information about land cover surrounding the MUBA landscape area was derived from Landsat
Thematic Mapper (TM). An area of 170 km by 170 km covering approximately 2.9 million ha
was mapped into six land cover categories using automated computer classification techniques
(Table 3-2). The advantage of analysing imagery this way is that large areas of land can be
assessed rapidly. The disadvantage is that little ground verification is possible in a short time
frame, except within the more detailed MUBA landscape area, and less accuracy can be
expected. In order to be consistent between dates of imagery and across such a large area, land

cover categories are broad.

Land cover and burn scars were mapped from three dates of satellite images: 1986, 1992, and
1998. These were the same images discussed in the detailed landscape level analysis (Section
3.2.1).

Unsupervised classifications (Lillesand and Kiefer, 1994) were completed for each imagery
date. In this process, six of the seven image bands were used to classify each of the three TM
images. The thermal infrared band from Landsat TM was not used due to data integrity
problems. Using unsupervised classification methods, sixty spectral classes were derived from
each image and, based upon anayst interpretation, each was assigned to one of the six classes
in Table 3-2. Maps were manually edited in areas of smoke, haze, cloud, and cloud shadows to
more accurately reflect land cover. Additionally, checks were made between the three dates of
maps so that unreasonable errors could not occur. For example, areas mapped as natural forest
on the 1998 image were cross-referenced with the 1992 and 1986 maps to ensure they were
also classed as natural forest. This was an important step, since vegetation re-growth occurs
rapidly and plantations and other forests can be confused with natural forest after a short time.

Once the land cover maps were finalized, overlay analysis techniques using a GIS were applied
to determine 1) land cover changes between 1986, 1992 and 1998; and 2) relationships these
changes had to the burn scars in 1998. These maps provide insight into the progression of
changes and provide a spatial overview of where circumstances similar to the MUBA site may
be occurring. For example, where are other areas mapped as burn scar in 1998 and mapped as
natural forest in 1992? Using multiple dates of imagery, these areas are distinguishable from

those areas that burn frequently such asrice fields or grassands.



Table3-2 Land cover categoriesthat were mapped for each of thethree dates of satelliteimagery

Cover Category Description

1. Cloud/shadow Clouds and cloud shadows removed from all
images

2. Water Lakes, reservoirs, wide river bodies

3. Agriculture/bare/other Crops, bare ground, grassy areas, villages

4. Other forest Partially logged areas, regrowth, plantations,
agroforestry

5. Natural forest Forests not burned, harvested, or visibly disturbed
by humans

6. Burn scars Burned areas evident from satellite imagery

3.2.3 Post-fire digital aerial image collection

In August 1999, an agria reconnaissance flight over the MUBA study site was completed to
observe how areas had changed as a result of the 1997 fires. Over two hundred digital camera
images were collected at regular intervals from approximately 300 meters above ground level.
The helicopter flight, based out of Palembang, flew south and north covering the MUBA site
and surrounding aress that burned extensively in 1997-1998. Figure 3-3 shows the flight of the
helicopter path as charted by the on-board global positioning system (GPS). The backdrop for
the helicopter positions is the January 18, 1998 Landsat TM satellite image. The GPS provides
a new location for the aircraft every second and stores a digital file that can be converted to a

GISfile and plotted over the satellite imagery or other map ina GIS.

Digital cameraimages were collected simultaneously with the GPS unit onboard the helicopter.
Approximately 200 digital camera images are stored on a small removable card located on the
camera. Each image has a time stamp associated with it that is stored to the nearest minute.
Prior to the helicopter flight the camera was synchronized with the GPS unit so both recorded
the same time. Following the flight, the digital camera images were downloaded to a laptop
computer and linked with the GPSfilein aGIS.

10



Palembang
Airport

Figure 3-3 Landsat TM satellite imagery from January 1998 overlaid with flight path of the
helicopter. The blue squaresrepresent a sample of the digital camera images.

Each image is manually matched with the corresponding GPS location. The “hotlinking” routine
in ArcView was used to create the link between the GPS and the digital camera images. This
process resulted in a GIS file of the helicopter flight path linked to the digital camera images.
Once created, the flight path can be displayed and digital cameraimages previewed by clicking
on a locati on aong the flight path. This is a smple way of indexing the digital camera images
without actually referencing them to a map. These images are not meant to be a base for
mapping but rather a source of reference information for interpretation of the satellite imagery.

Figure 34 shows the pogt-fire 1998 Landsat TM satellite image of the MUBA site and four
digital cameraimages located along the helicopter flight. The digital cameraimage labeled “A”
is coastal mangrove forest not visualy affected by the fires. This area shows up as a
reddish/purple color on the Landsat TM image. The black and light blue areas on the satellite
image are burn scars. Digital cameraimages “B” and “C” were taken in areas that burned and
show water and low-growing, shrub-like vegetation following the fires. The digital camera
image labeled “D” shows remnants of burnt trees with a grass-like under story. The Landsat TM

11



image from 1992 shows this area as natural forest. These digital camera images were used to
assg in the interpretation of the satellite imagery and also provide an historic record of the
physical effects of thefires.

Figure 3-4 MUBA site (center) from January 1998 Landsat TM showing location of helicopter flight
path and digital camera images. Orange triangles represent “hot spots’ discussed in
section 4.1.2.

3.2.4 Derivation of fire hot spots

Hot-spots data from NOAA-AVHRR imagery were available from various sources and covered
13 periods between 1992 to 1999 (for more detail refer to Appendix 11). The study areafor hot-
spot detection in this site is shown in Figures 3-5 and 3-6. Hot-spot data from the MUBA site
cannot be directly compared to the whole of South Sumatra Province, as, unlike the whole of the
Province, the MUBA site is mostly located in a swamp area with many transmigration areas
established in and near the study site. Hot-spot density and distribution in the Palembang site
was therefore not only be compared to the hot-spots data from South Sumatra but also to a
similar swamp area, he Menggala swamp study site (see Suyanto et al., 2000), and to other
wetlands and transmigration areas in Sumatra.
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Figure 3-6 The MUBA study site and 1997 hot-spots
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3.2.5 Integration of social science and remote sensing/GIS

In order to improve the analysis of underlying causes of fire, a methodology was developed that
integrates some of the results of the socio-economic research with the results of the remote
sensing-based change anaysis. A GIS was used for this integration. Not all outputs from the
socio-economic research are compatible with a GIS and from site to Site, the types of outputs
vary dightly. For the MUBA dite, the focus was on integrating local people’s narratives and
sketch maps with land cover change maps and burn scar maps. Using the functionaity of the
GIS, it was possible to calculate the types and size of land cover changes. In addition, local
people’'s narrative could be added to the land cover change results to provide an insight into
how and why these changes occurred. For the 1997 fires, sketch maps were overlaid with the
burn scar maps and compared to provide both a quantitative and quaitative assessment of the
fires. Digital air photos were also used to enhance the interpretation of satellite imagery.
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4. RESULTS AND DISCUSSION

4.1 Fires

4.1.1 Landscape level

The largest burnt area in 1997, identified during the fieldwork, is located north of the Karang
Agung Hilir transmigration settlement (see Figures 3-1 and 4-1). Analysis of satellite imagery,
dated 1 January 1998, shows that the size of the area burned is approximately 25,359 ha. This
area contained degraded swamp forest designated as State land reserved for transmigration
settlement. Drainage and logging of this area made it very vulnerable to fire. Drainage systems
in the swampy transmigration areas were built for irrigated rice cultivation, for transportation,
and to avoid flooding in the settlements. Furthermore, logging companies aso dig cands to
transport logs. The use of a drainage system allows water level management, so that rice
planting is possible every year. There are, however, also negative environmental impacts of
these drainage systems. The continued lowering of the water table leads to desiccation of the
swamp soils and vegetation, which increases the fire risk in dry seasons.

The results of fieldwork indicate that carelessness of fishing people and illegal loggers was a
magjor cause of fire in this area. In the dry season, fishing significantly contributes to the
livelihood of peoplein thissite. Rivers and pools surrounding the rivers are the main places for
fishing activities. During the rainy season, river water floods the swamps, including the pools,
and carries with it the river fishes. Then when during the dry season the water recedes, fish
accumulate in the swamp pools, making them easy to harvest. Usualy, fisherman burn
vegetation (shrubs) to improve their access to the pools, while other activities such as cooking

and smoking, also contribute to the fire hazard.

There is a considerable amount of money involved in these fishing activities. To harvest fish a
lease contract is required from the local Government for the use of swamp pools. According to
the Fisheries Services (Sriwijaya Post, 28 June 1989, in Danielsen and Verheugt, 1990)
average lease prices in South Sumatra were 10 million Rupiah per area per year (US $ 5,650).
In 2000, the lease price in the area |eft of the Bungin River was 25 million Rupiah per year (US
$3,350).
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Similar to fisherfolk, the activities of loggers such as cooking and smoking are aso potentia
fire hazards. Along with the operation of forest concessions and the availability of
transmigration labor, illegal logging activity has increased. After the big fire in 1997, however,
illegal logging activities decreased, because fire destroyed most of treesin this swamp area.
North and south of the Karang Agung Tengah transmigration settlement, burning was less
common (see Figure 2-2 and 3-1). The burnt area in the northern part is on State land, which is
classified as APL (Areal Pengunaan Lain or Other Land Use) under the forest land use
classification (Tata Guna Hutan Kesepakatan or TGHK). The area burned in the southeast is
located within a former timber concession. In 1994 and 1997, transmigrants of Karang Agung
Tengah cultivated the areas for growing rice. Since this area is swamp, they could only
cultivate during droughts. This system is smilar to the sonor system, a traditiona rice
cultivation technique practiced by indigenous Sumatran people living in the region’s swamps
(see Suyanto, et al., 2000; Suyanto and Ruchiat, 2000).

The yield of rice production varies between the transmigration villages. Villages that are
located near rivers and swamp areas have lower rice yields. This is because of the significant
influence of uncontrolled fluctuations in the watertable, and because higher levels of pest
species attacking crops. These include rodents living inside the scrub and bushes of secondary
forest. Because of this, farmers tend to burn the swamp forest that is located outside their
village, away from rivers and swamp forest, for planting rice. Moreover, villages that are
located near uncultivated swamps tend to enlarge their village areas by burning into the
swamp forest. For examplein 1997, around 1,950 hawere cleared by using fire for enlargement
of the Karya Mukti, Gdih Sari, Agung Jaya, Jaya Agung, and Suka Makmur villages.

4.1.2 Burn scars

Post-1997 burn scars were mapped from Landsat TM imagery dated 1 January 1998. Through
ground checking of the imagery, it was found that recent (within a few months of the date of the
imagery) hurn scars showed a distinctive spectral reflectance. In some cases older burn scars
could be identified from satellite imagery but in general, the older the burn, the more likely it is
that vegetation will have grown up. Field experience gained through thi s project has shown that
the distinctive spectral reflectance of burn scars is due to a combination of charred woody

vegetation and ayoung vigorous growth of pioneer species such as grasses.
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Spatial andysis of the imagery identified large burn scars resulting from the 1997 fires, see
Figure 4-1. The total number of individual burn scarsidentified on thisimagery is 56 covering a
total area of 101,789 ha, and equating to 40 % of the study area. The mean burn scar size is
1,817 ha, the largest being 31,730 haand the smallest being 4.6 ha

M

A

N Surn scars (1997) 2 0 2 4 Kilometers
Background image: Landsat TM 1 January 1998, bands 45,7 P

Figure 4-1Burn scar locations 1997

Of al the 8 sites studied so far in this Project, the burn scars found in this site are the largest,
for example the largest single turn scar found in the Menggala site (Site 2) was 1,562 ha
compared to 31,730 ha for this site (see Suyanto, et al., 2000). Further analysis shows that 87
% of thetotal burnt areais accounted for by only six of the burn scars with the following sizes:
31,730 ha, 25,359 ha, 13,770 ha, 9,451 ha, 4,927 ha, and 3,014 ha. The 50 remaining burn scars
arerelatively small.

The 1992 pre-burn composition of the areas affected by fire in 1997 is shown in Table 41,
below. Although there is a 5%ea r gap between the images in the time series, fieldwork carried
out in 2000 confirms that there was little change during this period. Assessment of the Landsat
TM imagery dated 31 May 1992, which was not interpreted due to high cloud cover, confirms
that inmid-1994 there was little change from the June 1992 image.
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Table4-1 1992 land cover composition of the 1997 burn scars

1997 Burn Scar/Land Cover Classin 1992 Size of area (ha)
Burn scars 8,826
Dry swamp scrub 62
High density estuarine forest 43
Low density estuarine forest 2,191
High density swamp forest 2,224
Low density swamp forest 60,249
Mangrove 320
Riverine forest 843
Scrubland/grassland 22,289
Swamp scrubland 1,630
Agriculture 3,088
Total 101,765

The largest land cover class affected by the fires in 1997, based on the 1992 land cover
classification, is low-density swamp forest (see Table 4-1). Sixty % of the burnt areasin 1997
were previously low-density swamp forest. The largest burnt area identified during the 2000
fieldwork, north of Karung Agung Hilir transmigration site, was till forested in early 1997.
Most of the other massive burn scars, such as in the western part of the study area were also
low-density swamp forest prior to the 1997 fires. It is reasonable to assume that the smoke

contribution from such fireswas large.

The remaining areas of burn scar consisted in 1992 for 9 % of burn scars, 2 % low density
estuarine forest, 2 % high density swamp forest, and 22 % scrubland and grasdand. Much of the
area classified as burn scars in both 1992 and 1997 would have become grassand in the
intervening period, a cover type prone to burning. Next to the low-density swamp forest,
scrubland/grassand has been most severely affected accounting for 22 % of the 1997 burn
scars. Again, thistypeis prone to burning during dry periods.

4.1.3 TMimage level

Burn scars surrounding the MUBA landscape site were mapped as part of the land cover
mapping process discussed in Section 3.2.2. The burn scars, along with the earlier land cover
maps derived from satellite imagery, provide information about where the fires burned, what
burned, and aso provide a birds-eye view of burn patterns in the area surrounding the MUBA

site. The anaysis for this portion of the report was completed by summarizing land cover from
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the 1992 and 1986 images within the extent of the burn scars mapped in the 1998 image. This
process provides insight into what actually burned in the 1997 fires. Since imagery spanning the
period between 1992 and 1998 was not analyzed, we assume that the land cover category
mapped in 1992 was what existed prior to the firesin 1997-1998. Although this may not always
be the case, the discussion on the hot spot analysis in Section 4.1.4 supports the conclusion that
few fires burned between these years. Visua anaysis of the cloudy 1994 Landsat TM image
also supports this theory.

Table 42 shows the result of the burn scar summary analysis with land cover from 1992 and
1986. The columns display the number of hectares and percentage of land cover classes from
the 1992 and 1985 maps within the 1997 burn scars. Figure 4-2 illustrates the summary analysis
by color-shading the 1998 burn scars based upon the 1992 land cover.

Table4-2 summary of 1986 and 1992 land cover within the 1997-98 burn scars

Land Cover 1986 1986 per cent 1992 1992 per cent
hectares cover hectares cover
Water 2,247 1% 5,789 2%
Ag./bare/other 9,658 4% 27,195 11%
Other forest 66,272 28% 69,277 29%
Natural forest 159,894 67% 122,105 51%
Burn scar 0 0% 13,704 6%
Totals 238,972 100% 238,972 100%

Within the TM-wide study area shown in Figure 4-2, approximately 8 % of the area, or 238,000
ha, was mapped as burn scar in the 1998 image. This does not mean that 8 % of the area burned
in 1997-98, but rather it is a snap shot of the burn scars at the time the image was taken. Asis
evident in Figure 42, most burn scars are large and contiguous and occur where “other forest”
or “natural forest” existed in 1992 (red and purple). From the summary analysisin Table 4-2,
approximately 51 % of the area mapped as burn scar in 1998 was still natural forest in 1992.
When combined with the “other forest” category, approximately 80 % of the burn scars were
mapped as some type of forest in 1992. Thus, roughly 20 % of the area was either agriculture,
previoudy burned, or land cover other than forest. In 1986, natural forest made up
approximately 67 % of the total burn scar area.

By reviewing patterns revealed from the different coloration of burn scars, one can see areas
appearing similar to the MUBA site. Large areas of forest burned to the west and again directly
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south of Palembang. These areas were mostly forested in 1986 and 1992 showing that fires, at
least within the TM study area, were mostly in previously forested areas. Most other firesin the
image are small and scattered and burned in what was mostly “other forest”, agriculture, or

burn scar in 1992.

Cloud/shadn
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Figure 4-2 Land cover and burn scars from the 1998 post-fire satellite image. Burn scars are
highlighted in various colorsdepicting the land cover typethat existed in 1992.

4.1.4 Hot-spots
The tota number of hot-spots between 1992—-1999 was 343, with an overall hot-spot density of

15.18 per 100 km?. From the 343 hot-spots that were detected in the study area between 1992
and 1999, ailmost all were detected in 1997. This result indicates that 1997 was an exceptional
fire year and that the area does not burn in “normal” years. From the total number of hot-spotsin
1997, 45 % were located in the transmigration sites, and 35 % in the PT NB logging
concession. The burn scar maps discussed in section 4.1.2 confirm this result. Table 4-3 shows
the fire densities in different years and in different areas including the Menggda site (Suyanto,
et al., 2000).
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Table4-3 Firedensitiesin several areasin Sumatra

Y ear Density Density Density Density Density Density
total swamp site | Sumatra South svamp | transmigration
study site | Menggala Sumatra
1992 0.09 0.36 0.33 0.21 1.31 0.78
1993 0.00 0.73 0.18 0.38 0.45 0.52
1996 0.00 3.64 2.17 2.97 4.59 4,53
1997 14.96 18.57 3.68 8.35 11.46 8.27
1998 0.00 0.00 2.04 0.32 7.72 2.93
1999 0.13 0.55 2.01 3.32 5.75 3.81
Average 2.53 3.98 174 2.59 5.21 3.47

The locations of burn scars in 1992 and 1997 show very little correlation with the hot-spots
data used (data from EU-Palembang station) for these years. However, other hot-spot datafrom
the Japanese International Cooperation Agency (JICA) indicate a hgher correlation with burn
scars location. Unfortunately, these data are only available for 1997 and 1998 (see Table 4-4).

The JICA datain Table 4-4 show an overall higher number of hot-spotsthroughout Sumatrathan
the EU data. The data show a good correlation between 1997 hot-spots and burn scars from the

land cover interpretation (77 % of the hot-spots are within burn scars).

Table4-4 Hot-spot densitiesfrom JICA data

Year | Dendty study site | Dendty South Sumatra | Density Sumatra

1997 138.91 38.8 10.81

1998 0.39 1.92 4.26
Average 69.65 20.36 7.54

In January 1998, both the high number and density of hot-spots identifies large areas as burned.
To understand the burn scars seen on the 1998 imagery, the 1992 land cover data were used
(see Table 45). In 1992, burn scars were still low-density swamp forest (60 %), scrub and
grassland (20 %), and burn scars (9 %). The fires between 1992 and 1997 thus seem to have
mainly destroyed low-density, degraded, logged-over swvamp forest. The burni ng of scrub and
grasdands is probably more common than the burn scars indicate, as these areas are known to

burn easily. However, the sites recover quickly in terms of vegetation cover. The quick
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recovery is indicated by comparing the 1997 hotspot data and the 1998 land cover
interpretation. There are 314 hot-spots detected in 1997 in areas that are classified as scrub and
grasslands in 1998. Apparently, the burn scars cannot be detected anymore in this vegetation
type after 3-4 months.

Table4-5 1997 hot-spot datain the MUBA sitein relation to the 1998 land cover

Land cover 1998 Areain km? | Number of hot-spots | Density per 100 km?
burn scars 1,018 2,425 238
Cloud 12 10 81
high density estuarine forest 68 10 15
low density estuarine forest 113 13 11
low density swamp forest 8 6 74
mangrove forest 60 65 108
riverine vegetation 4 7 189
scrub and grassland 386 314 81
Shadow 8 2 25
mixed agriculture/settlement 509 207 41
Water 280 36 13
wetland cultivation 67 43 64
Total 2,533 3,138 124 (= mean density)

In 1997, mangrove vegetation shows high hot-spot density. Since the land cover interpretation is
from a later date than the hot-spot data, this means that the hot-spot detection was false or that
the dense vegetation in these areas makes it impossible to detect (small) burn scars. A high
number of hot-spots were detected in grasslands and mixed agriculture/settlement. The large
numbers of fires in the mixed agriculture/settlement are all on the edge between burn scars and
the mixed agriculture area. Since the geo-position of the hot-spot data is not very accurate
(errors of 2 km are possible) these hot-spots are probably misplaced and are likely to bein the

burn scar areas.
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4.2 Land Cover/Use Changes

4.2.1 Qualitative landscape level changes

During the period 1979 to 1997, the PT SST logging company operated in the northern part of
the study site. Following the termination of the concession in 1997, the Ministry of Forestry and
Estate Crops assigned some of this area to the State logging company PT Inhutani V. According
to the Provincial Spatia Planning Map (RTRWP) of South Sumatra Province, the area of the ex-
concession holder PT SST is classified as Production Forest (91,500 ha) and agricultural land
(87,500 ha). In the southwestern part of our site, PT NB obtained a 52,000 ha forest concession
in 1979. This concession was terminated in 1999.

It appears that there have been inconsistencies in the land alocation policy in this site since the
transmigration areas were developed within the forest concession. Between 1982 and 1985, the
Karang Agung Hilir transmigration settlement was first established within the former logging
concession area, and, between 1987 and 1993, Karang Agung Tengah followed. Therefore, in
1991, the Government (based on the Minister of Forestry Degree no. 578/Kpts-11/1991)
reallocated 58,000 ha of land within the logging concession (including the transmigration
settlements of Karang Agung Hilir and Karang Agung Tengah) to be reserved for transmigration.
Thus, since 1991, PT SST saw its concession decrease to 179,000 ha. Only half of the former
concession area was developed for transmigration, the rest remained as degraded forest which
ultimately burned in 1997.

The establishment of transmigration settlements in this ste is a major cause of land cover
change both directly and indirectly. Presently, the Karang Agung Hilir settlement consists of
eight villages with around 4,300 households, while Karang Agung Tengah consists of 23
villages with around 9,100 households. Each transmigrant household received 2.25 ha of land,
conssting of 0.25 ha for housing and home garden, 1 ha for producing subsistence food and
income for the family, and 1 ha for obtaining an income beyond subsistence.

Results from interview surveys indicate that illegal logging activities in the MUBA site
increased in tandem with legal logging by the forest concession and with the establishment of
transmigration settlements in 1983. According to Danielson and Verheugt (1990) South Sumatra
ranked second as the province with the largest rate of illega logging in Indonesia. Danielsen

and Verheugt (1990) also estimated that as many spontaneous migrants come to a transmigration
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area as officia transmigrants. This trend was seen here with the in-migration of illegal loggers
from neighboring districts (Ogan Komering Ilir and Mus Rawas) to the MUBA area. According
to the Head of the Provincial Forest Service of South Sumatra Province, the Ogan Komering Ilir
and Musi Rawas Districts were involved in the largest, small-scale, illegal logging industry in
this province up until 1984. By then, the forest area had been reduced so much that loggers were
forced to migrate to other areas, including the present study site.

From 1983 to 1986, there were approximately 25 largeillega logging groupsin Karang Agung
Hilir, most of whom owned sawmills. Until 1986, these illegal loggers sold the timber to PT
SST and to a private timber trader from Palembang. In 1986, PT SST stopped buying timber
from illegal loggers, which caused areduction in illegal logging activities. During that period,
the number of illegal logging groups decreased from 25 to 15. Along with the increasing
demand for timber in the early 1990s, the activity of illegal logging increased again. During that
time, the large illegal logging concerns increased to 70 illegal logging groups, most of which

own sawmills.

In 1995, the Government closed the illegal sawmills in the Mus Banyu Asin Digtrict, which
included more than 50 % of the sawmillsin the study site. Subsequently, when, in 1997, alarge
fire destroyed most of the trees in the Karang Agung Hilir swamp forests, the rest of the

sawmillsin this area closed down.

Summarizing the above information, three main causes of land cover change in the study Site, in
chronological order, can beidentified as;

1. Theactivities of legal logging concessions;

2. Thedevelopment of transmigration settlements, both inside and outside those concessions;

3. Illega logging activities throughout the area; and

4, Fire.
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4.2.2 Quantitative landscape level changes

Quantitative assessment of land cover change at the landscape level was carried out for three
different dates: 26 June 1986, 26 June 1992 and 1 January 1998. The change analysis will be
discussed for two time periods 1986—1992 and 1992—1998. Cloud and shadow did not present
problems for interpretation as the image quality was good. The Landsat MSS proved more
difficult to classfy than the Landsat TM, due to the low spectra and spatial resolution.
However thiswas expected. The results of the classifications can be seen in Figure 4-3 below.

A number of different types of analyses were carried out on the land cover classifications. The
analysis compared cumulative figures and percentages between years, thus giving a general
picture of changes. Thistype of analysis gives an insight into the predominant land cover change

processes. Change trajectory matrices were also calculated. These matrices are provided in

Appendix I1.

Landsat TM 26 June 1992
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Figure 4-3 Land cover classifications 1986-1992-1998
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The first time period covered by the change analysis is 1986-1992. During this period there
were considerable changes in the extent and quality of the natural forest. The total deforestation
over this six-year period was 14 % , or 2.4 % per annum (see Table 4-6). Theforest type most
affected was high-density swamp forest, which was reduced by 82,741 ha, or 95 %. In tandem
with the reduction in high-density swamp forest was a sharp increase in low-density swamp
forest. Analysis of the change trgectory matrix Table in Appendix I, shows that 80 % of the
high density swamp forest in 1986 had become low-density by 1992. Thisis a change expected
with increased logging intensity. A large percentage of the swamp forest in this site in 1986 was
within area allocated to two logging concessions, as discussed in 4.2.1. Both these companies
started their activities in the late 1970s and by 1986 the impact on the forest as seen from
satellite imagery was still minimal, however by 1992, the forest canopy was more open as the

companies had been logging for over 13 years.

Table4-6 Cumulative land cover change estimates 1986—1992

Classname 1986 1992 change

(ha) (%) (ha) (%) (ha) (%)
Natural forest 127,588 50 109,380 43 -18,208 -14
High density swamp forest 86,723 A 3,982 2 -82,741 -95
Low density swamp forest 7,224 3 74,160 29 66,936 927
High density estuarine forest 11,412 5 7,847 3 -3,565 -31
Low density estuarine forest 14,191 6 16,025 6 1,834 13
Mangrove forest 8,038 3 7,366 3 -672 -8
Other vegetation 59,042 23 50,102 20 -8,940 -15
Riverine 5,049 2 4,298 2 -751 -15
Scrub and grassland 51,397 20 43,580 17 -7,816 -15
Swamp scrub 2,596 1 1,953 1 -644 -25
Dry swamp scrub 0 0 271 <1 271 -
Agriculture 8,505 3 46,239 18 37,735 444
Mixed agriculture (transmigration) 8,505 3 42,224 17 33,720 396
Wetland cultivation 0 0 4,015 2 4,015 -
Other land cover 58,266 23 47,680 19 -10,586 -18
Burn scars 28573 11 19,275 8 -9,299 -33
Settlement 1,699 1 412 <1 -1,287 -76
Water 27,993 11 27,993 11 0 0
Cloud/shadow 0 0 0 0 0 -
Total Area 253,401 | 100 253,401 100
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Other forest types in the area include the nipah pam and mangrove forests along the estuary and
tidal rivers. There has aso been a reduction here with a 31 % loss of high-density estuarine
(nipah) forest. Again, much of this loss has been converted to lower density estuarine forest, 27
% of the high density estuarine had become low-density forest by 1992, see Appendix I1.

The largest change in this site between 1986 and 1992 is the expansion of the transmigration
areas and this is shown clearly in the land cover change. From Table 46, it can be seen that
there was a 443 % increase in agriculture (+ 37,735 ha), the classin which transmigration areas
fal. However, the following results show that much of the area converted to transmigration
Sites was aready scrub and grassland on the 1978 imagery and not forest. Note that 3-5 years

are usualy spent preparing atransmigration site before the transmigrants arrive.

The first transmigration site, Karung Agung Hilir, was established between 1982 and 1985 (see
Section 4.2.1). The 1986 land cover classification (see Figure 4-1) shows this very clearly as
an area with some drainage canals, mixed agriculture and scrub/grassand where the site had
been cleared. The areaimmediately to the north of the transmigration area was annexed from the
PT SST concession. Earlier imagery from 22 June 1978, shows that much of this area was
already scrub/grassand in 1978 with some areas of high-density swamp forest in the area near
the Lalan River. Between 1986 and 1992, only 7,348 ha of natural forest was converted for the
transmigration schemes whereas 34,585 ha of scrub/grassand and burn scars became
transmigration areas in the same period. It is likely that much of the scrub/grassiand was
cleared using fire to make way for the establishment of the transmigration site. How the forest
areas were cleared is not evident from the 1986 imagery, athough clear felling and fire could

have been toolsin that process.

The second transmigration site, Karung Agung Tengah, was established between 1987 and 1993
(see Section 4.2.1). The classified image for 1986 (see Figure 4-3) shows this transmigration
site, north and south of the Laan river, as an area of burnscars with some drainage canals. The
accuracy of the burn scars is not 100 %, but the spectral characteristics of the area are smilar
to burn scars seen on Landsat TM. The 1978 image shows that al of this area was
scrub/grassland in 1978 and not swamp forest. As with the pattern seen for the earlier
transmigration site, the Karung Agung Tengah site was probably drained and cleared with fire
beginning in 1986/87.
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Forest loss due to transmigration development is also seen on the Rimau (= tiger) Iland south
of the Cdlik river, in the southern part of the study area. By 1986, a network of drainage canals
is evident on the satellite imagery, and the transmigration Site is at a Smilar stage of
establishment as Karang Agung Hilir. The western part of this transmigration site, was mainly
scrub and grassland in 1978, however, the eastern part, which is approximately 8,000 ha, was
still high-density swamp forest in 1978.

The next period in the time sequence is 1992—1998. Without a doubt, the most striking change in
this period is the almost complete loss of al swamp forest due to fires, which took place in
1997. During this 6-year period, there was an overall reduction in natural forest of 77.36 %,

equivalent to a 12.8 % annual decrease (see Table 4-7). We know from fieldwork (see Section
4.1.1.), that much of this loss took place during the El Nifio of 1997. From Table 4-7, it can be
seen that 45 % of the land area of the site comprises burn scars, 26 % is within transmigration
schemes, 17 % is scrub and grassland and only 11 % is natural forest such as nipah pam and
mangrove. Analysis of the change matrix in Appendix 1, shows that the pre-burn composition of
the burns scars was 60 % low density swamp forest and 22 % scrub/grassland.

Lega and illegal logging and burning were cited in Section 4.2.1 as the main driving factors of
deforestation in this area. Unfortunately, it is difficult to draw conclusions on logging activities
from the satellite imagery. It is virtualy impossible to discriminate between legal and illegal
logging activities from satellite imagery aone. The only concrete evidence for the impact of
logging is seen between 1986 and 1992 during which time most of the high-density swamp
forest became low density. Clear logging tracks and railway lines are seen in the forest areas,
which were not evident in 1986. Between 1978 and 1986 there is a decline in the area of
swamp forest but it is not known whether this was due to logging alone, or a combination of
logging followed by development of transmigration schemes. There is a chance that logging
activities and subsequent fires in the 1970s were responsible for creation of some of the

scrub/grassland areas seen in 1986 in close proximity to the high-density swamp forests.
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Table4-7 Cumulative land cover change estimates 1992-1998

Classname 1992 1998 change

(ha) (%) (ha) (%) (ha) (%)
Natural forest 109,380 43 24,760 10 -84,620 | -77.36
High density swamp forest 3,982 2 0 0 -3,982 | -100.00
Low density swamp forest 74,160 29 717 <1 -73,443 | -99.03
High density estuarine forest 7,847 3 6,755 3 -1,092 -13.91
Low density estuarine forest 16,025 6 11,331 4 -4.693 -29.29
Mangrove forest 7,366 3 5,956 2 -1,410 -19.14
Other vegetation 50,102 20 39,090 15 -11,012 | -21.98
Riverine 4,298 2 371 <1 -3,926 -91.36
Scrub and grassland 43,580 17 38,718 15 -4,862 -11.16
Swamp scrub 1,953 1 0 0 -1,953 | -100.00
Dry swamp scrub 271 <1 0 0 -271 -100.00
Agriculture 46,239 18 57,623 23 11,384 24.62
Mixed agriculture (transmigration) | 42,224 17 50,942 20 8,717 20.65
Wetland cultivation 4,015 2 6,681 3 2,666 66.41
Other land cover 47,680 19 129,895 51 82,216 | 172.43
Burn scars 19,275 8 101,789 40 82,515 | 428.10
Settlement 412 <1 113 <1 -299 -72.52
Water 27,993 11 27.993 11 0 0.00
Cloud/shadow 0 0 2,033 1 2,033 -
TOTAL AREA 253,401 100 253,401 100 - -

4.2.3 TMimage level
In this section, discussions on land cover changes will be limited to deforestation and how it

relates to fire. Since we are only looking at a period of twelve years, it is assumed that areas
being deforested are being converted to a land cover other than natural forest. That is, natural
forest cannot be removed and returned to natura forest within the twelve years between 1986
and 1998. Figure 4-4 is a compasite map showing the progression of deforestation derived from
the three dates of satellite imagery discussed earlier: 1986, 1992, and 1998. Areas mapped as
natural forest in 1998 are shown as yellow. Areas mapped as natural forest in 1992 are shown
as light green and include the yellow. Finally, areas mapped as natural forest in 1986 are shown

as dark green and include those areas shown as light green as well asyellow.
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Figure 4-4 Changesin natural forest for the TM -wide study ar ea between 1986 and 1998. Y ellow ar eas
are natural forest that remained in 1998 after the fires. Light and dark green show where
natural forest occurred in 1992 and 1986 respectively.

A quantification of land cover changes is shown in Table 4-8. Natural forest decreased from 25
% of the total image area in 1986 to just under 4 % in 1998. The midpoint date of satellite
imagery shows that 19 % of the areawas still natural forest in 1992. Thus, only 6 % of the area
was converted from natural forest in the six years between 1986 and 1992. Using these figures,
the average annua decrease in natural forest between 1986 and 1992 is approximately 1 %.
The period between 1992 and 1998 saw a decrease of 15 % in natural forest, effectively
tripling the rate of deforestation to almost three percent annually. Approximately 22 % (one
fifth) of this change may be accounted for in the burn scars mapped from the 1998 image (see
Section 4.1.3).
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Since very few hot spots were visible in the years prior to 1997-98 (see section 4.1.4), much of

the conversion of natural forest may have occurred as a result of activities other than fire.
Figure 4-5 shows graphicaly the changes taking place in the study site. Note that as the
occurrence of natural forest has decreased, the occurrence of other forest and agriculture has

increased.

Table 4-8 Land cover changes occurring in the TM imagewide area surrounding the MUBA site
between 1986-1998

Land Cover 1986 1986 1992 1992 1998 1998
hectares per cent hectares per cent hectares per cent

cover cover cover
Clouds 302,313 10% 302,313 10% 302,313 10%
Water 273,488 9% 287,514 10% 242,986 8%
Agriculture 197,728 7% 378,993 13% 510,496 18%
Other forest 1,288,285 44% | 1,325,339 46% | 1,513,253 52%
Natural forest 847,709 25% 546,943 19% 102,402 4%
Burn scar 0 0% 68,419 2% 238,072 8%
Total 2,909,522 100% | 2,909,522 100% | 2,909,522 100%
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Figure 4-5 Graphical portrayal of land cover changes occurring in the TM -wide study area
surrounding the MUBA site between 1986 and 1998.
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5. UNDERLYING CAUSES

The results of this research indicate that the magjority of large fires in 1997 in this site were
started as small, deliberate firesthat rapidly got out of control and escaped into areas of
degraded swamp forest. Estimates based on the analysis of satellite imagery and field research
indicate that 45 % of the land area of this site burned in 1997. The size of burn scars is the
largest of any of our sites in Sumatra. The underlying causes of these fires were mainly the

activities of illegal logger s and fisher men and the development of transmigration schemes

Transmigration developments started in this area in the late 1970s and since that time many
changes have taken place that have created a fire-prone landscape. The extensive network of
drainage canals not only opened up access to the area but also lowered the water table in the
surrounding swamp forests. Illegal logging in the swamp forests surrounding the transmigration
areas increased rapidly in the 1980s. In combination with legal logging, these illegal activities
severely degraded the swamp forests to the point where fire became a threat. In addition to
socia and biophysical conditions which predisposed these forests to fire, the confusion over

land status and the absence of official management also reduced the incentive to stop fires.

In the degraded swamp forests which were destroyed by fire in 1997, the activities of illegal
loggers and fishermen were directly involved. Some of the activities of these people included
the setting of small fires, such as cooking fires, which rapidly got out of control in the dry
conditions of the 1997 El Nifio. In addition, fishermen used fire as a tool in clearing areas for
fishing. Again, the lack of and confusion over management of these forest areas meant that there

Was no incentive to control the fires.

Another source of fire in some small parts of the areawas in the preparation of land for swamp

rice, many of these fires burned beyond the area of intention and into forest aress.
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6. POLICY IMPLICATIONS

Based on the analysis of the underlying causes of fire in the Musi Banyu Asin site, some policy

implications for both the national and provincial level are outlined below.

1. Review the land allocation policy in swamp areas, particularly those on deep pests,
including to restrict or to reduce the allocation of swamp forest for establishment
transmigration settlements in the future national and regiona planning.

2. ldentify abetter land and fire management of swamp areas and provide technical assistance
for the existing transmigration schemes in swamp areas. For example, some of tidal

transmigration schemes should be converted from rice to aguaculture.

3. The management of Protection Forest needs to be strengthened to avoid degradation of
mangroves from the establishment of shrimp ponds. The 2000 Landsat imagery shows that
large areas of mangroves have already been converted to shrimp ponds within a two-year

period.

4. Provideincreased resourcesto local institutions in education, awareness and for community

participation in fire prevention and fire suppression.
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APPENDIX I: SOURCES FOR HOT-SPOT DATA

Source Dates Andytic technique

EU-Palembang station | 1997: 11 Sep—31 Dec | seebelow -
1998: 18 Jan — 20 Oct
1999: 26 Mar — 26 Oct

EU-JRC 1996: 19 Jan —28 Dec | processed by a contextual algorithm
1997: 2 Feb — 15 Oct
ESRIN 1993: 3 Jan —3 Dec processed by a contextud agorithm;
day time images
CNRM 1992: 26 Apr —31 Dec | processed with same contextual

ATSR 1996: 1 Nov —31 Dec | background value of 308 Kelvin used;
1997: 1 Jan — 31 Dec night time data

1998: 1 Jan —31 Dec
1999: 1 Jan —31 Dec

DMSP 1997: 1 Jun —31 Dec various extraction methods

' These hot-spot data were hand processed. Both night and daytime images were used. Initialy, several objects
that might be fire were calibrated to establish background temperatures, after which fire locations were
extracted. Subsequently, limited tests were carried out to check data and consistency.
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APPENDIX II: LAND COVER CHANGE MATRICES

1992
1986 high |low density| high low density|mangrove| riverine |transmigral wet land |settlement | scrub and swamp dry burn scars | water Grand Total
density swamp density | estuarine | forest |vegetation tion cultivatio grassland scrub swamp
swamp forest estuarine forest scheme n scrub
forest for est
High density swamp forest | 3,982| 5| 69,526| 80 0| O of O 0 O 0] O 6,898 8 0 O 0| O 900| 1 188| O 0 0 57228 6 0| 0| 86,723 34
low density swamp forest 0| 0| 4,634| 64 0| O of O 0 O 0| O 395 5| 293| 4 0| O 700| 10 0| O 0 0 1,202 17 0] 0] 7,224 3
High density estuarine 0 O 0| 0| 7,847| 69| 3,088| 27 0 O 0f O 9 O 0 O 0f O 86| 1 0f O 0 O 382 3 0| O] 11,412 5
for est
low density estuarine for est 0 O 0 O 0| 0] 12,937| 91 0 O 0| O 431 0 0 O 0| O 1,146| 8 0| O 0 O 64/ O 0| O] 14,191 6
mangrove for est 0 O 0 O 0| O 0| 0| 7,366| 92 0| O 3] O 0 O 0| O 669 8 0| O 0 O 0 O 0| O] 8,038 3
riverine vegetation 0 O 0 O 0| O of O 0| O 4,298| 85 549| 11 0 O 0| O 174 3 0| O 0 O 28 1 0] 0] 5049 2
transmigration scheme 0 O 0 O 0| O of O 0 O 0] O 6,046 71| 412| 5 0| O 686/ 8 0| O 0 O 1,361 16 0] O] 8505 3
settlement 0 O 0 O 0| O of O 0 O 0| O] 1,440 85 0 O 259| 15 0 O 0| O 0 O 0 O 0] 0f 1,699 1
scrub and grassland 0 O 0 O 0| O 0f O 0 O 0| O] 13,994| 27| 2,665| 5 153| 0| 26,529 52 0| O 0| O 8,056 16 0| 0] 51,397| 20
swamp scrub 0 O 0 O 0| O of O 0 O 0| O of O 0 O 0| O 0 O] 1,765/ 68 271| 10 561| 22 0f O 259 1
burn scars 0 O 0 O 0| O of O 0 O 0| O] 12,847| 45| 644 2 0| 0O 12,690 44 0| O 0O O 2392 8 0| O] 28573 11
water 0 O 0 O 0| O of O 0 O 0| O of O 0o O 0f O 0 O 0f O 0 O 0| 0| 27,993| 10| 27,993 11
0
Grand Total 3,982| 2| 74,160| 29| 7,847| 3| 16,025| 6| 7,366 3| 4,298 2| 42,224| 17| 4,015 2 412| 0| 43,5580 17| 1,953| 1] 271 O 19,275 8| 27,993| 11| 253,401| 10
0
1998
1992 low density | high density | low density mangrove riverine |[transmigratio wetland settlement scrub and burn scars water unknown Grand Total
swamp estuarine estuarine forest vegetation n scheme cultivation grassland
for est forest for est
High density swamp forest 310 7.79 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 1,447| 36.34 2,225 55.87 0 0 0 0 3982 157
low density swamp for est 407| 0.55 0 0 0 0 0 0 0 O] 3,328 4.49 0 0 0 0| 9,544| 12.87| 60,172 81.14 0 O] 710| 0.96| 74,160 29.27
High density estuarine forest 0 0| 6,755| 86.09 24| 0.31 0 0 0 0 0 0 0 0 0 0 929| 11.83 44| 0.56 0 0 95 1.21f 7,847 31
low density estuarineforest 0 0 0 0| 11,307 70.56 0 0 0 0 9| 0.06 0 0 0 0| 2,405/ 15.01] 2,191| 13.67 0 0 112 0.7/ 16,025 6.32
mangr ove for est 0 0 0 0 0 0| 5,956/ 80.86 0 0 36| 0.49 0 0 0 0| 1,242 16.86 131 1.78 0 0 0 0 7,366 291
riverinevegetation 0 0 0 0 0 0 0 O] 371 8.64| 1,922| 44.72 0 0 0 Ol 1,161 27.02 843 19.62 0 0 0 0 4,298 17
transmigration scheme 0 0 0 0 0 0 0 0 0 0| 35,705| 84.56| 2,984 7.07 0 0| 1,090 258 2,400 5.68 0 0| 45| 0.11] 42,224| 16.66
wet land cultivation 0 0 0 0 0 0 0 0 0 0 988| 24.61] 2,259 56.26 0 0 2| 0.06 707 17.61 0 0 59| 147 4,015 1.58
setlement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 394| 95.61 18 4.39 0 0 0 0 412| 0.16
scrub and grassland 0 0 0 0 0 0 0 0 0 0 3,421 7.85 353 0.81 14| 0.03| 16,341| 37.5| 22,539 51.72 0 0 913 2.09] 43,580, 17.2
swamp scrub 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 322 16.51 1,630/ 83.49 0 0 0 0 1,953 0.77
dry swamp scrub 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 209| 77.04 62| 22.96 0 0 0 0 271 011
burn scars 0 0 0 0 0 0 0 0 0 0| 5,532] 28.7| 1,086 5.63 99| 0.51| 3,631| 18.84| 8,826 45.79 0 0 100 0.52| 19,275 7.61
water 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 27,993| 100 0 0 27,993 11.05
Grand Total 717| 0.28| 6,755| 2.67| 11,331 4.47| 5,956 2.35 371 0.15 50,942| 20.1] 6,681 2.64| 113| 0.04| 38,718| 15.28| 101,789 40.17| 27,993| 11.05| 2,033] 0.8| 253,401| 100
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