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aBStraK
Salah satu tahapan sistem silvikultur TPTI adalah inventarisasi hutan. Inventarisasi 
tersebut memainkan peran yang penting dalam memperoleh informasi sumberdaya 
hutan yang lebih baik, seperti jenis-jenis komersial, jenis yang belum dikenal, 
diameternya, distribusi, topografi, kondisi tanah dan iklim. Dari hasil survei lapangan 
di suatu petak pada blok tebangan areal HPH PT. Mangole Timber Producers V dapat 
diketahui jumlah pohon, jenis pohon dan sebarannya berikut posisi kedudukannya. 
Melalui aplikasi SIG, sebaran pohon dapat disajikan dalam peta titik (digital) yang 
dapat ditumpang-susunkan dengan peta kontur (digital) dan ditayangkan pada layar 
komputer dalam bentuk tiga dimensi dan dari berbagai sudut pandang sehingga 
memudahkan dalam melakukan analisis vegetasi. Pengintegrasian antara peta 
distribusi pohon dan model elevasi digital dilaksanakan dalam 10 tahapan yaitu: (1) 
pembuatan peta segmen batas petak, dan (2) kontur petak hutan, (3) pembuatan peta 
titik tinggi tempat petak hutan dan (4) distribusi pohon petak hutan, (5) pembuatan table 
atribut distribusi pohon petak hutan, (6) pembuatan model elevasi digital: interpolasi 
kontur, (7) mengkombinasikan peta segmen, berisi garis-garis kontur dengan peta titik 
berisi tinggi tempat puncak bukit, (8) pembuatan interpolasi kontur, (9) penayangan 
kontur petak hutan dalam visualisasi tiga dimensi dan distribusi pohon petak hutan 
serta (10) analisis data geospasial.
Kata kunci: inventarisasi hutan, distribusi pohon, model elevasi digital, kontur, ilwis

IntrODUCtIOn
Information about the forest resources of 

a country is the basis of forestry management. 
Generally, it consists of two components - forest 
maps or cartographic material and forest inventory 
information. It would be impossible without 
them to check the forest conditions and forest 
development, to make an assessment of forest 
changes and to carry out many other activities 
in the forest, such as planning, projecting, 
implementing of silvicultural and environmental 
measures, etc. on the forestland and on the 
contiguous areas.

In areas of intensive silvicultural and 
logging activity, forest surveying is carried out 
by means of a forest inventory, using methods 
of land based forest assessment in combination 
with methods of field and desk interpretation of 
large-scale and medium-scale spectro-zonal aerial 

photographs. In utilizing Indonesia’s production 
forests, the 500 odd logging companies involved 
must conform to  the rules stipulated in the 
Indonesian Plantation and Selective Cutting 
(IPSC). The IPSC’s role is that of a regulator of 
“felling” and “regeneration” in the utilization 
of productive forest area. The activities of 
the IPSC consist of 11 main activities: forest 
area arrangement, forest inventory, forest area 
opening, felling, refining, residual stand inventory, 
liberation, nursery, planting/enrichment planting, 
planting maintaining and crown thinning. The 
series of activities covers a period of more than 20 
years. Most of the logging companies in Indonesia 
have been managing their concession for more 
than 20 years. With forest concession areas 
ranging from 30,000 to 300,000 ha, their activities 
are limited to a range of from 1000 to 2000 ha per 
annum (so called annual working blocks). These 
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annual working blocks were divided into several 
compartments with each compartment  being 100 
ha approximately.

To ensure sustainable forest management 
under the above-mentioned silviculture system, 
reliable data and information on forest resources 
are needed. Achievement of this goal is dependent 
on the availability of high quality and complete 
data, the results of forest inventory. It means 
that inventory is important and a vital sub-
system which contributes towards sustainable 
forest management (Soedirman, 1994). Forest 
inventory plays an important role in obtaining 
better information regarding forest resources 
(merchantable) and lesser known species, their 
diameter, distribution, topography, soil condition 
and climate. To attain information on growth, 
inventories on primary forests and residual stands 
are being undertaken. Residual stand inventories 
are being done directly after logging, and will be 
repeated five years thereafter and one year prior 
to harvesting. Based on the characteristics and 
nature of each forest, which varies greatly from 
place to place and from type to type, the policy 
regarding the size of management unit areas, age 
cycle, cutting cycle and allowable annual cut can 
be formulated (Hidayat, 1994). 

Forest inventory in each compartment of 
annual working blocks is aimed at knowing the 
species, diameter, and number of nucleus and 
trees that will be left in the forest and also the 
species, number and volume of trees that will 
be felled. The objective of the inventory of trees 
to be felled is to figure out the annual felling 
capacity of working blocks and project from 
there the available volume of timber that will be 
passed on to the timber processing industries. The 
result of forest inventory in each compartment 
of annual working blocks, which is made at 
least two years before felling, is transferred to a 
tree distribution conventional map with scale of 
1:1.000. Unfortunately, a tree distribution map 
is still made manually and only describes tree 
species position e.g.: number of trees, annotation 
circle for trees that will be felled and asterix for 
nucleus.  In this case, a tree distribution map is not 
integrated with the other thematic maps such as 
topographic maps, soils map, geology maps, etc. 

Due to the application of conventional mapping 
being very limited, it must be changed and 
improved by applying a tree distribution digital 
map. Beside a tree distribution map,  results of 
the forest inventory are also recorded in a timber 
cruising report for each compartment. This paper 
presents the process of tree distribution digital 
mapping in PT. Mangole Timber Producers V, 
one of the forest concession area in the North 
Moluccas, Indonesia by using ILWIS (the 
Integrated Land and Water Information 
System).  

IMPrOVIng COnVentIOnaL 
MaPPIng BY USIng tree 

DIStrIBUtIOn DIgItaL MaP
Principally, the main advantage of applying 

digital techniques in forest mapping lies in the 
potential to speed up and improve the efficiency 
of map drafting and updating. A tree distribution 
digital map can be integrated with aerial photos, 
satellite imagery, thematic maps, attribute 
tables and GIS technology. This integration has 
many uses, among the most important are the 
following:
1. Two or three-dimensional display of tree 

distribution and landform for planning routes 
of main roads and skidding roads, location of 
nucleus and trees that will be left in the forest 
and that will be felled, location of logdecks, 
logyards, etc.

2. Planning the activities of the EPSC, 
especially after felling activities in each 
annual working block e.g. residual stand 
inventory, refining, enrichment planting and 
forest maintenance, etc.

3. Computing not only stand density in 
different kinds of terrain but also slope 
maps, aspect maps and slope profiles that 
can be used to prepare shaded relief maps, 
assist geomorphological studies, or estimate 
erosion and run off before and after felling 
activities. In this case, knowledge of digital 
elevation model is very important.

4. Statistical analysis and vegetation comparison 
of different kinds of terrain or site index for 
each annual working blocks. 
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DeFInItIOn anD MetHODS OF 
rePreSentIng DeMs

According to Burrough (1986) any digital 
representation of the continuous variation of relief 
over space is known as a digital elevation model 
(DEM). The term digital terrain model (DTM) is 
also commonly used. Because the term “terrain” 
often implies attributes of a landscape other than 
the altitude of land surface, the term DEM is 

preferred for models containing only elevation 
data. Although DEMs were originally developed 
for modeling relief, they can of course be used 
to model the continuous variation of any other 
attribute Z over a two-dimensional surface. The 
variation of surface elevation over an area can be 
modeled in many ways. DEMs can be represented 
either by mathematically defined surface or by 
point or line images as shown in Table 1. 

table 1. Methods of representing terrain surfaces

a. Mathematical methods

A.1. Global
- Fourier series
- Multi quadratic polynomials

A.2. Local
- Regular patches
- Irregular patches

B. Image methods
B.1. Using point data

Regular - Uniform density, - Variable density
Irregular - Triangulation, - Proximal networks

Critical features - Peaks, - Pits, - Passes, - Boundaries
B.2. Using line data
Horizontal slices (contours)
Vertical slices (profiles)
Critical lines - Ridges, - Stream courses, - Shorelines, - Breaks in slope

Source: Burrough (1986)
SOMe BaSIC COnCePtS FOr 

PrODUCIng tHe tree DIStrIBUtIOn 
MaP anD DIgItaL eLeVatIOn MODeL 

BY USIng ILWIS

Point maps: 
A point map is a vector data object 

containing points, for example water wells, 
individual trace or sample points. A Point map is 
obtained by creating a new point map and editing 
it with the point editor with or without using a 
digitizer or Ilwis operation that returns a point 
map as output, for instance the operation polygon 
to points (creating polygon label points). 

Information in point maps may either 
refer to:
1. Individual point features, each point 

is codified by its own ID, for instance 
individual tree, individual camp unit, 
logyard or logpond unit etc

2. Classes of point features, points may occur 
in several places in the map for instance all 
water wells of a certain type (domain Class), 
or

3. Point features representing measurable 
values, for instance: the information about 
diameter, height, clear bole, tree volume 
(domain value).

If a point map has attribute information, an 
attribute table can be created. The same domain 
ID or domain Class for the attribute table as we 
used for the point map is applied here. Then the 
attribute columns are added to the table. Domain 
is a service object; it is the user-defmed collection 
of Ids, class names or values that can be used in 
a certain data object (map, tables, and columns). 
All Ilwis data objects have a domain. One domain 
can be used for several data objects.
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attribute map of point map:
1. By creating an attribute map of a point map, 

each point’s class name or ID in the original 
map is replaced by the value found in a 
certain column in the attribute table, which 
is linked to the map.

2. A point map using a domain Class or ID 
can have extra attribute information on 
the classes or identifiers in the map. These 
attributes are stored in columns in an 
attribute table.

An example of creating an attribute map:
To create an attribute, the input map needs to be 
a map with a domain of the Class or ID type. 
This map or its domain needs to be linked to an 
attribute table; the attribute table should have one 
or more columns with attribute values, classes 
or IDs.
Digital elevation Models (DeMs)

Digital Elevation Models are digital 
representations of altitude. This can be the 
altitude of the terrain surface, or the altitude 
of soil-layers, contact of soil-rock, water table 
etc. DEMs are made via photogrammetrical 
techniques, point interpolation techniques and 
interpolation of contour lines. DEMs have a very 
wide application. They form one of the input maps 
in many GIS projects. They are also the basis for 
a large number of derivative information.

tHe PrOCeS FOr PrODUCIng tHe 
IntegratIOn BetWeen a tree 

DIStrIBUtIOn MaP anD a DIgItaL 
eLeVatIOn MODeL

The process for producing the integration 
between a tree distribution map and a DEM can 
be seen in Table 2.

tHe MaPPIng reSULt
The mapping result for the integration 

between a tree distribution map and a DEM was a 

segment map of the forest compartment boundary, 
a segment map of the forest compartment contour,  
a raster map of the integration between tree 
distribution and DEM of PT. Mangole Timber 
Producers V, Compartment 131, and Annual 
Working Blocks year: 1997-1998, South Ceram, 
North Moluccas, Indonesia. The integration 
between tree distribution and DEM can be seen 
in Figure 1.

Figure 1. The integration between tree distribution 
and DEM

COnCLUSIOn anD 
reCOMMenDatIOn

Conclusion
1. Digital Elevation Model (DEM) is a digital 

representation of the continuous variation of 
relief over space. 

2. The integration between tree distribution 
and DEM is very useful for planning the 
activities of the EPSC and it can be done in a 
10 step operations by using Ilwis software.

recommendation
This activity should be expanded for 

another DEM application such as cut-and-fill 
problems in road design (main roads and branch 
roads for logging operations), statistical analysis 
and comparison of different kinds of terrain, 
computing slope and aspect maps that can be 
used to prepare shaded relief maps, assist geo-
morphological studies, or estimate erosion and 
run-off, etc.
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S t e p s a c t i v i t i e s r e m a r k s

Step 1 Create a segment map of the forest 
compartment boundary. Select domain type: Identifiers and select Georeference (*)

Step 2 Create a segment map of the contour of 
the forest compartment. Select domain type: Value and select Georeference (*)  

Step 3 Create a point map of the altitude of 
the forest compartment. Select domain type: Value and select Georeference (*)  

Step 4 Create a point map of the tree distribu-
tion of the forest compartment. Select domain type: Identifiers and select Georeference (*)

Step 5 Create an attribute table of the tree 
distribution of the forest compartment. This data is taken from Timber Cruising Report in the field.

Step 6 Create a Digital Elevation Model: 
contour interpolation.

The creation of a DEM from a segment map   is   done   with   the   
Contour interpolation operation. This operation works in two steps: 
Segment to raster conversion   (Step   2)   and   Contour  interpolation.

Step 7

Combine the segment map, containing 
the contour lines with a point map, 
containing the altitudes of the hilltops. 
The formula on the command line of 
the main window:
Combine:=   iff   (lsundef   (Spothght. 
Contour. Spothght). Where Spothght is 
the file name of the altitude  point  map  
that  has  been rasterized and Contour 
is file name of the contour segment 
map which have been rasterized.

The interpolation of contour lines will give wrong results for hilltops, 
which are enclosed on all sides by a contour line. They will appear as 
flat areas with the same   altitude   as   the   contour   line surrounding 
it. 
Make point to raster conversion (Step 3). If the segment map (Step 
2 and 6) and point map (Step 7) have been rasterized, then combined 
into one raster map. This raster map is then used as the basis for the 
interpolation.

Step 8

Create the contour interpolation. 
The formula on the command line on 
the window:
Dem1 : MapInterpolContour (Combine 
.mpr),where Combine is file name of 
raster map from Step 7.

The combination of contour lines with spot height is very important 
for hilly areas, where a lot of isolated hills can occur.The output of the 
contour interpolation is a raster map in which each pixel in the map 
has a value.

Step 9

Display the contour of the forest com-
partment  in     3  dimension visualisa-
tion and the tree distribution of the 
forest compartment

A DEM can be visualised in 3 dimensions using a georeference 3D. 
The program produces as output a line grid. It’s possible to superim-
pose any map (satellite images. thematic maps) with the same coordi-
nate system, on the perspective view.

Step 10 Analyse the geospatial data

From the output of mapping activities from Step 1 to 9, it’s possible to 
create geospatial analysis data as follows:
• Stand   density   of      the   forest compartment.
• Tree position in flat areas or hilly areas.
•     Main road and skidding road planning.
• Assessment and classification of felling damage and skidding 

damage, etc.
Source: ILWIS for Windows with a modification (www.itc.nl/ilwis)

table 2. Ten Steps to Create the Integration between a Tree Distribution Map and a DEM.
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